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The solubility of ammonium phosphate is reviewed. Many ammonium phosphates can
be described in terms of the ternary system:;NRQ—H,O. However, this system
differs from systems like the sulfates and halates in that it has a marked tendency to form
condensed oligophosphate ions. The literature survey covers the period up to 1988.
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1. Preface

cause of page limitations, all this material has not been cov-
ered in this volume.

1.1. General Description of Ammonium Phosphate
Systems

Many ammonium phosphates can be described in terms of
the NH;—P,05—H,0O system, Table | and Figure 1. How-
ever, this system differs from other systems such as sulfates
and halates in that it has a marked tendency to form con-
densed oligophosphate anions. Thus, e.g., along the line rep-
resenting the ratio of NEHP,O5=2 in Figure 1, the
compounds NEH,PO, {5}, (NH,),H,P,0,{12},
(NH4)3H2P3059 {13} and (NH;)4H,P4013 {15} may be
found.

Figure 1 serves as a guide for arranging and organizing the
material contained in this volume. The following five para-
graphs give a further explanation of Figure 1.

1. The line depicting the ratio N&:P,05=6 (line r=6)
marks the limit of neutralization. Basic systems containing
excess NH lie to the right of this line. No additional solid
phases exist in this region. Completely or partially neutral-
ized phosphates lie to the left of the line.

2. All the solid phosphates mentioned in this volume may
be classified into series depending on the degree of conden-
sation of the anion: orthophosphates, diphosphates, triphos-
phates and tetraphosphates. However, all members of these
series cannot be individually depicted on Figure 1 because
points referring to individual partially neutralized phosphates
must also indicate the water of hydration content. Thus,
ammonium dihydrogenphosphate, MBPO, {5}, and
diammonium dihydrogendiphosphate monohydrate,
(NH4)H,P,0;-H,0, appear at the same locatigooint {5}
on Figure 1.

3. Systems consisting of ammonia, the respective acid and
water are ternary. For congruently soluble phosphéieth
completely and partially neutralizedhe respective binary
systems(phosphate-watgrcan be understood as a binary
section of the basic ternary system.

4. Each system consisting of two phosphates belonging to
the same series, e.g., NHPO,—(NH,) ,HPO,—H,0, is also
a ternary system. However, such ternary systems can also be
considered as subsystems of the primary ternary system
(NH3—H;PO,—H,0 in this instanceand will be discussed in
terms of this latter system. However, quaternary systems and
systems of a higher order formed by adding another compo-
nent to the above-mentioned ternary system will be evalu-
ated separately. It should be noted that a system consisting of
two phosphates belonging to a different series is ternary

Phosphates, in general, have some properties that complipseudoternapyonly in special cases determined by pH, sta-
cate a study of these compounds. This behavior is discusséddlity constants of the species involved and solubility of pos-
elsewheré. Ammonium phosphates also have these characsible solid phases. Most of the possible systems consisting of
teristics. The current volume presents and evaluates data fowo partially neutralized phosphates of different series be-
the solubility of ammonium phosphates. The amount of pubhave as unstable diagonals of quaternary systems, i.e., the
lished material dealing with this subject is rather large, prob+tespective pair of salts cannot coexist in a truly saturated
ably because of interest in, and use of ammonium phosphatsslution.
as fertilizers. So far as we are aware, all the relevant articles 5. Hydrolytic equilibria must be considered when evaluat-
published before 1988 have been reviewed. However, bdng systems containing condensed oligophosphates. In many

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998
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papers the rates of hydrolysis of condensed phosphates are
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Table I. Solid phases in the NHP,0O5—H,0 system

discussed, e.g., by Chulanova efa@s a general rule the -
stabilities of the polyphosphates decrease as the chain Ieno’ﬂ?

Formula

NG Formula

increases. Furthermore, the rates of decomposition of the
condensed oligophosphates depend on pH, temperature and
the nature of the cation in a rather complex way. As a resul

it is difficult to attain equilibrium in mixtures of phosphates
of different families. This is especially true when heteroge-4
neous equilibria are involved. The time required to establist®
equilibrium is very long if it can even be attained.

1.2. Procedure Used for Evaluating Binary Systems 6

7
All the data were examined and evaluated using thes

method of otheré-* Only experimentally determined data

were evaluated. Data obtained from smoothing equations or

A. Orthophosphate series

(based on HPO,)

C. Diphosphate series
(based on HP,0;)

(NH,)3PO, 9 (NH,) ,P;0,
(NH,)3PO,-2H,0 10 (NH,) ,P,0;-H,0
(NH,)3PO,-3H,0 11 (NH,)3HP,0;-H,0

(NH,),HPO, 12 (NH,)2H,P,07

NH,H,PO,

B. Acidic orthophosphate
double salts
NH,H,PO,-H;PO,
NH,H,PO,-H;PO,-H,0
3NH,H,PO,-H;PO,

D. Triphosphate series
(based on EP;0;¢)
13 (NI 3H,P30;0
14 (NH,)sP3Oi0

E. Tetraphosphate series
(based on EP,0;5)

15
16

(N H4) 4H2P2013
(NH4) 6P4ol3

by extrapolation were excluded from consideration. The

treatment differs somewhat when anhydrous solid phases BFhese numbers indicate the location of the corresponding compound on
hydrates are evaluated Figure 1. Only some of these compounds are located on Figure 1.

1.2.1. Anhydrous Solid Phases (NH,H,PO, and (NH,),HPO,)
stantsx, and T, as well as the entire computational proce-
dure, including weights given to individual data, was also
followed for discussing the solubilities of alkali metal
(1) phosphate&? The experimental uncertainty of solubility data

for ammonium phosphates was also estimated to be between
0 i o !
fraction at temperaturé,. For the selection of these refer- 1 and 2% and the selection conditions were defined by Eg.

ence constants, the following criteria were used: @
a. X, was chosen as the mean value of the experimental [X;—X(T;)1/x(T;)=<0.015 (2
d.at"?‘ of more than one study. Fur_thermore, the s_tand_ard d?} andT; are coordinates of the experimental pgirk (T))
V|z_:1t|_on did not exceed the experimental uncertainty in Ob'is the calculated mole fraction.
taining the data.
b. T, was chosen near the middle of the temperature range
in which the hydrate exists rather than at or near a transition

point of one hydrat_e into another. . For hydrated equilibrium solid phases, tfraetastable or
X, and T, are pairs of constants and are not chosen inde-

. stablg melting point of the pure solid phase is the optimum
pendently of each other. The choice of the reference CONeference point. The solubility of the hydrate can be repre-

sented by Eq(3)
Y=A/T+BIn(T/T;)+CT+D 3)

In Eq.(3), Y is the natural logarithm of the solubility product
of the solid in equilibrium with the solution. For
(NH,),HPGO,-2H,0 most of the data were found as molali-
ties; therefore the molality form of Y

The data were fitted to Ed1)
IN(X/Xo) =A(LT—1Ty)+BIn(T/Ty)+C(T—T,).

A, B and C are adjustable parametetsis a reference mole

1.2.2. (NH,),HPO, -2H,0

1.0

08}
= n{NH3z)/n(P20s5)

_oer Y =In(m/my)—(m/my,—1) (4)
3 - was used. Heran,= 1/rM , is the molality of the metastable
X 0.4 p6P4013 melting point of the hydrate (NP,HPQ,-2H,0

b 2Hs5P3010

(r = 2, M, is the molar mass of water

0.2 1.3. Choice of Material for This Volume and its

Organization

0.0k

Chemical Abstracts was used to locate material containing
solubility data published in the period 1920—-1988. The fol-
lowing three sources were used to locate information pub-
Fic. 1. Ammonium phosphates in the NHP,0s—H,0O system. lished before 1920.

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998
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1. The 1928 edition of Gmelin’s Handbuch der Anorga-in the Periodic Table of the electronegative part of the added

nischen Chemié. component; when the anions are identical, the position of the
2. The 1953 edition of Seidell’'s compilatidn. positive part of the added component is the controlling fac-
3. References cited in the publications that have been rdor.

viewed for this volume. The editors wish to acknowledge with thanks the help of

Some articles were excluded from consideration in thisnembers of the IUPAC commission V.8. Prof. Dr. Christo
volume because of the guidelines mentioned in the numberedalarew of the Bulgarian Academy of Sciences provided us
paragraphs above, especially paragraphs 4 and 5. A few a¥ith copies of several of the articles reviewed in this volume.
these articlés® reported solubility data in systems consist- Drs. Kurt Loening and Byron Bossenbroek of the Chemical
ing of ortho- and diphosphates which cannot coexist in aAbstract Services generously provided CAS registration
truly saturated solution. It is probable that the solid phasegumbers for some of the less well-known chemical com-
were not identified correctly in the work reported in thosepounds. We are especially grateful to Prof. J. W. Lorimer.
articles. He guided us with respect to the details in the preparation of

A research group at the Tennessee Valley Authority in théhis volume, he supplied a computer program for treating the
USA made a detailed study of what were called multicom-data of binary systems and gave us generously of his time
ponent systems consisting of ortho-, di-, tri- and tetraphoshelping with the organization of the materials covered in this
phoric acid, their ammonium salts and mixtures of thesevolume.
component$!=?! In one case potassium salts were also
added. The solid phases were identified by petrographic mi-
croscopy, and persistence of phases identified in that way
was tak_en as an indi_cation of equilibrium. For example, I:a‘rrlN. N. Greenwood and A. Earnshaw, Chemistry of Elements, Pergamon
and Willard® examined the system which they called press Ltd., London, 1984.

NH3—HzPO,—H,P,0;,—HsP;0;0—H,0 at 0 °C, and claimed iE. J. Griffith and R. L. Buxton, J. Am. Chem. Sa@9, 2884 (1967).

the existence of equilibria with four solid phases. The Phaselgz"JT' C°“”"(’j“3‘ aJ”dCR' Tenu, j gﬂ!m' iﬂyg, g;gggg%

Rule permits a maximum of only two solid phases and asg’ conenAdad. Pure Appl ’CHerﬁ7ltT255(¥ll$;85. '

solution phase in a three-component system, so either theitGmelin's Handbuch der Anorganischen Chemie, 8th ed., Springer, 1974.
system was not at equilibrium or identification of the solid "A. Seidell, Solubilities of Inorganic and Metal Organic Compounds, D.
phase was incorrect. The information they reported may baﬁ\éach()rfLrlzziv(;O'ﬁeIr:céh'\il:%t\s(g;%lgigl S. Mukhina, Zh. Prikl. Khim
useful for fertilizer production but, because there is doubt (Leningrad 47, 1637(1974. ’ o T '
that real equilibrium was established, these articles are nei2G. A. Chulanova, L. S. Mukhina, R. I. Shipyatskaya, and A. I. Taran, Zh.
ther compiled nor critically evaluated in this volume. 1°Zr”<(3|' ﬁ:izr?{e(tlégciang:%d# 9|' Tl?iﬁz(lz?z%rikl KhimLeningrad 55, 1153

The material that is compiled and evaluated in this volume (iggé. o T ' g ’
is organized as follows. The NHP,O5—H,O ternary sys- 1A V. Slack, J. D. Hatfield, H. B. Shaffer, and J. C. Driskell, J. Agr. Food

tem is discussed first and then the materials are treated in theChem.7, 404(1959.
following order: 127, V. Slack, J. M. Potts, and H. B. Shaffer, J. Agr. Food Ché®.154
: (1964.
l. The NH;—H,P,0,—H;0, NH;—HsP30,0-H,O and 134 v/ sjack, J. M. Potts, and H. B. Shaffer, J. Agr. Food Chdf). 165
NH;—HgP,0,5—H,O systems. (1965.
Il. Systems in which the formation and solubility of am- *T. D. Farr and J. D. Fleming, J. Chem. Eng. Da 20 (1965.

s . :
monium orthophosphates are treated. In this section the indi-(Tl'g%})Fa"' J. D. Fleming, and J. D. Hatfield, J. Chem. Eng. D@al41

vidual ~ammonium  phosphates  existing in  the st p Far and J. W. Willard, J. Chem. Eng. Ddtd, 367 (1969.
NH;—H;PO,—H,O system are listed. First, the binary gT D. Farr and J. W. Willard, J. Chem. Eng. D46, 67 (1971).
phosphate-water systems are discussed, if sufficient data afg- D- Farr and J. W. Willard, J. Chem. Eng. Ddfg 313 (1972.

. . . . T. D. Farr and J. W. Willard, J. Chem. Eng. Ddtg 317 (1972.
available. After that, the crystallization field of each ammo-20," \y ‘erasier, E. E. Dillard, R. D. Thrasher, and K. R. Waerstad, J. Agr.
nium phosphate is treated. Food Chem21, 700 (1973.

ll. Quaternary and multicomponent systems formed by’*J. W. Willard and E. F. Dillard, J. Chem. Eng. Da26, 436 (1975.

" 22), Eysseltovand T. P. Dirkse, Alkali Metal Orthophosphat@fol. 31 of
the addition of one or more compounds o the the Solubility Data Serigs Pergamon Press, London, 1988.
NH3—P,0O5—H,O system.

IV. Quaternary and multicomponent systems formed b . . .
addingQ one ’ or  more P compognds to theyz- Introduction to the Solubility Data Series
NH,H,PO,— (NH,),HPO,—H,0O system. This system may Solubility of Solids in Liquid
also be considered to be a ternary section of the parent 2.1. The Nature of the Project
NH;—P,05—H,0 ternary system.

V. Ternary and multicomponent systems formed by add- The Solubility Data projec{SDP has as its aim a com-
ing one or more components to the MNHPO,—H,O, prehensive review of published data for solubilities of gases,
(NH,),HPO,—H,0 and (NH,)3P0O,—H,0 binary systems.  liquids and solids in liquids or solids. Data of suitable preci-

Where the matters listed in paragraphs Ill, IV and V abovesion are compiled for each publication on data sheets in a
are discussed the systems are listed according to the positiemiform format. The data for each system are evaluated and,

1.4. References for the Preface

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998



IUPAC-NIST SOLUBILITY DATA SERIES 1293

where data from independent sources agree sufficiently, rec- Prepared by:
ommended values are proposed. The evaluation sheets, rec—_l_he names of all compilers are given here
ommended values, and compiled data sheets are published P 9 '

on consecutive pages.
Experimental Values:

Compilations and Evaluations Components are described @3, (2), etc., as defined in
the “Components” box. Data are reported in the units used
The formats for the compilations and critical evaluationsin the original publication, with the exception that modern
have been standardized for all volumes. A description ofiames for units and quantities are used; e.g., mass per cent
these formats follows. for weight per cent; mol dm for molar; etc. Usually, only
one type of valuée.g., mass per ceris found in the original
paper, and the compiler has added the other type of value
The format used for the compilations is, for the most part,(€-g, mole per cehtrom computer calculations based on
self-explanatory. Normally, a compilation sheet is divided1989 atomic weights(2). Temperatures are expressed as
into boxes, with detailed contents described below. t/°C, t/°F or T/K as in the original; if necessary, conversions
Components:Each component is listed according to |U- {0 T/K are made, sometimes in the compilations and always
PAC name, formula, and Chemical Abstra6®A) Registry  In the critical evaluation. However, the author's units are
Number. The Chemical Abstracts name is also included ifXPressed according to IUPAC recommendati@)sas far
this differs from the IUPAC name, as are trivial names if @ Possible. . - .
appropriate. IUPAC and common names are cross- E'TOrs in calculations, fitting equations, etc. are noted, and
referenced to Chemical Abstracts names in the System In¥here possible corrected. Material inserted by the compiler
dex. is identified by the word “compiler” or by the compiler’s
The formula is given either in terms of the IUPAC or Hill name in parentheses or in a footnote. In addition, compiler-
(1) system and the choice of formula is governed by what isc@lculated values of mole or mass fractions are included if
usual for most current users: i.e., IUPAC for inorganic com-the original data do not use these units. If densities are re-
pounds, and Hill system for organic compounds. Compoported in the original paper, conversions from concentrations
nents are ordered on a given compilation sheet according t62 mole fractions are included, but otherwise this is done in

Compilations

(a) saturating components: the evaluation, with the values and sources of the densities
(b) non-saturating components; being quoted and re.ferenced.. - '
(c) solvents. Details of smoothing equatior(svith limits) are included

In each of(a), (b) or (c), the components are arranged in if they are present in the original pu_blication and if_the_tem-_
order according to the IUPAC 18column periodic table with Perature or pressure ranges are wide enough to justify this

two additional rows: procedure and if the compiler finds that the equations are
Columns 1 and 2: H, alkali elements, ammonium, alkalineconsistent with the data.

earth elements The precision of the original data is preserved when de-
Columns 3 to 12: transition elements rived quantities are calculated, if necessary by the inclusion
Columns 13 to 17: boron, carbon, nitrogen groups; chal©f one additional significant figure. In some cases, compilers

cogenides, halogens note that numerical data have been obtained from published
Column 18: noble gases graphs using digitizing techniques. In these cases, the preci-
Row 1: Ce to Lu sion of the data can be determined by the quality of the
Row 2: Th to the end of the known elements, in order oforiginal graph and the limitations of the digitizing technique.

atomic number. In some cases graphs have been included, either to illustrate
The same order is followed in arranging the compilationdata more clearly, or if this is the only information in the

sheets within a given volume. original. Full grids are not usually inserted as it is not in-

tended that users should read data from the graphs.
Original Measurements:

. . . . Method:
References are abbreviated in the forms given by Chemi-

cal Abstracts Service Source Indé&ASS)). Names origi- The apparatus and procedure are mentioned briefly. Ab-

nally in other than Roman alphabets are given as translitelsreviations used in Chemical Abstracts are often used here to
ated by Chemical Abstracts. In the case of multiple entriesave space, reference being made to sources of further detail
(for example, translationsan asterisk indicates the publica- if these are cited in the original paper.

tion used for compilation of the data.

Source and Purity of Materials:
Variables:
For each component, referred to @s, (2), etc., the fol-

Ranges of temperature, pressure, etc. are indicated herelowing information(in this order and in abbreviated fojns
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1294 J. EYSSELTOVA AND T. P. DIRKSE

provided if available in the original paper: source and speci- Occasionally, it is not clear why two groups of workers
fied method of preparation; properties; degree of purity.  obtained very different but internally consistent sets of re-
sults at the same temperature, although both sets of results
Estimated Error: were obtained by reliable methods. In such cases, a definitive
assessment may not be possible. In some cases, two or more

If estimated errors were omitted by the original authors, e .
. ; N . ) sets of data have been classified as tentative even though the
and if relevant information is available, the compilers have

. . o ¥ o sets are mutually inconsistent.
attem.pte’d o es“”?ate errdigentified py compiler” or the (b) Fitting equations. If the use of a smoothing equation is
compiler's name in parentheses or in a footpdtem the

internal consistency of data and type of apparatus use(!iustmable the evaluator may provide an equation represent-

Methods used by the compilers for estimating and reportin ing the solubility as a function of the variables reported on
y prier: 9 P Ul the compilation sheets, stating the limits within which it
errors are based on Ku and Eisenhd@it

should be used.

(c) Graphical summary. In addition {&) above, graphical
summaries are often given.

Many compilations include this section which provides (d) Recommended values. Data are recommended if the
short comments relevant to the general nature of the work aresults of at least two independent groups are available and
additional experimental and thermodynamic data which ar¢hey are in good agreement, and if the evaluator has no doubt

Comments and/or Additional Data:

judged by the compiler to be of value to the reader. as to the adequacy and reliability of the applied experimental
and computational procedures. Data are reported as tentative
References: if only one set of measurements is available, or if the evalu-

ator considers some aspect of the computational or experi-

The format for these follows the format for the Original ; . : .
: mental method as mildly undesirable but estimates that it
Measurements box, except that final page numbers are omit;

S L ) should cause only minor errors. Data are considered as

ted. Reference@isually cited in the original papeare given . .
: : : doubtful if the evaluator considers some aspect of the com-
where relevant to interpretation of the compiled data, or

where cross-reference can be made to other compilations putational or experimental method as undesirable but still
P " considers the data to have some value where the order of

magnitude of the solubility is needed. Data determined by an

inadequate method or under ill-defined conditions are re-
The evaluator’s task is to assess the reliability and qua“t)'yected. However, references to these data are included in the

of the data, to estimate errors where necessary, and to re@valuation together with a comment by the evaluator as to

ommend “best” values. The evaluation takes the form of athe reason for their rejection.

summary in which all the data supplied by the compiler have (€) References. All pertinent references are given here,

been critically reviewed. There are only three boxes on dncluding all those publications appearing in the accompany-

typical evaluation sheet, and these are described below. ing compilation sheets and those which, by virtue of their
poor precision, have been rejected and not compiled.

(f) Units. While the original data may be reported in the
The format is the same as on the Compilation sheets. Units used by the investigators, the final recommended values
are reported in Sl unité3) when the data can be accurately

Evaluator: The name and affiliation of the evaluator  (s) and converted.
date up to which the literature was checked.

Evaluations

Components:

Critical Bvaluation: 2.2. Quantities and Units Used in Compilation and

(a) Critical text. The evaluator checks that the compiled Evaluation of Solubility Data
data are correct, assesses their reliability and quality, esti-
mates errors where necessary, and recommends numerical Mixtures, Solutions and Solubilities

values based on all the published dételuding theses, pat-

ents and reporjsor each given system. Thus, the evaluator A mixture (5) describes a gaseous, liquid or solid phase

reviews the merits or shortcomings of the various data. Onlyontaining more than one substance, where the substances

published data are considered. Documented rejection adre all treated in the same way.

some published data may occur at this stage, and the corre- A solution(5) describes a liquid or solid phase containing

sponding compilations may be removed. more than one substance, when for convenience one of the
The solubility of comparatively few systems is known substances, which is called tselvent and may itself be a

with sufficient accuracy to enable a set of recommended valmixture, is treated differently than the other substances,

ues to be presented. Although many systems have been stuahich are calledsolutes If the sum of the mole fractions of

ied by at least two workers, the range of temperatures ishe solutes is small compared to unity, the solution is called

often sufficiently different to make meaningful comparisona dilute solution

impossible. The solubility of a solute 1(solid, liquid or ga$ is the
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analytical composition of a saturated solution, expressed in U4iXai UiX4i
i i i ig- Xii= , o X_i= i=1...s
terms of the proportion of the designated solute in a desig +i 1+Ef:1(v,-—1)x,- I
nated solvent6). ©
“Saturated” implies equilibrium with respect to the pro-
cesses of dissolution and precipitation; the equilibrium may Xj

be stable or metastable. The solubility of a substance in X°k=1+21-5=1(vj—1)x-' k=(s+1)...c (3

metastable equilibrium is usually greater than that of theThe sum of these mole frac{cions is unity, so that, with
same substance in stable equilibriui@trictly speaking, it is ' '
the activity of the substance in metastable equilibrium that i$=STP,
greater). Care must be taken to distinguish true metastability s
from supersaturation, where equilibrium does not exist. D XX+ X xgi=1 (4)
Either point of view, mixture or solution, may be taken in =1 1msrd
describing solubility. The two points of view find their ex- General conversions to other units in multicomponent sys-
pression in the reference states used for definition of activitems are complicated. For a three-component system con-
ties, activity coefficients and osmotic coefficients. taining non-electrolyte 1, electrolyte 2 and solvent 3,
Note that the composition of a saturated mixt(we solu-
. . . ) U 4+2Xo1 X42
tion) can be described in terms of any suitable set of thermo- x,= Xy=
dynamic components. Thus, the solubility of a salt hydrate in viz = (L27 D)Xy viz = (L27 D)Xy
water is usually given as the relative proportions of anhy- (5)
drous salt in solution, rather then the relative proportions o
hydrated salt and water.

C

tI'hese relations are used in solubility equations for salts, and
for tabulation of salt effects on solubilities of gases.

3. Mass fractionof substance 1w, or w(1):
Physicochemical Quantities and Units

C
Solubilities of solids have been the subject of research for Wi=01 521 9s ©)
a long time, and have been expressed in a great many ways ,
as described below. In each case, specification of the tenfeheregs is the mass of substanseMass per cendf sub-
perature and either partial or total pressure of the saturatingi@nc€ 1 is 10@v;. The equivalent termsveight fraction
gaseous component is necessary. The nomenclature and urfif§ight per cenaindg (1)/100 g solutiorare no longer used.

follow, where possible, Ref3). A few quantities follow the ~4- Solute mole fractiof substance Ixv,1:

ISO standard$7) or the German standai@®); see a review c c
by Cvitas(9) for details. Xs,1= My / > Me=x, / > Xs (7)
s=1 s=1
A Note on Nomenclature wherec'’ is the number of solutes in the mixture. These quan-

tities are sometimes called nikecke mole(mass fractions

The nomenclature of the IUPAGreen Book3) calls the (11, 12. Solute mass fractioof substance M, ;, is defined
solute component B and the solvent component A. In COMznalogously. ’

pilations and evaluations, the first-named comporieain- 5. Solvent mole fractiof substance 1x, ; :

ponent } is the solute, and the secolicomponent 2 for a '
two-component systemis the solvent. The reader should i

bear these distinctions in nomenclature in mind when com- Xo 17 %1 / 521 Xs ®)

paring equations given here with those in theeen Book
1. Mole fraction of substance 1x; or x(1) (condensed

phaeg, y, (gases

Here,p is the number of solvent components in the mixture.
Solvent mass fractioof substance 1, ;, is defined analo-
gously.
< 6. Molality of solute 1 in a solvent 2n; :

x1=n; / > ng 1)

=1 m1=n1/n2|\/|2 (9)

wheren, is the amount of substance gfandc is the number S| base units: mol kg Here,M, is the molar mass of the
of distinct substances preseoften the number of thermo- solvent.

dynamic components in the systeriviole per centof sub- 7. Aquamolality, Solvomolalitpf substance 1 in a mixed
stance 1 is 10&; . solvent with components 2, @3), m,®:

2. lonic mole fractionsf salti, ;. , x;_: For a mixture of @) _
s binary saltsi, each of which ionizes completely intq,n m;”=mM/Ms (10

cations andv;. anions, withy; = »;; + v, and a mixture of  g| pase units: mol k§ Here, the average molar mass of the
p non-electrolytes k, of which some may be considered agg|yent is

solvent components, a generalization of the definitio(LD) _
gives: M=x,Mz+(1-X,2)M3 (12)
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andx, , is the solvent mole fraction of component 2. This c

term is used most frequently in discussing comparative solu- p=0/V= E Ps 17)

bilities in water(component 2and heavy wateicomponent s=1

3) and in their mixtures. Sl base units: kg M Hereg is the total mass of the system.
8. Amount concentratiof solute 1 in a solution of vol- 13. Relative densityd = p/p°: the ratio of the density of

umevV, cq: a mixture at temperaturg pressurep to the density of a

(12) reference substance at temperattireressurep’. For liquid
solutions, the reference substance is often water at 4°C, 1

S| base units: mol M The symbolc, is preferred tofor-  par.(In some cases 1 atm is used instead of 1)ire term

mula of solutg, but both are used. The old termwmlarity, specific gravityis no longer used.

molar andmoles per unit volumare no longer used.

¢,=[formula of solut¢=n,/V

9. Mass concentratioof solute 1 in a solution of volume Thermodynamics of Solubility
Vipa: Thermodynamic analysis of solubility phenomena pro-
p1=01/V=c M,V (13)  vides a rational basis for the construction of functions to
Sl base units: kg represent solubility data, and thus aids in evaluation, and

sometimes enables thermodynamic quantities to be extracted.
Both these aims are often difficult to achieve because of a
Mn,12=N1/N7 (14 lack of experimental or theoretical activity coefficients.
Where thermodynamic quantities can be found, they are not
evaluated critically, since this task would involve examina-

10. Mole ratio, r g (dimensionless(9):

Mass ratio, symbol, 5, may be defined analogoud(9).
11. lonic strength, }, (molality basig, or | ; (concentration

basis: tion of a large body of data that is not directly relevant to
solubility. Where possible, procedures for evaluation are
1 1 based on established thermodynamic methods. Specific pro-
== .72 =Z 72 :
Im= 2.: mizi e 22 CiZ (15 cedures used in a particular volume will be described in the

. - : . Preface to that volume.
wherez; is the charge number of idnWhile these quantities

are not used generally to express solubilities, they are used to References
express the compositions of non-saturating components. For

a single sali with ions of charge numbeis, andz., LEA. Hill, J. Am. Chem. Soc22, 478 (1900).

(16) 2JUPAC Commission on Atomic Weights and Isotopic Abundances. I.,
Quantities, Units and Symbols in Physical Chemigffiie Green Book
Mole and mass fractions and mole ratios are appropriate tq (Blackwell Scientific Publications, Oxford, UK, 1983

: - . . . 1. Mills et al., eds.,Quantities, Units and Symbols in Physical Chemistry
either the mixture or the solution point of view. The other (The Green Book(Blackwell Scientific Publications, Oxford, UK, 1983

quantities are appropriate to the solution point of view only. 4y 4 ku, p. 73; C. Eisenhart, p. 69; in H.H. Ku, ed., Precision Measure-
Conversions between pairs of these quantities can be carriednent and CalibrationNBS Special Publication 30&ol. 1 (Washington,
out using the equations given in Table 1 at the end of this_1969.

. . . . . 5V. Gold et al., eds.Compendium of Analytical Nomenclatufghe Gold
Introduction. Other useful quantities will be defined in the Book) (Blackwell Scientific Publications, Oxford, UK, 1087

prefaces to individual volumes or on specific data sheets. ¢y Freiser and G.H. Nancollas, edSompendium of Analytical Nomen-
Salt hydrates are generally not considered to be saturatingclature (The Orange Book (Blackwell Scientific Publications, Oxford,
components since most solubilities are expressed in terms ofUK, 1987, Sect. 9.1.8.

. ."ISO Standards HandbooRuantities and UnitgInternational Standards
the anhydrous salt. The existence of hydrates or solvates ISorganization, Geneva 1;%3 .

noted carefully in the critical evaluation. 8German Standard, DIN 131@usammensetzung von Mischphaé@euth
Mineralogical names are also quoted, along with their CA Verlag, Berlin, 1984

0 5 .
Registry Numbers, again usually in the text and CA Registry,, - Cvitas Chem. International7, No. 4, 123(1995.

gistry g y . . .g leR.A. Robinson and R.H. StokeElectrolyte Solutions2nd ed.(Butter-
Numbers(where availableare given usually in the critical  orths London, 1950

evaluation. 1E. Jamecke, Z. Anorg. Chenbl, 132 (1906.
In addition to the quantities defined above, the foIIowingizH.L- Friedman, J. Chem. Phy82, 1351(1960.

are useful in conversions between concentrations and othep- - Lorimer, R. Cohen-Adad, and J.W. Lorimer, Akali Metal and
Ammonium Chlorides in Water and Heavy Water (Binary Systems)

quantities. IUPAC Solubility Data Series, Vol. 4TPergamon, Oxford, UK, 1991
12. Density p: p. 495.

Im=zsz_[om;, lc=|z,z |vc
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Components: Evaluator
(1) Ammonia; NH;; [7664-41-7 J. Eysseltova Charles University, Prague, Czech Republic,
(2) Diphosphorus pentoxide;,Bs; [1314-56-3 September 1995

(3) Water; H0; [7732-18-5

Critical Evaluation:

3. Oligophosphate Systems
Chulanova, et al? published solubility data for the following three systems:
1. NHHPO,— (NHy)4P,0;,—H,0;
2. NHgH,PO,— (NHy),H,P,0;—H,0;
3. (NH,),HPO,— (NHy),H,P,0;,—H,0.
The compounds chosen as components in the first system cannot coexist in a saturated solution. Perhaps there was an error in
identifying the solid phases at equilibrium. In the third system, the authors observed a crystallization field fpsHRID,-H,O as a
product of reaction between the compounds chosen as components. Therefore, the solubility data in Ref. 1 are rejected.
The data in Ref. 2 can be compared with the 0 °C isotherm of thgH¥®&,—(NH,),H,P,0,—H,O system reported by othetsee
Fig. 2. The data points for 50 and 70 °C on Fig. 2 were found by extrapolation from the solubility isoth&hmsvariation of
composition with temperature shown in Fig. 2 appears to be reasonable. Consequently, the data can be accepted tentatively.
A research group at the Tennessee Valley Authority in the USA studied the following sy‘sﬁms:
NH3—H,P,0;—H,0;
NH3—H5P30,0-H,0;
NH;—HgP40;5- H,0.
The solubility data presented for these systems cannot be critically evaluated because of the absence of other, similar experimental
work. The same research group also made a detailed study of multicomponent systems consisting of di-, tri- and tetra- phosphoric
acid, the corresponding ammonium salisd, in one case also, with potassium 3&it3® They used a petrographic examination of
the solid phases as the main criterion of equilibrium. In these works they report more solid phases than are allowed by the Phase
Rule. The solubility information presented in these articles may be useful for fertilizer production. However, there is real doubt that
true equilibrium was established in the experimental work and, therefore, these articles are neither compiled nor critically evaluated in
this volume.

References:
1G. A. Chulanova, R. I. Shipyatskaya, and L. S. Mukhina, Zh. Prikl. Khipeningrad 47, 1637(1974.

2G. A. Chulanova, L. S. Mukhina, R. I. Shipyatskaya, and A. . Taran, Zh. Prikl. Kkireningrad 49, 1933(1976.
3A. G. Kuznetsova and T. L. Il'ina, Zh. Prikl. KhimLeningrad 55, 1153(1982.

4T. D. Farr and J. D. Fleming, J. Chem. Eng. Data 20 (1965.

5T. D. Farr, J. D. Fleming, and J. D. Hatfield, J. Chem. Eng. O&al41(1967.

5T. D. Farr, J. W. Willard, and J. D. Hatfield, J. Chem. Eng. DEfa313(1972.

A. V. Slack, J. D. Hatfield, H. B. Shaffer, and J. C. Driskell, J. Agr. Food Chend04 (1959.

8A. V. Slack, J. M. Potts, and H. B. Shaffer, J. Agr. Food Ché®).154(1964).

9A. V. Slack, J. M. Potts, and H. B. Shaffer, Jr., J. Agr. Food Ch&®&.165 (1965.

107, D. Farr and J. W. Willard, J. Chem. Eng. Dat4, 367 (1969.

1T, D. Farr and J. W. Willard, J. Chem. Eng. D48, 67 (1971).

12T, D. Farr and J. W. Willard, J. Chem. Eng. Datg 317 (1972.

13 A, W. Frazier, E. F. Dillard, R. D. Thrasher, and K. R. Waerstad, J. Agr. Food CA&n700(1973.
143. . Willard and E. F. Dillard, J. Chem. Eng. D&, 436 (1975.
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Components:

(1) Ammonium dihydrogenphosphate; YH,PO,; [7722-76-1
(2) Diammonium dihydrogendiphosphate; (WHH,P,0+;
[13597-86-9

(3) Water; H,0; [7732-18-3

Original Measurements:

A. G. Kuznetsova, T. L. Ilina, Zh. Prikl. Khim(Leningrad 55,
1153-4(1982.

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; §NH,PO; [7722-76-] G. A. Chulanova, L. S. Mukhina, R. I. Shipyatskaya, A. I. Taran,
(2) Diammonium dihydrogendiphosphate; (\&H,P,07; Zh. Prikl. Khim. (Leningrad 49, 1933-5(1976.

[13597-86-9

(3) Water; H,0; [7732-18-3

Variables: Prepared By:

Composition at 50 and 70 °C J. Eysseltova

Variables:
Composition at 0 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility values for the (Ni),H,P,0,—NH;H,PO,—H,0 system

(NH,) ,H,P,0; NH;H,PO, H,0? pyro-P,05 ortho-R,05 Solid
100w, m;/mol kg2 100w, my/mol kg™12 100 w; m;/mol kg™ * m;/mol kg™ * phasé
temp=50 °C
0.0 0.0 40.5 5.92 59.5 0.0 2.96 A
6.3 0.53 37.7 5.85 56.0 0.53 2.93 A
9.1 0.79 36.4 5.81 54.5 0.79 2.90 A
16.3 1.51 32.7 5.57 51.0 1.51 2.78 A
26.7 2.70 26.7 4.98 46.6 2.72 2.50 A
34.8 3.91 23.2 4.80 42.0 3.91 2.40 A
40.0 4.72 20.0 4.35 40.0 4.72 2.17 A
48.0 6.29 16.0 3.86 36.0 6.29 1%53 B

51.0 6.64 12.8 3.07 36.2 6.65 1.53 B
53.6 6.74 8.9 2.1 375 6.74 1.03 B
61.0 7.38 0.0 0.0 39.0 7.38 0.00 B

aThese values were calculated by the compiler.
5The solid phases are:#ANH,H,PQ,; B=(NH,),H,P,0;.
CThis is an obvious error. The compiler thinks this value should be 1.93.

Solubility values for the (Nkf),H,P,0;—NH;H,PO,—H,0 system

(NHy),H,P,0; NH4H,PO, H,0* pyro-R,0s ortho-RO5 Solid
ow; m;/mol kg 12 100w, m;/mol kg 12 100w; m;/mol kg~ * m;/mol kg~ ! phasé
temp= 70°C

0.0 0.0 495 8.52 50.5 0.0 4.26 A

75 0.74 45.0 8.24 475 0.74 4.12 A
10.8 1.10 43.0 8.09 46.2 1.10 4.04 A
19.0 2.08 38.0 7.68 43.0 2.08 3.84 A
311 3.88 31.1 7.15 37.8 3.88 3.57 A
39.0 5.25 26.0 6.46 35.0 5.26 3.23 A
44.9 6.47 22.4 5.95 32.7 6.48 3.00 A
52.5 8.25 17.5 5.07 30.0 8.25 2.53 B
55.5 8.55 13.9 3.95 30.6 8.56 1.97 B
59.5 9.17 9.9 2.8 30.6 9.17 1.40 B
67.0 9.57 0.0 0.0 33.0 10.02 0.00 B
aThese values were calculated by the compiler.
The solid phases are:#ANH4H,POy; B=(NH,),H,P,0;.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials
The visual polythermic method was used. All experimental The only information given is that (NfJ,H,P,O; was prepared
details are described in Ref 1. by heating (NH),P,0; to 125 °C.

Estimated Error:
No information is given.

References:

1G. A. Chulanova, R. I. Shipyatskaya, L. S. Mukhina, Zh. Prikl.

Khim. (Leningrad 47, 1637(1974.

Experimental Data
The solubility isotherm for the NfH,PO;—(NH,),H,P,0,—H,0O system at 0 °C is given in graphical form and described

verbally as follows:

Solubility of NH4H,PO, is virtually constant in the concentration range of 0-19.5 mass % of,YMHP,O;, then decreases

slightly.

Solubility of (NH,),H,P,0; increases in the concentration range of 0—6.3 mass % QHMPD,, but decreases in the

concentration range of 6.3—13.6 mass % ,N5PO,.

The composition of the eutonic point is 13.6 mass %,NHPO,
mol/kg—compile}, 48.2 mass % kD.

(2.5 mol/kg—compiler, 38.2 mass % (NK),H,P,O; (3.7

The total plant foodN+P,Os) in the system under consideration is in the range of 13.7—-40.6 mass %, the rai@; Méng

constant at 1:5.

The authors linearized the dependence of total plant food on tg@) €ontent in the formy=0.05+1.195 wherey is the total

plant food (N+P,0s) andx is the total BOs content.

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materials:

The isothermal method was used. The system was equilibratecChemically pure NFH,PO, was used. (NH),H,P,0; was

for 4 hrs. Liquid phases and wet residue were analyzed for
total P,05 and BOs in ortho form spectrophotometricalfy.

prepared by heating (NH,P,O; at 110°C for 46 hours. The
product contained 91.9% (NHLH,P,0; and 4.4% NHH,PO,.
Paper chromatograpﬁyshowed the absence of any more
condensed polyphosphates.

Estimated Error:
No information is given.

References:

IMetody Analiza Fosfatnogo Syrya, Fosfornykh i Kompleksnykh
Udobreniy, Kormevykh Fosfatpivoscow 1975.

2L. A. lonova, N. N. Postnikov, Khim. Pron8, 198 (1969.
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Components:

(1) Ammonia; NH; [7664-41-7

(2) Diphosphoric acid; HP,0;; [2466-09-3
(3) Water; H,0; [7732-18-3

Original Measurements:
T. D. Farr, J. D. Fleming, J. Chem. Eng. D4t 20-1(1965.

Variables:
Composition at 273 and 298 K.

Prepared By:
J. Eysseftova

Experimental Data
Solubility in the NH;—H,4P,0;,—H,0 system at 273 K

N P,05 NH,? H,P,0,2 H,0%
100w, 100w, pH 100w; m;/mol kg * 100w, m;/mol kg~ ! 100w, Solid phases
4.83 22.59 — 5.87 5.24 28.32 2.42 65.80 A
7.66 30.74 4.80 9.31 10.49 38.54 4.15 52.14 A
8.23 32.24 4.97 10.00 11.85 40.42 4.58 49.57 A
8.96 34.18 5.09 10.89 13.82 42.83 5.20 46.28 +B
9.05 31.02 5.81 11.00 12.89 38.89 4.36 50.10 B
9.24 30.88 — 11.23 13.18 38.72 4.35 50.05 B
10.04 31.42 — 12.21 14.81 39.40 4.57 48.40 B
10.33 32.03 6.50 12.56 15.60 40.16 4.77 47.28 B
9.26 27.36 6.88 11.26 12.14 34.30 3.54 54.44 +B
7.75 20.65 7.80 9.44 8.57 25.89 2.25 64.67 D
6.11 28.85 3.51 7.43 7.73 36.17 3.60 56.40 A
8.33 35.34 4.66 10.13 13.05 44.31 5.46 45.56 A
9.52 38.89 4.66 11.58 17.13 48.76 6.91 39.66 A
11.05 42.39 4.84 13.44 23.61 53.15 8.94 33.41 B
10.69 40.27 5.05 13.00 20.90 50.49 7.77 36.51 B
10.49 38.52 5.30 12.75 19.23 48.30 6.97 38.95 B
10.42 37.21 5.75 12.67 18.29 46.65 6.44 40.68 B
10.61 36.22 591 12.90 18.17 45.41 6.12 41.69 B
10.61 35.81 6.05 12.90 17.95 44.90 5.98 42.20 B
11.29 35.99 —_ 13.73 19.59 45.13 6.16 41.15 B
11.55 36.60 6.26 14.04 20.58 45.89 6.44 40.07 +@
11.14 34.93 6.40 13.54 18.64 43.80 5.77 42.66 C
11.13 35.10 6.43 13.53 18.71 44.01 5.82 42.46 C
11.12 35.12 6.42 13.52 18.70 44.03 5.83 42.45 C
11.05 34.62 6.42 13.44 18.28 43.41 5.65 43.15 C
10.86 33.45 —_ 13.20 17.28 41.94 5.25 44.86 +
10.52 31.82 6.79 12.79 15.87 39.90 4.74 47.31 D
9.79 28.63 7.02 11.90 13.39 35.90 3.86 52.20 D
9.00 24.86 7.35 10.94 11.10 31.17 3.03 57.89 D
8.53 22.67 7.95 10.37 9.95 28.42 2.61 61.20 D
8.26 21.27 8.20 10.04 9.32 26.67 2.37 63.29 D

&These values were calculated by the compiler.
The solid phases are:sANH,),H,P,0;; B=(NH,)3H,P,0;-H,0; C=(NH,)4P,0;; D=(NH,),P,0;-H,0.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The complexes, in capped glass tubes, were equilibrated in a The ammonium pyrophosphates and their solutions were
cold room or in a water bath. The approach to equilibrium wasprepared by ammoniation and vacuum evaporation of 0.3 N
followed by periodic petrographic and X-ray examination of  H,4P,0; that had been prepared by ion exchange from solutions
the solid phases and by analyses of the liquid phase. of recrystallized tetrasodium pyrophosphate. All operations were
Phosphorus was determined gravimetrically as quinolinium  carried out at temperatures below 10°C. No significant
molybdophosphateand nitrogen by distillation of ammonia hydrolysis of the pyrophosphate was observed.
with NaOH. pH was measured with a glass electrode. Estimated Errors:
One-dimensional paper chromatograpmas used to check The only information given is that the temperature was kept
the hydrolysis. constant as follows:0.5 °C; 25+0.02 °C.

References:

1C. H. Perrin, J. Assoc. Offic. Agr. Chemistd, 758 (1958.

2E. Karl-Kroupa, Anal. Chem28, 1091(1956.

Components:

(1) Ammonia; NHs; [7664-41-7

(2) Triphosphoric acid; P30, ; [10380-08-2
(3) Water; H,0; [ 7732-18-3

Original Measurements:

T. D. Farr, J. D. Fleming, J. D. Hatfield,
J. Chem. Eng. Data2, 141-2(1967.

Variables:
Composition at 273 and 298.3 K.

Prepared By:
J. Eysseltova

Experimental Data
Solubility in the NH;—HsP30,4—H,0 system at 273 K

N P,0s NH,? HsP30s¢* H,0 Solid
100 w; 100w, pH 100w; m;/mol kg™t 100 w; mi/mol kg™* 100 w; phase®
8.36 25.33 8.30 10.16 10.09 30.69 2.02 59.15 A
9.04 30.52 5.90 10.99 12.40 36.98 2.76 52.03 A
9.42 33.68 5.53 11.45 14.09 40.81 3.32 47.74 A
9.83 35.69 5.35 11.95 15.66 43.24 3.74 44.81 +@&
9.75 36.66 5.19 11.85 15.92 44.42 3.94 43.73 C
9.86 37.69 4.95 11.99 16.62 45.67 4.18 42.34 C
9.75 38.09 4.93 11.85 16.57 46.15 4.26 42.00 D
9.61 40.16 4.41 11.68 17.30 48.66 4.76 39.66 D
9.68 43.41 4.00 11.77 19.39 52.60 5.72 35.63 D
9.73 44.35 3.72 11.83 20.17 53.73 6.04 34.44 +B
8.80 42.66 3.13 10.70 16.70 51.69 5.32 37.61 E
8.38 42.36 2.51 10.19 15.54 51.32 5.16 38.49 E
9.30 26.30 8.72 11.31 11.68 31.87 2.18 56.82 A
9.39 28.49 7.88 11.42 12.40 34.52 2.48 54.06 A
9.39 28.45 7.80 11.42 12.39 34.47 2.46 54.11 A
9.65 31.15 6.38 11.73 13.63 37.74 2.90 50.53 +B
9.69 32.01 6.25 11.78 13.99 38.78 3.04 49.43 B
9.72 32.43 6.02 11.82 14.19 39.29 3.12 48.89 B
10.00 35.39 5.58 12.16 15.88 42.88 3.70 44.96 B
10.30 36.56 5.57 12.52 17.03 44.30 3.98 43.18 B
10.30 36.52 5.54 12.52 17.01 44.25 3.96 43.23 B
10.40 39.79 5.12 12.65 18.97 48.21 4.78 39.14 C

2These values were calculated by the compiler.
"The solid phases are: A(NH,)sP301o- 2H,0; B=(NH,)5P30;¢- H,0O; C=(NH,)gH(P30;:0) - 2H,0; D=(NH,)4H,P30;9; E=
(NH4)3H;P3050.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The complexes, in capped plastic bottles, were equilibrated The ammonium tripolyphosphates and their solutions were
isothermally in a cold room or in a water bath. The approach prepared by ammoniation and vacuum evaporation of 0.3 N
to equilibrium was followed by periodic petrographic and tripolyphosphoric acid that had been prepared by ion exchange
X-ray examination of the solid phases and by determination offrom solutions of recrystallized NB;O,,. All operations were
composition and pH of the liquid phase. Phosphorus was carried out at temperatures below 10 °C. Techniques similar to
determined gravimetrically as quinolinium molybdophospHate, those used in preparing crystalline ammonium pyrophosphates
and nitrogen was determined by distillation of ammonia with were used to prepare ammonium tripolyphosphates.

NaOH.

Estimated Error:
The only information given is that the temperature control was as
follows: 273+ 0.5 K and 298.30+ 0.05 K

References:
1C. H. Perrin, J. Assoc. Offic. Agr. Chemistd, 758(1958.
2T.D. Farr, J. D. Fleming, J. Chem. Eng. D4dt8 20 (1965.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components:

(1) Ammonia; NHs; [7664-41-1

(2) Tetraphosphoric acid; #P,0;3; [13813-62-2
(3) Water; H,0; [7732-18-3

Original Measurements:

T. D. Farr, J. W. Williard, J. D. Hatfield, J. Chem. Eng. Da#&
313-7(1972.

Variables:
Composition at 273 K.

Prepared By:
J. Eysseltova

Experimental Data
Solubility values in the Ng—-HgP,0;3—H,0 system at 273 K

N P,0s NH,? HePsOps H,0 Solid
100w; 100 w; pH 100w; m;/mol kg~* 100 w; m;/mol kg~* 100w; phasé
8.94 46.00 2.25 10.87 18.57 54.76 4.71 34.37 A
9.24 46.06 2.81 11.23 19.44 54.83 4.78 33.93 A
9.65 46.67 3.56 11.73 21.06 55.56 5.03 32.71 A
9.81 46.67 3.66 11.93 21.54 55.56 5.06 32,51 A
10.56 48.32 4.07 12.84 25.44 57.52 5.74 29.64 A
10.77 48.64 4.02 13.09 26.51 57.90 591 29.01 +BA
10.72 47.76 4.25 13.03 25.42 56.86 5.59 30.11 B
10.83 45.83 4.74 13.17 23.96 54.56 5.00 32.27 B
10.95 45.52 4.83 13.31 24.05 54.19 4.93 32.50 B
11.03 45.58 4.85 13.41 24.36 54.26 4.97 32.33 C
10.70 43.15 5.47 13.01 21.44 51.37 4.27 35.62 C
10.37 38.84 5.76 12.61 17.99 46.24 3.32 41.15 C
10.38 38.64 5.76 12.62 17.91 46.00 3.29 41.38 C
10.31 36.07 6.28 12.54 16.53 42.94 2.85 44.52 C
11.06 4550 — 13.37 24.19 54.17 4.94 32.46 e

aThese values were calculated by the compiler.
5The solid phases are:#ANH,) 4HsP;013; B=(NHz)sHP,013- H,0; C=(NHy)sP4O;3- 2H,0.
“The composition of this invariant point was estimated graphically from plots of pH vs N@s.P

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A stock solution was prepared by saturating conductivity water(NH,4)¢P,013-2H,0 of sufficient purity was prepared by a
with (NH,)gP4013- 2H,0. Portions of this solution were modification of 2 published procedurgs.Conductivity water
adjusted with either anhydrous ammonia or the H-form of was used.
Amberlite IR-120 resin to a selected pH value and evaporated
under vacuum at about 298 K to crystallization. The mixture
was then equilibrated in a cold room for 15-48 days.
Phosphorus was determined gravimetrically as quinolinium
molybdophosphatél), and nitrogen was determined by
distillation of ammonia with NaOH. The pH was measured,
after warming to 298 K, with a conventional meter and a glassReferences:
electrode. 1C. H. Perrin, J. Assoc. Offic. Agr. Chem1, 758 (1958.

2G. J. Griffith, J. Inorg. Nucl. Chen26, 1381(1964).

°R. K. Osterheld and R. P. Langguth, J. Phys. Ch&8.76

(1955.

Estimated Errors:

The only information given is that the temperature was kept
constant to within % 0.5 K.

Components: Evaluator:
(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

J. Eysseltova Charles University, Prague, Czech Republic,
September 1995

Critical Evaluation:

4. Ammonium Orthophosphates

Twenty-one publications contain solubility data for ammonium orthophosph’aﬁé?he following solid phases have been
reported as being in equilibrium with saturated solutions in the-NH;PO;—H,0O system.

(NH,)3P0,-3H,0 [25447-33-0
(NH,)3P0,-2H,0 no registry number available
(NH,)3PO, [10361-65-3
(NH,)7Hx(POy)5 no registry number available
(NH)HPO,-2H,0, [51457-70-8

(NH,),HPO, [7783-28-Q

NH4H,PO, [7722-76-1

(NHz)3Ho(POy) 4 [54285-90-3
NH4Hs(POy),-H,0 [28037-74-3

NH,H5(PQy)2 [28537-48-8

There are sufficient published data to enable a critical evaluation to be made of the binary system, ammonium phosphate-water,
for only two of these ammonium phosphates: 43P0, and (NH,;),HPO,. A variety of experimental methods has been used to
determine the temperature dependence of the solubility of these phosphates. Some of these methods are: isothermal
method?32427:30.49.7yraphical measurement from a plot of density vs composftfofoepler's method? visual polythermic
method3%:53:638%and measurement of the temperature at which the last crystal disapparss et af® do not describe their
experimental method, but the solubility data reported by them are reasonable. The temperature dependence of the solubility of
these compounds has been reported in many arfitfels?%:30:39.47:49.53,63,66. 8| bjlity data have also been presented as a
limiting condition in the study of multicomponent systefig®:31-38:40-46,48,50-52,54-56, 57-62,64,65,67-69,71-74.76,78 804 there
are ample data available for a critical evaluation to be made.

There is only one report for the solubility of (l\m;PO‘,.26 This may be due to the fact that this salt is strongly hydrolyzed in
aqueous solution and even has a significant partial pressure of ammonia at room temﬁ%il’dtere.is also only a single report
for the temperature dependence of the solubility of,NE(PO;).?? These two solubility branches in the NHH;PO;—H,0
system will be discussed on pp. 1313,1314. Solubility branches of the other orthophosphates will also be discussed later.

4.1. Binary Systems: Phosphate—Water
Solubility of NH,HPO,
Some articles contain obviously incorrect data*3¢418These data were excluded before critical evaluation was made.
Furthermore, the data in one referefitare the same as in anottférThese data were considered only once. One atficle
reported the existence of a transition point at 308.5 K for theMyRO,—H,0 system. a-NgH,PO, and b-NH,H,PO, were said

00€T
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to be equilibrium solid phases at this temperature. However, no other sources confirmed this observation. The solubility curve does

not have a break at this temperature. Therefore, all the available data were treated together. The solubility results are summarized
in Table I. During the iteration process the data in Refs. 66, 75, 80, 72, 57, 38, 54, 82, 32, 64, 45, 83, 55, 58, 56 were eliminated.
A summary of the values for the parameters in E.is given in Table Il. Table Il contains some solubility values obtained by

using Eq.(1) (see the Prefageand the parameters given in Table IIl. The values in Table Il are recommended values.
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Table I. Solubility values of NH,PO, in water

T/K 100w; Ref. Weight init./final
268.5 18 55 1/0
268.6 17.4 34 1/0
268.6 18.0 83 1/0
268.7 16.9 69 1/0
268.7 16.9 46 1/0
268.8 18.0 75 1/0
269 16.8 60 1/0
271.4 19 55 1/0
273 18.4 34,42,35,55 4/4
273 18.50 41 11
273 18.53 32,36 171
273 18.6 28 11
273 18.8 39 1/0
273 19.0 56 1/0
273 19.2 78 1/0
273 19.6 23 1/0
275.5 20 55 1/0
277.8 20.3 24 11
277.8 20.5 24 171
282.5 225 55 1/0
283 213 34 1/0
283 21.4 55 1/0
283 21.8 42,35 2/0
283 22.10 41 1/0
283 22.2 39 1/0
283 22.4 56 171
283 22.55 32,36 11
288 32,36 11

291.3 25.9 24 1/0
291.3 26.0 24 1/0
293 255 34,55,70 3/0
293 25.9 42,35 2/0
293 26.0 39,56 2/0
293 26.30 41 1/0
293 26.8 32,36 11
293 27.2 85 1/0
293 75 1/0

295.5 275 55 1/0
296 28.3 30 171
298 28.40 78 1/0
298 28.8 23 1/0
298 28.85 43 1
298 28.9 37 11
298 29.0 49,32,36 212
298 29.05 46 1
298 29.2 23,29 22
298 29.23 38 1
298 29.30 76 1
298 29.31 50,52 11
298 29.42 79 n
298 29.45 33 1
298 29.62 23 11
298 29.7 78 1/0
298 29.77 67 1/0
298 30.4 23 1/0
302.5 30.87 44 11
303 29.6 56 1/0
303 30.2 55,34,42,35 4/0
303 30.6 39 1/0

303
303
303
303
305.5
308
308.5
312
313
313
313
313
313
314.5
323
323
323
323
323
323
323
323
333
333
333
342
342
343
343
343
343
348
353
353
356
356
363
363
363
363
373
373
373
375
382
382.4
382.4
383
383
383
383.5
383.5
393
403
413
423

443
453
463

31.18
31.2
314
317
325
33.51
34

35
355
35.8
36.1
36.2
36.3
375
39.88
40.5
40.6
40.7
40.8
41.0
41.05
41.6
43.8
45.2
45.3
49.7
49.8
48.3
50.0
50.2
51.0
55.66
53.6
54.8
56.5
56.7
58.8
59.3
59.6
61.85
63.4
63.5
63.9
63.2
70.95
71.08
71.84
67.3
67.8
68.3
67.3
68.30
72.0
75.7
79.0
82.2
85.2
88.3
91.6
94.7

32,36
a9
24
24
55

32,36
55
55
47

49,32,36

24,37
70
24
55
33
49
78
24
24
23
23
60
42
86
49
24
24
23
23
37
53
67
42
53
23
23
24
24
53
67
66
53
37
24
57
61
58
42
66
53
24
68
66
66
66
66
66
66
66
66

11
11

11

i

11
11
1
1/0

1/0

212
2/2
11

1

1/0
1/0
i

11

11

11

11

11
1/0

1/0

1/0

11

11

11

1/0

1/0

11

1/0

1/0
1/0

11

i

1/0

1/0

1

11

1/0
1/0

1/0

11

1/0

1/0
1/0
1/0
1/0

11

1/0

1/0
11
11

11

11

1/0

1/0

1/0

11

11

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Table II. Values of the parameters in Hg) for NH,H,PO,

Table IV. Solubility of (NH;),HPO, in water

Parameter Value Standard deviation

A —5.368¢< 10° 290

B —23.30 1.7

c 3.84x10 2 2.5x10°3

Xo 0.060487

T, 298

Table IIl. Solubility of NH;H,PO, calculated by Eq(1)

TIK Mole fraction mi/mol kg™t 100w;
268 0.03016 1.727 16.57
273 0.03428 1.972 18.48
278 0.03876 2.240 20.48
283 0.04360 2.533 22.55
288 0.04883 2.852 24.69
293 0.05445 3.199 26.89
298 0.06049 3.577 29.14
303 0.06695 3.986 31.43
308 0.07386 4.431 33.75
313 0.08124 4912 36.09
318 0.08910 5.434 38.45
323 0.09747 6.000 40.82
328 0.1064 6.613 43.19
333 0.1158 7.278 45.56
338 0.1259 8.001 4791
343 0.1365 8.786 50.25
348 0.1479 9.640 52.57
353 0.1599 10.57 54.86
358 0.1726 11.59 57.13
363 0.1861 12.70 59.36
368 0.2004 13.93 61.56
373 0.2156 15.27 63.72
378 0.2318 16.76 65.83
383 0.2489 18.40 67.91
388 0.2670 20.24 69.94
393 0.2863 22.28 71.92
398 0.3067 24.58 73.86
403 0.3284 27.17 75.75
408 0.3515 30.11 77.59
413 0.3760 33.48 79.38
418 0.4021 37.36 81.12
423 0.4299 41.89 83.01
428 0.4594 47.21 84.55
433 0.4908 53.55 86.03
438 0.5243 61.22 87.56
443 0.5599 70.69 89.04
448 0.5980 82.63 90.48
453 0.6385 98.13 91.86
458 0.6818 119.0 93.19
463 0.7280 148.7 94.47

The existence of the hydrate (N3HPQ,-2H,0 has been reported and the transition temperature between it and the anhydrous salt has
been reported to be 288.2R Before making the critical evaluation some obviously incorrect data ﬁBiF&§5'78as well as data for
reportedly metastable systet?4®were eliminated from consideration. Also, the same data were reported in two &fticlasd these
data were counted only once. The experimental data are summarized in Table IV. The data for the solubility of the hydrate

(NH,),HPO,-2H,0 are relatively few and rather scattered. The only equation that gave reasonable results was the three-parameter form

of the smoothing equatio(8)

The values of the parameters for the smoothing equations are given in Tables V and VI. Table VII lists solubility data for
(NH,),HPOQ,-2H,0 using the values of the parameters given in Table V. These data may be accepted as tentative. Table VIII contains
solubility data for (NH),HPO, calculated by using the parameters listed in Table VI. The data in Table VIII are recommended values.

The (NH,),HPO,—H,0O system.

y=A/T+B In(T/T)+C.

(6)

TIK 100w, Ref. Weight init./final
(NHy),HPQ,-2H,0
266.3 29.60 48 11
266.5 29.6 40 1/1
267.5 28.0 62 171
273 29.7 24 1/1
273 30.3 24 11
273 30.4 40 1/1
277 32.0 40 11
281.4 34.0 40 11
283 35.0 81 1/1
283 38.3 24 11
283 38.4 24 1/1
283.6 35.2 40 11
285.2 36.0 40 1/1
288.2 39.5 62 1/1
(NH,),HPO,
288.2 39.5 62 1/1
288.8 38.4 40 1/0
289.5 39.0 40 1/0
293 40.7 24 1/0
293 40.8 24,86,6 3/0
296 411 30 11
298 41.1 65 1/0
298 41.4 7 1/1
298 415 72 11
298 41.6 78 1/1
298 42.7 29,38 2/0
303 40.8 86,71 2/0
303 42.2 24 1/0
303 42.8 24 171
308 43.2 65 1/0
313 44.4 24 1/0
313 45.6 24 1/0
323 46.50 54 1/0
323 47.0 24,78 2/2
323 47.05 45 1/1
323 47.2 24 1/0
333 48.8 24,86 2/2
333 49.9 24 1/0
343 51.0 24 1/1
343 51.8 24 1/0
390 62.2 31 11
395 64.9 31 1/0
432 73.0 31 1/0
453 82.0 31 1/0

COET
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Table V. Values of the parameters in B§) for (NH,),HPO,-2H,0

Table VIII. Solubility of (NH,),HPO, calculated by Eq(1)

Parameter Value Standard error
A —700 350
B 2.8x10* 1.4x10*
C 106 52

standard error of estimate 5.0x 10 2
congruent m.p. of hydratd;; = 309% 6 K

Table VI. Values of the parameters in E@) for (NH,),HPO,

Parameter Value Standard error

A - 1.42x10* 4.0x10°

B -85 24

C 0.134 0.036

Xo 0.108145

To 323

Table VII. Solubility of (NH,;),HPO,-2H,0 calculated by Eq(5)

TIK 100x; mi/mol kg™t 100w;
266.3 5.749 3.385 30.90
268 5.816 3.427 31.16
270 5.925 3.495 31.58
272 6.078 3.591 32.17
274 6.268 3.711 32.89
276 6.499 3.857 33.75
278 6.779 4.035 34.77
280 7.117 4.252 35.96
282 7.508 4.505 37.30
284 7.964 4.802 38.81
286 8.495 5.152 40.49
288.3 9.197 5.621 42.61

TIK Mole fraction m;/mol kg™t 100w;

288 0.08180 4.950 39.51
293 0.08580 5.214 40.76
298 0.08968 5.473 41.93
303 0.09346 5.727 43.05
308 0.09717 5.979 44.10
313 0.1008 6.230 45.12
318 0.1045 6.482 46.10
323 0.1081 6.737 47.06
328 0.1119 6.997 48.01
333 0.1157 7.266 48.95
338 0.1196 7.546 49.90
343 0.1237 7.840 50.85
348 0.1280 8.152 51.82
353 0.1325 8.484 52.82
358 0.1373 8.841 53.85
363 0.1424 9.227 54.91
368 0.1479 9.647 56.01
373 0.1539 10.11 57.15
378 0.1604 10.61 58.34
383 0.1674 11.17 59.58
388 0.1750 11.79 60.87
393 0.1834 12.48 62.22
398 0.1926 13.25 63.62
403 0.2026 14.12 65.07
408 0.2136 15.09 66.50
413 0.2258 16.20 68.14
418 0.2393 17.47 69.75
423 0.2541 18.93 71.41
428 0.2706 20.61 73.12
433 0.2888 22.56 74.86
438 0.3091 24.86 76.64
443 0.3317 27.58 78.44
448 0.3569 30.83 80.27
453 0.3850 34.78 82.11

Vogel's equation

Vogel et al®! measured the temperature dependence of the water solubility gHN#®,, (NH4),HPO, and KH,PO,. Starting with
Schroeder’s equatiofv7) they derived an equation which is identical to the three-parameter form aBE@nd given here as E¢5).

In order to test the validity and usefulness of this equation, the evaluator used the iterative procedure described earlier to determin

values of the coefficients in this equation. She used all the data collected f¢tJRB, and (NH,) ,HPO,. The values obtained are given

in Table IX.
Table IX. Values of the parameters in H§)
NH4H,PO, (NH,4),HPO,
Parameter Value Standard error Value Standard error
Ay —22.63 0.89 -52.9 3.4
36.422 —31.63¢
B; —633 43 1690 170
—3370.284 697.12¢
C, 385 0.13 7.87 0.50
—4.90F 4,718

These values have been reported by Vogel & al.
Figures 3 and 4 present graphical comparisons of the recommended values of Tables Il and VIII, respectively, with the values obtained
by the use of Eq(5) with the values of the parameters given in Table IX. It is obvious from these Figures that Vogel's values for the

coefficients may be considered satisfactory only in the temperature range 283—-338 K. The reason is probably the limited number of data

treated by Vogel's group.

S3IKAS V1va ALITENTOS 1SIN-OVdNI
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Components:

(1) Ammonium dihydrogenphosphate; YH,PO,; [7722-76-1
(2) Phosphoric acid; PO,; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:
N. Paravano, A. Mieli, Gazz. Chim. Ita8, 535-44(1908.

Variables: Prepared By:
Composition and temperature with a MPO,/H;PO, ratio J. Eysseltova
equal to 1.
Experimental Data
Saturation temperatures of solutions of NHPO,-H3PO, in water
NH,H,PO,-H;PO, H,0?
t/°C 100w; 100 %; m;/mol kg2 100w;
48.5 64.10 13.11 8.380 35.90
66.2 74.07 19.47 13.41 25.93
925 84.48 31.53 25.55 15.52
97.0 86.38 34.91 29.77 13.62
109.8 92.58 51.34 58.58 7.42
112.8 95.80 65.87 107.1 4.20
118 100 100 — 0.00

2These values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
Saturation temperatures were determined visually as the
temperature at which the last crystal disappeared.

Source and Purity of Materials:

NH4H,PO,-H3PO, was prepared from an equimolar mixture of
concentrated solutions of NH,PO, and HPO, by slow
crystallization. The analysis was:

found calculated
P;05 66.27%  66.65%
(NH),0  12.15% 12.25%

Estimated Error:
No information is given.
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Components:
(1) Ammonium dihydrogenphosphate; §NH,PO; [7722-76-]
(2) Water; H,0; [7732-18-3

Original Measurements:
0. Apfel, Dissertation, Technical University, Darmst4#i®11).

Components:
(1) Ammonium dihydrogenphosphate; YH,PO,; [7722-76-1
(2) Water; H,0; [7732-18-3

Original Measurements:

G. H. Buchanan, G. B. Winner,
Ind. Eng. Chem12, 448-51(1920.

Variables:
Composition and temperature

Prepared By:
J. Eysseltova

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Composition of the saturated liquid phase

Experimental Data
Solubility in the NH,H,PO,—H,0 system

o NH; NH4H,PO,2 NH,H,PO,° t/°C wy? wb we wy? g/100 g HO m;/mol kg€
t/°C comp comg 100w; m;/mol kg~ * 100w; m;/mol kg™ *
4.8 20.5 20.3 20.4 20.2 25.3 2.23
0 1.73 1.70 19.9 2.16 19.6 211 18.3 25.9 26.6 26.3 26.3 35.7 3.10
25 2.575 2.64 29.62 3.659 30.4 3.79 30.0 314 317 31.6 317 46.4 4.02
25 2.50 2.54 28.8 3.51 29.2 3.59 40.0 36.1 36.3 36.2 36.2 56.7 4.93
50 3.569 3.56 41.05 6.055 41.0 6.03 50.0 40.8 40.8 40.8 40.8 69.1 5.99
70 4.35 4.20 50.0 8.71 48.3 8.13 69.0 49.7 49.8 49.8 49.4 97.9 8.62
83 4.93 4.91 56.7 11.4 56.5 11.3 90.0 59.3 58.8 59.1 58.9 143 12.6
- - - - - 102.0 63.2 — 63.2 64.4 181 14.9
aThese values were calculated by the compiler, taking the phosphate ion content as the starting point. 1105 67.3 . 67.3 68.3 215 17.9

These values were calculated by the compiler, taking the ammonium ion content as the starting point.

“The composition unit is: mol/1000 g of solution.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used. Ammonia was determined
by the distillation method. The phosphate ion content was
determined gravimetrically as MB,O;.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given. The author indicates his results are
imprecise because of hydrolysis of the ammonium salt.

2Solubility as mass % in the bottle where equilibrium was reached by heating.

bSt::lubility as mass % in the bottle where equilibrium was reached by cooling.

°The mean of wand w.

9The value of w was calculated by the following formula derived by the authors=%8+0.455t/°C.
®The molalities were calculated by the compiler using the w value as the starting point.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The samples were placed in 2 glass bottles of about 250 cm The salt was prepared by recrystallization of commercial

capacity. In one of them, the equilibrium was approached frommono-salt(“Amo-Pros™).
below, in the other from above. Samples of the satd soln WereAnalyses:  experimental
withdrawn by a special weighing pipet and analyzed for;NH

using the distillation metho¢ho other details are givénThe NH3 14.80 14.80
temperature of the thermostatic bath was controlled by the ~ P,0g 61.57 61.72
introduction of steam or ice water. For the higher

temperatures, calcium chloride brine was used in the bath. . .
Estimated Error:

calculated

90€T
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Table II. Solubility in the (NH),HPO,—H,O system derived on the basis of the data in Table |

Components:

(1) Diammonium hydrogenphosphate; (WHHPO,;

[7783-28-Q

(2) Water; H,0; [7732-18-5

Original Measurements

G. H. Buchanan, G. B. Winner,
Ind. Eng. Chem12, 448-51(1920.

Variables:

Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Table I. Analyses for N5l and BOs with special attention given to possible loss of ammonia due to hydrolysis of J#PO,

Mass % NH Mass % BOs

t/°C upf dowrf mean up dowrf mean P/N ratio % di-salt
0 7.69 7.62 7.66 16.28 16.28 16.28 0.470 96
10 9.89 9.85 9.87 20.70 20.61 20.66 0.478 99
20 10.54 10.46 10.50 21.94 21.89 21.92 0.480 100
30 10.87 10.89 10.88 23.00 23.00 23.00 0.473 97
40 11.45 11.46 11.46 24.47 24.55 2451 0.467 95
50 12.06 12.20 12.13 25.41 25.34 25.38 0.478 99
60 12.58 12.55 12.57 26.80 26.90 26.85 0.468 95
70 13.07 13.22 13.15 27.58 28.01 27.80 0.473 97

aThe way of equilibration.

t/°C w;? w,° we wy? /100 g HO my/mol kg~ *©
0 297 303 300 — — 3.25
10 38.3 38.4 384 386 62.8 4.72
20 407 408 4038 4038 69.0 5.22
30 422 428 425 42.9 752 5.60
40 44.4 45.6 45.0 45.0 81.8 6.20
50 47.0 47.2 47.1 472 89.2 6.74
60 488 49.9 49.4 493 97.3 7.39
70 51.0 51.8 514 51.4 106.0 8.01

aSolubility as mass % calculated on the basis of the analysis faf. NH

bSoluhility as mass % calculated on the basis of the analysis 0. P

°The mean of w and w.

9The value of w was calculated from the formula:aw= 36.5 + 0.213t/°C.

®The molalities were calculated by the compiler, using the value of w as the starting point.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The samples were placed in 2 glass bottles of about 250 cm The salt was prepared by ammoniating a nearly satd soln of
capacity. In one of them, the equilibrium was approached frommono-salt at a temperature above 80 °C, cooling the mixture and
below, in the other from above. Samples of the satd soln werefiltering the crystals, and air drying them.

withdrawn by a special weighing pipet and analyzed.;Nths Analyses:  experimental  calculated

determined by the distillation method andd® was
determined by precipitation as “double magnesium salt” NH; 25.8 25.8
(NH4MgPQ,—compile). The temperature of the thermostatic ~ P,05 53.9 53.8
bath was controlled by the introduction of steam or ice water.
At higher temperatures an electric hot plate was used. For the

) ; ) X } Estimated Error:
highest temperatures, calcium chloride brine was used in the " .
bath. The temperature was kept constant to within 0.5 K. The compiler

estimates the reproducibility of the solubility values to be
approximately 1%.
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Components:

(1) Ammonium dihydrogenphosphate; WH,POy;
[7722-76-1 or

(1) Diammonium hydrogenphosphate; (WHHPO,;
[7783-28-Q or

(1) Triammonium phosphate; (NfPO,; [10361-65-6
(2) Water; HO; [7732-18-3

Original Measurements:

W.H. Ross, A.R. Herz, K.D. Jacob,
Ind. Eng. Chem21, 286-9(1929.

Variables:
Composition at 25 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility of ammonium phosphates in water at 23 °C

Solubility H,0
Compound comp conc. 100v,° m;/mol kg~ P 100w,°
NH,H,PO, 40.0 28.6 3.48 714
(NHy),HPO, 69.5 41.0 5.26 59.0
(NH,)sPO, 17.7 15.0 1.25 85.0

aThe composition unit is: g/100 g 4.
PThese values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Material:
No information is given.

Estimated Error:
No information is given.

Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; P. Askenasy, F. Nessler, Z. Anorg. Cheb89, 305-28(1930.
[7722-76-1

(2) Water; H,0; [7732-18-3

Variables: Prepared By:
Composition and temperature. J. Eysseltova

Experimental Data
Solubility of ammonium dihydrogenphosphate in water

NH4H,PO, NH4H,PO,
t°C c/mol 71 t/°C c/mol 171
0 1.98 60 7.16
25 3.60 70 8.35
50 5.90 80 10.28

These values were obtained by interpolation.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. The mixtures were agitated No information is given.

in a thermostat for 2 to 4 days. The solid phase was separated

from the liquid phase by centrifuging. The analytical

: Estimated Error:
procedures are not described.

The temperature was controlled to within 0.1 K. No other
information is given.

80€T
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Components:

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1 or

(1) Diammonium hydrogenphosphate; (WHHPO,;
[7783-28-Q

(2) Water; H,0; [7732-18-3

Original Measurements:

K. Chomyakov, A. Yaworovskaya, P. Z. Shirokikh, Phys. Chem.
A 167, 36-9(1933.

Variables:
Composition at 23 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility of ammonium phosphates in water at 23 °C

Solubility H,O
Compound 100, m;/mol kg™ 12 100w;2
NH4H,PO, 28.3 3.43 71.7
(NH,),HPO, 41.1 5.28 58.9

aThese values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:

The solubility was found graphically from the plot of density
Vs composition.

Source and Purity of Materials:
All materials were from de Haen or Kahlbaum and were purified
twice, pulverized, and dried in vacuum before being used.

Estimated Error:
No information is given.

Components: Original Measurements:
(1) Diammonium hydrogenphosphate; (WEHPOy; E. Jaecke, Z. Phys. Chenl77, 7-16 (1936).
[7783-28-Q

(2) Water; H,0; [7732-18-3

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
The temperatures at which the last crystals disappeared in thg) {NFIO,—H,O system

NH3 H,0 (NH,),HPO?
100w; 100w; t/°ch t/°CP 100w; m;/mol kg~ *
21.4 16.9 193 191 83.1 37.3
21.1 19.4 184 180 82.0 34.4
18.8 25.2 163 159 73.0 20.5
16.7 34.1 130 122 64.9 14.0
16.0 37.0 123 117 62.2 12.4

2These values were calculated by the compiler. The Nehtent was taken as the starting point in these calculations.
PThese are the results of repeated observations.

Auxiliary Information

Method / Apparatus / Procedure:

The only information given is that a self-constructed rotating
furnace was used.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given. The compiler estimates the
reproducibility of the temperature measurement ta#8°C.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components:

(1) Diammonium hydrogenphosphate; (WHHPO,;
[7783-28-Q

(2) Water; H,0; [7732-18-3

Original Measurements:

K. S. Chernova, lzv. Sektora Fiz. Khim. Analiza, Inst. Obshch.
Neorg. Khim. Akad. Nauk SSSR5, 112-7(1947.

Components:

(1) Ammonium dihydrogenphosphate; H,POy;

[7722-76-1
(2) Water; H,0; [7732-18-3

Original Measurements:
J. Myl, Z. Solc, J. Kvapil, E. Schierova, Sh. Ved. Praci VSChT
PardubiceTrans. of the High School of Chemical Technology at
Pardubice 2, 63-76(1961).

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Solubility of (NH,),HPO, in water

Experimental Data
Composition of saturated solutions of h,PO, in water

(NH,),HPO, H,0 NH,4H,PO, H,0
t/°C 10w, m;/mol kg~ 12 100w;2 Solid phask t/i°C comp? 100w;° m;/mol kg™ 1P 100m,°
—0.6 3 0.2 97 A 25 40.8 29.0 3.55 71.0
-1.2 6 0.5 94 A 30 453 31.2 3.94 68.8
-16 9 0.7 91 A 40 55.8 35.8 4.85 64.2
-2.2 12 1.0 88 A 50 68.2 40.5 5.93 59.5
-2.8 15 13 85 A 60 82.8 45.3 7.20 54.7
—3.6 19 1.8 81 A
42 216 2.09 78.4 A 2The composition units are: g/100 g,@. )

PThese values were calculated by the compiler.
—-4.8 24 24 76 A
—61 28 29 72 A Auxiliary Information
-6.5 29.6 3.18 70.4 AB
-7.0 30.4 3.31 69.6 A Method / Apparatus / Procedure: Source and Purity of Materials:
-7.8 32.0 3.56 68.0 A A modification of Toepler's methddwas used. No information is given.
—8.2 33.0 3.73 67.0 A
-9.0 34.4 3.97 65.6 A Estimated Error:
-9.5 35.0 4.08 65.0 AC® No information is given.
0.0 36.4 4.33 63.6 T
0.0 30.4 3.31 69.6 B References:
4.0 32.0 3.56 68.0 B 13. Myl, J. Kvapil, Colln. Czechoslov. Chem. Comm@, 194
8.4 34.0 3.90 66.0 B (1960.
10.6 35.2 411 64.8 B
12.2 36.0 4.26 64.0 B
15.8 38.4 4.72 61.6 B
16.5 39.0 4.84 61.0 B
26.0 40.4 5.13 59.6 B

aThese values were calculated by the compiler.
5The solid phases are: 4 ice; B=(NH,),HPQ,-2H,0; C=(NH,),HPO,.
This is a metastable equilibrium.

Auxiliary Information

Method/Apparatus/Procedure:

A polythermic method was used. The cooling agent was a
mixture of ice and NaCl. Because of supersaturation, the
temperature of dissolution of the last crystal was measured. given.

Source and Purity of Materials:
Anhydrous (NH),HPO, was recrystallized from a solution

Estimated Error:

The only information given is that the precision of the eutectic

temperatures is-6.5+0.30 °C and—9.5+0.20 °C.

containing a small excess of ammonia. No other information is

OTET
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Components:

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1
(2) Water; H,0; [7732-18-3

Original Measurements:

(1969.

A. G. Bergman, R. Tashtemirov, Ukr. Khim. ZI83, 565-8

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; H,POy; S. D. Fridman, N. N. Polyakov, L. S. Skum, R. Ya. Kirindasova,
[7722-76-1 Khim. Prom.(Moscow 47, 588-9(1971).

(2) Water; H,0; [7732-18-3

Variables: Prepared By:

Temperature and composition. J. Eysseltova

Experimental Data
Solubility in the NHH,PO,—H,O system

Experimental Data
Solubility of NH4H,PQ, in water

t/°C 100w, m;/mol kg~ 12 Solid phase
-2 10 0.966 A
—4 17 1.78 A
—45 18 1.91 A-B
-16 19 2.04 B
+25 20 2.17 B
+9.5 225 2.52 B
+22.5 27.5 3.30 B
+32.5 325 4.19 B
+35.5 34 4.48 B-C
+39 35 4.68 C
+46.5 375 5.22 C
+51.5 40 5.80 C

aThe molalities were calculated by the compiler.
The solid phases are:#Aice; B=a—NH,H,PO,; C=B-NH,H,P0;.

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used. A mixture of solid

Source and Purity of Materials:

carbon dioxide and acetone was used as the cooling agent. 200 °C.

Estimated Error:
No information is given.

Reagent grade NHH,PO, was used. It had a melting point of

NH,H,PO, H,0
t/°C 100w, m;/mol kg~ 12 100w;2
100 63.4 15.1 36.60
110 67.8 18.3 32.20
120 72.0 22.4 28.00
130 75.7 27.1 24.30
140 79.0 32.7 21.00
150 82.2 40.1 17.80
160 85.2 50.0 14.80
170 88.3 65.6 11.70
180 91.6 94.8 8.40
190 94.7 155.3 5.30

#These values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was used. No information is given.

Estimated Error:

The precision of the temperature of disappearance of the last
crystal was+0.5 K.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; A. N. Sarbaev, E. V. Polyakov, M. F. Tyunina, Z. A. Polyakova,
[7722-76-1 A. Kh. Ruchkova, Khim. Prom(Moscow) 49, 121-2(1973.

(2) Water; H,0; [7732-18-3

Variables: Prepared By:
Composition and temperature of cryohydric point. J. Eysseltova

Experimental Data
The T-p-d data are given only in graphical form.
The cryohydric temperature is4.3 °C.
The composition of the eutectic point is 16.9 mass %,NsPO, (1.77 mol/kg—compilerand 83.1 mass % water.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
No information is given. The compiler assumes that some No information is given.
polythermic method was used.

Estimated Error:

No information is given.

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; H,POy; T. Akiyama, H. Kanzaki, S. Minagawa, Nippon Dojo Hiryogaku
[7722-76-1 Zasshi49, 243-6(1978.

(2) Diammonium hydrogenphosphate; (WEHPOy;

[7783-28-Q

(3) Water; H,0; [7732-18-§

Variables: Prepared By:

Composition at 273, 298 and 323 K. Hiroshi Miyamoto

Experimental Data
Solubility of NH4H,PO, in water

t/°C 100w, m;/mol kg~ 12
0 19.2 2.07
25 29.7 3.67
50 40.6 5.94
Solubility of (NH,),HPO, in water
t/°C 100w, m;/mol kg~ 12
0 36.3 4.32
25 416 5.39
50 47.0 6.72
aThese values were calculated by the compiler.
Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
The NH;H,PO, or (NH,),HPO, was added to water in a Chemically pure ammonium salts were used.

glass-stoppered bottle and heated on a water bath at 90 °C.

The mixture was then allowed to §ettle at a given tempgrature Estimated Error:
for 7 days. Total nitrogen content in the saturated solutions
was determined by chemical analysis. The phosphate content
was determined as,Ps.

Nothing is specified.

AR}
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Components:

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1 or

(1) Diammonium hydrogenphosphate; (WHHPO,;
[7783-28-Q or

(1) Potassium dihydrogenphosphate; $0,; [7778-77-Q
(2) Water; HO; [7732-18-3

Original Measurements:
L. Vogel, G. Figurski, P. Vohland, Z. Cher23, 331-2(1983.

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data

The solubilities are presented in graphical form only. The data can be represented by the following equation:
Inx=A+B/T+CInT,

where x is the mol fraction of the salt in the saturated solution. The values of the constants are given below:

Salt component A B/K (03 Median error of smoothifig
NH4H,PO, 36.422 —3370.284 —4.901 0.156
(NH,),HPO, —31.639 697.129 4.718 0.072

KH,PO, —4.810 —1510.549 1.128 0.094

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The method and apparatus have been described previously. No information is given.
However, plastic stoppers with glass caps were used instead of

sealing the vessels. Estimated Error:

The precision of the weights was0.0001 g. The temperature
was accurate to within0.05 K.

References:

H. Schuberth, Abhandlung der Deutschen Akademie der
Wissenschaften zu Berlin, Klasse fur Chemie, Geologie U.
Biologie, Jg.3, 40 (1960.

Evaluator:

J. Eysseltova Charles University, Prague, Czech Republic,
September 1995

Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Critical Evaluation:

4.2. Crystallization Fields of Individual Ammonium Phosphates
Ammonium Orthophosphates in the NHH;PO,—H,O system
A. Solubility branches on isotherms. The coordinates used for all the Figures in this Critical Evaluation are:
(NHy) 3PO,—H3;PO,—H,0. These are the coordinates also used for the discussion of alkali metal orthophosphates in our earlier
volume??

1. (NH,)3P0O, and its hydrates.

Most of the articles report the trihydrate (WHPO,-3H,0 as the solid phase in equilibrium with solutions in the region having the
highest concentration of Nf4 Anhydrous (NH)3PG, is reported as the stable solid phase at 25 °C by Padt Flatt et af® The
latter authors also designated (PO, as the equilibrium solid phase at 0 °C in solutions in the region having the highest NH —
concentration. The solubility curve reported by Flatt et®b in good agreement with that reported by other authors and it is possible C
that Flatt and his co-workers neglected to determine the extent of hydration of the stable equilibrium solid phase. In all likelihood th&y
used materials identical to those used by others. On the other haredtkazs study at higher temperatutesports that (NH)3PO,-2
H,0 is the stable solid phase at temperatures above 100 °C.

Reports of the solubility of (Ni)3PO, in solutions of NH and HPO, at 273 K(Fig. 5 and at 298 K(Fig. 6) can be evaluated.
The solubility data at 273 K reported bynkcke? Muromtse” and Flatt et at® agree fairly well with each other and may
tentatively be accepted as correct. A comparison of the data at 298 K indicates that the data Sfaparkiee more recent results of
Vol'fkovich et al.*® are in error and should be rejected.

2. (NHy)7Ho(POy)s.

(NH,)H,(PQy)5 is reported as a stable solid phase at 333 and 348 K by Brosheer and Antleasohat 323 K by Fleet et af
However, Muromtse¥’ did not find it at 323 K, nor does dacke® mention it in his study at 373 K. Obviously, additional work is
necessary before a recommendation can be made about the existence of this compound.

3. (NH,),HPO,.

The isotherms at 273 K are shown in Fig. 7 and those at 298 K in Fig. 8. These Figures represent the solubility field of
(NH,),HPQ, in the NH;—H3PO,—H,0 system. From Fig. 7 it is evident that the solubility results reported at 273 K by different
authors differ substantially. The evaluator's opinion is that, at 273 K, the phase diagram is markedly influenced by the possibility thia)
the dihydrate (NH),HPQ,-2H,0 is formed. According to Kaganskiy and BaberiRdhe triple point for the simultaneous >
crystallization of NHH,PO,, (NH,),HPO, and (NH,),HPO,-2H,0 is at 3.4 °C. However, Balabanovich etlélpoint out that :}'

n
(9]

ALITIdN10S 1SIN-OV

measurements in this region are complicated by supersaturation. Therefore, the nature of the equilibrium solid phase may depend
the experimental conditions.

At 298 K, the solubility results of Parkéhave a systematic error and must be rejected. This also appears to be true for the data
presented by Flatt, Brunisholz and Daé%for solutions from which Ni#H,PO, and (NH,),HPQ, precipitate simultaneously in spite
of the fact that their complete isotherms are in agreement with those of other authors. Vol'ﬂ&ﬂmbsems two isotherms for this
region. In one, the composition unit is g/100 g® in the other it is 10®; . The results of the two isotherms are not identical. The
former appear to be in error and are rejected. The rest of thé-4Ht&%agree with each other and are recommended tentatively.

4. NH,H,PO,.

NH4H,PO, crystallizes congruently in a well developed crystallization field. The data can be evaluated at 273, 298 and 323 K,
Figs. 9—11. These Figures show that the data of the different investigators are in good agreement with each other, except for the
eutonic points reported by Flatt, Brunisholz and Dag®n.

5. NH4H5(PQy),-H,0.

Both Muromtse$” and Flatt® report that this compound has a definite crystallization field in the most acid rétdéw; HyPO,>
61) at 273 K. The data do have some scatter, probably due to analytical difficulties. Additional data are needed before a
recommendation can be made. A similar situation exists at 298 K where Muromtse\’s difar appreciably from those of Flatt
and co-workers. The latter found crystallization fields for /dtg(PO,), and (NH,)3Hg(POy) 4 in their detailed study of the region
with excess HPO,.*°

6. The tentative data for the solubility isotherms of (§§PO,-3H,0, (NH,),HPQ,, and NH,H,PO, can be expressed by the
following equations:

SEIlE!

_ 2 3
Weai= 80T 81 Wacigt 82 Wacigt 83 Wacig (6)
or
_ 2 3
Mggi= Do+ b1 Macigt by - Migigt b3~ Magig (€]

where salt= (NH,)3P0O,, acid = H3PQ,, w=100w; , m = mol/kg H,O, and a and b are coefficients whose values are given in Table B
1. [
w
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FIG. 7. Solubility branch ofNH4),HPQ, in the NH;—HsPO,—H,O system at 273 K.
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Table la. The parameters a and b for the smoothing equations References:
1J. D'Ans and G. Schreiner, Z. Phys. CheT, 95 (1911).

No TIK Solid phase & a a a3 2E. G. Parker, J. Phys. Chert8, 653 (1914.
3E. Jmecke, Z. Phys. Chenl27, 71(1927.
273 (NHy)3PO,-3H,0 6.587 0.6166 0.4105 —0.02405 M. Voogd, Over de Bereiding von Mono- en Diammoniumphosph@achnical University Delft-in honor of P.E.C. Scheffer
2 298 (NH,)3P0O,-3H,0 14.66 0.7367 0.06145 0.004111 quoted inGmelins Handbuch der anorganischen CherBita ed., 1936, Springer 1974, p. 419.
3 298 (NH;) ,HPO, 32.32 —0.1263 0.0 0.0004983 5E. Jaecke, Z. Phys. Chenl77, 7 (1936.
4° 273 NH,H,PO, —16.46 2.196 0.0148 0.0 5B. A. Muromtsev, Kaliy1, 36 (1937.
52 273 NH,H,PO, —13.21 4.145 —0.2584 0.005298 B. A. Muromtsev and L. A. Nazarova, lzv. Akad. Nauk SSSR, otd. Estestv. i Mat. Nauk1588.
6P 298 NHH,PO, —76.07 6.155 0.0 —0.002572 83. Uno, Kogyo Kagaku ZassHi3, 399 (1940. J. Soc. Chem. Ind. Japan, Suppl. Bindi4®§) 168B (1940.
72 298 NH,H,PO, 3.138 1.224 —0.0510 0.0006692 9S. 1. Vol'fkovich, L. E. Berlin, and B. M. Mantsev, Zh. Prikl. KhimLeningrad 5, 1 (1932.
bo by b, bs 10s. 1. Vol'fkovich, L. E. Berlin, and B. M. Mantsev, Tr. NIUIFa 228940.
8 273 (NH,)3P0O,-3H,0 0.4701 0.7083 1.591 —0.6248 113, C. Brosheer and J. F. Anderson, Jr., J. Am. Chem. 62902 (1946.
9 298 (NH;)3P0,-3H,0 1.150 0.7173 0.4319 0.0 12K. S. Chernova, Izv. Sektora Fiz.-Khim. Analiza, Inst. Obshch. Neorg. Khim. Akad. Nauk 3SSR.2 (1947).
10 298 (NH,),HPO, 3.700 —0.3480 0.1985 —0.01286 3R, Flatt, G. Brunisholz, and S. Chapuis-Gottreux, Helv. Chim. /8#a683 (1951).
11° 273 NHH,PO, 0.05600 —0.06804 0.5227 —0.06021 1R. Flatt, G. Brunisholz, and O. Blumer, Helv. Chim. AG8, 753 (1955.
12 273 NH;H,PO, —0.8363 2.074 -0.8966 0.1307 15R. Flatt, G. Brunisholz, and A. Denereaz, Helv. Chim. A8 483 (1956.
13 298 NHH,PO, —2.609 1.666 0.0 0.006842 %R, Flatt, G. Brunisholz, and R. Dagon, Helv. Chim. Adt4 2173(1961).
14 298 NHH,PO, 1.120 0.0 0.009931 0.0 17va. K. Balabanovich, I. I. Orekhov, and L. Ya. Tereshchenko, Trud. Sev.-Zapad. Politekh. I{406&®.

18ya. S. Shenkin, S. A. Ruchnova, and A. P. Shenkina, Zh. Neorg. Khiin1420(1969.

19, M. Kaganskiy and A. M. Babenko, Zh. Prikl. KhinfLeningrad 44, 315 (1971).

208, A, Volkov, O. E. Sosnina, and L. S. Sedavnykh, Uch. Zap. Permsk. Gos. 28%.9 (1973.

215 A. Mazunin, O. E. Sosnina, A. A. Volkov, and T. L. Danina, Termicheskiy Analiz i Fazovye Rovnovesiya, Pei888
22, Eysseltovand T. P. Dirkse, Alkali Metal OrthophosphatésPAC Solubility Data Series, Vol. 3®ergamon Press, 1988

aThis is the branch of the isotherm whemgq/mg,<2, i.e., the solubility of NHH,PQ, in the NH,H,PO,—(NH,),HPO,—H,O system.
PThis is the branch of the isotherm whargq/mga>2, i.e., the solubility of NHH,PO, in the NH;H,PO;—H3PO;—H,0 system.

Table 1b. Characteristics of the regression and the smoothing equations

9TET

No Interval Wcig/Magig Mean relative error Regression sum of squares Residual std deviation
1 w=0-8.9 1.69 716.5 0.460
2 w=0-9.80 2.13 711.0 0.7443
3 w=9.7-24.1 1.18 58.84 0.4969
4 w=10.7-19.7 3.08 1054.09 0.7891
5 w=10.7-22 2.99 0.9506 0.5149
6 w=16.4-33.2 491 14171 1.7421
7 w=16.4-29 2.74 1.3390 0.5459
8 m=0-1.42 1.92 9.737 0.0433
9 m=0-1.72 2.30 14.76 0.0774

10 m=1.68-6.2 1.54 16.31 0.0951

11 m=1.34-4.20 2.69 28.32 0.0721

12 m=1.34-5.00 4.10 0.04209 0.0495

13 m=2.36-10.4 3.50 69.73 0.1505

14 m=2.36—-5.00 3.19 +0.5710 0.0632
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Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; EPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:
J. D'Ans, O.Z. Schreiner, Z. Phys. Chem.
75, 95-102(1911).

Components:

(1) Ammonia; NH; [7664-41-7
(2) Phosphoric acid; PO,; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:
E. G. Parker, J. Phys. Chert8, 653-61(1914).

Variables:

Composition at 25 °C.

Prepared By:
J. Eysseltova

Variables:

Composition at 25 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility in the (NH;) 3P0O,—NH;—H;PO,—H,O system at 25 °C

NH, H3PO, HsPO,° H,0°

comp? comp 100w; m;/mol kg~ * 100w, m;/mol kg~ * 100w ; Solid phas®
7.42 0.084 12.6 8.57 0.82 0.097 86.5 dA
5.02 0.20 8.55 5.61 2.0 0.22 89.5 A
2.95 0.46 5.04 3.26 4.5 0.51 90.5 A
3.04 1.02 5.18 3.58 10.0 1.20 84.8 dA
3.32 1.32 5.65 4.08 12.9 1.62 81.4 aA
4.78 2.32 8.14 6.92 22.7 3.36 69.1 aA
6.48 3.16 11.0 11.2 31.1 5.45 58.0 +8
6.42 3.23 10.9 11.2 317 5.63 57.4 B
6.46 3.74 11.0 12.3 36.7 7.15 52.3 B
6.56 4.01 11.2 13.2 39.3 8.10 495 B
7.78 4.34 115 14.8 42.5 9.45 45.9 B
7.26 4.83 12.4 18.0 47.3 12.0 40.3 B
7.16 4.82 12.2 17.6 47.2 11.9 40.6 B
7.14 4.83 12.2 17.6 47.3 11.9 40.5 +B
7.18 4.83 12.2 17.8 47.3 11.9 40.4 +B
7.14 4.83 12.2 17.6 47.3 11.9 40.5 +B
714 4.8% 12.2 17.6 47.3 11.9 40.5

718 5.1¢° 12.2 18.9 50.0 13.5 37.8

6.86° 5.7¢ 11.7 211 55.9 17.6 325

6.70 6.74 11.4 29.7 66.1 29.9 225 ic
6.72 4.54 11.4 15.3 44.5 10.3 44.1 C
5.62 3.88 9.57 10.7 38.0 7.40 52.4 C
4.62 3.36 7.87 7.80 329 5.68 59.2 ic
2.72 2.59 4.63 3.89 25.4 3.70 70.0 C
2.50 2.54 4.26 3.53 24.9 3.59 70.9 C
2.58 4.29 4.39 4.82 42.0 8.01 53.6 (03
2.76 6.21 4.70 8.01 60.9 18.0 34.4 C
3.06 7.70 5.21 15.8 75.5 39.8 19.3 C
3.10 7.86 5.28 17.5 77.0 44.4 17.7 dc

aThese compositions are expressed as mol/kg of solution.

PThese values were calculated by the compiler.
“The solid phases are:ANH,)3P0O,-3H,0; B=(NH,),HPO,; C=NH,H,PO,.

9These solid phases were analyzed.
“Metastable solutions.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used;RD, was precipitated as
NH4MgPQ, .6H,0 and weighed as Mg,0;. Ammonia was
distilled into an acid solution and determined volumetrically.

Source and Purity of Materials:
Commercial materials, pure.

Estimated Error:

The temperature was controlled to within 0.05 K. No other
details are given. The compiler assumes the reproducibility of
the analyses to be abotit0.5%.

Experimental Data
Solubility in the NH;—H3;PO,—H,0 system at 25 °C

NH; HsPO, NHz? H,PO,2 H,0?

comp® comp’ 100w; mi/mol kg ! 100w, m;/mol kg~ * 100w; Solid phasé
2.77 6.09 4.72 8.22 61.57 18.63 33.72 A
2.75 5.44 4.68 6.82 55.00 13.92 40.32 A
2.50 4.61 4.26 5.09 46.60 9.68 49.14 A
2.40 3.62 4.09 4.05 36.60 6.30 59.32 A
2.45 2.64 4.17 3.54 26.69 3.94 69.14 A
2.58 2.57 4.39 3.71 25.98 3.81 69.62 A
2.58 2.67 4.39 3.76 26.99 4.01 68.61 A
4.04 3.30 6.88 6.76 33.36 5.70 59.76 A
5.23 3.77 8.91 9.87 38.11 7.34 52.98 A
7.21 4.75 12.28 18.16 48.02 12.34 39.70 A
7.30 4.76 12.43 18.51 48.12 12.45 39.45 B
7.01 4.38 11.94 16.01 44.28 10.32 43.78 B
6.90 3.95 11.75 14.28 39.93 8.43 48.32 B
6.27 3.41 10.68 11.43 34.47 6.41 54.85 C
4.28 2.57 7.29 6.41 25.98 3.97 66.73 C
4.19 1.83 7.14 5.63 18.50 2.54 74.36 C
6.59 1.33 11.22 8.75 13.45 1.82 75.33 C
8.75 0.87 14.90 11.47 8.80 1.18 76.30 C

11.48 0.43 19.55 15.08 4.35 0.58 76.10 C

14.08 0.41 23.98 19.59 4.14 0.59 71.88 C

3All these values were calculated by the compiler.
"The composition unit is: mol/1000 g of the solution.
The solid phases are:#ANH,H,POy; B=(NH,),HPO,; C=(NH,)3PO;.

Auxiliary Information

Method / Apparatus / Procedure:
Bottles containing mixtures of ammonia and orthophosphoric . o
acid and in contact with a solid phase were allowed to rotate N© information is given.
in a thermostat until equilibrium was established. Ammonia

Source and Purity of Materials:

and phosphorus were determined by methods described Estimated Error:
elsewhere. No information is given.
References:

1F. P. Treadwell, W. T. Hall, Analytical Chemistry, Vol 189,

434(1913.
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Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:
E. Jaecke, Z. Phys. Cheni27, 71-92(1927

Variables:
Composition at 273 and 298 K.

Prepared By:
J. Eysseltova

Experimental Data
Solubility in the NH—H3zPO,—H,0 system

NH3 P,05 H,0 NH;® HsPO,° H,0°
comg comg comg 100w; m;/mol kg~ ! 100w, mi/mol kg~ * 100w;
temp=0°C
24.0 76.0 326 5.63 4.74 24.6 3.60 69.7
65.0° 34.5 2110 2.94 1.82 2.16 0.232 94.9
68.0 32.0 2075 3.13 1.94 2.03 0.219 94.8
42.0 58.0 1440 2.73 1.74 5.20 0.576 92.1
86.1 19.9 1480 5.43 3.43 1.73 0.190 92.8
75.0 25.0 1870 3.81 2.37 1.75 0.189 94.4
92.2 7.80 1090 7.75 4.98 0.905 0.101 91.3
55.7 44.3 1990 2.67 1.66 2.93 0.316 94.4
34.0 66.0 659 4.48 3.15 12.0 1.47 83.5
31.0 69.0 257 8.68 7.89 26.7 4.21 64.6
26.0 74.0 210 8.39 8.40 33.0 5.73 58.7
19.2 80.8 486 3.28 2.48 19.0 2.50 7.7
245 75.5 315 5.90 5.03 25.1 3.72 69.0
6.00 94.0 65.8 3.62 11.7 78.3 441 18.1
temp= 25°C
95.3 4.70 563 14.4 9.97 0.979 0.118 84.6
85.8 14.2 881 8.75 5.75 2.00 0.228 89.3
60.7 39.3 1090 5.10 3.32 4.56 0.515 90.3
415 58.5 705 5.16 3.57 10.0 1.21 84.8
325 67.5 222 10.1 9.72 28.9 4.84 61.0
27.2 72.8 127 12.0 16.1 44.3 10.3 43.7
225 775 92.2 11.7 211 55.7 17.4 32.6
20.1 79.9 333 4.64 3.90 25.5 3.72 69.9
12.6 87.4 232 3.80 3.72 36.3 6.20 59.9
8.60 914 63.7 5.25 175 77.1 44.6 17.7

aThe composition unit is: g/100 g (NH+ P,0s).
PThese values were calculated by the compiler.

CThis is the only solution for which the total amount of (AH P,Os) is not equal to 100. At least one of these values is likely to be in

error.
Auxiliary Information

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given.

Method / Apparatus / Procedure:
No information is given.

Components: Original Measurements:

(1) Ammonia; NH; [7664-41-7 M. Voogd, Over de Bereiding van Mono- en
(2) Phosphoric acid; kPO,; [7664-38-3 Diamoniumphosphaa(fTechnical University of Delft, in honor
(3) Water; H,0; [7732-18-3 of P.E.O. Scheffer5 (19349 [quoted in Ref(1)].

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data
Solubility in the NHH,PO,—(NH,) ,HPO;—H,0O system

NH,* PO43- NH,P HsPO,° H,0°
t/°C comp comg! 100w, m;/mol kg™t 100w; m;/mol kg™ * 100w, Solid phases
60 8.29 5.72 14.1 27.8 56.1 19.2 29.8 +B
55 8.13 5.60 13.8 26.0 54.9 17.9 313 +B
50 7.97 5.47 13.6 243 53.6 16.7 32.8 +B
45 7.78 5.31 13.3 224 52.0 15.3 34.7 +B
40 7.64 5.18 13.0 211 50.8 14.3 36.2 +B
60 7.39 5.22 12.6 20.4 51.2 14.4 36.3 A
55 5.73 4.53 9.76 125 44.4 9.88 45.8 A
60 8.20 5.54 14.0 25.8 54.3 17.4 317 B
55 7.49 4.65 12.8 18.0 45.6 11.2 41.7 B

aThe composition units are: mol/1000 g solution.
PAll these data were calculated by the compiler.
°The solid phases are:sANH,H,PQ,; B=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

1Gmelins Handbuch der anorganischen Chemie, 8th ed.,
Springer, 1974, p. 4161934.
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Part Il. The characterization of the miscibility gap in the above systems

Components: Original Measurements: NH; H,O NHz? H;PO,2
(1) Ammonia; NHy; [7664-41-7 E. Jmecke, Z. Phys. Chem.77, 7-16(1936. 100w, 100w; m;/mol kg™t 100w; m;/mol kg™t ty 1°C? t,/°CP ty/°CP ty/°CP R°
(2) Phosphoric acid; EPO,; [7664-38-3
(3) Water; HO: [7732-18-9 24.9 185 79.0 56.6 31.2 — 179 194 —
27.2 36.9 43.3 35.9 9.93 146 175 180 — —
Variables: Prepared By: 27.2 27.2 58.7 45.6 17.1 — 195; 195 155 3:2
Composition and temperature. J. Eysseltova 24.4 28.3 50.6 47.3 17.1 138 158 183; 180 — 31
27.0 38.4 41.3 34.6 9.19 160 171 explosion — 31
Experimental Data 25.6 38.1 39.5 36.3 9.72 125 160 170; 170 148 5:2
Part I. The temperature at which the last crystal disappeared in the- NjPO,—H,0-system 24.0 36.4 38.7 39.6 111 138 165 175 157 31
22.3 31.0 42.2 46.7 15.4 95 142; 140 170; 167 152 31
NH, H,0 NH,° HsPO,P 22.0 31.9 405 46.1 14.7 122 142 164 — 1:3
100w; 100w; ty/°C tp/°C mi/mol kg™t 100w; my/mol kg™ Solid phase 218 326 39.3 456 143 115 155 160 125 31
2238 413 324 35.9 8.87 140 147 162 110 5:2
6.50 35.0 90 - 109 58.5 171 NH5(PO,), 235 455 303 31.0 6.95 — 158 164; 162 148 41
5.90 3.0 50 48 118 911 310 NH5(PQy)2 202 51.2 232 286 5.70 151 145 155; 152 — 21
13 22 185 184 302 865 401 PO, 219 470 27.4 311 6.75 130 149 162 — - C
8.50 30.0 126 - 16.6 61.5 20.9 NH,PO, 20.9 54.5 2255 24.6 4.61 80 141 144; 144 105 — T
650 30.0 88 - 127 63.5 216 NHoPO, 205 60.3 20.0 192 3.25 — 144 147; 147 138 >
11.0 35.0 93 — 18.5 54.0 15.7 NH,PO, (@]
8.50 35.0 85 — 14.3 56.5 16.5 NH,PO, 2These data were calculated by the compiler. 'Z
10.0 40.0 88 _ 14.7 50.0 12.8 NH,PO, "The meaning of the term_s is as fqllows: ) ) a
17.0 30.7 _ 325 523 174 (NBLHPO, t;..the temperature at Wh!Ch one liquid .phz.:lse was observed during heating. k|
t,..the temperature at which the other liquid phase appeared.
185 22.6 164 48.1 58.9 26.6 (NHHPO, tz..the temperature at which the last crystal disappeared. w
16.4 18.4 >180 52.3 65.2 36.2 (NFJ2HPO, t,..the temperature at which the first crystal appeared during cooling. 'Q
15.0 30.0 110 29.4 55.0 18.7 (NHHPO, R..approximate ratio of the amount of upper layer to that of the lower layer. C
125 30.0 1007 245 57.5 19.6 (NHHPO, us]
13.5 35.0 72 226 515 15.0 (NFHPO, Auxiliary Information —
18.2 418 58 185 450 11.0 (NBHPO, Method / Apparatus / Procedure: Source and Purity of Materials: j
12,5 40.0 53 18.3 475 12.1 (NHHPO, ; T . T
The only information given is that a self-constructed apparatusNo information is given.
22.6 19.2 1857 — 69.1 58.2 30.9 (NHPO,-2H,0 was used. )U>
215 22.3 189 185 56.6 56.2 25.7 (NHPO, -2H,0 Estimated Eror: 3
18.5 326 147 144 333 48.9 15.3 (WPO,-2H,0 No information is given. The compiler estimates the >
18.7 36.6 148 148 30.2 45.0 12.6 (WHPO,-2H,0 reproducibility of the temperature measurement to be about 2 °C. (/)
19.1 41.1 149 — 27.3 39.8 9.88 (NHPO,-2H,0 m
16.7 40.9 124 — 24.0 424 10.6 (NHPO,-2H,0 Y
19.3 58.9 115 114 19.2 21.8 3.78 (NHPO, -2H,0 m
18.6 57.0 138 — 19.2 24.4 4.37 (NHPO,-2H,0
27.0 17.1 121 121 92.7 55.9 334 (NHPO, -2H,0
16.6 57.3 117 116 17.0 26.1 4.65 (WHPO,-2H,0
16.5 51.4 1257 — 18.8 32.1 6.37 (NHPO,-2H,0
15.3 52,5 114 113 17.1 32.2 6.26 (WHPO,-2H,0
13.9 53.9 95 — 15.1 322 6.10 (NHPO,-2H,0
17.8 69.6 101 100 15.0 12.6 1.85 (NHPO,-2H,0

&The meaning of; andt, is not defined. The compiler's opinion is that these are the results of repeated measurements.
PThese values were calculated by the compiler.
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9.35 6.71 8.80 1.10 81.85 14.31 6.38 5.82 0.95 A
8.97 6.85 14.10 1.87 76.93 13.72 10.21 5.78 1.58 A
L 9.33 7.54 18.05 2.54 72.62 14.27 13.08 6.23 2.09 A
Components: Original Measurements: 11.18 10.98 29.02 4.95 59.80 17.11 21.02 8.40 3.79 A
(1) Ammonia; NHs; [7664-41-1 1. B.A. Muromtsev, Kaliy 19371, 36-9. 2. B.A. Muromtsev, 11.49 11.72 30.96 5.49 57.55 17.58 22.43 8.83 413 +BA
(2) Phosphoric acid; EPOy; [7664-38-3 L.A. Nazarova, lzv. Akad. Nauk SSSR, Otd. Estestv. i. Mat. 12.20 13.34 34.10 6.48 53.70 28.67 24.70 9.75 4.73 B
(3) Water; H,0; [7732-18-3 Nauk 177-84(1938. 12.03 13.26 34.71 6.65 53.26 18.41 25.14 9.65 4.83 B
12.00 13.25 34.81 6.68 53.19 18.36 25.22 9.61 4.85 B
Variables: Prepared By: 12.03 13.47 35.52 6.91 52.45 18.41 25.73 9.73 4.98 B
Composition at 273, 298 and 323 K. L.V. Chernykh and J. Eysseltova 12.07 13.67 36.07 7.10 51.86 18.47 26.13 9.82 5.09 B
12.28 14.70 38.67 8.04 49.05 18.79 28.01 10.41 5.70 B
Experimental Data 12.64 16.49 42.35 9.60 45.01 19.34 30.68 11.05 6.43 B
Table I. Solubility in the NH—H;PO,—H,O system at 0 °C 13.88 24.76 53.20 16.49 32.92 21.24 38.54 14.01 9.32 +CB
8.50 9.77 40.42 8.07 51.08 13.00 29.28 6.81 5.63 [}
NH,2 HaPO,? H,0°  (NHD,0 POs  (NH)0  POs 6.68 6.80 35.63 6.30 57.69 10.22 25.81 4.99 463 c
100y, m/molkg® 100w, m/molkg"! 100w, 100w, 100w, 100%, 100 Solid phas® g:ég g:gg g‘s‘:g;‘ 2:?: gg:gg g:gi 32;33 ig? i‘s‘; g
temp = 0°C° 5.77 6.47 41.88 8.16 52.35 8.82 30.34 4.50 5.68 C
5.68 8.43 54.77 14.13 39.55 8.68 39.68 5.03 8.43 C
23.71 18.27 0.070 0.009 76.22 36.25 0.05 16.45 0.009 A 597 15.86 71.92 33.19 2211 9.13 52.09 6.50 13.62 c
16.48 11.61 0.150 0.018 83.37 25.18 0.11 10.44 0.017 A 6.48 36.27 83.03 80.77 10.49 9.91 60.14 8.36 18.60 c
13.88 9.49 0.230 0.027 85.89 21.21 0.17 8.53 0.025 A 6.44 45.95 85.33 105.8 8.23 9.85 61.80 8.60 19.80 C
7.85 5.04 0.620 0.069 91.53 12.00 0.45 4.53 0.062 A 5.88 56.98 88.06 148.3 6.06 8.99 63.78 8.09 21.07 +CB
3.22 1.99 1.88 0.202 94.90 4.92 1.36 1.78 0.18 A 13.81 24.71 53.37 16.59 32.82 E
2.26 1.40 3.10 0.334 94.64 3.46 2.24 1.25 0.30 A
241 153 5.24 0.579 92.35 3.68 3.79 1.35 0.51 A 2These values were calculated by the compilers.
3.65 2.47 9.65 1.14 86.70 5.58 6.99 2.14 0.98 A "The solid phases are: A(NH,)3PO;-3H,0; B=(NH,),HPO;; C=NH4H,PO;; D=NH4H5(POy),-Hy;O E=NH H5(PQy),; F
7.14 5.75 19.92 2.79 72.94 10.90 14.42 4.70 2.28 A =2H3P0,-H,0. .
7.78 6.49 21.81 3.16 70.41 11.89 15.80 5.25 2.56 A ‘These data appear only in source paper 2.
8.18 6.97 22.92 3.39 68.90 12.50 16.60 5.59 2.72 A
8.35 7.19 23.50 3.52 68.15 12.76 17.02 5.75 2.81 A
33171 12‘::2 gggg giz g‘;ég Eii ;gig 323 izg +BAB ADDITIONAL DATA: In source paper 1 the composition of the solution saturated simultaneously wiiH,RB, and (NH,) ,HPO,
’ ’ . ) ’ g : ' ) at 323 K is reported as 13.81 mass % N24.72 mol kg * —compilers and 53.37 mass % 4RO, (8.36 mol kg *—compilers.
10.12 10.50 33.26 5.99 56.62 15.49 24.07 7.78 4.43 B
10.71 12.22 37.84 7.50 51.45 16.39 27.40 8.68 5.32 B Auxiliary Information
11.14 13.68 41.06 8.77 47.80 17.04 29.75 9.37 6.00 +CB
8.60 8.76 83.76 5.98 57.64 13.14 24.45 6.49 443 c Method / Apparatus / Procedure: The isothermal method Source and Purity of Materials: Chemically pure ammonia and
6.32 5.57 27.02 4.14 66.66 9.67 19.59 4.36 3.24 c was used. The composition of the solid phases was determinednalytical reagent gradesRO, were used. The materials were
3.89 2.98 19.37 2.58 76.74 5.95 14.03 2.45 2.12 c microscopically and with the use of the Schreinemakers purified by repeated freezing.
3.52 2.63 17.98 2.34 78.50 5.38 13.02 2.19 1.94 C method.
T S S R A A -
2.90 294 2119 285 75.91 443 1534 183 232 c The temperature was kept constant within 0.05 K.
3.00 2.42 24.25 3.40 72.75 4.59 17.57 1.94 2.73 C
3.52 5.99 61.96 18.32 34.52 5.38 44.90 3.24 9.94 C
3.50 7.60 69.46 26.21 27.04 5.35 50.27 3.52 12.10 +DC
3.54 8.19 71.09 28.59 25.37 5.41 51.50 3.64 12.69 D
3.25 7.65 71.80 29.36 24.95 4.97 52.00 3.35 12.85 D
2.70 6.97 74.54 33.42 22.76 4.13 54.00 2.85 13.62 D
2.96 8.67 77.00 39.21 20.04 4.52 55.80 3.24 14.65 D
2.82 9.22 79.22 45.01 17.96 4.31 57.35 3.17 15.44 D
3.40 15.76 83.93 67.59 12.67 5.20 60.75 4.14 17.68 D
3.52 17.33 84.55 72.32 11.93 5.38 61.25 4.33 18.06 E
2.92 15.99 86.36 82.20 10.72 4.46 62.50 3.63 18.65 F
1.71 6.54 82.93 55.09 15.36 2.61 60.06 1.97 16.59 F
temp=25 °C°
431 4.11 34.09 5.65 61.60 6.59 24.69 3.08 4.22 C
4.25 3.64 27.20 4.05 68.55 6.50 19.70 2.86 3.18 C
4.18 3.47 25.09 3.62 70.73 6.59 18.18 2.77 2.89 C
4.34 3.58 24.46 3.51 71.20 6.64 17.72 2.87 2.80 C
4.48 3.73 24.92 3.60 70.60 6.85 18.05 2.95 2.87 C
2.93 2.42 25.94 3.72 71.13 7.54 18.79 3.32 3.03 C
8.55 9.14 36.50 6.78 54.95 13.05 26.44 6.62 491 C
5.22 2291 81.40 62.08 13.38 7.98 58.96 6.38 17.27 +EC
3.27 20.67 87.44 96.04 9.29 5.00 63.33 4.17 19.40 E
2.90 20.84 88.93 111.1 8.17 4.43 64.41 3.74 20.11 E
temp= 50 °C.

12.26 8.50 3.01 0.362 84.73 18.76 2.18 7.56 0.32 A
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Components:
(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:

1. S.I Vol'fkovich, L.E. Berlin, B.M. Mantsev, Zh. Prikl. Khim.

(Leningrad 5, 1 (1932. 2. S.I Vol'fkovich, L.E. Berlin, B.M.
Mantsev, Tr. NIUIFa 228-421940.

Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:

S. Uno, Kogyo Kagaku Zassh3, 399-402(1940; J. Soc.
Chem. Ind., Japan, Suppl. Bindid®, 168B-70B(1940.

Variables:
Composition at 25 °C.

Prepared By:
L.V. Chernykh and J. Eysseltova

Variables:
Composition at 25 and 70 °C.

Prepared By:
J. Eysseltamd Hiroshi Miyamoto

Experimental Data

Experimental Data

Table I. Solubility in the NHH,PO;—(NH,),HPO,—H,O system at 25 °C.

Composition of the saturated solutiéns

NH4H,PO, (NH,),HPO, NHz? H3PO,2 H,O?
g/100g HO 100w, m;/mol kg~ * 100w; m;/mol kg~ ! 100w, Solid phas®
41.3 0.0 4.33 3.59 24.9 3.59 70.8 A
43.7 4.00 5.08 4.40 27.2 4.10 67.7 A
53.7 27.2 8.27 8.79 36.4 6.73 55.3 A
60.1 43.2 9.86 11.8 41.0 8.50 49.2 A
59.2 71.6 11.8 16.0 44.9 10.6 43.3 A
66.9 80.8 12.4 18.1 47.2 11.9 40.4 +B
0.0 74.5 11.0 11.3 317 5.64 57.3 B
Table II. Solubility in the (NH),HPO,;—(NH,)3P0,—H,O system at 25 °€.
(NH,),HPO, (NH,)3PO, NH,? HsPO,2 H,O?
g/100g HO 100w, m;/mol kg~ * 100w; m;/mol kg~ * 100w; Solid phas®
745 0.0 11.0 11.3 31.7 5.64 57.3 B
64.3 6.59 11.0 11.1 30.5 531 58.5 +B
52.4 6.45 9.90 9.23 27.1 4.40 63.0 c
475 6.24 9.36 8.45 25.6 4.02 65.0 c
0.0 23.4 6.50 471 12,5 157 81.0 [
Table I1l. Solubility in the NH—H;PO,—H,O system at 25 °C.
NH; P05 NHz? HsPO,2 H,O?
100w; 100w; m;/mol kg™t 100w; m;/mol kg~ * 100w, Solid phasB
4.23 18.1 351 25.0 3.60 70.8 A
5.08 19.7 4.40 27.2 4.10 67.7 A
6.53 22.8 6.19 315 5.18 62.0 A
8.26 26.4 8.77 36.5 6.73 55.3 A
9.84 29.7 11.8 41.0 8.51 49.2 A
11.8 32.6 16.0 45.0 10.6 43.2 A
125 34.2 18.2 47.2 12.0 40.3 #B8
10.7 23.2 11.0 32.0 5.71 57.3 B
10.7 21.9 10.6 30.2 5.22 59.1 '’
9.52 19.2 8.74 26.5 423 64.0 c
8.98 18.4 8.04 25.4 3.95 65.6 c
479 6.66 3.27 9.20 1.09 86.0 c
6.70 2.29 4.36 3.16 0.358 90.1 c

2These values were calculated by the compilers.
The solid phases are:’ANH,H,PO,; B=(NH,),HPQO,; C=(NH,)3P0;-3H,0.

‘These data appear in source paper 2 only. The rest of the data are in both source papers.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. Equilibration required 4 to 5No information is given.
days. The composition of the solid phases was determined by

the Schreinemakers method. Estimated Error:

The temperature was kept constant within 0.05 K.

NH,4H,PO, H3PO, NHg° HsPO,° H,0O°
9/100g HO 100w; m/mol kg™t 100w; mi/mol kg™t 100w;
temp= 25°C
40.7 0 4.28 3.54 24.6 3.54 711
51.9 20.5 4.46 4.51 375 6.60 58.0
66.6 48.9 4.58 5.79 49.0 10.8 46.4
87.3 90.6 4.65 7.59 59.4 16.8 36.0
102.2 119.3 4.706 8.884 64.19 21.06 31.10
130.7 169.3 4.837 11.36 70.16 28.64 25.00
239.0 336.5 5.238 20.78 79.96 55.11 14.80
temp= 70°C
100.7 0 7.428 8.753 42.74 8.753 49.83
105.7 14.10 7.119 9.188 47.38 10.63 45.50
110.7 23.80 6.988 9.623 50.36 12.05 42.64
136.1 61.60 6.768 11.83 59.64 18.12 33.59
157.1 96.50 6.577 13.66 65.14 23.50 28.28
249.9 206.5 6.649 21.72 75.37 42.79 17.97
2The nature of the solid phase was not reported.
PThese values were calculated by the compilers.
Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. Ammonium Chemically pure reagents were used. Ammonium

dihydrogenphosphate, phosphoric acid and water were placed dihydrogenphosphate was recrystallized.
in ampules. The mixtures were shaken in a thermostat at 25

and 70 °C. After eqm!lbnum was eta_bllshed, 'the n_1|><tures Wereriinated Error:

allowed to settle. A pipet was used in sampling aliquots of the

saturated solution for analysis. Solubility: nothing specified. Temperature: precisipf.05 K at

298 K and*0.5 K at 343 K.
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Table Il. Solubility in the NH—H3;PO,—H,O system at 75 °C. The solid phase was determined by the Schreinemakers’ method

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:
J.C. Brosheer, J.F. Anderson, Jr., J. Am. Chem. $8¢c902-4

(1946.

Variables:

Composition at 60 and 75 °C.

Prepared By:

J. Eysseftova

Table I. Solubility in the NH—H;PO;—H,0 system at 75 °C. The solid phase was determined by microscopic examination

Experimental Data

NH, H3PO, H,0
100w, m;/mol kg—,2 100w; m;/mol kg2 100w;? Solid phase’
6.75 13.49 63.86 22.17 29.39 A
6.87 11.52 58.11 16.93 35.02 A
6.98 10.73 54.81 14.64 38.21 A
7.02 10.76 54.67 14.56 38.31 A
7.25 9.91 49.79 11.83 42.96 A
7.23 9.47 47.96 10.92 44.81 A
7.48 9.29 45.25 9.77 47.27 A
7.71 9.46 44.42 9.47 47.87 A
7.81 9.62 44.54 9.54 47.65 A
7.80 9.68 44.86 9.67 47.34 A
8.11 10.14 44.91 9.75 46.98 A
8.20 10.31 45.11 9.86 46.69 A
8.53 10.85 45.31 10.02 46.16 A
9.22 12.37 47.02 10.96 43.76 A
9.27 12.50 47.17 11.05 43.56 A
9.60 13.27 47.93 11.52 42.47 A
9.82 13.69 48.05 11.64 42.13 A
9.90 13.85 48.13 11.70 41.97 A
10.54 15.58 49.73 12.77 39.73 A
11.09 17.20 51.06 13.77 37.85 A
11.34 17.97 51.61 14.21 37.05 A
11.52 18.54 52.00 14.55 36.48 A
12.07 20.44 53.25 15.67 34.68 A
12.50 21.96 54.07 16.50 33.43 A
13.04 24.00 55.05 17.60 31.91 A
13.14 24.83 55.79 18.32 31.07 A
14.10 29.34 57.68 20.86 28.22 A
14.34 30.65 58.19 21.62 27.47 A
14.39 31.07 58.41 21.91 27.20 A
14.61 31.96 58.55 22.26 26.84 A
17.89 25.91 59.23 26.42 25.88 B
14.70 30.34 56.85 20.39 28.45 B
14.47 26.15 53.04 16.66 32.49 B
14.24 23.34 49.93 14.22 35.83 B
13.82 20.44 46.48 11.95 39.70 B
13.58 17.76 41.53 9.44 44.89 B
13.42 16.61 39.13 8.41 47.45 B
13.38 16.39 38.69 8.24 47.93 B

aThese values were calculated by the compiler.

"The solid phases are:sANH,H,POy; B = (NH,4),HPQ,.
‘This is the average of five determinations.

NH, HsPO, H,0
100w m;/mol kg2 100w, m;/mol kg2 100m;2 Solid phasé
6.85 31.42 80.35 64.05 12.80 A
6.72 21.87 75.24 42.56 18.04 A
13.5% 16.24 37.46 7.80 48.99 BC
12.88 14.68 35.61 7.05 51.51 C
12.47 13.43 33.02 6.18 54,51 C
12.08 12.16 29.57 5.17 58.35 C
11.91 11.48 27.16 4.55 60.93 C
11.98 11.30 25.74 4.22 62.28 C
11.83 10.59 22.60 3.52 65.57 C
11.94 10.43 20.86 3.17 67.20 C
12.15 9.79 14.96 2.09 72.89 C
13.47 10.18 8.86 1.16 77.67 C
15.40 11.41 5.36 0.690 79.24 C
20.47 15.49 1.92 0.252 77.61 C
23.73 18.53 1.09 0.148 75.18 C

Table I1I. Solubility in the NH—H3zPO,—H,O system at 60 °C. The solid phase was determined by the Schreinemakers’ method

NH, HsPO, H,0

100w; m;/mol kg2 100w, m;/mol kg2 100w;? Solid phase’
12.74 16.26 41.24 9.14 46.02 B
12.36 14.61 37.96 7.80 49.68 B
12.45 14.39 36.76 7.39 50.79 B
12.54 14.28 35.90 7.10 51.56 B
12.62 14.34 35.69 7.05 51.69 B
12.64 14.34 35.61 7.02 51.75 HBe
11.72 12.04 31.13 5.56 57.15 C
11.04 10.29 25.98 4.21 62.98 C

2These values were calculated by the compiler.
"The solid phases are:’ANH4H,PO,; B=(NH,),HPOy; C=(NH,);H2(PQOy)3 or (NH,)3PO,-2(NH,),HPO,.
This is the average of four determinations.

Auxiliary Information

Method / Apparatus / Procedure:
Mixtures were placed in 300 ml glass-stoppered bottles which Reagent grade #0;, monoammonium  phosphate,
were rotated end-over-end in a constant temperature bath for aiammonium phosphate and aqueous ammonia were used.
least 3 days. Mixtures in which the vapor pressure of;NH Recrystallization did not alter the solubility of the salts.
prevented accurate sampling from open flasks were placed in
special flasks for use under pressure. Aliquots of HCI solns of
the samples were analyzed for hHy addition of alkali and
distillation into standard acid. Other aliquots were analyzed for -
HPO, by double precipitation as Nf¥gPO,-6H,0 and results were accepted only when they agreed within 0.5%.
ignition to Mg,P,0; .

Source and Purity of Materials:

Estimated Error:
The temperature was kept constant to withi@.05 K. Duplicate
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Components: Original Measurements: Components: Original Measurements:

(1) Ammonia; NHs; [7664-41-1 K.S. Chernova, Izv. Sektora Fiz. Khim. Analiza, Inst. Obshch. (1) Ammonia; NH; [7664-41-7 R. Flatt, G. Brunisholz, S. Chapuis-Gottreux, Helv. Chim. Acta
(2) Phosphoric acid; kPOy; [7664-38-3 Neorg. Khim. Akad. Nauk SSSR5, 112-7(1947). (2) Phosphoric acid; kPOy; [7664-38-2 34, 683-91(1951).

(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3

Variables: Prepared By: Variables: Prepared By:

Composition at 0 °C in the region where J. Eysseltova Composition at 25 °C. J. Eysselfova

(NH,),HPQ,-2H,0 and (NH,),HPQ, are the solid

equilibrium phases. Experimental Data

Composition of saturated solutions of the NH-H"—PQ,*~—H,O system at 25 °C

Experimental Data

Solubility in the crystallization field of (Ni),HPO,-2H,0 in the (NH,) 3P0,—H;PO,—H,O system at 0 °C NH,* H* H,O NH,® H3PO° H,0°
ion % ion % comf 100w; m;/mol kg™ * 100w; m;/mol kg™t 100w; Solid phases
NH; HsPO, H,O

100w, my/mol kg~ 12 100w; my/mol kg~ 12 100w Solid phask 8.96 91.04 5.30 4.34 93.82 92.94 349.0 272 A
9.31 90.69 14.00 4.31 36.90 88.83 132.1 6.86 A
9.35 8.62 26.95 4.32 63.70 A 10.56 89.44 21.60 4.69 27.13 85.16 85.64 10.15 A
7.80 6.58 22.60 331 69.60 B 10.83 89.17 21.80 4.80 27.57 84.98 84.85 10.22 A

7.38 6.03 20.79 2.95 71.83 B 11.11 88.89 24.10 4.86 25.58 83.97 76.76 11.16 +@B
8.38 7.53 26.31 411 65.31 B 12.72 87.28 27.80 5.44 25.39 81.99 66.54 12.57 C
8.31 7.49 26.52 4.15 65.17 B 12.95 87.05 36.50 5.32 19.69 78.81 50.68 15.87 ¢
9.25 9.00 30.40 5.14 60.35 B 13.10 86.90 37.00 5.37 19.65 78.59 49.99 16.04 ¢
9.50 9.52 31.93 5.56 58.57 B 14.01 85.99 91.00 4.64 8.54 63.49 20.33 31.87 o]
32.26 B 14.24 85.76 94.00 4.66 8.41 62.78 19.68 32.56 c
9.85 10.17 33.30 5.98 56.85 B 17.08 82.92 163.0 4.48 5.81 50.30 11.35 45.22 c
10.04 10.58 34.24 6.27 55.72 B 20.76 79.24 246.0 4.39 4.68 40.56 7.52 55.05 ¢
10.12 10.88 35.26 6.59 54.62 B 25.07 74.93 349.0 4.28 3.99 32.72 5.30 63.00 C
1071 12.22 37.84 7.50 51.45 A 30.33 69.67 473.0 4.20 3.56 26.54 3.91 69.26 ¢
11.14 13.68 41.06 8.77 47.80 H#C 32.60 67.40 512.0 4.25 3.53 25.04 3.61 70.71 [
aThese values were calculated by the compiler. 34.97 €5.08 487.0 471 3.8 25.85 3.80 69.44 ¢
bThe solid phasaes are:sﬂ(NH4)zl¥|PO4; B:’()NH4)2HPO442HZO; C=NH,H,PO,. 87.30 62.70 421.0 553 4.92 28.43 439 66.04 ¢
°The meaning of this point is not clear. The compiler assumes it is a parallel analysi®6%, fih the solution above. 40.70 59.30 345.0 6.81 6.55 32.10 5.36 61.09 c
47.3¢ 50.62' 210.0 10.27 12.52 4157 8.81 48.16 c

Auxiliary Information 49.80 50.20 150.0 12.44 18.42 47.91 12.33 39.65 +DC
58.63 41.37 262.0 11.11 12.42 36.35 7.06 52.54 D
Method / Apparatus / Procedure: Source and Purity of Materials: 65.57 34.43 340.0 10.62 10.70 31.08 5.44 58.29 D

e i 2 . o o o & S ek f v s o s %2 WL W0 0m 0w wm o s2 o mel @
ascertained by repeated analyses of theqliquid phaseletails  given. o 68.01 31.99 3530 10.74 1069 30.29 524 58.98 E
are given. Equilibrium was reached within 24 hrs. 68.95 31.05 396.0 10.14 9.66 28.22 4.67 61.64 E
Estimated Error: 69.81 30.19 521.0 8.59 7.44 23.60 3.55 67.82 E

No information is given. 100.0 0.00 1610 5.01 3.45 9.61 115 85.38 E

&The composition unit is: mol/100 mol solute.

PThese values were calculated by the compiler.

“The solid phases are:-A(NH,)Hs(POy),(?); B=(NH,)3Hg(POy)4; C=NH4H,PO,; D=(NH,),HPQ,; E=(NH,)3PO,.
dCOMPILER'S COMMENT: The mol % data for this solution appear to be incorrect.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
No information is given. No information is given.

Estimated Error:
No information is given.
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Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, A. Deereaz, Helv. Chim. Acta39,
483-91(1956.

Components: Original Measurements:

(1) Ammonia; NHs; [7664-41-1 R. Flatt, G. Brunisholz, O. Blumer, Helv. Chim. Ac88, 753-69
(2) Phosphoric acid; EPOy; [7664-38-3 (1955.

(3) Water; H,0; [7732-18-3

Variables: Prepared By:

Composition at 25 °C. J. Eysseltova

Variables:

Composition at 50 °C.

Prepared By:
J. Eysselfova

Experimental Data
Composition of saturated solutions of the NH-H" —PQ,*~—H,O system at 25 °C

Experimental Data

Composition of saturated solutions in the (N5PO;—H3;PO;—H,0 system at 50 °C

NH, " H* H,0 NH;? HsPO,° H,0° NH,* H,0 NH;? HsPO,° H,0O°
ion % ion % comf 100w; m;/mol kg™ * 100w, m;/mol kg™t 100w; Solid phases ion comp 100w, m;/mol kg™t 100w; m;/mol kg™ * 100w, Solid phases
12.8 87.2 30.5 5.40 23.3 81.0 60.65 13.6 +B 22.7 171.8 5.73 7.33 48.4 10.8 45.87 A
12.8 87.2 30.3 5.41 23.4 81.1 61.05 135 +B 33.4 309.6 6.04 5.99 34.7 5.97 59.26 A
12.8 87.2 30.1 5.41 23.6 81.1 61.46 135 B 334 312.6 6.01 5.93 345 5.92 59.49 A
12.8 87.2 28.9 5.44 24.6 81.6 64.01 13.0 B 39.4 233.2 8.24 9.38 40.1 7.93 51.63 A
12.7 87.3 28.4 541 248 81.8 65.13 12.8 B 43.3 187.2 10.0 12.8 443 9.88 45.73 A
12.7 87.3 26.8 5.45 26.3 82.3 69.02 12.3 +B8 46.0 150.5 111 17.0 48.3 12.3 40.11 A
11.4 88.6 23.7 4.99 26.7 84.0 78.05 11.0 c 49.5 111.0 13.8 24.8 53.5 16.7 32.74 +B
10.3 89.7 20.6 4.60 27.8 85.7 89.80 9.7 C 49.7 111.3 13.8 24.8 53.4 16.6 32.78 +B
10.1 89.9 19.8 4.53 28.3 86.1 93.42 9.4 C 53.3 154.5 13.0 19.1 47.0 12.0 40.01 B
9.2 90.8 12.6 4.3 40.5 89.5 146.8 6.2 C 55.5 176.6 12.8 17.4 442 10.5 43.04 B
8.9 91.1 6.8 4.3 72.6 92.3 272.0 3.5 C 59.0 217.6 12.3 15.1 39.9 8.50 47.86 B
9.2 90.8 3.0 45 170 93.9 616.6 1.6 C 62.8 250.0 12.1 13.9 37.0 7.40 50.95 B
9.2 90.8 2.8 4.5 182 94.0 660.6 15 [} 65.5 274.7 12.0 13.2 35.0 6.73 53.04 B
9.3 90.7 2.6 4.6 198 94.1 7115 13 C 66.2 278.3 12.0 13.2 34.7 6.65 53.30 B
9.1 90.9 24 45 210 94.3 770.7 1.2 C 66.3 274.2 12.1 134 35.0 6.75 52.92 B
4.0 96.0 2.9 2.0 76.5 96.4 637.9 15 (03 68.1 281.7 12.2 13.4 344 6.57 53.42 +B
4.0 96.0 3.3 2.0 67.3 96.2 560.5 1.8 C
12 98.8 75 0.60 8.9 954 246.6 4.0 c aThe composition unit is: mol/200 mol solute_.
00 100.0 84 00 00 05.6 220.2 aa c "These yalues were calculated by the compiler.
“The solid phases are:sANH4H,PO,; B=(NH,),HPO;; C=(NH,);H,(PO,)3.
aThe composition unit is: mol/200 mol solute. " )
PThese values were calculated by the compiler. Auxiliary Information
“The solid phases are:ANH,H,PO;; B=(NH.)sHo(PO)a; C=NHaHs(PQ)2; D=H;PO, Method / Apparatus / Procedure: Source and Purity of Materials:
Ausxiliary Information No information is given. No information is given.
Method / Apparatus / Procedure: Source and Purity of Materials: Estimated Error:
No information is given. No information is given. No information is given. The compiler estimates

Estimated Error:

No information is given. The compiler estimates the
reproducibility to be about 0.1%.

reproducibility to be about 0.5%.

the

VZeT
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Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,POy; R. Flatt, G. Brunisholz, R. Dagon, Helv. Chim. Act4, 2173-93
[7722-76-1 (1961).

(2) Diammonium hydrogenphosphat®H,) ,HPOy;

[7783-28-Q

(3) Water; H,0; [7732-18-3

Variables: Prepared By:

Composition and temperature. J. Eysseltova

Experimental Data
Composition of eutonic solutions in the §H,PO,—(NH,) ,HPO;—H,0 system

NH,H,PO, (NH,4),HPO, H,0
t/°C comg 100w;° m;/mol kg~ ? comg 100w, m;/mol kg~ ° 100w;°
0 23.0 18.7 3.61 57.1 36.3 6.11 45.0
25 41.4 29.3 8.63 70.2 41.2 10.57 29.5
50 68.3 40.6 28.0 87.8 46.8 28.1 12.6

aThe composition unit is: g/100 g 4.
These values were calculated by the compiler.

The compiler recalculated the data in the Table above to give the following values

(NH,)3PO, HaPO, H,0
100w; m;/mol kg~ * 100w; mi/mol kg~ * 100w,

35.4 5.28 19.6 4.44 45.0
43.7 9.93 26.8 9.28 29.5
52.8 28.1 34.6 28.0 12,6

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

Components:
(1) Ammonia; NH; [7664-41-7
(2) Phosphoric acid; kPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:
R. Flatt, G. Brunisholz, R. Dagon, Helv. Chim. Act4, 2173-93
(1961).

Variables:

Composition at 0 and 50 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. Composition of saturated solutions of the,NHH" —PQ,*~—H,O system

NH,* HY H,0 NH," H3PO," H,0P
ion % ion % comp 100w, m;/mol kg™t 100w, m;/mol kg™ * 100w; Solid phases
temp= 0°C
100.0 0.0 3900 2.26 1.42 4.34 0.47 93.4 A
69.1 30.9 1130 4.74 3.39 13.2 1.64 82.1 A
68.2 31.8 849 5.89 4.46 16.6 2.18 775 A
67.2 32.8 589 7.62 6.33 21.7 3.14 70.6 A
67.3 32.7 432 9.40 8.65 26.8 4.28 63.8 +B
66.8 33.2 432 9.33 8.58 26.8 4.28 63.9 +B
62.4 37.6 374 9.60 9.26 29.5 4.95 60.9 B
55.8 44.2 267 10.5 11.6 36.2 6.93 53.3 B
54.2 45.8 241 10.8 125 38.3 7.68 50.9 B
52.4 47.6 210 11.2 13.8 411 8.81 47.6 B
51.9 48.1 212 111 13.6 41.0 8.73 47.9 +8
31.9 68.1 211 7.14 8.39 42.9 8.77 50.0 +8
44.1 55.9 462 6.08 5.30 26.5 4.00 67.4 C
39.8 60.2 656 4.30 3.37 20.7 2.82 75.0 C
33.2 66.8 924 2.76 1.99 15.9 2.00 81.3 C
33.1 66.9 920 2.76 2.00 16.0 2.01 81.2 C
29.7 70.3 799 2.78 2.06 18.0 2.32 79.2 C
21.8 78.2 483 3.01 2.50 26.5 3.83 70.5 C
14.4 85.6 213 3.34 3.75 44.4 8.68 52.2 C
111 88.9 77.2 3.90 7.98 67.4 24.0 28.7 +0
111 88.9 75.9 3.92 8.12 67.7 24.4 28.4 +0
8.7 91.3 66.3 3.21 7.28 70.9 27.9 25.9 D
7.8 92.2 57.8 2.99 7.49 73.6 32.0 234 D
7.2 92.8 43.8 2.93 9.12 78.2 42.2 18.9 D
7.3 92.7 34.2 3.10 11.8 81.5 54.1 15.4 D
7.3 92.7 33.0 3.12 12.3 82.0 56.0 14.9 D
7.7 92.3 25.8 3.39 16.6 84.6 717 12.0 +B
7.3 92.7 20.1 3.31 20.2 87.0 92.0 9.65 E
7.5 92,5 10.6 3.56 39.3 91.1 174 5.33 E
6.1 93.9 24.1 2.73 141 85.9 76.8 114 F
5.1 94.9 29.2 2.24 9.7 84.2 63.4 13.6 F
3.8 96.2 34.6 1.64 6.1 82.6 53.5 15.8 F
2.2 97.8 40.7 0.93 3.0 80.9 45.4 18.2 F
0.0 100.0 48.7 0.00 0.0 78.8 38.0 21.2 F
0.0 100.0 48.2 0.00 0.0 79.0 38.4 21.0 F
temp= 50 °C
315 68.5 302 5.80 5.79 35.3 6.13 58.9 C
29.6 70.4 277 5.75 5.93 37.3 6.68 57.0 C
24.4 75.6 200 5.70 6.77 44.8 9.25 49.5 C
20.8 79.2 146 5.67 7.91 52.2 12.6 42.1 C
17.6 82.4 95.9 5.66 10.2 61.7 19.3 32.6 C
16.2 83.8 73.5 5.67 12.2 67.1 25.2 27.2 C
15.1 84.9 50.1 5.81 16.7 73.8 36.9 20.4 (03
145 85.5 29.7 6.10 271 80.7 62.3 13.2 (03

&The composition unit is: mol/100 mol solute.

PThese values were calculated by the compiler.

°The solid phases are :A(NH,)3PO;; B=(NH,),HPO,; C=NH,H,POy; D=NHHs(PO,),-H,0; E=NH,Hs(PQy),; F = H;P0,-0.5

H,0.
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Part 2. Composition of solutions saturated simultaneously with H{RO, and (NH,),HPO,.

NH4H,PO, (NH,4),HPO, NH," H3PO,” H,0P

t/°C comp! comg 100w; m;/mol kg~ * 100w; m;/mol kg~ * 100w,
0 23.0 57.1 10.1 10.6 34.4 6.32 55.5
25 414 70.2 115 14.2 413 8.91 47.3
50 68.3 87.8 12.8 19.2 48.2 12.6 39.0

aThe composition unit is: g/100g J®.

These values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given, but the compiler estimates the

reproducibility to be about 0.5%.

Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:

Ya. S. Shenkin, S.A. Ruchnova, A.P. Shenkina, Zh. Neorg.

Khim. 14, 1420-2(1969.

Variables:

Temperature and composition at atmospheric pressure.

Prepared By:

J. Eysseltova

Experimental Data
Composition and boiling points in the NH,PO,—H3;PO,—H,O system

NH,4H,PO, HaPO, NH,? HaPO; H,0

100w; 100w; 100w; my/mol kg™t 100w; my/mol kg™t 100w; b.p./°C —Ig NP

71.84 0.00 10.63 22.18 61.20 22.18 28.16 109.4 0.1463
67.90 1.82 10.05 19.49 59.66 20.11 30.28 110.8 0.1343
64.20 8.90 9.50 20.75 63.59 24.12 26.90 111.1 0.1568
60.01 14.12 8.88 20.16 65.24 25.73 25.87 112.0 0.1656
57.22 22.34 8.47 24.33 71.08 35.49 20.44 115.1 0.1865
59.44 23.21 8.80 29.78 73.85 43.43 17.35 119.2 0.2510
58.29 29.02 8.63 39.93 78.68 63.26 12.69 122.9 0.3633
64.53 30.98 9.55 124.9 85.95 195.3 4.49 147.0 0.6556
71.50 24.64 10.58 161.0 85.55 226.2 3.86 152.0 0.7054
76.76 19.50 11.36 178.4 84.89 2316 3.74 155.6 0.7146
79.72 16.24 11.80 1715 84.15 2125 4.04 149.8 0.6840
82.82 14.71 12.26 2915 85.26 352.2 2.47 161.0 0.8662
83.17 14.75 12.31 3476 85.60 419.9 2.08 170.8 0.9318
86.60 12.31 12.82 690.6 86.08 805.9 1.09 170.0 1.1906
90.56 6.00 13.41 2288 83.15 246.6 3.44 212.0 0.7375
90.56 8.19 13.41 629.8 85.34 696.6 1.25 210.5 1.1805
92.77 4.39 13.73 283.9 83.42 299.7 2.84 2215 0.9079

2These values were calculated by the compiler.
5N is the mol fraction of water in the system.

NOTE: According to the authors, the “temperature depressiémdt definedl is a nearly linear function of-Ig N.

Auxiliary Information

Method / Apparatus / Procedure:
The method was the same as that described eérlier.

Source and Purity of Materials:
Chemically pure salts were recrystallized before being used.

Estimated Error:

No information is given.

Reference:

va.s. Shenkin, S.A. Ruchnova, A.P. Shenkina, Zh. Neorg.
Khim. 13, 256 (1968.
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Part 4. Using the data in Part 3, the compilers have calculated the following values

Components: Original Measurements:
(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3
(3) Water; H,0; [7732-18-3

Sev.-Zapad. Politekh. Inst. 69-72969.

Ya.K. Balabanovich, I.I. Orekhov, L.Ya. Tereshchenko, Trud.

Variables: Prepared By:
Temperature and composition. L.V. Chernykh and J. Eysseltova

Experimental Data
Part 1. Definition of the sections

Section 1 2 3 4
Mass ratio HO/H;PO, 9 4 2.3 15
Part 2. Eutectic points having NH,PO, and ice as the equilibrium solid phases
NHH,PO,  HsPO, NH;2 HsPO2 H,0%
Sect 100, 100w; 100w; m;/mol kg~ * 100w; m;/mol kg~ * 100w; tg/°CP te/°Ct
1 16.60 8.29 2.46 1.92 22.43 3.047 75.11 -6 -12
2 16.60 16.70 2.46 2.16 30.84 4.718 66.70 -7 -17
3 19.35 24.15 2.86 2.98 40.63 7.339 56.50 —14.5 -21
4 19.35 32.35 2.86 3.48 48.83 10.32 48.30 —255 -28
aThese values were calculated by the compilers.
bEutectic temperature measured by heating.
Eutectic temperature measured by cooling.
Part 3. Solubility of NHH,PO, in aqueous solutions of 4#0,?
temperature in °C
Sect 10 20 30 40 50 60 70
1 20.99 26.63 29.27 31.50 35.61 40.84 44.6
2 23.57 25.92 28.69 31.54 34.07 38.11 41.31
3 22.41 24.99 30.32 32.24 35.9 38.69 41.09
4 21.09 26.26 29.21 33.12 36.28 38.86 41.19

aThe solubility values are given as 100.

NH, HsPO, H,O
t/°C 100w, mi/mol kg~ * 100w, m;/mol kg~ ! 100w;
Section 1
10 311 2.57 25.78 3.70 71.11
20 3.94 3.51 30.02 4.64 66.03
30 4.33 4.00 32.01 5.13 63.66
40 4.66 4.44 33.68 5.58 61.65
50 5.27 5.34 36.78 6.48 57.94
60 6.05 6.67 40.71 7.80 53.24
70 6.60 7.78 43.53 8.91 49.86
Section 2
10 3.49 3.35 35.36 5.90 61.14
20 3.84 3.80 36.90 6.35 59.26
30 4.25 4.37 38.70 6.92 57.05
40 4.67 5.01 40.56 7.56 54.77
50 5.04 5.62 42.21 8.17 52.74
60 5.64 6.69 44.84 9.24 49.51
70 6.12 7.65 46.93 10.20 46.95
Section 3
10 3.32 3.60 42.60 8.04 54.08
20 3.70 4.16 44.02 8.59 52.28
30 4.49 5.43 46.94 9.86 48.56
40 4.77 5.93 48.00 10.37 47.23
50 5.31 6.99 50.01 11.42 44.68
60 5.73 7.87 51.54 12.31 42.73
70 6.08 8.70 52.86 13.14 41.06
Section 4
10 3.12 3.87 49.53 10.67 47.35
20 3.89 5.16 51.87 11.96 44.24
30 4.32 5.98 53.20 12.78 42.47
40 4.90 7.17 54.97 13.98 40.13
50 5.37 8.25 56.39 15.05 38.23
60 5.75 9.21 57.56 16.01 36.68
70 6.10 10.15 58.61 16.95 35.29

Auxiliary Information

Method / Apparatus / Procedure:

analysis were used, but no specific details are given.

Source and Purity of Materials:
A visual polythermic method was used. Standard methods of Chemically pure HPO, and recrystallized NEH,PO, were

used.

Estimated Error:
No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. Crystallization temperatures and composition of solutions existing in equilibrium with two or three solid phases

Components: Original Measurements: NH,H,PO, (NH,)2HPO, NH;* . HsPO;* . H,0* .
(1) Ammonia; NHs; [7664-41-1 I.M. Kaganskiy, A.M. Babenko, Zh. Prikl. Khim(Leningrad t°c 100w, 100w; 100w, mi/mol kg 100w; mi/mol kg 100w; Solid phas
(2) Phosphoric acid; EPOy; [7664-38-3 44, 315-9(1971).
(3) Water; H,0; [7732-18-5 —4.4 17.50 0.00 2.59 1.84 14.91 1.84 82.50 +B
-5.3 18.00 8.20 4.78 3.80 21.42 2.96 73.80 +B
Variables: Prepared By: —6.4 18.00 16.40 6.89 6.17 27.50 4.28 65.60 +B
Temperature and composition. J. Eysseltova —-74 18.00 20.50 7.95 7.59 30.55 5.07 61.50 +B
—5.4 17.60 12.00 5.70 4.75 23.90 3.46 70.40 +B
Experimental Data —-51 18.70 26.80 9.68 10.43 35.82 6.71 54.50 +®
Part 1. Solubility isotherms in the N{H,PO,—(NH,) ,HPO,—H,O system -0.3 19.80 28.00 10.15 11.42 37.64 7.36 52.20 +@
NH4H,PO, (NH.),HPO, NH,® HaPO. H,0° —6.0 18.50 26.00 9.44 9.99 35.05 6.44 55.50 +®
100, 100w, 100, my/mol kg™t 100w, my/mol kg™t 100w, +6.8 21.30 31.40 11.25 13.97 41.44 8.94 47.30 +B
+18.8 23.60 32.50 11.88 15.88 44.22 10.28 43.90 +B
182 00 . temp = 01"(95 155 10 . -5.4 0.00 26.30 6.78 5.40 19.52 2.70 73.70 +a
19'0 8ll 4'9 3'9 22'2 3'1 72'9 —6.6 7.50 25.00 7.56 6.57 24.94 3.77 67.50 +@
195 16.1 7.0 6.4 28.6 45 64.4 —8.2 15.10 24.40 8.53 8.28 30.97 5.22 60.50 +@
19.9 20.0 8.1 7.9 31.8 5.4 60.1 +16.0 0.00 39.60 10.21 9.93 29.38 4.96 60.40 +IT
9.8 27.0 8.4 7.8 28.4 4.6 63.2
195 241 91 95 345 6.2 56.4 +12.0 6.48 35.20 10.04 10.11 31.64 5.54 58.32 +0C
13.2 285 9.3 9.4 32.4 57 58.3 +9.4 13.20 33.70 10.65 11.77 36.25 6.97 53.10 +0C
20.1 26.3 9.8 10.7 36.6 7.0 53.6 +8.6 16.90 32.20 10.81 12.47 38.29 7.68 50.90 +0C
ig-; gg-g 18'% ﬂg g;? ;i ggi -8.6 17.80 24.66 8.99 9.18 33.46 5.93 5754  +B+C
0:0 27..8 7_'2 5.é 20..6 2_'9 72.'2 +3.4 21.20 31.60 11.29 14.04 41.51 8.97 47.20 +@+D
7.2 27.6 8.2 7.4 26.6 4.2 65.2 N
143 28.2 9.4 96 33.1 59 575 ZThgse values were ;alculated by the compiler.
20.0 19.9 8.1 7.9 31.8 5.4 60.1 Solid phases are: Aice; B=NH,4H,PO,; C=(NH,),HPO,-2H,0; D=(NH,),HPO,.
18.0 28.0 9.9 10.7 36.1 6.8 54.0
18.1 9.2 51 4.1 22.2 3.1 72.7 Auxiliary Information
temp= -5°C
6.7 23.3 7.0 5.9 23.0 3.4 70.0 Method / Apparatus / Procedure: Source and Purity of Materials:
11.2 17.8 6.2 5.2 22.7 3.3 71.0 " . .
165 8.3 46 36 20.2 27 75.2 A modified polythermic method was uséd. Chemically pure or reagent grade salts were used. They were
18.1 8.2 48 38 215 3.0 73.7 recrystallized twice. During the recrystallization special care was
18.3 16.3 6.9 6.2 27.7 4.3 65.4 taken to obtain anhydrous (NH,HPO,. The products were
18.7 20.3 8.0 7.7 31.0 5.2 61.0 dried gently at 30-50°C and analyzed for Nind ROs
18.4 245 9.0 9.3 33.9 6.0 57.1 content.
18.7 26.8 9.7 10.4 35.8 6.7 54.5
17.7 11.7 5.6 4.7 23.8 34 70.6 . .
83 175 57 45 201 28 742 Estimated Error:
0.0 243 6.3 4.9 28.0 24 75.7 No information is given.
18.8 24.8 9.2 9.6 34.4 6.2 56.4
7.5 255 7.7 6.7 25.3 3.9 67.0 References:
14.9 25.7 8.8 8.7 31.8 5.5 59.4 1, .
18.4 26.4 9.5 10.1 35.3 6.5 55.2 L.N. Erayzer, |.M. Kaganskiy, Zavod. Lali, 119 (1967.
0.0 26.4 6.8 54 19.6 2.7 73.6
temp= 10°C
20.6 0.0 3.0 2.3 175 23 79.4
218 7.8 5.2 4.4 24.4 35 70.4
222 155 7.3 6.9 30.4 5.0 62.3
22.4 19.4 8.3 8.4 33.5 5.9 58.2
21.9 23.4 9.3 10.0 36.0 6.7 54.7
22.7 25.5 9.9 11.3 38.3 75 51.8
22.4 27.1 10.3 12.0 39.2 7.9 50.5
17.0 33.2 11.1 13.1 39.1 8.0 49.8
21.8 31.2 11.3 141 41.7 9.1 47.0
0.0 33.1 8.5 7.5 24.6 3.7 66.9
6.6 33.6 9.6 9.5 30.6 5.2 59.8
13.2 33.8 10.7 11.8 36.3 7.0 53.0
22.4 10.2 5.9 5.2 26.7 4.0 67.4
16.8 325 10.9 12.6 38.4 7.7 50.7
22.8 24.0 9.6 10.6 37.2 7.1 53.2

20.3 32.3 11.3 14.0 41.3 8.9 47.4

8¢CET

3ASHMHIA 'd "L ANV VAOLTASSAT T



866T ‘9 'ON 'LZ 'IOA ‘ereq "J9d "wayD 'shud ¢

Auxiliary Information

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3
(3) Water; H,0; [7732-18-3

Original Measurements:

A.A. Volkov, O.E. Sosnina, L.S. Sedavnykh, Uch. Zap. Permsk.

Gos. Univ.289 9-14(1973.

Variables:
Composition at 20 °C.

Prepared By:

J. Eysseltova

Experimental Data
Solubility in the (NH,)3PO;—H3PO;—H,O system at 20 °C

(NH.)3PO,  HsPO, NH2 H3PO,2 H,0%

100w, 100w, 100v;  my/molkg™*  100w;  m/mol kg ! 100w, Refract. index  Solid phasks
12.80 0.00 4.39 2.98 8.41 0.985 87.20 1.3580 A
15.20 2.00 5.21 3.69 11.99 1.48 82.80 1.3670 A
18.70 4.10 6.41 4.87 16.39 2.17 77.20 1.3370 A
21.30 5.25 7.30 5.84 19.25 2.67 73.45 1.3855 A
26.05 6.75 8.93 7.80 23.87 3.62 67.20 1.3970 A
27.15 7.25 9.30 8.33 25.10 3.90 65.60 1.4050 A
29.35 8.45 10.06 9.49 27.74 4.55 62.20 1.4090 A
30.50 9.00 10.45 10.14 29.05 4.90 60.50 1.4100 +BA
30.10 10.00 10.31 10.11 29.78 5.07 59.90 1.4100 B
31.00 11.70 10.62 10.89 32.08 571 57.30 1.4130 B
32.00 13.70 10.96 11.86 34.73 6.53 54.30 1.4170 B
32.30 14.70 11.07 12.26 35.93 6.92 53.00 1.4180 B
33.00 16.50 11.31 13.15 38.19 7.73 50.50 1.4210 B
33.40 17.45 11.44 13.67 39.40 8.18 49.15 1.4235 B
34.50 18.55 11.82 14.79 41.23 8.96 46.95 1.4260 B
36.00 21.15 12.34 16.90 44.81 10.67 42.85 1.4280 B
35.85 22.55 12.28 17.34 46.11 11.31 41.60 1.4300 +CB
32.60 23.00 11.17 14.77 44.43 10.21 44.40 1.4260 C
29.35 21.30 10.06 11.97 40.59 8.39 49.35 1.4180 C
26.40 20.50 9.05 10.00 37.85 7.27 53.10 1.4100 C
24.20 20.10 8.29 8.74 36.01 6.60 55.70 1.4040 C
19.80 19.35 6.78 6.55 32.36 5.43 60.85 1.3935 C
17.60 18.45 6.03 5.54 30.02 4.79 63.95 1.3860 C
14.30 16.30 4.90 4.15 25.70 3.78 69.40 1.3780 C
12.10 16.40 4.15 3.41 24.35 3.48 71.50 1.3700 C
11.75 17.00 4.03 3.32 24.72 3.54 71.25 1.3730 C
12.10 20.25 4.15 3.60 28.20 4.25 67.65 1.3770 C
11.75 22.25 4.03 3.58 29.97 4.63 66.00 1.3780 C
11.35 25.35 3.89 3.61 32.81 5.29 63.30 1.3800 C
11.75 26.90 4.03 3.85 34.62 5.76 61.35 1.3805 C
11.75 29.80 4.03 4.04 37.52 6.55 58.45 1.3880 C
11.75 34.85 4.03 4.43 42.57 8.13 53.40 1.3910 C
12.85 41.25 4.40 5.63 49.70 11.05 45.90 1.3990 C
13.20 49.20 4.52 7.06 57.88 15.71 37.60 1.4090 C
13.95 55.10 4.78 9.07 64.27 21.19 30.95 1.4225 C
14.10 58.40 4.83 10.32 67.67 25.11 27.50 1.4280 C
14.70 60.80 5.04 12.07 70.4 29.35 24.50 1.4330 C
14.85 64.60 5.09 14.54 74.6 36.92 20.55 1.4390 C
15.35 70.40 5.26 21.67 80.49 57.64 14.25 1.4420 C
15.30 71.40 5.24 23.15 81.46 62.50 13.30 1.4430 +DC
13.70 72.75 4.69 20.34 81.75 61.57 13.55 1.4435 D
13.20 75.30 4.52 23.10 83.98 74.51 11.50 1.4440 +EBD
12.20 76.40 4.18 21.53 84.42 75.56 11.40 1.4460 E
11.60 78.10 3.98 22.66 85.72 84.93 10.30 1.4465 E
10.90 80.40 3.74 25.21 87.56 102.7 8.70 1.4750 E
10.95 81.50 3.75 29.18 88.70 119.9 7.55 1.4480 E

aThese values were calculated by the compiler.
"The solid phases are:A(NH,) 3P0, - 3H,0; B=(NH,),HPO,; C=NH4H,P0O,; D=3NH4H,PCy- H3POy; E=NH4H,PO,- H3PO,.

Method / Apparatus / Procedure: Source and Purity of Materials:

The method of sectioh€ was used. The solubility diagram is ~ Chemically pure HPO, and twice-distilled water were used.
derived from the linear dependence of a property of the liquid (NH,;)sP0O,-3H,0 was synthesized according to directions
phase on the concentration. given by others.

Estimated Error:
No information is given.

References:

1. R.V. Mertslin, Izv. Biol. Nauchno-issl. In-ta pri Permsk. Un-ta
11, 1 (1937.

2. E.F. Zhuravlev, A.D. Sheveleva, Zh. Neorg. Khi§).2630
(1960.

3. M.E. Pozin, Tekhnologiya Mineral'’nykh Soley, Leningrad,
Goskhimizdat, 1961.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components:
(1) Ammonia; NHs; [7664-41-1
(2) Phosphoric acid; EPOy; [7664-38-3

(3) Water; H,0; [7732-18-3

Original Measurements:

S.A. Mazunin, O.E. Sosnina, A.A. Volkov, T.L. Danina,
Termicheskiy Analiz i Fazovye Ravnovesiya, Perm 79-88

(1985.

Variables:
Composition at 20 and 60 °C.

Prepared By:

L. V. Chernykh and J. Eysséltova

Experimental Data

Solubility isotherms in the NH,PO,—(NH,),HPO,—H,0O system

NH,H,PO, (NH,),HPO, NH3? HsPO2 H,0O? Solid
100w; 100w; 100w; m;/mol kg~ 100w; m;/mol kg~* 100w; phasé
temp= 20 °C
0.0 40.8 10.5 10.4 30.3 52 59.2 A
6.0 39.0 11.0 11.7 341 6.3 55.0 A
9.0 38.0 111 12.3 35.9 6.9 53.0 A
12.0 37.0 11.3 13.0 37.7 75 51.0 A
16.0 36.0 11.6 14.3 40.3 8.6 48.0 A
26.0 32.0 12.1 16.9 45.9 11.2 42.0 +8
24.0 315 11.7 15.4 43.8 10.1 44.5 +8
25.0 23.0 9.6 10.9 38.4 7.5 52.0 +B
26.0 14.0 75 73 325 55 60.0 +#B
27.0 7.0 5.8 5.2 28.2 4.4 66.0 B
27.3 0.0 4.0 3.3 233 3.3 727 B8
temp= 60 °C.
0.0 48.8 12.6 14.4 36.2 7.2 51.2 A
6.5 45.7 12.8 15.7 39.4 8.4 47.8 A
13.1 42.7 13.0 17.2 42.8 9.9 44.2 A
20.4 40.5 135 20.2 47.4 12.4 39.1 A
26.7 38.3 13.8 23.2 51.2 14.9 35.0 A
35.1 35.0 14.2 27.9 55.9 19.1 29.9 +8
35.7 31.8 13.5 24.4 54.0 17.0 325 B
36.4 25.2 11.9 18.2 49.7 13.2 38.4 B
39.3 17.6 10.4 14.1 46.5 11.0 43.1 B
40.8 11.2 8.9 10.9 43.1 9.2 48.0 B

aThese values were calculated by the compilers.
The solid phases are:A(NH,),HPQ,; B=NH,H,PO,.

Auxiliary Information

Method / Apparatus / Procedure:

The refractometric variation of the isothermal method was

eIsewheré.NH4H2PO4 and (NH),HPO, were determined by
potentiometric titration. The composition of the solid phase
was determined by the Schreinemaker’'s method.

Source and Purity of Materials:

No information is given, but the compilers assume that the
used. The compilers assume that it was the method describedmaterials were the same as those used in Ref. 2.

Estimated Error:

The precision of the analysis of NH,PQ, and (NH,),HPO,
was 0.2 and 0.6%, respectively.

References:

1E.F. Zhuravlev, A.D. Sheveleva, Zh. Neorg. Khits, 2630

(1960. 2. O.E. Sosnina, A.A. Volkov, Uch. Zap. Perm. Gos.

Univ., Ser. Khim.289, 20 (1973.

0€ET

Components: Evaluator:

(1) Ammonia; NH; [7664-41-7 J. EysseltovaCharles University, Prague, Czech Republic
(2) Nitric acid; HNO;; [7697-37-3 September, 1995

(3) Phosphoric acid; PO,; [7664-38-3

(4) Water; H,0; [7732-18-3

Critical Evaluation:

5.1. Solubilities in the NH 3;—H3;PO,~HNO3;—H,O System

This system can be prepared by the addition of HN@the NH;—H3;PO,—H,0 ternary system. Flatt et al. published solubility
data for the quaternary system at 25 and 53-2Giowever, these data of Flatt and co-workers cannot be critically evaluated because
there are no other published solubility data with which they can be compared.

If CaO is added to the above quaternary system, the quinary syste MR0O,—HNO;—CaO—-HO is formed. Flatt, Brunisholz
and co-workers published solubility data for this quinary systénihe main interest of these authors was the region where Ca
(H,PQy),-H,0 crystallizes. They also reported the existence of a double sg{fNE) 4Hz5(POy)15-10H,0 [no registry number
availabld. So far as comparisons can be made, the solubility data in Refs 1-5 are fairly consistent with each other.

The system NB-H3;PO,—CaO—-HO is a quaternary subsystem of the quinary system discussed in the preceding paragraph. Flatt
and co-workers published solubility data for this system at 0, 25 and 50 @rekov and Slobodkiffapublished solubility data for
this system at 45, 60, 75 and 90 °C in the region where thg/N4PO, ratio is 0.5. The data of Flatt et al. at 50 °C can be compared
with those of Orekov and Slobodkina at 45 °C. However, the two sets of data do not agree with respect to the identity of the phaSQﬁ_l
and the composition of the solutions present at equilibrium. Orekov and SlobBdtihaot find the double salt but did find
anhydrous CaHPas one of the equilibrium solid phases. Flatt’s grotgport the crystallization field of the double salt diminishing
with increasing temperature, but still present at 50 °C, and their CaHRiSts as a dihydrate. Obviously, more experimental work is
necessary before this sytem can be evaluated.

References:

IR. Flatt and G. Brunisholz, Ph. Rod, Helv. Chim. AG8 769 (1955.

2R. Flatt, G. Brunisholz, and A. Denereaz, Helv. Chim. ABfR 483 (1956

SR. Flatt, G. Brunisholz, and F. Clerc, Helv. Chim. A&8, 336 (1952.

“R. Flatt, G. Brunisholz, and E. Lauber, Helv. Chim. AG8, 1971(1953.

5R. Flatt, G. Brunisholz, and M. Fell, Helv. Chim. Ac8$, 1130(1956.

SR. Flatt, G. Brunisholz, and S. Chapuis-Gottreaux, Helv. Chim. B#a884 (1951).
R. Flatt, G. Brunisholz, and R. Dagon, Helv. Chim. Adt4 2173(1961).

81.1. Orekhov and G.I. Slobodkina, Zh. Neorg. Khith7, 829 (1972.
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Table Il. Points of simultaneous crystallization of two solid phases and invariant points in theHiNO;— H;PO,—H,O system at 25 °C

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Nitric acid; HNO;; [7697-37-3

(3) Phosphoric acid; EPOy; [7664-38-3
(4) Water; H,0; [7732-18-3

Original Measurements:
R. Flatt, G. Brunisholz, Ph. Rod, Ph. Helv. Chim. A8,
769-83(1955.

Variables:
Composition at 25 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. The authors’ data
Table I. Special points in the Nf+HNO;—H3PO,—H,0 system at 25 °C

HNO;, H3PO, NH; H,0
Soln no eq % eq % eq % cént Solid phases
1 0.0 66.4 336 103 AB
2 0.0 60.0 40.0 205 B
3 0.0 59.6 40.4 206 BC
4 0.0 59.4 40.6 242 €D
5 0.0 50.0 50.0 803 D
6 50.0 0.0 50.0 107 E
7 43.5 8.5 48.0 98 AB+E
8 47.3 33 49.4 102 BE
9 47.1 31 49.8 101 BC+E
10 47.2 2.8 50.0 101 €E
11 47.3 25 50.2 101 €E+F
12 40.7 9.3 50.0 204 €D
13 45.7 2.7 51.6 128 €D+F

866T ‘9 'ON 'LZ 'IOA ‘ereq "J9d "wayD 'shud ¢

HNO,4 HsPO, NH,4 H,0
Soln no eq % eq % eq % cdnt Solid phaséd
14 0.0 59.6 40.4 205 BC
15 0.0 59.5 40.5 207 BC
16 4.4 54.3 41.3 223 BC
17 75 50.6 41.9 231 BC
18 9.9 47.5 42.6 236 BC
19 12.6 44.3 43.1 240 BC
20 20.3 35.1 44.6 244 BC
21 26.2 27.9 45.9 239 BC
22 38.7 12.9 48.4 192 BC
23 47.1 3.1 49.8 101 BC+E
24 0.0 59.5 40.5 212 €D
25 0.0 59.4 40.6 212 €D
26 24.9 29.0 46.1 262 €D
27 324 19.7 47.9 248 €D
28 43.7 5.5 50.8 169 €D
29 45.9 2.6 51.5 125 €D+F
30 45.5 2.8 51.7 132 €D+F
31 455 2.7 51.8 128 €D+F
32 45.7 2.6 51.7 128 €D+F
33 455 2.8 51.7 130 €D+F
34 45.8 2.7 51.5 125 €D+F
35 47.3 25 50.2 101 BE+F
36 47.3 25 50.2 101 DE+F
37 46.0 2.7 51.3 122 €F
38 45.9 2.7 51.4 122 €F
39 47.3 1.7 51.0 103 EF
40 47.4 0.7 51.9 98 EF
41 47.4 0.7 51.9 98 EF
42 46.5 0.5 53.0 95 EF
43 44.0 0.2 55.8 85 EF
44 39.9 0.1 60.0 67 EF
45 37.9 0.1 62.0 57 EF
46 457 1.9 52.4 127 BF
47 45.3 1.6 53.1 125 BF
48 44.4 1.2 54.4 123 BF
49 44.7 1.1 54.2 122 BF
50 42.1 0.6 57.3 114 BF

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Table I1I. Solutions saturated by a single solid phase

Part 2. The compiler has used the tabular data above to calculate the following values

111
112
113
114
115
116
117
118
119
120

50.0
46.7
43.0
39.3
48.0
48.4
475
46.4
46.6

11.2
11.7
13.7
17.0
17.3
28.3
39.0
40.1

7.6

8.8

9.0
10.7
25.1
43.5
43.6
45.1
41.7
41.7
415
38.6
37.7
36.4
35.6

47.8
46.3
42.0
35.3
25.4
11.5
11.4

1.2

0.2
25.7
11.8

40.4
313
15.4

6.1
23.0
12.8

44.9
43.9
38.9
38.2

50.0
53.3
57.0
60.7
50.5
50.3
50.0
51.8
51.9
51.9
53.2
53.2
46.8
48.6
49.9
50.1
50.1
51.1
40.9
40.9
41.9
43.0
50.5
50.9
515
51.9
52.2
53.7
58.0
64.7
74.6
88.5
88.6
98.8
99.8
64.2
727
77.8
53.1
55.9
61.4
64.5
53.7
55.4
56.8
49.5
49.3
49.9
50.1
48.6
49.9
50.0
49.7
49.6
50.1
51.7
52.2
52.2
52.8
52.1
51.5
53.2
53.3
56.7
56.7
56.8
60.4
61.9
62.0
64.4

233
215
123
114
103
127
258
273
330
474
824
832
848
865
871
910
994
1071
1094
946
919
465
278
986
904
705
834
842
762
589
641
524
292
738
719
682
688
590
610
615
425
225
216
789
792
792
791
564
195
204
134
195
195
223
227
145
283
141
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2The content is expressed as: mol/200 mol solute.

The

solid phases

are:

=3NH,NO;-(NH,);PO,.

ANH4H,PO,;

B=(NH,4),HPOy;

C=(NHy)7H(POy)3;

D= (NH,)3PO;;

E=NH,NO;;

F

HNO; HsPO, NH; H,0
Soln no 100y, m;/mol kg™t 100w, m;/mol kg™t 100w, m;/mol kgt 100w,

1 0.0 0.0 72.8 11.9 6.4 18.1 20.7

2 0.0 0.0 57.3 5.42 6.6 10.8 36.0

3 0.0 0.0 57.0 5.36 6.7 10.9 36.2

4 0.0 0.0 53.6 4.55 6.4 9.32 40.1

5 0.0 0.0 24.2 1.15 4.2 3.46 71.5

6 53.2 26.0 0.0 0.0 14.4 26.0 325

7 44.5 24.7 13.5 1.61 13.3 27.2 28.7

8 49.8 25.8 5.4 0.60 14.1 26.9 30.7

9 50.0 25.9 5.1 0.57 14.3 27.4 30.6
10 50.3 26.0 4.6 0.51 14.4 27.5 30.7
11 50.5 26.0 4.2 0.46 14.5 27.6 30.8
12 32.1 111 11.4 0.84 10.6 13.6 45.9
13 455 19.8 4.2 0.39 13.9 22.4 36.4
14 0.0 0.0 57.1 5.38 6.7 11.0 36.1
15 0.0 0.0 56.9 5.32 6.7 10.9 36.4
16 2.7 1.10 51.6 4.51 6.8 10.3 38.9
17 4.6 1.80 48.1 4.06 6.9 10.1 40.4
18 6.1 2.33 45.4 3.73 7.1 10.0 41.4
19 7.8 2.92 42.6 3.42 7.2 9.98 42.4
20 13.0 4.62 34.8 2.66 7.7 10.2 445
21 17.4 6.09 28.9 2.16 8.3 10.7 454
22 30.5 11.2 15.8 1.24 10.3 14.0 43.3
23 51.8 259 53 0.57 14.8 27.4 317
24 0.0 0.0 56.4 5.20 6.7 10.6 36.9
25 0.0 0.0 56.4 5.19 6.7 10.6 36.9
26 15.8 5.28 28.7 2.05 7.9 9.78 47.6
27 221 7.26 20.9 1.47 8.8 10.7 48.2
28 38.2 14.4 75 0.60 12.0 16.7 42.2
29 46.1 20.4 4.1 0.39 14.0 229 35.9
30 44.8 19.2 4.3 0.39 13.8 218 371
31 454 19.8 4.2 0.39 14.0 225 36.5
32 45.6 19.8 4.0 0.38 13.9 22.4 36.5
33 451 19.4 4.3 0.40 13.8 22.1 36.8
34 46.0 20.4 4.2 0.40 14.0 22.9 35.8
35 50.5 26.0 4.2 0.46 14.5 27.6 30.8
36 50.5 26.0 4.2 0.46 14.5 27.6 30.8
37 46.5 21.0 4.2 0.41 14.0 23.4 35.2
38 46.4 20.9 4.2 0.41 14.1 23.4 353
39 50.8 255 2.8 0.31 14.8 275 31.6
40 52.4 26.9 12 0.13 155 29.4 30.9
41 52.4 26.9 12 0.13 155 29.4 30.9
42 52.4 27.2 0.9 0.10 16.1 31.0 30.6
43 52.6 28.8 0.4 0.04 18.0 36.5 29.0
44 52.9 33.1 0.2 0.03 215 49.8 254
45 53.3 36.9 0.2 0.03 23.6 60.4 22.9
46 46.1 20.0 3.0 0.28 14.3 22.9 36.6
47 46.3 20.1 25 0.24 14.7 23.6 36.5
48 46.2 20.1 1.9 0.18 15.3 24.6 36.6
49 46.6 20.4 18 0.17 15.3 24.7 36.3
50 46.2 20.5 1.0 0.10 17.0 27.9 35.8
51 53.2 26.0 0.0 0.0 14.4 26.0 325
52 52.8 27.0 0.0 0.0 16.3 30.8 31.0
53 52.4 28.8 0.0 0.0 18.8 38.2 28.9
54 52.7 33.1 0.0 0.0 22.0 51.1 25.3
55 51.2 25.6 25 0.27 14.6 27.0 31.7
56 51.3 25.4 2.1 0.23 14.4 26.4 321
57 50.5 259 4.1 0.45 14.4 27.2 31.0
58 47.9 219 2.9 0.28 14.4 24.4 34.8
59 48.8 22.7 2.4 0.24 14.7 25.3 34.1
60 51.6 26.0 15 0.17 15.3 28.6 315
61 51.3 25.7 1.0 0.11 16.0 29.6 31.7
62 51.9 26.3 0.7 0.08 16.1 30.2 31.3
63 211 7.30 24.2 1.80 8.7 11.2 45.9
64 28.0 9.66 16.3 1.21 9.8 12.6 45.9
65 455 20.8 6.3 0.62 13.4 225 34.8
66 47.1 225 5.9 0.60 13.8 24.4 33.2
67 49.6 25.3 4.9 0.54 14.3 27.0 311

CEET

3ASHMHIA 'd "L ANV VAOLTASSAT T



866T ‘9 'ON 'LZ 'IOA ‘ereq "J9d "wayD 'shud ¢

Part 2. The compiler has used the tabular data above to calculate the following values

HNO, HsPO, NH; H,0
Soln no 100, m;/mol kg~ * 100w; m;/mol kg~* 100w; mi/mol kg~ * 100w,
68 457 20.1 4.5 0.42 13.7 22.4 36.1
69 0.0 0.0 52.0 4.24 6.3 8.81 41.7
70 0.0 0.0 50.8 4.01 6.1 8.32 43.1
71 0.0 0.0 46.1 3.26 5.8 7.05 48.1
72 0.0 0.0 37.6 2.23 4.9 5.04 574
73 0.0 0.0 23.6 1.11 4.2 3.40 72.2
74 0.0 0.0 233 1.10 4.2 3.40 72.5
75 0.0 0.0 22.7 1.06 4.2 3.37 73.0
76 0.0 0.0 223 1.03 4.2 3.33 73.6
77 0.0 0.0 22.0 1.02 4.2 3.33 73.8
78 0.0 0.0 20.8 0.94 4.2 3.28 75.0
79 0.0 0.0 17.9 0.78 4.3 3.24 77.8
80 0.0 0.0 14.5 0.61 4.6 3.36 80.9
81 0.0 0.0 10.6 0.43 54 3.79 84.0
82 0.0 0.0 5.7 0.23 7.7 5.20 86.6
83 0.0 0.0 5.8 0.23 7.9 5.36 86.3
84 0.0 0.0 1.2 0.05 16.5 11.8 82.3
85 0.0 0.0 0.3 0.01 25.3 19.9 74.4
86 2.9 0.57 11.4 0.48 5.0 3.62 80.7
87 5.0 0.95 59 0.24 6.3 4.47 82.8
88 7.4 1.43 25 0.11 8.5 6.13 81.6
89 2.0 0.43 19.5 0.90 4.5 3.54 74.0
90 4.0 0.84 15.4 0.69 4.8 3.69 75.8
91 8.2 1.69 8.5 0.37 5.9 4.48 77.3
92 13.1 2.77 4.2 0.19 7.8 6.08 74.9
93 9.1 2.02 13.9 0.66 5.7 4.65 713
94 14.7 3.37 9.2 0.45 6.9 5.87 69.2
95 27.9 7.63 3.4 0.20 10.7 10.8 58.0
96 1.9 0.42 23.3 1.13 4.5 3.73 70.4
97 2.3 0.53 23.2 1.13 4.5 3.81 69.9
98 4.0 0.91 216 1.06 4.8 4.06 69.6
99 4.2 0.94 21.1 1.03 4.8 4.05 69.9
100 5.4 1.29 23.1 1.18 5.2 4.58 66.3
101 6.6 1.55 20.1 1.00 5.3 4.54 68.0
102 6.7 1.56 19.8 0.98 5.3 4.52 68.3
103 14.3 3.70 17.3 0.96 6.8 6.50 61.5
104 29.0 9.63 13.2 0.94 10.0 12.3 47.8
105 30.7 10.31 11.7 0.84 10.4 12.9 47.2
106 2.4 0.54 20.4 0.96 4.5 3.64 72.6
107 2.8 0.62 19.6 0.91 4.6 3.66 73.0
108 2.9 0.63 19.5 0.91 4.6 3.66 73.0
109 3.5 0.75 18.4 0.85 4.6 3.71 73.4
110 10.6 2.47 15.0 0.75 6.0 5.13 68.3
111 36.0 12.4 6.4 0.47 115 14.7 46.1
112 36.0 11.9 4.1 0.29 11.9 145 48.1
113 45.0 18.7 25 0.22 14.4 22.1 38.2
114 36.2 11.9 2.2 0.15 13.3 16.2 48.3
115 36.2 11.9 2.2 0.15 13.3 16.2 48.3
116 33.7 10.3 2.1 0.14 12.5 14.2 51.7
117 318 9.45 13 0.08 135 14.8 53.4
118 39.1 14.4 0.6 0.05 17.3 23.7 42.9
119 26.7 7.15 1.8 0.10 12.3 12.2 59.2
120 38.0 14.0 0.3 0.03 18.6 25.4 43.0

Auxiliary Information

Method / Apparatus / Procedure:

No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given. The compiler estimates the
reproducibility to be about 1%.

References:

10. Blumer, Helv. Chim. Acta8, 753(1953.

2s. Chapuis-Gottreux, Helv. Chim. Acg¥, 689 (1951).
3pP. Fritz, Helv. Chim. Acte83, 2051(1951.

Components:

(1) Ammonia; NH; [7664-41-7
(2) Nitric acid; HNO;; [7697-37-3

(3) Phosphoric acid; PO,; [7664-38-3

(4) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, A. Deeéra, Helv. Chim. Acta39,
483-91(1956.

Variables:

Composition at 50 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. The authors’ data
Tables I. Points of simultaneous crystallization of two or three solid phases in the H¥O;—H;PO;—H,0 system at 50 °C

NO;~ PO,%~ NH,* H,0
Soln no eq % eq % eq % cdnt Solid phases

1 175 82.5 27.1 21.6 NHNO; -+ NH,H,HPO,

2 28.0 72.0 36.0 452 NHNO; -+ NH,H,HPO,

3 38.7 61.3 44.6 61.4 NHNO; -+ NH,H,HPO,

4 56.7 433 61.0 81.3 NHNO;+ NH,4H,HPO,

5 75.5 24.5 78.2 105.2 NWO; + NH,4H,HPO,

6 96.4 36 97.5 130.9 NHNO;+ NH,H,HPO,

7 96.6 3.4 97.6 129.2 NHNO; -+ NH,4H,HPO,

8 0.0 100.0 49.6 111.2 Nit,HPO, + (NH,) ,HPO,

9 10.0 90.0 54.2 123.1 Nft,HPO, + (NH,) ,HPO,
10 19.9 80.1 59.4 134.8 N, HPO, + (NH,) ,HPO,
11 29.7 70.3 64.5 144.9 Niti,HPO, + (NH,) ,HPO,
12 33.2 66.8 66.2 148.6 Niti,HPO, + (NH4) ,HPO,
13 51.8 48.2 76.0 161.9 Niti,HPO, + (NH,) ,HPO,
14 60.9 39.1 80.9 164.2 N#i,HPO, + (NH,) ,HPO,
15 69.5 30.5 84.9 158.7 N, HPO, + (NH,) ,HPO,
16 78.6 21.4 89.4 142.4 NH,HPO, + (NH,) ,HPO,
17 86.8 13.2 93.5 114.6 NIMO;+ NH,4H,HPO, + (NH,) ,HPO,
18 94.2 5.8 97.7 125.1 NMO;+ (NH,) ,HPO,
19 94.6 5.4 98.2 123.0 NMO; + (NH,) ,HPO,
20 95.3 4.7 98.5 121.1 NfO;+ (NH,),HPO,

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Table II. Solutions saturated by a single solid phase in thg-N#tNO;— H3PO,—H,O system at 50 °C

Part 2. The compiler has recalculated the above data to give the following values

NO;~ PO,3~ NH,* H,0
Soln no eq % eq % eq % cdnt Solid phases
21 20.4 79.6 72.1 334.0 (NBLHPO,
22 39.3 60.7 78.9 356.6 (NHLHPO,
23 58.7 41.3 85.7 348.8 (NHLHPO,
24 69.3 30.7 89.1 316.8 (NBLHPO,
25 80.6 19.4 92.7 263.0 (NBLHPO,
26 91.5 8.5 96.6 155.4 (NPLHPO,
27 91.8 8.2 96.8 159.7 (NHLHPO,
28 22.0 78.0 67.5 263.8 (NHLHPO,
29 44.4 55.6 76.1 261.6 (NBLHPO,
30 0.0 100.0 334 311.1 NH,PO,
31 10.6 89.4 40.2 365.8 Niti,PO,
32 19.6 80.4 46.2 399.7 N#ti,PO,
33 27.0 73.0 51.0 421.0 Niti,PO,
34 35.2 64.8 56.9 433.7 Niti,PO,
35 41.1 58.9 61.1 439.2 NH,PO,
36 49.5 50.5 66.4 441.9 Niti,PO,
37 62.2 37.8 74.8 420.4 NH,PO,
38 76.0 24.0 84.1 368.5 NiHi,PO,
39 84.6 15.4 89.7 307.4 N#ti,PO,
40 92.1 7.9 94.7 218.2 NHH,PO,
41 31.1 68.9 45.4 242.8 Niti,PO,
42 58.8 412 69.5 369.5 NH,PO,
43 15.4 84.6 53.9 190.2 Niti,PO,
44 15.8 84.2 54.1 202.8 NH,PO,
45 24.1 75.9 59.7 188.7 Nit,PO,
46 25.1 74.9 61.1 170.5 Niti,PO,
47 27.1 72.9 56.6 303.9 NH,PO,
48 32.4 67.6 65.7 159.3 Niti,PO,
49 37.7 62.3 68.2 174.9 NH,PO,
50 40.8 59.2 70.3 158.5 NjHi,PO,
51 48.1 51.8 70.2 293.3 N#ti,PO,

aThe content is expressed as: mol/100 mol solute

HNO; H3PO, NH; H,0
Soln no 100y; mi/mol kg™t 100w, mi/mol kg™t 100w, m;/mol kg~ * 100w;
1 11.0 45.0 80.5 70.7 4.6 69.7 3.9
2 17.2 34.4 68.8 29.5 6.0 44.2 7.9
3 23.6 35.0 58.3 18.5 7.4 40.4 10.7
4 34.6 38.7 41.1 9.9 10.1 41.7 14.2
5 458 39.9 23.1 4.3 12.8 41.3 18.2
6 58.2 40.9 3.4 0.5 15.9 414 22.6
7 58.5 41.5 3.2 0.5 16.0 42.0 223
8 0.0 0.0 775 16.7 6.7 24.8 15.8
9 5.0 4.5 70.0 13.5 7.3 245 17.6
10 10.0 8.2 62.6 11.0 8.1 245 19.3
11 15.0 11.4 55.2 9.0 8.8 24.7 20.9
12 16.8 12.4 52.6 8.3 9.1 24.7 215
13 26.8 17.8 38.7 55 10.6 26.1 239
14 32.0 20.6 319 4.4 11.5 27.4 24.6
15 375 24.3 25.6 3.6 12.4 29.7 245
16 44.5 30.7 18.8 2.8 13.7 34.9 23.0
17 52.5 42.1 12.4 2.1 15.3 45.3 19.8
18 57.0 41.8 5.5 0.9 16.0 43.4 21.6
19 57.4 42.7 5.1 0.8 16.1 44.4 21.3
20 58.2 43.7 4.5 0.7 16.2 452 21.1
21 7.9 3.4 47.8 4.4 75 12.0 36.8
22 15.3 6.1 36.7 3.2 8.3 12.3 39.6
23 239 9.3 26.1 2.2 9.4 13.6 40.5
24 29.9 12.2 20.6 1.8 10.4 15.6 39.1
25 38.2 17.0 14.3 1.4 11.9 19.6 35.6
26 52.2 32.7 7.5 1.0 14.9 345 25.3
27 52.1 31.9 7.2 1.0 14.8 33.7 25.9
28 9.3 4.6 51.2 55 7.7 14.2 31.8
29 19.6 9.4 38.2 3.9 9.1 16.2 33.0
30 0.0 0.0 61.4 6.0 3.6 6.0 351
31 4.0 1.6 52.5 4.5 4.1 6.1 39.4
32 7.2 2.7 46.1 3.7 4.6 6.4 421
33 9.8 3.6 41.3 3.2 5.0 6.7 43.8
34 12.8 4.5 36.6 2.8 5.6 7.3 45.0
35 15.0 5.2 33.3 25 6.0 7.7 45.7
36 18.2 6.2 28.8 2.1 6.6 8.3 46.4
37 23.8 8.2 225 1.7 7.7 9.9 46.0
38 315 11.5 15.5 1.2 9.4 12.7 43.6
39 384 15.3 10.9 0.9 11.0 16.2 39.8
40 47.9 234 6.4 0.7 13.3 24.1 32.4
41 14.1 7.1 48.7 53 5.6 10.4 315
42 26.9 12.1 29.3 2.8 8.6 14.3 35.2
43 7.1 4.5 60.9 8.2 6.7 15.7 25.2
44 7.2 4.3 59.7 7.7 6.7 14.8 26.4
45 114 7.1 55.6 7.4 7.6 17.6 25.4
46 12.1 8.2 56.3 8.1 8.0 19.9 235
47 11.2 5.0 46.7 4.4 6.3 10.3 35.8
48 16.1 11.3 52.3 7.9 8.8 22.9 22.7
49 18.6 12.0 47.7 6.6 9.1 217 24.6
50 20.7 14.3 46.7 6.9 9.6 24.6 23.0
51 20.8 9.1 34.8 3.3 8.2 13.3 36.2

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given.
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Table Il. Solutions coexisting with two solid phases in the ()fO,—Ca(P0O,),—HsPO,—H,O system at 25 °C

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3
(3) Calcium oxide; CaOf1305-78-§
(4) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, S. Chapuis-Gottreux, Helv. Chim. Acta
34, 884-98(1951).

Variables:
Composition at 25 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. The authors’ data
Table 1. Invariant points in the (NB3PO,—Ca(POy),—H3zPO,—H,0 system at 25 °C

ca* NH,* H* H,0
Soln no eq % eq % eq % cdnt Solid phase’
1 traces 12.70 87.30 25 #B+C
2 5.64 13.83 80.53 138 B8C+D
34 15.61 7.00 77.39 271 €D+E
4 14.62 7.50 77.88 263 €D+E
5d 7.02 19.29 72.79 291 BD+E
6 8.00 17.70 74.30 245 BD+E

aThe content is expressed as: mol/100 mol solute.
PThe solid phases are: A(NH,)3Hg(POy)s; B=NH4H,PO;; C=CaH,P0,),-H,0; D=Cay(NHy);HsAPOy) 15 10H,0; E

=CaHPQ-2H,0.

‘These values were obtained by direct determination and by extrapolation.

9These values were obtained by direct determination in solutions supersaturated with £2HF@ All other data were obtained by

interpolation.

Soln car NH,* H* H,0
no eq % eq eq % cofit Solid phasé’
7 traces 8.85 91.15 6.46 B
8 traces 10.03 89.97 20.0 +#B
9 0.14 12.74 87.12 324 AC
10 0.66 12.90 86.44 56.6 AC
11 1.14 13.01 85.85 86.7 AC
12 2.30 13.30 84.40 91.7 AC
13 3.92 13.58 82.50 118 AC
14 5.36 13.87 80.77 137.5 #C
15 5.26 13.92 80.82 135.5 #C
16 6.62 13.38 80.00 159 AD
17 7.36 12.87 79.77 170 -AD
18 7.90 12.48 79.62 178 AD
19 10.79 9.93 79.25 210 AD
20 10.35 10.50 79.15 211 +D
21 11.49 9.50 79.01 222 AD
22 12.07 9.25 78.68 233 -AD
23 14.43 7.50 78.07 260 AD
24 6.01 14.30 79.69 153 €D
25 6.09 14.41 79.50 152 €D
26 6.41 14.72 78.87 161 D
27 6.58 15.11 78.31 171 €D
28 6.93 15.38 77.69 181 €D
29 7.40 16.01 76.59 197 €D
30 7.88 17.07 75.05 226 €D
31 8.10 18.65 73.25 260 D
32 17.15 4.04 78.81 298 AE
33 18.85 3.19 77.96 298 AE
34 17.90 2.70 79.40 342 AE
35 11.55 12.05 76.40 260 BE
36° 11.62 14.74 73.64 314 BE
37 10.31 16.69 73.00 314 BE
38 7.01 19.58 73.41 274 €E
39 6.13 20.73 74.14 294 <E
40 4.70 23.80 71.50 349 €E
41 4.58 23.91 71.51 364 <E
4 3.95 26.44 69.61 409 €E
43F 2.15 30.02 67.83 452 €E
44 2.01 30.90 67.09 504 €E
45 0.81 32.32 66.87 494 €E
46 0.38 39.32 60.30 353 <E

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

GEET



866T ‘9 'ON '/Z 'IOA ‘eyeq '}y "wayd 'shud 't

Table Ill. Solutions in equilibrium with one solid phase in the (J§PO,— Cay(PO,),—HzPO;—H,O system at 25 °C

ca* NH, " H H,0 Components: Original Measurements:
Soln no eq % eq % eq % cdnt Solid phase’ (1) Triammonium phosphate; (NfsPO,; [10361-65-6 R. Flatt, G. Brunisholz, S. Chapuis-Gottreux, Helv. Chim. Acta
(2) Tricalcium bigphosphatg Cas(PO;),; [10103-46-% 34, 884-98(1951).
a7 212 8.08 89.80 89 A (3) Phosphoric acid; 5PO,; [7664-38-3
48 6.43 5.50 88.07 161 A (4) Water; HO; [7732-18-3
49 6.61 8.76 84.63 162 A
50 2.50 13.20 84.30 96 A Experimental Data (continue . . )
51 1141 4.49 84.10 231 A Part 2. The compiler has used the above data to calculate the following values
52 8.42 11.47 80.11 184 A
53 2.73 20.72 76.55 277 c Soln CaO NH H3PO, H,O
54 17.43 2,91 79.66 349 E no mass % mol/kg mass % mol/kg mass % mol/kg mass %
55 18.35 2.94 78.71 403 E
56 16.21 5.62 78.17 326 £ 1 trace trace 5.509 28.97 83.30 76.03 11.18
57 8.09 17.41 74.50 352 E 2 2.60 1.16 3.868 5.710 53.71 13.76 39.82
58 8.48 17.42 74.10 396 E 3 5.114 1.648 1.39 1.48 38.17 7.039 55.33
59 0.98 31.84 67.18 488 E 4 4.878 1.589 152 1.63 38.87 7.247 54.73
60 0.80 32.20 67.00 532 E 5 2.20 0.680 3.666 3.738 36.49 6.460 57.64
61 0.96 3254 66.50 571 £ 6 2.76 0.925 3.709 4.093 40.25 7.707 53.28
62 6.99 14.13 78.88 168 D 7 trace trace 4.27 81.7 92.66 307.9 3.07
63 7.91 13.20 78.89 190 D 8 trace trace 4.504 28.57 86.23 94.96 9.27
64 11.81 9.31 78.88 229 D 9 0.0097 0.12 5.341 22.33 80.51 58.44 14.06
65 8.70 13.10 78.20 203 D 10 0.41 0.33 4.870 12.88 72.49 33.28 22.23
66 708 14.85 7787 183 D 11 0.632 0.370 4.374 8.451 64.57 21.65 30.43
67 8.75 13.60 77.65 208 D 12 1.25 0.710 4.371 8.216 63.11 20.59 31.27
68 12.02 10.60 77.38 21 D 13 1.93 0.943 4.063 6.536 57.46 16.04 36.55
69 853 14.59 76.88 214 D 14 2.48 111 3.888 5.742 53.83 13.80 39.81
70 1215 10.97 76.88 257 D 15 2.45 1.10 3.926 5.847 54.16 14.00 39.47
7 8.30 15.70 76.00 222 D 16 2.87 1.19 3.517 4.792 50.47 11.94 43.14
72 759 16.58 75.83 212 D 17 3.09 1.23 3.279 4.313 48.93 11.17 44.70
73 8.03 18.02 73.95 248 D 18 3.25 1.26 3.111 3.995 47.87 10.67 45.78
19 4.081 1.472 2.28 2.70 44.05 9.066 49.59
aThe content is expressed as: mol/100 mol solute. 20 3.903 1.399 2.403 2.839 43.94 9.013 49.75
bThg HsPoIidz'j.)rgses are: ACa(HPQ;),-H,0; B=NH4Hs5(PO,),; C=NH4;H,PO;; D=Cay(NH,)H3x(POy)15- 10H,0; E 21 4.301 1.478 0.216 0.244 43.60 8.575 51.88
CTheze sgutiorfs \‘Nere supersaturated with CafiR@,0. 22 4.315 1.479 2.01 221 41.65 8.169 52.08
23 4.848 1.587 1.53 1.65 39.14 7.330 54.48
24 2.65 112 3.820 5.319 51.31 12.40 42.23
25 2.69 1.14 3.859 5.397 51.32 12.49 42.03
26 2.75 1.13 3.837 5.204 50.06 11.78 43.35
27 2.75 1.09 3.827 5.025 48.65 11.09 44.78
28 2.81 1.09 3.788 4.831 47.30 10.47 46.10
29 2.88 1.07 3.775 4.618 45.28 9.614 48.06
30 2.85 0.989 3.741 4.284 42.08 8.366 51.33
31 2.70 0.882 3.774 4.060 38.87 7.257 54.65
32 5.327 1.646 0.761 0.775 36.19 6.397 57.73
33 5.843 1.814 0.600 0.614 36.11 6.415 57.45
34 5.115 1.492 0.468 0.450 33.29 5.557 61.13
35 3.872 1.264 2.451 2.637 39.06 7.296 54.62
36 3.473 1.046 2.673 2.661 34.82 6.019 59.03
37 3.079 0.9291 3.024 3.008 34.80 6.008 59.10
38 2.27 0.722 3.850 4.034 37.76 6.867 56.112
39 1.91 0.587 3.912 3.969 36.24 6.383 57.94
40 1.31 0.378 4.038 3.825 32.58 5.357 62.06
41 1.25 0.353 3.951 3.682 31.73 5.134 63.07
42 0.995 0.270 4.039 3.618 29.34 4.562 65.63
43 0.505 0.133 4.280 3.709 27.38 4.118 67.84
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

0.438
0.18
0.10
118
2.83
2.87
1.33

4.145
3.14

0.886

4.920

4.710

4.765
2.26
2.19
0.22
0.17
0.19
2.95
3.15

4.264
3.34
2.94
3.32

4.209
3.18

4.102
3.03
2.84
275

0.111
0.046
0.030
0.672
113
1.16
0.738
1.407
1.30
0.276
1.422
1.294
1.416
0.647
0.602
0.0056
0.042
0.047
118
1.18
1.472
1.22
113
1.20
1.423
113
1.347
1.06
1.02
0.917

4.081
4.329
6.517
273
1.47
231
4.272
0.990
2.817
4.079
0.498
0.458
1.00
2.949
2.733
4.303
4.093
3.927
3.613
3.184
2.04
3.053
3.639
3.127
2.252
3.301
2.247
3.479
3.762
3.749

3.421
3.648
6.224
5.12
1.94
3.07
7.790
111
3.553
4.189
0.475
0.414
0.982
2.785
2474
3.638
3.373
3.176
4.789
3.953
2.32
3.673
4.616
3.720
2.510
3.875
2.432
4.016
4.439
4.116

25.36
25.72
31.83
64.81
51.21
50.63
62.15
42.32
47.16
37.80
32.89
29.90
34.24
32.53
30.13
25.95
24.41
23.18
49.10
46.32
42.06
44.75
47.07
44.15
40.79
43.45
39.34
42.56
43.58
39.95

3.691
3.762
5.276
21.14
11.75
11.69
19.67
8.220
10.33
6.740
5.439
4.699
5.825
5.332
4.734
3.809
3.492
3.253
11.30
9.982
8.311
9.346
10.36
9.118
7.892
8.854
7.390
8.526
8.924
7.613

70.12
69.77
61.55
31.29
44.49
44.19
32.24
5254
46.61
57.23
61.70
64.93
59.99
62.26
64.94
69.53
71.33
72.70
4434
47.35
51.64
48.86
46.35
49.41
52.75
50.07
54.31
50.93
49.82
53.55

Auxiliary Information

Method / Apparatus / Procedure:

No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information

is given.

The compiler

reproducibility to be about 1%.

estimates the

Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Calcium oxide; CaOf1305-78-§
(4) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, R. Dagon, Helv. Chim. Actd, 2173-93

(1961).

Variables:
Composition at 0 and 50 °C.

Prepared By:
J. Eysseltova

Part 1. The authors’ data
Table I. Invariant solutions in the (NfisPO;—Ca(PG,) ,—H3PO;—H,O system

Experimental Data

Soln c&* NH,* H* H,0 Solid
no eq % eq % eq % coht phase%
temp= 0°C
1 9.1 11.1 79.8 214 AB+C
2 9.1 1.1 79.8 215 AB+C
3 218 3.6 74.6 389 AC+D
4 21.9 35 74.6 391 AC+D
5 12.4 16.4 71.2 436 BC+D
temp= 50°C
6° 41 16.1 79.8 92.6 AB+C

4.0 16.0 80.0 93.0 AB+C

8 7.5 12.9 79.6 141 AC+D
9 4.8 17.1 78.1 114 BC+D
10 4.9 171 78.0 115 BC+D

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Table II. Solutions coexisting with two solid phases in the ()\O,—Ca(PO;),—HsPO,—H,O system

Table Ill. Saturated solutions in equilibrium with one solid phase in the JMPO,— Ca(POy) ,— HsPO;—H,O system

Soln car NH, " HY H,0 Solid Soln ca* NH,* HY H,0 Solid
no eq % eq % eq % coht phase% no eq % eq % eq % coht phase%
temp=0°C temp=0°C
11 2.2 10.8 87.0 114 AB 72 13 4.9 93.8 99 A
12 2.4 10.8 86.8 118 AB 73 3.9 4.8 91.3 149 A
13 5.6 10.9 83.5 170 AB 74 6.1 55 88.4 181 A

14 8.1 10.9 81.0 200 AB

15 8.8 11.0 80.2 211 AB I 7.4 48 87.8 200 A
16 11.5 9.4 79.1 249 AC 76 10.8 4.6 84.6 242 A
17 15.1 7.1 77.8 304 AC 77 11.0 2.4 86.6 243 A
18 213 3.8 74.9 381 AC

19 a1 12 747 227 AD 78 12.7 59 81.4 266 A
20 9.6 111 79.3 225 BC 79 12.7 2.2 85.1 269 A
21 10.6 11.8 77.6 255 BC 80 15.0 6.9 78.1 296 A
22 117 12.8 755 305 BC 81 154 6.6 78.0 305 A
23 11.9 134 74.7 323 BC

24 123 143 73.4 362 BC 82 16.0 55 785 309 A
25 12.4 15.8 718 416 BC 83 16.7 55 77.8 321 A
26 12.4 16.0 716 426 BC 84 17.5 2.6 79.9 328 A
27 3.0 29.6 67.4 825 BD

28 70 241 68.9 666 BD 85 18.9 0.2 80.9 350 A
29 9.6 20.6 70.0 555 BD 86 14 285 70.1 77 B
30 14.8 13.0 72.2 435 €D 87 1.8 23.9 74.3 598 B
31 17.2 10.1 72.7 433 €D 88 2.7 26.0 713 689 B
32 17.5 9.6 72.9 443 €D

33 192 7.4 73.4 434 €D 89 57 231 7.2 618 B
34 19.9 6.0 74.1 408 €D 90 6.1 14.6 79.3 304 B
35 20.0 5.9 74.1 403 €D 91 7.2 16.9 75.9 408 B

temp= 50°C

36 09 144 847 377 AB 92 8.2 12.7 79.1 262 B
37 15 14.8 83.7 53.3 AB 93 14.0 10.2 75.8 330 C
38 2.4 15.2 82.3 69.5 AB 94 15.8 12.1 72.1 453 D
39 3.4 15.6 81.0 82.8 AB temp = 50°C

40 4.1 15.9 80.0 92.9 AB

41 3.9 15.9 80.2 90.2 AB 95 1.0 40 95.0 518 A
42 4.7 15.3 80.0 101 AC 96 11 9.9 89.0 52.5 A
43 5.7 13.7 80.6 132 AC 97 3.6 5.1 91.3 102 A
44 6.1 14.2 79.7 121 AC

5 68 135 797 131 AG 98 3.6 10.0 86.4 102 A
46 73 13.1 79.6 139 AC 99 4.7 14.9 80.4 109 A
47 7.7 12.9 79.4 142 AC 100 7.2 4.8 88.0 150 A
48 8.1 115 80.4 160 AD 101 73 9.7 83.0 148 A
49 8.8 10.3 80.9 160 AD

50 103 8.4 813 178 AD 102 8.0 12.5 79.5 145 A
51 11.3 6.9 81.8 196 AD 103 9.2 9.7 81.1 163 A
52 12.1 5.6 82.3 205 AD 104 11.1 4.9 84.0 194 A
53 13.0 4.4 82.6 214 AD

54 14.7 2.2 83.1 234 AD 105 152 10 8338 238 A
55 16.5 0.0 83.5 253 AD 106 0.9 17.2 81.9 97 B
56 4.2 16.1 79.7 96.8 BC 107 0.9 20.8 78.2 152 B
57 42 16.1 79.7 97.0 BC 108 15 24.1 74.4 202 B
58 4.5 16.4 79.1 103 BC

59 48 16.9 78.3 111 BC 109 2.8 17.5 79.7 111 B
60 5.1 17.4 77.5 120 BC 110 3.2 19.6 77.2 146 B
61 5.2 17.7 77.1 125 BC 111 6.4 13.9 79.7 128 C
62 5.6 18.6 75.8 141 BC

63 05 24 671 302 8D 112 5.6 16.1 78.3 145 D
64 11 30.2 68.7 284 BD

65 2.0 27.1 70.9 246 BD

66 2.9 241 73.0 206 BD

67 3.8 211 75.1 169 BD

68 3.9 20.7 75.4 165 BD

69 4.3 18.7 77.0 136 BD

70 5.4 15.8 78.8 121 €D

71 6.0 15.0 79.0 122 €D
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Table IV. Summary of the invariant points in the (WHPO,—Ca(PO,),—H,0 system

Part 2. The compiler has recalculated the above data to give the following values

Soln ca* NH,* H* H,0 Solid Soln ca0 NH HaPO, H,0
no eq % eq % eq % coht phase® no 10Qw; mi/mol kg™ * 100w; m;/mol kg~ * 100w, m;/mol kg~ * 100w,
temp=0°C 1 34 1.2 2.53 2.95 43.7 8.86 50.4
113 — — 100.0 48.4 E 2 34 1.2 2.52 2.94 43.6 8.82 50.5
114 — 7.3 92.7 18.0 EF 3 5.68 1.60 0.57 0.53 30.4 4.90 63.3
115 — 7.7 92.3 25.8 FG 4 5.69 1.60 0.55 0.51 30.3 4.87 63.5
116 — 111 88.9 76.5 BG 5 2.99 0.802 2.40 2.12 28.1 4.31 66.5
117 — 33.3 66.7 925 B 6 2.2 1.3 5.20 9.96 62.0 20.6 30.6
118 25.1 — 74.9 452 AD 7 2.1 1.2 5.16 9.85 61.9 20.5 30.8
119 0.2 — 99.8 48.4 AE 8 3.4 15 3.56 5.24 53.1 13.5 40.0
120 traces 7.3 92.7 18 AE+F 9 24 1.2 5.12 8.58 57.4 16.7 351
121 traces 7.7 92.3 26 AF+G 10 24 1.2 5.10 8.50 57.2 16.6 35.2
122 1.0 10.8 88.2 76 AB+G 11 1.1 0.54 3.32 5.34 59.0 16.5 36.6
123 9.1 11.1 79.8 215 AB+C 12 1.2 0.57 3.27 5.16 58.2 15.9 37.3
124 21.9 3.5 74.6 390 AC+D 13 2.4 0.93 2.80 3.63 49.4 111 45.4
125 12.4 16.4 71.2 436 AB+D 14 3.2 12 2.58 3.10 454 9.47 48.9
temp= 50 °C 15 3.3 1.2 2.52 2.97 44.1 8.98 50.1
126 — 333 66.7 313 B 16 3.97 1.31 2.0 2.1 40.2 7.62 53.8
127 16.5 — 83.5 253 AD 17 4.63 1.42 1.3 1.3 35.7 6.25 58.3
128 4.0 16.0 80.0 92.8 AB+C 18 5.64 1.60 0.61 0.57 30.8 5.00 62.9
129 7.5 12.9 79.6 141 AC+D 19 591 1.61 0.18 0.16 28.6 4.46 65.3
130 4.8 17.1 78.1 115 BC+D 20 3.5 1.2 2.46 2.81 42.5 8.42 515
h ot . 1100 ol 21 3.60 1.18 2.43 2.63 39.6 7.43 54.4
—2H;PO, Hy0; FeNH,H. (POt G NHIH (PO, HyO. 23 3.50 1.04 2.39 2.35 343 5.85 59.8
“These data are from Ref. 1. 24 3.42 0.977 2.37 2.24 318 5.21 62.4
25 3.09 0.841 2.39 2.14 29.0 4.52 65.5
26 3.04 0.821 2.38 2.12 28.6 4.42 66.0
27 0.45 0.10 2.70 2.00 17.5 2.25 79.3
28 12 0.29 2.60 2.02 20.7 2.80 75.5
29 1.9 0.48 2.54 2.08 23.7 3.37 71.8
30 3.58 0.962 1.91 1.69 28.2 4.33 66.3
31 4.17 1.13 1.49 1.32 28.3 4.36 66.1
32 4.18 1.12 1.4 1.2 27.8 4.27 66.6
33 4.65 1.26 11 0.97 28.2 4.36 66.0
34 5.03 1.39 0.92 0.84 29.4 4.65 64.6
35 5.10 1.41 0.91 0.83 29.7 4.71 64.3
36 0.6 0.7 5.84 21.9 77.9 50.7 15.7
37 0.91 0.78 5.60 15.9 72.7 35.7 20.8
38 14 0.99 5.38 12.5 67.9 274 25.3
39 1.9 1.2 5.23 10.8 64.4 23.0 28.5
40 2.2 13 5.13 9.81 61.9 20.6 30.7
41 21 1.2 5.18 10.1 62.6 21.2 30.1
42 2.4 13 4.80 8.68 60.3 18.9 32.5
43 2.7 1.2 3.90 5.92 54.7 14.4 38.7
44 3.0 1.4 417 6.73 56.4 15.8 36.5
45 3.2 15 3.84 5.91 54.7 14.6 38.3
46 3.3 1.5 3.64 5.40 53.4 13.7 39.6
47 35 16 3.55 5.21 52.9 13.5 40.1
48 3.5 1.4 3.01 4.11 50.3 11.9 43.1
49 3.8 1.6 2.70 3.69 50.4 11.9 43.1
50 4.24 1.66 2.1 2.7 48.0 10.7 45.7
51 4.45 1.65 1.6 2.0 45.9 9.74 48.0
52 4.66 1.69 1.3 16 44.9 9.31 49.2

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. The compiler has recalculated the above data to give the following values

Part 2. The compiler has recalculated the above data to give the following values

Soln Ca0O NH HsPO, H,0 Soln Ca0 NH H3PO, H,0
no 10Qw; m;/mol kg~ * 100w, m;/mol kg~ * 100w, m;/mol kg~ * 100w; no 10Qw; mi/mol kg™ * 100w; m;/mol kg~ * 100w, m;/mol kg~ * 100w,
53 4.90 1.74 1.0 1.2 43.9 8.93 50.2 105 5.42 1.83 0.22 0.24 41.6 8.03 52.8
54 5.29 1.80 0.48 0.54 41.9 8.17 52.3 106 0.5 0.3 551 9.98 61.5 19.3 325
55 5.68 1.87 0.0 0.0 40.1 7.56 54.2 107 0.4 0.2 5.57 7.68 51.4 12.3 42.6
56 2.2 1.2 5.12 9.52 61.1 19.7 316 108 0.57 0.21 5.60 6.69 44.6 9.25 49.2
57 2.2 1.2 5.12 9.50 61.0 19.7 317 109 1.4 0.62 5.32 7.59 52.1 12.9 41.2
58 2.3 1.3 5.10 9.11 59.7 18.5 329 110 14 0.72 5.32 8.94 58.3 17.0 35.0
59 2.4 1.2 5.11 8.71 58.0 17.2 345 111 3.0 1.4 4.00 6.22 55.2 14.9 37.8
60 25 1.2 5.10 8.29 56.3 15.9 36.2 112 25 1.1 4.39 6.32 52.3 13.1 40.8
61 25 1.2 5.10 8.09 55.4 15.2 371 113 0 0 0 0 78.92 38.19 21.08
62 25 1.1 5.09 7.52 52.6 135 39.8 114 0 0 3.3 23 88.1 105 8.6
63 0.15 0.05 5.97 6.00 35.4 6.17 58.5 115 0 0 3.4 17 84.7 72.8 11.9
64 0.35 0.11 5.78 5.95 36.8 6.57 57.1 116 0 0 3.91 8.11 67.7 24.4 28.4
65 0.69 0.23 5.64 6.18 40.0 7.60 53.7 117 0 0 2.77 2.00 16.0 2.00 81.3
66 1.1 0.40 5.53 6.58 44.0 9.10 49.3 118 6.11 1.66 0 0 28.3 4.41 65.6
67 1.6 0.64 5.34 7.06 48.6 11.1 44.5 119 0.1 0.1 0 0 78.8 38.3 21.0
68 1.6 0.67 5.30 7.10 49.2 11.4 43.9 120 traces 33 23 88.1 105 8.6
69 2.0 0.90 5.22 7.81 53.6 13.9 39.2 121 traces 3.4 17 84.6 72.2 12.0
70 2.6 1.3 4.63 7.47 56.3 15.8 36.5 122 0.58 0.37 3.80 8.00 67.7 24.7 28.0
71 2.9 1.4 4.38 7.04 56.1 15.7 36.6 123 3.4 1.2 252 2.94 43.6 8.82 50.5
72 0.71 0.37 1.6 2.8 63.4 18.9 34.3 124 5.70 1.60 0.55 0.51 30.3 4.88 63.4
73 1.8 0.74 1.3 1.8 53.5 12.6 433 125 2.99 0.802 2.40 2.12 28.1 4.31 66.5
74 25 0.95 1.4 1.7 48.5 10.4 47.5 126 0 0 6.00 5.94 34.6 5.95 59.4
75 2.9 1.0 1.2 14 46.1 9.44 49.8 127 57 1.9 0 0 40.1 7.56 54.2
76 3.83 1.27 0.99 11 41.3 7.83 53.9 128 2.1 1.2 5.16 9.87 62.0 20.6 30.7
77 3.91 1.29 0.52 0.56 41.4 7.79 54.2 129 3.4 15 3.56 5.24 53.1 13.5 40.0
78 4.24 1.36 1.2 1.3 38.9 7.13 55.7 130 2.4 1.2 5.10 8.50 57.3 16.6 35.3
79 4.24 1.34 0.45 0.47 38.9 7.05 56.4
80 4.68 1.44 13 13 36.3 6.42 57.7 Auxiliary Information
81 4.71 1.44 1.2 1.2 35.7 6.23 58.4
82 4.86 1.48 1.0 1.0 35.4 6.15 58.7 Method / Apparatus / Procedure: Source and Purity of Materials:

83 4,95 1.48 0.99 0.98 345 5.92 59.5 No information is given. No information is given.

84 5.15 1.52 0.46 0.45 34.2 5.80 60.2

85 5.33 1.54 0.03 0.03 32.9 5.43 61.8 Estimated Error:

86 0.22 0.050 2.73 2.04 18.4 2.39 78.6 No information is given. The compiler estimates the
87 0.35 0.084 2.81 2.23 226 3.11 742 reproducibility to be about 1%.

88 0.47 0.11 2.74 2.10 20.2 2.70 76.6

89 1.1 0.26 2.64 2.09 22.0 3.01 74.3 References:

90 19 0.56 273 270 35.9 6.16 50.5 IR. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. Ac38, 1971
91 1.8 0.50 2.61 2.32 29.6 4.59 65.9 (1953.

92 1.9 0.50 1.81 1.54 273 4.05 68.9

93 4.07 1.20 1.80 1.76 33.9 5.74 60.2

94 3.72 0.99 1.73 151 27.4 4.16 67.2

95 0.65 0.54 1.6 4.3 76.3 36.2 215

96 0.70 0.59 3.8 11 74.4 36.0 211

97 1.9 1.0 1.6 2.8 62.2 18.5 34.3

98 1.9 1.0 3.22 5.57 61.2 18.6 33.7

99 2.4 1.2 4.56 7.81 58.8 17.5 34.3

100 3.3 1.4 1.3 1.8 52.8 12.7 42.6
101 3.3 1.4 2.6 3.7 52.5 12.9 41.6
102 3.6 1.6 3.41 4.94 52.4 13.2 40.6
103 3.9 1.6 25 3.4 50.0 11.7 43.5
104 4.41 1.64 1.2 14 46.3 9.83 48.1

OvET
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Part 2. The compiler has used the data in Part 1 to calculate the following molalities

Components:
(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3

(3) Calcium oxide; CaOf1305-78-§

(4) Water; H,0; [7732-18-3

Original Measurements:
I.I. Orekhov, G.L. Slobodkina, Zh. Neorg. Khini7, 829-32

(1972.

Variables:

Temperature and composition at a NH3;PO, ratio = 0.5.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. Solubility isotherms in the (NjbPO;—H3PO;— Ca(POy,) ,—H,0 system with the ratio NiiH;PO, = 0.5

Soln cao NH P,0s H,0 HsPO,? H,0O° Solid
no 10Qw; 100w; 100w; 100w; 100w; 100w; phase$
temp= 45°C
1 1.33 1.24 9.88 87.55 13.6 83.79 A

2 1.62 1.80 14.77 81.81 20.40 76.18 A
3 1.84 2.41 19.64 76.11 27.12 68.63 A
4 2.10 3.01 24.56 70.33 3391 60.98 A
5 2.32 3.68 29.35 64.65 40.53 53.47 +B
6 2.49 4.21 34.13 59.17 47.13 46.17 +B+C
7 2.44 4.79 39.06 53.71 53.94 38.83 +B
8 191 5.47 44.22 48.40 61.06 31.56 +B
9 1.17 6.06 49.35 43.42 68.15 24.62 +B
10 0.50 6.73 54.72 38.05 75.56 17.21 +8
temp= 60 °C
11 0.89 1.26 9.91 87.96 13.7 84.19 A
12 1.26 1.82 14.81 82.11 20.45 76.47 A
13 1.57 241 19.69 76.33 27.19 68.83 A
14 1.75 3.03 24.56 70.66 33.91 61.31 A
15 2.07 3.62 29.38 64.93 40.57 53.74 +B
16 2.30 4.21 34.20 59.29 47.23 46.26 +B
17 252 4.79 37.04 55.65 51.15 41.54 +B
18 2.39 5.45 43.92 48.24 60.65 31.51 +B+C
19 1.61 6.05 49.19 43.15 67.92 24.42 +B
20 0.83 6.71 54.54 37.92 75.31 17.15 +8
temp= 75°C
21 0.68 1.24 9.93 88.15 13.7 84.37 +B
22 0.99 1.82 14.86 82.33 20.52 76.67 +B
23 1.24 241 19.75 76.60 27.27 69.08 +B
24 1.38 3.03 24.69 70.90 34.09 61.50 +B
25 1.81 3.53 29.45 65.21 40.67 53.99 +B
26 2.01 4.22 34.30 59.47 47.36 46.41 +B
27 2.07 4.92 39.17 53.84 54.09 38.92 +B
28 2.43 5.44 43.87 48.26 60.58 31.55 +B
29 2.09 6.02 49.68 42.21 68.60 23.29 +8
30 1.36 6.67 54.25 37.72 74.91 17.06 +8
temp= 90 °C
31 0.55 1.24 9.94 88.27 13.7 84.48 +B8
32 0.80 1.83 14.88 82.49 20.55 76.82 +B
33 1.04 2.42 19.77 76.77 27.30 69.24 +B
34 1.26 3.04 24.69 71.01 34.09 61.61 +B
35 1.45 3.65 29.56 65.34 40.82 54.08 +B
36 1.75 423 34.39 59.63 47.49 46.53 +B
37 1.87 4.83 39.17 54.13 54.09 39.21 +B
38 222 5.46 44.00 48.32 60.76 31.56 +B
39 2.40 6.00 48.83 42.77 67.43 24.17 +B
40 1.51 6.67 54.17 37.65 74.80 17.02 +8

aThese values were calculated by the compiler.
PThis is the water content of the CaO-NHH;PO,—H,0 system.

‘The solid phases are:-ACaHPQ; B=NH,H,PQ,; C=Ca(H,P0;),-H,0.

Soln Ca0 NH H;PO,

no m;/mol kg™ * m;/mol kg~ * m;/mol kg™ *

1 0.283 0.870 1.66

2 0.379 1.39 2.732

3 0.478 2.06 4.032

4 0.614 2.90 5675

5 0.774 4.05 7.745

6 0.962 5.36 10.42

7 1.12 7.25 11.47

8 1.08 10.2 19.74

9 0.847 145 28.24

10 0.52 23.0 44.80

1 0.19 0.66 1.66

12 0.294 1.40 2.729

13 0.407 2.06 4031

14 0.509 2.91 5.645

15 0.687 3.96 7.703

16 0.886 5.35 10.42 —
17 1.08 6.78 1256 C
18 135 10.2 19.64 g
19 1.18 14.6 28.39 o
20 0.86 23.0 4482 ]
21 0.14 0.864 1.66 2z
22 0.23 1.40 2731 [0)]
23 0.322 2.05 4.029 =
24 0.401 2.90 5.657 ())
25 0.598 3.84 7.685 @)
26 0.772 5.35 10.41 E
27 0.948 7.43 14.18 @
28 1.37 10.1 19.59 =
29 1.60 15.2 30.06 o
30 1.42 23.0 44.81 2
31 0.12 0.863 1.66
32 0.19 1.40 2.730 )D>
33 0.268 2.05 4.023 3
34 0.365 2.90 5.647 >
35 0.478 3.97 7.702 0
36 0.671 5.34 10.41 m
37 0.850 7.24 14.08 Py
38 1.25 10.2 19.64 m
39 1.77 14.6 28.46 wn
40 1.58 23.0 4485

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

An isothermal methotwas used. Phosphoric acid neutralized Chemically pure HPO, and aqueous ammonia and reagent
by NHj; to the chosen ratio was placed in round 350 ml grade CaO were used. The CaO was powdered and sifted
vessels and stirred. CaO was then added in small amounts  through a 0.16 mm mesh sieve.

until a steady turbidity appeared. Equilibrium was ascertained

by repeated analysis of the liquid phase for Ca. This was doneEstimated Error:

complexometrically using fluorexon as indica?v:EquiIibrium
was reached in 4—6 hrs. The composition of the solid phase
was determined petrographically and by chemical analysis.

No information is given.

References:
AG. Bergman, N.P. Luzhnaya, Fizikokhimicheskiye Osnovy
Izucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy

Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSR, 1951.

2.B. Moyzhes, V.A. Ershova, Eds.; Metody Analiza pri
Kontrole Proizvodstva Fosfora | Fosfornoy Kisloty, Leningrad,
1968.
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Part 2. The compiler has used the data in Tables | and Il to calculate the following; Malues

et

Components: Original Measurements: Soln no car NH," H NOz™ PO, H,0
g; ﬁm:zo;zﬁl—ﬁéﬁsggé;lgz :'\:’L.gzlaa-tt, G. Brunisholz, P. Clerc, Helv. Chim. Acgb, 336-40 1 42 a1 04 279 155 23.9
(3) Phosphoric acid; EPOy; [7664-38-3 2 3.9 7.3 0.4 329 16.7 388
(4) Calcium oxide; CaOf1305-78-§ 3 25 8.1 0.8 30.2 30.9 275
(5) Water; H0; [7732-18-3 4 3.3 6.3 0.7 235 29.1 37.0
5 1.8 8.2 1.2 26.0 44.1 18.6
Variables: Prepared B',y: 6 25 71 1.0 234 38.6 274
Composition at 25 °C. J. Eysseltova 7 0.7 8.0 1.8 171 64.4 8.0
8 0.9 8.0 1.6 19.1 57.7 12.7
Experimental Data 9 1.3 8.0 1.4 21.9 51.5 15.8
Part 1. The authors’ data 10 1.8 8.3 1.2 25.9 44.8 18.1
Table I. Solutions coexisting with CagRQOy),-H,0 and NHH,PO, 11 26 8.8 0.9 32,6 334 21.7
N N N - . 12 3.2 9.1 0.7 375 26.3 233
Soln cé NHs H NO; PO, H20 13 37 95 05 417 192 25.4
no eq % eq % €q % eq % eq % cbnt 14 4.2 9.8 0.4 447 155 25.4
1 19.3 44.0 36.7 55.4 446 173.2 15 44 101 02 48.3 94 215
2 185 412 403 49.9 50.1 206.2 16 46 101 02 49.0 88 212
3 85 32.9 58.6 332 66.8 106.0 w 46 102 02 49.3 8.1 216
4 13.0 28.8 58.2 20.1 70.9 160.0 18 45 103 02 50.0 75 214
5 5.1 27.0 67.9 23.0 77.0 57.8
6 7.8 26.4 65.8 235 76.5 96.5 The compiler has used the data in Tables | and Il to calculate the following molalities as melkgatues
Soln no ca* NH,* H* NO;~ PO~
Table II. Solutions coexisting with Ca@i*0y),- H,0, NH;H,PO, and NH;NO;.
1 31 14.4 11.8 17.8 438
Soln c&’ NH,* HY NO;™ PO Hz0 2 25 111 10.9 13.4 45
no eq % eq % eq % eq % eq % cbnt Solid phaséd 3 20 17.2 30.7 17.4 1.7
7 15 205 78.0 11.9 88.1 19.4 #B+C+D 4 23 100 20.2 101 82
8 2.2 222 75.6 14.4 85.6 334 #B+C 5 25 260 65.3 221 247
9 33 24.1 726 17.8 82.2 45.0 #B+C 6 22 15.2 37.9 135 147
10 4.9 26.8 68.3 27 773 55.4 #B+C 7 21 587 2234 341 84.1
11 8.4 32,9 58.7 33.1 66.9 77.0 #B+C 8 18 36.9 1257 24.0 415
12 11.2 37.7 51.1 42.0 58.0 91.4 #B+C ° 20 208 89.6 220 338
13 146 442 412 52.4 476 111.7 HB+C 10 25 26.9 68.5 228 258
14 17.4 48.4 34.2 59.5 405 118.3 +B+C 1 3.0 237 42.4 23.9 16.1
15 20.9 55.7 234 72.2 278 144.1 +B+C 12 3.4 22.9 L.l 255 118
16 216 56.5 21.9 738 26.2 143.3 +B+C+E 13 36 22.0 205 26.1 79
17 22.0 57.9 20.1 755 245 148.0 #B+C 14 41 221 161 219 6.3
18 21.9 59.0 191 772 22,9 148.1 #B+C 15 40 215 9.0 218 36
16 42 21.9 8.5 28.6 3.4
aThe content is expressed as: mol/100 mol solute. 17 4.1 21.7 7.5 28.3 3.1
®The solid phases are:ACa(H,PO,) - Hp0; B=NH,H,PO,; C=NH,;NO3; D= (NH,)3Hg(POy); E=Cay(NHy) sHzo POy) 15 10H,0. 18 4.1 22.1 7.2 29.0 2.9

This was a metastable equilibrium.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
No information is given. No information is given.

Estimated Error:
No information is given.
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Components:

(1) Ammonia; NHs; [7664-41-1

(2) Nitric acid; HNO;; [7697-37-3

(3) Phosphoric acid; EPOy; [7664-38-3

(4) Calcium oxide; CaOf1305-78-§

(5) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. Act6,

1971-80(1953.

Variables:

Composition at 0, 25 and 50 °C.

Prepared By:

J. Eysseltova

Experimental Data
Part 1. The authors’ data
Composition of saturated solutions coexisting with Cg®8),- H,0, NH;H,PO, and Cg(NH,) 4H3(POy)15- 10H,0

Soln ca+ NH,* HY NO;~ PO H,0
no eq % eq % eq % eq % eq % cdnt Solid phased
temp= 0°C
1 8.45 10.93 80.62 0.00 100.00 196.5 +B+C
2 15.18 16.53 68.29 14.73 85.27 239.1 +B+C
3 22.56 24.10 53.34 33.46 66.54 264.6 +B+C
4 29.90 35.01 35.09 56.35 43.65 265.2 +B+C
5 32.94 42.09 24.97 69.14 30.86 244.2 +B+C
6 34.33 48.05 17.62 78.30 21.70 223.8 +B+C+D
temp= 25°C
7 5.64 13.83 80.53 0.00 100.00 137.8 +B+C
8 6.37 14.88 78.75 2.22 97.78 140.8 +B+C
9 7.45 16.76 75.79 6.09 93.91 148.4 +B+C
10 8.60 18.47 72.93 9.60 90.40 150.6 +B+C
11 9.98 21.12 68.90 14.57 85.43 158.6 +B+C
12 11.18 23.35 65.47 19.35 80.65 162.5 +B+C
13 14.86 31.60 53.54 34.39 65.61 175.4 +B+C
14 16.80 36.18 47.02 42.96 57.04 176.3 +B+C
15 17.56 38.81 43.63 46.90 53.10 173.8 +B+C
16 19.82 45.58 34.60 57.92 42.08 169.6 +B+C
17 20.59 50.39 29.02 64.00 36.00 158.8 +B+C
18 21.15 54.06 24.79 70.57 29.43 147.5 +B+C
19 21.55 56.54 21.91 73.78 26.22 143.3 +B+C+D
temp= 50°C
20 4.08 16.15 79.77 0.00 100.00 92.6 +B+C
21 7.20 25.08 67.72 16.19 83.81 97.6 +B+C
22 9.54 37.14 53.32 34.93 65.07 105.1 +B+C
23 12.79 53.45 33.76 59.05 40.95 96.9 +B+C

aThe water content is expressed as mol/200 mol solute.

PThe solid phases are:ACa(H,PQy),-H,0; B=NH,H,PO,; C=Cay(NHy) sH3APOy)15-10H,0; D=NH,NO;.

Part 2. The compiler has used the data in Part 1 to calculate the following concentration values
Values expressed as 1@0

Soln no ca+ NH,* H* NO;~ PO~ H,0
1 2.36 2.59 1.12 0.00 44.61 49.31
2 3.53 3.27 0.79 10.78 31.67 49.96
3 4.56 4.14 0.54 21.26 21.47 48.03
4 5.47 5.44 0.32 32.42 12.75 43.59
5 5.92 6.43 0.22 39.11 8.86 39.45
6 6.15 7.32 0.16 44.13 6.21 36.03
7 1.85 3.86 1.32 0.00 52.38 40.60
8 2.04 4.05 1.26 2.23 49.96 40.47
9 2.27 4.34 1.15 5.84 45.74 40.65
10 2.55 4.65 1.08 8.94 42.74 40.05
11 2.80 5.04 0.97 12.87 38.31 40.01
12 3.02 5.36 0.88 16.45 34.82 39.46
13 3.58 6.47 0.64 26.07 25.25 37.98
14 3.87 7.08 0.54 31.10 20.97 36.45
15 3.98 7.48 0.49 33.44 19.22 35.39
16 4.29 8.38 0.37 39.43 14.55 32.98
17 4.42 9.18 0.31 43.17 12.33 30.59
18 4.50 9.78 0.26 47.24 10.00 28.20
19 4.55 10.15 0.23 49.02 8.85 27.20
20 1.54 5.19 1.50 0.00 60.34 31.43
21 2.37 7.00 111 16.73 43.98 28.81
22 271 8.97 0.76 31.21 29.53 26.83
23 321 11.41 0.42 46.66 16.43 21.87
The following values are expressedragmol kg~ *
1 1.19 3.09 22.79 0.00 9.42
2 1.76 3.84 15.87 3.42 6.60
3 2.37 5.06 11.20 7.03 4.66
4 3.13 7.33 7.35 11.80 3.05
5 3.75 9.58 5.68 15.73 2.34
6 4.26 11.93 4.37 19.44 1.80
7 114 5.38 32.47 0.00 13.44
8 1.26 5.87 31.07 0.88 12.86
9 1.39 6.27 28.37 2.28 11.72
10 1.59 6.81 26.90 3.54 11.12
11 1.75 7.40 24.13 5.10 9.98
12 1.91 7.98 22.38 6.62 9.19
13 2.35 10.01 16.96 10.89 6.93
14 2.65 11.40 14.82 13.54 5.99
15 281 12.41 13.95 14.99 5.66
16 3.25 14.93 11.33 18.97 4.59
17 3.60 17.63 10.15 22.39 4.20
18 3.98 20.36 9.34 26.58 3.69
19 4.18 21.92 8.49 28.60 3.39
20 1.22 9.69 47.86 0.00 20.00
21 2.05 14.28 38.55 9.22 15.90
22 2.52 19.63 28.18 18.46 11.47
23 3.67 30.64 19.36 33.86 7.83

Auxiliary Information

Method / Apparatus / Procedure:
The eutonic solution existing in equilibrium with 3 salts—

Source and Purity of Materials:
No information is given.

Ca(H,P0y);- Hy0, NH;H PO, and Cg(NH,) 4Ha(POy) 18
-10H,0-was prepared and saturated with JM®;. The .
system was stired in a thermostat and examined petroEStimated Error:

graphically. When all the desired phases were present, the
stirring was interrupted and the system was equilibrated for at kept constant within=0.1 K.

least 3 weeks. The satd soln was analyzed fdr'CaIH, ",
H*, NO;~ and PQ®". The analytical methods are not

described.

The only information given is that the temperature 273 K was

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. The compiler has used the data in Part 1 to calculate the following values
Composition of saturated solutions coexisting with C#8,),-H,O and NHH,PO, at 25 °C

Components: Original Measurements:
(1) Ammonia; NHy; [7664-41-7 R. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. AG8, 1980-3 Soln no ca’ NH,* H NO;~ PO H0
(2) Nitric acid; HNO;; [7697-37-3 (1953.
(3) Phosphoric acid; kPOy; [7664-38-3 Values as 108,
(4) Calcium oxide; CaO[1305-78-§ 1 1.23 4.93 1.51 5.19 56.87 30.26
(5) Water; HO; [7732-18-§ 2 2.38 4.79 1.09 9.75 42.70 39.29
3 2.55 475 1.07 9.83 42.26 39.55
Variables: Prepared By: 4 272 5.24 0.99 14.21 38.53 38.31
Composition at 25 °C. J. Eysseltova 5 275 6.77 0.94 23.42 35.26 30.87
6 3.34 6.01 0.75 21.97 29.39 38.54
Experimental Data 7 3.54 7.66 0.64 31.79 24.26 3211
Part 1. The authors’ data 8 4.05 7.88 0.45 36.03 17.41 34.17
Composition of saturated solutions coexisting with C#8),-H,0 and NHH,PO, at 25 °C 9 4.05 8.74 0.42 39.81 16.28 30.69
Molalities as mol/kg HO
Soln car NH,* H* NO,~ PO Hz0 1 1.01 9.57 49.85 2.72 1058
no eq % eq % eq % eq % eq % cofnp 2 151 7.16 27.71 3.94 11.32
1 3.30 15.58 81.12 4.43 95.57 90.4 3 1.61 7.05 2107 3.94 1113
2 7.98 18.89 73.13 10.39 89.61 146.6 4 L 8.03 25.73 588 1048
3 8.61 18.88 72,51 1056 89.44 1488 5 222 1287 30.41 12.04 11.90
4 9.51 2152 68.97 15.77 84.23 148.9 6 216 9.16 19.39 9.04 7.94
5 931 26.97 63.72 25.22 74.78 116.4 v 275 14.00 1081 571 .87
6 13.14 27.87 58.99 27.51 72.49 169.0 8 296 1385 13.19 16.74 531
7 14.01 35.61 50.38 39.95 60.05 1413 9 330 1673 1384 20.58 553
8 18.13 41.49 40.38 51.24 48.76 170.1
9 17.74 45.01 37.25 55.39 44.61 149.5 Auxiliary Information
aThe composition units are: mol/100 mol solute. Method / Apparatus / Procedure: Source and Purity of Materials:
Nothinlg is stated but it is probably the same as described No information is given.
earlier:

Estimated Error:
No information is given.
References:

IR. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. Ac38, 1971
(1956.

YveET
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Part 2. The compiler has used the data in Part 1 to calculate the following concentration values

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Nitric acid; HNO;; [7697-37-3

(3) Phosphoric acid; EPOy; [7664-38-3
(4) Calcium oxide; CaOf1305-78-§
(5) Water; H,0; [7732-18-3

Original Measurements:

R. Flatt, G. Brunisholz, M. Fell, Helv. Chim. Act89, 1130-44

(1956.

Variables:
Composition at 25 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. The authors’ data

Table I. Composition of solutions saturated simultaneously with GBQ4),-H,0, CaHPQ 2H,0, Ca(NH,4)4H3x(POy)1g- 10H,0

and NH;NO3
Soln c&" NH, " H* NO;~ PO,%~ H,0
no eq % eq % eq % eq % eq % cbnt
29.60 57.50 12.90 84.40 15.60 148.6
2 27.70 56.70 15.60 81.30 18.70 142.8
3 25.70 58.90 15.40 81.60 18.40 151.7
4 27.70 57.70 14.60 82.40 17.60 147.7

Table 1l. Composition of solutions saturated simultaneously with GR@®j),- H,O, CaHPQ- H,O and Cg(NH,)4H3x(P0y)15- 10H,O

5 30.80
6 32.50
7 34.70
8 36.20
9 35.40
10 33.80
11 33.30
12 31.80
13 27.50
14 25.80
15 25.10
16 23.30
17 22.00
18 21.00
19 19.90

51.30
45.50
37.30
34.60
30.70
26.10
23.80
20.30
17.40
15.80
25.50
14.30
13.90
13.20
12.40

17.90
22.00
28.00
29.20
33.90
40.10
42.90
47.90
55.10
58.40
59.40
62.40
64.10
65.80
67.70

78.20
73.20
65.60
63.10
57.20
49.20
45.70
39.40
30.10
26.10
24.60
21.10
28.80
17.00
14.70

21.80
26.80
34.40
36.90
42.80
50.80
54.30
60.60
69.90
73.90
75.40
78.90
81.20
83.00
85.30

190.7
221.7
267.0
312.9
319.1
333.8
330.2
330.1
322.7
317.7
314.7
305.1
298.0
294.0
287.6

aThe water content is expressed as mol/200 mol solute.

PThis is the average of soln nos. 1-3.

Soln no c&* NH,* H* NO;~ PO}~ H,0
Values expressed as M0
1 5.89 9.72 0.13 52.78 4.85 26.54
2 5.65 9.82 0.16 52.13 6.09 26.15
3 5.15 10.04 0.15 51.45 5.89 27.32
4 5.57 9.86 0.15 52.10 5.65 26.67
5 5.84 8.27 0.17 46.64 6.60 32.48
6 5.97 7.10 0.20 42.29 7.86 36.58
7 6.10 557 0.25 36.27 9.66 42.16
8 5.98 4.86 0.24 32.77 9.73 46.42
9 5.92 4.36 0.28 30.08 11.43 47.93
10 5.69 3.74 0.34 26.06 13.66 50.51
11 5.72 3.47 0.37 24.66 14.88 50.90
12 5.59 3.03 0.42 21.79 17.02 52.14
13 5.08 2.73 0.51 17.49 20.63 53.56
14 4.89 2.54 0.55 15.56 22.37 54.09
15 4.81 2.52 0.57 14.83 23.08 54.19
16 4.61 241 0.62 13.14 24.95 54.27
17 4.46 2.39 0.65 11.98 26.28 54.24
18 4.32 2.31 0.68 11.01 27.29 54.38
19 4.19 222 0.71 9.74 28.70 54.43
Values are expressed &g / mol kg~* H,O
1 553 21.50 4.82 31.55 1.94
2 5.39 22.06 6.07 31.63 2.43
3 4.71 21.57 5.64 29.88 2.25
4 521 21.70 5.49 30.99 221
5 4.49 14.94 5.21 22.78 2.12
6 4.07 11.40 551 18.34 2.24
7 3.61 7.76 5.83 13.65 2.39
8 3.21 6.14 5.18 11.20 2.18
9 3.08 534 5.90 9.96 2.48
10 2.81 4.34 6.67 8.19 2.82
11 2.80 4.00 7.22 7.69 3.05
12 2.68 3.42 8.06 6.63 3.40
13 2.37 3.00 9.49 5.18 4.01
14 2.26 2.76 10.21 4.56 4.31
15 2.22 2.74 10.49 4.34 4.44
16 212 2.60 11.36 3.84 4.79
17 2.05 2.59 11.95 3.50 5.05
18 1.98 2.49 12.43 3.21 5.23
19 1.92 2.40 13.08 2.84 5.49

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information
reproducibility to be about 5 %.

is given.

The compiler

estimates the

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Evaluator:

J. Eysseltova
Charles University, Prague, Czech Republic, September 1995

Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3
(3) Sulfuric acid; BSOy; [7664-93-9
(4) Potassium oxide; ¥O; [12136-45-7
(5) Water; H,0; [7732-18-3

Critical Evaluation:

5.2. Solubilities in the NH ;—H;P0,~H,S0,~H,O System
The quaternary system NHH;PO,—H,S0O,—H,0 may be formed by the addition of,80, to the ternary system N+
H3PO;—H,0. There are four reports” that contain solubility data for this quaternary system. The solubility data in these four
reports agree reasonably well with each other after discounting a systematic error in two of the'réfpbesefore these
solubility data are considered to be reliable. Furthermore, the existence Qf {N{#P0,SO, [25993-60-1 is also considered to
have been established as well as the fact that it is congruently soluble in water over a temperature range of 273 to 373 K.
In two reporté‘6 the system is described as NhPO,—(NH,),HPO,—(NH,),SO,—H,0. The Evaluator believes that a

comparison can be made of the solubility data for this system and that of the system described in the preceding paragraph. Such a

comparison can be made at 273, 298 and 323 K. To do this, the isotherms were depicted in tetrahedral coordinates and then
projected on planes perpendicular to an edge of thg-N#PO,—H,S0, triangle!® Such a projection gives absolute solubility

values, the shape and position of individual crystallization fields, and any scatter in the reported data. Using this procedure, all the

data in Refs(1-4, are in satisfactory agreement with each other. The data reported by Kaganskiy and Batrehky und
agree with each other but there is significant scatter in the data near the crystallization surface.

Fokina et al’ studied the NiH,PO,—H;P0;—K,SO,—H,0 system. Such a system can be considered as a section through the
NH3—H3zPO,—H,SO,—K,0-H,0 system where the molar ratio,80,/K,0 = 1. Solid solutions between ammonium and

potassium dihydrogenphosphates exist as solid equilibrium phases in this system. The ability of these two dihydrogenphosphates to

form such solid solutiongédesignated ag-solid solution has been proved in studies of the MPO,—KH,PO;—H,0
systenf~14

References:

L. E. Berlin, B. M. Mantsev, Zh. Prikl. Khim(Leningrad 6, 385(1933.

2s. 1. Vol'fkovich, L. E. Berlin, B. M. Mantsev, Tr. NIUIFa 2281940).

3S. Uno, Kogyo Kagaku Zash43, 399 (1940; J. Soc. Chim. Ind., Japan, Suppl. Bindidg, 168B/70B(1940.
“Yu. S. Mishchenko, M. L. Chepelevetskiy, Tr. NIUIF208 30 (1965.

5. M. Kaganskiy, A. M. Babenko, Zh. Prikl. Khim(Leningrad 48, 1387(1975.

6T. Akiyama, H. Kanzaki, S. Minagawa, Nippon Dojo Hiryogaku Zas$®ji 243 (1978.

7Z. N. Fokina, E. N. Kornishina, P. P. Kim, Tekhnologiya Mineral’nykh Udobreftigningrad 63 (1977).
8p. Askenasy, F. Nessler, Z. Anorg. Cheh89, 305 (1930.

N. S. Dombrovskaya, A. Y. Zvorykin, Kali2, 24 (1937.

107, Y. Zvorykin, V. G. Kuznetsov, Izv. AN SSSR, Ser. Khim. 195938.

11D, I. Kuznetsov, A. A. Kozhukhovskiy, F. E. Borovaya, Zh. Prikl. Khitheningrad 21, 1278(1948.
?A. G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. Neorg. KHiff).3368(1972.

Bya. S. Shenkin, S. A. Ruchnova, N. A. Radionova, Zh. Neorg. KHifh.3368(1972.

1A, P. Solov'ev, E. F. Balashova, N. A. Verendykina, L. F. Zyuzina, Vzaimodeistvie Khloridov Kaliya, Magniya, Ammoniya s
ikh Nitratami i Fosfatami 31977).

15). Eysseltovato be published.

Components:

(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Sulfuric acid; HSO;; [7664-93-9
(4) Water; H,0; [7732-18-3

Original Measurements:

1. L. E. Berlin, B. M. Mantsev, Zh. Prikl. Khim(Leningrad, 6,
385-9(1933. 2. S. 1. Vol'fkovich, L. E. Berlin, B. M. Mantsev,
Tr. NIUIFa, 228-42(1940.

Variables:
Composition at 25 °C.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Part 1. The authors’ data
Solubility in the NH;—P,05—SG;—H,0 system at 25 °C

Soln NH, P,0g SO,
no com@ 1000w;® comg 1000w, comg 1000w, Solid phasé
1 57.4 423 29.9 18.1 — — A
2 60.7 427 36.3 213 — — A
3 171.1 10.7 414 232 — — B
4 57.4 4.9 9.55 6.66 — — c1
5 77.8 6.7 3.16 2.29 — — c3
6 185.9 11.0 — — 945 26.4 D
7 185.8 9.10 455 18.6 88.9 20.4 E
8 246.3 125 81.4 34.2 — — AB
9 201.5 11.3 13.1 6.08 89.6 236 D
10 215.1 10.2 444 17.6 98.6 22.0 &
11 166.8 10.7 40.4 21.7 — — BC3
12 230.0 125 21.2 9.64 78.4 20.1 +B
13 177.3 10.8 6.0 3.09 72.1 20.9 €B
14 216.1 13.3 1.14 0.59 73.0 211 €B
15¢ 235.2 11.6 — — 156.2 36.2 BF
16 542.6 11.3 — — 552.8 54.3 +G
17 270.4 13.3 55.2 227 51.0 12.0 +B8+D
18 231.3 12.8 14.8 6.85 83.1 21.8 +B3+D
19 216.2 10.4 39.8 16.0 101.6 229 HB+F
20 2422 11.1 19.9 7.45 151.8 327 HE+F
21 243.6 9.72 19.9 6.62 220.8 415 +E+G

2The composition unit is mol/2000 mol .

PThis is an obvious error. The compilers believe that this should bev100

°The solid phases are: ANH4H,PO,; B=(NH,),HPO,; C,=(NH,)3P0;-H,0; C;=(NH,)3P0;-3H,0; D=(NH,),SO;; E
=NH,H,PO,-NH,HSO,; F=(NH,)3H(SOy),; G=NH,4HSO,.

%These data appear in source paf@ronly.
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Part 2. The compilers have used the data in Part 1 to calculate the following values

Soln NH, HaPO, H,SO, H,0
no 10Qw; mi/mol kg~ * 100w, m;/mol kg~ ! 100w; m;/mol kg~* 100w;
1 4.21 3.50 25.2 3.65 0 0 70.6
2 4.27 3.78 29.4 4.53 0 0 66.3
3 10.88 10.85 30.3 5.25 0 0 58.8
4 4.81 3.28 9.21 1.09 0 0 86.0
5 6.70 4.36 3.13 0.354 0 0 90.2
6 11.02 11.41 0 0 32.3 5.80 56.7
7 9.108 13.33 25.7 6.53 25.1 6.38 40.1
8 12.43 18.11 47.3 Q. 0 0 40.3
9 11.26 12.85 8.43 1.67 28.8 571 515
10 10.21 15.56 24.3 6.42 27.0 7.13 38.5
11 10.69 10.55 29.8 511 0 0 59.5
12 12.55 14.89 13.3 2.75 24.6 5.08 49.5
13 10.92 10.83 4.25 0.733 25.6 4.40 59.2
14 13.29 13.00 0.807 0.137 259 4.39 60.0
15 11.61 15.49 0 0 44.39 10.29 44.00
16 12.92 67.45 0 0 75.83 68.72 11.25
17 13.34 19.18 31.3 7.83 145 3.62 40.8
18 12.83 14.73 9.45 1.88 26.6 5.297 51.2
19 10.38 15.42 22.0 5.68 28.10 7.24 39.5
20 11.12 17.07 10.5 2.80 40.13 10.70 38.2
21 9.726 18.81 9.14 3.074 50.77 17.05 30.6

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. Equilibration required 4 to 5No information is given.

days. The composition of the solid phases was determined by
the Schreinemakers method after removing the liquid from the

Estimated Error:
surface of the wet residue by a piece of filter paper.

The temperature was kept constant withi®.05 K. No other
information is given.

Components: Original Measurements:
(1) Ammonia; NH; [7664-41-7 S. Uno, Kogyo Kagaku Zassh#3, 399-402(1940; J. Soc.
(2) Phosphoric acid; kPO,; [7664-38-3 Chem. Ind., Japan, Suppl. Binding3, 168B-70B(1940.

(3) Sulfuric acid; HSO;; [7664-93-9
(4) Water; H,0; [7732-18-3

Variables: Prepared By:
Composition at 0, 25, 40, 70 and 100 °C. Hiroshi Miyamoto and J. Eysseltova

Experimental Data
Part 1. The author’s data
Composition of saturated solutions in tteH,) ,SO;—H;PO;—H,O system

Soln (NH,),S0, H3PO, Solid Soln (NH,),S0, HsPO, Solid
no 10Qw; 100w; phasé no 10Qy; 100w; phasé
temp=25°C temp=70 °C
1 43.3 0.0 A 13 47.8 0.0 A
2 41.0 10.6 A 14 45.7 9.46 A
3 39.9 15.6 A 15 44.6 17.3 A
4 39.7 19.4 AB 16 44.1 23.9 A
5 39.8 19.4 AB 17 44.0 27.3 A
6 36.5 22.8 B 18 44.2 29.6 AB
7 338 25.1 B 19 43.4 30.3 B
8 29.7 317 B 20 42.2 313 B
9 24.0 40.6 B 21 38.6 36.3 B
10 18.3 52.3 B 22 351 41.2 B
11 15.8 58.6 B 23 30.6 47.7 B
12 13.3 64.4 B 24 28.3 52.0 B
25 241 59.9 B

2The solid phases are:-A(NH,),SO;; B=(NH,),H3(PO,)(SO,).

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Composition of saturated solutions in ttéH,) ,H3(PO,) (SO;) —(NH,) ,SO;—H,O system

Composition of saturated solutions in tteH,) ,H3(POy,) (SO;) — NH4H,PO,—H3PO,—H,0 system

Soln no (NH,),S0, comg® (NH,),H3(POy) (SO) com@ Solid phasi Soln no NHH,PO, comg (NH,),H3(PO,) (SOy) comp@ H3PO, com@
temp=0°C temp=25°C
26 70.6 0 A 65 19.3 132.7 0
27 60.8 20.1 A 66 21.6 113.9 8.31
28 45.2 51.9 A 67 25.2 79.2 23.3
29 36.1 72.6 AB 68 36.7 58.1 33.0
30 27.7 80.1 B 69 68.4 37.1 53.7
31 10.9 93.2 B temp=70 °C
32 0 107.9 B 70 74.5 234.6 0
temp=25 °C 71 70.1 217.9 3.65
33 76.2 0 A 72 58.8 177.1 22.1
34 55.1 51.4 A 73 72.7 123.2 44.1
35 37.2 100.3 A
36 33.0 1.7 AB aThe composition unit is: g/100g 0.
37 333 111.4 AB
38 16.1 125.2 B
39 0 143.4 B
temp=40 °C
40 80.8 0 A
41 60.6 51.4 A
42 43.4 104.6 A
43 27.6 150.2 AB
44 27.7 149.3 AB
45 13.4 163.1 B
46 0 176.0 B
temp=70 °C
47 91.4 0 A
48 735 49.6 A
49 55.8 106.4 A
50 37.0 175.4 A
51 24.9 223.3 A
52 16.4 265.8 AB
53 9.44 270.8 B
54 0 2775 B
temp=100 °C
55 103.6 0 A
56 73.2 105.3 A
57 43.2 218.1 A
58 27.4 296.9 A
59 17.6 375.6 A
60 13.4 441.0 A
61 11.2 481.6 AB
62 12.0 480.2 AB
63 5.27 482.4 B
64 0 490.0 B

&The composition unit is: g/100g ®.
The solid phases are:A(NH,),SO;; B=(NH,),H3(PO,) (SQy).

8VET
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Part 2. The compilers used the data in Part 1 to calculate the following values

Part 2. The compilers used the data in Part 1 to calculate the following values

Soln NH, HsPO, H,SO, H,0 Soln NH; HsPO, H,S0, H,0

no 10Qw; m;/mol kg~ ! 100w; mi/mol kg~ * 100w, m;/mol kg~ ! 100w; no 10Qw; m;/mol kg~ * 100w; m;/mol kg~ * 100w; m;/mol kg~ * 100w,
1 11.1 11.6 0.0 0.0 32.2 5.78 56.7 53 11.2 25.0 30.3 11.8 32.2 12.5 26.3
2 10.6 12.8 10.6 2.23 30.4 6.41 48.4 54 10.9 241 31.3 12.1 31.3 12.1 26.5
3 10.3 13.6 15.6 3.58 29.6 6.79 44.5 55 13.1 15.7 0.0 0.0 37.8 7.84 49.1
4 10.2 14.7 19.4 4.84 295 7.35 40.9 56 12.4 20.2 16.1 4.58 35.6 10.1 35.9
5 10.3 14.8 19.4 4.85 29.5 7.38 40.8 57 12.0 255 25.7 9.48 34.6 12.7 27.7
6 9.41 13.6 22.8 5.72 27.1 6.79 40.7 58 12.0 29.9 29.8 12.9 34.6 15.0 23.6
7 8.71 12.4 251 6.23 251 6.22 411 59 12.2 35.3 324 16.3 35.1 17.7 20.3
8 7.66 11.6 31.7 8.38 22.0 5.82 38.6 60 12.4 40.4 33.9 19.2 35.7 20.2 18.0
9 6.19 10.3 40.6 11.7 17.8 513 354 61 125 435 34.6 20.9 36.0 21.8 16.9

10 4.72 9.42 52.3 18.2 13.6 4.71 29.4 62 12.5 43.5 345 20.9 36.1 21.8 16.9

11 4.07 9.34 58.6 234 11.7 4.67 25.6 63 12.4 42.7 35.0 21.0 35.6 21.4 17.0

12 3.43 6.82 64.4 295 9.87 341 295 64 12.3 426 354 21.3 354 21.3 16.9

13 12.3 13.9 0.0 0.0 35.5 6.93 52.2 65 8.93 13.2 28.9 7.44 22.4 5.775 39.7

14 11.8 15.4 9.46 2.15 33.9 7.71 44.8 66 8.17 11.6 30.8 7.59 19.7 4.868 41.4

15 115 17.7 17.3 4.63 33.1 8.86 38.1 67 6.79 9.07 345 8.01 14.8 3.441 43.9

16 11.4 209 239 7.62 32.7 10.4 32.0 68 6.16 8.24 39.1 9.08 10.9 2.525 43.9

17 11.3 23.2 27.3 9.71 32.7 11.6 28.7 69 6.02 9.17 49.3 13.0 6.10 1.612 38.6

18 11.4 255 29.6 11.5 32.8 12.8 26.2 70 11.2 26.9 39.9 16.7 24.4 10.2 244

19 11.2 25.0 30.3 11.8 32.2 125 26.3 71 10.9 25.0 39.9 15.9 23.7 9.49 255

20 10.9 24.1 313 12.1 313 12.1 26.5 72 9.75 20.5 41.2 15.1 211 7.70 279

21 9.95 233 36.3 14.8 28.7 11.6 251 73 8.53 17.0 46.6 16.2 15.4 5.35 29.4

22 9.05 22.4 41.2 17.7 26.1 11.2 23.7

23 7.89 21.3 47.7 224 22.7 10.7 21.7 Auxiliary Information

24 7.29 21.7 52.0 26.9 21.0 10.9 19.7

25 6.21 22.8 59.9 38.2 17.9 11.4 16.0 Method / Apparatus / Procedure: Source and Purity of Materials:

26 10.7 10.7 0.0 0.0 30.7 5.34 58.6 The isothermal method was used. Ammonium sulfate, Chemically pure reagents were used. Ammonium sulfate was

27 10.3 10.9 4.72 0.873 29.7 5.47 55.3 phosphoric acid and water were placed in ampules. The recrystallized.

mixtures were shaken in a thermostat at 25 and 70 °C. After

28 .81 114 112 2.26 282 568 507 equilibrium was etablished, the mixtures were allowed to

29 9.61 11.8 14.8 3.15 217 5.89 47.9 settle. A pipet was used to obtain aliquots of the saturated Estimated Error:

30 9.14 11.2 16.4 3.48 26.3 5.58 48.1 solution for analysis. The saturated solution was evaporated to - ) -

31 8.13 9.75 19.4 4.05 23.4 4.87 49.0 dryness and the solid obtained was dried at 110-115°C o >0\ubility: nothing specified.

32 7.68 9.38 221 4.69 221 4.69 481 determine .tota.l solid content. The Nidontent was determined Temperature: precisiom0.05 K at 298 K and-0.5 K at 343 K.

I ST ses e daiaior oo T anosite o st coens

34 10.6 12.8 10.6 2.23 30.4 6.40 48.4 respectively.

35 10.3 14.3 18.0 4.36 29.6 7.17 42.1

36 10.2 14.7 19.4 4.85 29.5 7.35 40.9

37 10.2 14.7 19.4 4.84 29.5 7.36 40.9

38 9.40 13.3 221 5.44 27.1 6.66 414

39 8.72 12.5 25.1 6.23 25.1 6.23 41.1

40 115 12.2 0.0 0.0 33.2 6.11 55.3

41 11.0 13.6 10.3 2.23 31.5 6.82 47.2

42 10.8 15.7 18.0 4.55 31.0 7.83 40.3

43 10.6 17.2 23.0 6.53 30.4 8.61 36.0

44 10.6 17.2 23.0 6.49 30.4 8.58 36.1

45 9.98 16.2 251 7.09 28.7 8.10 36.2

46 9.44 15.3 27.2 7.65 27.2 7.65 36.2

47 12.3 13.8 0.0 0.0 354 6.92 52.2

48 11.8 15.4 9.47 2.16 339 7.72 44.8

49 115 17.7 17.3 4.62 33.1 8.85 38.1

50 11.4 20.8 239 7.62 32.7 10.4 32.0

51 11.3 23.2 273 9.70 32.7 11.6 28.7

52 11.4 25.6 29.6 115 32.8 12.8 26.2

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Composition of saturated solutions in tteH,) ,HPO,— (NH,) ,SO;— H,SO,—H,0 system at 50 °C

Components: Original Measurements: Soln NH; P20s moly (NH,),HPO, (NH,),S0, H,S0, Solid
(1) Ammonia; NHs; [7664-41-1 Yu. S. Mishchenko, M. L. Chepelevetskiy, Tr. NIUIF2pg no 10Gy; 100w, 100w, 100w, 100w; 100w, phase$
(2) Phosphoric acid; kPOy; [7664-38-3 30-42(1965.
(3) Sulfuric acid; HSOy; [7664-93-9 32 11.73 —_ 41.7 0.0 45.6 17.3 “E
(4) Water; H,0; [7732-18-3 33 11.6 2.36 40.5 4.4 41.0 19.2 +E
34 11.45 3.44 40.3 6.4 38.0 21.2 +HE
Variables: Prepared By: 35 11.3 6.15 38.2 11.4 326 225 +&
Composition at 50 °C. L. V. Chernykh and J.Eysseltova 36 11.3 10.0 35.9 18.6 26.0 24.6 e
37 11.3 10.6 35.6 19.6 24.2 25.4 HC+E
Experimental Data 38 12.23 — 57.6 0.0 49.5 33.8 &
Part 1. The authors’ data 39 12.57 1.83 57.6 3.3 45.6 35.4 +E
Composition of saturated solutions in tteH,) ,HPO,—(NH,) ,SO,—H3PO,—H,0 system at 50 °C 40 12.1 4.43 55.95 8.3 38.8 39.3 +E
41 11.8 6.24 54.45 11.6 34.2 41.2 +E+F
Soln NH P20s S0 (NH,),HPO, (NH,)2S0, H3PO, Solid 42 11.3 10.6 35.6 19.6 24.2 25.4 HCHE
no 10Qw; 100w; 100w; 100w; 100w; 100w; phase’ 43 10.59 10.11 36.2 18.8 223 27.8 +E
1 10.74 207 20.3 79 234 276 BAC 44 10.1 7.65 41.8 14.2 249 335 +E
’ : : ’ ’ ’ 45 11.8 6.24 54.15 11.6 34.2 41.2 +E+F
2 10.71 20.0 21.0 7.0 34.6 224 B
3 10.70 16.5 217 5.9 35.8 18.5 +#B
4 108 14.2 224 5.1 36.9 15.9 B Composition of saturated solutions in tteH,) ,HPO;—(NH,) ,SO,— H3PO,—H,SO;—H,0 system at 50 °C
5 11.65 12.8 22.6 8.4 374 11.7 #B Soln NH, P,0s S0, Solid
6 11.35 11.01 22.8 6.5 37.7 10.4 B no 100, 100w, 100w, phased
7 11.6 10.6 23.0 7.4 38.0 8.7 +#B
8 12.16 9.27 24.0 7.7 39.6 7.0 +#B 46 10.74 20.7 20.3 AB+C
9 11.82 9.05 22.9 8.1 37.8 6.0 B 47 11.01 17.81 25.43 AB
10 12.35 9.53 21.4 9.9 354 5.7 +#B 48 10.9 13.1 32.1 AB
11 30.05 145 20.25 17.3 334 7.2 B 49 11.0 11.9 33.7 AB
12 12.75 23.05 13.95 23.0 255 121 +B 50 11.3 10.6 35.6 AB+G
13 13.6 29.3 10.8 349 17.8 14.5 B
14 14.39 31.75 9.16 40.7 15.1 13.6 +B+D 2The solid phases are: A(NH,),SO;; B=NH4H,PO,; C=NH4H,PO,-NH,HSO,, [i.e., (NH,),H3P0,SO,—compiler§; D
15 13.85 11.35 20.89 211 34.4 0.0 iy =(NH,),HPQ,; E=(NH4)H3(S0Qy),; F=NH4HSO,; G=(NH,)3H(SOy),.
16 13.46 12.34 20.45 19.3 33.8 2.6 +8+DP
17 13.65 16.20 17.20 24.7 28.3 8.9 +B+D
18 14.02 26.1 13.25 33.7 219 11.0 +8+D
19 14.00 28.7 11.74 34.9 19.4 13.6 +B+D
20 14.08 29.7 10.15 379 16.7 12.8 +8+D
21 14.39 31.75 9.16 40.7 15.1 13.6 +B8+D
22 13.5 385 — 54.0 0.0 13.1 £D
23 14.01 37.7 2.27 50.6 3.8 14.5 HD
24 14.34 34.0 6.49 45.0 10.7 13.5 +B
25 14.42 32.2 7.34 44.0 12.1 11.8 +B
26 14.19 31.6 8.79 40.7 14.5 13.5 +B
27 14.39 31.75 9.16 40.7 15.1 13.6 +8+D
28 10.74 20.7 20.3 7.2 33.4 27.6 #B+C
29 9.93 246 18.8 7.5 31.0 28.5 e
30 9.12 25.9 16.5 8.2 27.2 29.7 +
31 7.32 31.0 10.7 10.8 17.6 34.8 +HE

aThe solid phases are: sA(NH,),S0O,; B=NH,H,PO;; C=[NH,H,PO;-NH,HSO, (i.e., (NH,),H3(PO,)(SO;)—compilerd; D
=(NH,),HPO,.
PThis is an obvious error. The compilers believe that the solid phase-iB.A
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Part 2. The compilers have calculated the following values from the authors’ data for thePp@ and SQ contents

Soln NH; H,PO, H,50, H,0
no 100w, mi/mol kg™t 100w, m;/mol kg~* 100w; mi/mol kg™t 100w,
1 10.74 17.61 28.6 8.14 24.9 7.08 35.8
2 10.71 17.49 27.6 7.84 25.7 7.30 36.0
3 10.70 15.73 22.8 5.82 26.6 6.79 39.9
4 10.8 15.0 19.6 4.75 274 6.64 422
5 11.65 15.91 17.7 4.19 27.7 6.57 43.0
6 11.35 14.64 15.2 3.41 27.9 6.26 45.5
7 11.6 14.9 14.6 3.28 28.2 6.30 45.6
8 12.16 15.64 12.8 2.86 29.4 6.57 45.6
9 11.82 14.57 12.5 2.68 28.1 6.00 47.6
10 12.35 15.02 13.2 2.78 26.2 5.54 48.3
11 30.05 70.23 20.0 8.13 24.8 10.1 25.1
12 12.75 19.53 318 8.47 17.1 4.54 38.3
13 13.6 24.4 40.5 12.6 13.2 4.12 32.7
14 14.39 27.66 43.8 14.6 11.2 3.74 30.6
15 13.85 18.12 15.7 3.56 25.6 5.81 44.9
16 13.46 17.78 17.0 3.91 25.0 5.75 445
17 13.65 18.68 22.4 5.32 21.1 5.01 42.9
18 14.02 24.42 26.0 10.9 16.2 491 33.7
19 14.00 25.70 39.6 12.6 14.4 4.58 32.0
20 14.08 25.46 41.0 12.9 12.4 3.90 325
21 14.39 27.66 43.8 14.6 11.2 3.74 30.6
22 13.5 23.8 53.2 16.3 0.0 0.0 333
23 14.01 26.4 52.1 17.0 2.78 0.910 311
24 14.34 27.37 46.9 15.6 7.95 2.63 30.8
25 14.42 26.35 44.5 14.1 8.99 2.85 32.1
26 14.19 26.53 43.6 14.2 10.8 3.49 31.4
27 14.39 27.66 43.8 14.6 11.2 3.74 30.6
28 10.74 17.61 28.6 8.14 24.9 7.08 35.8
29 9.93 17.6 34.0 10.5 23.0 7.10 33.1
30 9.12 15.3 35.8 10.5 20.2 5.90 34.9
31 7.32 11.7 42.8 11.9 13.1 3.63 36.8
32 11.73 18.52 0.0 0.0 51.1 14.0 37.2
33 11.6 19.2 3.26 0.936 49.6 14.2 35.5
34 11.45 19.52 4.75 1.41 49.4 14.6 34.4
35 11.3 19.9 8.49 2.59 46.8 14.3 33.4
36 11.3 215 13.8 4.56 44.0 14.5 30.9
37 11.3 21.8 14.6 4.90 43.6 14.6 30.5
38 12.23 41.72 0.0 0.0 70.6 41.8 17.2
39 12.57 51.45 2.53 1.80 70.6 50.1 14.3
40 12.1 53.6 6.12 4.71 68.5 52.7 13.2
41 11.8 53.8 8.62 6.82 66.7 52.8 12.9
42 11.3 218 14.6 4.90 43.6 14.6 30.5
43 10.59 19.99 14.0 4.58 44.3 14.5 31.1
44 10.1 211 10.6 3.83 51.2 18.6 28.1
45 11.8 52.3 8.62 6.63 66.3 51.0 13.3
46 10.74 17.61 28.6 8.14 24.9 7.08 35.8
47 11.01 19.44 24.6 7.55 311 9.55 33.2
48 10.9 20.2 18.1 5.82 39.3 12.6 317
49 11.0 20.6 16.4 5.36 41.3 13.5 313
50 11.3 218 14.6 4.90 43.6 14.6 30.5

Auxiliary Information

Method / Apparatus / Procedure:
Nothing is stated. The compilers assume that some sort of theNo information is given
invariant points method was used.

Source and Purity of Materials:

Estimated Error:

Nothing is specified.

Components:
(1) Ammonia; NH; [7664-41-7

(2) Phosphoric acid; kPO,; [7664-38-3
(3) Sulfuric acid; HSO;; [7664-93-9

(4) Water; H,0; [7732-18-3

Original Measurements:

I. M. Kaganskiy, A. M. Babenko, Zh. Prikl. Khim(Leningrad

48, 1387-99(1975.

Variables:

Prepared By:

Concentration 0fNH,),S0O, at 0 and—10 °C in an equimolar  J. Eysseltova
mixture of NHH,PO, and (NH,),HPG;.

Experimental Data
Part 1. The authors’ data

Solubility isotherms in the NiH,PO;—(NH,4) ,HPO,—(NH,),SO,—H,O system

Soln “mixture”? NH,4H,PO, (NH,),HPO, (NH,),S0, H,O (N+ P,05) ratio®
no 10Qv; 100w; 100w, 100w; 100w, 100w, N:P,05:S
temp=—10°C
1 14.706 6.8945 7.9152 18.3 66.94 19.25 0.75:1:0.52
2 11.6 5.44 6.24 26.52 61.88 20.6 1.14:1:0.96
3 19.481 9.1331 10.485 15.3 65.219 21.44 0.58:1:0.32
4 215 10.1 11.6 14.0 64.5 22.35 0.55:1:0.28
5 24.752 11.604 13.322 11.6 63.648 23.68 0.47:1:0.20
6 13.76 6.451 7.4060 31.2 55.04 24.4 1.14:1:0.97
7 19.4 9.10 10.4 224 58.2 24.6 0.71:1:0.48
8 31.02 14.54 16.70 6.0 62.98 25.8 0.37:1:0.081
9 15.9P 7.459 8.563 30.8 53.284 25.8 1.0:1:0.81
10 30.8 14.3 16.5 7.2 62.176 26.0 0.38:1:0.099
11 24.42 11.45 13.14 18.6 56.98 26.6 0.58:1:0.32
temp=0°C
12 21.8 10.2 11.7 15.64 62.56 23.32 0.56:1:0.30
13 16.4 7.69 8.83 25.08 58.52 23.58 0.86:1:0.63
14 11.916 5.5865 6.4135 33.8 54.284 24.24 1.33:1:1.18
15 13.52 6.338 7.277 32.4 54.08 24.74 1.19:1:0.34
16 22.68 10.63 12.21 19.0 58.32 25.5 0.59:1:0.34
17 15.738 7.3755 8.4674 31.6 52.68 26.0 1.04:1:0.85
18 24.18 11.34 13.01 19.4 56.42 26.8 0.59:1:0.33
19 29.108 13.646 15.666 11.8 59.09 27.0 0.45:1:0.17
20 33.075 15.506 17.802 5.5 61.425 27.0 0.35:1:0.06
21 41.832 19.612 22.515 0.4 57.768 31.3 0.30:1:0.003

Mixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.
PThere is a typographical error on this line. The sum of the components does not equal 100.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. The compiler has used the authors’ d&@rt J) to calculate the following values

Soln NH, HaPOy H,S0, H.0 Components: Original Measurements:
no 10Gw; mi/mol™* kg™ 100w; my/mol~* kg~* 100w; my/mol~* kg~* 100w; (1) Ammonia; NH; [7664-41-7 T. Akiyama, H. Kanzaki, S. Minagawa, Nippon Dojo Hiryogaku
(2) Phosphoric acid; kPO,; [7664-38-3 Zasshi49, 243-6(1978.
1 7.757 6.799 11.66 1.776 13.58 2.067 67.00 (3) Sulfuric acid; HSOy; [7664-93-9
2 9.233 8.761 9.200 1.517 19.68 3.243 61.88 (4) Water; H,0; [7732-18-3
3 7.971 7.176 15.45 2.417 11.36 1.775 65.22
4 8.053 7.331 17.05 2.698 10.39 1.642 64.50 Variables: Prepared By:
5 8.107 7.479 19.63 3.147 8.609 1.379 63.65 Composition at 0, 25 and 50 °C. Hiroshi Miyamoto and J. Eysseltova
6 10.89 11.61 10.91 2.023 23.16 4.289 55.04
7 9.784 9.871 16.39 2.698 16.62 2912 58.20 Experimental Data
8 7.960 7.421 24.60 3.986 4.453 0.721 62.98 Part 1. The authors’ data
9 11.23 12.37 12.62 2.416 22.86 4.373 53.29 Composition of saturated solutions in the M3PO,—(NH,4) ,HPO;—(NH,),SO,—H,O system
10 8.182 7.724 24.27 3.981 5.344 0.876 62.20
11 9.843 10.14 19.37 3.468 13.81 2.470 56.98 Soln N R0s SO N/PO, SO/PO,
12 8.538 8.013 17.29 2.820 11.61 1.892 62.56 no 10Gw; 100w; 100w;
13 9.855 9.888 13.01 2.268 18.61 3.243 58.52 R
14 11.18 12.09 9.451 1776 25.09 4711 54.29 L 6o 205 1emf_:20 c o1 008
15 11.15 12.10 10.72 2.023 24.05 4.533 54.08
16 9.586 9.651 17.99 3.147 14.10 2.465 58.32 2 5093 iiz 12343 :;E;:; %32
17 11.40 12.71 12.48 2.417 23.45 4.540 52.67
18 9.999 10.41 19.18 3.468 14.40 2.602 56.42 4 122 185 17.9 N 1.61 0.86
19 9.059 9.001 23.00 3.986 8.758 1511 59.10 . 104 a4 1em;:225 ¢ L5 000
20 8.256 7.891 26.23 4.358 4.082 0.678 61.43
21 8.752 8.895 33.18 5.860 0.29 0.052 57.77 6 11 283 70 1.55 0.22
7 9.9 19.9 9.9 1.64 0.44
8 11.4 18.8 13.7 1.79 0.65
Auxiliary Information temp=50 °C
Method / Apparatus / Procedure: Source and Purity of Materials: 9 138 318 106 1.59 031
An improved polythermic method was uskd. Chemically pure or reagent grade salts were used. They were 10 110 24.8 121 187 043
recrystallized twice and dried at 40-50°C. The material 11 18.1 26.1 28.2 179 0.96
designated “mixture” was prepared by grinding an equimolar 12 14.2 18.2 275 1.29 1.34

mixture of NHH,PO, and(NH,),HPQ, in a mortar.

Part 2. The compilers have used the data in Part 1 to calculate the following values
Estimated Error:

No information is given. Soln NH; H3PO, H,SO, H,O
no 10Gw; m;/mol™* kg™t 100w; mi/mol™* kg~* 100w; m;/mol™* kg™t 100w;
References:
L. N. Erayzer, I. M. Kaganskiy, Zavod. Lali, 119 (1967). 1 9.7 9.4 28.0 471 15 0.25 60.8
2 10.8 12.9 37.0 7.67 29 0.61 49.2
3 12.5 15.1 22.4 4.68 16.3 3.40 48.8
4 14.8 23.1 255 6.91 21.9 5.93 37.7
5 12.6 18.5 43.4 11.0 3.9 1.0 40.0
6 13.5 20.4 39.1 10.3 8.6 2.2 38.8
7 12.0 14.6 27.5 5.80 12.1 2.56 48.4
8 13.9 18.8 26.0 6.10 16.8 3.94 43.4
9 16.8 37.4 43.9 17.0 13.0 5.03 26.3
10 13.4 20.9 34.2 9.30 14.8 4.02 37.6
11 22.0 174 36.0 49.6 345 47.5 7.4
12 17.2 42.4 25.1 10.7 33.7 14.4 23.9

Comments and Additional Data:
The solubilities of NHH,PO, and (NH,),HPO, in the quaternary system NH,PO,—(NH,),HPO,—(NH,),SO;—H,O in the range
of N/PQ; = 1.0-2.0 may be calculated from Ed4) and(2), respectively.

S/(g/100g soliy=6.762—M)A/(5.76+ M) @
S/(g/100g soliy= —7.76/1—M)A/(5.76+ M) ©
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Ais the sum of solubilities of NgH,PO, and (NH,),HPQ, in the ternary system NHH,PO,—(NH,),HPO,—H,0 for a given value
of M. M=nN,/n, whereny; is the amount of nitrogen in N{,PO, and (NH,),HPQ,, andn, is the amount of the phosphate. The
amount of nitrogen in (Nig),SO, is not included in the ratimNy/n,,.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

Mixtures of NH;H,PO,, (NH,),HPO,, (NH,),SO, and water Chemically pure ammonium salts were used.
were placed in glass-stoppered bottles and heated on a water

bath at 90 °C. The bottles were allowed to settle at a given

temperature for 7 dayslf no crystals had formed, then seed  Estimated Error:

crystals were added and the mixtures were allowed to settle
for another 7 day$.Total nitrogen content in the saturated
solutions was determined by chemical analysis. The phosphate
and sulfate contents were determined @®¢and SQ,
respectively.

Nothing is specified

Components:

(1) Ammonia; NHs; [7664-41-7

(2) Phosphoric acid; PO,; [7664-38-3
(3) Sulfuric acid; HSO,; [7664-93-9
(4) Potassium oxide; kO; [12136-45-7
(5) Water; H,0; [7732-18-3

Original Measurements:

Z. N. Fokina, E. N. Kornishina, P. P. Kim, Tekhnologiya
Mineral'nykh Udobreniy(Leningrad 63-8 (1977.

Variables:
Composition at 80 °C.

Prepared By:

L. V. Chernykh and J. Eysseltova

Solubility isotherms in the NgH,PO,—H3;P0O,—K,S0O,—H,0 system at 80 °C

Experimental Data
Part 1. The authors’ data

Soln K,0 NH3 P,Os
no 10Qw; 100w; 100w; Solid phase
1 12.54 1.41 30.36 KHSPKH,PO,
2 11.02 2.63 32.38 KHSPKH,PO,
3 10.60 3.55 29.40 KHSPKH,PO,
4 10.20 5.20 28.60 KHSPKH,PO,
5 6.30 6.00 28.15 (K,NH,)H,PO,
6 7.29 5.70 29.80 (K,NH4)H,PO,
7 5.14 6.41 32.17 (K,NH,)H,PO,
8 2.32 6.61 30.76 (K,NH)H,PO,
9 9.03 0.30 40.00 KHSHKH,PO,
10 8.63 0.65 38.90 KHSPKH,PO,
11 7.36 2.49 39.00 KHSPKH,PO,
12 6.51 4.33 40.61 KHSOKH,PO,
13 5.28 4.82 40.40 (K,NJH,PO,
14 3.53 5.70 39.56 NiH,PO,
15 0.47 7.86 40.80 NfH,PO,

Part 2. The compilers have used the data in Part 1 to calculate the following values

Soln NH, HsPO, H,SO, K,0 H,0
no mi/mol~* kg~? 100w, mi/mol~* kg™t 100w; mi/mol~* kg~?! mi/mol~* 100w;
1 2.66 41.92 13.77 13.06 4.284 4.284 31.07
2 5.12 44.71 15.12 11.47 3.878 3.878 30.17
3 6.09 40.59 12.11 11.04 3.288 3.288 34.22
4 8.85 39.49 11.68 10.62 3.140 3.140 34.49
5 8.33 38.87 9.383 6.56 1.58 1.58 42.27
6 8.75 41.15 10.97 7.59 2.02 2.02 38.27
7 9.73 44.42 11.72 5.35 1.41 1.41 38.68
8 8.40 42.47 9.384 2.42 0.533 0.533 46.18
9 0.68 55.23 21.65 9.40 3.68 3.68 26.04
10 1.36 53.71 19.56 8.99 3.27 3.27 28.02
11 511 53.85 19.19 7.66 2.73 2.73 28.64
12 9.66 56.07 21.75 6.78 2.63 2.63 26.31
13 9.89 55.78 19.89 5.50 1.96 1.96 28.62
14 10.3 54.62 17.17 3.68 1.15 1.15 32.47
15 13.2 56.34 16.50 0.49 0.14 0.14 34.85

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials: Components: Evaluator:
No ir:\fc:jrmation 's given. The rf]:ompi[ers as;:me that the No information is given. (1) Ammonia; NH; [7664-41-7 J. Eysseltova Charles University, Prague, Czech Republic
methods were the same as those given earlier. (2) Phosphoric acid; kPO,; [7664-38-3 September, 1995

Estimated Error: (3) Hydrogen chloride; HCI[7647-01-Q

No information is given. (4) Water; HO; [7732-18-3

References: - —

1T, N. Baranova, N. T. Semkin, P. P. Kim, E. N. Kornishina, and Critical Bvaluation:

I. S. Nikandrov, Tekhnologiya Mineral'nykh Udobreniy 5.3. Solubility in the NH 3—H3PO4—HCI-H,0 System

(Leningrad 55 (1977). There is only one repdrthat presents data about the composition of solutions on the boundaries of the crystallization fields of
this system. Another artictedescribes the system as comprising JRHPO;, (NH,),HPO,, HCIl and HO as components at a
NH4/H3PO, ratio = 1.2. A visual compariso"nof the projections of the 293 K isotherm reported in Ref. 1 and the polytherm
reported in Ref. 2 shows an intersection at a position which appears to be reasonable so far as the composition of the saturated
solutions and the temperature are concerned. Therefore, these data are accepted tentatively.

There is a report of solubility data for that part of the quinary system-Ni,PO,— HCI-K,0—-H,0 where I—QPO4/N>1."
However, these data cannot be critically evaluated because of lack of other similar data. To a limited extent the data can be
compared with those for the NjH,PO,—KCI—-H,0 and (NH,),HPO,—KCI-H,0 system&.” It is difficult to compare these data
with each other because of different experimental conditions, but they will be discussed further in connection with the
NH; ,K*|[H,PO;, ,Cl-—H,0 system(see pp. 1366-1369, 1376

References:

IA. A. Volkov, O. E. Sosnina, Izv. Vuzov. Khim. Khim. Tekhndl7, 1725(1974.

2. N. Grantscharov, Dok. Bolg. Akad. Naw29, 669 (1976.

3J. Eysseltovato be published.

4. A. Polosin, M. I. Shakhparonov, Zh. Fiz. Khin2l, 119(1947).

5|, Karshev, K. Asitska, God. na VKhTI, Sofia 101970.

T. N. Baranova, N. T. Semkin, P. P. Kim, E. N. Kornishina, I. S. Nikandrov, Tekhnologiya Mineral'nykh Udohilesiyngrad
55 (1977.

7Z. N. Fokina, E. N. Kornishina, P. P. Kim, Tekhnologiya Mineral'nykh Udobreftigningrad 63 (1977).
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Part 2. The sum of the components in the data of Part 1 exceeds 100%. The compiler's opinion is that the concentration of salt
components and phosphoric acid do not refer to the solution but to the solute. On the basis of that assumption the compiler has
recalculated the data of Part 1 to give the following values

Components: Original Measurements:
1) Ammonia; NH; [7664-41- A. A. Volkov, O. E. Sosnina, Izv. Vuzov, Khim. Khim. Tekhnol.
22; Phosphoric z:(%id[; EPOy; [7264-38-3 17, 1725-6(1974). Soln NHs R HsPOy o HCl R H:0
(3) Hydrogen chloride; HCI[7674-01-Q no 100w; m;/mol™* kg 100 w; m;/mol™* kg 100w; m;/mol™* kg 100 w;
(4) Water; H,0; [7732-18-3
1 10.4 10.1 29.0 4.90 0 0 60.5
Variables: Prepared By: 2 12.3 17.3 46.1 11.3 0 0 41.6
Composition at 20 °C. J. Eysselfova 3 5.53 24.4 81.2 62.3 0 0 13.3
4 4.46 22.8 84.0 74.6 0 0 11.5
Experimental Data 5 1.41 7.76 77.6 74.3 10.3 26.5 10.7
Part 1. The authors present their data in the following form: 6 2.96 151 79.2 70.3 6.33 151 115
Solubility in the NH,*, H*|| PO,3~, CI"—H,O system at 20 °C 7 6.97 w00k 90.4 008 2.59 X008 0
8 6.61 8.43 38.1 8.44 9.31 5.55 46.0
Soln NH,CI HsPO, (NH,)3PO, H,0 Solid 9 7.11 7.02 20.8 3.57 12.6 5.79 59
no 10Qw; 100w; 100w; 100w; phase® 10 7.25 7.22 20.8 3.59 13.0 6.03 59.0
11 7.51 6.54 10.6 1.60 14.4 5.86 67.5
1 — 228 77.2 60.5 AB 12 8.63 7.19 3.82 0.552 17.1 6.63 705
2 — 38.6 61.4 41.6 BC 13 10.8 10.8 17.0 2.97 13.7 6.40 58.5 c
3 — 814 18.6 133 €D 14 125 15.9 36.0 7.98 5.56 3.31 46.0 Y
4 — 85.3 14.7 11.5 BE 15 12.1 14.3 28.6 5.84 9.24 5.07 50.0 g
5° 5.0 87.7 — 115 F 16 10.4 100 169 2.82 117 527 61.0 ]
6 10.5 89.5 — 11.5 F 17 10.4 9.39 9.31 1.46 15.3 6.45 65.0 <
3.8 79.4 16.8 — €D+F 18 10.2 8.74 4.60 0.685 16.7 6.69 68.5 ﬂ
8 253 625 12.2 46.0 €F 19 11.0 9.86 8.29 1.30 15.6 6.54 65.2 0
9 45.5 455 9.0 59.5 €F 20 9.73 8.66 16.6 2.57 7.63 3.17 66.0 O
10 46.4 45.1 8.5 59.0 €F 21 101 9.45 221 3.58 474 2.06 63.0 —
1 65.1 27.9 7.0 67.5 €F c
12 84.8 8.6 6.6 705 €F 2The molalities could not be calculated because the respective liquid phase was anhydrous. E
13 48.3 20.7 31.0 58.5 €F L
14 151 315 53.4 46.0 BC Auxiliary Information j
15 271 212 45.7 50.0 BCHF Method / Apparatus / Procedure: Source and Purity of Materials: W)
16 441 18.9 37.0 61.0 BF The isothermal method of sections 1, 2 was used with the aid Chemically pure HPQ,, recrystallized ammonium phosphates, >
17 64.1 8.8 271 65.0 BF of refractive index measurements. Seven sections were studiednd reagent grade N&I were used. (NH;)3PO, was ;
18 77.8 — 22.2 68.5 AF synthessized according to the method of Schottlatutedetails
19 65.6 35 30.9 65.2 AB+F given). Its solubility was 12.8%. %
20 32.9 14.1 53.0 66.0 AB by
21 18.8 18.7 62.5 63.0 AB Estimated Error: ﬁ
No information is given. wn

aThe solid phases are:A(NH,)3P0,- 3H,0; B=(NH,),HPO,; C=NH,H,PO,; D=3NH,H,PO,;-H3P0O,; E=NH,H,PQ,-HsPO,; F
=NH,Cl.

%In this solution, 0.073v (presumably of solute—compileHCI was present. 1References:. . . .
R. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. un-té1, 1
(1937.
E. F. Zhuravlev, A. D. Sheveleva, Zh. Neorg. Khifs). 2360
(1960.
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Part 2. The compiler has calculated the following values from the data in Part 1

Components: Original Measurements: Soln NH; L HaPOy L HCI I H,0
(1) Ammonia; NHy; [7664-41-7 I. N. Grantscharov, Dokl. Bolg. Akad. Nauo, 669-72(1976. no 10Gw; mi/mol™* kg 100w, mi/mol™* kg 100w, mi/mol™* kg mass %
(2) Phosphoric acid; EPOy; [7664-38-3

(3) Hydrogen chloride; HCI[7647-01-Q 1 6.2 4.5 0.0 0.0 13.3 4.53 80.5
(4) Water; HO; [7732-18-3 2 6.3 4.8 35 0.46 12.0 421 78.2
3 6.4 4.8 4.4 0.58 11.7 4.12 77.6
Variables: Prepared By: 4 5.8 4.4 7.3 0.95 9.3 33 77.7
Composition and temperature. J. Eysseltova 5 5.8 4.4 8.4 1.1 8.6 3.0 77.4
6 52 3.9 11.7 1.54 5.8 2.0 775
Experimental Data 7 4.8 3.6 11.6 151 5.2 1.8 78.5
Part 1. The author presents his data as follows: 8 4.6 35 15.9 2.10 2.7 0.97 77.0
Monovariant points in the NfCI-NH4H,P0O,—(NH,),HPO,—H,0 system when the ratio Nj:H3;PO, = 1.2 9 4.3 33 16.2 2.13 2.0 0.72 77.6
10 4.3 3.3 19.1 2.55 0.7 0.2 76.2
Point NH,CI (NH,)1 2H: PO, H.0 Solid 11 4.4 34 209 2.84 0.0 0.0 75.0
no 100w, 100w; 100w uec phase’ 12 6.9 5.4 42 0.56 13.0 4.67 76.0
1 195 00 805 145 ALB 13 7.6 6.1 4.7 0.65 14.2 5.32 73.5
’ ' ' ' 14 8.2 6.8 4.8 0.69 15.5 5.93 715
2 17.6 4.2 78.2 —-15.2 A+B
3 171 5.3 776 _150 ALC 15 8.9 7.6 5.7 0.84 16.6 6.59 68.9
' ' ' ' 16 9.3 8.1 6.3 0.95 17.2 7.00 67.3
4 13.6 8.7 77.7 —13.5 A+C
5 126 10.0 774 ~120 ALC 17 9.7 8.6 7.1 1.1 175 7.30 65.8
: : ’ ’ 18 10.3 9.64 8.4 14 18.4 8.01 63.0
6 8.5 14.0 77.5 -11.0 A+C
7 76 139 785 -10.0 A+C B )
8 4.0 19.0 77.0 _75 A+C Auxiliary Information
° 3.0 104 7.6 —T4 AtC Method / Apparatus / Procedure: Source and Purity of Materials:
10 10 22.8 76.2 —64 A+C A visual polythermic method was used. The apparatus was  Reagent grade salts were recrystallized and dried at 30—50 °C.
11 0.0 25.0 75.0 -538 A+C self-constructed.
12 19.0 5.0 76.0 -75 B+C
13 20.9 5.6 735 0.0 BC Estimated Error:
14 22.7 5.8 715 9.5 BC No information is given.
15 24.3 6.8 68.9 19.0 BC
16 25.2 75 67.3 256 BC References:
17 25.7 85 65.8 305 BC 1. N. Grantscharov, D. G. Ivanov, God. na VKhT5, 127
18 27.0 10.0 63.0 41.0 BC (1968.

2The solid phases are: A ice; B=NH,Cl; C=NH,H,PO,.

The following two empirical equations are also given in the paper.
N+P,05=a+b(P,0s/N) (1)
This is valid in all crystallization fields in this system. N angDR are the respective concentrations in mass %. a and b are constants
which depend only on temperature.
N+P,05=7.29+0.10% + 2.6 15P,05/N)+0.0453 (P,05/N) @)
This equation is valid only in the crystallization field of NH,PO,.

9GET
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Components:

(1) Ammonia; NHs; [7664-41-1

(2) Phosphoric acid; EPOy; [7664-38-3
(3) Hydrogen chloride; HCI[7647-01-Q
(4) Potassium oxide; ¥O; [12136-45-7
(5) Water; H,0; [7732-18-3

Original Measurements:

T. N. Baranova, N. T. Semkin, P. P. Kim, E. N. Kornishina, I. S.
Nikandrov, Tekhnologiya Mineral’'nykh Udobreniy.eningrad

55-9(1977.

Variables:
Composition at 20 and 80 °C.

Prepared By:

L. V. Chernykh and J. Eysséltova

Experimental Data

The authors present their data in the following form. Solubility isotherms in thgHNPIO,— H3PO,—KCI-H,0 system

K,0 NH3 P,05
Soln no 100w; 100w, 100w; Solid phase
temp=20 °C
1 10.22 2.20 16.23 KEPO,
2 7.40 2.30 15.94 (K,NH,)H,PO,
3 4.59 3.14 17.26 (K,NH,)H,PO,
4 2.06 3.64 18.61 (K,NH,)H,PO,
5 1.95 351 17.17 (K,NH,)H,PO,
6 8.00 2.04 31.44 (K,NH,)H,PO,
7 7.46 2.45 26.76 (K,NH,)H,PO,
8 6.32 2.50 29.83 (K,NH,)H,PO,
9 4.61 3.64 31.26 (K,NH,)H,PO,
10 1.77 4.15 30.50 (K,NH,)H,PO,
11 6.80 2.04 53.80 KEPO,
12 5.51 2.62 51.78 (K,NH4)H,PO,
13 471 3.03 51.10 (K,NH,)H,PO,
14 3.10 3.70 50.98 (K,NH,)H,PO,
15 1.70 4.98 52.85 NkH,PO,
temp= 80 °C
16 12.68 0.78 26.82 KCl
17 12.42 1.50 28.72 KClI
18 11.15 2.64 29.93 KClI
19 9.15 5.04 26.90 (NHg4,K)H,PO,
20 8.49 5.59 26.09 (NH4,K)H,PO,
21 5.53 5.90 30.29 (NHy4,K)H,PO,
22 4.18 6.31 29.70 (NH,4,K)H,PO,
23 2.83 6.28 29.76 (NH,4,K)H,PO,
24 11.08 0.84 35.60 KClI
25 10.39 4.56 34.26 KCI
26 8.98 4.80 34.08 (NH,4,K)H,PO,
27 7.75 3.62 35.00 (NH4,K)H,PO,
28 5.83 6.07 34.62 (NH4,K)H,PO,
29 3.15 6.61 36.42 (NH4,K)H,PO,
30 1.92 6.68 32.40 NjH,PO,
31 0.74 7.10 35.75 NEH,PO,
32 0.35 7.22 34.65 NEH,PO,
33 9.53 0.87 39.45 KClI
34 9.50 1.47 37.11 KCI
35 9.17 1.54 42.10 KCI
36 8.80 2.68 42.60 KCl
37 7.64 4.36 42.15 KCI
38 5.00 5.10 40.10 (K,NH,)H,PO,
39 4.30 6.18 39.80 (K,NH,)H,PO,
40 1.50 6.58 38.31 NiH,PO,
41 0.80 7.22 42.65 NkH,PO,
42 0.23 7.02 41.45 NEH,PO,
43 9.28 0.65 44.16 KCI
44 8.30 2.80 44.90 KClI
45 7.71 5.05 44.33 KCI
46 7.68 4.60 44.48 KCI
47 4.32 6.07 43.78 (K,NH,)H,PO,
48 0.74 7.22 44,01 NkH,PO,
49 0.67 7.32 45.67 NjH,PO,
50 0.49 7.70 45.79 N§H,PO,

Compiler's Remark: Recalculation of the data to other coordinates is impossible due to lack of data about the chloride contents in the

saturated solutions.

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materials:

The only information given is that the solutions were analyzed No information is given

for P,Os, K,0, NHz and CI'. The composition of the solid

phase was determined by chemical analysis, petrographically Estimated Error:

and with the aid of IR spectroscopy.

No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components: Evaluator: Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; WH,PO,; [7722-76-1 J. Eysseltova Charles University, Prague, Czech Republic, (1) Ammonium dihydrogenphosphate; H,POy; D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
(2) Diammonium hydrogenphosphat@H,),HPOy; September 1995 [7722-76-1 Inst., Sofiyal3, 165-82(1966.

[7783-28-Q (2) Diammonium hydrogenphosphat@&H,) ,HPOy;

(3) Urea; CHN,0; [57-13-§ [7783-28-Q

(4) Water; H,0; [7732-18-3 (3) Urea; CHN,0; [57-13-6

(4) Water; H,0; [7732-18-3

Critical Evaluation: Variables: Prepared By:
e Temperature and composition in solutions with aNtPO, J. Eysseltova
6.1. Solubility in the NH ,H,PO,—(NH,),HPO,—Urea—H,0O System ratio = 1.8. N

Many different subsystema may be selected in theeNH#PO,—H,O system. One of them, the ternary system,NsPO,—
(NH,4),HPO,—H,0, is of special importance. Many studies of multicomponent systems formed by the addition of further

compounds to this system have been reported. One such systejH,R6,—(NH,),HPO;—urea—HO, has been investigated by Experimental Data

Ivanov and Grantschardv? They studied the parts of the system where theyRyDs ratio is 1.4, 1.5, 1.6, 1.7, 1.8 and 1.9. In Part 1. Solubility values in the Q®H,),—NH,H,PO,—(NH,),HPO,—H,OB system in solutions having a mol ratio Wi;PO,=1.8
their reports they also included nomograms for calculating total plant food ¢aftEhe only other work that can be compared All compositions are expressed as 100

with the work of Ivanov and Grantscharov is the work of Kaganskiy and Babthkbe latter report discusses a study of the

sytem where the NKIP,O; ratio is 1.5. The plant food values reported in Ref. 10 are given in Table I. This Table also includes Soln no 8 N(NHj) N(ur) N(tot) P,0s N+P,05 N:P,O5 TIKP Solid phase

the plant food values calculated by using the nomograms of Ivanov and GrantstHare\agreement is fairly good which
indicates some validity for the nomograms of Ivanov and Grantscharov. But further independent experimental work is needed

1 63 2.47 2351 25.98 6.95 32.93 1:0.27 339.5 (NH,),HPO,
before a more detailed evaluation can be made. 2 63 1.23 26.45 27.68 3.47 31.15 1:0.13 3135 urea
st o ot konen o oy e otr ooy oo e 5~ a0 m@ - w0 s i el
diffgreznce‘:s in thg 2com;:::)nents u'zed e){lnd in the experimental conditions that prevailed. 4 61 239 22.17 25.16 6.73 31.98 Lo27 328.4  (NH,),HPO,

5 61 1.20 25.61 26.81 3.37 30.18 1:0.13 309.6 urea

Table I. The total plant food in the Njl,PO,—(NH,),HPO,—urea—HO system at a N§IP,Os ratio of 1.5 and temperatures of 0 and 6 61 — 28.50 28.50 — 28.50 1:0.00 310.8 urea

10°C 7 59 3.47 19.26 22.73 9.86 32.59 1:0.43 338.1 (NH,),HPO,

8 59 2.31 22.02 22.33 6.51 30.84 1:0.27 303.1 urea

Plant food values/10@(N+ P,Os) 9 59 1.15 24.77 25.92 3.25 29.17 1:0.13 305.0 urea

10 59 — 2750 27.50 — 27.50 1:0.00 306.7 urea

temp=0°C temp=10°C 11 57 4.47 15.96 20.43 12.58 33.01 1:0.62 338.8 (NH,),HPO,

exptft caled? exptf caled 12 57 3.35 18.62 21.97 9.44 31.41 1:0.43 325.1 (NH,),HPO,

184 05 12 o1 13 57 2.23 21.28 2351 6.29 29.80 1:0.27 298.6 urea

14 57 1.12 23.93 25.05 3.15 28.20 1:0.13 301.6 urea

217 224 23.98 244 15 57 — 26.60 26.60 — 26.60 1:0.00 302.8 urea

253 25.6 218 271 16 55 10.78 — 10.78 30.35 41.13 1:2.82 338.8 (NH,),HPO,

29.0 29.8 30.46 s0.7 17 55 9.70 2.57 12.27 27.31 39.58 1:2.23 337.7 (NH,),HPQ,

34.5 822 35.0 34.0 18 55 8.62 5.13 13.75 24.28 38.03 1:1.77 337.6 (NH,),HPO,

332 324 36.4 343 19 55 7.54 7.70 15.24 21.24 36.48 1:1.39 337.0 (NHy),HPO,

333 32.4 37.6 34.5 20 55 6.47 10.26 16.73 18.21 34.94 1:1.09 335.4 (NH,),HPO,

31.64 34.6 36.1 355 21 55 5.39 12.83 18.22 15.17 33.39 1:0.83 331.4 (NH,),HPO,

353 36.5 22 55 431 15.40 19.71 12.13 31.84 1:0.62 321.9 (NH,),HPO,

35.0 37.9 23 55 3.23 17.96 21.19 9.10 30.29 1:0.43 308.0 (NH,),HPO,

Experimental valugs from Ref 10, 24 55 2.15 20.53 22.68 6.07 28.75 1:0.27 293.8 urea

bCalculated values using the nomograms in Ref. 4. 25 55 1.08 23.09 24.17 3.03 27.30 1:0.13 296.4 urea

26 55 — 25.60 25.60 — 25.60 1:0.00 298.8 urea

References: 27 52 10.19 — 10.19 28.69 38.88 1:2.82 325.0 (NH,),HPO,

ID. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol. Inst. Sofia165 (1966. 28 52 9.7 243 11.60 25.82 87.42 1223 323.9 (NH,),HPO,

2D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol. Inst. Sofi§a153 (1968. 29 52 8.15 4.85 13.00 22.95 35.95 L1 3228 (NH,),HPO,

3. N. Grantscharov, D. G. Ivanov, God. Vissh. Khimikotekhnol. Inst. Sofi§a127 (1970. 30 52 713 728 1441 20.08 34.49 1:1.39 3215 (NH,):HPO,

“D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol. Inst. Sofi§a159 (1970. 31 52 6.11 9.70 1581 17.21 33.02 1:1.09 3182 (NH,).HPO;

5D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol. Inst. Sofi§a227 (1970. 32 52 5.09 1213 17.22 14.34 81.56 L1083 312.8 (NH,)oHPO,

6 ) - ) 33 52 4.08 14.55 18.63 11.47 30.10 1:0.62 303.7 (NH,),HPO,
I. N. Grantscharov, D. G. Ivanov, God. Vissh. Khimikotekhnol. Inst. Sofi$a335 (1970.

D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol. Inst., Sofi§a349 (1970. 34 52 3.06 16.98 20.04 8.61 28.65 1043 26867 (NH);HPO,

8. N. Grantscyharov D.G. Ivanov' Miner. Torove. Nauch Tekh. Konfy. 2nd A®70. ot 52 2.04 19.41 2145 5.74 27.19 1027 2892 urea

N Grantscharovy D.G Ivanov’ Khimiya i Industriyia, 63 (1971 % 52 102 21.83 2285 2817 2512 1013 292.2 urea

10AI M Kaganskiy. A M éabenko‘ Zh. Prikl Khin(Leniagrad 43, é421(1970 e 52 o 24.30 2430 . 2430 1000 2933 urea

- M- AN » 4N Pkl c d : 38 50 9.80 — 9.80 27.58 37.38 1:2.82 315.8  (NH,),HPO,

LA, V. Slack, J. D. Hatfield, H. B. Shaffer, J. C. Driskell, J. Agr. Food Ch&m404 (1959.
12, M. Kaganskiy, A. M. Babenko, Izv. Obl. Neorg. Tekhnol. 69-772.
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Part 2. The compiler has recalculated the data in Part 1 to give the following concentration values

Soln CQNH,), (NH4),HPO, NH,4H,PO,
Soln no 10Q; m;/mol~* kg™t 100w, m;/mol * kg~* 100w; mi/mol~* kg~!
no g N(NH3) N(ur) N(tot) P,0Og N+P,05 N:P,05 TIKP Solid phase

1 50.43 22.71 10.33 2.11 2.27 0.53
2 56.74 25.54 5.13 1.05 1.16 0.27
39 50 8.82 2.33 11.15 24.83 35.98 1:2.23 314.5 (NH,),HPO, 3 63.06 28.43 0.00 0.00 0.00 0.00
40 50 7.84 4.66 12.50 22.07 34.57 1:1.77 312.9 (NH,),HPO, 451 gg-gg gg-% g gg é-gg %3% 8-4212
41 50 6.86 7.00 13.66 19.31 33.17 1:1.39 311.3  (NH,),HPO, 6 61.13 26.19 0.00 0.00 0.00 0.00
42 50 5.88 9.33 15.21 16.55 31.76 1:1.09 307.5 (NH,),HPO, ; 2%2% ig-ilig 13'23 %;"’S g?g S'Zé
43 50 4.90 11.66 16.56 13.79 30.35 1:0.83 300.8 (NH,4),HPO, 9 53.13 2158 478 0.88 110 023
44 50 3.92 13.99 17.91 11.03 28.94 1:0.62 290.2  (NH,),HPO, 10 58.99 23.95 0.00 0.00 0.00 0.00
11 34.23 13.26 18.68 3.29 411 0.83
45 50 2.94 16.33 19.27 8.27 27.54 1:0.43 283.2 urea 12 39.94 15.48 13.98 2.46 3.12 0.63
46 50 1.96 18.66 20.62 5.52 26.14 1:0.27 285.7 urea 13 45.65 17.69 9.30 1.64 2.10 0.42
14 51.33 19.89 4.69 0.83 1.02 0.21
47 50 0.98 20.99 21.97 2.76 24.73 1:0.13 288.5 urea 15 57.06 2212 0.00 0.00 0.00 0.00
48 50 — 23.30 23.30 — 23.30 1:0.00 289.8 urea %g g-gg (23-82 1(53'23 Z;SS g-gg %%
49 48 9.41 9.41 26.48 35.89 1:2.82 305.4  (NH4),HPO, 18 11.00 407 35.99 6.06 7.99 154
50 48 8.47 2.24 10.71 23.84 34.55 1:2.23 304.4 (NH,),HPO, %g %gg% g-ﬁ 2%‘33 i-gg ;-gg ‘Ii?,
51 48 7.52 4.48 12.00 21.19 33.19 1:1.77 303.1 (NH,4),HPO, 21 27.52 10.18 2253 379 4.96 0.96
52 48 6.58 6.72 13.30 18.54 31.84 1:1.39 299.4  (NH,),HPO, §§, gggg ﬁ%g %g% g% g-gg 8;;
53 48 5.64 8.96 14.60 15.89 30.49 1:1.09 294.8  (NH,4),HPO, 24 44.04 16.30 8,95 151 204 0.39
54 48 4.70 11.20 15.90 13.24 29.14 1:0.83 289.5 (NH,),HPO, %g éi.gi %g.gg g.gg 8.(7)8 ggg g.ég
55 48 3.76 13.44 17.20 10.59 27.79 1:0.62 275.7  (NH,),HPO, 27 0.00 0.00 4257 6.71 9.41 1.70
56 48 2.82 15.68 18.50 7.95 26.45 1:0.43 279.2 urea 28 5.21 1.81 3831 6.04 8.47 153
29 10.40 3.61 34.04 5.37 7.54 1.36
57 48 1.88 17.92 19.80 5.30 25.10 1:0.27 282.0 urea 30 15.62 5.41 29.62 467 6.74 1.22
58 48 0.94 20.15 21.09 2.65 23.74 1:0.13 283.3 urea 31 20.81 7.21 2551 4.02 5.66 1.03
32 26.02 9.02 21.25 3.35 4.73 0.86
59 48 — 22.40 22.40 — 22.40 1:0.00 296.1 urea 33 31.21 10.83 17.08 2.69 3.71 0.67
60 45 8.83 — 8.83 24.85 33.68 1:2.82 291.1  (NH,),HPO, gg ig-gg ﬁ‘% lg-gg %gé %-g% 8-%
61 45 7.94 2.10 10.04 22.37 3241 1:2.23 287.0 (NH,),HPO, 36 46.83 16.25 406 067 094 017
62 45 7.06 4.20 11.26 19.88 31.14 1:1.77 287.0 (NH,),HPO, g; 53-3(2) lg-&g 43-89 g-gg 8-8(1) (l)-gg
63 45 6.18 6.30 12.48 17.40 29.88 1:1.39 284.0 (NH,),HPO, 39 5.00 1.66 36.85 558 813 141
64 45 5.30 8.40 13.70 14.91 28.61 1:1.09 278.9  (NH,),HPO, 32 %g-gg g-gg gg-gg 3-22 253 i-%g
65 45 4.41 10.51 14.92 12.42 27.34 1:0.83 271.7  (NH4),HPO, 42 20.01 6.66 2458 372 541 094
66 45 3.53 12.61 16.14 9.94 26.08 1:0.62 270.8 urea ﬁ %g-gi g-gg ig-ég g-‘llg g-gg 8'(752
67 45 2.65 14.71 17.36 7.45 24.81 1:0.43 273.8 urea 45 35:03 11‘.67 12:30 1286 2‘.69 0247
68 45 1.76 16.81 18.57 476 23.54 1:0.27 277.1 urea 46 40.03 13.34 8.19 1.24 1.81 0.32
47 45.02 15.00 4.09 0.62 0.91 0.16
69 45 0.88 18.91 19.79 2.48 22.27 1:0.13 280.2 urea 48 49.98 16.64 0.00 0.00 0.00 0.00
70 45 — 21.00 21.00 — 21.00 1:0.00 281.5 urea 49 0.00 0.00 39.34 5.73 8.64 1.44
50 4.80 1.54 35.40 5.15 7.80 1.30
71 43 8.43 — 8.43 23.73 32.16 1:2.82 282.5 (NH4),HPO, 51 9.61 3.08 31.39 457 7.00 1.17
72 43 7.58 2.01 9.59 21.35 30.94 1:2.23 281.7  (NH,),HPO, 52 14.41 4.62 27.46 4.00 6.12 1.02
53 19.22 6.15 23.54 3.43 5.24 0.88
73 43 6.74 4.01 10.75 18.93 29.73 1:1.77 278.0  (NH,),HPO, 54 24.02 7.69 19.62 2.86 4.36 0.73
74 43 5.90 6.52 11.92 16.61 28.53 1:1.39 2741 (NH,),HPO, gg gg-gg 1%%2 ﬁ;g i%ﬁi g-gﬁ %ii
75 43 1.69 16.05 17.74 4.75 22.49 1:0.27 272.8 urea 57 38:44 12:32 7:84 1_'14 1:76 0:29
76 43 0.84 18.06 18.90 2.37 21.27 1:0.13 274.8 urea 58 43.22 13.85 3.92 0.57 0.88 0.15
59 48.05 15.40 0.00 0.00 0.00 0.00
&This is a number characterizing the respective section. It is close to, but not identical with the total salt content of the system. gg ggg ggg gg?}‘ igg g%g %ig
PThis is the temperature of crystallization. 62 9.01 2.73 29.49 4.06 6.53 1.03
63 13.51 4.09 25.82 3.56 5.71 0.90
64 18.02 5.46 22.17 3.05 4.85 0.77
65 2254 6.83 18.42 254 4.08 0.65
66 27.05 8.20 14.75 2.03 3.26 0.52
67 31.55 9.56 11.09 1.53 2.41 0.38
68 36.06 10.87 7.72 1.06 0.99 0.16
69 40.56 12.29 3.67 0.51 0.82 0.13
70 45.05 13.65 0.00 0.00 0.00 0.00
71 0.00 0.00 35.23 4.68 7.77 1.18
72 4.31 1.26 31.65 4.20 7.03 1.07
73 8.60 251 28.15 3.74 6.23 0.95
74 13.99 4.16 24.65 3.34 5.44 0.85
75 34.43 10.06 7.08 0.94 1.53 0.23
76 38.74 11.32 3.50 0.47 0.79 0.12

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 3. Comments and Additional Data:
The authors presented the following equations relating total plant food to temperature and fO4fhergtio.

N+P,0s=a+b(T—273.16 P,Og/Nisconstant [1] the equilibrium solid phase is constant Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
N-+P,05=c+d(P,Os/N) T is constant [2]  the equilibrium solid phase is constant [7722-76-1 Inst., Sofiya,13, 153-68(1968.
N+P,0s=e+f(P,05/N)+g(T—273.16(P,0/N)"  [3]  the equilibrium solid phase is constant (2) Diammonium hydrogenphospha@/H,),HPO,;
The values of the constants are summarized in the Table below. g:tsﬁf:-ngo; [57-13-6
Table of constants for the equations. (4) Water; H0; [7732-18-3
Mass ratio Values of the constants Temperature Variables: Prepared By:
P205/N a b K Composition at 0 °C and the ratio NHH;PO, = 1.7. J. Eysseltova
2.82 30.78 0.157 273.16-338.16
2.23 29.80 0.151 273.16-338.16 Experimental Data
177 29.20 0.137 273.16-338.16 Part 1. Solubility in the (NH),HPO,;—NH;H,PO;—CQO(NH,),—H,0 system at 0 °C
1.39 28.50 0.124 273.16-338.16 Soln NP NP? urea HO N P,0s s Solid
1.09 28.10 0.108 273.16-338.16 no 10Qw; 100w; 100w; 100w; 100w; 100w; 100w; w; (N)/w; (P,05) phasz’il
0.83 27.50 0.100 273.16-338.16
0.62 27.53 0.085 275.66-343.16 1 32.83 12.26 0.00 54.91 8.46 25.21 33.67 1/2.98 A
0.43 27.60 0.075 288.66-343.16 2 29.73 11.10 4.54 54.63 9.76 22.84 32.60 1/2.34 A
0.43 24.60 0.295 273.16-288.66 3 26.55 9.91 9.12 54.42 11.08 20.39 31.47 1/1.84 A
0.27 2261 0.282 273.16-303.16 4 23.60 8.81 13.89 53.70 12.57 18.11 30.68 1/1.44 A
0.13 20.85 0.257 273.16-315.66 5 20.72 7.73 18.97 52.58 14.18 15.88 30.06 11.12 A
0.00 19.14 0.250 273.16-315.66 6 17.62 6.57 24.18 51.63 15.87 13.48 29.35 1/0.85 A
7 14.66 5.47 30.20 49.67 17.84 11.23 29.07 1/0.63 B
8 10.19 3.81 32.69 53.31 17.83 7.85 25.68 1/0.44 B
Temperature Values of constants Mass ratio 9 6.54 244 35.02 55.10 18.49 2.99 23.48 1/0.27 B
K ¢ d P205/N 10 3.15 1.17 38.89 56.79 18.97 2.46 21.43 1/0.13 B
273.16 26.25 1.59 2.82-0.83 aN,P=(NH,),HPO,; NP=NH,H,PO,.
283.16 27.00 1.90 2.82-0.83 PThe solid phases are:#ANH,),HPO,; B=CO(NH,),.
293.16 27.80 2.20 2.82-0.83
303.16 28.69 2.46 2.82-0.83
313.16 29.60 2.78 2.82-0.83 The compiler has used the data above to calculate the following molalities.
273.16 19.14 12.70 0.62-0.00
283.16 21.60 13.70 0.43-0.00 Soln (NH,),HPO, NH,4H,PO, CO(NH,),
no mi/mol~! kg mi/mol~! kg™ mi/mol~* kg~?!
Equilibrium Values of the constants
. 1 4.526 1.941 0.00
solid phase e f g h
2 4.120 1.766 1.38
(NH,),HPO, 26.27 1.6 0.108 0.392 3 3.693 1.58 2.79
CO(NH,), 19.17 12.675 0.3263 0.1159 4 3.327 1.43 4.307
5 2.983 1.28 6.087
6 2.584 1.11 7.798
Comment: The equations describe the experimental data with a relative errai0d%. 7 2.234 0.957 10.12
Auxiliary Information 8 1.450 0639 1023
9 0.899 0.385 10.85
Method / Apparatus / Procedure: Source and Purity of Materials: 10 0.420 10.179 11.40
A visual polythermic method was used. The apparatus Reagent grade urea, NH,PO, and (NH,;),HPO, were

consisted of 2 thermostated reaction vessels, the contents of recrystallized before being used.
which were stirred vigorously. The appearance/disappearance

of the Ia_gt crystal was 9_bs¢_erved wlth a stereomlcroscop_e. The Estimated Error:

composition of the equilibrium solid phases was determined
analytically. Nitrogen(total and ammoniacpalvas determined
by the Kjeldahl method. Phosphate ions were precipitated as
NH4MgPQ,- 6H,0 and the excess Mg was titrated
complexometrically using eriochrome black T as indicator.

The reproducibility of the crystallization temperature was within
0.3 K. For the correlations see EXPERIMENTAL VALUES.
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Part 2. Comments and Additional Data:
The authors present isotherms for 15 and 30 °C, but only in graphical form. The authors also present the following equations to ex=z

press the dependence of total plant food on both temperature andQ@g@Fatio. Components: Original Measurements:
] (1) Ammonium dihydrogenphosphate; H,POy; I. N. Grantscharov, D. G. lvanov, God. Vissh. Khimikotekhnol.
N+P,0s=a+bT (P,0s/Nis constant  [1] [7722-76-1 Inst., Sofijal5, 127-52(1970.
N+P,05=c+d(P,0¢N) (T is constant [2] (2) Diammonium hydrogenphosphat@H,),HPOy;
[7783-28-Q
N+P,05=e+f(P,04/N)+gT(P,0¢/N)"  [3] (3) Urea; CHN,0; [57-13-§
For each of the above three relationships, the equilibrium solid phase is constant. The values of the constants are summarized iifhyater; HO; [7732-18-§
Tables below.
Variables: Prepared By:
Mass ratio Values of the constants Temperature Composition at 273 K in a solution with a NHH;PO, ratio J. Eysseltova
P,04/N a b °c =19
2.98 33.67 0.146 0-55 Experimental Data
234 32.60 0.137 0-55 Part 1. The authors’ data
1.84 31.47 0.131 0-55 Solubility values in the NiH,PO,~(NH,) ;HPO;~CQONH,) ,—H,0 system at 0 °C and a mol ratio NAH;PO, = 1.9
1.44 30.68 0.117 0-55
1.12 30.06 0.102 0-55 NH,4H,PO, (NH,)2NPO, CO(NH,), H,0 Niot N+P,05 Mass ratio Solid
0.85 29.35 0.094 0-55 100w; 100w; 100w; 100w; 100w; 100w; N/P,0O5 phasé E
0.63 29.07 0.082 4-55 o
0.44 25.68 0.274 0-16 3.40 35.06 0.00 51.54 7.76 28.40 1/2.67 A >
0.27 23.48 0.268 0-27 3.09 31.81 3.88 61.22 8.62 27.93 1/2.13 A Q
013 21.43 0.254 0-45 2.84 28.80 7.92 60.44 10.18 27.38 1/1.69 A Z
2.50 25.78 12.12 59.60 11.32 26.83 1/1.37 A )
2.20 22.60 16.54 58.66 12.76 26.29 1/1.06 A —
Temperature Values of constants Mass ratio 1.83 19.14 20.98 58.05 13.93 25.49 1/0.83 A [02)
°C c d ROs/N 1.55 15.96 26.27 56.22 15.86 25.38 1/0.60 A @)
1.20 12.36 31.67 54.77 17.94 25.25 1/0.42 +B E
0 27.77 2.01 0.69-2.98 0.78 8.04 35.26 55.92 18.29 23.05 1/0.26 B w
10 28.47 229 0.63-2.98 0.37 3.88 38.25 57.50 18.77 21.02 1/0.12 B —
20 29.19 253 0.63-2.98 —
30 29.94 2.83 0.63-2.98 2The solid phases are:sANH,),HPO,; B=CO(NH,),. <
0 19.24 14.44 0.10-0.60 ) ) y o
10 21.93 15.00 0.10-0.52 Part 2. The compiler has used the above data to calculate the following molalities )_>|
20 24.39 15.67 0.10-0.39 NHZH,PO, (NH,),HPO, CONH,), >
m;/mol™* kg™t m;/mol~* kg™t m;/mol~* kg™t (9]
Equilibrium Values of the constants m
solid phase e f g h 0.48 4.31 0.00 E
0.4 3.93 1.06 m
(NH,),HPO, 27.76 2.01 0.099 0.382 0.41 361 218
CO(NHy)» 19.43 14.48 0.292 0.072 0.36 3.28 3.39
0.33 2.92 4.69
. . . X . X 0.27 2.50 6.02
Comment: Equations(1) and(2) describe the experimental data with a relative error-6£5—1.0%. For Eq(3) the error is*=1.5%. 024 215 778
Auxiliary Information 0.19 1.71 9.63
0.12 1.09 10.50
Method / Apparatus / Procedure: Source and Purity of Materials: 0.06 0.51 11.08
All experimental details have been described eatlier. Reagent grade urea, NH,PO, and (NH,),HPO, were
recrystallized before being used. Comments and Additional Data:
The authors present solubility polytherm and the isotherms at 15 and 30 °C in graphical form. In addition, they report the constants for
Estimated Error: empirical equations describing the solubility in the system under consideration. These linearizations are discussed in the Critical
No information is given. For correlations see EXPERIMENTAL Evaluation.
VALUES. The authors present the following equations to express the dependence of total plant food on both temperature and the P20O5/N ratio.
N+P,0s=a+bT (P,Og/N is constant [1]
?eferences: _ N+P,05=c+d(P,0¢N) (T is constant [2]
D. G. Ivanov and I. N. Grantscharov, God. Vissh.
Khimikotekhnol. Inst., Sofiyd.1, 165 (1966. N+P,0s=e+f(P,0s/N)+gT(P,0s/N)h 3]
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The equilibrium solid phase is constant in each of the above three relationships. The values of the constants are summarized in the Table
below.
Mass ratio Values of the constants Temperature Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
P20s/N a b °C [7722-76-] Inst., Sofiya,15, 159-70(1968.
267 841 014 0-60 E%ggg:}r_r:)omum hydrogenphosphat®&yH,) ,HPO,;
2.13 27.94 0.135 0-60 (3) Urea; CHN,O; [57-13-§
1.69 27.39 0.131 0-60 (4) Water; HO; [7732-18-3
1.37 26.82 0.120 0-60
1.06 26.29 0.119 0-60 Variables: Prepared By:
0.83 25.49 0.109 0-60 Temperature and composition in solutions J. Eysseltova
0.60 2537 0.102 0-60 with a NHz/H3PO, ratio = 1.4 and 1.5.
0.26 23.05 0.256 0-19
0.12 21.02 0.266 0-40 Experimental Data
Data for some sections through the solubility polytherms at constant total salt concentration, and isotherms at 0, 15 and 30 °C are
given in graphical form. The authors also give the following equations expressing the dependence of total plant food on both
Temperature Values of constants Mass ratio temperature and the,8/N ratio.
°C c d ROs/N
N+P,05=a+bT (P,0OsN) is constant [1] The equilibrium solid phase is constant
0 24.18 1.68 0.42-2.67 N+ P,05=c+d(P,OsN) (temperature is constant) [2] The equilibrium solid phase is constant
10 25.18 1.85 0.50-2.67 N+ P,05=2a; + by (P,OsN) + ¢, T+ d; T(P,O5N) [3] The equilibrium solid phase is constant
20 26.11 2.07 0.60-2.67 N+ P,05=e+f(P,0sN) +gT(P,0sN)" [4] The equilibrium solid phase is constant
30 27.19 2.19 0.60-2.67
40 28.25 231 0.60-2.67 Equation(3) is used when the N#P,Os ratio is 1.4; Eq.(4) is used when the ratio is 1.5.
0 1933 13.60 0.10-0.40 Table 1. Constants for Eqél)—(4)
10 21.66 15.60 0.10-0.33
Mass ratio Values of constants Temperature interval
Equilibrium Values of the constants P,05/N a b °C
solid phase e f g h
mol ratio of NHy/H3;PO, = 1.4
(NH,),HPO, 24.49 157 0.115 0.226 3.62 32.10 0.271 0-50
2.74 31.23 0.263 0-60
2.10 30.30 0.273 0-60
Comment: Equations(1) and(2) describe the experimental data with a relative error-@.5—1.0. For Eq(3) the error is*1.5%. 1.62 29.68 0.283 0-55
Auxiliary Information 1.23 29.43 0.274 0-55
0.68 28.80 0.303 0-43
Method / Apparatus / Procedure: Source and Purity of Materials: 0.47 26.76 0.269 0-47
All experimental details have been described eatlier. Reagent grade urea, NH,PO, and (NH,;),HPO, were 0.29 24.27 0.259 0-50
recrystallized before being used. 0.13 21.77 0.252 0-55
mol ratio of NHy/H3PO, = 1.5
Estimated Error: 3.37 34.73 0.325 0-40
No information is given. 258 33.59 0.310 0-40
2.00 33.06 0.277 0-40
?efereﬂces: _ o 155 32.46 0.254 0-40
D. Ivanqy, I. N. Grantscharov, God. Vissh. Khimikotekhnol. 1.19 32.29 0.199 2.5-40
Inst., Sofijal3, 165(1966. 0.66 28.69 0.289 0-25
0.45 26.08 0.284 0-35
0.28 23.65 0.275 0-40

0.13 21.33 0.264 0-42
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Temperature Values of the constants Interval of the

. Components: Original Measurements:
c ¢ d RO/N ratio (1) Ammonium dihydrogenphosphate; H,POy; D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
- [7722-76-] Inst., Sofija,15, 227-43(1970.
mol ratio of NHy/H;PO, = 1.4 (2) Diammonium hydrogenphosphat@yH,) ,HPO,;
0 28.14 1.03 1.23-3.62 [7783-28-Q
10 30.95 0.96 1.23-3.62 (3) Urea; CHIN,0; [57-13-§
20 33.40 1.00 1.23-3.62 (4) Water; HO; [7732-18-
30 36.13 1.05 1.23-3.62 .
Variables: Prepared By:
40 38.71 1.10 1.23-3.62 . . . .
Composition at 273 K in a solution with a J. Eysseftova
10 22.19 14.50 0.10-0.97 .
NH3/H3PO, ratio = 1.6.
20 24.75 14.51 0.10-0.90
30 27.30 14.64 0.10-0.84 )
mol ratio of NHy/HsPO, = 1.5 Experimental Data
o 30.85 111 1.18-3.37 Eag()l. Ihf:uthors‘ data: Solubility values in the APO,—(NH,),HPO,—CQO(NH,),—H,0 system at 0 °C and a mol ratio NH
10 32.32 1.65 0.98-3.37 e
20 34.17 212 0.80-3.37 NH,H,PO, (NHg),HPO, CO(NH,), H,0 Noot N+P,05 Mass ratio Solid
30 35.33 282 0.68-3.37 100w, 100w, 100w, 100w, 100w, 100w, N/P,05 phasé
0 19.53 13.76 0.10-0.90
10 22.09 14.33 0.10-0.90 31.18 18.11 0.00 50.71 8.82 36.76 1:3.17 A
20 24.52 15.51 0.10-0.77 28.19 13.36 4.95 50.50 10.27 35.53 1:2.46 A
25.29 14.69 9.99 50.03 11.80 34.48 1:1.92 A
mol ratio of NHy/HsPO, = 1.4 22.34 12.97 15.13 49.56 13.36 33.39 1:1.50 A
Equilibrium Values of constants 19.49 11.32 20.54 48.65 15.07 32.55 1:1.16 A
solid phase a by o d 16.22 9.37 25.64 48.77 16.51 31.04 1:0.88 B
12.40 7.21 29.42 50.97 17.29 28.36 1:0.64 B
NH4H,PO, 28.14 1.03 0.282 0.0044 8.89 5.16 32.80 53.15 17.79 25.78 1:0.45 B
CO(NH;), 19.86 13.84 0.238 0.086 5.68 3.30 35.94 55.08 18.33 23.47 1.0.28 B
2.73 1.58 38.83 56.86 18.88 21.35 1:0.13 B

mol ratio of NHy/H3PO, = 1.5
2The solid phases are:sANH,),HPO,; B=CO(NH,),.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

Equilibrium Values of constants
solid phase e f g h X . .
Part 2. The compiler has used the above data to calculate the following molalities
NH4H,PO, 30.82 1121 0.196 0.456 NH.H.PO NHA.HPO, COMH
CO(NH,), 19.37 14.48 0.298 0.065 N ( “)f * O(i 2)27
m;/mol~* kg m;/mol~* kg™t m;/mol~* kg™t
Auxiliary Information 4.66 3.10 0.00
4.23 2.82 1.63
Method / Apparatus / Procedure: Source and Purity of Materials: 383 255 332
All experimental details have been described eatlier. Reagent grade urea, NH,PO, and (NH,;),HPO, were
. . 3.41 2.27 5.08
recrystallized before being used.
3.03 2.02 7.03
Estimated Error: i:i ig; g;i
Equations(1) and (2) describe the data with a relative error of ’ ’ !
+0.5—-2%); for Eqs(3) and(4) the error is+2.5% and=+ 3.5%, 127 0.84 10.28
respectively. 0.78 0.52 10.86
0.36 0.24 11.37

References:

1D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
Inst., Sofiyal3, 165(1966.

Comments and Additional Data: The authors present the solubility isotherms at 15 and 30 °C only in graphical form. In addition, they
report the constants for equations describing the solubility in the system under consideration. These linearizations are discussed in the
Critical Evaluation.

The authors present the following equations to express the dependence of total plant food on both temperature@gt tizic

N+P,0Os=a+bT (P,0s/N is constant (1) The equilibrium solid phase is constant.
N+P,05=c+d(P,Os/N) (T is constant 2 The equilibrium solid phase is constant.
N+ P,05=e+f(P,0¢/N)+gT(P,05/N)" 3 The equilibrium solid phase is constant.
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The values of the constants are summarized in the Table below.

Mass ratio Values of the constants Temperature

Components: Original Measurements:
P205/N a b c (1) Ammonium dihydrogenphosphate; H,POy; I. M. Kaganskiy, A. M. Babenko, Zh. Prik. Khin{Leningrad
[7722-76-1 43, 2421-5(1970.
3.17 36.76 0.154 0-45 (2) Diammonium hydrogenphosphat@&H,) ,HPOy;
2.46 35.53 0.145 0-45 [7783-28-Q
1.92 34.48 0.131 0-45 (3) Urea; CHN,0; [57-13-§
1.50 33.39 0.118 0-45 (4) Water; HO; [7732-18-
1.16 32.55 0.099 0-45 .
Variables: Prepared By:
0.64 28.36 0.292 0-14 . . . - N
Temperature and concentration of urea in a mixture containingJ. Eysseltova
045 25.78 0291 0-25 a mol ratio of NHH,PO,/(NH,) ,HPO, = 1.
0.28 23.47 0.276 0-35
0.13 21.33 0.262 0-45 X
Experimental Data
Part 1. Points of simultaneous crystallization of two or three solid phases in theiJ®d,—(NH,) ,HPO,— CQNH,),—H,0- system
Temperature Values of constants Mass ratio R a R
oc c g ROIN Mixture’ NH,4H,PO, (NH,),HPO, CO(NH,), H,0 Solid
° 100w, mi/mol kg~ 1° 100w;° 100w;° 100w, m/mol kg™t 100w t/°C phase$
0 30.28 2.09 1.1-3.17
0.0 0.0 0.0 0.0 33.3 8.31 66.7 —-10.8 A+B
10 30.96 2.36 0.80-3.17 7.12 0.910 3.31 3.81 28.8 7.48 64.08 —12.6 A+B
20 31.20 2.85 0.60-3.17 ’ ! ’ ) ) ) ’ ’
15.0 2.05 7.0 8.0 25.0 6.94 60.0 -—14.0 A+B
%0 31.63 325 0-45-3.17 19.2 278 8.9 10.3 24.2 7.12 56.6 15.0 A+B
40 31.99 3.69 0.30-3.17 ' ’ ' ' ' ' ' '
26.8 4.05 12.5 14.3 19.0 5.84 542 —120 A+B
0 19.58 13.34 0.10-1.04
28.5 4.37 13.3 15.2 18.0 5.60 535 —17.2 A+B+C
10 2191 1a.87 0.10-0.52 30.6 4.51 14.2 16.4 13.8 4.13 55.6 14.1 A+C
20 24.25 16.71 0.10-0.52 ’ : ’ ! ’ | : ’
32.0 4.52 14.9 17.1 10.0 2.87 58.0 -10.6 A+C
30 26.56 19.39 0.10-0.38
34.6 4.82 16.1 18.5 6.54 1.85 58.86 —10.6 A+C
38.6 5.15 18.0 20.6 0.0 0.0 61.4 —-8.6 A+C
Equilibrium Values of the constants 315 521 147 16.8 19.0 6.39 495 -64 B+C
solid phase e f 9 h 336 5.93 15.6 18.0 20.0 7.18 464 —25 B+C
. . . . . X . +5. +
TR R S
CO(NH,)» 19.40 14.14 0.308 0.086 ’ ! ’ i ’ : : '
61.0 12.8 28.4 32.6 0.0 0.0 39.0 39.0 +0
Comment: Equations(1) and (2) describe the experimental data with a relative error@5-1.0%. For Eq(3) the error is= 2.0%. 57.48 12.29 26.7 30.72 4.2 18 38.32 345 +0
" . 49.77 10.29 22.89 26.28 10.6 4.45 39.63 225 +0C
Auxiliary Information 420 8.19 19.6 224 16.0 6.34 420 140 +D
Method / Apparatus / Procedure: Source and Purity of Materials: 34.0 6.76 158 18.2 4.8 10.0 412 13.0 +B
All experimental details have been described eatlier. Reagent grade urea, NH,PO, and (NH,),HPO, were 218 596 129 14.9 34.0 14.8 38.2 25.9 +B
recrystallized before being used. 27.9 5.50 13.0 14.9 30.5 12.2 41.6 11.8 +B
24.0 5.17 11.2 12.8 38.0 16.6 38.0 28.0 +B

Estimated Error:
No information is given.

References:

D. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.
Inst., Sofijal3, 165(1966.
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Part 2. Solubility isotherms in the Nii,PO,—(NH,) ,HPO,— CONH,),—H,0O system

Mixture? NH4H,PO, (NH,),HPO, CO(NH,), H,0 (N+P,05)
100w; m;/mol kg~ 1® 100w,° 100w,° 100w; m;/mol kg~1® 100w, 100m;
temp= —10°C
0.0 0.0 0.0 0.0 33.7 8.46 66.3 15.7
6.96 0.910 3.24 3.72 30.4 8.08 62.64 19.3
145 2.04 6.80 7.70 27.2 7.77 58.3 235
23.4 351 10.9 125 22.0 6.71 54.6 275
30.0 4.81 14.0 16.0 18.9 6.16 51.1 31.1
30.5 4.80 14.2 16.3 17.4 5.56 52.1 30.7
325 4.93 15.1 17.4 135 4.16 54.0 30.4
35.0 4.90 16.3 18.7 6.5 1.9 58.5 28.9
temp=0 °C
0.0 0.0 0.0 0.0 39.6 10.9 60.4 18.4
6.36 0.910 2.96 3.40 36.4 105 57.24 21.7
13.4 2.05 6.2 7.2 33.0 10.3 53.6 25.3
21.6 351 10.1 115 28.0 9.25 50.4 29.0
33.2 5.94 155 17.7 21.0 7.63 45.8 345
34.4 5.73 16.0 18.4 16.4 5.55 49.2 33.2
37.0 6.02 17.2 19.8 12.6 4.16 50.4 33.3
42.6 6.08 19.8 22.8 0.0 0.0 57.4 31.64
temp=10 °C

0.00 0.00 0.00 0.00 45.4 138 54.6 21.2
5.76 0.910 2.68 3.08 42.4 13.6 51.84 23.98
12.24 2.048 5.70 6.54 38.8 13.2 48.96 27.8
19.8 351 9.2 10.6 34.0 12.2 46.2 30.46
31.08 5.933 14.47 16.61 26.0 10.1 42.92 35.0
34.4 6.68 16.0 18.4 23.4 9.23 42.2 36.4
37.0 7.39 17.2 19.8 22.0 8.93 41.0 37.6
41.4 7.24 19.3 22.1 11.72 4.163 46.88 36.1
44.0 7.15 20.5 235 5.6 18 50.4 35.3
47.0 7.27 21.9 25.1 0.0 0.0 53.0 35.0

aMixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.

These values were calculated by the compiler.

“The solid phases are:=Aice; B=CO(NH,),; C=NH,H,PO,; D=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:

An improved polythermic method was uskd.

Source and Purity of Materials:

Reagent grade salts were recrystallized and dried before use. The
monoammonium salt and the urea were dried at 50 °C, the
diammonium salt was dried at 25 °C. The material designated

“mixture” was prepared by mixing equimolar amounts of
NH4H,PO, and (NH,),HPO, and homogenizing them by

grinding in a mortar.

Estimated Error:
No information is given.

References:

L. N. Erayzer, I. M. Kaganskiy, Zavod. Laf, 119 (1967).

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; YH,POy; [7722-76-1 A. V. Slack, J. D. Hatfield, H. B. Shaffer, J. C. Driskell, J. Agr.
(2) Diammonium hydrogenphosphat®H,) ,HPO,; [7783-28-Q Food ChemZ7, 404-8(1959.

(3) Urea; CHN,0; [57-13-6

(4) Potassium chloride; KC[7747-40-7

(5) Water; H,0; [7732-18-3

Variables: Prepared By:
Temperature and composition. J. Eysseltova

Experimental Data
Solubility isotherms at 0 °C are given only graphically as contours of constant plant nutrient content in the saturated solutions with
the nutrient ratios as the variables. Numerically, the data are expressed ) Eq.
y=a+bt (1)
wherey is the percent total plant nutrient (%iN\6P,05+%K,0) in the saturated solution at temperatt{®C), and a and b are
constants for each combination of nutrient ratio and ammoniation level. These constants are given in the table below.

mol ratio NHy/H3zPO,

Nutrient 15 1.6 1.7 1.5 1.6 1.7 %
ratic® constant a constant b >
1-3-0 34.8 36.9 34.2° 0.342 0.141 0.119 g
1-2-0 35.8 34.7 32.1° 0.244 0.123 0.119 —
1-1-0 32,74 3.8 29.1° 0.241 0.082 0.119 wn

34.8 0.065 —

2-1-0 26.2 26.1" 26.1 0.283 0.281 0.262 w
30.3 28.6¢ 0.071 0.070 |Q

1-3-1 31.2 34.9 32.1 0.233 0.133 0.115 (-
1-2-1 28.2 32.8" 313 0.245 0.130 0.117 vy

1-1-1" 25.9 27.6 27.9 0.156 0.155 0.131 -

2-1-7" 25.2 25.2 25.2 0.118 0.121 0.118 :|

1-3-3 247 24.8 245 0.138 0.135 0.139 <

1-2-3" 22.7 22.6 22.6 0.124 0.134 0.129 o

1-1-3" 20.0 19.9 20.0 0.121 0.125 0.121 >

2-1-@" 18.3 18.5 18.5 0.121 0.117 0.117 )—>|

&The nutrient ratio is the weight ratio Ni®5:K,0. Symbol solid phase wn

ONH,4H,PO, m

%(NHZ),HPO, Y

9CO(NH,), (t<10.8 °Q m

€(NH,),HPO, (t>—1.5°0), urea crystallized below-1.5 °C wn

f(NH,),HPQ, (t>10.8 °Q
9ICO(NHy),

"CO(NH,), (t>20.0 °Q
ICONHy), (t<12.9 °Q
I(NH4),HPQ, (t>20.0 °Q
X(NH,),HPQ, (t>12.9 °Q
mKCl

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The solubility was determined by a polythermal method. The All the salts used were reagent grade. The water was deionized.
solutions were cooled until crystallization occurred and then
warmed(2 °C per houy with continuous stirring until the last
crystals disappeared. The crystalline phases were identified
petrographically.

Estimated Error:

The standard deviation of E¢l) from the measured values was
0.12% in plant nutrient.

G9ET



Components:

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Diammonium hydrogenphosphat®H,) ,HPOy;
[7783-28-Q

(3) Urea; CHN,0; [57-13-6

(4 Ammonium nitrate; NEHNO;; [6484-52-3

(5) Potassium chloride; KC[7747-40-1

(6) Water; H,0; [7732-18-3

Original Measurements:

A. V. Slack, J. D. Hatfield, H. B. Shaffer, J. C. Driskell, J. Agr.

Food ChemZ, 404-8(1959.

Variables:
Composition at 271.5 K with the mol ratio

Prepared By:
J. Eysseftova

Components:

(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Diammonium hydrogenphosphat@&H,) ,HPOy;
[7783-28-Q

(3) Urea; CHN,0; [57-13-6

(4) Ammonium nitrate; NENO3; [6484-52-3

(5) Water; H0; [7732-18-3

Original Measurements:

I. M. Kaganskiy, A. M. Babenko, Izv. Obl. Neorg. Tekhnol.

69-73(1972.

Variables:
Composition at 0 and-10 °C and the
NH3:H3PO, ratio = 1.4, 1.5 and 1.6.

Prepared By:
L. V. Chernykh and J. Eysseltova
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CO(NH,) ,/NH;NO; = 1.065.

Experimental Data
Part 1. The authors present their data as follows:
Composition of saturated solutions in the (NkHz-,PO;— CONH,),—NH4NO3—H,0 system

Experimental Data

Solubility (expressed as NP,O5+K,0) in the NH,H,PO,—(NH,) ,HPO;— CONH,),—NH,NO3;—KCIl-H,0 system at 271.5 K with
the mol ratio CONH,),/NH,;NO;=1.065

100w; N+100w; P,Os

Nutr_ient mol ratio NH/H3PO, CO(NH,), : NH,NO; mass ratios
ratic® 15 16 17 A? BP 0:100 20:80 40:60 60:40 80:20 100:0
1-3-0 33.7 32.9 33.¢ temp=0°C
1-2-0 3.2 308 308 0.75 20.2 20.6 224 24.2 26.4 29.0
1-1-0 280 218 36.9 14 1.00 18.6 19.6 21.8 234 26.2 316
2-1-0 26.9 57 3.7 1.25 18.6 19.0 20.7 235 26.1 20.3
1-3-1 32.1° 34.1° 319
1-2-f 291 29.5 301 0.75 24.1 257 27.4 28.6 316 355
1-1-¢ 205 207 213 15 1.00 222 229 251 28.1 305 320
2-1-2 16.7 16.5 16.5 1.25 21.2 23.3 24.7 27.0 30.0 29.3
1-3-% 245 24.6 24.3
1-2-8 227 223 223 0.75 28.3 28.3 29.1 29.0 29.0 30.3
1-1-% 19.9 19.7 19.9 16 1.00 27.1 273 273 28.0 28.4 32.0
2-1-6 181 18.3 18.3 125 26.1 26.7 26.0 25.7 27.7 29.4
2The nutrient ratio is the weight ratio N;8s:K,0. temp= —10°C
Below are listed the solid phases in equilibrium with the above solutions. 0.75 né nd® nd® 224 235 25.8
14 1.00 né nc® 19.2 21.0 232 284
Symbol  solid phase 1.25 16.6 16.8 18.6 21.0 233 26.0
b NH4H,PO,
. (NH,HPG, 0.75 211 235 245 26.0 28.1 33.0
. o 15 1.00 19.8 20.4 225 25.3 27.7 28.8
KNO, 1.25 18.9 20.8 222 24.1 — 26.0
e Kel
} _ 0.75 24.1 23.7 24.4 24.4 24.3 25.4
Auxiliary Information 16 1.00 224 224 22.6 23.4 23.6 28.7
125 22.9 — 224 21.9 236 25.7

Method / Apparatus / Procedure:

A series of solutions of each ratio, differing by small
increments of water content, were cooled-t.5 °C, and each
solution (about 50 ml was seeded with about 50 mg of
crystals. The mixtures were agitated mildly for about 3 days.
The disappearance or growth of crystals in the samples in this
period permitted determination of the solubility.

Source and Purity of Materials:
All the salts used were reagent grade. The water was deionized. a4 js the mol ratio of NH:HzPO,.

bB is the mass ratio of NJ®s.
“These systems solidified completely-at0 °C.

Estimated Error:

The temperature was kept constant to withih.5+ 0.7 °C. The
solubility was determined within 0.1 to 0.2% of the plant
nutrient.
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Part 2. The compilers have calculated the following values from the data in Part 1

Part 2. The compilers have calculated the following values from the data in Part 1

NH,H,PO, (NH,),HPO, NH,NO; CO(NH,), H,0
100w; m;/mol kgt 100w; m;/mol kg™ * 100w; m;/mol kg™ * 100w, mi/mol kg~ * 100w,
temp=0 °C
11.2 1.80 8.59 1.20 26.1 6.02 0 0 54.1
11.4 1.82 8.76 1.22 21.3 4.87 3.99 1.22 54.5
12.4 2.08 9.53 1.39 17.3 4.16 8.67 2.78 52.0
13.4 2.35 10.3 1.57 12.5 3.14 14.1 4.71 49.7
14.7 2.72 11.2 1.82 6.81 1.82 20.4 7.26 46.8
16.1 3.22 12.3 2.15 0 0 28.1 10.7 43.5
9.04 1.39 6.92 0.930 27.6 6.13 0 0 56.4
9.53 1.49 7.30 0.996 23.3 5.25 4.37 1.31 55.5
10.6 1.77 8.12 1.18 19.4 4.66 9.72 3.11 52.1
11.4 1.96 8.71 1.31 13.9 3.45 15.7 5.18 50.3
12.7 2.39 9.75 1.59 7.79 2.10 234 8.39 46.4
15.4 3.55 11.8 2.37 0 0 35.2 15.6 37.6
8.04 1.26 6.15 0.843 30.5 6.88 0 0 55.3
8.21 1.28 6.29 0.852 249 5.57 4.67 1.39 55.9
8.95 1.45 6.85 0.967 20.4 4.74 10.2 3.16 53.7
10.2 1.79 7.78 1.19 15.4 3.90 17.3 5.85 49.3
11.3 2.14 8.64 1.43 8.56 2.33 25.7 9.32 45.6
12.7 2.64 9.70 1.76 0 0 36.0 14.4 41.6
11.2 2.28 12.8 2.28 334 9.80 0 0 42.6
11.9 2.55 13.7 2.55 28.5 8.80 5.35 2.19 40.6
12.7 2.86 14.6 2.86 22.8 7.39 11.4 4.93 38.5
13.2 3.04 15.2 3.04 15.9 5.24 17.9 7.86 37.8
14.6 3.80 16.8 3.80 8.77 3.27 26.3 13.1 335
16.4 5.15 18.9 5.15 0 0 36.9 22.1 27.8
9.00 1.71 10.3 1.71 349 9.52 0 0 45.8
10.2 2.07 11.7 2.07 237 6.93 11.8 4.62 42.7
11.4 2.60 13.1 2.60 17.7 5.80 19.9 8.70 38.0
12.4 3.06 14.2 3.06 9.58 3.41 28.8 13.6 35.1
13.0 3.27 14.9 3.27 0 0 37.7 18.2 34.4
7.64 1.40 8.77 1.40 36.3 9.61 0 0 47.3
8.39 1.66 9.63 1.66 32.0 9.07 5.99 2.27 44.0
8.90 1.81 10.2 1.81 25.4 7.42 12.7 4.94 42.8
10.8 2.64 12.4 2.64 10.3 3.60 30.9 14.4 35.6
10.6 231 12.1 231 0 0 7.67 15.8 39.7
10.5 3.09 18.1 4.64 42.0 17.8 0 0 29.5
10.5 2.89 18.1 4.33 33.6 13.3 6.30 3.32 316
10.8 2.95 18.6 4.42 25.9 10.2 13.0 6.78 318
10.7 2.73 18.5 4.10 17.2 6.29 19.4 9.43 34.2
10.7 2.57 18.5 3.86 8.60 2.96 258 11.8 36.3
11.2 2.73 19.3 4.10 0 0 33.7 15.7 35.7
8.79 2.45 15.1 3.67 449 18.0 0 0 31.2
8.85 2.33 15.2 3.50 36.2 13.7 6.78 3.42 33.0
8.85 2.18 15.2 3.28 27.1 9.61 13.6 6.41 35.2
9.08 2.20 15.6 3.30 18.5 6.45 20.9 9.68 35.9
9.21 2.14 15.8 3.22 9.40 3.15 28.2 12.6 37.3
10.4 2.82 17.9 4.22 0 0 39.7 20.7 32.0
7.52 1.99 13.0 2.99 46.7 17.8 0 0 32.8
7.69 1.99 13.2 2.98 38.2 14.2 7.17 3.54 33.7
7.49 1.73 12.9 2.59 27.9 9.24 14.0 6.16 37.7
7.41 1.58 12.8 2.37 18.4 5.64 20.7 8.46 40.8
7.98 1.80 13.7 2.70 9.91 3.21 29.7 12.8 38.6
8.47 1.96 14.6 2.95 0 0 39.5 17.5 375

NH,4H,PO, (NH,),HPO, NH,4NO; CONH,), H,0
100w; m;/mol kg™* 100w; m;/mol kg™t 100w; m;/mol kg™ * 100w; m;/mol kg™ * 100w;
temp=-10°C
12.4 2.02 9.53 1.35 11.6 2.70 13.0 4.05 535
13.1 2.15 10.0 1.44 6.06 1.44 18.2 5.75 52.7
14.3 2.51 11.0 1.67 0 0 25.0 8.36 49.7
9.33 1.40 7.15 5.94 17.1 3.70 8.56 2.47 57.8
10.2 1.60 7.82 1.07 125 2.81 141 4.22 55.4
11.3 187 8.64 1.25 6.90 1.64 20.7 6.56 52.5
13.1 2.73 10.6 1.82 0 0 317 12.0 44.0
7.17 1.04 5.4 0.692 27.2 5.65 0 0 60.1
7.26 1.03 5.5 0.690 22.0 4.51 4.13 1.13 61.0
8.04 1.20 6.15 0.799 18.3 3.91 9.15 2.61 58.4
9.07 1.44 6.95 0.962 138 3.14 155 4.71 54.7
10.1 1.69 7.71 113 7.64 1.85 22.9 7.38 51.7
11.2 2.03 8.60 1.35 0 0 32.0 11.04 48.2
9.77 1.71 11.2 1.71 29.3 7.35 0 0 49.7
10.9 2.07 12.5 2.07 26.1 7.13 4.89 1.78 45.7
11.3 2.19 13.0 2.19 20.4 5.65 10.2 3.77 45.0
12.0 241 13.8 241 14.4 4.14 16.2 6.20 43.5
13.0 2.77 14.9 2.77 7.79 2.38 23.4 9.53 40.9
16.3 4.04 17.5 4.04 0 0 34.3 17.4 32.8
8.02 1.35 9.21 1.35 311 7.52 0 0 51.7
8.27 1.39 9.49 1.39 25.6 6.18 4.81 1.55 51.8
9.12 1.63 105 1.63 21.2 5.45 10.6 3.63 48.6
10.3 2.02 11.8 2.02 15.9 4.49 17.9 6.74 44.2
11.2 2.38 12.9 2.38 8.70 2.65 26.1 10.6 41.1
11.7 2.47 13.4 2.47 0 0 33.9 13.8 41.0
6.81 1.12 7.82 1.12 324 7.64 0 0 53.0
7.49 1.30 8.60 1.30 28.5 7.12 5.35 1.80 50.0
8.00 1.43 9.18 1.43 22.8 5.87 11.4 3.91 48.6
8.68 1.63 9.97 1.63 16.5 4.46 18.6 6.69 46.2
9.36 1.75 10.8 1.75 0 0 334 12.0 46.5
8.93 1.94 15.4 2.92 35.8 11.2 0 0 39.9
8.78 1.79 15.1 2.68 28.1 8.23 5.27 2.06 42.7
9.04 1.84 15.6 2.75 21.7 6.34 10.9 4.22 42.8
9.04 1.76 15.6 2.64 145 4.05 16.3 6.08 44.6
9.00 1.68 155 2.52 7.21 193 216 7.72 46.7
9.41 1.77 16.2 2.66 0 0 28.3 10.2 46.1
7.26 1.46 12.5 2.19 37.1 10.7 0 0 43.1
7.26 1.40 12.5 2.10 29.7 8.24 5.56 2.06 45.0
7.33 1.37 12.6 2.06 224 6.05 11.2 4.03 46.4
7.59 1.42 131 2.13 155 4.17 17.4 6.25 46.4
7.65 1.39 13.2 2.08 7.81 2.04 234 8.15 47.9
9.30 2.07 16.0 3.11 0 0 35.6 15.2 39.0
6.60 1.40 11.4 2.10 41.0 12.5 0 0 41.1
6.46 1.21 111 1.82 24.0 6.48 12.0 4.32 46.4
6.31 1.11 10.9 1.66 15.7 3.96 17.6 5.93 49.5
6.80 1.24 11.7 1.86 8.45 221 25.3 8.84 47.7
7.41 142 12.7 2.13 0 0 34.5 12.7 45.3

Auxiliary Information

Method / Apparatus / Procedure:
An improved polythermic method was uskd.

Source and Purity of Materials:
All materials were of chemically pure grade.

Estimated Error:

No information is given.

References:
L. N. Erayzer, |. M. Kaganskiy, Zavod. Laf, 119 (1967).

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

L9ET



866T ‘9 'ON '/Z 'IOA ‘eyeq '}y "wayd 'shud 't

Auxiliary Information

Components: Original Measurements: Method / Apparatus / Procedure: Source and Purity of Materials:
(1) Ammonium dihydrogenphosphate; NH,PO,; S. A. Mazunin, O. E. Sosnina, A. A. Volkov, T. L. Danina, The refractometric variation of the isothermal method was ~ No information is given, but the compilers assume that the
[7722-76- Termicheskiy Analiz i Fazovye Rovnovesiya, Perm 79-88 used. The compilers assume that it was the method describedmaterials were the same as those use@®jn
(2) Diammonium hydrogenphosphat@&JH,),HPO,; (1985. elsewherd. NH,H,PO, and (NH,),HPO, were determined by
[7783-28-Q potentiometric titration. The composition of the solid phase  gyiaiod Error:
(3) Triethylamine hydrochloride; §H1¢CIN; [554-68-1 was determined by the Schreinemaker’s method. ) .
(4) Water; HO; [7732-18-3 The NH;H,PQ, and (NH,4),HPO, contents have a precision of
+0.2 and=*0.6%, respectively.
Variables: Prepared By:
Composition at 20 and 60 °C. L. V. Chernykh and J. Eysséltova References:
1E. F. Zhuravlev, A. D. Sheveleva, Zh. Neorg. Khis).2630
. (1960.
o ) Experimental Data 20. E. Sosnina, A. A. Volkov, Uch. Zap. Perm. Gos. Univ., Ser.
Solubility isotherms in the NgH,PO,—(NH,) ,HPO,—(C,Hs) 3N.HCI-H,0 system Khim. 289, 20 (1973.
NH,H,PO, (NH,),HPO, (C,Hs)sN.HCI H,0 Solid
100w; m;/mol kg~ 12 100w, m;/mol kg~ 18 100w, mi/mol kg™ 12 100w; phas8
temp=20 °C
1.2 0.24 0.2 0.04 56.0 9.90 42.6 #B+C
31 0.55 1.0 0.15 46.5 7.09 49.4 B
5.7 0.90 3.0 0.41 36.3 4.97 55.0 B
16.4 2.59 11.9 1.64 16.7 2.29 55.0 °A
9.8 1.48 6.4 0.84 26.3 3.45 575 °A
22.9 4.08 21.7 3.37 6.6 1.0 48.8
7.0 11 4.0 0.53 32.2 4.27 56.8 °A
23.7 4.52 26.4 4.38 4.3 0.71 45.6
5.8 0.91 3.3 0.45 35.3 4.78 55.6 +#B°
244 4.94 29.2 5.15 35 0.61 429
6.0 0.93 3.7 0.50 34.1 4.57 56.2 °B
229 4.52 29.4 5.06 3.7 0.63 44.0
5.8 0.84 5.8 0.74 28.7 3.62 59.7 ‘B
19.2 3.52 28.8 4.60 4.6 0.73 47.4
5.8 0.84 6.3 0.80 28.0 3.52 59.9 °B
17.1 3.02 28.7 4.41 4.9 0.75 49.3
7.0 1.0 12.4 1.54 19.8 2.45 60.8 °B
12.3 1.96 25.1 3.49 8.1 1.1 54.5
9.2 1.37 21.0 2.73 115 1.49 58.3 B
temp=60 °C
4.0 1.0 0.3 0.06 60.6 13.0 35.1 #B+C
24.0 4.28 9.1 1.4 18.1 2.79 48.8 B
16.9 2.93 4.3 0.65 28.7 4.32 50.1 A
28.6 5.55 12.3 2.08 14.3 2.40 44.8
12.8 2.23 35 0.53 33.7 5.08 50.0 A
34.0 7.54 20.7 4.00 6.1 1.17 39.2
9.8 1.8 2.2 0.34 39.5 6.14 485 °A
35.4 8.72 25.0 5.36 4.3 0.92 35.3
8.1 1.5 1.6 0.26 44.5 7.32 45.8 °A
34.9 9.14 28.5 6.50 3.4 0.77 33.2
6.6 1.35 1.1 0.20 49.9 8.87 42.4 +#m°
34.0 9.85 334 8.43 2.6 0.65 30.0
5.7 1.03 2.4 0.38 43.9 6.89 48.0 °B
26.9 6.86 35.3 7.84 3.7 0.82 34.1
4.7 0.77 4.1 0.58 37.9 5.36 53.3 °B
19.6 4.22 36.6 6.86 3.4 0.63 40.4
4.0 0.62 54 0.73 34.9 4.72 55.7 °B
15.7 3.27 38.6 7.01 4.0 0.72 41.7
2.4 0.35 8.8 11 294 3.73 59.4 °B
7.1 1.3 37.8 5.83 6.0 0.92 49.1
— — 19.0 2.37 20.4 2.54 60.6 B
— — 35.8 5.01 10.1 1.41 54.1

aThe molalities were calculated by the compilers.

The solid phases are:sANH,H,PO,; B=(NH,),HPQ,; C=(C,Hg)sN-HCI.

“Two layers of immiscible solutions were formed at these experimental points. The upper and lower lines refer to the upper and lower
solution layer, respectively.
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Components: Original Measurements: Components Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,POy; L. S. Skum, S. D. Fridman, Khim. ProniMoscow 47, 588-9 (1) Ammonium dihydrogenphosphate; H,POy; A. M. Babenko, A. M. Andrianov, Zh. Prikl. Khim(Leningrad
[7722-76-1 (1979). [7722-76-1 57, 1921-5(1984.
(2) Diammonium hydrogenphosphat®H,) ,HPOy; (2) Diammonium hydrogenphosphate; (WEHPOy;
[7783-28-Q [7783-28-Q
(3) Ammonium nitrate; NHNO;; [6484-52-3 (3) Ammonium nitrate; NENO3; [6484-52-3
(4) Water; HO; [7732-18-3 (4) Potassium sulfate; $§80,; [7778-80-3
(5) Water; H0; [7732-18-3
Variables: Prepared By:
Composition at 140-170 °C and a N ratio = 1. J. Eysseltova Variables: Prepared By:
Temperature and concentration of MOz and K;SO, in a J. Eysseltova
) mixture containing a mol ratio of NjH,PO,/(NH,) ,HPO,
Experimental Data -1,
Solubility in the NH,H,PO,—(NH,) ,HPO,—NH,;NO;—H,O system with the ratio NJ©; = 1
NH,NO, NH,H,PO, (NH,),HPO, H,0 Solid Experimental Data
100w; mi/mol kg~ 12 100w; my/mol kg 12 100w; mi/mol kg~12 100w; phase Par:. 1. Points of simultaneous crystallization of two or three solid phases in thel R, —(NH,) ,HPO,— NH;NO;—-K,S0O,—H,0
system
temp=140 °C - N i -
469 305 339 153 . o 10.20 NH,PO, Mixture! NH4H,PO, (NH,),HPO, NH4NO;, K,SO, H,0 Solid [
t°c wo MP wb wb wb MP whb MP wb phasé R
47.6 33.0 30.5 14.7 3.90 1.64 18.00 MBPO, >
52.2 65.2 26.3 229 115 8.71 10.00 PO, -75 85 05 40 45 99 17 80 06 736 +B o
551 1377 247 42.9 15.2 23.0 5.00 PO, -110 132 08 6.1 71 152 29 50 04 666  +B Z
56.3 2344 246 713 161 4086 3.00 MHPO, 60 177 13 8.2 95 203 44 50 05 57.0 +8 %
temp=150 °C 140 192 15 8.9 103 221 54 80 09 507 +@® —
46.9 841 35.9 18.1 — — 17.20 NHPO, 265 207 19 9.6 111 238 67 110 14 445  +® 8
522 65.2 28.7 24.9 910 6.89 10.00 PO, -118 167 11 78 8.9 193 38 00 00 640 +B+C -
551 137.7 a7 48.2 122 18.5 5.00 PO, 9.0 80 05 37 43 93 17 130 11 697  +B c
56.3 2344 215 7.7 132 33.3 3.00 PO, 145 122 08 57 6.5 140 29 126 12 612  +B @
temp=160 °C 200 163 13 76 8.7 187 44 125 14 525  +B -
52.3 66.7 87.9 33.6 — — 980 NiHPO; 250 184 16 8.6 98 212 55 125 15 479  +B j
522 65.2 327 28.4 5.10 3.67 10.00 PO, 290 204 19 95 10.9 236 67 120 16 440 +®+D o
551 137.7 812 542 8.70 125 5.00 NHPO, -16 00 00 0.0 00 00 00 65 04 935  +B >
56.3 234.5 30.7 89.0 10.0 24.0 3.00 MNHPO, —
temp=170 °C Mixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,. >
55.0 134.7 39.9 68.0 . . 5.10 NH,PO, PW=100w; , M=m;/mol kg~'. Mass fractions of the ammonium phosphates and all molalities were calculated by the compiler. wn
55.1 137.7 371 64.5 2.80 424 5.00 MHPO, °The solid phases are: A ice; B = NH4NOj3; C=NH4H,PO,; D=K,S0;. m
56.3 2344 354 102.6 5.30 13.4 3.00 NHPO, r%
aThe molalities were calculated by the compiler. (92
Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was uséd. No information is given.

Estimated Error:
No information is given.

References:

1A. G. Bergman and N. P. Luzhnaya, Fiziko-khimicheskiye
Osnovy lzucheniya i Ispol'zovaiya Solyanykh Mestorozhdeniy
Khlorid-sul'fatnogo Tipa, Moscow, IAN SSSRL951).

2s. D. Fridman, N. N. Polyakov, L. S. Skum, and R. Ya.
Kirindasova, Khim. Prom(Moscow 46, 191(1970.
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Part 2. Solubility isotherms in the NfH,PO,—(NH,) ,HPO;— NH;NO3;—K,SO,—H,O system

Components Original Measurements:
S5 Mixture” NH;HZPO, (NH,)HPO, NH,NO; K2SO, H,0 (1) Ammonium dihydrogenphosphate; H,POy; A. V. Slack, J. D. Hatfield, H. B. Shaffer, J. C. Driskell, J. Agr.
we we M we we we M°© we M°© me [7722-76-1 Food Chem?, 404-8(1959.
(2) Diammonium hydrogenphosphate; (WEHPOy;
temp=—5°C [7783-28-Q
19.0 8.5 0.5 4.0 45 9.8 1.7 8.6 0.7 73.1 (3) Ammonium nitrate; NENOs; [6484-52-3
215 13.1 08 6.1 7.0 15.1 2.9 6.0 05 65.8 (4) Potassium chloride; KCE7747-40-1
20.4 17.9 1.2 8.3 9.6 20.6 42 0.0 0.0 615 (5) Water; H0; [7732-18-§
25.8 17.6 13 8.2 9.4 20.3 4.5 5.2 0.5 56.9 Variables: Prepared By:
temp=0°C Composition at-1.5 °C. J. Eysseltova
20.4 8.4 0.5 3.9 4.5 9.6 1.7 10.0 0.8 72.0
21.2 18.6 13 8.7 9.9 21.4 45 0.0 0.0 60.0 .
Experimental Data
22.6 12.9 08 60 69 1a.9 29 3 06 64.9 Solubility (expressed as %N%P,05+ %K,0) in the NH,H,PO,— (NH,) ,HPO,—NH,NO;—KCI-H,O system at 271.5 K
26.5 17.4 1.2 8.1 9.3 20.2 4.5 6.0 0.6 56.4
temp=10°C Nutrient Mol ratio NHy/HzPO,
256 125 08 58 6.7 14.4 2.9 105 1.0 62.6 ratic® 15 16 17
231 20.2 1.4 9.4 10.8 233 5.2 0.0 0.0 56.5
29.1 16.9 1.3 7.9 9.0 19.5 4.5 9.0 0.9 54.6 1-3-0 31.¢ 359! 33.4
a3 is the total plant nutrient: (INP,Os+K,0 + S) 1-2-0 278 309 203
buMixture” is a'; equimolar rln(ixtuie E(‘)f NZI-AHZPOA'and (NHy),HPO,. 1-1-0 2.8 27.2 238
oW = 100w; ; M=m;/mol kg™ . Mass fraction of the ammonium phosphates and all molalities were calculated by the compiler. 2-1-0 218 2.9 229
1-3-1 30.5° 34.8 319
Auxiliary Information 1-2-P 231 237 245
1-1-F 16.1 15.7 16.1
Method / Apparatus / Procedure: Source and Purity of Materials: 2-1-2 12.7 12.7 12.7
An improved polythermic methddvas used. Chemically pure or reagent grade salts were recrystallized twice 1-3-% 24.9 24.3 243
and dried at 40-50 °C. The material designated “mixture” was 1-2_% 221 233 22.9
d b ixil i
(Ni£:HPO, and homogeniing by grinding in A mortr 1-1-8 15.1 153 155
2-1-8 12.5 13.1 12.9

Estimated Error: 2The nutrient ratio is the weight ratiN : P,Os: K,0.

Precision of temperature measurement wa®.4 K. Below are listed the solid phases in equilibrium with the solutions above.
Symbol solid phase
1Referem:es: ' b KNO;,
Erayzer, L.N. Kaganskiy, .M. Zavod. Lali, 119 (1967). . NH,H,PO,
d (NH,4),HPO,
e KCl

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A series of solutions of each ratio, differing by small All the salts used were reagent grade. The water was deionized.
increments of water content, were cooled-td.5 °C, and each
solution (about 50 ml was seeded with about 50 mg of Estimated Error:
crystals. The mixtures were agitated mildly for about 3 days. "
The temperature was kept constant to withitt.5+0.7 °C. The

The disappearance or growth of crystals in the samples during o . S N
this period permitted determination of the solubility. solubility was determined within 0.1 to 0.2 of the plant nutrient.
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1

(2) Diammonium hydrogenphosphate; (WHHPO,;

[7783-28-Q

(3) Potassium nitrate; KN§) [7757-79-]
(4) Water; HO; [7732-18-3

Original Measurements:

A. M. Babenko, A. M. Andrianov, Zh. Neorg. Khin29, 2663-7

(1984.

Variables:

Temperature and concentration of KN@ a mixture

containing a mol ratio of NgH,PO,/(NH,),HPO, = 1.

Prepared By:
J. Eysseltova

Experimental Data
Part. 1. Points of simultaneous crystallization of two or three solid phases in thielJR@,— (NH,) ,HPO,—KNO3;—H,0 system

Mixture? NH,H,PO, (NH,).HPO, KNO;, H,0 Solid
100w; 100w; m;® 100w, m° 100w; m;® 100w; t/°c phasé
0 0 0 0 0 10.0 1.10 90.0 -2.9 A+B
9.0 4.2 0.4 4.8 0.4 10.0 122 810  -475 A+B
184 8.6 10 9.89 1.0 8.0 11 736  —6.75 A+B
27.9 13.0 173 14.9 173 7.0 11 651 -85 A+B
38.0 17.7 2.70 203 2.70 5.0 0.87 570 -12 A+B
405 18.9 3.31 216 3.31 10.0 2.00 495 14 +8
43.0 20.0 4.05 23.0 4.05 14.0 3.22 43.0 345 +®
36.0 16.8 2.40 19.2 2.40 32 0.52 608  -98 A+B+C
386 18.0 254 206 254 0 0 614  -86 A+C
61.0 284 6.33 326 6.33 0 0 39.0 39.0 +D
62.5 29.1 7.44 334 7.44 35 1.02 34.0 435 +0

Mixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.
"The molalities were calculated by the compiler. The units are: mol*kg
The solid phases are: A ice; B = KNO3; C = NH4H,PO,; D = (NH,4),HPO,.

Part 2. Solubility isotherms in the Nfi,PO,— (NH,) ,HPO;— KNO3;—H,0 system

Mixture? NH,4H,PO, (NH,4),HPO, KNO,4 H,O Solid
100w; 100w; m;® 100w; m® 100w; m;? 100w; phasé
temp=-5°C
40.4 18.8 2.74 21.6 2.74 0 0 59.6 A
375 17.5 2.56 20.0 2.56 3.12 0.520 59.38 A
27.66 12.88 1.734 14.78 1.734 7.8 1.2 64.54 A
18.3 8.5 1.0 9.8 1.0 8.5 1.1 73.2 A
37.6 17.5 2.70 20.1 2.70 6.0 11 56.4 B
temp=0 °C
42.8 19.9 3.03 22.9 3.03 0 0 57.2 ¢
39.0 18.2 2.72 20.8 2.72 3.05 0.521 57.95 [
27.3 12.7 1.73 14.6 1.73 9.0 1.4 63.7 B
18.0 8.4 1.0 9.6 1.0 10.0 1.38 72.0 B
8.82 411 0.450 4.71 0.450 11.8 1.47 79.38 B
7.0 33 0.51 37 0.51 37.2 6.60 55.8 B
temp=10 °C
47.4 22.1 3.65 25.3 3.65 0 0 52.6 ¢
41.9 19.5 3.07 22.4 3.07 2.9 0.52 55.2 c
36.0 16.8 2.70 19.2 2.70 10.0 1.83 54.0 B
26.1 12.2 1.71 13.9 1.73 13.0 211 60.9 B
17.1 8.0 1.0 9.1 1.0 14.5 2.10 68.4 B

Mixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.
"The molalities were calculated by the compiler. The units are: mol‘kg
“The solid phases are: A ice; B = KNOg; C = NH4H,POy; D = (NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
An improved visual polythermic methdavas used.

Source and Purity of Materials:

Chemically pure or reagent grade salts were recrystallized twice
and dried at 30—40 °C. The material designated “mixture” was
prepared by mixing equimolar amounts of pNHPO, and
(NH,),HPO, and homogenizing by grinding in a mortar.

Estimated Error:
Precision of temperature measurement wag.4 K.

References:
L. N. Erayzer, I. M. Kaganskiy, I.M. Zavod. Lali, 119(1967.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. Solubility isotherms in the NHi,PO,—(NH,) ,HPO,—NaH,PO,—H,O system

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1 49, 1502-6(1976.

(2) Diammonium hydrogenphosphate; (WHHPO,;

[7783-28-Q

(3) Sodium dihydrogenphosphate; N#0,; [7558-80-7
(4) Water; HO; [7732-18-3

A. M. Babenko, T.A. Vorob'eva, Zh. Prikl. KhiniLeningrad

Variables: Prepared By:

Temperature and concentration of N&MD, in a mixture J. Eysseltova
containing a mol ratio of NgH,PO,/(NH,),HPO,=1.

Experimental Data

Part. 1. Points of simultaneous crystallization of two or three solid phases in thelJ®@,— (NH,) ,HPO,—NaH,PO,—H,0 system

Mixture® NH,H,PO, (NHy),HPO, NaH,PO, Solid
100w; m;e 100w, 100w} 100w; me t/°C phasé
38.6 254 17.97 20.63 0.00 0.00 -8.6 At+C
320 211 14.90 17.10 6.8 0.92 -84 At+C
204 1.29 9.50 10.90 15.92 2.08 -84 At+C

9.8 063 456 5.24 27.06 3.57 -9.4 A+C
21.25 1.35 9.89 11.36 15.0 1.96 -8.0 At+C
16.0 1.01 7.45 8.55 20.0 2.60 -9.0 At+C

6.8 0.45 3.16 3.63 32.0 436 -110 A+C

6.0 0.43 2.79 321 37.6 555 +05 A+B+C

0.0 0.0 0.0 0.0 335 4.20 -838 A+B

2.4 0.17 1.12 1.28 40.0 579  -120 A+B

8.0 0.64 372 4.28 414 6.82 19.2 +E

8.0 0.70 372 4.28 46.0 8.33 25.2 HE

9.8 0.96 4.56 5.24 48.708 9.78 35.0 +B+D
61.0 6.33 28.40 32.60 0.0 0.0 39.0 +0
56.0 572 26.07 29.93 44 0.92 456 +0
48.0 4.67 2234 25.65 10.4 2.08 48.3 +D
36.0 3.25 16.76 19.24 19.2 357 44.6 +D
28.0 2.62 13.04 14.96 28.8 555 50.3 +D
24.0 2.27 11.17 12.83 332 6.46 56.0 +D
200 2.02 9.31 10.69 40.0 8.33 55.0 +0
20.0 2.20 9.31 10.69 432 9.78 67.0 +0

0.0 0.0 0.0 0.0 56.0 10.60 40.2 E

18 0.17 0.84 0.96 55.0 10.61 435 +E

4.75 0.45 221 254 52.5 10.23 46.0 +B

8.0 0.82 372 4.28 52.44 11.04 42,0 +B

8.0 0.88 372 4.28 55.2 12.50 50.5 HE

8.9 1.01 4.14 476 55.5 12.99 49 HE+F

0.0 0.0 0.0 0.0 60.8 12.92 57.2 +HE

16 0.17 0.74 0.86 60.0 13.02 59.8 +E

42 0.45 1.96 2.24 58.0 12.78 63.5 +E
11.25 1.35 5.24 6.01 55.0 13.58 68.4 +E

Mixture? NH,H,PO, (NH,),HPO, NaH,PO, H,0 (N+P,05)
100w; m;° 100w;° 100w, 100w; m;° 100w; 100w;
temp=—5°C
0.0 0.0 0.0 0.0 35.4 4.56 64.6 21.0
6.7 0.45 3.12 3.58 33.0 4.56 60.3 24.5
12.0 0.79 5.59 6.41 26.4 3.57 61.6 24.5
2.392 0.17 111 1.28 40.2 5.83 57.408 255
22.0 1.43 10.24 11.76 15.6 2.08 62.4 25.6
33.4 2.25 15.55 17.85 6.66 0.92 59.94 28.78
40.2 2.72 18.71 21.48 0.0 0.0 59.8 29.9
temp=0°C
0.0 0.0 0.0 0.0 37.6 5.02 62.4 22.1
14.0 0.94 6.51 7.48 25.8 3.57 60.2 25.5
6.58 0.45 3.06 3.52 34.2 4.81 59.22 26.2
2.38 0.17 111 1.27 41.87 6.26 55.87 26.4
24.4 1.63 11.36 13.04 15.12 2.08 60.48 27.1
33.6 2.28 15.64 17.96 6.64 0.92 59.76 28.98
42.6 3.00 19.83 22,77 0.0 0.0 57.4 31.6
temp=10 °C
0.0 0.0 0.0 0.0 42.2 6.08 57.8 25.0
6.38 0.45 2.97 3.41 36.2 5.25 57.42 26.24
19.0 1.36 8.85 10.15 24.3 357 56.7 28.63
29.0 2.06 13.50 15.50 14.18 2.08 56.72 29.9
2.28 0.17 1.06 1.22 44.8 7.05 52.992 28.29
40.0 3.00 18.62 21.38 6.0 0.92 54.0 33.36
47.0 3.59 21.88 25.12 0.0 0.0 53.0 35.0

aMixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.

PThese values were calculated by the compiler.

°The molalities were calculated by the compiler. The units are: mol*kg
%The solid phases are: A ice; B = NaH,P0O,-2H,0; C = NH4H,PO,; D = (NH,),HPO,; E = NaH,PO,-H,0; F = NaH,PO,.

Auxiliary Information

Method / Apparatus / Procedure:

An improved polythermic methddwas used.

Source and Purity of Materials:

Reagent grade salts were recrystallized and dried. The
ammonium salts were dried at 40-50 °C. The sodium salt was
dried at 105°C. The material designated “mixture” was
prepared by mixing equimolar amounts of MNHPO, and
(NH,),HPO, and homogenizing them by grinding in a mortar.

Estimated Error:

No information is given.

References:

L. N. Erayzer, |. M. Kaganskiy, Zavod. Laf, 119 (1967).

CLET

3ASHMHIA 'd "L ANV VAOLTASSAT T



866T ‘9 'ON 'LZ 'IOA ‘ereq "J9d "wayD 'shud ¢

Components Evaluator: Components Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,POy; J. Eysseltova Charles University, Prague, Czech Republic (1) Ammonium dihydrogenphosphate; H,POy; I. N. Tishchenko, A. G. Kuznetsova, VINITI-2594, 12({1981).
[7722-76-1 September 1995 [7722-76-1
(2) Diammonium hydrogenphosphate; (WHHPO,; (2) Diammonium hydrogenphosphate; (WEHPOy;
[7783-28-Q [7783-28-Q
(3) Potassium sulfate; §50;; [7778-80-3 (3) Potassium sulfate; ¥§8O;; [7778-80-3
(4) Water; HO; [7732-18-3 (4) Water; H0; [7732-18-3
Variables: Prepared By:
Critical Evaluation: Composition at 0 °C. J. Eysseltova
6.2. Solubility in the NH 4H,PO,—(NH,),HPO,~—K,SO,~H,0 System

There are two report that give data for the NfH,PO,— (NH,) ,HPO,—K,SO;—H,0 system. One articfereports the Experimental Data
composition of solutions that are saturated simultaneously with two or three solid phases, and have the molar ratie dfaN/P Solubility in the (NH;) ,HPO,—NH,H,PO,—K,S0O,—H,O system at 0 °C
The temperature range of 262318 K is covered. Isotherms at 268, 273 and 283 K are also given. The otheeputitiehe
contents of N, POs and K,O in solutions saturated at 273 K by unspecified solid ptsaséhe evaluator has found that the molar Original mixture Equilibrium liquid phase
ratio of N/P in these solutions is very close to 1.3. Therefore, no direct comparison of the data in these two articles can be made. gq, N ROs K,O N P,0s K,0
Furthermore, in each of these articles there are statements that raise questions. In the work of Tishchenko and Ktlzeetsova n 100 100w 100w 100w 100w 100w
time allowed for equilibration was rather short and the attainment of equilibrium was not established experimentally. Babenko and 0 ! ! ! ! ! !
AndrianoV reported the simultaneous crystallization of ammonium phosphates and potassium sulfate. This is surprising in view of
the well-known ability of ammonium and potassium phosphates to form so-qadtedid solutions’~® Further doubt about the 1 6.31 21.40 9.00 6.75 21.96 381
composition of the solid phase is cast by the work of FoKlveho observed these solid solutions formed between ammonium and 2 6.98 23.07 9.00 7.66 23.35 3.62
potassium dihydrogenphosphates in her study of thgf§RO,—H;PO,—K,S0O,—H,0 system. 3 6.65 20.72 9.00 7.02 21.92 3.83

Thus, more experimental work needs to be reported for thgHyAO,— (NH,) ,HPO,—K,S0O,—H,O system before solubility 4 6.52 22.04 9.00 6.99 23.78 4.19
data for this system can be considered as recommended values. 5 6.81 22.98 9.00 753 24.95 351

6 7.35 24.92 9.00 7.98 26.00 4.01

References: 7 8.50 28.75 9.00 8.52 26.57 3.88
1. N. Tishchenko, A. G. Kuznetsova, VINITI 2594981, 12 p. 8 9.87 33.58 9.00 8.28 27.77 3.60
2A. M. Babenko, A. M. Andrianov, Zh. Neorg. Khin29, 2663(1984. 9 8.42 27.61 9.00 8.03 25.88 3.60
3p. Askenasy, F. Nessler, Z. Anorg. Cheb89, 305 (1930. 10 9.73 31.88 9.00 8.35 26.78 3.01
“N. S. Dombrovskaya, A. Y. Zvorykin, Kali, 24 (1937). 11 7.39 23.10 9.00 8.05 25.44 3.23
A Y. Zvorykin, V. G. Kuznetsov, Izv. AN SSSR, Ser. Khim. 195938. 12 8.53 27.32 9.00 8.25 27.48 3.58
5D. I. Kuznetsov, A. A. Kozhukhovskiy, F. E. Borovaya, Zh. Prikl. Khitheningrad 21, 1278(1948. 13 9.95 31.03 9.00 8.32 27.40 3.70
A. G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. Neorg. KHi.3368(1972. 14 10.80 32.99 9.00 8.26 26.97 3.52

8ya. S. Shenkin, S. A. Ruchnova, N. A. Radionova, Zh. Neorg. KHi.3368(1972.

A. P. Solov'ev, E. F. Balashova, N. A. Verendyakina, L. F. Zyuzina, Vzaimodeistvie Khloridov Kaliya, Magniya Ammoniya s
ikh Nitratami i Fosfatami 31977).

107, N. Fokina, E. N. Kornishina, P. P. Kim, Tekhnologiya Mineral'nykh Udobreftigningrad 63 (1977.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
K,S0O, was added to 50 g of a soln saturated with ammonium No information is given.
phosphates or a suspension of proper overall composition. The

equilibrium vessels were thermostated in an ice-water bath forEstimated Error:

4 hrs. The equilibrium liquid phase was analyzed for NH ) B
PO~ and K1 No information is given.

References:

IM. M. Vinnik, L. N. Erbanova, et al. Metody Analiza
Fosfatnogo Syrya, Moscow 975.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. Solubility isotherms in the N ,PO,— (NH,) ,HPO,—K,SO,—H,O system

Components

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1

(2) Diammonium hydrogenphosphate; (WHHPO,;

[7783-28-Q

(3) Potassium sulfate; §50,; [7778-80-5

(4) Water; HO; [7732-18-3

Original Measurements:

A. M. Babenko, A. M. Andrianov, Zh. Neorg. Khin29, 2663-7

(1984.

Variables:

Temperature and concentration 0§30, in a mixture
containing a mol ratio of NgH,PO,/(NH,),HPO, = 1.

Prepared By:
J. Eysseltova

Part. 1. Points of simultaneous crystallization of two or three solid phases in thilJRi@,—(NH,) ,HPO,—K,SO;—H,O system

Experimental Data

Mixture® NH,H,PO, (NH,),HPO, K2SO, H,0 Solid
100w; 100w, m 100w; m 100w; m° 100w; t/°C phasé
0 0 0 0 0 6.5 0.40 935 -16 A+B
9.0 4.2 0.45 48 0.45 10.0 071 810  -40 A+B
18.06 8.41 1.01 9.65 101 9.7 077 7224 -6.0 A+B
27.3 127 173 14.6 173 9.0 0.81 637 9.0 A+B
322 15.0 2.18 17.2 218 8.0 077 598 -103 A+B
41.85 19.48 3.311 22.37 3.311 7.0 0.79 51.15 1.0+
46.5 21.6 4.05 24.9 4.05 7.0 0.86 465 180  +®
38.6 18.0 254 206 254 0 0 61.4 -8.6 A+C
36.0 16.8 2.40 19.2 2.40 32 0.30 608  -9.1 A+B+C
61.0 28.4 6.33 326 6.33 0 0 39.0 39.0 +D
62.2 29.0 7.19 33.2 7.19 2.8 0.46 35.0 450 4O

Mixture” is an equimolar mixture of NHH,PO, and (NH,),HPO,.
"The molalities were calculated by the compiler. The units are: mol*kg

“The solid phases are: A ice; B = K,SO;; C = NH4H,PO,; D = (NH,),HPO,.

Mixture? NH,H,PO, (NH,),HPO, K,SO, H,0 Solid
100w; 100w, m;/mol kg™t ® 100w, m;/mol kg™t ® 100w, m;/mol kg™ * © 100w, phasé
temp=—5°C
40.4 18.8 2.74 216 2.74 0 0 59.6 A
37.0 17.2 2.50 19.8 2.50 3.15 0.30 59.85 A
32.02 14.91 2.179 17.11 2.179 8.5 0.82 59.48 B
27.2 12.7 1.73 145 1.73 9.2 0.83 63.6 B
18.06 8.41 1.01 9.65 1.01 9.7 0.77 72.24 B
temp=0 °C
42.8 19.9 3.03 229 3.03 0 0 57.2 C
385 17.9 2.67 20.6 2.67 3.07 0.301 58.43 C
31.85 14.83 2.179 17.02 2.179 9.0 0.87 59.15 B
27.12 12.63 1.734 14.49 1.734 9.6 0.87 63.28 B
17.96 8.361 1.011 9.599 1.011 10.2 0.815 71.84 B
8.96 4.17 0.450 4.79 0.450 10.4 0.740 80.64 B
temp=10 °C
47.4 22.1 3.65 25.3 3.65 0 0 52.6 C
415 19.3 3.02 222 3.02 2.925 0.3020 55.575 C
31.64 14.73 2.179 16.91 2.179 9.6 0.94 58.76 B
26.91 12.53 1.734 14.38 1.734 10.3 0.941 62.79 B
17.8 8.29 1.01 9.51 1.01 11.0 0.887 71.2 B
8.88 4.13 0.450 4.75 0.450 11.2 0.804 79.92 B

Mixture" is an equimolar mixture of NHH,PO, and (NH,),HPO,.
These values were calculated by the compiler. The unit are: mot.kg
°The solid phases are: A ice; B = K,S0O,; C = NH4H,PO,; D = (NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
An improved visual polythermic methdavas used.

Source and Purity of Materials:

Chemically pure or reagent grade salts were recrystallized twice
and dried at 30—40 °C. The material designated “mixture” was

prepared by mixing equimolar amounts of pNHPO, and
(NH,),HPO, and homogenizing by grinding in a mortar.

Estimated Error:
Precision of temperature measurement wag.4 K.

References:

1L.N. Erayzer, I.M. Kaganskiy, Zavod. Lali, 119(1967.

V.LET
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Part 2. Solubility isotherms in the N{H,PO,—(NH,) ,HPO,—K,S,0;—H,0 system

Components Original Measurements: Mixture? NH,H,PO, (NHZ),HPO, K2$,04 H0 Solid
(1) Ammonium dihydrogenphosphate; NH,POy; A. M. Babenko, A. M. Andrianov, Zh. Neorg. Khin29, 2663-7 100w, 100w; mi/mol kg™* ® 100w; mi/mol kg™* ® 100w; mi/mol kg™ ® 100w; phasé
[7722-76-1 (1984).
(2) Diammonium hydrogenphosphate; (WHHPO,; temp=-10°C
[7783-28-Q 28.0 13.0 1.75 15.0 1.75 7.2 0.58 64.8 A
(3) Potassium thiosulfate; 46,0s; [10294-66-3 21.0 9.8 1.3 11.2 1.34 15.8 1.31 63.2 A
(@) Water; H0; [7732-18- 15.36 7.15 1.01 8.21 1.01 232 1.98 61.44 A
. 6.9 3.2 0.45 3.7 0.45 31.0 2.62 62.1 A
Variables: Prepared By:
. . . . 25.0 11.6 1.93 13.4 1.93 225 2.25 52.5 C
Temperature and concentration 0$0O; in a mixture J. Eysseltova
containing a mol ratio of NEH,PO/(NH,),HPO, = 1. 18.96 8.83 173 10.13 1.734 36.8 4.37 44.24 c
11.0 5.1 1.0 5.9 1.0 44.5 5.25 445 C
36.4 16.9 2.57 19.5 2.57 6.36 0.584 57.24 D
6.3. Oth_er Systems 32.6 15.2 2.44 17.4 2.44 13.4 1.30 54.0 D
Experimental Data 9.0 42 0.80 48 0.80 455 5.25 455 B
Part. 1. Points of simultaneous crystallization of two or three solid phases in theJR@,—(NH,) ,HPO,—K,S,0;—H,0 system 0 0 0 0 0 55.0 6.42 25.0 B
Mixture? NH,H,PO, (NHg),HPO, K,S,05 H,0 Solid temp=0°C
100w, 100w, mP 100w; m? 100w, m? 100w; e phasé 27.0 12.6 2.14 14.4 2.14 219 2.25 51.1 A
23.1 10.7 1.73 12.3 1.73 23.0 2.24 53.9 A
0 0 0 0 0 52.0 5.69 48.0 —215 A+B 38.0 17.7 2.76 20.3 2.76 6.2 0.58 55.8 D
5.0 2.3 0.45 2.7 0.45 50.0 5.84 45.0 -21.6 A+B 33.6 15.6 2.56 18.0 2.56 13.2 1.30 53.2 D
11.2 52 1.04 6.0 1.0 44.0 5.16 44.8 —225 A+C 18.78 8.74 1.73 10.04 1.734 37.4 4.48 43.82 C
16.0 7.4 1.3 8.6 1.3 33.6 3.50 50.4 -275 A+C 11.0 51 1.0 5.9 1.0 45.0 5.37 44.0 Cc
19.2 8.9 1.7 10.3 1.73 36.0 4.22 448  -21.6 A+C 9.4 44 0.84 5.0 0.84 45.3 5.25 45.3 C
24.0 11.2 1.83 12.8 1.83 22.8 2.25 53.2 —-154 AtC 4.8 2.2 0.44 2.6 0.44 51.2 6.11 44.0 B
8.0 3.7 0.69 4.3 0.69 45.0 5.03 47.0 —23.0 A+B+C 0 0 0 0 0 57.4 7.08 42.6 B
27.3 12.7 2.18 14.6 2.18 22.0 2.28 50.7 —17.0 A+C+D temp=10°C
38.6 22.2 3.14 26.4 3.14 0 0 61.4 —-8.6 A+D 29.4 13.7 241 15.7 241 21.18 2.25 49.42 C
36.0 16.8 2.53 19.2 2.53 6.4 0.58 57.6 —-13.0 A+D 18.0 8.4 15 9.6 15 32.8 3.50 49.2 C
32.0 14.9 2.38 17.1 2.38 13.6 1.31 544  -142 A+D 10.96 5.10 101 5.86 101 45.2 5.42 43.84 c
61.0 28.4 6.33 32.6 6.33 0 0 39.0 39.0 +D 4.82 2.24 0.450 2.58 0.450 51.8 6.27 43.38 B
47.0 219 4.05 25.1 4.05 6.0 0.67 47.0 19.0 +@ 0 0 0 0 0 60.0 7.88 40.0 B
36.12 16.82 2.931 19.30 2.931 14.0 1.47 49.88 10.0 +DC e e ) )
4255 19.81 3.447 2274 3.447 75 0.79 49.95 100  +DC bTM'Xt“re is an equimolar mixture of NHH;PO, and (NH),HPO.
hese values were calculated by the compiler. The units are mot. kg
6.6 3.1 0.64 35 0.64 51.37 6.422 4203  -10 B+C “The solid phases are: A ice; B = K,5,05; C = NH4H,POy; D = (NH,),HPO,.
5.0 2.3 0.53 2.7 0.53 57.0 7.88 38.0 12.0 +8
Auxiliary Information
Mixture" is an equimolar mixture of NHH,PO, and (NH,),HPO,.
:‘ITES gﬂ?gf;g:g;a:ﬁ?g b:y Il(h;%)mgljr’;l;hﬁ l;ﬁc';s Sr:e (r;ﬂlngPo Method / Apparatus / Procedure: Source and Purity of Materials:
: ' 227 4T 4l An improved visual polythermic methbdised. Chemically pure or reagent grade salts were recrystallized twice

and dried at 30 °C. The material designated “mixture” was
prepared by mixing equimolar amounts of MtpPO, and
(NH,),HPO, and homogenizing by grinding in a mortar.
Potassium thiosulfatép., TU 6-09-44-70 was recrystallized
twice and dried at 105 °C.

Estimated Error:
Precision of temperature measurement wa$.4 K.

References:
ILN. Erayzer, .M. Kaganskiy, Zavod. Lali, 119 (1967.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

SLET



866T ‘9 'ON ‘LZ 'IOA ‘ereq "J8d "wayD 'shud ¢

9LET

Components Evaluator: Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; J. Eysseltova Charles University, Prague, Czech Republic (1) Ammonium dihydrogenphosphate; H,POy; V. P. Blidin, Zh. Obshch. Khim11, 887-90(1941).
[7722-76-1 September 1995 [7722-76-1
(2) Urea; CHN,0; [57-13-6 (2) Urea; CHN,0; [57-13-6
(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3
Variables: Prepared By:
Critical Evaluation: Temperature and composition. L. V. Chernykh and J. Eysseltova

7.1. NH4H,PO,—Urea—H,0
Seven articles report solubility data in the MPO,—urea—HO systent~’ Four of these articlés®7 present data on solutions
in equilibrium with several solid phases. Two of these artfefeaiso contain sets of isotherms. The rest of the titdeal with

Experimental Data
Solubility isotherms in the NfH,P0O,—CO(NH,),—H,O system

the solubility along sections having constant NI ratios. The data of Blidihare scattered and the description of the solid NH,H,PO, CO(NH,), H,0

3ASHMHIA 'd "L ANV VAOLTASSAT T

phases ’g\t 25 °C is not convincing. In fact, a reasonable phase diagram, Figure 13, can be constructed only if based on the data Oflo(lN mi/mol kg~1a 100w; mi/mol kg~ 12 100w; Solid phases
Polosir? and Polyakov, et &.Then, too,a- and y-forms of urea are reported for solutions having higher urea contents and at
higher temperaturés and ag-form of NH,H,PQ, is mentioned by othefSHowever, such polymorphs seem to be inconsistent temp=—10 °C
with the boundaries of the crystallization fields in the phase diagram. Therefore, any evaluation must await further investigation of 14.5 18 17.2 4.2 68.3 NHH,PO,
the solubility of the polymorphs. Furthermore, the solubility polytherm on sections having a consta@% Mo reported by 14.4 21 255 7.1 60.1 NHH,PO,
Sarbaev, et dl.and by Polyakov, et 4l.differ substantially from each other. Once again, further independent data are needed 10.1 15 32.8 9.6 57.1 a-CO(NH,),
before any evaluation can be made. The heavy lines in Figure 13, below, represent phase equilibria while the lighter lines 7.0 1.0 325 8.9 60.5 a@-CO(NH,),
represent isotherms at the temperatures indicated. 11 - 162 teme SC 66.7 N#,PO
I . . . . X L,PO,
Kummel and Fah8lstudied the closely related NH,PO,—~CO(NH,),-HzPO;—H,0 system. 18.4 25 78 18 738 NHH,PO,
16.2 2.4 25.0 7.1 58.8 NHH,PO,
1. P. Blidin, Zh. Obshch. Khim11, 887 (1941. 14.9 25 34.0 111 51.1 N, PO,
zV. A. Polosfn, A. G. Treshchov, lzv. T.imirya‘zevskA S.-kh. Ak&].203 (1953. gg 12 2;2 ﬁg ggg zggm:z;;
V. A. Polosin, A. G. Treshchov, Zh. Fiz. Khin27, 57 (1953. temp=5 °C
“A. G. Bergman, |. V. Opredelenkova, Zh. Prikl. Khirf.eningrad 40, 1835(1967). 18.5 25 16.1 4.1 65.4 NHH,PO,
5A. N. Sarbaev, E. V. Polyakov, M. F. Tyunina, Z. A. Polyakova, A. Kh. Ruchkova, Khim. Pfbtascow) 48, 437 (1967). 19.6 2.4 8.0 18 724 NHH,PO,
SE. V. Polyakov, L. I. Mart'yanova, A. N. Sarbaev, Zh. Prikl. Khitheningrad 47, 1507 (1974. i;g gg ggg 11; ggé Nwwngg“
X . . . . L,PO,
A. N. Sarbaev, E. V. Polyakov, Z. A. Polyakova, A. Kh. Ruchkova, M. F. Tyunina, L. I. Gushchina, L. I. Martyanova, Khim. 12.0 22 40.9 145 47.1 a-CO(NH,),
Prom.(Moscow 50, 516 (1974). 6.0 1.0 40.1 12.4 53.9 a-CO(NH,),
8R. Kummel, R. Fahsl, Z. Anorg. Allg. Chend02, 305 (1973. temp=15 °C
21.2 29 15.8 4.2 63.0 NAH,PO,
22.6 28 7.9 1.9 69.5 NfH,PO,
20.1 3.1 24.0 7.1 55.9 NHH,PO,
30 [Tt 168 32 373 135 459 Ni#,PO,
18.1 3.2 33.0 11.2 48.9 NHH,PO,
1 5.2 0.9 45.9 15.6 48.9 a-CO(NH,),
o 1 8.1 15 455 16.3 46.4 @-CO(NH,),
o 11.2 2.2 45.1 17.2 43.7 @-CO(NH,),
© 298K 1 temp=25 °C
HoP | 25.1 3.6 15.0 4.2 59.9 NAH,PO,
NH4 2 0 ° 26.3 34 7.4 1.9 66.3 NkH,PO,
S20°F A - 24.0 3.9 22.8 7.1 53.2 NHH,PO,
a 1 i 19.1 3.7 36.0 13.3 44.9 Nf,PO,
= ,\% 273 K 21.6 4.0 31.3 11.1 47.1 NH,PO,
= 1 4.8 1.0 51.6 19.7 43.6 @-CO(NH,),+B-CO(NH,),»
=z N\ i 7.3 15 50.5 19.9 422 @-CO(NH,),+B-CO(NH,),
e o ref (1 10.2 2.2 495 205 40.3 @-CO(NH,),+B-CO(NH,),
] J
g o ref(z “The molality val Iculated by th i
g 10F B A ref (3 e molality values were calculated by the compilers.
1 vV ref (6 . )
[Ce Auxiliary Information
] Method / Apparatus / Procedure: Source and Purity of Materials:
\ A visual polythermic method was used. No information is given.
263K 1
0 : . = . : .
0 10 20 30 40 50 60 Estimated Error:
mass 7 ureq No information is given.

FIG. 13. Solubility in the NHH,PO,—urea—HO system.
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93.21 51.80 21.05 6.79 7.23 1.53 4097  y-CO(NHy),

95.50 52.60 2053 450 474 0.97 4266  y-CO(NH,),
Components Original Measurements: 100 54.80 20.19 0.0 0.00 0.00 45.20 y-CO(NH,),
(1) Ammonium dihydrogenphosphate; NH,POy; V. A. Polosin, A. G. Treshchov, Izv. Timiryazevsk. S.-kh. Akad. temp=40 °C
[7722-76-1 2, 203-20(1953. 0.0 0.00 0.00 100 35.50 4.78 64.50 NHPO,
(2) Urea; CHN,0; [57-13-§ 28.47 6.75 1.85 7153 32,50 4.65 60.75 MHPO,
(8) Water; 0; [7732-18-3 49.27 14.34 4.16 50.73 28.30 4.29 57.36 MHPO,
Variables: Prepared By: 64.68 22.83 7.14 35.32 23.90 3.90 53.27 REPO,
Composition and temperature. L.V. Chernykh and J. Eysseltova 74.01 3152 1110 25.99 21.20 3.90 47.28 MNP0,
80.28 40.50 16.65 19.72 19.00 4.08 40.50 MNP0,
. 83.05 45.27 20.36 16.95 17.70 4.15 37.03 MNP0,
Experimental Data
o ) 90.81 56.30 28.60 9.19 10.92 2.90 3278  y-CO(NH,),
Solubility isotherms in the NfH,PO,—CO(NH,) ,—H,O system 02.92 57.80 28.51 7.08 8.44 217 33.76 ¥-CO(NHy),
CO(NHy), NH,H,PO, H,0 93.82 58.80 28.98 6.18 7.42 1.91 3378 y-CO(NH,),
Compg 100w; m;/mol kg~ 1° Comg 100w; mi/mol kg~ P 100w, Solid phase 94.60 59.40 29.00 5.40 6.50 1.66 3410 y-CO(NH),
96.70 60.50 28.34 3.30 3.95 0.97 3555  y-CO(NH,),
temp=-10 °C 100 62.00 27.17 0.00 0.00 0.00 38.00 y-CO(NH,),
100 29.70 7.03 0.0 0.0 0.00 70.30 ice
93.19 24.82 5.76 6.81 3.48 0.42 71.70 ice aThe composition unit is: mol/200 mol of sol_ute.
R These values were calculated by the compilers.
94.78 21.58 5.06 15.22 7.42 0.91 71.00 ice
83.74 21.20 4.98 16.26 7.98 0.98 70.82 i.ce Additional Data: the authors also give the specifics of the cryohydratic point in thgHyRO,—H,0 system: 16.90 mass %
73.93 17.62 4.16 26.07 11.90 147 70.48 ice NH,4H,PQ, (1.77 mol/kg HO—compilers at —4.3 °C and of the eutectic point of the ternary system under consideration: 28.8 mass
72.92 17.40 4.13 27.08 12.39 1.53 70.21 ice % CO(NH,), (8.09 mol/kg H,O—compilery; 11.90 mass % NkH,PO, (1.74 mol/kg H,O—compiler$; 59.30 mass % kD at
71.07 17.30 4.16 28.93 13.50 1.70 69.20 MNP, —-15.3°C.
79.24 26.07 7.14 20.76 13.10 1.87 60.83 MPO, Auxiliary Information
84.78 31.55 9.12 15.22 10.85 1.64 57.60  a-CO(NH),
85.52 31.60 9.05 14.48 10.26 1.53 58.14  a-CO(NH,), Method / Apparatus / Procedure: Source and Purity of Materials:
90.24 32.60 8.95 9.76 6.74 0.97 60.66 a-CO(NH,), A visual polythermic method was used. No information is given.
93.19 32.89 8.76 6.81 4.61 0.64 62.50 a-CO(NH,),
100 33.60 8.43 0.0 0.00 0.00 66.40 a-CO(NH,), Estimated Error:
temp=0 °C No information is given.
— 0.00 0.00 100 18.70 2.00 81.30 H,PO,
47.29 8.24 1.85 52.71 17.60 2.06 74.16 MHPO,
61.47 13.97 3.36 38.53 16.78 211 69.25 ANHPO,
65.98 16.70 4.16 34.02 16.50 2.15 66.80 MREHPO,
69.23 19.00 4.88 30.77 16.20 2.17 64.80 ANHPO,
76.23 25.44 7.14 23.77 15.20 2.23 59.36 MREHPO,
83.44 34.72 11.10 16.56 13.20 2.20 52.08 MNP0,
84.78 36.38 11.85 15.22 12.52 2.13 51.10 a-CO(NH,),
86.08 36.70 11.77 13.94 11.39 1.91 51.91  a-CO(NH,),
88.42 37.40 11.70 11.58 9.39 1.53 53.21 a-CO(NH,),
92.31 38.50 11.58 7.59 6.15 0.97 55.35 a-CO(NH,),
93.19 38.60 11.48 6.81 5.40 0.84 56.00 a@-CO(NH,),
100 40.00 11.10 — 0.00 0.00 60.00  a-CO(NH,),
temp=25°C
0.0 0.00 0.00 100 29.05 3.56 70.95 MNHPO,
34.37 7.32 1.85 65.63 26.80 3.54 65.88 MHPO,
55.03 15.23 4.16 44.97 23.85 3.40 60.92 ANHPO,
68.91 23.82 7.14 31.09 20.60 3.22 55.58 MREHPO,
7751 32.72 11.10 22.49 18.20 3.22 49.08 MNP0,
83.42 42.00 16.65 16.58 16.00 3.31 42.00 ANPO,
84.78 45.10 19.06 15.22 15.50 3.42 39.40 MNP0,
85.95 46.92 20.35 14.05 14.70 3.33 38.38 ANBPO,
87.78 48.40 20.82 12.22 12.90 2.90 38.70  B-CO(NH,),
90.73 50.25 20.97 9.27 9.85 2.15 39.90 B-CO(NH,),
91.61 50.60 20.80 8.39 8.89 1.91 4051  y-CO(NH,),
93.19 51.75 21.01 6.81 7.23 1.53 41.02  y-CO(NH,),

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components
(1) Ammonium dihydrogenphosphate; NH,POy;

Original Measurements:
V. A. Polosin, A. G. Treshchov, Zh. Fiz. Khin27, 57-68

[7722-76-1 (1953.

(2) Urea; CHN,0; [57-13-6
(3) Water; H,0; [7732-18-3

Components

(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Urea; CHN,0; [57-13-6

(3) Water; H,0; [7732-18-3

Original Measurements:

A. G. Bergman, L.V. Opredelenkova, Zh. Prikl. Khim.
(Leningrad 40, 1835-8(1967.

Variables:
Composition and temperature.

Prepared By:

J. Eysseltova

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data

Crystallization temperatures and composition of solutions coexisting with several solid phases in,HigP®H-CO(NH,) ,—H,0

system

NH,H,PO, CO(NH), H,0 Solid

t/°C 100w, m;/mol kg2 100w; m;/mol kg2 100w; phased
—4.3F 16.90 1.77 0.00 0.00 83.10 +#B
-7.1 14.80 1.68 8.52 1.85 76.68 +#B
-10.4 13.40 1.68 17.32 4.17 69.28 +B
-14.0 12.25 1.73 26.33 7.14 61.42 +HB
—-2.8 12.60 2.09 34.96 11.11 52.44 +&
+14.1 13.90 2.81 43.05 16.66 43.05 +B
+22.8 14.20 3.20 47.19 20.37 38.61 +B
-134 6.91 0.96 30.50 8.12 62.59 +HC
+3.7 5.94 1.19 50.60 19.40 43.46 +D
+25.3 4.71 0.97 52.90 20.80 42.39 HE
—-14.5 10.65 1.53 29.00 8.01 6085 A+C
+5.8 8.90 1.54 40.70 13.46 50.40 +D
+24.8 7.25 1.54 51.70 20.99 41.05 HE
-8.1 12.22 1.91 32.10 9.61 55.68 B
-3.8 13.12 217 34.40 10.92 52.48 +&
+7.3 11.90 2.17 40.50 14.18 47.60 +0
+25.7 5.88 1.17 50.60 19.37 43.52 HE
+18.1 13.80 2.90 44.80 18.03 41.40 +B
—-8.5 20.00 2.74 16.65 4.38 63.35 B
+6.0 13.49 2.48 39.21 13.81 47.30 +&
—-14.2 10.16 1.46 29.54 8.16 60.30 +HL
+5.0 5.81 0.96 41.49 13.12 52.70 +O
—-12.6 4.39 0.59 31.41 8.15 64.20 +HC

-15.3 11.90 1.74 28.80 8.09 59.30 +#B+C

&These values were calculated by the compiler.

bThe solid phases are:#ice; B=NH,H,P0O,; C=a-CO(NH,),; D=8-CO(NH,),; E=y-CO(NH,),; F=CO(NH,), (modification not

given).
CThis is a graphical estimation, the experimental value wés6 °C.
9The value in the source paper was 560.3, an obvious error.

Auxiliary Information

Method / Apparatus / Procedure:

observed.

Source and Purity of Materials:

A visual polythermic method was used. The disappearance of Ammonium dihydrogenphosphate and urea were recrystallized
the last crystal and the appearance of the first crystal were  three times before use and analyzgw results given The
purity of urea was checked by melting point measurement

(+132.6 °C foungl

Estimated Error:

No information is given.

Experimental Data

Composition and crystallization temperature of invariant points in thgHyRO,—CO(NH,) ,—H,O system

CO(NH), NH,H,PO, H,0 Solid
t/°C 100w; mi/mol kg *2 mi/mol kg 2 100w, phase®
-17.5 30.0 8.84 13.5 2.08 56.5 #B+C

-6.0 35.0 11.5 14.5 2.50 50.5 4B8C+D
28.0 515 25.6 15.0 3.89 33.5 HD+E
46.0 58.0 358 15.0 4.83 27.0 HE+F

2The molality values were calculated by the compiler.

"The solid phases are: A ice; B = a-NH4H,POy; C = @-CO(NH,),; D = B-NH4H,POy; E = B-CO(NH,),; F = y-CO(NH,),.

Additional Data:

Solubility polytherm and solubility isotherms in the temperature rand® to +50 °C are given, but only in graphical form.
Relative areas of crystallization fields are: ic€9.98%, a-NH,H,P0,=8.01%); 3-NH,H,P0,=62.18%,a-CO(NH,) ,=4.99%;

B-CO(NH,),=2.28%; y-CO(NH,) ,=12.56.

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was usédhe appearance of
the first crystals as well as the disappearance of the last
crystals was observed, the difference between these values

being kept to a minimum.

Source and Purity of Materials:

Reagent grade urea and NHLPO, were recrystallized and
dried before being used. Their melting points were 132.5 and
200 °C, respectively.

Estimated Error:
No information is given.

References:
A. G. Bergman, N. P. Luzhnaya, Fiziko-Khimicheskie Osnovy
Izucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy

Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSR, 1951.

8LET
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Urea; CHN,0; [57-13-6

(3) Water; H,0; [7732-18-3

Original Measurements:

A. N. Sarbaev, E. V. Polyakov, M. F. Tyunina, Z. A. Polyakova,
A. Kh. Ruchkova, Khim. Prom(Moscow) 48, 437-8(1972.

Components
(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Urea; CHN,0; [57-13-6
(3) Water; H,0; [7732-18-3

Original Measurements:

E. V. Polyakov, L. I. Mart'yanova, A. N. Sarbaev, Zh. Prikl.
Khim. (Leningrad 47, 1507-9(1974.

Variables:

Composition and temperature in solutions with p@E ratio of
1:1.

Prepared By:
J. Eysseltova

Experimental Data

The solubility polytherm for the NiH,PO;—CO(NH,) ,—H,O system in a solution having a N#Bs ratio = 1:1 is given in
graphical form. The eutectic point is specified as 28.4 mass % of fertilizer 1:1 and 72.6 mag® % H9.25 °C.

Compiler's Comment:
The composition values are an obvious typographical error because the €0h%.

Auxiliary Information

Method / Apparatus / Procedure:
The method has been described eaflier.

Source and Purity of Materials:

CO(NH,), was GOST 6691-67; NpH,PO, was GOST
3771-64. No other information is given.

Estimated Error:
No information is given.

References:

11.R. Krichevskiy, N.E. Khazanova, L.R. Liushic, Zh. Fiz. Khim.
31, 2711(1957.

Variables:

Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data

Part 1. Composition of the relevant sections:

Sect. CO(NH), NH;H,PO, Ratio of N:ROs Comment
| 80.8% 19.2% 3.37:1 water added
1] 78.7% 21.3% 31 water added
1] 70.3% 29.7% 2:1 water added
\ 51.4% 48.6% 11 water added
\ 39.7% 60.3% 1:15 water added
\Y| 28.6% 71.4% 1:2 water added
Vil 15.2% 84.8% 1:3 water added

Part 2. The authors present their data using the total contents of salt components, the number of the relevant section and the crys

zation temperatures as coordinates. The compiler has recalculated their data as follows:

NH;H,PO, CO(NH,), H.0
100w; mi/mol kg™* 100w; mi/mol kg~* 100w; t/°c
10 0.1 4.0 0.7 95.0 -15
19 0.2 8.1 15 90.0 -3.0
2.9 0.3 121 24 85.0 -4.7
38 0.4 16.2 3.4 80.0 ~6.4
4.8 0.6 20.2 45 75.0 -83
5.8 0.7 242 5.8 70.0 -10.2
6.7 0.9 283 7.2 65.0 -123
7.7 11 323 9.0 60.0 -10.0
8.6 14 36.4 11.0 55.0 -2.4
9.6 17 40.4 135 50.0 55
106 20 44.4 16.4 45.0 13.8
115 25 485 202 40.0 2238
125 31 525 25.0 35.0 33.0
134 3.9 56.6 314 30.0 438
14.4 5.0 60.6 40.4 25.0 55.8
15.4 6.7 64.6 53.8 20.0 68.3
17.3 15.0 72.7 1211 10.0 9%
182 317 76.8 255.6 5.0 100
11 0.1 3.9 0.7 95.0 -14
2.1 0.2 7.9 15 90.0 -2.9
3.2 0.3 11.8 23 85.0 -4.6
4.3 0.5 157 33 80.0 -6.4
53 0.6 19.7 4.4 75.0 -83
6.4 0.8 23.6 5.6 70.0 -10.2
75 1.0 275 7.1 65.0 -123
85 12 315 8.7 60.0 -114
9.6 15 35.4 107 55.0 -3.8
107 1.9 39.4 13.1 50.0 4.1

S3IY3S v1va ALIENTOS ESIN-OVdNI
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11.7
12.8
138
14.9
16.0
17.0
19.2
20.2

15
3.0
4.5
5.9
7.4
8.9
10.4
11.9
134
14.9
16.3
17.8
19.3
20.8
22.3
23.8
26.7
28.2

2.4

4.9

7.3

9.7
121
14.6
17.0
19.4
21.9
243
26.7
29.2
31.6
34.0
36.4
38.9
43.7
46.2

3.0

6.0

9.0
12.1
151
18.1
211
24.1
271
30.2
33.2

2.3
2.8
3.4
4.3
5.6
7.4
16.7
35.2

0.1
0.3
0.5
0.6
0.9
11
14
17
2.1
2.6
3.2
3.9
4.8
6.0
7.7
10.3
232
49.1

0.2
0.5
0.7
11
14
18
2.3
2.8
3.5
4.2
52
6.3
7.8
9.9
12.7
16.9
38.0
80.3
0.3
0.6
0.9
13
17
2.2
2.8
3.5
4.3
5.2
6.4

43.3
47.2
51.2
55.1
59.0
63.0
70.8
74.8

3.5

7.0
10.5
14.1
17.6
21.1
24.6
28.1
31.6
35.2
38.7
422
45.7
49.2
52.7
56.2
63.3
66.8

2.6

5.1

7.7
10.3
12.9
15.4
18.0
20.6
23.1
25.7
28.3
30.8
33.4
36.0
38.6
41.1
46.3
48.8

2.0

4.0

6.0

7.9

9.9
11.9
13.9
15.9
17.9
19.9
21.8

16.0
19.7
24.3
30.6
39.3
52.4
117.9
249.0

0.6
13
21
2.9
3.9
5.0
6.3
78
9.6
11.7
143
17.6
21.7
27.3
35.1
46.8
105.3
222.4

0.5
1.0
15
2.1
29
3.7
4.6
5.7
7.0
8.6
105
12.8
15.9
20.0
257
34.2
77.0
162.6
0.3
0.7
12
17
2.2
2.8
3.6
4.4
54
6.6
8.1

45.0
40.0
35.0
30.0
25.0
20.0
10.0

5.0

95.0
90.0
85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0

10.0

5.0

95.0
90.0
85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
10.0
5.0
95.0
90.0
85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0

12.4
211
30.8
41.8
54.3
72.6
99

—1.45
-2.9
—4.6
-6.2
-8.2
—10.2
—125
-14.9
-3.2
9.6
23.0
37.2
50.4
63.0
75.0
86.9
110
121

-1.4
28
—4.4
-6.2
-8.0
-6.9
24
14.4
28.7
43.0
56.0
67.1
76.1
83.8
91
97
110
115
-15
29
—4.4
-6.1
-6.4
2.7
14.7
27.4
412
53.2
63.6

36.2
39.2
42.2
45.2
48.2
54.3
57.3

3.6

7.1
10.7
14.3
17.9
21.4
25.0
28.6
321
35.7
39.3
42.8
46.4
50.0
53.6
57.1
64.3
67.8

4.2

85
12.7
17.0
21.2
25.4
29.7
33.9
38.2
42.4
46.6
50.9
55.1
59.4
63.6
67.8
25.4
29.7
33.9
38.2
42.4
46.6
50.9
55.1
59.4
63.6
67.8
76.3
80.6

7.9

9.7
12.2
15.7
21.0
47.2
99.6

0.3
0.7
11
16
21
2.7
33
4.1
51
6.2
76
9.3
115
145
18.6
24.8
55.9
1179

0.4
0.8
13
18
25
3.2
4.0
4.9
6.0
7.4
9.0
11.1
13.7
17.2
221
29.5
3.2
4.0
4.9
6.0
7.4
9.0
11.1
13.7
17.2
22.1
295
66.3
140.1

23.8
258
27.8
29.8
31.8
35.7
37.7

14
2.9
43
5.7
7.2
8.6
10.0
11.4
12.9
143
15.7
17.2
18.6
20.0
215
229
25.7
27.2

0.8
15
23
3.0
3.8
4.6
53
6.1
6.8
7.6
8.4
9.1
9.9
10.6
11.4
12.2
4.6
5.3
6.1
6.8
76
8.4
9.1
9.9
10.6
11.4
12.2
13.7
14.4

9.9
12.3
154
19.8
26.4
59.5

125.6

0.3
0.5
0.8
1.2
16
2.0
2.6
3.2
3.9
4.8
5.8
71
8.8
111
14.3
19.0
42.9
90.5

0.1
0.3
0.4
0.6
0.8
11
14
1.7
21
25
31
3.8
4.7
5.9
7.6
10.1
11
14
1.7
21
25
31
3.8
4.7
5.9
7.6
10.1
22.8
48.1

40.0
35.0
30.0
25.0
20.0
10.0

5.0

95.0
90.0
85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
10.0

5.0

95.0
90.0
85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
10.0

5.0

73.0

82.2

91
102
111

-1.4
-2.8
—4.3
-5.9
-0.2
10.7
22.8
35.8
48.2
60.0
711
81.6
91
99
107
113
124
129

-12
-2.6
-4.0
-3.4
7.4
19.2
311
43.0
54.4
65.1
75.0
84.8
95
104
114
124
19.2
311
43.0
54.4
65.1
75.0
84.8
95
104
114
124
145

08€T
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Part 3. Invariant points in the Nft,PO,—CO(NH,),—H,O system(The original data are presented in the form mentioned in Part 2.

NH,H,PO, CO(NH,), H.0 Components Original Measurements:
100w; m/mol kg™ ! 100w; m/mol kg~ ! 100w; t°c (1) Ammonium dihydrogenphosphate; H,POy; A. N. Sarbaev, E. V. Polyakov, Z. A. Polyakova, A. Kh.
[7722-76-1 Ruchkova, M. F. Tyunina, L. I. Gushchina, L. I. Mart'yanova,
7.2 1.0 304 81 62.4 -134 (2) Urea; CHN,0; [57-13-§ Khim. Prom.(Moscow 50, 516-21(1974.
8.2 12 30.2 8.2 61.6 —13.8 (3) Water; H,0; [7732-18-3
12.0 1.7 28.3 7.9 59.7 -15.0
13.8 17 14.6 3.4 716 -9.3 Variables: Prepared By:
14.6 1.7 9.6 21 75.8 -76 Composition and temperature in solutions with NI ratios J. Eysseltova
156 17 6.2 13 782 -65 of 2:1 and 3:1.
16.1 1.7 2.9 0.6 81.0 -52

Experimental Data

The authors report the data found in Refs. 2 and 3. In addition, they report their own data at temperatures above 40 °C. These data are

Auxiliary Information . X : r
y presented with temperature and the total content of salt components as the coordinates. The compiler has recalculated their data as follows.

Method / Apparatus / Procedure: Source and Purity of Materials: B ] ] ] ]
A visual polythermic method was used with sealed glass Chemically pure ammonium dihydrogenphosphate and urea Table I. Solubility data for the NiH,PO,~CO(NH,),~H,O system in solutions having a N/B; ratio of 2:1
tubes! The authors state that the density of the filled tubes  were used. They were ground in a mortar and dried at 60—80 °C

h - . - ; : ! ¢ ; Total salts NHH,PO, CO(NH,), H,0
was 0.4-0.45 g ciibut this is not precisely defined in the and thenocharacterlzled by their melting points which were 132.5 e 100y, 100w, my/mol kg™ 100w, my/mol kg™ 100w,
article. and 200 °C, respectively.
40 61.0 148 3.30 46.2 19.7 39.0
Estimated Error: 50 64.8 15.7 3.88 49.1 23.2 35.2
. L 60 68.8 16.7 4.65 52.1 27.8 31.2
No information s given. 70 72.9 17.7 5.68 55.2 33.9 271
80 77.1 18.7 7.10 58.4 425 22.9
References: 90 81.3 19.7 9.16 61.6 54.8 18.7
1. F. Krichevskiy, N. E. Khazanova, L.R. Liushic, Zh. Fiz. igg ggz ggg igg ggg 1:.?12 133
Khim. 31, 2711(1957%. . : . - . :
m (1959 120 945 225 362 716 216.7 55
130 98.9 24.0 189.5 74.9 1134.1 1.1

Table II. Solubility data for the NFH,PO,—CO(NH,),—H,O system in solutions having a N#Bs ratio of 3:1

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

Total salts NHH,PO, CO(NH,), H,O

t/°c 100wi 10Qv; m;/mol kg™ * 100w; m;/mol kg™ * 100w,
40 69.2 11.2 3.16 58.0 314 30.8
50 733 11.8 3.84 61.5 38.3 26.7
60 771 125 4.75 64.6 47.0 22.9
70 79.3 12.8 5.38 66.5 53.5 20.7
80 82.4 13.3 6.57 69.1 65.4 17.6
90 86.3 13.9 8.82 724 87.9 13.7
100 90.9 14.7 14.0 76.2 139.4 9.1

Comment:

According to the authors, decomposition of urea occurs at temperatures above 70 °C.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The method has been described eaflier. CO(NH,), was GOST 6691-67; NpH,PO, was GOST
3771-64. No other information is given.

Estimated Error:
No information is given.

References:

1. R Krichevskiy, N. E. Khazanova, L. R. Liushic, Zh. Fiz.
Khim. 31, 2711(195%.

2y. P. Blidin, Zh. Obshch. Khim11, 887 (1941).

3. V. Polyakov, L. I. Mart'yanova, A. N. Sarbaev, Zh. Prikl.
Khim. (Leningrad 47, 1507 (1974.
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Urea phosphate; CO(NB, - H3POy; [4861-19-2
(3) Water; H,0; [7732-18-3

Original Measurements:
R. Kimmel, R. Fahsl, Z. Anorg. Allg. Chem402 305-11
(1973.

Variables:
Composition at 20 and 40 °C.

Prepared By:
J. Eysseftova

Experiment

tal Data

Solubility isotherms in the NgH,PO,—CO(NH,),- H3PO;—H,0O system

CO(NH,),- HsPO, NH,H,PO, H,0 density
100w; m;/mol kg2 100w, m;/mol kg2 100w, gem® Solid phask
temp=20 °C
44.35 6.03 9.08 1.69 46.57 1.2833 A
41.05 5.94 15.21 3.02 43.74 1.3062 A
38.59 6.27 22.46 5.01 38.95 1.3409 +B
28.78 3.88 24.24 4.49 46.98 1.2877 B
16.26 1.74 24.60 3.62 59.14 1.2255 B
5.63 0.516 25.40 3.20 68.97 1.1737 B
0.000 0.000 25.50 2.98 74.50 1.1518 B
temp=40 °C
58.94 10.92 6.91 1.76 34.15 A
55.05 11.01 13.31 3.66 31.64 A
44.35 10.17 28.06 8.84 27.59 +#B
35.22 6.18 28.70 6.91 36.08 B
23.39 3.22 30.67 5.80 45.94 B
11.78 1.35 33.01 5.20 55.21 B
0.000 0.000 36.20 4.93 63.80 B

aThese values were calculated by the compiler.
"The solid phases are: & CO(NH,),- HsPOy; B = NH4H,PO;.

Auxiliary Information

Method / Apparatus / Procedure:

Mixtures of the components were stirred vigorously and
allowed to equilibrate for 15—25 hrs. The equilibrium was
checked by repeated analysis of the liquid phase,>PO
content was determined by precipitation titration with
La(NO3)3 using Chromazurol S as indicator; NHwas
determined, after removal of phosphate ions, with the aid of
anion exchange resin by formol tritration. Urea was
determined gravimetrically as dixanthedrylurea or after enzym
decomposition as NH The composition of the solid phases
was determined by the method of Schreinemakers.

Source and Purity of Materials:

The ammonium phosphate was recrystallized several times
before use. The urea phosphate was synthesized from urea and
an equivalent amount of phosphoric acid and recrystallized
several times.

Estimated Error:
o' he temperature was kept constant to wittin0.05 K.

Components Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic,
[7722-76-1 September 1995

(2) Thiourea; CHN,S; [62-56-6 or (2) Methionine;
CsH,:NO,S; [69-51-§ or (2) Triethylamine hydrochloride;
CgH1¢CIN; [554-68-7 or (2) Biuret; GHsN3O,; [108-19-0
(3) Water; H,0; [7732-18-3

Critical Evaluation:

7.2. NH4H,PO,—Organic Compound-H ,0
The NHH,PO,—CS(NH,),—H,O system is described in two article The 298 K isotherm and the complete phase diagram

Z8ET

are given for the system. All these data are consistent with each other, but no critical evaluation can be made because there are no

other data available for this system.

The same group of investigators also presented some information on tftd,RE,—methionine—HO systenﬁ The phase
diagrams for the systems, Figures 14 and 15, provide an illustration of the problem involved in the se-caltet3-NH,H,PO,

discussed on page 1335. The authors are convinced that these two allotropes do exist and state that the transition point between

them is at about 306 K. However, the evidence for these claims appears to be weak. There is no clear break where the curves for

those systems in which both these solid allotropes are in equilibrium with the saturated solution join the curves for solutions in
which the organic component is also an equilibrium solid phase. Furthermore, there is an insufficient number of data points for
solutions in equilibrium with both the solid a-NH,PO, and b-NHH,PC,.

Other systems containing an organic compound that is both solid and water-soluble under ordinary room conditions and thus

analogous to the systems described above are thgidP0,—(C,H,)sNKHCI-H,O systert® and the NHH,PO,—

(C4Hg) ,NHKHCI—(C4Hg) sNKHCI-H,O systeme. These systems were studied by the same group of investigators, but no other
data for these systems are available. Therefore, the information in these articles cannot be evaluated. This is true also for the
NH,4H,PO,—Biuret—H0 systen.

40 ——————————————————

mass 7 NH4H2PO4
) o
=} =)

-
o

0 . . i n " I

5 10
mass 7 CS(NHz2)2

FIG. 14. Solubility in the NHH,PO,—CSNH,),—H,0 system. The solid phases in Figure 14 areside, B=CSNH,),; D=a-NH4H,POy;
E=-NH H,PO;.
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40 ——T 7T T T T
B-NH,H,PO, ]
<90 1
Q
&, methionine j
T a-NH4H,PO,
+ 1
T 3 4
=z 20 ]
N 4
w
2 _
(=) i
Eio} ice ]
O " - L i

1 2
mass 7% methionine

FIG. 15. Solubility in the NHH,PO;—methionine—HO system.

References:

1B. S. Zakirov, S. Tukhtaev, B. M. Beglov, Uzb. Khim. Zh. 18974.

2B. S. zakirov, S. Tukhtaev, B. M. Beglov, Dokl. Akad. Nauk Uzb. SSR(2874).

3D. A. Amilova, B. M. Beglov, B. S. Zakirov, Kh. Kucharov, Zh. Neorg. Khii®0, 1342(1985.

43. A. Mazunin, O. E. Sosnina, A. A. Volkov, T. L. Danina, Termicheskiy Analiz i Fazovye Ravnovesiya, Peft9g9.

50. E. Sosnina, A. A. Volkov, Uch. Zap. Perm. Gos. Univ., Ser. KHa®9, 20 (1973.

5A. A. Volkov, O. E. Sosnina, Z. D. Kalinkina, N. I. Oginskaya, Termicheskiy Analiz i Fazovye Ravnovesiya, Perfl98%.
LS. Bleshinskaya, K. S. Sulaymankulov, M. D. Davranov, Yu. Z. Yunusova, VINITI Nr. @283.

Components

(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Thiourea; CHN,S; [62-56-6

(3) Water; H,0; [7732-18-3

Original Measurements:
B. S. Zakirov, S. Tukhtaev, B. M. Beglov, Uzb. Khim. Zh. 19-20

(1974).

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data

Points of simultaneous crystallization of two or three solid phases in theH)PO,—CS(NH,) ,—H,O system

NH,H,PO, CS(NH,), H,0

100w; m;/mol kg~ 12 100w; m;/mol kg~ 12 100w; t/°C Solid phasés

0 0 52 0.72 94.8 -0.6 A+B

4.8 0.46 4.1 0.59 91.1 -2.0 A+B

9.6 0.96 35 0.53 86.9 -3.1 A+B
145 1.53 3.2 0.51 82.3 —4.2 A+B
15.8 1.70 3.2 0.52 81.0 —-4.5 A+B+C
18.0 1.91 0 0 82.0 —4.2 A+D
17.2 1.90 4.2 0.70 78.6 1.0 4D
18.9 2.17 53 0.92 75.8 75 4B
22.7 2.84 7.8 15 69.5 225 D
245 3.20 9.0 1.8 66.5 28.0 B+E
32.4 4.17 0 0 67.6 33.0 BE
27.0 3.79 11.0 2.33 62.0 36.8 +HE
30.8 4.83 13.8 3.27 55.4 50.6 +HE

aThese values were calculated by the compiler.

"The solid phases are: A ice; B = CS(NH,),; C = NH4H,POy; D = a-NH4H,POy; E = B-NH4H,PO,.

Additional Data:

Solubility isotherms in the 0 to 50 °C temperature range are given, but only in graphical form.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.

Source and Purity of Materials:

“Chemically pure” NpPO, was used. The thiourea was
recrystallized twice.

Estimated Error:
No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components Original Measurements: Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; B. S. Zakirov, B. M. Khaymov, S. Tukhtaev, B. M. Beglov, (1) Ammonium dihydrogenphosphate; H,POy; L. S. Bleshinskaya, K. S. Sulaymankulov, M. D. Davranov, Z.
[7722-76-1 Dokl. Akad. Nauk. Uzb. SSR, 48-4978. [7722-76-1 Yu. Yunusova, VINITI Nr. 120-83, 1983.
(2) Thiourea; CHN,S; [62-56-6 (2) Biuret; C,HsN3O,; [108-19-
(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3
Variables: Prepared By: Variables: Prepared By:
Composition at 25 °C. L. V. Chernykh and J. Eysseltova Composition at 30 °C. J. Eysselova
Experimental Data Experimental Data
Solubility in the NH,H,PO,—CS(NH,),—H,O system at 25 °C Solubility values in the NgH,PO,—biuret—HO system at 30 °C
CS(NH,), NH,4H,PO, H,0 NH,4H,PO, NH(CONH,), H,0 Solid
100w, m;/mol kg™ 12 100w; m;/mol kg~ 12 100w; Solid phases 100w; m;/mol kg~ 12 100w; m;/mol kg~ 12 100w, phased
14.21 2.176 — — 85.79 CS(Nh, — — 3.08 0.306 96.92 A
13.14 2.137 6.08 0.654 80.78 CS(NH 3.71 0.345 2.85 0.294 93.44 A
12.38 2.129 11.24 1.279 76.38 CS(NH 9.42 0.928 2.37 0.259 88.21 A
11.43 2.046 15.18 1.798 73.39 CS(hk 23.00 2.674 2.26 0.291 74.74 A
10.26 1.878 17.96 2.175 71.78 CS(hk 28.32 3.526 1.89 0.261 69.79 A
9.54 1.79 20.51 2.549 69.95 CS(hH 29.30 3.710 2.06 0.289 68.64 +#B
8.47 1.63 23.31 2.970 68.22 CS(MH+NH,4H,PO, 29.28 3.707 2.08 0.292 68.64 +#B
8.61 1.66 23.35 2.983 68.04 CS(MH+NH4H,PO, 29.88 3.786 1.54 0.216 68.58 B
5.04 0.963 26.19 3.310 68.77 YH,PO, 30.44 3.855 0.94 0.13 68.62 B
2.59 0.487 27.54 3.426 69.87 NH,PO, 31.69 4.032 — — 68.31 B
— — 29.41 3.622 70.59 N§H,PO,
2The molalities were calculated by the compiler.
aThese values were calculated by the compiler. PThe solid phases are:#NH(CONH,),; B=NH,H,PO,
Augxiliary Information Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials: Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used with mechanical stirring. ~ The thioureas was recrystallized twice. No other details are ~ The isothermal method was used with 8 to 9 hours allowed forNo information is given.
Equilibrium was determined by repeated analysis of the liquid given. equilibration. Equilibrium was checked by repeated analyses.
phase(no details are given Equilibrium was attained in 24 Am{;}‘ggiioigrﬁggwj: getti":"igsﬁj :PE:I tr:ztrgg]aal\i?ihg%iet ,, Estmated Error
m:g:ﬁ;zemrggiglr? r?lfetnids.mld phases was determined by Estimated Error: mz diffrénce. No O?her dyetails eire given. ' 4 No information is given.

The temperature was controlled to within0.5 K. The compiler
estimates that the reproducibility of the solubility values is about
=+ 0.5%.
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Components Original Measurements: Components Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,POy; D. A. Amilova, B. M. Beglov, B. S. Zakirov, Kh. Kucharov, Zh. (1) Ammonium dihydrogenphosphate; H,POy; 1. S. A. Mazunin, O. E. Sosnina, A. A. Volkov, T. L. Danina,

[7722-76-1 Neorg. Khim.30, 1342-3(1985. [7722-76-1 Termicheskiy Analiz |. Fazovye Rovnovesiya, Perm. 79-88

(2) Methionine; GH;;NO,S; [59-51-8 (2) Triethylamine hydrochloride; gH,¢CIN; [554-68-1 (1985.

(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3 2. O. E. Sosnina, A. A. Volkov, Uch. Zap. Perm. Gos. Univ.,
Ser. Khim.289, 20-5(1973.

Variables: Prepared By:

Temperature and composition. J. Eysseltova Variables: Prepared By:

Composition at 20 and 60 °C. L. V. Chernykh and J. Eysséltova

Experimental Data
Crystallization temperatures in the NH,PO;—methionine—HO system Experimental Data
Solubility isotherms in the NH,PO,—(C,Hs)3N- HCI-H,O system

NH4H,PO, methionine HO Solid
100w, mi/mol kg~ 2 100w, m;/mol kg~ 2 100w t/°C phase’ NH,H,PO, (CoHs)3N-HCI H,0 Refract. Solid
100w, m;/mol kg~ 18 100w, mi/mol kg™ 12 100w, indexX phasé
33.7 4.47 0.8 0.08 65.5 41.6 +B
325 4.19 0 0 67.5 33.0 AC temp=20°C
31.1 3.96 0.7 0.07 68.2 34.6 #C 21.2 325 - 728 1.3700 A
30.6 3.88 0.9 0.09 68.5 35.0 #B+C 17.6 219 124 1.33 70.0 A
257 3.06 1.2 0.11 73.1 24.6 B’ 15.1¢ 1.82 12.7 1.33 72.2 1.3775 A
18.7 2.03 1.4 0.12 79.9 4.2 B 8.8 1.2 27.4 3.24 63.8 1.3905 A
18.0 1.91 0 0 82.0 —-43 C+D 6.5 0.97 35.0 4.51 58.5 1.3995 A
17.9 1.91 0.8 0.07 81.3 —4.4 C+D 2.6 0.42 43.8 6.16 53.6 1.4115 A
17.8 1.92 15 0.12 80.7 -45 B+C+D 1z 0.24 55.2 9.54 43.6 AB
16.8 1.79 15 0.12 81.7 -4.2 B+D - - 57.2 10.1 42.8 1.4295 B
9.8 0.96 16 0.12 88.6 -2.2 B+D temp=60 °C
0 0 17 0.12 98.3 -0.1 B+D - — 64.0 13.4 36.0 B
3.3 0.80 61.0 12.9 35.7 B
&The mollkg HO values were calculated by the compiler. 4.1 1.0 60.2 12.7 35.7 AB
"The solid phases are: A B-NH,H,PQ,; B = methionine; C= a-NH,H,PQ,; D = ice. 55 11 505 9.42 420 A
- . 9.8 1.7 40.7 6.19 49.5 A
Auxiliary Information
13.0 211 335 4.72 535 A
Method / Apparatus / Procedure: Source and Purity of Materials: 19.0 2.95 251 3.38 55.9 A
A visual polythermic method was uséd. Pure methionine and reagent grade MHPO, were 30.3 4.69 135 1.81 56.2 A
recrystallized before being used. 38.4 6.07 6.6 0.90 55.09 A
45.2 7.17 — — 54.8 A

Estimated Error:
No information is given.

aThe mol/kg HO values were calculated by the compilers.
The refractive indices are given in source p&pmly.
°The solid phases are: A NH,H,PO,; B = (C,Hs)3N-HCI.

References: 9These data are given in source p&penly.
1A. G. Bergman, N.P. Luzhnaya, Fiziko-Khimicheskiye Osnovy eThere data are given in source papenly.
Izucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow IAN SSSRL951). Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:

The refractometric variation of the isothermal method was Reagent grade NjH,PO, and pure (GHs)3N-HCI were
used. The compilers assume that it was the method describedrecrystallized before being used.

elsewheré. NH,H,PO, was determined by potentiometric

titration. The compositon of the solid phase was determined byEslimated Error:

the Schreinemaker’s method. .
The NH;H,PQ, content has a precision of 0.2%.

References:

1E.F. Zhuravlev, A.D. Sheveleva, Zh. Neorg. Khits,. 2630
(1960.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; A. A. Volkov, O. E. Sosnina, Z. D. Kalinkina, N. I. Oginskaya,
[7722-76-1 Termicheskiy Analiz i Fazovye Rovnovesiya, Perm 126-8

(2) Dibutylamine hydrochloride; g,,CIN; [6287-40-7
(3) Tributylamine hydrochloride; GH,gCIN; [6309-30-4
(4) Water; H,0; [7732-18-3

(1985.

Components Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic,
[7722-76-1 September 1995

(2) Urea; CHN,0; [57-13-6
(3) Ammonium nitrate; NHNO3; [6484-52-3
(4) Water; H,0; [7732-18-5

Variables:
Composition at 20 °C.

Prepared By:
J. Eysseltova

Experimental Data
The isotherms are given in graphical form only.
The composition of the eutonic point in the WH,PO,;—(C4Hg) ,NH,CI—-H,O system is:
12.6 mass % NEH,PO, (1.62 mol/kg HO—compiley;
19.7 mass %C,Hy),NH,CI (1.76 mol/kg HO—compiley;
67.7 mass % kO.

The authors state that the crystallization field of tributylamine hydrochloride in thgHbPD,—(C4Hg) sNHCI-H,O system is too
small to be depicted on the phase diagram.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The refractometric variation of the isothermal methods Reagent grade NHH,PO, was used. Dibutyl- and tributyl-amine
used. hydrochlorides were synthesized from the respective amines and
HCI.

Estimated Error:
No information is given.

References:
IR. V. Merclin, Izv. ENI Perm. Un-t11, 1 (1937.

Critical Evaluation:

7.3. NH,H,PO,~Urea—NH,NO3;—H,O
Solubility data for the NFH,PO,—urea—NHNO;-H,O system has been reported in three pabé?siowever, no critical
evaluation can be made of these data. In.Red supersaturation isotherm of h,PO, in the title system is reported. In Refs. 2
and 3 different temperatures were selected and no direct comparison of the data is possible.

IM. E. Pozin, B. A. Kopylev, N. K. Shilling, Izv. Vissh. Ucheb. Zaved., Khim. Khim. Tekhr&I883(1965.
%G. 1. Tudorovskaya, F. G. Margolis, Khim. ProifMoscow) 42, 678 (1966.
3. M. Kaganskiy, A. M. Babenko, Zh. Prikl. Khim(Leningrad 43, 742(1970.
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Part 2. The compiler has calculated the following concentration values from the data in Part 1

Components Original Measurements: Point NH,;NO; NH,H,PO, CO(NH,), H,0
(1) Ammonium dihydrogenphosphate; NH,POy; M. E. Pozin, B. A. Kopylev, N. K. Shilling, Izv. Vissh. Ucheb. no. 10w; my/mol kg™ ! 100w, my/mol kg~ * 100w; m/mol kg~ ! 100w;
[7722-76-1 Zaved., Khim. Khim. Tekhnol8, 883-8(1965.
(2) Urea: CHN,O; [57-13-§ 1 5.1 11 20.5 2.97 14.4 4.0 60
(3) Ammonium nitrate; NHNO;; [6484-52-3 2 5.6 11 22.2 3.06 9.2 2.4 63
(4) Water; HO; [7732-18-3 3 4.8 0.86 19.3 2.40 5.9 1.4 70
4 8.8 1.8 13.2 1.91 18.0 5.0 60
Variables: Prepared By: 5 10.4 2.00 15.1 2.08 118 3.13 63
Composition at 10 °C. J. Eysseltova 6 9.8 19 14.7 1.97 105 2.69 65
7 9.0 1.6 135 1.68 7.5 18 70
Experimental Data 8 12.0 25 12.0 1.74 16.0 4.44 60
Supersaturation in the N#t,PO,—NH;NO;—-CO(NH,),—H,O system at 10 °C 9 11.8 235 12.2 1.68 13.0 3.42 63
Part 1. The authors’ data: 10 13.8 2.66 13.8 1.85 7.4 1.9 65
) N 11 12.4 2.22 12.4 1.55 51 1.2 70
Point Total solute NENO; NH;H,PO, CO(NH,), Total nutrition 12 211 4.39 105 152 8.4 23 60
No. 100w, comp comg' comp solute soln 13 225 445 11.2 155 33 0.88 63
1 40 128 51.2 36 59.12 236 14 215 4.12 10.7 1.44 2.8 0.72 65
2 37 15 60 25 61.12 226 15 19.0 3.39 9.5 1.2 15 0.36 70
3 30 161 64.4 195 62.29 187 NOTE: The authors state that the equilibrium solid phase isNPO,.
4 40 22 33 45 52.58 20.9
5 37 27.2 40.8 32 53.9 19.9 Aucxiliary Information
6 35 28 42 30 54.81 19.2
7 30 30 45 25 55.38 16.6 Method / Apparatus / Procedure: Source and Purity of Materials:
8 40 30 30 40 51.36 20.0 Mixtures of dry salts and water were stirred vigorously Chemically pure salts were recrystallized three times before use.
9 37 325 325 35 51.79 19.15 (9Q0—1200 rpmand hegted 1-2°C above thg temperature at
10 s 2 s g5 el lastoystl desppencd o sk wes en | et eror.
11 30 415 415 17 53.13 15.95 the last crystal disappeared was observed. The supersaturatiof'© information is given.
12 40 52.7 26.3 21 47.65 19.1 isotherms were constructed graphically.
13 37 60.7 30.3 9 47.85 17.7
14 35 61.3 30.7 8 47.85 16.4
15 30 63.3 317 5 47.94 141

&The composition unit is: mass % of solute.

866T ‘9 'ON 'LZ 'IOA ‘ereq "J9d "wayD 'shud ¢
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Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; G. L. Tudorovskaya, F. G. Margolis, Khim. ProiMoscow 42,
[7722-76-1 678-80(1966.

(2) Urea; CHN,0; [57-13-6
(3) Ammonium nitrate; NHNO;; [6484-52-3
(4) Water; H,0; [7732-18-3

Variables: Prepared By:
Composition at 50 °C. J. Eysseltova

Experimental Data
Part 1. Solubility in the NigH,PO;—NH;NO;—CO(NH,) ,—H,0 system at 50 °C

Soln CO(NH), NH,NO; NH,4H,PO, H,0 Solid
no 100w, m;2 100w, m;2 100w; m@ 100w, phas8
1 — — 7177 34.32 2.11 0.702 26.12 B
2 13.90 11.66 64.00 40.28 225 0.985 19.85 +B
3 22.05 26.49 61.89 55.78 2.20 1.38 13.86 +B
4 32.06 4753 54.69 60.84 2.02 1.56 11.23 +B
5 34.63 54.04 53.25 62.34 1.45 1.18 10.67 +B
6 46.50 pos 51.66 XX 1.84 XX — A+B
7 48.92 X% 4858 po 2.51 XX — B+C
8 51.40 56.56 30.97 25.57 2.50 1.44 15.13 +®
9 52.62 59.89 30.00 25.62 2.75 1.63 14.63 +@®
10 52.95 38.12 16.44 8.88 7.48 2.81 23.13 +®
11 53.30 33.91 8.25 3.94 12.28 4.08 26.17 +@®
12 51.30 30.80 — — 20.97 6.57 27.73 B
13 — — 77.05 41.94 — — 22.95 A
14 66.52 33.08 — — — — 33.48 c
15 — — — — 41.60 6.19 58.40 B

aThe compiler calculated the molalities as mol/kgQHvalues.
"The solid phases are: & NH;NO3; B = NH,H,PO;; C = CO(NH,),.
“The molalities designated as XX cannot be calculated, because the solutions are anhydrous.

Part 2. The authors express the concentrations of the solutions in Part 1 in the following way also B

Soln CO(NH), NH,;NO, NH,H,PO, H,0 8
no comp comg comg com@

1 97.1¢ — 2.9 35.40

2 17.40 79.79 2.81 24.75

3 25.50 71.95 2.55 16.10

4 36.12 61.69 2.19 12.65

5 38.78 59.60 1.62 11.96

6 46.50 51.66 1.84 —

7 48.92 48.58 251 —

8 60.50 36.55 2.95 17.85

9 61.60 35.18 3.22 17.20
10 69.60 21.40 9.00 30.13
11 77.20 11.18 16.62 35.60
12 71.03 — 25.57 38.63
13 — 100.0 — 29.78
14 100.0 — — 50.33
15 — — 100.0 140.60

2The authors state that the composition unit is gDH.00 g solute. The compiler’s opinion is that this is a typographical error and the
composition unit is g/100 g solute.
PThis is an obvious error. The correct values are: —- for urea and 97.10 fQNRK (compilen.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
An isothermal method was used. Equilibrium was checked by No information is given.
repeated analysis.
Estimated Error:
The temperature was kept constant to within 0.1 K.
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4 25 0.62 234 8.33 39.0 18.5 35.1 1.6 +8
4 —_ —_ 28.4 8.31 28.9 11.3 42.7 —245 A+C
Components Original Measurements: 4 1.2 0.25 28.0 8.37 29.0 11.6 41.8 —23.6 A+B+C
(1) Ammonium dihydrogenphosphate; NH,PO,; I. M. Kaganskiy, A. M. Babenko, Zh. Prikl. KhimLeningrad 5 15 0.27 49.25 12.49 —_ —_ 49.25 -4.0 B+D
[7722-76-1 43, 742-9(1970. 5 1.45 0.28 44.34 12.49 9.85 3.70 4434 -95 B+D
(2) Urea; CHN,0; [57-13- 5 12 0.26 39.52 12.49 19.76 8.325 3952 -165 B+D
8; Cg:‘;ﬁ”;:g; ?'71;6;;_’1';%”03’ [6484-52-2 5 075 0.19 3473 12.49 20.77 1426 3473 -205 B+C
5 15 0.44 29.55 12.49 39.4 22.2 29.55 6.0 +@
Variables: Prepared By: 5 — — 36.0 125 28.0 13.0 36.0 —25.9 CtD
Temperature and composition. J. Eysseltova 5 0.8 0.2 35.6 12.5 28.0 13.1 35.6 —22.4 B+C+D
6 16.8 1.76 —_ — — — 83.2 —4.0 A+B
Experimental Data 6 15.2 1.73 — — 8.48 1.85 76.32 —-6.5 A+B
Six sections through the system were investigated. The sections are: 6 13.0 162 - - 17.4 4.16 69.6 -9.0 A+B
6 11.8 1.66 —_ — 26.46 7.136 61.74 —-13.0 A+B
No. 1 (10% NH,;NO; + 90% H,0)—urea—NHH,PO, 6 13.2 2.20 — —_ 34.7 11.1 52.1 —-2.0 B+C
No. 2 (20% NH,NO; + 80% H,0)—urea—NHH,PO, 6 145 294 - - 42.7 166 428 152 s
No. 3(30% NH,NO; + 70% H,0)-urea—NHH,PO, 6 6.9 0.7 - - 310 8.31 62.1 -128 A+C
No. 4 (40% NH,NO; + 60% H,0)—urea—NHH,PO, 6 — - - - 33.0 820 67.0 -108 ArC _
No. 5 (50% NH,NO; + 50% H,0)—urea—NHH,PO, 6 10.0 1.45 —_ — 29.9 8.28 60.1 —13.8 A+B+C cC
No. 6 urea-NiH,P0O,~H,0 aThe compiler calculated the molalities as mol/kgQHvalues. g
"The solid phases are: A ice; B = NH H,PO,; C=CO(NH,),; D=NH4NO3. (@)
Solubility data for saturated solutions in the MtPO,—NH,NO;—urea—HO system °The solid phase is not specified. The compiler thinks it 8@\ !
9dFor these data the sum of the components do not equal 100%. The compiler’s calculations were made on the assumption that the \giues
Sect NHH,PO, NH4NO; CO(NH,), H,0 Solid for the salt contents are correct and the source of the error is the value for the water content. ﬂ
no 100y, m2 100w; m@ 100w, m;@ 100w; t/°C phasi €The authors give 26.0 for this value. The compiler thinks this is a typographical error and the correct value is the one given here. 0
1 10.0 1.07 9.0 1.4 — — 81.0 -5.8 A+B Auxiliary Information ,Q
1 9.2 11 8.17 1.39 9.08 2.06 73.55 -9.0 A+B ) | C
1 a2 11 734 139 18.36 4625 66.1 _115 ALB 'l;/let-hod / Azparellt:? / P.roced:]re(; " Ffourcetand :urlty 0; Ma_lterl:als: o e E
1 24 11 6.48 139 2778 7928 58.34 _145 ALB n improved polythermic method was used. n;ggzzdg(rje:iez r.{:lrt Zoirgl,ca y pure materials were recrystallize 5
1 8.0 14 5.52 1.39 36.8 12.3 49.68 —-25 A+B <
1 9.5 2.03 4.52 1.39 45.25 18.50 40.73 18.0 +® Estimated Error: o
1 3.4 0.51 6.32 1.35 32.0 9.14 58.28 —14.4 A+C No information is given. >
1 —_ —_— 6.74 1.39 32.6 8.95 60.66 —14.2 A+C —
1 7.0 11 6.14 1.39 31.6 9.52 55.26 —15.3 A+B+C References: >
2 51 058 18.98 3123 - - 75.92 -85 AtB 1L.N. Erayzer, |.M. Kaganskiy, Zavod. Lali, 119 (1967. I'({)'l
2 5.1 0.65 17.08 3.123 9.49 231 68.33 —-12.0 A+B )
2 4.7 0.67 15.24 3.121 19.06 5.202 61.0 —-14.0 A+B E
2 4.1 0.67 13.42 3.121 28.77 8.919 53.71 —-16.5 A+B wn
2 5.0 0.95 11.4 3.12 38.0 13.9 45.6 —-3.0 B+C
2 6.7 1.6 9.33 3.12 46.65 20.81 37.32 18.0 +B
2 3.45 0.572 13.11 3.123 31.0 9.84 52.44 —-17.6 AtC
2 — — 13.7 3.12 314 9.52 54.9 —-17.5 ¢
2 4.0 0.67 13.0 3.12 31.0 9.93 52.0 —-17.4 A+B+C
3 3.1 0.40 29.07 5.354 — — 67.83 —-115 A+B
3 3.2 0.46 26.13 5.352 9.68 2.64 6098 —14.0 A+B
3 2.6 0.41 23.37 5.352 19.48 5.946 5454 —-17.0 A+B
3 25 0.45 20.475 5.3538 29.25 10.19 47.775 —20.2 A+B
3 3.5 0.75 17.37 5.354 38.60 15.86 40.53 —-1.0 B+C
3 4.6 12 14.31 5.354 47.7 23.8 33.39 19.0 +@
3 2.1 0.38 20.37 5.354 30.0 10.5 47.53 —20.3 A+C
3 — — 20.94 5.354 30.2 10.3 48.86 —20.8 A+C
3 2.0 0.37 20.1 5.35 31.0 11.0 46.9 —20.3 A+B+C
4 15 0.22 39.4 8.33 —_ — 59.1 —15.5 A+B
4 15 0.25 35.46 8.328 9.85 3.08 53.19 —-18.1 A+B =
4 15 0.28 31.52 8.328 19.7 6.94 47.28 —21.4 A+B w
4 1.15 0.241 27.67 8.323 29.65 11.89 4151 -19.5 B+C %
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Components Original Measurements: Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; A. G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. (1) Ammonium dihydrogenphosphate; H,POy; A. N. Sarbaev, E. V. Polyakov, A. Kh. Ruchkova, Z. A.
[7722-76-1 Neorg. Khim.18, 1978-80(1973. [7722-76-1 Polyakova, M. F. Tyunina, L. I. Gushchina, Khim. Prom.
(2) Urea; CHN,0; [57-13-6 (2) Urea; CHN,0; [57-13-6 (Moscow) 48, 597-61(1972.
(3) Potassium dihydrogenphosphate; $30,; [7778-77-Q (3) Potassium chloride; KC[7747-40-7
(4) Water; H,0; [7732-18-3 (4) Water; H,0; [7732-18-3
Variables: Prepared By: Variables: Prepared By:
Composition and temperature. J. Eysseltova Composition, temperature and boiling points at pressures of J. Eysseltova
20-760 mm Hg of samples containing a N:P:K ratio equal to

) 111
Experimental Data

Four sections through the system were investigated. The sections are:

Experimental Data
No. 1(45.81% NHH,PO, + 54.19% KHPO,)—urea—water. Part 1. Solubility in the NgH,PO,—CO(NH,) ,—KCI-H,0 system at the ratio N:P:k 1:1:1
No. 2 (71.72% NHH,PO, + 28.28% KH,PQO,)—urea—water.

No. 3 (65.70% NHH.PO. + 34.30% KHPO, Total salt CO(NH)? NH,4H,PO;2 KCI? H,0?
0. 3(65.70% NHH,PO, + 34.30% urea-KH,PO~water. t/ec 100w, 100w, m 100w, m, 100w, m, 100w,
No. 4(85.18% NHH,PO, + 14.82% urea-KH,PO,—water.
10 24.7 4.27 0.945 13.5 1.56 6.93 1.23 75.3
Solubility data for saturated solutions in the urea—-NEPQO,—KH,PO,—H,0 system 20 20.4 5.08 1.20 16.1 1.98 8.25 157 70.6
Sect Urea NHH,PO, KH,PO, H,0 Solid 30 33.0 5.71 1.42 18.0 2.34 9.26 1.85 67
no 100w, m;? 100w; m;? 100w; m;? 100w; t/°C phase'% 40 36.0 6.23 1.62 19.7 2.67 10.1 2.12 64
50 39.0 6.75 1.84 213 3.04 10.9 241 61
1 1.80 0.38 9.34 1.04 11.06 1.04 77.80 +6.4 A+B+C 60 42.3 7.32 2.11 23.1 3.48 11.9 2.76 57.7
1 1.50 0.30 8.06 0.86 9.54 0.86 80.90 —4.1 A+B+D 70 45.7 7.91 2.42 25.0 4.00 12.8 3.17 54.3
1 12.60 2.84 6.23 0.73 7.37 0.73 73.8 —-8.0 B+C+D 80 49.6 8.58 2.83 271 4.67 13.9 3.70 50.4
Loomm o wm o smooom o ommo o me vl RS @ oms smo aw m: se om0 am s
1 28.40 8.50 8.98 1.40 10.62 1.40 55.60 —-18.0 C+D+E 100 575 9.92 3.96 314 6.41 161 509 38.2
110 61.8 10.7 4.66 33.8 7.68 17.3 6.09 38.2
2 1.20 0.28 21.30 2.67 8.40 0.89 69.10  +19.4 A+B+C 120 66.7 115 5.77 36.4 9.51 18.7 7.54 333
2 1.40 0.29 14.34 1.58 5.66 0.52 78.60 -55 A+B+D 130 72.5 12.5 7.59 39.6 125 20.3 9.92 275
2 24.50 6.76 10.90 1.57 4.30 0.52 60.30 —8.8 B+C+E 140 79.8 13.8 11.4 43.6 18.8 22.4 14.9 20.2
2 32.00 9.68 9.32 1.47 3.68 0.49 55.00 -7.0 CtE+F
2 41.00 12.88 8.65 1.41 3.35 0.46 53.00 +9.6 C+F+G aThese values were calculated by the compiler. The molalities are exppressed as m@allkg H
2 24.60 6.72 10.40 1.48 4.10 0.49 60.90 —16.00 B+D+E
3 11.73 3.17 22.47 3.17 4.20 0.50 61.60 +26.5 A+B+C
3 6.52 1.45 12.48 1.45 6.50 0.64 74.50 -8.0 A+B+D
4 4.30 10.52 24.70 3.15 3.00 0.32 68.00 +17.0 A+B+C
4 2.70 5.22 15.70 1.74 3.50 0.32 78.10 -5.2 A+B+D

aThe compiler calculated the molalities as mol/kgQHvalues.
PThe solid phases are: A& a-NH,H,POy; B = (a-NH,,K)H,POy; C = (8-NH,,K)H,PO,; D = ice; E = a-urea; F= B-urea; G=
y-urea.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visual polythermic method was usédsolid carbon dioxide Chemically pure salts and bidistilled water were used.
was used as the cooling agent.

Estimated Error:
No information is given.

References:
A, G. Bergman, N.P. Luzhnaya, Fiziko-Khimicheskie Osnovy
Izucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy

Khlorid-sul'fatnogo Tipa, Moscow, IAN SSSR, 1951.
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Part 2. Compositiion and boiling points of saturated solutions in the;H§AO,—CO(NH,),—KCI-H,O system at the ratio
N:P:K=1:1:1

Press Total state CO(NHL? NH4H,PO,2 Kcl2 H,0? b.p.

mm Hg 10Qv; 100w; m; 100w; m; 100w; m; 100w; °C
20 31.9 5.52 1.35 17.4 2.23 8.95 1.76 68.1 26.7
50 36.6 6.33 1.66 20.0 2.74 10.3 2.17 63.4 41.8
100 41.2 7.13 2.02 225 3.33 11.6 2.64 58.8 56.9
150 442 7.65 2.28 24.2 3.76 12.4 2.98 55.8 65.7
200 47.0 8.13 2.55 25.7 4.21 13.2 3.34 53.0 73.0
250 49.0 8.48 2.77 26.8 4.56 13.7 3.62 51.0 78.7
300 50.9 8.81 2.99 27.8 4.92 14.3 3.90 49.1 83.6
350 52.6 9.10 3.20 28.7 5.27 14.8 4.18 47.4 87.9
400 54.2 9.38 3.41 29.6 5.62 15.2 4.45 45.8 91.8
450 55.7 9.64 3.62 30.4 5.97 15.6 4.73 44.3 95.4
500 56.9 9.84 3.80 311 6.27 16.0 4.97 43.1 98.5
550 57.9 10.0 3.96 31.6 6.53 16.2 5.18 42.1 100.9
600 59.1 10.2 4.16 32.3 6.86 16.6 5.44 40.9 103.6
650 60.0 10.4 4.32 32.8 7.12 16.8 5.65 40.0 105.7
700 61.0 10.6 4.50 333 7.43 17.1 5.89 39.0 108.0
760 62.2 10.8 4.74 34.0 7.82 17.5 6.19 37.8 110.6

aThese values were calculated by the compiler. The molalities are expressed as m@/kg H

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visual polythermic method was used at temperatures below Reagent grade NHH,PO, (GOST 6691-6Y and urea(GOST
50 °C. Supersaturation was prevented by seeding. Above 50 °G771-64 and chemically pure KCIGOST 4234-69were used.
a synthetic method was us&d The samples were placed in

glass ampules and placed in an air thermostat where they Werg i ated Error:

rotated at 3 rpm. They were observed through a glass window,
in the thermostat. A self-constructed apparatus based on the
principle described elsewhérevas used.

With the visual-polythermic method the difference between the
temperature of dissolution of the last crystal and appearance of
the first crystal was less thar- 0.5 K. Above 50 °C the
temperature had a precision of 0.4 K. No other information is
given.

References:

V. F. Alekseev, Zh. Russ. Fiz.-Khim. Obshd).329 (1876.

2E. S. Lebedeva, S. M. Khodeeva, Zh. Fiz. Khi86, 2602
(1961).

3. R. Krichevskiy, N. E. Khazanova, L. P. Liushits, Zh. Fiz.
Khim. 31, 2711(1957).

“Ya. Goroletskiy, V. M. Olevskiy, R. P. Levitanayte, Zh. Fiz.
Khim. 38, 2874(1964).

Components Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic
[7722-76-1 September, 1995

(2) Ammonium nitrate; NHNO3; [6484-52-3
(3) Water; H,0; [7732-18-3

Critical Evaluation:

7.4. NH,4H,PO,~NH,NO,;—H,0
Solubility in the NH,H,PO,—NH,NO;—H,O system has been reported in nine papefsigure 16 shows the data of some of
these papers as well as the related data of two papers in which the title system was studied as a boundary of a multicomponent
system'%1! According to Figure 16, the data of Tudorovskaya and Mar§dfisr solutions saturated with both NH,PO, and
NH;NO; seem to be in error when compared with the rest of the data.
Solubility isotherms have also been reported at temperatures higher than 100 °C. Feidai4rpresented a network of isotherms
and a smoothing equatiad).

x=a-tlb (1)

wherex is the mass % watet,is the temperature, and a and b are constants. No temperature limits are given for the validity of
this equation. The results of Fridman can be compared with those of Varlamalf for the region 140-170 °C and those of
Margolis and Glazovaat 100 and 110 °C. The agreement is not good. The values reported by Varlamo®,aeahy Margolis
and Glazovashow a slightly higher water content than do those of Fridman, €6ame investigatof$ report the existence of
anhydrous solutions in the regions rich in \N¥D,. Varlamovet al® paid special attention to the solubility values in these areas.
The evaluator attempted to compare the isotherms of Bergman and BochRakéth values calculated using E€L). The
agreement was very poor. More experimental work is needed to resolve these differences.

20 prere T TTTT T TTTT T
4 o ]
ref (1-3) ]

O ref(5) 1

® A ref (10 1
Vo oref (11 |

® ref(3) ]

mass 7 NH4H2PO4
o
@

%.

®
Teeeso @E ]

80

20 40 60
mass 7 NH4NO,

FIG. 16. Solubility in the NHH,PO,—NH;NO;—H,0 system.
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References:
1p. F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst(1935.

2A. G. Bergman, P. F. Bochkarev, Zh. Prikl. KhirfLeningrad 10, 1531(1937. Components Original Measurements:
3A. G. Bergman, P. F. Bochkarev, Izv. Akad. Nauk SSSR, Otd. Mater. Estestv. Naukl 233. (1) Ammonium dihydrogenphosphate; H,POy; 1. P. F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst. 3(2235.
4S. D. Fridman, N. N. Polyakov, L. S. Skum, R. Ya. Kirindasova, Khim. Prétoscow) 43, 206 (1967). [7722-76- 2. A. G. Bergman, P. F. Bochkarev, Zh. Prikl. Khitheningrad
5F. G. Margolis, T. V. Glasova, Issledovaniya po Khimii i Tekhnologii Udobreniy, Pesticidov i Soley, Moscao@®). (2) Ammonium nitrate; NHNOs; [6484-52-3 10, 1531-60(1937. 3. A. G. Bergman, P. F. Bochkarev, lzv.
Sya. S. Shenkin, S. A. Ruchnova, A. F. Shenkina, Zh. Neorg. KHi& 256 (1968. (3) Water; H,0; [7732-18-3 Akad. Nauk SSSR, Otd. Mat. Estestv. Nauk 237(5838.
"Ya. S. Shenkin, S. A. Ruchnova, A. F. Shenkina, Zh. Prikl. Khibeningrad 43, 1163(1970. Variables: Prepared By:
8M. L. Varlamov, I. M. Kaganskiy, I. A. Kashcheeva, G. A. Manakin, Zh. Prikl. Khifbeningrad 46, 2767(1973. Temperature and composition L. V. Chemykh and J. Eysseltova
9G. A. Sorina, L. T. Bezlyudova, E. V. Mushkina, G. M. Kozlovskaya, Yu. V. Tsekhanskaya, Zh. Prikl. Khemingrad 57, 947
(1987.
19G. L. Tudorovskaya, F. G. Margolis, Khim. ProitMoscow 42, 678 (1966. Experimental Data
14, M, Kaganskiy, A. M. Babenko, Zh. Prikl. Khim{Leningrad 43, 742 (1970. Solubility in the NH,NO;—NH,H,P0,~H,0 system
NH,;NO, NH,H,PO, H,0 Solid
comg* 100w, mol/kg? comp 100w; mol/kg® comg 100w; phasé
temp=-10 °C
100 27.2 4.7 0 0.0 0.0 1188.5 72.8 A
85.1 22.0 3.8 14.9 5.5 0.7 1245.8 72,5 +B
91.6 28.8 53 8.4 3.8 0.5 951.9 67.4 B
95.9 38.9 8.3 4.1 2.4 0.4 642.6 58.7 B
97.1 45.0 10.6 29 2 0.3 507.2 53 B
97.3 45.6 10.8 2.7 18 0.3 498.3 52.6 +B
100 47.0 111 0 0.0 0.0 501.2 53.0 C
temp=0 °C
0 0.0 0.0 100 18.4 2.0 1830.6 81.6 B
50.5 8.8 1.4 495 12.4 14 1986.4 78.8 B
76.3 18.3 3.1 23.7 8.2 1.0 2360 73.5 B
89.5 28.6 5.4 10.5 4.8 0.6 926.6 66.6 B
94.7 38.7 8.3 53 3.1 0.5 633.6 58.2 B
96.4 44.9 10.6 3.6 2.4 0.4 502.6 52.7 B
97.5 49.0 12.5 25 1.9 0.3 433.9 49.1 B
98.0 51.2 13.5 2.0 15 0.3 402.0 47.3 +B
100 53.6 14.4 0 0.0 0.0 3845 46.4 (03
temp=10 °C
0.0 0.0 0.0 100 21.4 2.4 2345.7 78.6 B
43.75 8.4 14 56.25 15.5 1.8 1760 76.1 B
72.1 18.0 3.1 27.9 10 1.2 1280 72 B
81.4 235 4.3 18.6 7.7 1.0 1057.9 68.8 B
86.7 28.1 53 13.3 6.2 0.8 890.9 65.7 B
93.0 38.2 8.3 7.0 4.1 0.6 624.4 57.7 B
95.5 44.6 10.6 4.5 3 0.5 498.8 52.4 B
97.0 48.8 12.4 3 2.2 0.4 432.4 49 B
98.0 54.1 15.3 2.0 1.6 0.3 356.4 44.3 B
98.6 58.0 17.8 14 1.2 0.3 308.2 40.8 +B
100 59.6 18.4 0 0.0 0.0 301.6 40.4 (03
temp=20 °C
0 0.0 0.0 100 25.5 3.0 1862.7 74.5 B
38.3 8.1 14 61.7 18.8 2.2 1536.7 73.1 B
67.4 175 3.1 32.6 12.2 1.5 1200.6 70.3 B
83.1 276 54 16.9 8.1 11 860.0 64.3 B
86.2 30.5 6.1 13.3 7 1.0 733.1 62.5 B
91.5 37.9 8.3 8.5 5.1 0.8 612 57 B
94.5 44.3 10.6 55 3.7 0.6 493.3 52 B
96.2 48.6 12.5 3.5 2.8 0.5 427.6 48.6 B
97.2 53.8 15.3 2.8 2.2 0.4 353.4 44 B
98.1 59.0 18.7 19 1.6 0.4 291.2 394 B
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98.8 64.0 23.0 1.2 1.2 0.3 238.8 34.8
100 65.1 233 0 0.0 0.0 238.3 34.9
temp=30 °C
0 0.0 0.0 100 30.2 3.8 1478.6 69.8
33.0 7.8 1.4 67 22.7 2.8 1312.2 69.5
61.7 16.9 3.1 38.3 151 1.9 1103.5 68.0
79.1 26.9 5.4 20.9 10.3 1.4 820.2 62.8
89.7 375 8.3 10.3 6.2 1.0 598.7 56.3
93.4 43.9 10.6 6.6 45 0.8 487.9 51.6
95.2 48.2 13.9 48 8% 0.6 424.2 43%
96.7 53.5 15.3 3.3 2.7 0.5 351.8 43.8
97.7 58.8 18.7 23 2 0.4 289.7 39.2
98.8 68.7 28.5 1.2 1.2 0.3 192.5 30.1
100 69.7 28.7 0 0.0 0.0 193.1 30.3

+B

W W womw®®

m

+B

&The composition unit is: mol/100 mol solute.

"The molalities were calculated by the compilers.

“The solid phases are:=Aice; B=NH,H,PQ,;; C=NH,NO;.

9The compilers believe these are erroneous, the proper values being 3.5 and 48.3, respectively.

NOTE: These data are given in source pafirand repeated in source papé?s and(3). The differences are due to typographical

errors.

In addition to the above data, source paffjralso contains the following information about the composition and crystallization

temperature of solutions saturated with two or three solid phases.

NH,NO, NH,H,PO, H,0 Solid
comg! 100w, mol/kg? comg! 100w, mol/kg® comgt 100w; t/°C phasé
0 0 0 100 17.4 1.83 3036.4 82.6 —-4.4 A+B
21.8 2.7 0.41 78.2 14.1 1.47 2960.3 83.2 —4.6 A+B
55.4 9 1 44.6 10.4 1.12 2214.9 80.6 -6.3 A+B
66.4 12 1.9 33.6 8.8 0.97 1945.1 79.2 -6.9 A+B
80.3 18.6 3.11 13.7 6.6 0.77 1436.7 74.8 -9.0 A+B
92.1 29.0 5.37 7.9 3.6 0.46 951.9 674 —129 A+B
96.3 39.1 8.42 8% 2.2 0.32 642.6 58.7 —-15.9 A+B
97.2 45.2 10.7 2.8 1.8 0.30 506.4 53 —-11 B+C
97.8 49.2 125 2.2 1.6 0.28 439.4 49.2 -3.2 B+C
98.4 54.2 15.2 1.6 1.3 0.25 359.1 445 5.2 +@8
98.5 59.3 18.8 1.5 1.3 0.29 290.8 39.4 11.4 +B
100 42.7 9.31 0 0 0 596.8 57.3 —16.4 A+C
98.3 41.1 8.87 1.7 1.0 0.15 615.7 579 -16.3 A+C
96.5 40.3 8.74 35 21 0.32 613.6 57.6 -16.8 A+B+C

aThe composition unit is: mol/100 mol solute.

"The molalities were calculated by the compilers.

‘The solid phases are:#Aice; B=NH;H,P0O;; C=NH,NO;.

9This is an obvious error. The compilers’ calculations are based on the; 1@lues.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.

Source and Purity of Materials:

Estimated Error:
No information is given.

Chemically pure materials were recrystallized before use.

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; S. D. Fridman, N. N. Polyakov, L. S. Skum, R. Ya. Kirindasova,
[7722-76-1 Khim. Prom.(Moscow 43, 206-8(1967).

(2) Ammonium nitrate; NHNO3; [6484-52-3
(3) Water; H,0; [7732-18-3

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data

The temperature of disappearance of the last crystal is reported as a linear function of the water content of the saturated solution,

Eq. (1):
t=a—b(100w3) (1)
The values of the constants a and b depend on thgHNPIO,/NH,4NO; ratio only and are given in Table I.
Table |. Values of the constants a and b in Ep.
Relation Relation
NH4H,PO,/NH,NO; a b NH,H,PO,/NH,NO; a b
10:90 155.0 2.08 55:45 182.5 212
20:80 170.5 212 70:30 188.5 2.33
30:70 176.0 212 80:20 191.5 2.45
42:58 180.5 2.12
NOTE: The solubility isotherms were derived from the experimental data.
Table I1. Solubility in the NHH,PO;—NH;NO3;—H,0 system
NH4H,PO, NH,4NO4 H,0
100w; mi/mol kg *2 100w, mi/mol kg & 100w;
temp=100 °C
7.4 2.46 66.5 31.8 26.1
13.4 3.52 53.5 20.2 33.1
19.2 4.64 44.8 155 36.0
43.5 9.98 18.6 6.13 37.9
50.4 11.8 12.6 4.25 37.0
temp=110 °C
7.9 3.22 70.8 415 21.3
14.3 4.38 57.3 25.2 28.4
20.7 5.79 48.2 19.4 311
28.0 7.31 38.7 145 333
36.2 9.23 29.7 10.9 34.1
46.5 12.0 19.9 7.40 33.6
53.6 14.1 13.4 5.07 33.0
temp=120 °C
8.3 4.37 75.2 56.9 16.5
15.3 5.64 61.1 32.3 23.6
22.0 7.22 515 24.3 26.5
30.0 9.15 41.5 18.2 28.5
38.8 11.5 31.8 13.5 29.4
49.4 14.6 21.2 9.01 29.4
56.8 17.0 14.2 6.12 29.0
temp=130 °C
8.8 6.5 79.4 84.1 11.8
16.2 7.41 64.8 42.6 19.0
235 9.37 54.7 314 218

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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32.0 11.6 44.1 23.0 23.9

41.5 14.7 339 17.2 24.6
52.4 18.2 225 11.2 251 Components Original Measurements:
60.08 20.97 15.02 7.535 249 (1) Ammonium dihydrogenphosphate; H,POy; 1. Ya. S. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg.
temp=140 °C [7722-76-1 Khim. 13, 256-9(1968. 2. Ya. S. Shenkin, S. A. Ruchnova, A.
9.3 115 83.7 149.4 7.0 (2) Ammonium nitrate; NHNOs; [6484-52-3 P. Shenkina, Zh. Prikl. Khim(Leningrad 43, 1163-4(1970.
172 105 68.6 60.3 14.2 (3) Water; HO; [7732-18-9
249 12.7 58.0 424 171 Variables: Prepared By:
33.9 15.3 46.9 30.5 19.2 Temperature and composition at 0.13, 0.5 and 1 atm. J. Eysseltova
44.0 19.1 36.0 225 20.0
55.5 233 23.8 14.4 20.7 .
Experimental Data
63.4 26.5 15.8 9.49 20.8
temp=150 °C NH,NO; NH,H,PO; H,0 Solid
98 387 88.0 4997 22 100w, mi/mol kg~ 100w, mi/mol kg~ 100w, b.p./°C phas
18.1 16.6 72.4 95.2 9.5
26.3 18.4 61.3 61.8 12.4 press=0.13 atm
35.9 215 49.6 42.7 145 — — 45.81 7.35 54.19 55.6 A
46.6 26.5 38.1 311 15.3 8.21 1.83 35.64 5.52 56.15 58.7 A
59.9 36.2 25.7 22.3 14.4 23.36 5.43 22.92 3.71 53.72 59.3 A
66.6 345 16.6 12.3 16.8 37.35 9.57 13.88 2.47 48.77 59.3 A
temp=160 °C 41.24 10.54 9.88 1.76 48.88 61.1 A
19.0 344 76.2 198.3 4.8 47.85 13.38 7.48 1.46 44.67 62.9 A
27.7 30.9 64.5 103.3 7.8 59.17 21.16 5.90 1.47 34.93 64.5 A
37.9 33.6 52.3 66.7 9.8 60.43 21.81 4.96 1.25 34.61 71.4 A
49.1 39.9 40.2 46.9 10.7 63.00 25.77 6.46 1.84 30.54 67.5 A
61.5 43.8 26.3 26.9 12.2 65.19 28.41 6.15 1.87 28.66 68.4 A
69.8 47.4 17.4 17.0 12.8 68.55 32.40 5.02 1.65 26.43 69.4 A
temp=170 °C 72.93 43.16 5.96 2.45 21.11 77.2 A
20.0 869.3 79.8 4984.5 0.2 75.70 48.32 4.73 2.10 19.57 79.2 A
29.1 87.2 68.0 292.9 29 76.47 53.97 5.83 2.86 17.70 87.2 A
39.9 68.0 55.0 134.7 51 79.42 58.74 3.69 1.90 16.89 80.5 A
51.1 67.3 42.3 80.1 6.6 81.37 79.23 5.80 3.93 12.83 89.5 A
64.4 70.0 27.6 43.1 8.0 83.80 105.42 6.27 5.49 9.93 84.7 A
73.0 72.9 18.3 26.3 8.7 87.03 253.43 8.68 17.59 4.29 87.4 +8
temp=180 °C 91.74 138.75 — — 8.26 86.0 B
41.9 1214.1 57.8 2406.8 0.3 press=0.5 atm
54.3 363.1 44.4 426.7 13 — — 59.90 12.98 40.10 85.5 A
67.4 158.3 28.9 97.6 3.7 8.35 2.53 50.35 10.60 41.30 89.4 A
76.2 140.9 19.1 50.8 4.7 16.19 5.08 44.01 9.61 39.80 89.9 A
16.83 5.36 43.98 9.76 39.19 91.6 A
aThe molalities were calculated by the compiler. 25.05 767 34.16 7.08 40.79 91.6 A
NOTE: For all these solutions, Nf,PO, was the equilibrium solid phase. 28.89 8.87 s0.40 6.49 4071 LS A
Auxiliary Information 33.60 10.52 26.50 5.77 39.90 92.4 A
44.19 13.95 16.23 3.56 39.58 94.0 A
Method / Apparatus / Procedure: Source and Purity of Materials: 46.36 16.39 18.31 4.51 35.33 95.3 A
A visual polythermic method was used. No information is given. 56.68 22.76 12.21 3.41 3111 96.0 A
52.45 18.89 12.86 3.22 34.69 97.6 A
Estimated Error: 59.94 25.86 11.11 3.34 28.95 99.7 A
The precision of the temperature of disappearance of the last ~ 66.01 33.51 9.38 331 24.61 1013 A
crystal was*+ 0.5 K. 68.12 37.27 9.05 3.45 22.83 104.0 A
71.33 46.46 9.49 4.30 19.18 109.4 A
73.30 50.79 8.67 4.18 18.03 109.5 A
76.53 61.09 7.82 4.34 15.65 115.5 A
78.04 76.22 9.17 6.23 12.79 117.4 A
78.67 94.68 10.95 9.17 10.38 125.5 A
79.65 145.04 13.49 17.09 6.86 138.4 A
78.65 152.33 14.90 20.08 6.45 139.5 A
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79.30
78.13
77.02
41.08
33.40
28.40

7.30
12.78
16.47
25.25
33.69
39.63
40.35
45.48
51.05
54.82
59.35
61.32
64.80
66.67
67.78
68.95
69.75
69.33
69.61
67.78
68.32
61.98
60.96
39.11

168.47
176.49
198.38
189.36
187.95
186.73

3.07
5.35
7.00
10.57
14.50
16.91
17.23
20.26
24.18
27.41
31.68
38.83
43.85
51.63
57.44
71.01
98.09
121.98
127.13
125.63
150.52
146.64
347.73
148.50

14.82
16.34
18.13
56.21
64.38
69.70

70.95
62.96
57.38
54.14
44.90
37.29
31.09
30.39
26.48
2258
20.20
17.25
18.95
16.74
17.20
17.48
18.92
21.37
23.57
23.55
25.48
26.01
32.74
36.85
57.60

2191
25.68
32.49
180.30
252.09
318.88
press=1 atm
21.23
18.40
16.72
16.01
13.08
11.17
9.23
9.03
8.21
7.44
7.03
6.41
8.35
7.88
9.27
10.31
13.56
2091
28.86
29.93
32.86
39.88
53.90
146.27
152.19

5.88
5.53
4.85
271
222
1.90

29.05
29.74
29.84
29.39
29.85
29.02
29.28
29.26
28.04
26.37
24.98
23.40
19.73
18.46
16.13
14.74
12.13

8.88
7.10
6.84
6.74
5.67
5.28
2.19
3.29

146.0
131.1
150.0
171.3
173.4
183.0

109.0
110.4
111.8
111.6
112.8
114.4
115.8
116.3
117.4
119.2
121.4
125.6
122.9
127.2
125.9
135.2
140.8
148.0
1515
1535
156.1
157.7
161.7
166.2
179.0

>>>> > >

>

>>>>>>>>>>>>2>>>>>>>>>>> >

aThese values were calculated by the compiler.

PThe solid phases are:sANH,H,PO,; B=NH,NO;.

Compiler's Note: The data at 0.13 atm were published in source paper 2. The rest of the data were published in source paper 1.

Auxiliary Information

Components
(1) Ammonium dihydrogenphosphate; H,POy;

[7722-76-1

(2) Ammonium nitrate; NHNO3; [6484-52-3
(3) Water; H,0; [7732-18-3

Original Measurements:

M. L. Varlamov, I. M. Kaganskiy, |. A. Kashcheeva, G. A.
Manakin, Zh. Prikl. Khim.(Leningrad 46, 2767-9(1973.

Variables:

Composition at 140-170 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility in the NH;H,PO,;—NH4;NO3;—H,0 system

NH,NO; NH,H,PO, H,0 Solid
100w; m;/mol kg~ '@ 100w; m;/mol kg~ '@ 100w; phas8
temp=140 °C
88.30 298.12 8.00 18.79 3.70 A
83.90 14357 8.80 10.48 7.30 A
77.50 80.68 10.50 7.61 12.00 A
66.40 48.79 16.60 8.49 17.00 A c
56.00 34.13 23.50 9.96 20.50 A T
45.10 25.38 32.70 12.80 22.20 A >
92.00 383.09 5.00 14.49 3.00 B 0
temp=150 °C !
88.0 XX 12.0 XX B P
97.02 612.12 1.00 4.39 1.98 B 0
89.82 5610.25 9.98 433.76 0.20 B |
83.0 XX 17.0 XX A n
81.88 143.66 11.00 13.43 7.12 A o)
84.29 299.99 12.20 30.21 3.51 A =
70.40 73.29 17.60 12.75 12.00 A c
59.00 49.14 26.00 15.07 15.00 A @
47.90 33.06 34.00 16.33 18.10 A =
temp=160 °C —
95.4 XXE 46 XXC B -
80.0 XX 20.0 XX A <
78.40 612.12 20.00 108.66 1.60 A o
75.07 299.61 21.80 60.54 3.13 A >
64.00 92.97 27.40 27.70 8.60 A 3
50.70 50.67 36.80 25.59 12.50 A >
42.00 34.98 43.00 24.92 15.00 A 0
temp=170 °C m
66.0 XX 34.0 XX A by
63.11 239.63 33.60 88.78 3.29 A =
46.35 79.32 46.35 55.19 7.30 A m
55.10 137.66 39.90 69.37 5.00 A wn

Method / Apparatus / Procedure:

The saturated solution and solid phase were placed in a All materials were of chemically pure grade and were
three-necked bottle. A thermometer was placed in one neck. Irecrystallized twice from water.

Source and Purity of Materials:

another neck there was a two-parallel reflux condenser
connected to a differential manometer. After equilibrium the

phases were sampled with a filter pipet which was placed in Estimated Error:

the third neck of the flask. Nitrogen content was determined  No information is given.
by the Kjeldahl method, phosphorus by the pyrophosphate
method(probably weighed as M#,0,—compile) and water

by the iodine-acetate methddo details given

2The molalities were calculated by the compiler.
5The solid phases are:#ANH,H,PO,; B=NH,NO;.
“The molalities cannot be calculated because the liquid phase is anhydrous.

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materials:

A modified polythermic methddwas used, where heat inertia  Chemically pure or reagent grade salts were recrystallized twice
of the system was eliminated. The compiler assumes that the and dried at 60 °C. They were further dehydrated with absolute
isotherms were derived graphically from experimental results. ethanol. They were analyzed for nitrogdroth NH; and NG ™)

and BOs (no details are given The m.p. of NHNO; was
checked as 1690.2 °C.

Estimated Error:
The difference between the temperature of appearance of the first
crystal and disappearance of the last crystal was 1-3 °C.

References:
1L N. Erayser, I. M. Kaganskiy, Zavod. Lafh, 119(1967).
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The compiler has calculated the following data:

Components
(1) Ammonium dihydrogenphosphate; NH,POy;

Original Measurements:
G. A. Sorina, L. I. Bezlyudova, E. V. Mushkina, G. M.

[7722-76-1 Kozlovskaya, Yu. V. Tsekhanskaya, Zzh. Prikl. Khim.
(2) Ammonium nitrate; NHNO;; [6484-52-3 (Leningrad 57, 974-7(1989 .
(3) Water; HO; [7732-18-3
Variables: Prepared By:
Temperature and composition at the mol ratio of }OpP=1. J. Eysseltova
Experimental Data
Two sets of data are given.
Setl
Solubility in the NH;H,PO,;— NH4;NO3;—H,0 system at a mol ratio Nf®s=1
Solute NHNOz2 NH;H,PO;? H,0*
t/°C 100w, + 100w, 100w, m;/mol kg™t 100w, m;/mol kg™t 1003
20.5 30.0 17.6 3.14 12.4 1.54 70.0
48.0 40.0 23.4 4.87 16.6 241 60.0
725 50.0 29.3 7.32 20.7 3.60 50.0
94.5 60.0 35.2 11.0 24.8 5.39 40.0
106.5 70.0 41.0 17.1 29.0 8.40 30.0

aThese data were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used. were used.

Source and Purity of Materials:
Chemically pure salts and distilled water

Estimated Error:

Precision of temperature of disappearance of last crystal was
*+0.1 K.

Set 2
Solubility in the NH;H,PO;— NH4;NO3;—H,0 system at a mol ratio Nf®s=1

Soln Solute Density Viscosity
no t/°C 100w, + 100w, (glcn?) (cp)
1 20.0 30.0 1.146
2 30.0 33.6 1.159 1.280
3 40.0 37.1 1.173 1.149
4 50.0 40.9 1.189 1.090
5 60.0 44.8 1.206 1.093
6 70.0 48.9 1.224 1.135
7 80.0 53.2 1.243 1.221
8 90.0 575 1.264 1.320

Soln NH,NO, NH,4H,PO, H,0
no. 10Gv, mi/mol kg~ * 100w, m;/mol kg~ * 100w,
1 17.6 3.14 12.4 1.54 70.0
2 19.7 3.70 13.9 1.82 66.4
3 21.7 4.32 15.4 212 62.9
4 24.0 5.07 16.9 2.49 59.1
5 26.3 5.94 18.5 2.92 55.2
6 28.7 7.01 20.2 3.44 51.1
7 312 8.32 22.0 4.09 46.8
8 33.7 9.9 23.8 4.87 425

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used. The density was
measured by the use of a self-constructed pycnometer.
Viscosity was measured with a standard capillary VPZH-2
viscometer(solutions more dilute than 50p6r a viscometer
according to Golube?.

Source and Purity of Materials:
Chemically pure salts and distilled water were used.

Estimated Error:

Precision of temperature of disappearance of last crystal was
+0.1 K; of density was+0.310 g/cn?; of viscosity was+ 2%
(concn<50%) and +=7% (more concd solns

References:

1I. F. Golubev, T. M. Potikhova, Tr. GIAP, Moscow, ONTI pp
67-80(1971).
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Components:

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Ammonium nitrate; NHNO;; [6484-52-3

(3) Urea nitrate; CONH,),- HNO;; [17687-37-5
(4) Urea phosphate; O®H,),- H3PO;; [4861-19-23
(5) Water; HO; [7732-18-3

Original Measurements:
R. Kimmel, R. Fahsl, Z. Anorg. Allg. Chem402 305-11
(1973.

Variables:
Composition at 20 and 40 °C.

Prepared By:
J. Eysseftova

Experimental Data
Composition of invariant points in the NH,PO,—NH;NO;—CQ(NH,),- HNO3—CO(NH,),- H3PO;—H,0O system at 20 and 40 °C

CO(NH,),- HNO; CO(NH,),- HaPO, NH,H,PO, H,0
t/°C 100w; m;? 100w; m;? 100w; m;? 100w; Solid phase’
20 15.26 3.245 14.92 2.469 31.59 7.183 38.23 +BMC
40 19.53 6.255 20.73 5.168 34.36 11.77 25.38 +BvC
NH,NO, CO(NH,),- HNO, NH,H,PO, H,0
t/°C 100w; m;? 100w; m;? 100w; m;? 100w; Solid phasés
20 51.89 20.10 7.85 1.98 8.01 1.57 32.25 +8+D
40 54.99 30.49 11.27 4.07 11.21 3.15 22.53 +@&+D

@The molalities were calculated by the compiler and are expressed as mél kg
The solid phases are:-ACO(NH,),- HNO;; B= CO(NH,),- HzPOy; C=NH,4H,PQ,; D=NH,NO;.

Auxiliary Information

Method / Apparatus / Procedure:

Mixtures of the components were stirred vigorously and
allowed to equilibrate for 15—25 hrs. The equilibrium was
checked by repeated analysis of the liquid phase,>PO
content was determined by precipitation titration with
La(NO;)5 using Chromazurol S as indicator; yHwas
determined, after removal of phosphate ions with the aid of .
anion exchange resin, by formol titration. Urea was determinedFstimated Error:
gravimetrically as dixanthedrylurea or after enzyme
decomposition as N Nitrate was determined gravimetrically
with Nitron. The sum of NH* and urea was determined by
the Kjeldahl method and the concentration of urea salts was
determined by acidimetric titration with a METROHM
potentiograph.

Source and Purity of Materials:

The ammonium salts were recrystallized before use. The urea
salts were synthesized from urea and an equivalent amount of the
respective acid and recrystallized several times.

The temperature was kept constant to within0.05 K.

Components: Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic,
[7722-76-1 September 1995

(2) Diammonium sulfate(NH,),S0O,; [7783-20-3
(3) Water; H,0; [7732-18-3

Critical Evaluation:

7.5. NH,4H,PO,—(NH,),S0,—H,0
Six articles~® report solubility data for this system. In addition, Akiyanea,al.” present graphical data along with a smoothing
equation(1)
100w;=A/(m+B) &)
where 100; is the solubility of NHH,PO, expressed as mass %; m is the mole ratiq/®0, in the saturated solution; and A
and B are constants having the following values:

t/°C A B
0 34.6 1.8
25 44.6 15
50 48.7 1.2

A comparison of the data at 263, 273, 293 and 298 K, as well as calculated values fréh) Ecgiven in Fig. 17. Only at 293 K are

the data from different authors in agreement with each other. Therefore, data at 293 K are accepted tentatively while the data at the

temperatures can be evaluated only after the results of additional work are available. An isotherm at 293 K has beeh bapuse,

this is compared with Figure 17 its values appear to have a systematic error. Furthermore, the invariant points described in‘one arf

do not correspond with results reported by others and, therefore, are rejected. The smoothing equation of Akigahsaems to fit the
experimentally determined data fairly well, especially when the concentratiGNHf),SO, is less than 25 mass %.

References:

1s. 1. Vorfkovich, L. E. Berlin, B. M. Mantsev, Tr. NIUIFa 2281940.

2S. Uno, Kogyo Kagaku ZassHB, 399 (1940; J. Soc. Chem. Ind. Japan Suppl. Bindi4@ 168B (1940.
SF. V. Belchev, A. G. Bergman, Zh. Prikl. Khim{Leningrad 17, 520 (1944).

A. G. Bergman, R. Tashtemirov, Ukr. Khim. ZB3, 565 (1967.

5R. M. Bayramova, A. |. Agaev, Uch. Zap. Azerb. Gos. Univ., Ser. Khim. Nayk358.

Sva. S. Shenkin, O. I. Freyman, Zh. Neorg. Khif6, 3151(1970.

T. Akiyama, H. Kanzaki, S. Minagawa, Nippon Dojo Hiryogaku Zas®i243(1978.

40) Tt

ref (3), 263 K
ref (5), 263 K
ref(2), 273K
ref (3), 273 K
ref ﬁ.273K
eq ],273K
ref (3), 293 K
ref (5), 293 K
ref (2), 298 K
ref (1), 298 K
eq [1]', 298K

mass % NH4H2PO4
+a4>»4O 1 80> @O

0 10

20 30 40 50
mass % (NH4)2504

FIG. 17. Solubility of NHH,PO, in the NHH,PO,—~(NH,4),SO,—H,0 system.
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Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,POy; S. I. Vol'ftkovich, L. E. Berlin, B. M. Mantsev, Tr. NIUIFa
[7722-76-1 228-42(1940.

(2) Diammonium sulfate; (Ng),SO,; [7783-20-3

(4) Water; H,0; [7732-18-3

Components:

(1) Ammonium dihydrogenphosphate; H,POy;

[7722-76-1

(2) Diammonium sulfate; (Ni),SOy; [7722-76-1

(3) Water; H,0; [7732-18-3

Original Measurements:

S. Uno, Kogyo Kagaku Zassh3, 399-402(1940; J. Soc.
Chem. Ind., Japan, Suppl. Bindid®, 168B-70B(1940.

Variables: Prepared By:
Composition at 25 °C. L. V. Chernykh and J. Eysseltova

Variables:

Composition at 0, 25, 40, 70 and 100 °C.

Prepared By:
Hiroshi Miyamoto

Experimental Data
Solubility in the NH;H,PO,—(NH,),SO,—H,0 system at 25 °C

NH,H,PO, (NH,),S0O, H,O Solid

g/100g HO 100w;2 m;/mol kg2 g/100g HO 10002 m;/mol kg~ 12 100w;2 phasé
41.30 29.23 3.59 0.00 0.00 0.00 70.77 A
40.20 28.67 3.61 2.28 2.23 0.24 69.10 A
37.80 27.43 3.56 5.89 5.56 0.63 67.01 A
33.60 25.15 3.43 12.60 11.19 1.33 63.66 A
30.70 23.49 3.43 20.40 16.94 2.15 59.57 A
27.50 21.57 3.44 21.50 23.95 3.33 54.48 A
25.00 20.00 3.10 31.50 23.95 3.23 56.05 A

25.00 20.00 3.39 40.30 28.72 4.24 51.28 +B
22.10 18.10 3.30 52.10 34.25 5.44 47.65 B
19.10 16.04 3.40 75.20 42.92 7.91 41.04 B
10.30 9.34 1.72 76.60 43.37 6.94 47.29 B
5.29 5.02 0.85 77.20 43,57 6.41 51.41 B

#These values were calculated by the compilers.
5The solid phases are:ANH,H,PO,; B=(NH,),S0,.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. Equilibration required 4 to 5No information is given.

days. The composition of the solid phases was determined by

the Schreinemakers method. More experimental details have Estimated Error:

been described previousty.
P ﬁy The temperature was kept constant within0.05 K. No other

information is given.

References:

L. E. Berlin, B. M. Mantsev, zh. Prikl. Khim(Leningrad 6,
385(1933.

Composition of saturated solutions in the M3PO,—(NH,),SO;—H,0O system

Experimental Data

(NH,) 2SO, NH,4H,PO, H,0 Solid
g/100g HO 100w;? m;/mol kg2 g/100g HO 100w;2 m;/mol kg~ 12 100w;2 phas8
temp=0 °C
70.6 414 5.34 0 0 0 58.6 A
67.4 38.9 5.10 5.87 3.39 0.510 57.71 A
64.6 36.9 4.89 10.6 6.05 0.922 57.05 +R
64.2 36.8 4.86 10.4 5.96 0.904 57.24 +B
49.7 30.7 3.76 12.0 7.42 1.04 61.88 B
29.1 20.3 2.20 14.6 10.2 1.27 69.5 B
0 0 0 20.2 16.8 1.76 83.2 B
temp=25°C
76.2 432 5.77 0 0 0 56.80 A
74.1 405 5.61 9.07 4.95 0.789 54.55 A
72.6 38.1 5.49 18.2 9.54 1.58 52.26 +B
71.9 37.7 5.44 18.8 9.86 1.63 52.44 +B
57.8 325 4.37 20.0 11.2 1.74 56.3 B
26.8 17.0 2.03 30.8 19.5 2.68 63.5 B
0 0 0 40.6 28.9 3.53 711 B
temp=40 °C
80.8 44.7 6.11 0 0 0 55.3 A
77.7 39.9 5.88 16.8 8.64 1.46 51.46 A
75.9 37.7 5.74 25.3 12.6 2.20 49.7 +8
61.6 32.3 4.66 28.9 15.2 2.51 52.5 B
39.5 22.5 2.99 35.7 20.4 3.10 57.1 B
18.8 11.5 1.42 44.4 27.2 3.86 61.3 B
0 0 0 56.4 36.1 4.90 63.9 B
temp=70°C
91.4 47.8 6.92 0 0 0 52.2 A
845 39.2 6.39 311 14.4 2.70 46.4 A
78.8 332 5.96 58.6 24.7 5.10 421 +8
79.9 33.6 6.05 58.0 24.4 5.04 42.0 +8
53.8 24.4 4.07 66.7 30.2 5.80 45.4 B
22.0 10.6 1.66 84.9 41.0 7.38 48.4 B
0 0 0 100.9 50.2 8.77 49.8 B
temp=100 °C
103.6 50.9 7.84 0 0 0 49.1 A
97.9 422 7.41 34.0 14.7 2.96 43.1 A
93.1 36.4 7.05 62.4 24.4 5.42 39.2 A
86.9 30.5 6.58 98.2 34.4 8.54 35.1 A
82.9 27.0 6.27 124.4 40.5 10.8 325 A
81.7 26.0 6.18 132.1 421 11.5 31.9 +B
78.5 25.2 5.94 133.1 427 11.6 32.1 B
50.5 17.1 3.82 144.7 49.0 12.6 33.9 B
20.8 7.31 157 163.9 57.6 14.2 35.09 B
0 0 0 176.7 63.9 15.4 36.1 B

2These values were calculated by the compiler.

The solid phases are:-A(NH,),SOy; B=NH,H,PO,.
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Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used. Ammonium
dihydrogenphosphate, ammonium sulfate and water were
placed in ampules. The mixtures were shaken in a thermostat.
After equilibrium was established, the mixtures were allowed Estimated Error:

to settle. A pipet was used to obtain aliquots of the saturated . . .
solution for analysis. The saturated solution was evaporated tOSqubllny: nothing _specmed.
dryness and the solid obtained was dried at 110-115 °C to Temperature: precisior: 0'05_ K 'f“ 298 and 313 Kr 0.5K at
determine total solid content. The Ni¢ontent was determined 343 and 373 K. No information is given about 273 K.

by the distillation method. The phosphate and sulfate contents

were determined gravimetrically as Mg(lYHPO, and BaSQ,

respectively.

Source and Purity of Materials:
Chemically pure reagents were recrystallized.

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1 520-6(1944).

(2) Diammonium sulfate; (Nl ,SOy; [7783-20-3
(3) Water; H,0; [7732-18-3

F. V. Bel'chev, A. G. Bergman, Zh. Prikl. KhinfLeningrad 17,

Variables:
Composition at- 10, —5, 0, 10, 20 and 30 °C.

Prepared By:

L. V. Chernykh and J. Eyssé€ltova

Experimental Data
Solubility isotherms in the NH,PO,—(NH,),SO,—H,0 system

NH,;H,PO, (NH4) 2SO, H,0O Solid
Comp 100w; m;/mol kg ° Comp? 100w; m;/mol kg™ ° Comg? 100w; phasé
temp=-10 °C
0 0.0 0.0 100 29.4 3.2 1781 70.6 A
5.50 2.8 0.3 94.5 27.2 2.9 1879 70.0 A
12.56 6.0 0.7 87.44 24.0 2.6 1876 70.0 A
16.41 7.6 0.9 83.59 22.2 24 1538 70.2 B
11.25 6.3 0.8 88.74 28.1 3.2 1518 65.6 B
6.82 4.8 0.7 93.18 36.1 4.6 1139 59.1 B
6.71 4.6 0.7 93.29 37.8 5.0 1069 57.6 +B
3.26 2.4 0.4 96.74 39.1 5.1 1065 58.5 C
0 0.0 0.0 100 40.4 51 1081 59.6 C
temp=—5°C
0 0.0 0.0 100 16.7 15 3660 83.3 A
11.38 34 0.4 88.62 14.4 1.3 3708 82.2 A
25.42 7.0 0.7 74.58 11.6 11 3875 814 A
38.74 10.0 1.1 61.26 9.0 0.8 4050 81.0 A
56.73 13.7 15 43.27 6.0 0.6 4270 80.3 +B
45.46 12.7 1.4 54.55 8.7 0.8 3606 78.6 B
23.22 9.6 1.2 76.78 18.0 1.9 2270 72.4 B
12.7 7.2 1.0 87.3 28.1 33 1472 64.7 B
7.77 5.4 0.8 92.23 36.1 4.7 1120 58.5 B
7.37 5.2 0.8 92.63 38.0 5.1 1010 56.8 +B
3.0 24 0.4 96.76 39.6 5.2 1048 58.0 C
0 0.0 0.0 100 40.8 5.2 1066 59.2 C
temp=0°C
100 18.8 2.0 0 0.0 0.0 5620 81.2 B
49.4 14.7 17 51.6 8.6 0.8 3550 76.7 B
25.42 10.7 1.3 74.58 17.8 1.9 2198 715 B
14.05 8.0 11 85.95 27.6 3.2 1477 64.4 B
8.48 5.9 0.9 91.52 35.7 4.6 1098 58.4 B
7.42 5.4 0.8 92.58 38.0 51 1013 56.6 +B
7.03 5.0 0.8 92.97 38.5 5.2 1002 56.5 C
3.2 24 0.4 96.8 40.0 5.3 1021 57.6 C
0 0.0 0.0 100 41.2 53 1049 58.8 C
temp=10 °C
100 22.2 25 0 0.0 0.0 4497 77.8 B
55.08 17.4 2.0 44.92 8.2 0.8 2985 74.4 B
30.69 13.4 1.7 69.31 17.3 1.9 2035 69.3 B
17.81 10.0 14 82.14 27.0 3.2 1413 63.0 B
11.18 7.6 1.2 88.92 35.0 4.6 1068 57.4 B
9.12 6.9 11 90.88 38.2 53 952 54.9 +B
6.56 4.9 0.8 93.44 39.6 5.4 962 55.5 C

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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3.12 24 0.4 96.88 41.0 55 981 56.6 C

0 0.0 0.0 100 42.0 5.5 1015 58.0 C
temp=20 °C Components Original Measurements:
100 26.0 3.0 0 0.0 0.0 3507 74.0 B (1) Ammonium dihydrogenphosphate; H,POy; R. M. Bayramova, A. |. Agaev, Uch. Zap. Azer. Gos. Univ., Ser.
60.93 21.3 26 39.07 7.8 0.8 2606 70.9 B [7722-76-1 Khim. Nauk 8-16(1968.
36.55 16.6 22 63.45 16.6 19 1882 66.8 B (2) Diammonium sulfate; (Ni),SOy; [7783-20-3
20.72 12.1 17 79.28 26.3 3.2 1362 61.6 B (3) Water; HO; [7732-18-9
13.67 9.5 15 86.33 34.3 4.6 1040 56.2 B Variables: Prepared By:
12.62 8.3 14 87.38 385 55 887 532 +B Composition and temperature. L. V. Chernykh and J. Eysseltova
6.43 4.8 0.8 93.57 40.5 5.6 928 54.7 (03
2.79 2.3 0.4 97.21 41.9 5.7 950 55.8 C )
Experimental Data
0 00 00 100 42.9 57 977 571 ¢ Solubility isotherms in the NH,PO,—(NH,),SO,—H,0 system
temp=30 °C
100 30.6 3.8 0 0.0 0.0 2896 69.4 B (NH,),S0, NH,H,PO, H,0
66.06 25.2 3.2 33.94 7.4 0.8 2268 67.4 B 100w, mi/mol kg™* 2 100w, mi/mol kg 2 100w, Comp Solid phase
41.83 20.1 2.7 58.17 16.1 1.9 1702 63.8 B
25.37 15.4 23 74.78 25.4 3.2 1268 59.2 B temp=-10°C
17.17 12.0 19 82.83 33.2 46 1004 54.8 B 40.4 51 0.0 0.0 59.6 1083.1 (NH,),SO;
13.39 10.2 17 86.61 38.4 57 849 51.4 +8 398 51 06 01 59.6 1080.5 (NH,),SO,
9.26 72 1.2 90.74 40.2 5.8 871 526 c 37.7 4.8 3.2 0.5 59.1 1048.4 (NH,),S0O,
5.95 a7 08 94.05 418 59 884 535 c 356 4.4 36 0.5 608 1128.2 NH,PO,
oz o owm o ar 8w we oo B4 @ m o mm we
0 00 00 100 437 59 946 563 ¢ 24.6 2.7 6.2 0.8 69.2 1605.5 NH,PO,
aThe composition unit is: mol/200 mol of solute. 234 2.5 6.5 0.8 70.1 1666.5 NH,PO,
"The molalities were calculated by the compilers. temp=0 °C
The solid phases are:#ice; B= NH4H,POy; C=(NH,),S0;. 41.4 5.3 0.0 0.0 58.6 1065.3 (NH,),S0O,
40.7 5.2 0.6 0.1 58.7 1049.3 (NH,),S0O,
Auxiliary Information 39.0 5.1 2.6 0.4 58.4 1028.6 (NH,),S0,
385 5.0 3.2 05 58.3 1026.5 (NH,),S0,
Method / Apparatus / Procedure: Source and Purity of Materials: 35.1 44 5.2 0.8 59.7 1082.4 NH,PO,
A_ visual polythermic method was used. No other details are  No information is given. 34.8 4.4 5.2 08 60.0 1094.5 NH,PO,
given. 33.0 41 5.6 0.8 61.4 1150.4 NH,PO,
Estimated Error: 28.0 33 7.2 1.0 64.8 1329.3 NH,PO,
No information is given. 27.8 3.2 7.3 1.0 64.9 1324.3 NH,PO,
22.8 25 9.0 1.1 68.2 1518.3 NH,PO,
21.5 2.4 9.4 12 69.1 15775 NH,PO,
17.8 1.9 10.8 13 71.4 1748.1 YH,PO,
13.2 13 12.6 15 74.2 1974.2 NH,PO,
10.8 1.1 13.4 1.5 75.8 2129.0 NH,PO,
85 0.8 14.3 1.6 77.2 2276.6 NH,PO,
5.0 0.5 16.2 18 78.8 2451.5 NH,PO,
4.2 0.4 16.5 1.8 79.3 2528.0 NH,PO,
0.0 0.0 19.0 2.0 81.0 2719.3 NH,PO,
temp=10 °C
422 55 0.0 0.0 57.8 10135 (NH,),S0,
41.7 55 0.6 0.1 57.7 1011.7 (NH,),S0,
39.8 5.3 29 0.4 57.3 982.3 (NH,),S0O,
38.4 5.1 5.0 0.8 56.6 970.2 (NH,),S0,
37.6 5.1 6.3 1.0 56.1 965.1 (NH,),S0,
37.4 5.1 6.8 1.1 55.8 959.9 (NH,),S0,
34.2 4.4 7.6 1.1 58.2 1001.2 NH,PO,
32.2 41 8.1 1.2 59.7 1062.0 NH,PO,
31.9 4.0 8.2 1.2 59.9 1105.9 NH,PO,
27.0 3.2 9.8 1.3 63.2 1218.9 NH,PO,
221 25 115 1.5 66.4 1386.8 NH,PO,
21.4 2.4 11.8 15 66.8 1408.8 NH,PO,
17.4 1.9 134 1.7 69.2 1554.8 YH,PO,

15.0 1.6 14.4 18 706 1648.3 NH,PO,
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12.7
8.2
6.0
4.0
0.0

432
41.0
40.8
39.4
38.4
38.5
37.8
35.6
334
318
314
26.2
25.0
21.4
16.7
16.6
12.2

7.8

3.8

0.0

44.0
41.4
40.1
39.5
39.2
38.6
37.4
36.9
35.7
35.0
32.4
30.5
27.4
25.5
20.7
16.2
11.8

7.6

3.7

0.0

13
0.8
0.6
0.4
0.0

5.8
5.5
55
5.4
5.2
5.3
5.2
4.8
4.4
4.1
4.1
3.2
3.0
25
19
19
13
0.8
0.4
0.0

5.9
5.6
55
55
5.4
5.4
5.3
5.3
5.0
4.9
44
a1
3.6
3.2
25
1.9
1.3
0.8
0.4
0.0

155
17.4
18.8
19.8
22.4

0.0
2.6
2.9
4.9
6.2
6.3
7.3
8.5
9.6
10.2
10.4
123
12.8
14.2
16.3
16.5
18.7
20.8
23.2
26.0

0.0
3.0
4.8
5.8
6.2
7.4
9.4
10.1
10.7
11.0
12.2
13.1
145
151
17.2
19.2
21.4
23.7
26.4
29.6

1.9
2.0
2.2
2.3
25
temp=20 °C
0.0
0.4
0.4
0.8
1.0
1.0
1.2
1.3
1.5
1.5
1.6
1.7
1.8
1.9
21
2.1
2.4
25
2.8
31
temp=30 °C
0.0
0.5
0.8
0.9
1.0
1.2
15
1.7
1.7
1.8
1.9
2.0
22
22
2.4
2.6
2.8
3.0
33
3.7

718
74.4
75.2
76.2
77.6

56.8
56.4
56.3
55.7
55.4
55.2
54.9
55.9
57.0
58.0
58.2
61.5
62.2
64.4
67.0
66.9
69.1
71.4
73.0
74.0

56.0
55.6
55.1
54.7
54.6
54.0
53.2
53.0
53.6
54.0
55.4
56.4
58.1
59.4
62.1
64.6
66.8
68.7
69.9
70.4

1731.8
1929.9
2001.2
2090.8
2158.6

973.3
948.2
943.3
914.3
899.2
892.0
880.9
877.6
947.1
984.0
990.9
11245
1137.8
1227.0
1387.5
1385.5
1508.7
1654.8
1759.2
1816.6

941.8
916.8
892.5
875.6
871.2
846.9
811.8
807
824.4
837
891
913
972.3
1021.8
1130.4
12425
1348.1
1449.0
1511.6
1521.7

NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,

(NH,)2S0,
(NH,)2S0,
(NH,),S0,
(NH,),S0,
(NH,)2S0,
(NH,)2S0,
(NH,),S0,
NH,PO,
NH,PO,
NH,PO,
NH2PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH2PO,
NH,PO,

(NH,)>S0,
(NH,),S0,
(NH,),SO,
(NH,)2S0,
(NH,)>S0,
(NH,),S0,
(NH,),S0,
NH,PO,
NH,PO,
NH,PO,
NH PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,
NH,PO,

aThe molalities were calculated by the compilers. The unit is: mol *kg
"The composition unit is: mol/100 mol of solute.

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materials:

A visual polythermic method was used. Solid carbon dioxide Chemically pure reagents were used.
was used as the cooling agent. The compilers suppose that the
isotherms were obtained by interpolation.

Estimated Error:

No details are given.

Components

(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Diammonium sulfate(NH,),S0O,; [7783-20-3
(3) Water; H,0; [7732-18-3

Original Measurements:
Ya. S. Shenkin, O. I. Freyman, Zh. Neorg. Khiib, 3151-2

(1970.

Variables:

Temperature and composition at atmospheric pressure.

Prepared By:

J. Eysseltova

Experimental Data
Solubility in the (NH,),SO;—NH,H,PO,—H,0 system at atmospheric pressure

(NH,),S0O, NH,;H,PO, H,O

100w; m;/mol kg™ * 2 100w; m;/mol kg~ 12 100w;2 t/°ch —Ig N¢ Solid phase
50.75 7.80 0.00 0.00 49.25 8.95 0.063 (NH,),S0O,
49.22 7.83 3.21 0.59 47.57 9.5 0.061 (NH,),SO,
47.50 7.75 6.11 1.14 46.39 9.6 0.065 (NH,),S0O,
45.45 7.46 8.43 1.59 46.12 10.2 0.064 (NH,),S0O,
42.50 7.00 11.58 2.19 45.92 102 0.067  (NH,),S0,
40.93 6.79 13.48 2.57 45.59 10.3 0.066 (NH,),S0O,
38.50 6.68 17.90 3.57 43.60 10.4 0.072 (NH,),S0O,
37.50 6.68 20.05 4.10 42.45 10.7 0.077 (NH,),S0O,
35.50 6.40 22.50 4.66 42.00 11.1 0.080 (NH,),S0O,
34.50 6.37 2451 5.20 40.99 11.4 0084  (NH,),SO,
33.50 6.29 26.21 5.65 40.29 11.4 0.085 (NH,),S0O,
32.50 6.15 27.50 5.97 40.00 115 0086  (NH,),SO,
31.10 5.98 29.56 6.53 39.34 11.9 0.091 (NH,),S0O,
30.20 6.13 32.52 7.58 37.28 12.6 0.105 (NH,),S0O,
27.83 5.66 34.98 8.17 37.19 12.7 0.096 (NH,),S0O,
26.98 5.74 37.47 9.16 3555 12.7 0105  (NH,),S0,
25.50 551 39.50 9.81 35.00 12.9 0.106  (NH,),SO,
24.51 5.62 42.51 11.20 32.98 13.6 0.110 (NH,),S0O,
23.52 5.64 4491 12.36 31.57 14.5 0.122 (NH,),SO,
23.03 5.73 46.53 13.28 30.44 14.9 0.128 (NH,),S0O,
22.50 5.70 47.62 13.85 29.88 15.1 0.130 (NH,),S0O,
22.50 5.87 48,51 14.54 28.99 15.8 0137 (NHg),SO,
22.40 6.15 50.05 15.79 27.55 16.1 0.146 (NH,) 2SO,
22.41 6.75 52.47 18.15 25.12 17.9 0.160  (NH,),S0,
22.40 6.86 52.89 18.60 24.71 18.3 0.164 (NH,),S0O,
20.84 6.28 54.06 18.72 25.10 17.8 0.162 ANHPO,
19.75 6.04 55.50 19.49 24.75 16.1 1.666 NH;H,PO,
17.97 5.33 56.51 19.24 25.52 15.4 1.660 NH4H,PO,
16.10 4.61 57.45 18.88 26.45 14.8 0.153 ANHPO,
15.98 4.57 57.55 18.89 26.47 15.3 0.154 ANHPO,
13.01 3.65 60.04 19.36 26.95 13.7 0.151 ANHPO,
12.50 3.45 60.07 19.03 27.43 13.1 0.149 ANHPO,
10.04 2.74 62.25 19.52 27.71 12.4 0.147 ANHPO,

7.52 2.02 64.30 19.83 28.18 11.8 0.144 MHPO,

3.51 0.92 67.52 20.25 28.97 10.9 0.141 MHPO,

0.00 0.00 71.08 21.36 28.92 9.4 0.142 MHPO,

@These values were calculated by the compiler. The unit is: mol*kg
bThis is the difference between the boiling point of the saturated solution and the boiling point of water.

°N is the mol fraction of water.

%These are obvious typographical errors. The correct values should be 0.167 and 0.166, respectively.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Auxiliary Information 7.6. Other Ternary Systems With the Ammonium Cation as the Common lon

Method / Apparatus / Procedure: Source and Purity of Materials:
The method was the same as that described edrlier. No information is given.
Estimated Error: Componen?s - Original Measurements: .
No inf L (1) Ammonium dihydrogenphosphate; YH,POy; E. M. Morgunova, N. D. Maslova, V. I. Golovina, Zh. Neorg.
o information is given. [7722-76-1 Khim. 17, 2006-8(1972.
(2) Ammonium fluorosilicate{NH,), [SiFs]; [16919-10-0
References: (3) Water; H,0; [7732-18-3
lva. S. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg.
Khim. 13, 256 (1968. Variables: Prepared By:
Composition and temperature. J. Eysseltova

Experimental Data
Solubility isotherms in théNH,) [ SiFg]—NH,H,PO,—H,0O system

(NH,) [ SiFs] NH,H,PO, H,0 Solid
100w; mi/mol kg™* 2 100w; mi/mol kg™* 2 100w; phas8
temp=25°C
18.70 1.29 — — 81.30 A
18.01 1.26 1.66 0.18 80.33 A
16.59 1.16 3.38 0.37 80.03 A
15.47 1.10 5.62 0.62 78.91 A
13.50 0.98 9.33 1.05 77.17 A
12.42 0.92 11.50 1.31 76.08 A
11.59 0.87 13.48 1.56 74.93 A
10.96 0.83 15.20 1.79 73.84 A
10.11 0.78 16.93 2.02 72.96 A
9.55 0.74 18.02 2.16 72.43 A
9.26 0.73 19.48 2.38 71.26 A
8.59 0.69 21.34 2.65 70.07 A
7.97 0.64 22.42 2.80 69.61 A
7.80 0.64 23.60 2.99 68.60 +#B
7.06 0.58 24.53 3.12 68.41 B
5.45 0.45 25.87 3.27 68.68 B
3.65 0.29 26.89 3.37 69.46 B
1.84 0.15 28.11 3.49 70.05 B
— — 29.77 3.69 70.23 B
temp=50 °C
25.77 1.95 — — 74.23 A
22.13 1.76 7.17 0.88 70.70 A
17.26 1.40 13.57 1.71 69.17 A
12.77 1.09 21.54 2.85 65.69 A
9.75 0.87 27.34 3.78 62.91 A
7.80 0.72 31.72 4.56 60.48 +#B
4.07 0.38 35.13 5.02 60.80 B
— — 43.95 6.82 56.05 B
temp=75°C
32.30 2.68 — — 67.70 A
25.16 2.14 8.88 1.17 65.96 A
20.69 1.81 15.07 2.04 64.24 A
7.17 0.80 42.35 7.29 50.48 +#B
6.30 0.72 44.33 7.81 49.37 B
3.30 0.37 46.26 7.97 50.44 B
— — 55.66 10.91 44.34 B
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temp=90 °C

35.82 3.13 — — 64.18 A
33.16 2.83 114 0.15 65.70 A Components Original Measurements:
27.08 2.40 9.71 1.34 63.21 A (1) Ammonium dihydrogenphosphate; H,POy; N. K. Shilling, G. S. Stetsova, Tekhnologiya Mineral'nykh
22.06 2.01 16.48 2.33 61.46 A [7722-76-1 Udobreniy(Leningrad 68-71(1977).
17.72 171 24.27 3.64 58.01 A (2) Ammonium fluoride; NHF; [12125-01-8
18.86 1.96 27.21 439 53.93 A (3) Water; HO; [7732-18-9
11.17 1.25 38.52 6.66 50.31 A Variables: Prepared By:
9.02 1.06 43.18 7.85 47.80 A Composition and temperature. L. V. Chernykh and J. Eysseltova
7.13 0.87 46.95 8.89 45.92 A
6.40 0.80 48.44 9.32 45.16 +B .
Experimental Data
4.98 0.60 48.74 9.16 46.28 B Solubility isotherms in the NfH,PO,—~NH,F—H,O system
2.82 0.34 51.17 9.67 46.01 B
111 0.13 51.87 9.59 47.02 B NH,H,PO, NH,F H,0 Solid
_ _ 61.85 14.09 38.15 B 100w; m;/mol kg1 100w; m;/mol kg 1 100w; phas@
aThese values were calculated by the compiler. The unit is: mol. kg temp=—5°C
PThe solid phases are:=A(NH,),[ SiFs]; B=NH,H,PO;. 13.2 1.40 5 15 81.8 A
14.7 1.55 3 9 82.3 A
Auxiliary Information 17.5 2.38 18.5 72.3 64 A
21 3.2 21 90 58 A
Method / Apparatus / Procedure: Source and Purity of Materials: 14 25 38 200 48 B
The isothermal method was used. The samples were (NH,),[SiFs] was prepared from reagent grade,[HiFs] 208 3.68 30 150 49.2 BC
equilibrated in polyethylene vessels at 25 and 50 °C, and in  (MRTU 609-4821-67 and recrystallized. NEH,PO, was temp=0°C
ebonite vessels at 75 and 90 °C. Equilibrium was attained in 3prepared as described by othérs. 15.4 1.68 5 17 79.6 A
weeks at 25 °C, in 7 days at 50 °C and in 2 days at 75 and 90 17.3 1.89 3 1 79.7 A
°C. The composition of the solid phases was determined by Estimated Error: 19.0 2.47 14 5.6 67 A
the Schreinemakers’ method. Ammonium was determined by . 22 3.4 21 9.9 57 A
the distillation method} SiFs]?>~ was determined by The temperature was controlled to within 0.1 K. No other 225 4.03 29 16 48.5 A
precipitation as I SiF].* information is given. 14 256 385 21.9 475 B
temp=5°C
References: 185 2.05 3 1 785 A
13. E. Ricci, J. A. Skarulis, J. Am. Chem. S3@, 3624(1951). 18.2 2.06 5 2 76.8 A
2Yu. V. Karyakin, Chistye Khimicheskiye Reaktivi Leningrad 20 25 11 43 69 A
Goskhimizdat 1947. 24 3.7 20 9.6 56 A
24 4.3 28 16 48 A
225 4.03 29 16 48.5 AB
18.5 3.78 39 25 425 B
temp=10 °C
215 2.51 4 1 745 A
22 2.7 6 2 72 A
26 4.9 28 16 46 A
27 4.4 20 10 53 A
13 2.5 41 24 46 B
23 4.5 33 20 49 B
temp=20 °C
27 3.5 5 2 68 A
27 3.6 8 3 65 A
27 6.2 35 25 38 A
29 6.1 30 20 41 A
30 5.1 19 10 51 A
30 5.9 26 16 44 A
26 6.1 37 27 37 AB
temp=30 °C
30 5.9 26 16 44 A
32 7.1 29 20 39 A
25 6.0 39 29 36 B

2The molalities were calculated by the compilers based omwl00the salts.
5The solid phases are:#ANH,H,PO;; B=NH,F; C=NH,F-H,0.
“There are obvious misprints in these dét@0w; =47 and 45, respectivelyn the original article.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A polythermic method was used but no details are given. The Chemically pure NiH,PO, and NH,F were used.

nature of the solid phase was determined graphoanalytically

(no details are givenand checked by IR spectroscopy. Estimated Error:

No information is given.

Components: Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy;

[7722-76-1 September 1995

(2) Ammonium chloride; NHCI; [12125-02-9
(3) Water; H,0; [7732-18-3

J. Eysseltova Charles University, Prague, Czech Republic,

Critical Evaluation:
NH,H,PO;~NH,CL~H,0

Figure 18 presents isotherms for the NM3PO,—NH,Cl-H,O system at 0 °€and 20 °C> The comparison appears to be

reasonable and the isotherms in each of these reports can be accepted tentatively.

References:
1p. Askenasy, F. Nessler, Z. Anorg. Chehgg, 305 (1930.
2a. A. Volkov, O. E. Sosnina, Uch. Zap. Perm. Unig29, 35 (1970.

30 11—
s i
o ref(1), 273K
e ref(2), 293K
- ]
[ ]
g0} .
~ ]
= :
z i i
N o
0 . 1
210t o N
£ ° . 1
o J
o %
0 . 2
0 10 20 30

mass 7 NH4ClI

FIG. 18. Solubility isotherms in the NiH,PO;—NH,CI-H,0 system.
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Components:

(1) Ammonium dihydrogenphosphate; WH,POy; [7722-76-1
(2) Ammonium chloride; NHCI; [12125-02-9

(3) Water; H,0; [7732-18-3

Original Measurements:
P. Askenasy, F. Nessler, Z. Anorg. Cheh89, 305-28(1930.

Variables:
Composition at 0 °C.

Prepared By:
J. Eysseltova

Experimental Data
The 0 °C isotherm for the NjH,PO,—NH,CI-H,0 system

Density NH,CI NH4H,PO, H,O Solid
gom?® comg 100w;° m;° comp? 100w;° m;° comg 100w;° phasé
1.0655 100.0 22.91 5.556 — — — 1000 77.09 A
1.0831 98.3 22.6 5.52 1.7 0.84 0.095 990 76.6 A
1.0846 92.2 214 5.36 7.9 3.9 0.46 995 74.6 +B
1.0872 78.6 12.6 2.93 214 7.35 0.798 1490 80.05 B
1.0887 62.9 7.53 1.70 37.1 9.54 1.00 2060 82.93 B
1.0955 44.6 4.81 1.09 55.4 12.8 1.36 2270 82.35 B
1.0990 20.2 1.99 0.458 79.8 16.9 1.81 2450 81.13 B
1.1043 — — — 100.0 18.50 1.974 2815 81.50 B

aThe composition unit is: mol/100 mol of solute.

PThese values were calculated by the compiler.

°The molalities were calculated by the compiler and are expressed as mbl kg
%The solid phases are:#ANH,Cl; B=NH,H,PO,.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The isothermal method was used. The mixtures were agitated No information is given.

in a thermostat for 2 to 4 days. The solid phase was separated

from the liquid phase by centrifuging. The analytical

Estimated Error:
procedures are not described.

The temperature was controlled to within 0.1 K. No other
information is given.

Components:

(1) Ammonium dihydrogenphosphate; H,POy;
[7722-76-1

(2) Ammonium chloride; NHCI; [12125-02-9
(3) Water; H,0; [7732-18-3

Original Measurements:

A. A. Volkov, O. E. Sosnina, Uch. Zap. Perm. Uni229, 35-9
(1970.

Variables:
Composition at 20°C.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility in the NH;H,PO,—NH,CI-H,O system at 20 °C

NH;H,PO, NH,CI H,O Refractive
100w, mi/mol kg @ 100w, mi/mol kg ! 2 100w, index Solid phase
27.2 3.25 0 0 72.80 1.3700 NH,PO,
210 2.45 4.50 1.13 74.50 1.3695 DNHLPO,
16.0 1.85 8.75 2.17 75.25 1.3715 DNHLPO,
11.50 1.333 13.50 3.364 75.00 1.3740 MHPO,
8.00 0.946 18.50 4.705 73.50 1.3790 NBPO,
5.55 0.680 23.50 6.191 70.95 1.3865 NHPO,
4.50 0.556 25.10 6.664 70.40 1.3890 MHPO,+NH,CI
4.25 0.528 25.75 6.876 70.00 1.3875 N
0 0 27.10 6.948 72.90 1.3860 yal

@These values were calculated by the compilers. The unit is: mof.kg

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method of sectiof, 2) was used with the
aid of refractive index measurements.

Source and Purity of Materials:

Chemically pure NHCI and reagent grade NH,PO, were
used.

Estimated Error:
No information is given.

References:

1R. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. Un-tdd, 1
(1937.

2E. F. Zhuravlev, A. D. Sheveleva, Zh. Neorg. Khis). 2360
(1960.

3Yu. V. Karyakin, Chistye Khimicheskie Reaktivy, p. 58,
Moscow, 1947.
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1

(2) Sodium dihydrogenphosphate; Ng?0,; [7558-80-7
(3) Water; H,0; [7732-18-3

Original Measurements:
S. Ya. Shpunt, Zh. Prikl. Khim(Leningrad , 13, 9-18(1940.

Variables:

Temperature and composition.

Prepared By:
J. Eysseltova

Part 1. Crystallization temperatures on sections of the J®&— NH,H,PO,—H,O system

Experimental Data

NaH,PO, NH4H,PO, Solid
100w; mi/mol kg 12 100w; m;/mol kg 12 t/°C phasB
Section |
7.7 0.70 —_ —_ -2.1 A
7.4 0.70 4.8 0.48 —-3.3 A
7.0 0.70 9.1 0.94 —45 A
6.8 0.71 13.0 1.41 —-55 A
6.5 0.70 16.7 1.89 —0.6 B
6.2 0.70 20.0 2.36 -85 B
6.0 0.70 231 2.83 -17.1 B
5.8 0.71 259 3.30 -25.0 B
5.6 0.71 28.6 3.78 —30.8 B
Section Il
15.4 1.52 — — —4.5 A
15.0 1.52 2.9 0.31 -5.0 A
14.6 1.53 5.7 0.62 -5.6 A
14.2 1.53 8.3 0.93 —6.1 A
13.9 1.54 10.7 1.23 —6.7 A
13.2 1.54 15.2 1.84 1.4 B
12.8 1.52 17.3 2.15 8.9 B
12.5 1.53 19.3 2.46 13.6 B
12.2 1.53 21.3 2.78 19.8 B
12.0 1.53 23.1 3.09 245 B
11.7 1.54 24.8 3.39 30.1 B
Section IlI

231 2.50 — — —6.6 A
22.7 251 2.0 0.23 —-7.1 A
22.2 2.50 3.8 0.45 —-7.6 A
21.8 2.50 5.7 0.68 —8.0 A
21.4 2.50 7.4 0.90 -85 A
21.0 2.50 9.1 1.13 -9.0 A
20.3 2.50 12.2 1.57 —-2.2 B
19.9 2.50 13.8 1.81 3.5 B
19.6 2.50 15.2 2.03 7.9 B
19.2 252 17.3 2.37 13.1 B
18.7 251 19.3 2.70 29.0 B
18.1 2.50 213 3.06 26.1 B
17.7 2.49 23.1 3.39 30.1 B
Section IV
34.6 4.41 — — —-2.7 C
33.9 4.41 2.0 0.27 —2.6 C
33.2 4.39 3.8 0.52 —-25 C
32.6 4.40 5.7 0.80 —2.6 C

32.0
315
30.9
30.4
29.9
29.4
28.4

385
37.8
37.1
36.4
35.8
35.2
345
33.9
33.3
32.8
322

42.3
41.4
39.9
38.4
37.1
36.4
35.9
35.2

24.9
26.6
28.2
31.1
325
34.1
36.5
385
41.9
448
46.1

19.9
22,0
23.8
25.6
27.3
28.8
31.7
34.1
36.5
38.5
40.2
41.9
448
47.3

4.40
4.42
4.41
4.41
4.42
4.42
4.41

5.22
5.23
5.23
5.24
5.25
5.26
5.24
5.24
524
5.26
5.25

6.11
6.09
6.11
6.09
6.10
6.09
6.12
6.10

291
3.18
3.44
3.96
4.22
4.54
5.04
5.49
6.32
7.12
7.50

2.30
261
2.89
3.18
3.47
3.74
4.29
4.79
5.33
5.80
6.22
6.68
7.52
8.31

7.4

9.1
10.7
12.2
13.8
15.2
18.0

2.0
3.8
5.7
7.4
9.1
10.7
12.2
13.8
15.2
16.7

2.0
5.7
9.1
12.2
13.8
15.2
16.7

3.8
37
3.6
35
3.4
3.3
3.2
3.1
2.9
2.8
2.7

8.0
7.8
7.6
7.4
7.2
7.1
6.8
6.6
6.4
6.2
6.0
5.8
5.6
5.3

Section V

Section VI

Section VII

Section VIII

1.06
1.33
1.59
1.85
213
2.38
2.92

0.29
0.56
0.86
1.13
1.42
1.70
1.97
2.27
2.54
2.84

0.31
0.91
151
2.09
241
2.70
3.02

0.46
0.46
0.46
0.46
0.46
0.46
0.46
0.46
0.46
0.46
0.46

0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.97
0.97
0.97
0.97
0.96
0.98
0.97

—25

-29
19
9.0
13.9
18.5
27.6

7.1
6.8
6.9
7.2
7.1
7.1
7.1

121

17.9

22.8

27.3

145
144
14.7
14.6
145
20.9
26.6
311

-84
-8.38
—-9.7
-8.2
-53
-1.2
3.4
7.8
15.6
20.8
24.3

-7.9
-8.7
-93
-9.9
-10.7
-8.0
-3.3
15
6.5
10.7
14.7
18.3
235
28.2

O00>» > > o g o
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OO0 000
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Part 2. Solutions coexisting with two solid phases

NaH,PO, NH,4H,PO, H,O Solid
t/°C 100w, m;,/mol kg2 100w; m;/mol kg2 100w; phase®
—4.3 —_ —_ 16.7 1.74 83.3 AB
-9.9 324 3.99 — — 67.6 AC
-6.0 6.6 0.70 14.7 1.62 78.7 4B
-7.1 13.6 1.53 12.4 1.46 74.0 +#B
-9.1 21.0 2.53 9.8 1.23 69.2 4B
—-2.8 313 4.39 9.3 1.36 59.4 C

7.1 34.4 5.22 10.7 1.69 54.9 +BC
14.7 37.3 6.09 11.7 1.99 51.0 B
—-10.2 30.0 3.75 3.4 0.44 66.6 +C
—-10.7 27.4 3.49 7.2 0.96 65.4 +#C
2The molalities were calculated by the compiler.
"The solid phases are:Aice; B=NH,4H,P0O,; C=NaH,PQ,-2H,0.
Part 3. Solubility isotherms
NH4H,PO, NaH,PO, H,0 Solid
100w; comg mi/mol kg 12 100w; comg mi/mol kg 12 100w; comg phasé
temp=—9.9°C
— — — 324 100.0 3.99 67.6 1391 +AC
3.6 11.7 0.46 28.6 88.3 3.51 67.8 1400 A
75 24.0 0.96 246 76.0 3.02 67.9 1398 A
9.2 29.6 1.18 22.8 70.4 2.79 68.0 1402 +B
8.5 23.8 1.17 28.4 76.2 3.75 63.1 1129 +8
3.4 10.4 0.45 30.4 89.6 3.83 66.2 1302 C
temp=—7°C
— — — 24.2 100.0 2.66 75.8 2092 A
4.0 16.5 0.46 21.0 83.5 2.33 75.0 1988 A
8.4 335 0.98 17.4 66.5 1.95 74.2 1893 A
12.3 48.1 1.45 13.8 51.9 1.56 73.9 1851 +B
10.6 34.6 1.34 20.8 65.4 2.53 68.6 1436 B
8.8 23.7 1.24 294 76.3 3.96 61.8 1068 +8
7.0 19.8 0.96 29.7 80.2 3.91 63.3 1140 (03
3.4 10.0 0.45 315 90.0 4.03 65.1 1239 C
— — — 33.6 100.0 4.22 66.4 1261 [}
temp=—4.3°C
— — — 15.1 100.0 1.48 84.9 3745 A
8.8 56.8 0.91 7.0 43.2 0.69 84.2 3484 A
16.8 100.0 1.76 — — — 83.2 3184 -AB
15.3 70.9 1.70 6.6 29.1 0.70 78.1 2309 B
13.3 50.8 1.58 13.5 49.2 1.54 73.2 1782 B
11.4 36.4 1.46 20.6 63.6 2.52 68.0 1396 B
9.1 23.8 1.30 30.3 76.2 4.16 60.6 1015 +8
6.9 18.9 0.96 31.0 81.1 4.16 62.1 1084 C
3.3 9.5 0.45 32.8 90.5 4.28 63.9 1175 C
— — — 34.6 100.0 4.41 65.4 4 C
temp=0 °C
18.4 100.0 1.96 — — — 81.6 2833 B
16.9 73.4 1.92 6.4 26.6 0.70 76.7 2127 B
16.06 65.0 1.86 9.02 35.0 1.00 74.92 1941 B
14.7 54.0 1.77 13.1 46.0 1.51 722 1697 B
13.11 42.6 1.66 18.46 57.4 2.25 68.43 1420 B

12.9

10.53

10.0
9.64
9.8
6.7
5.8
3.2
2.62

218
20.5
18.0
16.1
12.7
11.5
111

6.2

3.0

25.9
24.2
21.4
195
15.8
145
134
124

5.7

2.8

30.2
28.0
26.10
25.2
23.0
20.0
18.6
17.1
16.2
15.78
13.30
13.20
9.55
6.26
5.2
3.42
25

40.1
28.5
25.1
24.1
24.3
17.4
15.3

8.8

7.3

100.0
77.6
59.7
46.4
30.5
26.0
24.6
14.6

7.3

100.0
81.4
64.9
51.8
36.1
315
27.6
24.9
12.2

6.2

100.0
84.0
73.6
69.5
56.9
45.6
40.7
36.1
323
31.6
24.9
24.9
18.5
123
10.2

6.8
5.0

1.67
1.48
1.48
1.43
1.46
0.97
0.83
0.45
0.36

242
2.43
2.26
2.16
1.93
1.84
181
0.96
0.45

3.04
3.00
2.80
275
2.50
2.40
2.33
222
0.96
0.45

3.76
3.66
3.54
3.46
3.40
3.16
3.04
2.96
291
2.82
2.58
2.54
1.78
1.15
0.96
0.62
0.45

20.0
27.47
311
31.69
31.7
33.2
335
34.8
34.84
36.4

6.2
12.7
194
30.2
34.1
355
38.0
39.5

40.5

5.7
12.1
18.9
29.2
329
36.7
39.1
429
44.2

453

55

9.77
115
18.2
24.97
28.2
31.9
354
35.62
41.89
41.60
43.75
46.50
47.8
48.55
49.0

51.2

59.9
715
74.9
75.9
75.7
82.8
84.7
91.2
92.7
100.0

temp=+10°C

22.4
40.3
53.6
69.5
74.0
75.4
85.4
92.7
100.0

temp=+20 °C

18.6
35.1
48.2
63.9
68.5
724
75.1
87.8
93.8
100.0

temp=+30 °C

16.0
26.4
30.5
43.1
54.4
59.3
63.9
67.7
68.4
75.1
75.1
81.5
87.7
89.8
93.2
95.0
100.0

2.48
3.69
4.40
4.50
451
4.60
4.60
4.68
4.64
4.77

0.70
1.53
2,51
4.41
5.22
5.54
5.67
5.72
5.67

0.68
1.52
2.56
4.42
5.21
6.13
6.72
6.95
6.95
6.90

0.70
127
151
2.58
3.78
4.42
5.23
6.09
6.11
7.79
7.67
7.80
8.20
8.47
8.42
8.42
8.74

67.1
62.0
58.9
58.67
58.5
60.1
60.7
62.0
62.54
63.6

78.2
73.3
69.3
64.5
57.1
54.4
53.4
55.8
57.5

59.5

74.1
70.1
66.5
61.6
55.0
52.6
49.9
48.5
51.4
53.0

54.7

69.8
66.5
64.13
63.3
58.8
55.03
53.2
50.8
48.4
48.60
44.81
45.20
46.70
47.24
47.0
48.03
48.5

48.8

1333
1077
944
937
931
999
1024
1083
1109
1150

2288
1766
1470
1196

875
788
757
838
900
961

1824
1508
1293
1048

806
730
658
621
701
750
789

1477
1278
1156
1116
930
802
745
678
617
622
536
544
580
594
588
615
627

628

© w

+@
+B

OS5000

W W w w ®

+8

© o

W W W ww >

+8

9 0o

m

o P W W oW m @ ®

+®
+®

000000

aThe molalities were calculated by the compiler.
The solid phases are:=ice; B=NH,H,P0Q,; C=NaH,P0Q,-2H,0.
“The composition units are: mol/100 mol of solute.
%The compiler calculates this missing value to be 1259.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Auxiliary Information

Method / Apparatus / Procedure:

A standard visual polythermic method and the isothermal
method were used but no details are given. Th@sFcontent
was determined by a standard method described in the
“NIUIF materials” but no reference is given. The ammonia
content was determined by the Kjeldahl method. The sodium
ion content was probably determined by difference—compiler.

Source and Purity of Materials:
No information is given.

Estimated Error:

The temperature was controlled to within 0.2 K.

Components Evaluator:

(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic
[7722-76-1 September 1995

(2) Potassium dihydrogenphosphate; #30,; [7778-77-Q or

(2) Rubidium dihydrogenphosphate; REPDy; [13774-18-5

or

(2) Cesium dihydrogenphosphate; G#@; [18649-05-3 or

(2) Thallium dihydrogenphosphate; TJRO,; [17735-75-0

(3) Water; H,0; [7732-18-3

Critical Evaluation
7.7. NH,H,PO,~MH,PO,-H,0 (where M =K, Rb, Cs, TI)
All the articles dealing with the NjH,PO,—KH,PO,—H,0 system— report a series of solid solutions as the equilibrium solid

8011

phases. Some comparisons are possible and they are shown in Figures 19 and 20. For the 273 K data, Figure 19, the values for the

KH,PO, content reported by Askenasy and Nesske larger than those reported by Polosin and OZofihis is true also for
the binary solubility of KBPQ, in water at 273 K, where the 15.5 Mpvalue is larger than the 11.74 Z9pvalue
recommended by IUPA& It, therefore, seems likely that there is a systematic error in the analytical values for potassium and,

consequently, the data in Ref. 1 are rejected. The values at 298 K, Figure 20, agree fairly well and may be tentatively accepted.

The NH,H,P0O,—MH,P0,—H,0 [M=Rb!* Cs!? TI'%] systems are characterized by the formation of solid solutions. Edrier
was noted that the results in Refs. 11,12 were affected by unreliable analytical procedures and are, therefore, rejected. No
independent solubililty data have, as yet, been reported for these systems.

20 LANELEN & S S S A e S B B B B S
§j oo ]
~ DD -
= B, ]
LS 1
o) " O 1
% o ]
= ]
T o ]
101 . ]
l\. -
& o 4
o 4
E slo refg1g . 1
L] ref (4 o ]
0 . ) .
0 5 10 15 20
mass 7% KH2PO4

FIG. 19. Solubility in the NHH,PO,—KH,PO,—H,0 system at 273 K.
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30 gt T T T T T T
v 1 Components: Original Measurements:
LA 1 (1) Ammonium dihydrogenphosphate; WHL,POy; [7722-76-1 1. N. S. Dombrovskaya, A. J. Zvorykin, Kal; 24-8(1937. 2.
- v J (2) Potassium dihydrogenphosphate; J&@; [7778-77-Q A. J. Zvorykin, V. G. Kuznetsov, Izv. AN SSSR, Ser. Khim.
Q 20l AV B (3) Water; HO; [7732-18-3 195-201(1938.
& v ]
{ 1 Variables: Prepared By:
% Yv 1 Composition and temperature. J. Eysseltova
S ¥ ]
g Experimental Data
510 & ref (2 7 The solubility in the NHH,PO;—KH,P0O;—H,0 system has been reported by Zvorykin and co-workers in two publications. Source
1S A ref (3 4 a 7 papet reports the solubility isotherms at 25 °C and 50 °C. Source papgeats only the data at 50 °C. The solubility data are:
v ref(6 v 1
v ref (8 AV E NH;H,PO, KH,PO, NH4H,PO, KH,PO,
1 t/°C 100w, m;® 100w; m;2 t/°C 100w, m;2 100w; m;2
Y : y ) “ 25 — — 20.42 1.88 25 25.42 3.31 7.98 0.88
0 5 1015 20 25 25 7.87 0.93 1912 1.92 25 20.45 362 - —
mass 7 KHzPO04 25 8.04 0.95 18.52 1.85 50 — — 28.09 2.87 _
o 25 9.98 1.20 18.14 1.85 50 9.49 1.26 25.23 2.83 C
FIG. 20. Solubility in the NHH,PO,—KH,PO,—H,O system at 298 K. 25 10.44 1.26 17.66 1.80 50 25.01 4.08 18.97 252 )
25 10.52 1.27 17.94 1.84 50 29.12 4.60 15.92 212 >
25 13.09 1.62 16.78 1.75 50 30.96 4.92 14.38 1.93 Q
25 17.47 2.24 14.80 1.60 50 33.22 5.25 11.79 1.57 Z
25 20.82 2.72 12.74 1.40 50 35.19 5.35 7.69 0.98 a
25 23.16 3.01 10.17 1.12 50 38.42 5.74 3.45 0.43 —
References: 25 22.93 2.97 10.02 1.09 50 39.88 5.76 — — wn
p. Askenasy, F. Nessler, Z. Anorg. Cheb89, 305(1930. ®)
2N. S. Dombrovskaya, A. J. Zvorykin, Kalig, 24 (1937. aThe molalities were calculated by the compiler and are expressed as mdl kg —
3A.J. Zvorykin, V. G. Kuznetsov, Izv. AN SSR, ser. khim. 16838. %
%, A. Polosin, R. K. Ozolin, KaliyL0, 31 (1937). lt\’lg(;rvli The authors also express the composition of the saturated solutions in units other than mass % and mol/kg. These are g|v'=
5. A. Polosin, R. K. Ozolin, Trudy TSKhA, Yubileynyi Sbornik 28.940. ) :|
5D. I. Kuznetsov, A. A. Kozhukhovskiy, F. E. Borovaya, Zh. Prikl. Khitheningrad 21, 1278(1948. NH,;H,PO, KH,PO, H,O <
"Ya. S. Shenkin, S. A. Ruchnova, N. A. Rodionova, Zh. Neorg. KHiif.3368(1972. t/°C mol % comp comp® mol % comp comp’ 100w; mol % comp o
A. P. Sc_)l_ov evf, F. F-. Baéashova, N. A. Verendyakina, L. F. Zyuzina, Vzaimodeystvie Khloridov Kaliya, Magniya, Amoniya s ich o5 — — — 3.08 33.91 100 79.58 96.72 2949 l>|
Nitratami i Fosfatami 31977. 25 1.61 16.87 328 3.22 34.64 67.2 73.01 95.17 1941 >
A. G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. Neorg. KHim).2055(1972. 25 1.63 17.14 33.93 3.17 33.37 66.07 73.44 95.20 1980
103, EysseltovaT. P. Dirkse, Alkali Metal Orthophosphatégol. 31 of the Solubility Data SerigsPergamon Press, 1988. 25 2.06 21.74 39.46 3.16 33.34 60.54 71.88 94.78 1816 I'({)'l
1A va. 2 kin, L. S. Vetkina, Zh. N . Khins, 2572(1961). 25 2.15 22.73 41.16 3.08 32.50 58.84 71.90 94.77 1810
o e cvonkn etkdna, Zh. Neorg. KhinG, 2572(1561 25 2.18 23.03 40.96 3.14 33.19 5904 7154 94.68 1779 Ry
A. Ya. Zvorykin, V. D. Ratnikova, Zh. Neorg. Khin, 1018(1963. 25 2.75 29.22 47.98 2.98 31.66 52.02 70.13 94.27 1643 m
13\. Bruzau, Bull. Soc. Chim. France 1177948. 25 3.78 40.39 58.28 2.70 28.92 41.72 67.73 93.52 1443 wn
25 4.56 49.05 65.91 2.36 25.37 34.09 66.44 93.08 1344
25 5.06 54.38 72.93 1.88 20.18 27.07 66.67 93.06 1344
25 4.98 53.45 73.12 1.83 19.63 26.88 67.05 93.19 1368
25 5.55 59.74 79.01 1.47 15.85 20.99 66.60 92.98 1325
25 6.13 65.36 100 — — 70.55 93.87 1530
50 — — — 4.91 51.69 100 71.91 95.09 1935
50 212 22.76 30.77 4.76 51.15 69.23 65.28 93.12 1354
50 6.58 73.69 67.77 4.07 45.56 38.22 55.12 89.35 839
50 7.40 82.97 68.38 341 38.33 31.62 54.96 89.19 825
50 7.89 95.01 72.29 3.10 34.81 27.71 54.66 89.01 810
50 8.42 94.52 77.26 2.52 28.35 23.18 54.99 89.10 817.4
50 8.66 96.45 84.37 1.60 17.82 15.58 57.12 89.74 874.7
50 9.31 103.5 92.95 0.71 7.86 7.05 58.13 89.98 898
50 9.41 102.7 100 — — — 60.12 91.59 974
2The composition unit is: mol/1000 mol .
"The composition unit is: mol/100 mol solute.
The authors also give the composition of the solution that is in equilibrium with a solid phase of the same composition: =
at 25 °C it is 30.41 mol KHPO,/100 mol solute and 69.59 mol NH,P0,/100 mol solute; g
at 50 °C it is 26.19 mol KHPO,/100 mol solute and 73.81 mol NH,PO,/100 mol solute. [Ge)



866T ‘9 'ON '/Z 'IOA ‘eyeq '}y "wayd 'shud 't

Auxiliary Information

- - Components Original Measurements:

Method / Apparatus / Procedure: Source and Purity of Materials: (1) Ammonium dihydrogenphosphate; NH,PO;; 1. V. A. Polosin, R. K. Ozolin, Kaliy10, 31-4(1937. 2. V. A.
The isothermal method was used. The mixtures were agitated No information is given. [7722-76-1 Polosin, R. K. Ozolin, Trudy TSKhA, Yubileynyi Sbhornik,
continuously in a thermostat for 2—5 days. Equilibrium was (2) Potassium dihydrogenphosphate; 480,; [7778-77-Q 29-50(1940.
checked by repeated analysis. Potassium was determined as Estimated Error: (3) Water; H,0; [7732-18-§
KCIO,, nitrogen by the Kjeldahl method, and phosphorus as ) -
Ma-P,0 The temperature was controlled to within 0.1 K. -

92207 . Variables: Prepared By:

Composition and temperature. L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility isotherms in the NfH,PO,—KH,PO,—H,0 system

NH,H,PO, KH,PO, H,0 Solid
comg 100w; m;/mol kg~ P comp? 100w, m;/mol kg 1° 100w; phasé
temp=0 °C
35.57 18.53 1.977 — — — 81.47 A
34.4 17.58 1.909 3.94 2.38 0.218 80.04 B
34.04 17.35 1.891 4.81 2.90 0.267 79.75 B
32.75 16.42 1.818 8.53 5.07 0.474 78.51 B
31.26 15.55 1.739 11.44 6.73 0.636 77.72 B
30.73 15.28 1.709 11.90 7.00 0.662 77.72 B
27.82 13.82 1.547 14.48 8.50 0.804 77.68 B
27.71 13.75 1.538 14.56 8.55 0.809 77.70 B
17.4 9.00 0.967 16.51 10.10 0.917 80.90 B
8.18 4.40 0.453 17.36 11.10 0.965 84.50 B
— — — 18.29 12.15 1.050 87.15 C
temp=10 °C
45.58 22.55 2.531 — — — 77.45 A
43.81 211 2.43 8.19 3.55 0.346 75.35 B
43.60 20.93 2.422 9.08 3.93 0.384 75.14 B
42.25 20.10 2.344 9.42 5.35 0.528 74.55 B
41.53 19.70 2.307 10.78 6.06 0.600 74.24 B
39.15 18.4 2.174 14.41 8.02 0.801 73.58 B
38.97 18.3 2.167 14.96 8.3 0.83 73.40 B
35.26 16.5 1.956 18.30 10.15 1.017 73.35 B
34.24 16.1 1.902 18.52 10.30 1.028 73.60 B
27.67 13.27 1.536 20.76 11.65 1.140 75.08 B
17.39 8.70 0.965 21.87 12.95 1.214 78.35 B
8.23 4.3 0.46 22.46 13.90 1.249 81.80 B
— — — 23.25 14.95 1.292 85.05 C
temp=15°C
51.19 24.65 2.844 — — — 75.35 A
49.62 235 2.76 4.38 25 0.25 74.0 B
49.22 23.0 2.73 6.97 3.85 0.387 73.15 B
46.2 21.3 2.57 12.0 6.55 0.667 72.15 B
43.34 19.75 2.408 16.6 8.95 0.922 71.3 B
39.2 17.85 2.177 20.18 10.88 1.122 71.27 B
34.33 15.8 1.906 22.31 12.15 1.239 72.05 B
27.78 13.07 1.538 23.4 13.07 1.300 73.86 B
17.42 8.57 0.968 24.83 14.45 1.379 76.98 B
8.18 4.2 0.455 25.53 155 1.42 80.3 B
— — — 26.2 16.54 1.456 83.46 C
temp=20 °C
57.28 26.8 3.18 — — — 73.2 A
56.78 26.35 3.153 2.48 1.0 0.099 72.65 B
55.83 25.67 3.102 4.38 2.38 0.237 71.95 B
54.67 24.82 3.037 7.07 4.13 0.416 71.05 B
51.51 23.0 2.860 13.44 7.1 0.73 69.9 B
49.40 21.88 2.745 16.83 8.82 0.912 69.3 B
48.31 213 2.68 18.60 9.7 1.0 69.0 B

OTv1
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39.08 17.4 217 24.36 12.85 1.320
34.42 15.55 1.912 25.97 13.75 1.393
27.59 12.8 1.53 26.58 14.6 1.44
17.60 8.4 0.97 27.83 15.93 1.508
18.13 4.0 0.44 28.45 17.0 154
— — — 29.29 18.13 1.586
temp=25 °C
63.91 29.0 3.55 — — —
63.52 28.65 3.529 1.45 0.77 0.080
58.97 24.66 3.165 14.82 7.6 0.82
49.31 21.05 2.739 24.06 12.15 1.336
39.13 17.1 2.17 28.03 145 1.56
34.39 15.26 1.910 29.13 15.3 1.62
28.50 12.65 1.543 29.88 16.1 1.66
17.09 8.12 0.949 31.18 17.53 1.732
8.19 4.05 0.455 31.81 18.6 1.77
— — — 32.44 19.7 1.80
temp=30 °C
70.89 31.18 3.939 — — —
58.44 242 3.25 22.44 11.0 1.25
49.35 20.52 2.741 29.29 14.41 1.627
39.18 16.78 2.175 31.86 16.15 1.769
34.36 14.98 1.912 32.77 16.9 1.82
27.68 12.37 1.538 33.47 17.72 1.862
18.63 8.6 1.0 34.9 19.13 1.945
8.27 4.0 0.46 35.45 20.3 1.97
— — — 35.85 21.32 1.991
temp=35°C
78.89 33.51 4.381 — — —
74.08 30.2 4.12 12.44 6 0.7
68.2 27.4 3.81 21.13 10 1.2
59.9 23.8 3.33 29.74 14 1.7
49.4 20.07 2.743 34.0 16.33 1.887
39.17 16.45 2.176 359 17.84 1.995
34.2 14.65 1.905 36.6 18.5 2.03
27.57 12.1 1.53 37.29 19.35 2.074
17.52 7.98 0.973 38.44 20.72 2.135
8.25 3.90 0.457 39.06 21.9 2.169
— — — 39.33 22.92 2.185
temp=40 °C
87.27 35.8 4.85 — — —
77.22 29.6 4.29 22.92 10.4 1.27
66.71 25.4 3.70 33.28 15.0 1.85
49.54 19.7 2.75 38.37 18.06 2.132
39.13 16.1 217 39.97 19.5 222
34.36 14.4 191 40.34 20.0 2.24
27.76 11.9 1.54 41.36 21.0 2.30
17.48 7.8 0.97 42.42 22.4 2.36
8.18 3.8 0.46 42.90 23.6 2.39
— — — 42.90 24.45 2.378

69.75
70.7
72.6

75.67
79.0
81.87

71.0
70.58
67.74
66.80
68.4
69.44
71.25
74.35
77.35

80.3

68.82
64.8
65.07
67.07
68.12
69.91
72.27
75.7
78.68

66.49
63.8
62.6
62.2

63.6
65.71
66.85
68.55
71.30
74.2
77.08

64.2
60.0
59.6
62.24
64.4
65.6
67.1
69.8
72.6

75.55

> 0
Tomww® g ®w TwwWmnw

O

O >
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>
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>
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aThe composition unit is: mol/1000 mol water.
These values were calculated by the compilers.
“The solid phases are:sANH,H,POy; B=(NH4,K)H,PO;; C=KH,PO.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A polythermic method was used. Solid carbon dioxide was theNo information is given.
cooling agent. No other information is given.

Estimated Error:

No information is given.

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; WHL,POy; [7722-76-1 D. I. Kuznetsov, A. A. Kozhukhovskiy, F. E. Borovaya, Zh.
(2) Potassium dihydrogenphosphate; J&@; [7778-77-Q Prikl. Khim. (Leningrad 21, 1278-81(1948.

(3) Water; HO; [7732-18-3

Variables: Prepared By:

Composition and vapor pressure at 25 °C. J. Eysseltova

Experimental Data
Solubility and vapor pressure in the NH,PO,—KH,P0,—H,0 system at 25 °C

NH4H,PO, KHoPO, H.0 P
100w; m;/mol kg2 100w; m;/mol kg2 100w; (mm Hg
— — 20.21 1.86 79.79 22.66
7.65 0.89 17.53 1.72 74.82 22.08
13.05 1.60 16.19 1.68 70.76 21.90
15.84 2.00 15.48 1.65 68.68 21.84
17.53 2.23 14.27 1.54 68.20 —
20.12 2.62 13.08 1.44 66.80 21.61
24.48 3.15 7.97 0.87 67.55 21.95
28.85 353 — — 71.15 22.00

2The molalities were calculated by the compiler. The calculations were based on thedfGfe salts.
PThere are misprints for these values in the original artit@ow; =74.62, 69.68 and 67.20 , respectivelJhis may be due to an incorrect
value for the concentration of a solute.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
An isothermal methotwas used. The mixtures were prepared Reagent grade salts were recrystallized three times and dried at
from finely powdered salts. The system was equilibrated for 3 approximately 100 °C.
days although 2 days proved to be sufficient. The phosphorus
content of the saturated solutions was determined
gravimetrically as NMgPQ,- 6H,0. The ammonium content
was determined by the distillation method and potassium as
KCIO, (after removal of NH). The vapor pressure was
measured by the technique described elsewhere. References:
ID. I. Kuznetsov, A. A. Kozhukhovskij, zh. Prikl. Khim.
(Leningrad 9, 185(1936.
2M. S. Vrevskiy, N. N. Zavaritskiy, L. E. Sharlova, Zh. Russ.
Fiz.-Khim. Obsh 54, 360(1923.

Estimated Error:
No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Auxiliary Information

Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; WH,PO,; [7722-76-1 A. G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. Method / Apparatus / Procedure: Source and Purity of Materials:
(2) Potassium dihydrogenphosphate; f&@;; [7778-77-Q Neorg. Khim.17, 2055-6(1972. The only information given is that a visually polythermic Chemically pure salts were recrystallized and dried before use.
(3) Water; HO; [7732-18- method was used. Bidistilled water was used
Variables: Prepared By: Estimated Error:
Composition and temperature. J. Eysseltova No information is given.
Experimental Data References:
1. A. G. Bergman, N. P. Luzhnaya, Fiziko-Khimicheskie Osnovy
Component Solid Izucheniya i Ispol'’zovaniya Solyanykh Mestorozhdeniy
Original mixture added 108,58 v°c phase’ Khlorid-sul'fatnogo Moscow, IAN SSSR, 1951.
12.5% KH,P0O,+87.5% HO NH4H,PO, 115 +6.0 A+B
15.0% KH,PO,+85.0% HO NH,H,PO, 11.6 +14.2 A+B
15.0% KH,PO,+85.0% H,O NH,H,PO, 17.3 +17.6 A+B
71.72% NHH,PO, +28.28% KHPO, H,0 205 —-45 B+C
71.72% NHH,PO,+28.28% KHPO, H,0 32.6 +25.0 A+B
45.81% NHH,P0,+54.19% KHPO, H,O 18.2 —4.0 A+C
45.81% NHH,PO,+54.19% KHPO, H,O 24.5 +13.6 A+B
45.81% NHH,P0,+54.19% KHPO, H,O 25.0 +14.0 A+B
25.0% NHH,PO,+75.0% KH,PO, H,0 14.3 -36 A+C
10.0% NHH,PO,+90.0% HO KH,PO, 10.3 -4.0 A+C

This is the mass % of component added.
"The solid phases are:A3-solid solution; B=a-NH,H,P0O,; C=ice.

Compiler’'s comment: It is not possible to construct a legitimate phase diagram on the basis of the data that are given. The concen-
tration of component added has the meaning given only if the added component is a salt. When water is the added component, the
relation 10vyyae= 100— 100n,44is valid. With this assumption the following compositions of points lying on the transition curve

were calculatednext page

NH4H,PO, KH,PO, H,0 Solid
100w; m;/mol kg~ ! 100w; m;/mol kg™t 100w; t/°C phase’
11.50 1.29 11.21 1.06 77.28 +6.0 A+B
11.60 1.34 13.44 1.32 74.95 +14.2 A+B
17.30 2.15 12.78 1.34 69.91 +17.6 A+B
14.70 1.60 5.80 0.53 79.50 -45 B+C
23.38 3.01 9.22 1.00 67.40 +25.0 A+B

8.33 0.88 9.86 0.88 81.80 -4.0 A+C
11.22 1.29 13.28 1.29 75.50 +13.6 A+B
11.45 1.32 13.55 1.32 75.00 +14.0 A+B

258 0.24 7.72 0.63 89.70 -36 A+C

9.06 0.98 10.30 0.94 80.63 -4.0 A+C

The composition of the transition point is:
8.50 0.07 11.40 0.53 80.10 —4.5 A+B+C

aThe solid phases are:=A3-solid solution; B=a-NH,H,PQ,; C=ice.

[An4"
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Components: Original Measurements: Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; NMH,POy; [7722-76-3 Ya. S. Shenkin, S. A. Ruchnova, N. A. Rodionova, Zh. Neorg. (1) Ammonium dihydrogenphosphate; WH,PO,; [7722-76-1 A. P. Solov'ev, E. F. Balashova, N. A. Verendyakina, L. F.
(2) Potassium dihydrogenphosphate; J&@;; [7778-77-Q Khim. 17, 3368-9(1972. (2) Potassium dihydrogenphosphate; f&@;; [7778-77-Q Zyuzina, Vzaymodeystvie Khloridov Kaliya, Magniya, Amoniya
(3) Water; H,0; [7732-18-5 (3) Water; HO; [7732-18-3 s ich Nitratami i Fosfatami 3-111977).
Variables: Prepared By: Variables: Prepared By:
Composition and temperature at atmospheric pressure. J. Eysseltova Composition at 25 °C. J. Eysseltova
Experimental Data Experimental Data
Composition and boiling points of saturated solutions in they;NJPO,—KH,PO,—H,0 system Composition of saturated solutions in the M3PO,—KH,P0,—H,O system at 25 °C
NH,H,PO, KH,PO, H,0 NH4H,PO, KH,PO, H,0 Refractive Solid
100w; m;/mol kg~ ! 100w, mi/mol kg~ * 100w; b.p./°C 100w; m;/mol kg2 100w, m;/mol kg2 100w; index phases
0 0 52.70 8.18 47.30 105.1 — 0.00 21.60 2.024 78.40 1.3550 KPIO,
3.28 0.63 51.78 8.46 44.94 105.3 4.08 0.472 20.80 2.034 75.12 1.3630 Solid soln
6.90 1.37 49.40 8.30 43.70 106.2 5.98 0.695 19.24 1.890 74.78 1.3665 Solid soln
10.67 221 47.46 8.32 41.87 105.7 14.25 1.778 16.10 1.698 69.65 1.3720 Solid soln
15.52 3.38 44.58 8.20 39.90 106.9 18.80 2.417 13.60 1.478 67.60 1.3742 Solid soln
17.57 3.93 43.60 8.25 38.83 107.1 22.57 2.969 11.37 1.264 66.06 1.3750 Solid soln
19.70 454 42.60 8.30 37.70 108.0 24.20 2.877 9.24 0.995 66.56 1.3760 Solid soln
25.94 6.39 38.78 8.07 35.28 108.9 26.30 3.427 7.00 0.771 66.70 1.3770 Solid soln
28.00 7.25 38.44 8.41 33.56 108.6 28.05 3.403 0.30 0.030 71.65 1.3780 Solid soln
29.39 7.65 37.23 8.19 33.38 106.6 29.30 3.613 — 0.00 70.70 1.3780 NHL,PO,
32.76 8.91 35.31 8.12 31.93 108.8
31.69 8.28 35.08 7.75 33.93 108.8 aThese values were calculated by the compiler.
34.56 9.15 32.64 7.31 32.80 106.4 Auxiliary Information
36.86 9.83 30.57 6.89 32.57 106.9
40.23 11.05 28.15 6.54 31.62 109.7 Method / Apparatus / Procedure: Source and Purity of Materials:
41.87 12.04 27.92 6.79 30.21 1106 The mixtures were equilibrated for 1-3 days in a thermostat. The salts were reagent grade or chemically pure and were
42.86 12.39 27.09 6.62 30.05 109.8 The ammonium ion content was determined by the Kjeldahl recrystallized before being used.
44.42 12.77 25.36 6.16 30.22 110.3 method. The HPO,~ was precipitated as NfgPQ,, and the
45.32 1317 24.79 6.09 29.89 1095 excess Mg was titrated complexometrically. The refractive Estimated Error:
48.85 14.52 21.91 5.50 29.24 109.4 index was measured with & IRF-22 refractometer. The temperature was controlled to within 0.1 K. No other
49.59 14.28 20.24 4.92 30.17 111.4 information is given.
53.69 17.13 19.07 5.14 27.24 110.9
54.27 16.42 17.01 4.35 28.72 112.0
55.91 16.60 14.82 3.72 29.27 109.6
56.57 17.12 14.71 3.76 28.72 110.8
62.15 18.25 8.26 2.05 29.59 110.4
65.35 20.41 6.83 1.80 27.82 109.9
68.30 18.72 0 0 31.70 110.5

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The method used to determine the solubility has been Chemically pure KHPO, and NH,H,PO, were used.
described earliet.

Estimated Error:
No information is given.

References:

lva. S. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg.
Khim. 13, 256 (1968.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components: Original Measurements: Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; WH,PO,; [7722-76-1 M. Bruzau, Bull. Soc. Chim. France 1177-80948. (1) Ammonium dihydrogenphosphate; WHL,POy; [7722-76-1 M. N. Syromyatnikova, N. S. Torocheshnikov, A. B.
(2) Thallium dihydrogenphosphate; TJRO,; [17735-75-0 (2) Diammonium carbonatéNH,),COs; [506-87- Kuznetsova, Zh. Prikl. Khim(Leningrad 52, 568-71(1979.
(3) Water; H,0; [7732-18-3 (3) Potassium dihydrogenphosphate; f&@;; [7778-77-Q
(4) Dipotassium carbonate; KO;; [584-08-1
Variables: Prepared By: (5 Water; HO; [7732-18-3
Composition at 29.5 °C. J. Eysselfova
Variables: Prepared By:
Composition at 0, 10, 20 and 30 °C. J. Eysseltova

Experimental Data
Solubility in the NHH,PO,—TIH,PO,—H,0 system at 29.5 °C

Experimental Data

NH,H,PO, TIH,PO, H,0 Densi I
100w, O imol kg 1@ 1001 * /ol kg 1001 0 Cmﬁgy Solid phase 8.1. Solubility in the NH ,H,PO,~K,CO3—H,0 System
30.87 3.882 0 0 69.13 1.174 Solid soln N P05 K0 58
30.42 3.873 1.30 0.0632 68.28 1.186 Solid soln 100w; 100w; 100w; 100w; N:P,0s: K20 Solid phasds
29.86 3.839 2.52 0.124 67.62 1.197 Solid soln
29.48 3.838 3.74 0.186 66.78 1.208 Solid soln temp=0°C
29.03 3.820 4.90 0.246 66.07 1.217 Solid soln 2.25 11.40 — 13.65 1:5.07:0
28.33 3.812 7.07 0.363 64.60 1.240 Solid soln 3.56 20.07 14.70 38.83 1:5.64:4.14 +B+C
27.41 3.748 9.02 0.471 63.57 1.257 Solid soln 312 20.40 15.31 38.83 1:5.54:4.91 IB+C
2200 2as5 1ot Tors w0 i sogen -
. . . i . . olid soin
22.22 3.382 20.66 1.200 57.12 1.380 Solid soln 1.54 8.40 13.38 2332 1:5.45:8.68
22.10 3.377 21.00 1.225 56.90 1.381 Solid soln 172 9.27 14.89 25.88 1:5.40:8.50 +HD+E()
21.75 3.415 22.88 1.371 55.37 1.405 Solid soln 147 8.70 19.10 29.27 1:5.92:12.99 +D+E(tr)
21.66 3.456 23.85 1.452 54.49 1.4155 Solid soln 1.08 9.76 26.46 37.30 1:9.07:24.60 +B+F(tr)
20.23 3.270 25.98 1.603 53.79 1.442 Solid soln 0.7 6.55 29.35 36.60 1:9.34:41.81
20.11 3.263 26.32 1.630 53.57 1.4465 Solid soln 05 6.36 28.88 35.74 1:12.60:57.7 +8+E(tr) +F(tr)
20.04 3.277 26.79 1.672 53.17 1.453 Solid soln 0.39 317 29.00 3256 1:8.12:74.0
e g mmo iz wmo s
20.48 3.558 29.48 1.955 50.04 1502 ™0, 2.7 14.10 - 16.87 1:5.09:0
20.53 3.484 28.24 1.829 51.23 1.482 RO, 4.98 24.60 4.34 33.92 1:4.92.0.87
16.13 2.625 30.45 1.891 53.42 1.4785 TR, 6.05 26.70 9.16 41.92 1:4.40:1.51
13.57 2.073 29.51 1.720 56.92 1.4386 ThO, 5.45 22.70 8.15 36.30 1:4.18:1.50
11.92 1.814 30.97 1.799 57.11 1.448 RO, 5.18 23.60 13.14 41.92 1:4.56:2.54
5.16 0.732 33.56 1.817 61.28 1.425 RO, 4.80 19.80 14.70 39.30 1:4.13:4.50
361 0.489 32.20 1.665 64.19 1.383 RO, 4.33 21.00 15.70 41.03 1:4.85:3.64
0 0 33.94 1705 66.06 1.3937 TiHO, 353 19.95 16.10 39.58 1:5.66:4.57
aThe molalities were calculated by the compiler. 3.05 19.40 16.25 38.70 1:6.40:5.3
bFor these data the temperature was 30 °C. 2.70 17.42 15.91 36.03 1:6.46:5.9
2.10 13.77 16.50 32.37 1:6.58:7.96
Auxiliary Information 2.89 14.30 18.90 36.09 1:5.14:6.78
1.59 11.70 22.10 35.39 1:7.35:13.9
Method / Apparatus / Procedure: Source and Purity of Materials: 127 1012 26.00 37.39 1:9.96:20.45
:’he4i;cr>]therm;: ;nethodtwas_tuts_ed. _The;ﬂxltut:es ec:uilibrated Rea;ﬁen_t grda(:)e lt:y F;_rola?rTclllez_;Oj,fsvg)astusetq. Tltlhf(?aévgs 07 12.00 26.90 39.60 1:17.10:38.20
or I's, Wi requent agitation, in a Prolabo water synthesize y treating wi ), treating e h
thermostat. The solid and liquid phases were separated from with a B§OH), soln, filtering the TIOH and adding 40, to 044 499 31.80 81.23 L1l472.4
each other by filtration. Excess liquid was removed by pH=4.7 (bromocresol was indicatpr The TI content of the temp=20 °C
pressure. Analytical process: total salt content was determinedTIH,PO, was 67.47%; the theoretical value is 67.87%. 3.31 16.78 — 20.09 1:5.08:0
by evaporation to dryness at 100-110 °C; JR®, was 6.30 29.50 7.25 43.05 1:4.68:1.15 +B+C
determined by fitration with a bromate solution using Estimated Error: 479 27.20 15.28 47.27 1:3.65:3.18 +B+C
zi‘i:lr'::g: SZAZ;:;::Z; c’j\‘:::i%egatfy(ﬁ;?g;m:;gi{n No information is given. 4.01 25.90 18.90 48.81 1:0.45:4.7 +#B8+C
samples of solution dispensed by a calibrated pipet. 3.80 22.00 16.55 42.35 1:5.78:4.35 +B+C
3.48 25.00 20.90 49.38 1:7.18:6.0 +8+C
2.70 15.90 17.90 36.50 1:5.89:6.62 +B
0.47 8.27 25.60 34.34 1:17.6:54.5 S
1.09 4.30 29.75 35.14 1:3.95:27.3 S

temp=30 °C

1444’
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3.86 19.55 — 23.41 1:5.07:0

6.12 32.17 8.81 47.10 1:5.26:1.44
4.56 27.58 17.19 49.33 1:6.05:3.77
3.84 21.10 18.05 42.99 1:5.49:4.7
3.50 24.58 22.32 50.40 1:7.02:6.38
4.42 26.80 17.20 48.42 1:6.06:3.89
3.56 25.36 20.78 49.70 1:7.12:5.84
3.02 16.10 19.48 38.60 1:5.33:6.45
2.64 13.42 26.30 42.36 1:5.08:9.96
0.04 5.00 30.92 35.96 1:125:733

This is the total plant nutrient.
"The solid phases are: -AKHCOj3; B=NH4H,P0O,; C=KH,PQO,; D=K,HPQ,; E=(NH,),CO;-H,0; F=K,C0;-1.5H,0; G
=K,HPG,- 3H,0; (tr)=traces.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The isothermal method was used. Mixtures were prepared in Pure KCO; and reagent grade NH,PO, were used.
100 ml glass vessels by adding solid M3PO, to satd solns

of K,CO; and by adding solid KCO; to satd solns of
NH,4H,PO,. The mixtures were placed in a water thermostat
and agitated for 3.5 hrs. The phases were separated from eac
other by filtration. The liquid phase was analyzed for
ammoniat phosphate iohand potassiuri.The identity of the
solid phase was determined by X-ray analysis.

Estimated Error:
H’he temperature was controlled to within 0.05 K.

References:
1. N. Shokin, S. A. Krasheninikowet al. Tekhnicheskiy Analiz

i Kontrol' v Proizvodstve Neorganicheskikh Veshchestv, Izd.

Vysshaya Shkola, Moscow 1968.

2F. N. Kel'man, E. B. Bruckus, R. F. Osherovich, Metody
Analiza pri Kontrole Proizvodstva Sernoy Kisloty i Fosfornykh
Udobreniy, Goskhimizdat, Moscow 1963.

Components Evaluator:
(1) Ammonium dihydrogenphosphate; H,POy; J. Eysseltova Charles University, Prague, Czech Republic,
[7722-76-1 September 1995

(2) Ammonium nitrate; NENO3; [6484-52-3

(3) Sodium dihydrogenphosphate; Ng#tO;; [7558-80-1
(4) Sodium nitrate; NaNQ [7631-99-4

(5) Water; H,0; [7732-18-3

Critical Evaluation:

8.2. NH,*, Na*|| H,PO,~, NO;~—H,0
In contrast to other multicomponent systems involving ammonium dihydrogen phosphate, ffie N&i||H,PO,~, NO;~ —H,O
system has been studied in detail. Shpthtletermined solubility isotherms of this system at 253, 258, 263, 273, 293 and 303 K
and also made a polythermal investigation of the stable diagonaHbPD,—NaNO;—H,O system. Figures 21-24 show a
comparison of some of these solubility values with those reported earlier by Stasumeell as results reported by other
investigators who studied the boundary ternary systetf< (see pp. 1343, 13511t is obvious that the agreement is not very

good even with results reported by a given author. Consequently, nothing definitive can be said about the shape of the respective

phase diagram at this time.

40 P
o |

30 B
6 o
b L} .
o~ 4
z L .
Z 20 4
= 0 1
a | ]
g | o ref(s e ]
10F @ ref (2 .’ 4
a] ref (6 L} b

L ref (3 ]

o ' . . i
20 25 30 35 40

mass 7 NaNO3
FIG. 21. The solid phases are Ng0,-2H,0 and NaNQ.

40 LU S B A S S B B B SO R = R B
o] 4
35} a ]
S ]
a
o D ]
S 5 [m] 4
13 30 o )
. ¥ ]
2] 4
g ]
5 o ref(2) ]
L) ref (3) 1
o ref (6) ]
20 - = .
0 5 10 15 20

mass 7Z NH4H2PO04
FIG. 22. The solid phases are NgPO,-2H,0 and NHH,PO,.
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2 LA S S EL AL A B B R S R
. A Components Original Measurements:
R (1) Ammonium dihydrogenphosphate; H,POy; S. Ya. Shpunt, zZh. Prikl. Khim(Leningrad 20, 685-92(1947.
- LN [7722-76-1
o] b (2) Ammonium nitrate; NHNO3; [6484-52-3
0& - S .- (3) Sodium dihydrogenphosphate; Ng0,; [7558-80-1
:‘IZr o (4) Sodium nitrate; NaNQ [7631-99-4
Tql _ (5) Water; H0; [7732-18-3
=z
’; E Variables: Prepared By:
g o ref (2 ] Temperature and composition. J. Eysseltova
£ o ref(5
i =] ref (4 1 Experimental Data
L ref (7 i Part 1. Composition of the relevant sections.
& ref(3 1 10% soln NaNQ- NH,H,PO, added.
0 : - 11 20% soln NaNQ+ NH,H,PO, added.
40 50 60 70 111 30% soln NaNQ -+ NH,H,PO, added.

mass 7 NH4NO3 IV 40% soln NaNG+NH,H,PO, added.

V 43% soln NaNQ+ NH4H,PO, added.

VI 46.7% soln NaNQ+ NH,4H,PO, added.
VIl 6.0% soln NH;H,PO,+NaNO; added.
VIII 10.0% soln NH;H,PO,+NaNO, added.

FIG. 23. The solid phases are NH,PO, and NH;NO3.

20 —
] Part 2. Crystallization temperatures
q NaNO, NH4H,PO, H,O
<157 ® 100w, m;/mol kg2 100w, m;/mol kg~12 100m;2 t/°C Solid phases
S ]
a, o hd Section |
= 1 10° 1.3 — — 90 -39 ice
T 10} u 9.6 1.3 4.1 0.41 86.3 —5.2 ice
=z =] )
e 4 9.1 13 9.1 0.97 81.8 —6.3 ice
n 1 8.7 13 13.0 1.44 78.3 —-74 ice
g o ] 8.1 1.3 18.7 2.22 73.2 +3.4 NH,H,PO,
€ sl ] 7.8 1.3 21.3 2.61 70.9 +11.5 NH;H,PO,
o) ref (2) 7.7 1.3 23.1 2.90 69.2 +16.1 NH,H,PO,
) ref (9) - 7.5 13 24.2 3.08 68.3 +19.3 NHH,PO,
o ref (3) 1 7.4 1.3 25.4 3.29 67.2 +22.9 NH,H,PO,
) 1 7.3 1.3 26.5 3.48 66.2 +25.7 NH;H,PO,
0 30 35 40 7.2 13 275 3.66 65.3 +28.7 NH;H,PO,
mass 7 NaNO3 7.1 13 28.6 Sz.cst;n | 64.3 +31.4 NH,H,PO,
FIG. 24. The solid phases are W,PO, and NaNQ. o 29 _ _ 80.0 76 ice
19.5 2.92 2.0 0.22 78.5 —8.6 ice
18.9 2.95 5.6 0.64 75.5 -9.8 ice
18.1 2.93 9.1 1.1 72.8 —-11.0 ice
References: 175 2.93 123 1.52 70.2 —12.0 ice
1S. Ya. Shpunt, zh. Prikl. Khim(Leningrad 20, 685 (1947. 16.7 2.92 16.0 2.07 67.3 +2.3 NH,H,PO,
2. Ya. Shpunt, zh. Prikl. Khim(Leningrad 30, 948 (1957). 16.6 2.92 16.6 2.16 66.8 +35 NH,H,PO,
35, Ya. Shpunt, Zh. Prikl. Khim(Leningrad 30, 1148(1957). 16.1 2.93 19.3 2.60 64.6 +12.1 NH,H,PO,
“A. G. Bergman and P. F. Bochkarev, Izv. Akad. Nauk SSSR, Otd. Mat. Estestv. Naul @39. ig 23421 ggg 2(8)‘25 ggi i;gg mﬁ:ig"
5P. F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst(1935. 15'3 2'92 23'1 3.26 61.6 +25.l NH,HZPOA
6. . N . : . . . . : 274
S. Ya. Shpunt, Zh. Prikl. Khim(Leningrad 13, 9 (1940. 15.1 2.93 242 3.47 60.7 +29.3 NH,H,PO,
A. G. Bergman and P.F. Bochkarev, Zh. Prikl. Khitheningrad 10, 1531(1937%. Section Il
8V. I. Kol'ba, M. I. Zhikarev, and L. P. Sukhanov, Zh. Neorg. Khi26, 828(1981). 3 5.0 — — 70.0 —13.4 ice
°A. lovi and C. Haiduc, Rev. Roum. Chimi6, 743(1972). 28.8 5.03 3.8 0.49 67.4 -150 ice
27.6 5.00 7.4 0.99 65.0 -16.2 ice
27.1 5.00 9.1 1.2 63.8 —-16.9 ice+ NH,4H,PO,
26.7 5.02 10.7 1.49 62.6 -12.0 NHH,PO,

26.2 5.00 12.2 1.72 61.6 —5.6 NH;H,PO,

9TVl
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25.5
25.4
24.9
24.4
24.1
23.7

40

38.5
37.8
36.4
35.1
34.4
33.8
33.3
32.7

42

421
413
39.8
38.3
37.0
36.4
36.0
35.2

46.7
44.9
433
417
39.6
38.9
38.3

9.1
16.6
23.1
28.6
333
375
41.2
44.4

9.1
16.6
231
28.6
33.3
375
41.2
44.4

5.01
5.03
5.01
5.01
5.01
5.01

7.8

7.85
7.86
7.86
7.82
7.81
7.80
7.82
7.80

8.9

8.86
8.85
8.87
8.84
8.85
8.85
8.86
8.85

10.3
10.3
10.3
10.3
10.3
10.3
10.3

13

2.49
3.76
5.01
6.25
7.52
8.78
9.99

13
2.60
3.93
5.23
6.52
7.84
9.15
104

14.6
15.2
16.6
18.3
19.3
20.6

18.0

3.8
7.3
10.7
15.0
16.6
18.0

212
222
2.47
2.78
2.96
321
Section IV
0.57
0.86
15
1.99
2.32
2.59
2.88
3.17
Section V
0.31
0.60
1.2
1.82
2.44
273
2.95
3.34
Section VI
0.64
1.3
1.95
2.87
3.24
3.58
Section VII
0.55
0.56
0.55
0.57
0.56
0.55
0.56
0.57
0.55
Section VIII
0.966
0.97
0.97
0.97
0.96
0.95
0.96
0.95
0.95

59.9
59.4
58.5
57.3
56.6
55.7

60.0
57.7
56.6
54.5
52.8
51.8
51.0
50.1
49.3

57.0
55.9
54.9
52.8
51.0
49.2
48.4
47.8
46.8

53.3
51.3
49.4
47.6
45.4
445
43.7

94.0
85.4
78.4
722
67.1
62.7
58.7
55.2
52.3

90.0
81.8
75.0
69.2
64.3
60.1
66.3
53.0
50.1

+3.3
+6.1
+12.0
+18.0
+21.7
+27.9

+13.8
+20.7
+26.2
+32.4

+19.1
+20.1
+20.7
+21.9
+24.5
+32.4
+37.1

+9.3
+22.5

NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,

NaNQ
NaNQ
NaNG
NaNG
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NHH,PO,

NaNG
NaNG
NaNQ
NaNG
NaNQ
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,

NaNQ
NaNQ
NaNQ
NaNQ

NHH,PO,

NH,H,PO,

NH,H,PO,

ice
ice
ice
ice
ice
ice
NaNQ
NaNQ
NaNQ

ice
ice
ice
ice
ice
ice
NaNQ
NaNG
NaNQ

Part 3. Solubility isotherms in the NaNONH,H,PO,—H,0 system

NaNOy NH4H,PO, H,0
100w, m;/mol kg~12 100w, mi/mol kg~1?2 100w;2 Solid phasé
temp=—10°C
23.1 3.53 — — 76.9 A
19.2 2.98 4.9 0.56 75.9 A
18.6 2.92 6.5 0.75 74.9 A
16.7 2.62 8.3 0.96 75.0 A
13.5 2.16 13.1 1.55 73.4 AB
17.4 2.92 12.6 1.56 70.0 B
26.6 5.01 10.9 1.52 62.5 B
33.9 7.08 9.8 1.5 5693 B+D
34.4 7.23 9.6 15 56% C+D
36.3 7.47 6.5 0.99 57.2 C
37.6 7.55 3.8 0.56 58.6 (03
39.8 7.78 — — 60.2 C
temp=0 °C
— 18.4 1.96 81.6 B
8.2 1.3 17.1 1.99 74.7 B
12.15 1.990 16.03 1.940 7182 B
16.7 2.90 15.5 1.99 67.8 B
24.58 4.714 14.08 1.995 6184 B
258 5.02 13.7 1.97 60.5 B
36.36 8.271 11.92 2.003 5192 B+C
36.4 8.30 12.0 2.02 51.6 B8C
38.8 8.31 6.3 1.0 54.9 C
39.24 8.383 5.69 0.898 5597 (03
40.0 8.34 3.6 0.55 56.4 C
41.9 8.48 — — 58.1 C
temp=10°C
— 21.8 2.42 78.2 B
7.9 1.3 20.8 2.54 71.3 B
16.2 2.92 18.6 2.48 65.2 B
17.2 3.03 16.1 2.10 66.7 B
345 7.85 13.8 2.32 51.7 B
37.5 8.88 12.8 2.24 49.7 BC
41.4 9.24 5.9 0.97 52.7 C
425 9.26 35 0.56 54.0 C
43.9 9.21 — — 56.1 C
temp=20 °C
— — 25.9 3.03 74.1 B
7.6 1.3 24.1 3.06 68.3 B
15.7 2.95 21.6 2.99 62.7 B
18.65 3.642 211 3.03 60'3 B
244 5.05 18.8 2.87 56.8 B
33.7 7.88 16.0 2.76 50.3 B
36.5 8.85 15.0 2.68 48.5 B
37.50 9.195 14.52 2.622 47%8 B
38.81 9.802 14.61 2.718 26%8 B+C
38.9 9.80 14.4 2.67 4617 B+C
40.87 9.793 10.03 1.770 441 C
43.8 10.2 5.6 0.96 50.6 C
44.56 10.27 4.38 0.743 5196 C
452 10.3 3.2 0.54 51.6 C

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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46.0

7.2
15.2
23.6
326
355
39.0
40.0
46.2
47.4
48.0

6.72
14.69
30.55
41.48
42.2
45.15
48.3
51.3

11.24
23.21
34.2

42.97
44.93
47.8

50.04
55.55

15.08
30.0
43.28
51.6
56.47
59.68

26.27
43.33
57.28
65.7

10.0

13
2.96
5.04
7.83
8.85
10.2
10.6
11.2
113
10.9

1.27

3.012

7.486
11.81
11.9
11.86
12.2
124

2.583

5.983
10.1
14.54
14.61
14.9
14.28
14.70

4.341
103
17.74
18.1
18.34
17.41

13.48
30.11
26.08
225

30.2
28.0
24.4
21.3
18.4
17.3
16.1
155

54
31

34.3
31.07
27.93
21.44
17.19
15.97
10.07

5.05

43.8
37.57
31.15
26.1
22.27
18.90
14.39

8.72

53.6
44.05
35.7
28.02
14.94

7.30

67.3
50.8
39.74
16.88

temp=30 °C
3.76
3.76
3.51
3.36
3.26
3.19
3.12
3.03
0.97
0.54

temp=40 °C?

4.54
4.341
4.231
3.882
3.615
3.319
1.955
0.941

temp=60 ocd
6.77

6.380
5.933
5.71
5.569
4.542
3.308
1.84

temp=80 °ocd

10.0

9.369
9.05
8.487
3.881
1.75

temp=110 °C?
17.9
19.3
20.40
5.678

54.0

69.8
64.8
60.4
55.1
49.0
47.2
44.9
44.5
48.4
49.5

52.0

65.7
62.21
57.38
48.01
41.33
41.83
44.78
46.65

48.7

56.2
51.19
45.64
39.7
34.76
36.17
37.8
41.24

44.45

46.4
40.87
34.3
28.7
33.46
36.23
40.32

32.7
22.9
16.93
25.84

343

Part 4. Solutions coexisting with two or three solid phases '-;
NaNO;, NH,H,PO, H,0 '0_0'
100w, m;/mol kg~'2 100w; m;/mol kg2 100w, t/°C Solid phasé
8.6 1.3 14.7 1.67 76.7 -7.8 A+B
17.6 2.95 12.1 1.50 70.3 —-12.0 A+B
27.2 5.03 9.2 1.3 63.6 —16.9 A+B
374 8.84 12.8 2.23 49.8 +9.9 B+C
39.8 10.3 14.7 2.81 455 +22.8 B+C
35.6 6.92 3.9 0.56 60.5 —18.4 AtC
34.1 6.74 6.4 0.94 59.5 —-195 A+C
35.4 7.80 11.2 1.82 53.4 -14 B+C+D
32.7 6.47 7.8 11 59.5 —-20.0 A+B+D
33.3 6.67 8.0 1.2 58.7 —20.6 A+C+D

2These values were calculated by the compiler.

PFor these points the salt content was given as “—" in the original article. The compiler believes this to be an error and that the values
should be those given in this Table.

“The solid phases are:=Aice; B=NH,4H,P0;; C=NaNO;; D=NaH,P0,- 2H,0.

9These data were obtained by the isothermic method. The rest of the data were obtained by the polythermic method.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method and the isothermal method were No information is given.
used but no details are given.

Estimated Error:

No information is given. The compiler believes the
reproducibility of the analyses to be about 1%.
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1

(2) Ammonium nitrate; NHNO;; [6484-52-3

Original Measurements:
S. Yu. Shpunt, Zh. Prikl. Khim(Leningrad 30, 985-92(1957.

(3) Sodium dihydrogenphosphate; Ng#0,; [7558-80-7
(4) Sodium nitrate; NaN@ [7631-99-4

(5) Water; HO; [7732-18-3

Variables:

Composition at 30, 20 and 0 °C.

Prepared By:
J. Eysseltova

Part 1. Solubility isotherms in the NaNONH;NOz;—NH,H,PO,—NaH,PO,—H,0 system

Experimental Data

Soln Jaecke’s indiced
no NaNG NH;NO; NH4H,PO, NaH,PO, H,O Solid phaséé;
temp=+30°C
1° 58.8 0.0 0.0 41.2 479 AB
2 59.4 0.0 0.0 40.6 485 AB
3¢ 43.3 0.0 17.8 38.9 378 AB+C
4° 0.0 0.0 249 75.1 536 AC
5 0.0 0.0 24.9 75.1 536 AC
6° 13.1 0.0 22.0 64.9 445 AC
7 25.0 0.0 221 52.9 456 AC
8° 39.7 0.0 17.9 42.4 382 AC
9° 43.3 0.0 17.8 389 378 AB+C
10° 43.3 0.0 17.8 38.9 378 AB+C
11° 59.6 0.0 19.4 21.0 400 BC
12 777 0.0 223 0.0 408 BC
13 67.5 24.0 8.5 0.0 377 BC
14 64.1 30.3 5.6 0.0 336 BC
15° 49.4 48.2 2.4 0.0 275 BC
16 475 50.6 1.9 0.0 255 BC
17 36.2 62.7 11 0.0 191 BC
18 275 717 0.8 0.0 147 BC+D
19 27.1 729 0.0 0.0 147 8D
20° 275 71.7 0.8 0.0 147 BC+D
21° 0.0 98.8 1.2 0.0 192 €D
2 20.0 79.1 0.9 0.0 159 €D
23 211 77.3 1.6 0.0 161 €D
24 275 71.7 0.8 0.0 147 BC+D
temp=+20°C
25° 71.7 0.0 0.0 28.3 540 AB
26 71.0 0.0 0.0 29.0 542 AB
27 69.2 0.0 9.0 21.8 495 AB
28° 63.4 0.0 185 18.1 446 AB+C
29 0.0 0.0 24.9 75.1 621 AC
30° 8.0 0.0 229 69.1 566 AC
31° 15.1 0.0 21.6 63.3 538 AC
32 25.0 0.0 22.0 53.0 553 AC
33 35.4 0.0 20.3 44.3 486 AC
34 61.2 0.0 18.5 20.3 447 AC
35° 63.4 0.0 185 18.1 446 AB+C
36° 63.4 0.0 18.5 18.1 446 AB+C
37 785 0.0 215 0.0 445 BC

38

3¢
40
a1

42
43
as
45

46°
47
48

4%
50°
51°
52
53

54
55°
56°
57

58°
59
60°
61
62
63°
64
65°
66
67°
68
69°
70
71
7
73
74
75°
76
7
78
79
80°
81°
82
83"
84
85°
86
87
88"

67.9
64.3
49.0
47.6
39.6
32.7
30.3
30.4
30.3

0.0

0.0

4.8

9.4
17.4
20.5
21.2
27.4
29.8
30.3
30.9

81.3
81.4
79.3
70.4
795

0.0

0.0
21.3
25.2
443
59.2
795
79.5
80.4
713
68.8
59.6
51.1
4758
431
37.9
37.4
37.9

0.0

0.0
12.3
21.2
27.4
30.8
34.4
37.9

24.1
30.9
48.9
50.6
59.2
66.2
68.9
69.6
68.9
98.7
98.8
94.0
89.5
81.6
78.6
77.1
71.7
69.4
68.9
68.2

0.0
0.0
0.0
10.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
21.1
24.4
37.0
46.9
50.8
55.7
61.2
62.6
61.2
98.1
98.0
86.1
773
71.4
68.0
64.5
61.2

8.0
4.8
2.1
1.8
1.2
11
0.8
0.0
0.8
1.3
1.2
1.2
11
1.0
0.9
1.7
0.9
0.8
0.8
0.9
temp=0 °C
0.0
0.0
6.6
0.0
20.1
24.1
24.3
23.0
215
21.4
20.6
20.1
20.1
19.6
7.6
6.8
3.4
2.0
1.4
1.2
0.9
0.0
0.9
1.9
2.0
1.6
1.5
1.2
1.2
1.1
0.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

18.7
18.6
14.1
19.0
0.4
75.9
75.7
55.7
53.3
34.3
20.2
0.4
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

408

30
267
276
212
183
171
178
171
236
239
226
216
199

207
175
172
171
162

657
667
597
590
558
937
931
852
825
733
692
558
558
539
483
477
420
341
321
287
255
265
255
395
402
338
326
292
289
264
255

BC
BC

BC
BC
BC+D

BC+D
€D

€D
€D
€D
€D

€D

€D
BC+D
B8C+D

AB
AB
AB
AB+C
AC
AC
AC
AC

AB+C
AB+C

BC

BC
BC

BC
BC+D

BC+D
€D

€D

€D

€D
BC+D

&The composition units are: mol/100 mol of solute.

5The solid phases are:#ANaH,PO, - 2H,0; B=NaNOy; C=NH,H,P0,; D=NH,NO;.
°An isothermal method was used for these solutions. A polythermic method was used for all the other solutions.
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Part 2. The compiler has used the data in Part 1 to calculate the following values

Soln NaNQ NH,NO; NH,H,PO, NaH,PO, H,0
no 10Qw; m;? 100w; m;? 100w; m;2 100w; m;? 100w;
1 26.9 6.81 0.00 0.00 0.00 0.00 26.6 4.78 46.4
2 271 6.80 0.00 0.00 0.000 0.00 26.1 4.65 46.8
3 21.4 6.36 0.00 0.00 11.9 2.62 27.1 5.72 39.6
4 0.00 0.00 0.00 0.00 13.3 2.58 41.9 7.78 44.8
5 0.00 0.00 0.00 0.00 13.3 2.58 419 7.78 44.8
6 5.72 1.64 0.00 0.00 13.0 2.75 40.1 8.10 41.2
7 11.1 3.04 0.00 0.00 13.2 2.69 33.0 6.44 42.7
8 19.4 5.77 0.00 0.00 11.8 2.60 29.2 6.17 39.5
9 214 6.36 0.00 0.00 11.9 2.62 271 5.72 39.6
10 21.4 6.36 0.00 0.00 11.9 2.62 27.1 5.72 39.6
11 29.8 8.28 0.00 0.00 13.1 2.69 14.8 2.92 42.3
12 40.0 10.6 0.00 0.00 15.5 3.03 0.00 0.00 445
13 37.2 9.95 12.5 3.54 6.33 1.25 0.00 0.00 44.0
14 374 10.6 16.7 5.01 4.39 0.926 0.00 0.00 415
15 31.6 9.98 29.0 9.74 2.10 0.485 0.00 0.00 37.3
16 313 10.3 31.4 11.0 1.69 0.414 0.00 0.00 35.6
17 26.4 10.5 43.0 18.2 1.10 0.320 0.00 0.00 29.5
18 21.6 10.4 53.1 27.1 0.93 0.302 0.00 0.00 245
19 21.4 10.2 54.1 27.6 0.00 0.00 0.00 0.00 24.5
20 21.6 10.4 53.1 27.1 0.93 0.302 0.00 0.00 245
21 0.00 0.00 68.8 28.6 1.22 0.347 0.00 0.00 30.0
22 15.5 6.99 57.6 27.6 0.94 0.314 0.00 0.00 26.0
23 16.2 7.28 55.9 26.7 1.71 0.552 0.00 0.00 26.2
24 21.6 10.4 53.1 27.1 0.93 0.302 0.00 0.00 24.5
25 317 7.38 0.00 0.00 0.00 0.00 17.7 291 50.6
26 313 7.28 0.00 0.00 0.00 0.00 18.1 2.97 50.6
27 31.9 7.77 0.00 0.00 5.61 1.01 14.2 2.45 48.3
28 30.4 7.90 0.00 0.00 12.0 2.30 12.3 2.25 453
29 0.00 0.00 0.00 0.00 12.4 2.23 39.1 6.72 48.5
30 3.12 0.785 0.00 0.00 12.1 2.25 38.1 6.78 46.7
31 6.10 1.56 0.00 0.00 11.8 2.23 36.1 6.54 46.0
32 10.1 2.51 0.00 0.00 12.1 2.21 30.3 5.32 47.5
33 155 4.05 0.00 0.00 12.0 2.32 27.4 5.06 451
34 29.2 7.61 0.00 0.00 11.9 2.30 13.7 2.52 45.2
35 30.4 7.90 0.00 0.00 12.0 2.30 12.3 2.25 453
36 30.4 7.90 0.00 0.00 12.0 2.30 12.3 2.25 453
37 38.9 9.80 0.00 0.00 14.4 2.68 0.00 0.00 46.7
38 36.2 9.25 12.1 3.28 5.76 1.09 0.00 0.00 46.0
39 60.5 119.1 27.4 57.2 6.11 8.89 0.00 0.00 6.0
40 317 10.2 29.8 10.2 1.84 0.437 0.00 0.00 36.6
41 30.5 9.58 30.5 10.2 1.56 0.362 0.00 0.00 37.4
42 27.9 10.4 39.3 15.5 1.14 0.314 0.00 0.00 31.6
43 24.2 9.93 46.1 20.1 1.10 0.334 0.00 0.00 28.6
44 22.9 9.84 49.0 22.4 0.817 0.260 0.00 0.00 27.3
45 22.7 9.49 49.0 217 0.00 0.00 0.00 0.00 28.2
46 22.9 9.84 49.0 22.4 0.817 0.260 0.00 0.00 27.3
47 0.00 0.00 64.2 23.2 1.22 0.306 0.00 0.00 34.5
48 0.00 0.00 64.0 23.0 1.12 0.279 0.00 0.00 34.8
49 3.36 1.18 62.0 23.1 1.14 0.295 0.00 0.00 335
50 6.67 2.42 59.8 23.0 1.06 0.283 0.00 0.00 325
51 12.6 4.86 55.8 22.8 0.983 0.279 0.00 0.00 30.6
52 15.0 5.90 54.2 22.6 0.892 0.259 0.00 0.00 29.9

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

15.1
20.6
225
229
23.7
32.9
32.7
33.8
30.3
35.3
0.00
0.00
6.84
8.28
16.0
226
35.3
35.3
36.4
35.0
34.1
317
30.0
28.9
27.3
25.1
245
251
0.00
0.00
7.36
12.8
17.3
195
226
251

5.69
8.70
9.63
9.84
10.6
6.87
6.78
7.38
6.63
7.92
0.00
0.00
1.39
1.70
3.36
4.75
7.92
7.92
8.29
8.20
8.01
7.88
8.33
8.27
8.34
8.26
7.84
8.26
0.00
0.00
2.02
3.61
521
5.92
7.24
8.26

51.9
50.7
49.3
49.0
492
0.00
0.00
0.00
4.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.75
11.4
185
26.0
28.9
332
38.2
38.7
38.2
51.7
51.2
485
44.1
425
40.6
39.8
38.2

20.7
228
22.4
22.4
234
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.43
2.84
4.89
7.64
8.79
10.8
13.3
131
13.3
13.8
135
14.2
13.2
13.6
131
13.6
133

1.64
0.914
0.816
0.817
0.932
0.00
0.00
3.81
0.00
12.1
9.64
9.76
10.0
9.56
10.5
10.6
12.1
12.1
12.0
5.05
4.56
2.45
1.59
114
1.03
0.80
0.00
0.80
1.44
1.50
1.30
1.23
1.03
1.03
0.976
0.808

0.456
0.286
0.258
0.260
0.309
0.00
0.00
0.614
0.00
2.00
1.43
1.45
1.50
1.45
1.62
1.65
2.00
2.00
2.02
0.874
0.792
0.450
0.326
0.242
0.232
0.196
0.00
0.196
0.267
0.276
0.263
0.256
0.228
0.231
0.231
0.196

0.00
0.00
0.00
0.00
0.00
10.7
10.6
8.49
116
0.251
317
31.7
252
24.7
175
10.9
0.251
0.251
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
1.58
1.55
131
1.79
0.040
4.50
4.52
3.63
3.59
2.60
1.62
0.040
0.040
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

313
27.8
275
27.3
26.3
56.4
56.7
53.9
53.8
52.4
58.7
58.5
57.9
57.4
56.1
55.9
52.4
52.4
51.6
50.2
50.0
47.3
42.4
411
38.5
35.8
36.8
35.8
46.8
47.3
428
41.8
39.1
38.8
36.7
35.8

aThe molalities are expressed as mol kg

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information

is given.

The compiler

reproducibility of the analyses to be abati2%.

estimates the

0cri
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;

[7722-76-1

(2) Ammonium nitrate; NHNO;; [6484-52-3

Original Measurements:
S. Ya. Shpunt, Zh. Prikl. Khim(Leningrad 30, 1148-59(1957.

(3) Sodium dihydrogenphosphate; Ng#0,; [7558-80-7
(4) Sodium nitrate; NaN@ [7631-99-4

(5) Water; HO; [7732-18-3

Variables:

Composition at-10, —15 and—20 °C.

Prepared By:
J. Eysseltova

Part 1. Solubility isotherms in the NaNONH,;NOz;—NH,H,PO,—NaH,PO,—H,0 system

Experimental Data

Soln Jaecke’s indiced
no NaNGQ NH4NO3 NH;H,PO, NaH,PO, H,O Solid phasés
temp=—10°C
1° 83.5 0.0 0.0 16.5 714 AB
2 83.7 0.0 0.0 16.3 721 AB
3 71.0 10.8 18.2 0.0 681 AB
4° 80.3 23 17.4 0.0 579 AB+C
5 0.0 0.0 23.7 76.3 1141 AC
6° 28.2 0.0 22.0 56.8 967 AC
7 25.1 0.0 21.6 53.3 997 AC
g 445 0.0 215 34.0 865 AC
9 58.9 0.0 21.1 20.1 841 AC
10° 80.3 2.3 17.4 0.0 579 AB+C
11° 80.3 23 17.4 0.0 579 AB+C
12 82.3 0.0 17.1 0.0 638 AB+C
13 70.5 22.3 7.2 0.0 500 BC
14 69.4 24.6 6.0 0.0 533 BC
15° 51.7 46.2 2.1 0.0 369 BC
16 47.9 50.9 1.2 0.0 348 BC
17 43.0 55.8 1.2 0.0 325 BC+D
18 415 58.5 0.0 0.0 323 8D
19 43.0 55.8 1.2 0.0 325 BC+D
20° 0.0 97.4 2.6 0.0 497 €D
21 0.0 97.3 2.7 0.0 498 €D
2X 17.6 80.4 2.0 0.0 426 €D
23 21.1 77.3 1.6 0.0 401 €D
24° 28.9 69.6 15 0.0 377 €D
25 30.8 67.9 13 0.0 373 €D
26° 43.0 55.8 1.2 0.0 325 BC+D
27 0.0 84.8 15.2 0.0 1243 €E
28 0.0 85.1 14.9 0.0 1246 «E
29 16.8 60.8 22.4 0.0 1386 «E
30 23.7 53.0 23.3 0.0 1387 «E
31 32.7 34.8 325 0.0 1500 «E
32 42.9 15.3 41.8 0.0 1550 +«E
33 41.8 0.0 43.9 14.3 1540 «E
34 19.5 0.0 38.6 41.9 1485 +«E
35° 0.0 0.0 30.8 69.2 1325 €E
36 0.0 0.0 30.1 69.9 1364 +E

37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

84.5
69.9
80.5
29.0
63.6
80.5
80.5
68.7
46.4
453
453
29.5
20.1

0.0

0.0
19.1
27.7
421
58.2
61.9
29.0
58.6
48.5
29.0

86.2
87.4
70.8
70.8
63.3
63.3
79.3
70.8
79.3
79.3
70.0
47.9
47.4
46.0
47.4
47.4
30.7
21.1
232
21.1
63.3
67.6
475
30.4
21.1

0.0
11.3
25
224
0.0
25
25
256
52.5
53.4
53.4
69.4
78.4
97.3
95.1
73.8
64.6
47.8
215
0.0
224
0.0
7.9
22.4

138

0.0
10.7
10.7
17.7
17.7

3.0
10.7

3.0

3.0
24.8
51.0
515
54.0
51.1
51.5
67.7
77.1
76.8
77.1
17.7
24.1
50.3
66.9
77.1

temp=—15°C
0.0
0.0
17.0
0.0
21.1
17.0
17.0
5.7
1.1
1.3
1.3
11
1.5
2.7
4.9
7.1
7.7
111
20.3
23.3
0.0
0.0
0.0
0.0
temp=-20°C
0.0
12.6
0.0
0.0
0.0
0.0
17.7
0.0
17.7
17.7
5.2
1.1
1.1
0.0
1.1
11
1.6
1.8
0.0
1.8
0.0
8.3
2.2
2.7
1.8

15.6
18.8
0.0
48.6
15.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14.8
48.6
41.4
43.6
48.6

0.0
0.0
185
185
19.0
19.0
0.0
185
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
19.0
0.0
0.0
0.0
0.0

767
700
588
935
915
588
588
549
361
337
337
407
444
524
738
804
839
925
993
991
935
1073
975
935

675
728
740
740
633
633
650
740
650
650
576
376
373
386
373
373
473
488
536
488
633
682
613
562

AB

AB+C

8 &

AB+C
AB+C

BC+D
BC+D

88

2x 8 hARRRARS

AC+E

AB+E
AC+E
AC+E
AC+E
AB+C
AB+E
AB+C
AB+C

BC+D

B8C+D
BC+D

€D+E

€D+E
AC+E

€D+E

aThe composition units are: mol/100 mol of solute.
"The solid phases are:sANaH,PQ,- 2H,0; B=NaNGQ;; C=NH,H,PO,; D=NH,NO;3; E= ice.
°An isothermal method was used for these solutions. A polythermic method was used for all the other solutions.
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Part 2. The compiler has used the data in Part 1 to calculate the following values

Soln NaNQ NH,NO; NH,H,PO, NaH,PO, H,O
no 10Qw; m; 100w; m;? 100w; m;? 100w; m;? 100w;
1 324 6.50 0.00 0.00 0.00 0.00 9.03 1.28 58.6
2 323 6.45 0.00 0.00 0.00 0.00 8.87 1.26 58.9
3 28.4 5.79 4.07 0.881 9.85 1.48 0.00 0.00 57.7
4 351 7.70 0.947 0.221 10.3 1.67 0.00 0.00 53.6
5 0.00 0.00 0.00 0.00 8.41 1.15 28.2 3.72 63.3
6 8.22 1.62 0.00 0.00 8.68 1.26 23.4 3.26 59.7
7 7.37 1.40 0.00 0.00 8.58 1.20 22.1 2.97 62.0
8 14.6 2.86 0.00 0.00 9.54 1.38 15.7 2.18 60.1
9 20.0 3.89 0.00 0.00 9.72 1.39 9.66 1.33 60.6
10 35.1 7.70 0.947 0.221 10.3 1.67 0.00 0.00 53.6
11 35.1 7.70 0.947 0.221 10.3 1.67 0.00 0.00 53.6
12 34.2 7.17 0.00 0.00 9.62 1.49 0.00 0.00 56.2
13 34.0 7.83 10.1 2.48 4.70 0.800 0.00 0.00 51.1
14 325 7.23 10.8 2.56 3.80 0.625 0.00 0.00 529
15 29.3 7.78 24.7 6.96 1.61 0.316 0.00 0.00 44.3
16 28.0 7.65 28.0 8.13 0.949 0.192 0.00 0.00 43.1
17 25.9 7.35 31.7 9.54 0.978 0.205 0.00 0.00 41.5
18 25.2 7.14 334 10.1 0.00 0.00 0.00 0.00 415
19 259 7.35 317 9.54 0.978 0.205 0.00 0.00 415
20 0.00 0.00 45.8 10.9 1.76 0.291 0.00 0.00 52.5
21 0.00 0.00 45.6 10.9 1.82 0.301 0.00 0.00 525
22 9.45 2.30 40.7 10.5 1.45 0.261 0.00 0.00 48.4
23 11.7 292 40.2 10.7 1.20 0.222 0.00 0.00 46.9
24 16.4 4.26 37.2 10.3 1.15 0.221 0.00 0.00 45.3
25 17.6 4.59 36.4 10.1 1.00 0.194 0.00 0.00 45.0
26 259 7.35 317 9.54 0.978 0.205 0.00 0.00 415
27 0.00 0.00 22.0 3.79 5.66 0.679 0.00 0.00 72.4
28 0.00 0.00 22.0 3.79 5.54 0.664 0.00 0.00 725
29 4.22 0.673 14.4 2.44 7.62 0.898 0.00 0.00 73.8
30 5.94 0.949 125 2.12 7.91 0.933 0.00 0.00 73.6
31 7.66 1.21 7.67 1.29 10.3 1.20 0.00 0.00 74.4
32 9.70 1.54 3.26 0.548 12.8 1.50 0.00 0.00 74.2
33 9.34 1.51 0.00 0.00 13.3 1.58 451 0.516 729
34 4.38 0.730 0.00 0.00 11.7 1.44 13.3 1.57 70.6
35 0.00 0.00 0.00 0.00 9.93 1.29 233 2.90 66.8
36 0.00 0.00 0.00 0.00 9.51 1.23 23.0 2.85 67.4
37 314 6.12 0.00 0.00 0.00 0.00 8.19 1.13 60.4
38 27.4 5.55 4.17 0.897 0.00 0.00 10.4 1.49 58.1
39 34.9 7.61 1.02 0.236 9.99 1.61 0.00 0.00 54.0
40 9.16 1.72 6.66 1.33 0.00 0.00 217 2.89 62.5
41 20.7 3.86 0.00 0.00 9.29 1.28 7.02 0.929 63.0
42 34.9 7.61 1.02 0.236 9.99 1.61 0.00 0.00 54.0
43 349 7.61 1.02 0.236 9.99 1.61 0.00 0.00 54.0
44 317 6.95 11.1 2.59 3.56 0.577 0.00 0.00 53.6
45 26.7 7.14 28.5 8.08 0.857 0.169 0.00 0.00 44.0
46 26.9 7.47 29.8 8.80 1.04 0.214 0.00 0.00 42.3
47 26.9 7.47 29.8 8.80 1.04 0.214 0.00 0.00 42.3
48 16.2 4.03 35.8 9.47 0.816 0.150 0.00 0.00 47.2
49 10.6 252 38.9 9.81 1.07 0.188 0.00 0.00 49.5
50 0.00 0.00 44.4 10.3 1.77 0.286 0.00 0.00 53.8
51 0.00 0.00 35.5 7.16 2.63 0.369 0.00 0.00 61.9
52 7.11 1.32 259 5.10 3.58 0.491 0.00 0.00 63.4

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

10.0
14.1
18.4
19.1
9.16
17.0
15.0
9.16
35.6
33.8
26.8
26.8
26.3
26.3
325
26.8
325
325
315
27.1
26.9
25.8
26.9
26.9
15.6
10.6
111
10.6
26.3
275
20.9
14.1
10.6

1.83
253
3.26
3.47
1.72
3.03
2.76
1.72
7.09
6.67
5.32
5.32
5.56
5.56
6.78
5.32
6.78
6.78
6.75
7.08
7.06
6.62
7.06
7.06
3.61
2.40
2.40
2.40
5.56
551
4.30
3.01
2.40

22.0
15.1
6.40
0.00
6.66
0.00
2.30
6.66
5.37
0.00
3.82
3.82
6.92
6.92
1.16
3.82
1.16
1.16
10.5
27.1
275
28.5
27.3
275
324
36.4
34.6
36.4
6.92
9.23
20.8
29.2
36.4

4.28
2.87
1.20
0.00
1.33
0.00
0.450
1.33
114
0.00
0.803
0.803
1.55
155
0.256
0.803
0.256
0.256
2.39
7.54
7.67
7.77
7.61
7.67
7.95
8.78
7.96
8.78
1.55
1.96
4.56
6.61
8.78

3.77
5.04
8.69
9.73
0.00
0.00
0.00
0.00
0.00
6.59
0.00
0.00
0.00
0.00
9.83
0.00
9.83
9.83
3.16
0.841
0.844
0.00
0.846
0.844
1.10
122
0.00
122
0.00
4.57
131
1.69
122

0.510
0.667
1.14
131
0.00
0.00
0.00
0.00
0.00
0.962
0.00
0.00
0.00
0.00
151
0.00
151
151
0.502
0.163
0.164
0.00
0.164
0.164
0.188
0.205
0.00
0.205
0.00
0.676
0.199
0.267
0.205

0.00
0.00
0.00
6.45
21.7
17.0
19.0
21.7
0.00
0.00
9.91
991
1.1
111
0.00
9.91
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
111
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.830
2.89
2.14
2.48
2.89
0.00
0.00
1.39
1.39
1.67
1.67
0.00
1.39
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.67
0.00
0.00
0.00
0.00

64.2
65.7
66.5
64.7
625
66.0
63.7
625
59.0
59.6
59.4
59.4
55.7
55.7
56.5
59.4
56.5
56.5
54.9
45.0
448
458
44.9
448
50.9
51.8
54.3
51.8
55.7
58.7
57.0
55.1
51.8

@The molalities are expressed as mol kg

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information

is given.

The compiler

reproducibility of the analyses to be abati2%.

estimates the
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Components Evaluator: Components

1) Ammonium dihydrogenphosphate; POy; J. Eysseltova Charles University, Prague, Czech Republic ! .

E7)722-76-]] ydrogenphosp NH,PO, Sepl(}a/mber fggs Y g P (1) Ammonium dihydrogenphosphate; yH,PO;;
, [7722-76-1

(2) Ammomium nitrate; NHNO3; [6484-52-3

(3) Potassium dihydrogenphosphate; $390,; [7778-77-Q
(4) Potassium nitrate; KN§ [7757-79-]

(5) Water; H,0; [7732-18-3

(2) Ammonium nitrate; NHNO3; [6484-52-3

(3) Potassium dihydrogenphosphate; #30,; [7778-77-Q
(4) Potassium nitrate; KNQ [7757-79-1

(5) Water; H,0; [7732-18-3

Original Measurements:

1. P. F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst. 3¢2235.

2. A. G. Bergman and P. F. Bochkarev, Izv. Akad. Nauk SSSR,
Otd. Mat. Estestv. Nauk 237-68938.

Critical Evaluation:

8.3. NH} , K* || H,PO,~, NO;~—H,0

Variables:
Temperature and composition.

Prepared By:
L. V. Chernykh and J. Eysseltova

One prominent feature of the systems containing ammonium and potassium salts is the formation of solid solutions. Because of
the isomorphy in the NiH,PO,—KH,P0O,—H,O systen? the evaluator suspects that articles reporting solicy PO, in the
presence of potassium salts, and vice versa, are in error, especially when reporting the nature of the solid phases. In the title
system, the stable diagonal lyH,PO,—KNO;—H,O was studied by Bergman and Bochkatd\Erom their data a reasonable

Experimental Data
Solubility in the NHH,PO,—KNO3;—H,O system

phase diagram may be constructed, Figure 25, at least with respect to solutions in equilibrium with two solid phases. But, as

mentioned above, there is an uncertainty with respect to the precise nature of the solid phases. The work reported by KamaukhovC 12:,3'_'2'304 /mol kg~ c 100':”\‘03 Jmol kg~ I H0 100w Shollcé
may be used to illustrate this uncertainty. In this article, solid solutions between each of the components and the compound omg ! mi/mot kg omg ! my/mot kg omg ! phas
NH;NO3-3KNO; are reported. Furthermore, the “invariant points” reported in Ref. 10 cannot be fitted on Figure 25. The temp=0°C
evaluator surmises that the “modifications” of KN@nd NHQHZPOA“)‘11 (and even ones not reported in the respective binary
systems(see pp 11-14and, e.g., Ref. breflect the difficulties in stating precisely the nature of the equilibrium solid phases. 100 184 20 0 00 0.0 2832 816 A
Another articlé also reports the occurrence of solid solutions between ammonium and potassium phosphates as well as chlorides 751 17.2 19 24.9 5 06 2170 8 A
in the NH; , K* |H,PO,~, NO;~, CI™—H,0 system which can be formed by adding another component to the title system. 62.3 158 18 377 8.4 11 1909 75.8 A
Apparently identical systems were studied by Pozin &°atowever, these data cannot be compared with each other because 49.1 13.7 16 50.9 116 1.5 1773 4.7 +B
different sections were studied: NH,PO,—~KNO;—KCI-H,0 in Ref. 6 and NiHH,PO,~NH,NO;—KCl-H,0 in Refs. 8,9. 53 116 13 47 11.5 15 1990 76.9 B
29.4 5.4 0.6 70.6 11.4 14 2892 83.2 B
References: 0 0.0 0.0 100 11.20 1.2 4448 88.8 B
:P. F. Bochk.arov, Tr. Vostoch..»Sibir.. Gosud. Inst(1®35. 100 213 24 o temp=(1]f)o ¢ 0.0 2360 78.7 A
V. A. Polosin and R. K. Ozolin, Kaliyl0, 31 (1937. 78.9 20.4 24 21.1 4.8 0.6 1847 74.8 A
3A. G. Bergman and P. F. Bochkarov, Izv. Akad. Nauk SSSR, Otd. Mat. Estestv. Naull 233. 67.6 19.0 23 32.4 8.0 1.1 1658 73.0 A
4. A. Polosin and R. K. Ozolin, Trudy TSKhA, Yubileynyi Shornik 28940. 55.2 16.4 2.0 44.8 11.7 1.6 1546 71.9 A
5A. Seidell, Solubilities of Inorganic and Metal Organic Compounds, D. Van Nostrand Co., New York, p(1958. 50.1 153 19 49.9 13.4 19 1491 71.3 A
A. G. Bergman and M. I. Shakhparonov, Izv. Sektora Fiz. Khim. Analiza, Inst. Obshch. Neorg. Khim. Akad. NaukR3§SR 41.5 13.0 16 58.5 16.1 2.2 1445 70.9 +B
331(1953. 37.6 11 13 62.4 16.0 2.2 1596 73.0 B
7A. S. Karnaukhov, Zh. Obshch. Khirg6, 1281(1956. 217 51 0.6 783 16.2 2.0 2136 78.7 B
8. E. Pozin, B. A. Kopylev, and N. A. Shilling, Zh. Prikl. Khin{Leningrad 37, 2341 (1964). 0 0.0 0.0 100 o p:1266°c 20 2819 834 B
9 ) - ) K .
mooms k0 TUhl o wmewe o
L & Bergman, L. ¥ Op »and A. 8. » Jkr. Khim. 28, : 82.6 24.0 2.9 17.6 45 06 1568 715 A
M. R. Endovitskaya and V. |. Vereshchagina, Zh. Neorg. Khii$.2265(1970. 80.79 225 28 19.21 7.7 1.1 1681 69.8 A
61.1 20 25 38.9 11.2 1.6 1342 68.8 A
20 rr—rrr—rrreere e 50.2 17 2.2 49.8 14.8 2.1 1287 68.2 A
b 44 15.2 1.9 56.0 17.0 25 1253 67.8 A
T 32.2 11.8 15 67.8 21.8 3.2 1159 66.4 +B
N H4H2PO4 T 29.2 10.2 1.3 70.8 21.7 3.2 1247 68.1 B
15} _ 155 4.7 0.6 845 224 3.0 1542 729 B
+ ] 0 0.0 0.0 100 23.0 3.0 1781 77.0 B
8 O o ] temp=30 °C
f:‘ b 4 100 30.2 3.8 0 0.0 0.0 1475 69.8 A
< b E 84.6 275 3.5 15.4 4.4 0.6 1338 68.1 A
0} . 75.8 26.0 34 24.2 7.3 11 1242 66.7 A
™~ T 66.5 23.9 3.2 335 10.6 1.6 1163 65.5 A
g T 51 19.2 2.6 49.0 16.2 25 1096 64.6 A
o . 39.1 15.4 21 60.9 211 33 1045 63.5 A
g€ g 'C® L, KNO3 ] 25.6 10.6 15 74.4 27.0 43 964 62.4 +B
4 235 9.5 1.3 76.5 27.2 4.2 1000 63.3 B
4 115 4.3 0.6 88.5 29.0 4.3 1142 66.7 B
L E 0 0.0 0.0 100 31.0 4.4 1249 69.0 B
O L e 1 1 dd.

2The composition unit is: mol/100 mol solute.
"The molalities were calculated by the compilers.
“The solid phases are:=ANH,H,PQ;; B=KNO;.

0 5 10 15 20
mass 7 KNO3
FIG. 25. Solubility in the NHH,PO,—KNO;—H,0 system.
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NOTE: The above data are given in both source papers, but source (Zapsso contains data for the composition of solutions in

equilibrium with two or three solid phases. These data are given below.

Composition of solutions existing in equilibrium with two or three solid phases

KNO, NH,4H,PO, H,0 Solid
comg 100w; m;/mol kg™t ® comp 100w; m;/mol kg * P comg 100w; t/°C phasé
0 0 0 100 17.4 1.83 3032 82.6 —4.4 A+B
27.0 5.0 0.62 73.0 15.4 1.68 2410 79.6 -53 A+B
415 8.6 11 58.5 13.8 1.55 2101 776 —6.0 A+B
49.7 12.0 1.60 50.3 13.8 1.62 1726 74.2 0.4 +@®
60.9 17.4 2.46 39.1 12.7 1.58 1373 69.9 12.6 +®
68.2 22.0 3.28 31.8 11.7 1.53 1152 66.3 20.7 +@
75.8 28.6 4.64 24.2 10.4 1.48 907 61.0 32.7 +®
47.8 9.5 1.2 52.2 11.8 1.30 2223 79.7 -5.7 A+C
50.1 9.5 1.2 49.9 10.8 1.18 2356 787 —54 A+C
67.2 9.7 1.1 32.8 5.4 0.55 3300 849 —42 A+C
100 9.8 1.1 0 0 0 5169 90.2 —-25 A+C

453 9.6 1.2 54.7 13.2 1.49 2043 772 —-6.3 A+B+C

aThe composition unit is: mol/200 mol solute.
The molalities were calculated by the compilers. The unit is: moltkg
“The solid phases are:=Aice; B=NH,4H,PO,; C=KNO;.

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used.

Source and Purity of Materials:

Chemically pure materials were recrystallized before use.

Estimated Error:

No information is given.

Components Original Measurements:

(1) Ammonium dihydrogenphosphate; H,POy; A. G. Bergman, L. V. Opredelenkova, and A. B. Dzuev, Ukr.
[7722-76-1 Khim. Zh. 33, 285-7(1967).

(2) Ammonium nitrate; NHNO3; [6484-52-3

(3) Potassium dihydrogenphosphate; #30,; [7778-77-Q

(4) Potassium nitrate; KNQ [7757-79-1

(5) Water; H,0; [7732-18-3

Variables: Prepared By:
Temperature and composition. J. Eysseltova

Experimental Data
Crystallization temperature and composition of invariant points in the §kN@H,H,P0,—H,0 system

KNO, NH,H,PO, H,0
t/°C 100w, m;/mol kg~*® 100w; m;/mol kg~*2 100w; Solid phase’
7.7 8.5 1.1 155 1.77 76.0 AB+C
5.5 16.0 2.33 16.0 2.05 68.0 4B8C+D
40 35.0 6.53 12.0 1.97 53.0 D +E
16.5 115 1.85 27.0 3.82 61.5 HD+F
92.5 16.0 4.52 49.0 12.2 35.0 HE+F

aThese values were calculated by the compiler.
"The solid phases are: Ace; B=a-KNOjz;; C=a-NH,4H,PO,;; D="unidentified conversion product”; E B-KNOgs; F
= B-NH;H,PO,.

Additional Data: The relative areas of individual crystallization fields are:=i8e76%; a-NH;H,PO,=4.16%; B-NH4H,PO,
=22.83%;a-KNO3=9.76%; B-KNO3=52.93%;phase B-6.56%.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A polythermic method was usédThe appearance of the first ~ Reagent grade KNQand NH,H,PO, were recrystallized and
crystals as well as the disappearance of the last crystals was dried before being used. Their melting points were 337 and 200
recorded. °C, respectively.

Estimated Error:

The only information given is that the difference between the
temperature of dissolution of the last crystal and appearance of
the first crystal was kept to a minimum.

References:
1A, G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskie
Osnovy Izucheniya i, Ispol’zovaniya Solyanykh

Mestorozhdeniy, Khlorid-Sul'fatnogo Tipa, Moscow, IAN,
SSSR(1951).
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Components

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Ammonium nitrate; NHNO;; [6484-52-3

(3) Ammonium chloride; NHCI; [12125-02-9

(4) Potassium dihydrogenphosphate; $0,; [7778-77-Q
(5) Potassium nitrate; KN§ [7757-79-]

(6) Potassium chloride; KC[7747-40-1

(7) Water; H,0; [7732-18-3

Original Measurements:

A. G. Bergman and M. |. Shakhparonov, Izv. Sektora Fiz. Khim.

Analiza, Inst. Obshch. Neorg. Khim. Akad. Nauk SSSR

331-45(1953.

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. Six sections through the system were investigated. The sections are:

No.
No.

No.
No.

1 KNO;—(25 mol% KCl + 75 mol% NH,H,PO,)—H,0
2 KNO,—(50 mol% KCI + 50 mol% NH,H,PQ,)—H,0

No. 3 KNO;—(75 mol% KCl + 25 mol% NH,H,PO,)—H,0
4 KNO;—~(96 mol% KCI + 4 mol% NH,H,POy)—H,0
5 KCI—(40 mol% KNO; + 75 mol% NH,H,PO,)—H,0

No. 6 NH,H,PO,—(57.6 mol% KCl+ 42.4 mol% KNQ)—H,O
Composition of saturated solutions in the NjPO,—KNO;—KCI-H,O system.

Section 1. Solubility Isotherms

Soln KCl NH,H,PO, KNO;4 H,O Solid
no com@ comgd com@ comg phasé

temp=-5°C
1 25.0 75.0 0.0 2750 A
2 22.7 68.0 9.3 2760 A
3 23.7 72.8 35 2730 A
4 22.8 68.3 8.9 2780 A
5 20.6 61.9 17.5 2700 A
6 13.1 38.9 48.0 2660 A
7 12.7 38.2 49.1 2670 A
8 16.9 51.0 32.1 2240 C
9 17.6 55.6 25.8 2270 C
10 20.3 61.1 18.6 2310 C
11 22.7 68.0 9.3 2410 C
12 25.0 75.0 0.0 2530 C

temp=0°C
13 25.0 75.0 0.0 2240 D
14 22.7 68.0 9.3 2110 D
15 22.0 66.3 11.7 2060 D
16 17.9 53.8 28.3 2030 D
17 16.3 49.2 345 2000 D
18 14.6 43.7 41.7 1920 D
19 13.1 38.9 48.0 2000 B
20 10.8 325 56.7 2270 B
21 9.5 28.6 61.9 2530 B
22 6.6 20.1 73.3 2950 B
23 0.0 0.0 100.0 4280 B

temp=10 °C
24 25.0 75.0 0.0 1000 D
25 22.7 68.0 9.3 1680 D

26
27
28
29
30
31
32
33
34

35
36
37
38
39
40
a1
42
43
44
45
46

a7
48
49
50
51
52
53
54
55
56
57
58

59
60
61
62
63
64
65
66
67
68

27.6
14.0
131
22,6
113
9.5
8.4
4.8
0.0

25.0
22.7
19.0
14.6
131
11.3
10.2
9.5
9.2
6.4
34
0.0

25.0
11.7
16.0
131
121
19.5
9.3
8.3
7.3
4.9
2.6
0.0

25.0
19.7
148
111
8.4
7.5
6.4
4.3
22
0.0

52.8
422
38.9
38.4
34.0
28.6
252
14.4

0.0

75.0
68.0
57.2
43.8
38.9
34.0
30.7
28.6
276
19.1
10.6

0.0

75.0
65.2
47.7
38.9
26.5
28.6
27.8
25.0
221
14.8

7.8

0.0

75.0
59.1
447
33.4
25.5
22.7
19.4
13.0

6.7

0.0

29.6
43.8
48.0
49.0
54.7
61.9
66.4
80.8
100.0
temp=20 °C
0.0
9.3
23.8
41.6
48.0
54.7
59.1
61.9
63.2
745
86.0
100.0
temp=30 °C
0.0
13.1
36.3
48.0
51.4
61.9
62.9
66.7
70.6
80.3
89.6
100.0
temp=35 °C
0.0
21.2
40.5
55.5
66.1
69.8
74.2
82.7
91.1
100.0

1640
1600
1550
1560
1490
1650
1760
2120
2720

1480
1380
1330
1360
1350
1290
1250
1200
1210
1330
1540
1780

1240
1180
1110
1120
1130
1030
1040
1020

970
1030
1150
1220

1140
1070
1040
1040
960
930
850
910
1000
1040

W W w®W®OOUUOUOUO0UOoUOo W W ®W®™®WOOOUOUOOoOUOo W W WwWwoOUoUoUo

WWWwWOUoUoUOoOo
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Crystallization temperature and composition of invariant points

Soln KCl NH;H,PO, KNO,4 H,0

no t/°C comp' comg comp? com@d Solid phask

69 —2.7 0.0 0.0 100.0 4940 AB

70 -5.6 22.7 68.0 9.3 2460 AC

71 —5.4 13.1 38.9 48.0 2440 AB

72 +4.3 13.1 38.9 48.0 1620 8D

73 +18.7 9.5 28.6 61.9 1210 8D

74 —-4.1 9.5 28.6 61.9 3130 AB

75 -39 7.8 22.2 70.0 3470 AB

76 -5.3 12.1 36.4 515 2530 AB

7 —-5.6 20.7 62.5 16.8 2370 AD

78 -58 17.4 52.1 30.5 2290 AD

79 +2.0 13.5 40.4 46.1 1780 BD

80 -6.0 19.0 57.2 23.8 2330 AD

81 -5.3 25.0 75.0 0.0 2570 AD

82 —-6.2 14.4 43.2 42.4 2130 AB+D

The compiler has calculated the following values from the data given above

Soln KCl NH,H,PO, KNO; H,O

no 100w, m;/mol kg™t 100w; mi/mol kg~* 100w, mi/mol kg™! 100w,
1 31 0.51 14.4 1.52 0.0 0.0 825
2 2.8 0.46 13.0 1.37 1.6 0.19 82.6
3 3.0 0.48 14.0 1.48 0.6 0.07 82.4
4 2.8 0.46 13.0 1.36 15 0.18 82.7
5 2.6 0.42 12.1 1.27 3.0 0.36 82.3
6 1.7 0.27 7.7 0.81 8.3 1.0 82.3
7 1.6 0.26 7.5 0.79 8.5 1.0 82.3
8 25 0.42 11.6 1.26 6.4 0.80 79.5
9 2.6 0.43 12.5 1.36 51 0.63 79.8

10 2.9 0.49 13.5 1.47 3.6 0.45 80.0

11 3.1 0.52 14.5 1.57 1.7 0.21 80.6

12 3.3 0.54 15.2 1.62 0.0 0.0 81.5

13 3.7 0.62 17.0 1.86 0.0 0.0 79.3

14 3.5 0.60 16.1 1.79 1.9 0.24 78.4

15 3.5 0.59 16.0 1.79 25 0.32 78.0

16 2.8 0.49 13.2 1.47 6.1 0.77 779

17 2.6 0.45 12.2 1.37 7.5 0.96 77.6

18 2.4 0.42 11.2 1.26 9.4 1.2 77.0

19 2.1 0.36 9.7 1.16 10.5 1.33 77.7

20 16 0.26 7.3 0.80 11.2 1.39 79.9

21 13 0.21 5.9 0.63 11.2 1.36 81.6

22 0.8 0.1 3.7 0.38 11.7 1.38 83.9

23 0.0 0.0 0.0 0.0 11.6 1.30 88.4

24 4.3 0.77 20.1 2.31 0.0 0.0 75.5

25 4.2 0.75 19.2 2.25 23 0.31 74.3

26 5.1 0.93 14.9 1.79 7.4 1.0 72.6

27 2.7 0.49 12.4 1.47 11.3 1.52 73.6

28 2.6 0.47 11.7 1.39 12.7 1.72 73.0

29 4.3 0.80 11.3 1.37 12.7 1.75 71.7

30 23 0.42 10.5 1.27 14.9 2.04 72.3

31 1.8 0.32 8.2 0.96 15.7 2.08 743

32 15 0.27 6.9 0.80 16.0 2.10 75.6

33 0.7 0.1 3.4 0.38 16.9 2.12 78.9

34
35
36
37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

0.0
5.0
4.8
4.1
31
2.8
25
2.3
22
21
14
0.7
0.0
5.7
2.8
3.9
3.2
2.9
4.9
24
22
2.0
13
0.6
0.0
6.0
5.0
3.8
29
23
21
1.9
12
0.6
0.0
0.0
3.1
18
25
22
11
0.8
16
2.9
25
24
27
3.3
22

0.0

0.94
0.91
0.79
0.60
0.54
0.49
0.45
0.44
0.42
0.27
0.1

0.0

11

0.55
0.80
0.65
0.59
11

0.50
0.45
0.42
0.26
0.1

0.0

1.2

1.0

0.79
0.59
0.49
0.45
0.42
0.26
0.1

0.0

0.0

0.51
0.30
0.45
0.44
0.17
0.1

0.27
0.49
0.42
0.42
0.45
0.54
0.38

0.0
23.2
22.2
19.2
145
129
11.7
10.8
10.3

9.9

6.4

3.2

0.0
26.3
24.2
18.1
14.7
13.7
11.1
11.0
10.1

9.2

5.9

2.9

0.0
27.8
22.9
17.7
13.2
10.7

9.7

8.7

5.6

2.7

0.0

0.0
14.3

8.3
11.3
10.3

4.9

35

75
135
11.6
11.0
12.6
15.2
10.2

0.0

2.82
2.74
2.39
1.78
1.60
1.46
1.36
1.32
13

0.80
0.38
0.0

3.36
3.07
2.39
1.93
179
154
1.49
1.36
1.27
0.80
0.38
0.0

3.65
3.07
2.39
1.78
1.48
14

13

0.79
0.37
0.0

0.0

1.54
0.89
1.33
131
0.51
0.36
0.80
1.47
1.26
1.26
1.36
1.62
113

17.1
0.0
2.7
7.0

121
14.0
16.5
18.2
19.6

19.9

221

23.0

24.0
0.0
4.3

121
15.9
17.0

21.2

22.0

23.6

25.8

28.3

29.4

315
0.0
7.2

141

19.3

243

26.2

29.4

315

32.7

35.1

10.2
17
9.0

123

19.5
9.4
9.7
9.3
3.2
6.0

11.0
4.6
0.0
8.8

2.04
0.0

0.37
0.99
1.70
1.98
2.36
2.63
2.87
2.90
3.11
3.10
3.12
0.0

0.62
1.82
2.38
2.53
3.34
3.36
3.63
4.04
4.33
4.33
4.55
0.0

11

2.16
2.96
3.83
4.17
4.85
5.05
5.06
5.34
112
0.21
11

1.65
2.84
11

11

11

0.39
0.74
1.44
0.57
0.0

11

82.9
717
70.3
69.7
70.3
70.2
69.3
68.7
67.8
68.0
70.1
73.2
76.0
68.0
68.7
65.9
66.2
66.4
62.8
64.6
64.2
63.1
64.5
67.1
68.5
66.2
64.9
64.4
64.5
62.8
62.1
60.0
61.7
64.0
64.9
89.9
80.9
80.9
73.9
68.0
84.6
85.9
81.6
80.4
79.9
75.6
80.1
815
88.2
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Section 2. Solubility Isotherms

Crystallization temperature and composition of invariant points

Soln KCl NH;H,PO, KNO4 H,0 Solid Soln KCl NH,H,PO, KNO, H,0
no com@ comg com@ comg phasé no t/°C comp com@ com@ comg Solid phasB
temp=-5°C 50 -5.6 50.0 50.0 0.0 2660 AD
1 50.0 50.0 0.0 3010 A 51 -5.6 42.6 426 14.8 2520 AD
2 45.1 451 9.8 2920 A 52 —4.4 23.0 23.0 54.0 3020 AB
3 426 426 14.8 2860 A 53 +15.6 23.0 23.0 54.0 1320 &)
4 37.2 37.2 256 2400 D 54 -40 18.7 187 62.6 3420 AB
5 426 42.6 14.8 2490 D 55 +24.2 187 18.7 62.6 1090 0
6 50.0 50.0 . 00 2600 b 56 —40 20.0 20.0 60.0 3200 AB
temp=0°C 57 56 37.8 37.8 24.4 2450 AD
! 500 500 0.0 2330 D 58 +4.4 27.8 27.8 444 1770 BD
8 48.0 48.0 4.0 2300 D
9 126 126 148 180 b 59 -2.7 0.0 0.0 100.0 4940 AB
10 2o a9 62 2060 b 60 -57 31.0 31.0 38.0 2340 AB+D
11 23.0 23.0 54.0 2450 B
12 18.7 18.7 62.6 2820 B
13 175 17.5 65.0 2890 B
14 0.0 0.0 100.0 4280 B
temp=10 °C
15 50.0 50.0 0.0 1820 D
16 42.6 42,6 14.8 1825 D
17 37.0 37.0 26.0 1770 D
18 24.2 242 51.6 1570 B
19 18.7 18.7 62.6 1820 B
20 23.0 23.0 54.0 1620 B
21 13.0 13.0 74.0 2110 B
22 0.0 0.0 100.0 2720 B
temp=20 °C
23 50.0 50.0 0.0 1570 D
24 46.6 46.6 6.8 1560 D
25 42.6 426 14.8 1510 D
26 28.4 28.4 432 1360 D
27 23.0 23.0 54.0 1240 D
28 19.3 19.3 61.4 1250 B
29 18.7 18.7 62.6 1250 B
30 9.3 9.3 81.4 1530 B
31 0.0 0.0 100.0 1780 B
temp=30 °C
32 50.0 50.0 0.0 1330 D
33 42.6 42,6 14.8 1290 D
34 37.3 37.3 25.4 1240 D
35 23.0 23.0 54.0 1060 D
36 223 223 55.4 1070 D
37 18.7 18.7 62.6 1000 D
38 15.1 15.1 69.8 980 B
39 6.8 6.8 86.4 1120 B
40 0.0 0.0 100.0 1220 B
temp=35°C
41 50.0 50.0 0.0 1230 D
42 42.6 426 14.8 1200 D
43 336 336 32.8 1120 D
44 23.0 23.0 54.0 1010 D
45 18.4 18.4 60.2 950 D
46 18.7 18.7 62.6 940 D
a7 13.4 13.4 73.2 860 B
48 5.8 5.8 88.4 920 B
49 0.0 0.0 100.0 1040 B

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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The compiler has calculated the following values from the data given above

Section 3. Solubility Isotherms

Soln Kcl NH,H,PO, KNO, H,0
no 100w, m;/mol kg™t 100w; m;/mol kg™t 100w, m;/mol kg™t 100w,
1 5.9 0.92 9.0 0.92 0.0 0.0 85.1
2 5.4 0.86 8.4 0.86 1.6 0.19 84.6
3 5.2 0.83 8.0 0.83 25 0.29 84.3
4 5.2 0.86 8.1 0.86 4.9 0.59 81.8
5 5.8 0.95 9.0 0.95 2.8 0.33 824
6 6.6 1.1 10.2 1.07 0.0 0.0 83.2
7 7.3 1.2 11.2 1.19 0.0 0.0 81.6
8 7.0 1.2 10.8 1.16 0.8 0.1 81.3
9 6.5 11 10.0 1.09 3.1 0.38 80.4
10 5.1 0.86 7.8 0.86 7.8 0.98 79.3
11 3.2 0.52 4.9 0.52 10.1 1.22 81.8
12 2.3 0.37 35 0.37 10.4 1.23 83.7
13 2.1 0.34 3.2 0.34 10.6 1.25 84.0
14 0.0 0.0 0.0 0.0 11.6 1.30 88.4
15 8.8 1.5 13.6 1.53 0.0 0.0 77.6
16 75 1.3 11.6 1.30 35 0.45 77.4
17 6.6 1.2 10.3 1.163 6.3 0.82 76.8
18 4.7 0.86 7.3 0.86 13.7 1.83 74.2
19 3.3 0.57 5.0 0.57 14.8 1.91 76.8
20 4.4 0.79 6.8 0.79 14.0 1.85 74.8
21 2.0 0.34 3.1 0.34 15.6 1.95 79.2
22 0.0 0.0 0.0 0.0 17.1 2.04 82.9
23 9.9 1.8 15.2 1.77 0.0 0.0 74.9
24 9.2 1.7 14.3 1.66 1.8 0.24 74.7
25 8.6 1.6 13.3 1.57 4.1 0.54 74.0
26 6.2 1.2 9.5 1.2 12.8 1.76 715
27 53 1.0 8.2 1.0 17.0 2.42 69.4
28 4.4 0.86 6.9 0.86 19.2 273 69.5
29 4.3 0.83 6.6 0.83 19.6 2.78 69.5
30 1.8 0.34 29 0.34 21.9 2.96 73.4
31 0.0 0.0 0.0 0.0 24.0 3.12 76.0
32 11.2 2.09 17.2 2.09 0.0 0.0 716
33 9.7 1.8 17.9 1.83 4.6 0.64 70.8
34 8.7 1.7 13.4 1.67 8.0 1.14 69.8
35 59 1.2 9.2 1.2 18.9 2.83 66.0
36 57 1.2 8.8 1.2 19.3 2.88 66.2
37 5.0 1.0 7.7 1.0 22.7 3.48 64.6
38 4.1 0.86 6.3 0.86 25.6 3.96 64.0
39 1.7 0.34 2.6 0.34 28.9 4.29 66.8
40 0.0 0.0 0.0 0.0 315 4.55 68.5
41 11.8 2.26 18.2 2.26 0.0 0.0 70.0
42 10.2 1.97 15.7 1.97 4.8 0.69 69.3
43 8.4 1.7 12.9 1.67 11.1 1.63 67.5
44 6.1 1.3 9.4 1.3 19.5 2.97 64.9
45 51 11 7.9 1.1 22.8 3.52 64.1
46 5.2 1.1 8.0 1.1 23.6 3.70 63.1
47 3.9 0.87 6.1 0.87 29.1 4.73 60.9
48 1.6 0.35 25 0.35 33.6 5.34 62.3
49 0.0 0.0 0.0 0.0 351 5.34 64.9
50 6.5 1.0 10.0 1.04 0.0 0.0 83.5
51 5.8 0.94 8.9 0.94 2.7 0.33 82.6
52 2.7 0.42 4.1 0.42 8.5 0.99 84.7
53 51 0.97 7.9 0.97 16.3 2.27 70.8
54 2.0 0.30 3.0 0.30 8.9 1.0 86.2
55 4.7 0.95 7.3 0.95 215 3.19 66.5
56 2.2 0.34 33 0.34 8.8 1.01 85.7
57 5.2 0.86 8.1 0.86 4.6 0.55 82.1
58 5.0 0.87 7.7 0.87 10.8 1.39 76.5
59 0.0 0.0 0.0 0.0 10.2 1.12 89.8
60 4.5 0.74 6.9 0.74 7.4 0.90 81.2

Soln KCl NH,H,PO, KNO;, H,0 Solid
no comp comg comg comg phas8
temp=-5°C
1 75.0 25.0 0.0 3140 A
2 60.3 20.1 19.6 3100 A
3 47.6 15.9 36.5 2830 A
4 47.6 15.9 36.5 2420 B
5 60.3 20.1 19.6 2180 D
6 75.0 25.0 0.0 2500 D
temp=0 °C
7 75.0 25.0 0.0 2300 D
8 60.3 20.1 19.6 1970 D
9 47.6 15.9 36.5 2010 B
10 34.9 11.6 535 2720 B
11 15.9 53 78.8 3560 B
12 0.0 0.0 100.0 2720 B
temp=10 °C
13 75.0 25.0 0.0 1920 D
14 60.3 20.1 19.6 1670 D
15 50.5 16.8 32.7 1540 D
16 47.6 15.9 36.5 1450 D
17 34.9 11.6 53.5 1770 B
18 15.9 53 78.8 2260 B
19 0.0 0.0 100.0 2720 B
temp=20 °C
20 75.0 25.0 0.0 1650 D
21 60.3 20.1 19.6 1420 D
22 525 17.5 30.0 1310 D
23 47.6 15.9 36.5 1250 D
24 39.0 13.0 48.0 1180 B
25 34.9 11.6 53.5 1230 B
26 15.9 53 78.8 1530 B
27 0.0 0.0 100.0 1780 B
temp=30 °C
28 75.0 25.0 0.0 1430 D
29 63.0 20.1 19.6 1240 D
30 47.6 15.9 36.5 1100 D
31 37.7 12.6 49.7 940 D
32 34.9 11.6 53.5 890 D
33 30.8 10.3 58.9 940 B
34 15.9 53 78.8 1070 B
35 0.0 0.0 100.0 1220 B
temp=35 °C
36 75.0 25.0 0.0 1330 D
37 63.0 20.1 19.6 1160 D
38 47.6 15.9 36.5 1020 D
temp=35°C
39 34.9 11.6 53.5 850 D
40 30.1 10.0 57.9 800 D
41 275 9.2 63.3 840 B
42 15.9 53 78.8 920 B
43 0.0 0.0 100.0 1040 B
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Crystallization temperature and composition of invariant points

Section 4. Solubility Isotherms

Soln KCl NH;H,PO, KNO: H,0
no t/°C comg comp? com comg Solid phask
44 -6 75.0 25.0 0.0 2580 AD
45 -56 60.3 20.1 19.6 2250 AD
46 -55 47.6 15.9 36.5 2550 AB
47 +5.6 47.6 15.9 36.5 1560 8D
48 -4.2 34.9 11.6 53.5 3260 AB
49 +29.3 34.9 11.6 535 910 8D
50 —-3.2 15.9 5.3 78.8 4130 AB
51 +15.8 41.4 13.0 456 1270 D
52 -2.7 0. 0.0 100.0 4940 AB
53 —6.8 56.2 18.8 25.0 2150 AB+D
The compiler has calculated the following values from the data given above
Soln KCI NH;H,PO, KNO3 H,O
no 10Qy; m;/mol kg~ * 100w, m;/mol kg™t 100w; mi/mol kg™t 100w;
1 8.6 13 4.4 0.44 0.0 0.0 87.0
2 7.0 1.1 3.6 0.36 3.1 0.35 86.4
3 5.9 0.93 3.0 0.31 6.1 0.72 84.9
4 6.7 11 3.5 0.37 7.0 0.84 82.8
5 9.4 15 4.8 0.51 4.1 0.50 81.7
6 10.5 1.67 54 0.56 0.0 0.0 84.2
7 11.2 1.81 5.8 0.60 0.0 0.0 83.0
8 10.2 1.70 52 0.57 4.5 0.55 80.1
9 7.8 1.32 4.0 0.44 8.2 1.0 80.0
10 4.5 0.71 2.3 0.24 9.3 11 84.0
11 1.6 0.25 0.8 0.08 10.8 1.23 86.8
12 0.0 0.0 0.0 0.0 17.1 2.04 82.9
13 13.0 2.2 6.7 0.72 0.0 0.0 80.3
14 11.6 2.0 6.0 0.67 51 0.65 77.4
15 10.3 1.82 53 0.61 9.0 1.2 755
16 10.1 1.82 52 0.61 10.5 14 742
17 6.3 1.1 3.2 0.36 13.1 1.7 77.3
18 24 0.39 1.2 0.13 15.8 1.94 80.6
19 0.0 0.0 0.0 0.0 171 2.04 82.9
20 14.7 2.53 7.5 0.84 0.0 0.0 77.8
21 13.1 2.36 6.7 0.79 5.8 0.77 74.4
22 12.0 2.23 6.2 0.74 9.3 13 72.5
23 11.2 2.12 5.8 0.71 11.7 1.62 713
24 9.5 1.8 4.9 0.61 15.9 2.26 69.6
25 8.3 1.6 4.2 0.52 17.2 2.42 70.3
26 3.2 0.58 1.6 0.19 214 2.86 73.8
27 0.0 0.0 0.0 0.0 24.0 3.12 76.0
28 16.3 2.90 8.4 0.97 0.0 0.0 75.2
29 15.0 2.82 7.4 0.90 6.3 0.88 713
30 12.3 2.40 6.3 0.80 12.9 1.84 68.6
31 10.7 2.23 55 0.74 19.2 2.94 64.6
32 10.3 2.18 53 0.72 213 3.34 63.1
33 8.7 1.8 45 0.61 226 3.48 64.2
34 4.1 0.83 21 0.28 275 4.09 66.3
35 0.0 0.0 0.0 0.0 315 4.55 68.5
36 17.3 3.13 8.9 1.0 0.0 0.0 73.9
37 15.7 3.02 7.7 0.96 6.6 0.94 69.9
38 12.9 2.59 6.7 0.87 13.5 1.99 66.9
39 10.6 2.28 5.4 0.76 21.9 3.50 62.1
40 9.5 2.09 4.9 0.69 248 4.02 60.9
41 8.3 1.82 4.3 0.61 26.0 4.19 61.4
42 45 0.96 2.3 0.32 30.3 4.76 62.9
43 0.0 0.0 0.0 0.0 35.1 5.34 64.9
44 10.2 1.61 52 0.54 0.0 0.0 84.6
45 9.1 1.5 4.7 0.50 4.0 0.48 82.2
46 6.5 1.0 3.3 0.35 6.7 0.80 83.5
47 9.6 1.7 4.9 0.57 9.9 1.3 75.6
48 3.8 0.59 2.0 0.20 8.0 0.91 86.3
49 10.1 2.13 5.2 0.71 21.0 3.27 63.7
50 14 0.21 0.7 0.07 9.5 11 88.4
51 9.6 1.8 4.7 0.57 14.4 2.0 71.3
52 0.0 0.0 0.0 0.0 10.2 1.12 89.8
53 8.8 15 45 0.49 5.3 0.65 81.3

Soln KCl NH,H,PO, KNO3 H,0
no comg@ comg? comp com@ Solid phasB
temp=-10°C
1 96.0 4.0 0.0 1750 A
2 90.0 3.7 6.3 1630 A
3 90.0 3.7 6.3 1510 E
4 96.0 4.0 0.0 1620 E
temp=—5°C
5 96.0 4.0 0.0 3320 A
6 90.0 3.7 6.3 3260 A
7 80.7 33 16.0 3190 A
8 65.6 2.7 31.7 2870 A
9 65.6 2.7 317 2450 B
10 80.7 33 16.0 1300 B
11 90.0 3.7 6.3 1410 E
12 96.0 4.0 0.0 1520 E
temp=0 °C
13 96.0 4.0 0.0 1430 E
14 90.0 3.7 6.3 1320 E
15 80.7 3.3 16.0 1180 E
16 65.6 2.7 31.7 1920 B
17 425 19 55.6 2950 B
18 22.1 1.0 76.9 3730 B
19 0.0 0.0 100.0 4280 B
temp=10 °C
20 96.0 4.0 0.0 1260 E
21 90.0 3.7 6.3 1180 E
22 80.7 3.3 16.0 1070 E
23 74.6 3.1 223 980 E
24 65.0 2.7 317 1240 B
25 425 2.8 55.7 1880 B
26 221 1.0 76.9 2300 B
27 0.0 0.0 100.0 2720 B
temp=20 °C
28 96.0 4.0 0.0 1150 F
29 90.0 3.7 6.3 1080 F
30 80.7 3.3 16.0 980 F
31 67.3 2.8 29.9 890 B
32 65.6 2.7 317 920 B
33 42.5 1.8 55.7 1310 B
34 221 1.0 76.9 1550 B
35 0.0 0.0 100.0 1780 B
temp=30 °C
36 96.0 4.0 0.0 1060 F
37 90.0 3.7 6.3 990 F
38 80.7 33 16.0 890 F
39 65.6 2.7 317 750 F
40 42.5 1.8 55.7 980 B
41 221 1.0 76.9 1100 B
42 58.9 2.4 38.7 880 B
43 0.0 0.0 100.0 1040 B
temp=35 °C
44 96.0 4.0 0.0 1020 F
45 90.0 3.7 6.3 940 F
46 80.7 3.3 16.0 860 F
47 65.6 2.7 31.7 720 F
48 425 19 55.7 790 B
49 22.1 1.0 76.9 940 B
50 54.3 2.3 43.4 720 B
51 0.0 0.0 100.0 1040 B

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Crystallization temperature and composition of invariant points

The compiler has calculated the following values from the data given above

Soln KCl NH,H,PO, KNO, H,0

no t/°C comp' comg comp? com@d Solid phask
52 —10.8 96.0 4.0 0.0 1650 AE
53 +10.0 96.0 4.0 0.0 1260 R=a
54 -10.9 90.0 3.7 6.7 1550 AE
55 +10.0 90.0 3.7 6.7 1180 £F
56 -9.9 80.7 33 16.0 1720 AB
57 —4.6 80.7 3.3 16.0 1250 BE
58 —-3.8 425 1.8 55.7 3560 AB
59 —5.7 65.6 2.7 31.7 2530 AB
60 +25.4 65.6 2.7 31.7 780 BF
61 -3.2 22.1 1.0 76.9 4320 AB
62 +10.0 80.7 3.3 16.0 1070 H
63 +9.0 84.1 35 12.4 1110 E=a
64 +10.0 74.6 3.1 22.3 980 BF
65 2.7 0.0 0.0 100.0 4940 AB
66 -11.2 83.7 35 12.8 1400 AB+F
67 +10.0 76.5 2.0 215 1070 BE+F

Soln KCl NH,H,PO, KNO; H,0
no 10Qw; mi/mol kg™* 100w, mi/mol kg™* 100w, mi/mol kg~* 100w;
1 18.3 3.05 1.1 0.13 0.0 0.0 80.5
2 18.1 3.07 11 0.13 17 0.21 79.1
3 19.2 3.31 12 0.14 18 0.23 77.8
4 19.5 3.29 13 0.14 0.0 0.0 79.2
5 10.6 1.61 0.7 0.07 0.0 0.0 88.7
6 10.1 1.53 0.6 0.06 1.0 0.11 88.3
7 9.2 1.4 0.6 0.06 2.5 0.28 87.8
8 8.1 1.3 0.5 0.05 53 0.61 86.0
9 9.3 1.5 0.6 0.06 6.1 0.72 84.0
10 19.2 3.45 1.2 0.14 5.1 0.68 74.5
11 20.2 3.55 1.3 0.15 1.9 0.25 76.6
12 20.5 3.51 1.3 0.15 0.0 0.0 78.2
13 215 3.73 1.4 0.16 0.0 0.0 77.2
14 213 3.79 1.3 0.16 2.0 0.27 75.3
15 20.6 3.80 1.3 0.16 55 0.75 72.4
16 11.4 1.90 0.7 0.08 7.5 0.92 80.4
17 5.1 0.80 0.4 0.04 9.1 1.0 85.5
18 2.1 0.33 0.2 0.01 10.1 1.15 87.6
19 0.0 0.0 0.0 0.0 11.6 1.30 88.4
20 23.6 4.23 15 0.18 0.0 0.0 74.9
21 23.1 4.24 15 0.17 2.2 0.30 73.2
22 221 4.19 1.4 0.17 59 0.83 70.6
23 215 4.23 14 0.18 8.7 1.3 68.3
24 15.8 291 1.0 0.12 10.4 1.42 727
25 7.4 1.26 0.7 0.08 13.1 1.65 78.8
26 3.2 0.53 0.2 0.02 15.3 1.86 81.3
27 0.0 0.0 0.0 0.0 17.1 2.04 82.9
28 25.3 4.64 1.6 0.19 0.0 0.0 73.1
29 24.7 4.63 1.6 0.19 2.3 0.32 71.4
30 235 4.57 15 0.19 6.3 0.91 68.8
31 20.6 4.20 1.3 0.17 12.4 1.87 65.7
32 19.6 3.96 1.2 0.16 12.8 1.91 66.3
33 9.7 18 0.6 0.08 17.3 2.36 724
34 4.4 0.79 0.3 0.04 20.8 2.76 74.5
35 0.0 0.0 0.0 0.0 24.0 3.12 76.0
36 26.8 5.03 1.7 0.21 0.0 0.0 715
37 26.2 5.05 1.7 0.21 25 0.35 69.6
38 25.0 5.04 1.6 0.21 6.7 1.0 66.7
39 22.3 4.86 14 0.20 14.6 2.35 61.6
40 11.9 241 0.8 0.10 21.1 3.16 66.2
41 5.6 1.12 0.4 0.05 26.5 3.88 67.5
42 18.0 3.72 1.1 0.15 16.0 2.44 64.9
43 0.0 0.0 0.0 0.0 315 4.55 68.5
44 27.6 5.23 1.8 0.22 0.0 0.0 70.7
45 27.7 5.32 1.7 0.22 2.6 0.37 68.5
46 25.6 5.21 1.6 0.21 6.9 1.03 65.9
47 229 5.06 15 0.21 15.0 2.45 60.7
48 13.6 2.99 0.9 0.1 24.2 3.92 61.2
49 6.2 1.31 0.4 0.06 29.4 4.54 64.0
50 18.7 4.19 1.2 0.18 20.2 3.35 59.8
51 0.0 0.0 0.0 0.0 35.1 5.34 64.8
52 19.2 3.23 1.2 0.13 0.0 0.0 79.6
53 23.6 4.23 1.5 0.18 0.0 0.0 74.9
54 18.8 3.23 1.2 0.13 1.9 0.24 78.1
55 23.1 4.24 1.5 0.17 2.3 0.32 73.1
56 15.4 2.61 1.0 0.11 4.2 0.52 79.4
57 19.7 3.59 1.2 0.15 53 0.71 73.7
58 4.3 0.66 0.3 0.03 7.7 0.87 87.7
59 9.1 14 0.6 0.06 5.9 0.70 84.4
60 218 4.67 1.4 0.19 14.3 2.26 62.5
61 1.9 0.28 0.1 0.01 8.9 0.99 89.1
62 22.1 4.19 1.4 0.17 5.9 0.83 70.6
63 225 4.21 1.4 0.18 4.5 0.62 71.6
64 215 4.23 1.4 0.18 8.7 1.26 68.3
65 0.0 0.0 0.0 0.0 10.2 1.12 89.8
66 18.8 3.32 1.2 0.14 3.9 0.51 76.0
67 20.8 3.97 0.8 0.1 7.9 1.12 70.4
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Section 5. Solubility Isotherms

Crystallization temperature and composition of invariant points

Soln KCl NH,;H,PO, KNO4 H,0 Solid
no com@ comgd com@ comg phas&
temp=-10°C
1 100.0 0.0 0.0 1750 A
2 90.9 5.4 3.7 1690 A
3 90.9 5.4 3.7 1610 E
4 100.0 0.0 0.0 1660 E
temp=-5°C
5 100.0 0.0 0.0 3430 A
6 90.9 5.4 3.7 3390 A
7 69.6 18.2 12.2 3180 A
8 57.8 25.4 16.8 3040 A
9 239 457 30.4 2740 A
10 0.0 60.0 40.0 2680 A
11 0.0 60.0 40.0 2060 D
12 239 457 30.4 2330 D
13 57.8 254 16.8 2330 D
14 83.2 16.1 10.7 1750 D
15 90.9 5.4 3.7 1480 D
16 100.0 0.0 0.0 1580 D
temp=0°C
17 100.0 0.0 0.0 1500 E
18 90.9 5.4 3.7 1370 E
19 88.1 7.1 4.8 1370 D
20 85.2 14.9 9.9 1540 D
21 57.8 254 16.8 2130 D
22 23.9 45.7 30.4 2100 D
23 0.0 60.0 40.0 1870 D
temp=10 °C
24 100.0 0.0 0.0 1350 E
25 90.9 5.4 3.7 1210 F
26 88.3 13.0 7.7 1220 F
27 85.4 8.8 5.8 1330 D
28 57.8 254 16.8 1790 D
29 23.9 45.7 30.4 1740 D
30 13.5 519 34.6 1570 D
31 0.0 60.0 40.0 1560 D
temp=20 °C
32 100.0 0.0 0.0 1200 E
33 90.9 5.4 3.7 1110 F
34 89.6 12.2 8.2 1090 F
35 82.3 10.6 7.1 1280 D
36 57.8 25.4 16.8 1530 D
37 239 457 30.4 1440 D
38 22.0 46.8 31.2 1420 D
39 0.0 60.0 10.0 1320 D
temp=30 °C
40 100.0 0.0 0.0 1110 F
41 90.9 5.4 3.7 1020 F
42 87.0 7.8 5.2 1020 D
43 77.1 13.7 9.2 1200 D
44 57.8 254 16.8 1320 D
45 30.0 42.0 28.0 1280 D
46 239 457 30.4 1210 D
47 0.0 60.0 40.0 1110 D
temp=35°C
48 100.0 0.0 0.0 1070 F
49 90.9 5.4 3.7 970 F
50 85.5 8.7 5.8 1010 D
51 74.1 15.5 10.4 1150 D
52 57.8 25.4 16.8 1240 D
53 35.0 39.0 26.0 1180 D
54 23.9 45.7 30.4 1100 D
55 0.0 60.0 40.0 1010 D

Soln KCl NH,H,PO, KNO, H,O

no t/°C comp com@ com@ comg Solid phasB
56 —6.4 0.0 60.0 40.0 2120 AD
57 54 239 457 30.4 2330 AD
58 -6.3 57.8 25.4 16.8 2400 AD
59 —8.6 81.6 17.0 11.4 1910 BF
60 +13.0 89.0 12.6 8.4 1150 BF
61 —10.6 90.9 5.4 3.7 1610 AE
62 +8.2 90.9 5.4 3.7 1230 EF
63 -3.1 88.6 6.8 4.6 1380 BE
64 +24.0 88.7 6.8 4.5 1050 BF
65 —-11.2 88.5 6.9 4.6 1600 AD+E
66 +7.5 88.8 6.7 4.5 1240 DE+F

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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The compiler has calculated the following values from the data given above

Section 6. Solubility Isotherms

Soln KCl NH,H,PO, KNO, H,0
no 100w, m;/mol kg™t 100w; mi/mol kg™* 100w, mi/mol kg™! 100w,
1 19.1 3.17 0.0 0.0 0.0 0.0 80.9
2 17.7 2.99 1.6 0.18 1.0 0.12 79.6
3 18.4 3.14 17 0.19 1.0 0.13 78.9
4 20.0 3.35 0.0 0.0 0.0 0.0 80.0
5 10.8 1.62 0.0 0.0 0.0 0.0 89.2
6 9.9 15 0.9 0.09 0.5 0.06 88.7
7 7.9 1.2 3.2 0.32 1.9 0.21 87.0
8 6.8 1.1 4.6 0.46 2.7 0.31 85.9
9 3.0 0.48 8.8 0.93 5.2 0.62 83.0
10 0.0 0.0 11.7 1.24 6.8 0.83 81.5
11 0.0 0.0 14.4 0.62 8.4 11 77.2
12 3.4 0.57 10.1 1.09 59 0.72 80.6
13 8.5 1.4 5.7 0.61 33 0.40 824
14 15.3 2.64 4.6 0.51 2.7 0.34 77.5
15 19.7 3.41 1.8 0.20 1.1 0.14 77.4
16 20.8 3.52 0.0 0.0 0.0 0.0 79.2
17 21.6 3.70 0.0 0.0 0.0 0.0 78.4
18 20.9 3.69 1.9 0.22 1.2 0.15 76.0
19 20.2 3.57 25 0.29 1.5 0.19 75.8
20 17.3 3.07 4.7 0.54 2.7 0.36 75.3
21 9.1 15 6.2 0.66 3.6 0.44 811
22 3.7 0.63 11.0 1.21 6.4 0.80 78.9
23 0.0 0.0 155 1.78 9.1 12 75.4
24 235 4.12 0.0 0.0 0.0 0.0 76.5
25 22.9 4.17 2.1 0.25 1.3 0.17 73.7
26 21.4 4.02 4.9 0.59 25 0.35 71.2
27 20.0 3.57 3.2 0.37 1.8 0.24 75.0
28 10.5 1.79 7.1 0.79 4.1 0.52 78.3
29 4.3 0.76 12.7 1.46 7.4 0.97 75.6
30 2.6 0.48 15.4 1.84 9.0 1.22 73.0
31 0.0 0.0 17.7 2.14 10.4 1.42 719
32 25.7 4.63 0.0 0.0 0.0 0.0 74.3
33 24.4 4.55 2.2 0.27 13 0.19 719
34 23.4 4.92 4.9 0.56 29 0.42 68.8
35 19.7 3.57 3.9 0.46 2.3 0.31 74.1
36 11.8 2.10 8.0 0.92 4.7 0.61 75.5
37 4.9 0.92 14.6 1.76 8.5 1.2 71.9
38 4.6 0.86 15.1 1.83 8.8 1.2 715
39 0.0 0.0 19.9 2.53 11.7 1.68 68.4
40 27.2 5.00 0.0 0.0 0.0 0.0 72.8
41 259 4.95 24 0.29 14 0.20 70.3
42 24.7 4.74 3.4 0.42 2.0 0.28 69.9
43 19.3 3.57 53 0.63 3.1 0.43 723
44 13.2 2.43 8.9 1.07 5.2 0.71 727
45 6.8 1.30 14.7 1.82 8.6 1.22 69.9
46 5.6 1.10 16.5 2.10 9.6 1.40 68.3
47 0.0 0.0 22.3 3.00 13.1 2.00 64.6
48 27.9 5.19 0.0 0.0 0.0 0.0 72.1
49 26.9 5.21 25 0.31 15 0.21 69.1
50 24.4 4.70 3.8 0.48 2.2 0.32 69.6
51 19.0 3.58 6.1 0.75 3.6 0.50 712
52 13.8 2.59 9.3 1.1 5.4 0.75 715
53 8.4 1.6 14.5 1.84 8.5 1.2 68.6
54 6.0 1.2 17.6 231 10.3 1.54 66.1
55 0.0 0.0 23.7 3.30 13.9 2.20 62.4
56 0.0 0.0 14.1 1.57 8.2 1.05 7.7
57 3.4 0.57 10.1 1.09 59 0.72 80.6
58 8.3 1.3 5.6 0.59 3.3 0.39 82.8
59 14.0 2.37 4.5 0.49 2.6 0.33 78.9
60 22.4 4.30 4.9 0.61 2.9 0.41 69.8
61 18.4 3.14 1.7 0.19 1.0 0.13 78.9
62 22.7 411 2.1 0.24 1.2 0.17 74.0
63 20.2 3.57 24 0.27 1.4 0.19 76.0
64 24.7 4.69 29 0.36 1.7 0.24 70.7
65 18.0 3.07 2.2 0.24 13 0.16 78.6
66 219 3.98 2.6 0.30 15 0.20 74.0

Soln KCl NH;H,PO, KNO; H,0 Solid
no comp comg? comg comp? phasé
temp=-5°C
1 46.4 19.6 34.0 3020 A
2 38.5 33.2 28.3 2860 A
3 26.8 535 19.7 2960 A
4 17.6 69.4 13.0 2810 A
5 14.5 74.9 10.6 2680 A
6 213 63.0 15.7 2280 D
7 26.8 535 19.7 2320 D
8 48.7 15.7 35.6 2410 B
temp=0 °C
9 57.6 0.0 42.4 2360 B
10 49.9 135 36.6 2040 B
11 38.5 33.2 28.3 2170 D
12 26.9 53.5 19.6 2100 D
13 24.8 56.9 18.3 2060 D
14 145 74.9 10.6 2280 D
15 47.0 18.5 345 1890 D
16 0.0 100.0 0.0 2810 D
temp=10 °C
17 57.6 0.0 42.4 1610 B
18 42.2 26.8 31.0 1700 D
19 52.3 9.3 38.4 1420 B
20 38.5 33.2 28.3 1770 D
21 30.2 47.7 29.1 1730 D
22 26.9 53.5 19.7 1730 D
23 14.5 74.9 10.6 1830 D
24 0.0 100.0 0.0 2250 D
temp=20 °C
25 57.6 0.0 42.4 1140 B
26 53.8 6.6 39.6 1012 B
27 48.8 15.0 35.2 1210 D
28 38.5 33.2 28.3 1480 D
29 36.7 36.4 26.9 1480 D
30 34.2 40.7 25.1 1470 D
31 26.9 53.5 19.6 1460 D
32 14.5 74.9 10.6 1460 D
33 0.0 100.0 0.0 1790 D
temp=30 °C
34 57.6 0.0 424 810 B
35 54.7 5.0 40.3 760 B
36 53.1 79 39.0 890 D
37 46.4 19.5 34.1 1150 D
38 375 35.0 275 1270 D
39 31.2 45.9 229 1260 D
40 26.8 53.5 19.7 1210 D
41 14.5 74.9 10.6 1190 D
4 0.0 100.0 0.0 1480 D
temp=35 °C
43 57.6 0.0 42.3 710 B
44 55.1 4.3 40.6 660 B
45 52.2 9.4 38.4 880 D
46 44.8 22.3 32.9 1110 D
47 38.8 32.7 285 1180 D
48 28.4 50.7 20.9 1150 D
49 26.9 53.4 19.7 1090 D
50 14.5 74.9 10.6 1080 D
51¢ 0.0 100.0 0.0 1310 D
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Crystallization temperature and composition of invariant points

The compiler has calculated the following values from the data given above

Soln Kl NH,H,PO, KNO, H,0 Solid
no t/°C comp com@ comg? comp? phasé
52 —4.3 57.6 0.0 42.4 2740 AB
53 57 38.5 33.2 28.3 2440 AD
54 -6.0 26.8 53.5 19.7 2400 AD
55 -5.3 14.5 74.9 10.6 2490 AD
56 +0.1 47.0 18.4 34.6 1900 8D
57 +13.0 50.2 12.8 37.0 1250 8D
58 +24.6 54.0 6.3 39.7 900 BD
59 -6.0 48.4 16.1 35.5 2480 AB
60 57 20.8 63.5 15.7 2300 AD
61 -7 44.2 233 325 2360 AB+D

Soln Kcl NH,H,PO, KNO; H,0

no 10Qw; m;/mol kg~! 100w; m;/mol kg~* 100w; m;/mol kg~ * 100w;
1 5.4 0.85 3.5 0.36 5.4 0.63 85.6
2 4.7 0.75 6.3 0.64 4.7 0.55 84.3
3 3.2 0.50 9.7 1.0 3.1 0.37 84.0
4 2.1 0.35 13.0 1.37 2.1 0.26 82.7
5 18 0.30 14.6 1.55 18 0.22 81.8
6 3.1 0.52 141 1.54 3.1 0.38 79.7
7 3.8 0.64 11.9 1.28 3.8 0.47 80.5
8 6.9 11 3.4 0.36 6.9 0.82 82.8
9 8.4 14 0.0 0.0 8.4 1.0 83.2
10 8.1 1.4 3.4 0.37 8.1 1.0 80.4
11 5.9 0.99 7.9 0.85 5.9 0.72 80.3
12 4.2 0.71 12.8 1.42 4.1 0.52 78.8
13 3.9 0.67 13.8 1.53 3.9 0.49 78.4
14 21 0.35 16.6 1.83 2.1 0.26 79.2
15 8.1 1.4 4.9 0.54 8.1 1.01 78.9
16 0.0 0.0 18.5 1.98 0.0 0.0 815
17 11.4 1.99 0.0 0.0 11.4 1.46 77.2
18 7.9 1.4 7.7 0.88 7.8 1.01 76.6
19 11.3 2.05 3.1 0.36 11.3 1.50 74.3
20 6.9 12 9.2 1.0 6.9 0.89 76.9
21 5.4 0.97 13.1 1.53 7.0 0.93 74.5
22 4.9 0.86 14.9 1.72 4.8 0.63 75.4
23 25 0.44 19.7 2.27 25 0.32 75.3
24 0.0 0.0 221 2.47 0.0 0.0 77.9
25 14.8 2.81 0.0 0.0 14.7 2.07 70.5
26 14.9 2.95 2.8 0.36 14.8 2.17 67.5
27 11.9 2.24 5.6 0.69 11.6 1.62 70.9
28 7.9 1.4 10.6 1.25 7.9 1.1 73.6
29 7.5 14 11.5 1.37 7.5 1.0 73.4
30 7.0 1.3 12.9 1.54 7.0 0.95 73.0
31 5.5 1.0 16.9 2.04 5.4 0.75 72.2
32 2.9 0.55 233 2.85 29 0.40 70.9
33 0.0 0.0 26.3 3.10 0.0 0.0 73.7
34 18.5 3.95 0.0 0.0 18.5 291 62.9
35 18.2 4.00 2.6 0.37 18.2 2.95 61.0
36 15.9 3.31 3.7 0.49 15.9 2.43 64.5
37 11.6 2.24 7.5 0.94 11.6 1.65 69.3
38 8.6 16 12.4 1.53 8.6 12 70.4
39 7.1 1.4 16.2 2.02 7.1 1.0 69.6
40 6.3 1.2 19.3 2.46 6.2 0.90 68.2
41 3.4 0.68 26.8 3.50 3.3 0.49 66.5
42 0.0 0.0 30.2 3.75 0.0 0.0 69.8
43 20.1 4.51 0.0 0.0 20.0 3.31 59.9
44 20.0 4.64 2.4 0.36 19.9 3.42 57.7
45 15.8 3.30 4.4 0.59 15.7 2.42 64.1
46 11.4 2.24 8.8 1.12 11.4 1.65 68.4
47 9.4 18 12.2 1.54 9.4 13 69.0
48 6.9 1.4 19.0 2.45 6.9 1.0 67.2
49 6.7 1.4 20.6 2.72 6.7 1.0 65.9
50 3.6 0.75 28.5 3.85 3.5 0.55 64.4
51 0.0 0.0 32.8 4.24 0.0 0.0 67.2
52 7.4 1.2 0.0 0.0 7.4 0.86 85.2
53 5.4 0.88 7.1 0.76 5.4 0.64 82.1
54 3.7 0.62 11.5 1.24 3.7 0.46 81.0
55 1.9 0.32 15.5 1.67 1.9 0.24 80.6
56 8.1 1.37 4.9 0.54 8.1 1.0 78.9
57 11.9 2.23 4.7 0.57 11.9 1.64 715
58 16.1 3.33 2.9 0.39 16.1 2.45 64.9
59 6.7 11 3.4 0.36 6.7 0.80 83.1
60 3.0 0.50 141 1.53 3.1 0.38 79.8
61 6.4 1.0 5.2 0.55 6.4 0.77 82.0

&The composition unit is: mol/200 mol of solute.

"The solid phases are:=Aice; B=KNOjz; C=(K,NH,)H,POy; D= (NH,4,K)H,PO,; E= a-(NH,, K)Cl; F=B-(NHy4,K)CI.

°NH4H,PQ, is the equilibrium solid phase for these solutidnsmpilep.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Compiler's Comment: The authors do not discuss the difference between solid phases C and D. Very likely these phases are identical
and should be understood as “solid solution.”

Components Original Measurements:
Part 2. Composition of solutions saturated simultaneously with KNBH,,K)CI and (NH,,K)HPO, (1) Ammonium dihydrogenphosphate; yH,PO;; M. E. Pozin, B. A. Kopylev, and N. K. Shilling, Zh. Prikl. Khim.
[7722-76-1 (Leningrad 37, 2341-8(1964.
Soln KCl NH;H,PO, KNO3 H,O (2) Ammonium nitrate; NHNO3; [6484-52-2
no t/°C comp comg com@ comg (3) Ammonium chloride; NHCI; [12125-02-9
(4) Potassium dihydrogenphosphate; #30,; [7778-77-Q
1 -5.0 82,5 5.0 125 1400 (5) Potassium nitrate; KNQ [7757-79-1
2 0.0 725 70 205 1150 (6) Potassium chloride; KC[7747-40-1
3 10.0 71.0 6.0 23.0 920 (7) Water; HO; [7732-18-9
4 200 67.0 6.5 265 770 Variables: Prepared By:
5 300 62.0 4.0 340 700 Composition at 15 and 25 °C. J. Eysseftova

aThe composition unit is: mol/100 mol of solute.
Experimental Data

The compiler has calculated the following values from the data given above Part 1. The authors present their solubility isotherms in the following form: Solubility in thgHNPIO,—NH,NO;—H,0 system
Soln el NHH,PO, KNO, H,0 Soln Solute NHNO; NH,H,PO, KCl N P,0s K,0
no 10Qw; m;/mol kg~! 100w; m;/mol kg! 100w; m;/mol kg™* 100w; no 106w, comg’ comg comif comi? comg’ comg’
temp=15°C

1 185 8.21 L7 020 38 0.50 759 1 32 34.00 17.00 49.00 25.30 19.00 55.70
2 187 3.50 28 0.34 7.2 0.99 714 2 32 52.35 26.15 21.50 42.00 31.50 26.50
3 213 4.29 28 0.36 9.4 14 66.6 3 30 62.00 31.00 7.00 51.00 38.00 11.00
4 224 4.83 3.4 0.47 12.0 1.91 62.2 4 30 42.80 34.20 23.00 35.00 38.50 26.50
5 219 4.92 2.2 0.32 16.3 2.70 59.6 5 30 35.00 35.00 30.00 29.00 37.90 33.10
6 30 28.25 28.25 43.50 22.90 30.00 47.10
. X 7 30 30.55 24.45 45.00 23.80 26.40 49.80
Auxiliary Information 8 28 49.70 39.80 10.50 41.65 45.95 12.50
. . 9 28 41.75 51.75 16.50 35.30 46.10 18.60

Met.hod /ApparatU§ / Procedure: Sour0§ and PL{nty.of Materlals: 10 28 2785 4465 2750 25,40 45.80 28.8

A visual polythermic method was used. No information is given. 11 28 24.20 38.80 37.00 22.00 39.50 385
12 28 23.00 23.00 54.00 18.40 24.10 57.50
Estimated Error: 13 28 20.55 16.45 63.00 16.50 17.00 66.50
No information is given. 14 28 16.68 13.32 70.00 12.50 13.75 73.75
15 28 11.25 11.25 77.50 8.70 11.30 80.00
16 25 36.50 58.50 5.00 31.20 56.40 12.40
17 25 23.80 63.20 13.00 25.50 61.60 13.00
18 25 15.30 40.70 44.00 16.10 39.00 44.90
19 25 15.20 24.30 60.50 13.50 24.50 62.00

temp=25°C

20 34 61.00 30.50 8.50 51.0 38.00 11.00
21 34 33.00 33.00 34.00 27.15 35.55 37.30
22 34 32.00 32.00 36.00 26.25 34.25 39.50
23 34 30.55 24.75 44.50 24.05 27.95 48.00
24 32 27.25 37.75 25.00 39.20 43.20 17.60
25 32 42.50 42.50 15.00 36.00 47.00 17.00
26 32 26.00 41.50 32.50 24.05 42.25 39.70
27 32 26.00 26.00 48.00 21.00 27.40 51.60
28 32 26.13 20.85 53.00 20.20 22.10 57.70

29 30 46.25 46.25 7.50 39.66 51.78 8.56
30 30 33.80 54.20 12.00 31.00 56.30 12.70
31 30 20.50 54.25 25.00 21.70 53.70 24.60
32 30 18.00 48.00 34.00 19.20 46.80 34.00
33 30 21.90 35.10 43.00 19.70 35.70 44.60
34 30 22.50 22.50 50.00 18.00 23.50 58.50
35 28 24.50 65.00 10.50 26.00 63.50 10.50
36 28 15.50 41.50 43.00 16.60 40.40 43.00
37 28 16.35 26.15 57.50 14.50 26.30 59.20

2The composition unit is g/100 g of solute.
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Part 2. The compiler has calculated the following solubility values from the data in Part 1

Soln NH,NO, NH,H,PO, KCl H,0

Components Original Measurements:
no 10w, my/mol kg™* 100w, my/mol kg~* 100w; my/mol kg™* 100w, (1) Ammonium dihydrogenphosphate; H,POy; M. E. Pozin, B. A. Kopylev, and N. K. Shilling, Izv. Vissh.
[7722-76-1 Ucheb. Zaved., Khim. Khim. Tekhno8, 883-8(1965.
1 10.88 2.00 5.44 0.70 15.68 3.09 68.00 (2) Ammonium nitrate; NHNO;; [6484-52-3
2 16.75 3.08 8.37 1.07 6.88 1.36 68.00 (3) Ammonium chloride; NHCI; [12125-02-9
3 18.60 3.32 9.30 1.15 2.10 0.40 70.00 (4) Potassium dihydrogenphosphate; $®;; [7778-77-Q
4 12.84 2.29 10.26 127 6.90 132 70.00 (5) Potassium nitrate; KN [7757-79-1
5 1050 1.87 1050 1.30 9.00 172 70.00 ES; 5\22;?';%f?;?gi;gﬁwn"lo']
6 8.48 151 8.48 1.05 13.05 2.50 70.00
7 9.17 1.64 7.34 0.91 13.50 2.59 70.00 Variables: Prepared By:
8 13.92 2.41 11.14 1.35 2.94 0.55 72.00 Composition at 15 °C. J. Eysselfova
9 11.69 2.03 14.49 1.75 4.62 0.86 72.00
10 7.80 1.35 12.50 151 7.70 1.43 72.00 Experimental Data
1 6.78 118 10.86 131 10.36 1.93 72.00 Supersaturation in the Nfi,PO;—NH,NO;—KCI-H,0 system at 15 °C
12 6.44 112 6.44 0.78 15.12 2.82 72.00 Part 1. The authors’ data:
13 5.75 1.00 461 0.56 17.64 3.29 72.00
14 4.67 0.81 3.73 0.45 19.60 3.65 72.00 Point NH;NO; NH,4H,PO, Kcl Total nutrition Solid
15 3.15 0.55 3.15 0.38 21.70 4.04 72.00 No. >a Comﬁ’ comﬁ’ (;()mdJ solute soln phaSe
16 9.13 1.52 14.63 1.70 1.25 0.22 75.00
17 5.95 0.99 15.80 1.83 3.25 0.58 75.00 1 32 41 41 18 55.93 17.9 A
18 3.83 0.64 10.18 1.18 11.00 1.97 75.00 2 32 17 17 66 60.12 19.25 B
19 3.80 0.63 6.08 0.70 15.13 2.70 75.00 3 32 28.8 46.2 25 59.93 19.1 A
20 20.74 3.93 10.37 1.37 2.89 0.59 66.00 4 32 24.2 38.8 37 60.46 19.3 B
21 11.22 212 11.22 1.48 11.56 2.35 66.00 5 32 19.2 50.8 30 63.11 20.2 +8
22 10.88 2.06 10.88 1.43 12.24 2.49 66.00 6 30 33.8 54.2 12 59.51 17.85 A
23 10.39 1.97 8.42 111 15.13 3.07 66.00 7 30 17.3 27.7 55 61.18 18.35 c
24 8.72 1.60 12.08 1.54 8.00 1.58 68.00 8 30 23.8 63.2 13 63.23 18.95 A
25 13.60 2.50 13.60 1.74 4.80 0.95 68.00 9 30 15.9 421 42 63.10 18.93 c
26 8.32 1.53 13.28 1.70 10.40 2.05 68.00 10 28 35 56 9 58.29 16.30 A
27 8.32 1.53 8.32 1.06 15.36 3.03 68.00 1 28 7 12.3 80 62.18 174 C
28 8.36 1.54 6.67 0.85 16.96 3.35 68.00 12 28 27.25 72.25 0.5 63.17 1.7 A
29 13.88 2.48 13.88 172 2.25 0.43 70.00 13 28 13.7 36.3 50 63.13 17.65 c
30 10.14 1.81 16.26 2.02 3.60 0.69 70.00 —
This is the total solute 10Q value.
31 6.15 110 16.28 2.02 750 144 70.00 "The composition unit is: 100; of solute.
32 5.40 0.96 14.40 1.79 10.20 1.95 70.00 °The solid phases are:-ANH,H,PO,; B=KNOs; C=KH,PO,.
33 6.57 117 10.53 1.31 12.90 2.47 70.00
34 6.75 1.20 6.75 0.84 15.00 2.87 70.00
35 6.86 1.19 18.20 2.20 2.94 0.55 72.00
36 4.34 0.75 11.62 1.40 12.04 2.24 72.00
37 458 0.79 7.32 0.88 16.10 3.00 72.00

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A polythermic method was usédBecause of the tendency for Chemically pure salts were recrystallized two or three times
supersaturation, the temperature of disappearance of the last before use.

crystal was observed. The experiments were performed in 250

ml glass vessels. The solutions were stirred at 900-1200 'PM-Eqtimated Error:

The speed of heating was 1 deg/min. The compiler assumes .\ (alative error of the experiments was specified as

:Z:Lrge isotherms were derived graphically from experimental 1.6%. The reproducibility of temperature measurements was
0.25 K.

References:

IA. G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskiye
Osnovy lzucheniya i Ispol'’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSRL95]).

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Part 2. The compiler has calculated the following solubility values from the data in Part 1

Point NH,NO; NH,H,PO, Kel H,0 Components Original Measurements:
no. 106w, my/mol kg~ ! 100w, my/mol kg~ ! 100w, mi/mol kg~* 100w; (1) Ammonium dihydrogenphosphate; H,POy; A. M. Babenko and A. M. Andrianov, Zh. Neorg. Khin29,
[7722-76-1 1578-82(1984.
1 131 2.41 131 1.68 5.8 11 68 (2) Diammonium thiosulfate{NH,) ,S,05; [7783-18-8
2 5.4 1.0 5.4 0.70 21.1 4.2 68 (3) Potassium dihydrogenphosphate; #30,; [7778-77-Q
3 9.2 1.7 14.8 1.89 8.0 1.7 68 (4) Dipotassium thiosulfate; §5,03; [10294-66-3
4 7.7 14 124 159 118 233 68 (5) Water; HO; [7732-18-§
5 6.1 1.1 16.3 2.08 9.6 19 68 .
Variables: Prepared By:
6 10.1 1.81 16.3 2.02 3.6 0.69 70 . .
Composition and temperature. J. Eysseltova
7 52 0.93 8.3 1.0 16.5 3.16 70
8 7.1 1.3 19.0 2.35 3.9 0.75 70
9 48 085 126 1.57 126 241 70 Experimental Data
10 9.8 17 157 1.89 25 0.47 72 Part. 1. Points of simultaneous crystallization of two or three solid phases in thiel J#@,—K,S,0;—H,0 system
11 22 0.37 34 0.42 224 4.17 72 NH,H,PO, K,S,05 H,0 Solid
12 7.6 13 202 244 01 0.03 7 100w, m;/mol kg~*2 100w; m;/mol kg~*® 100w; t/°C phase’
13 3.8 0.67 10.2 1.23 14.0 2.61 72
18.0 1.91 0 0 82.0 —4.4 A+B
Auxiliary Information 18.0 2.12 8.2 0.58 73.8 —5.4 A+B
12.0 1.48 17.6 131 70.4 =71 A+B
Method / Apparatus / Procedure: Source and Purity of Materials: 6.0 0.79 28.2 225 65.8 8.4 A+B
Mixtures of dry salts and water were stirred vigorously Chemically pure salts were recrystallized three times before use. 4.0 0.60 38.4 350 57.6 ~12.0 A+B
(90_0—1200 rpmand hegted 1-2°C above thc_a temperature at 74 0.97 26.0 205 66.6 _80 A+B
which the last crystal disappeared. The solution was then Estimated Error:
cooled at the rate of 1-2 deg/hr and the temperature at which K . 13.2 153 12.0 0.84 74.8 -56 A+B
the last crystal disappeared was observed. The supersaturatioﬁ\lo information is given. 2.4 0.43 48.8 5.25 48.8 —18.6 A+B
isotherms were constructed graphically. 2.0 0.39 53.9 6.42 441 —-7.4 B+C
1.47 0.269 51.0 5.64 47.53 -18.8 A+B+C

2These values were calculated by the compiler.
"The solid phases are:sice; B= NH,H,PO,; C=K,S,0;.

9EVT
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Part 2. Solubility isotherms in the NHi,PO,—K,S,03—H,0 system

NH,H,PO, K»S,05 H,0 Solid

Components Original Measurements:
100w; my/mol kg~ ** 100w, mi/mol kg ** 100w; phaseg (1) Ammonium dihydrogenphosphate; H,POy; A. P. Solov'ev, E. F. Balashova, N. A. Verendyakina, L. F.
[7722-76-1 Zyuzina, Resp. Sh. Nauch. Tr.-Yaroslav. Gos. Pedagog, In-t.
temp=-10°C (2) Ammonium chloride; NHCI; [12125-02-9 169, 79-84(1978.
0 0 37.0 3.09 63.0 A (3) Sodium dihydrogenphosphate; Ng0,; [7558-80-1
1.95 0.269 35.0 2.92 63.05 A (4) Sodium chloride; NaCIf7647-14-3
26 0.46 487 5.25 487 B (5) Water; HO; [7732-18-§
4.0 0.60 38.4 3.50 57.6 B )
Variables: Prepared By:
1.42 0.268 52.5 6.00 46.08 ¢ o .
Composition at 25 °C. J. Eysseltova
temp=-5°C
0 0 215 1.44 78.5 A
6.0 0.69 1838 131 75.2 A Experimental Data
13.17 1.534 12.2 0.859 74.63 A Solubility in the Na', NH,*||CI~, H,PO,” —H,O system at 25 °C
160 184 8.4 0.58 756 A NaH,PO, NaCl NH,;H,PO, NH,CI Na* H,PO,~ Solid
180 212 8.2 058 738 B 100w; m;2 100w; m2 100w; m;2 100w; m;2 comgf comg phas8
12.0 1.48 17.6 1.31 70.4 B
7.4 0.96 26.0 2.05 66.6 B 25.01 3.48 15.13 433 — — — — 100.0 44.63 +B —
6.0 0.79 28.2 2.25 65.8 B 24.74 3.63 13.97 4.21 4.55 0.70 — - 91.75 50.72 +B %
2.6 0.46 48.7 5.25 48.7 B 23.26 351 12.90 4.00 8.59 1.35 — - 84.69 54.92 +B >
14 0.27 53.5 6.23 45.1 c 24.19 3.85 11.01 3.60 12.40 2.06 — — 78.31 62.25  +BMC Q
temp=0°C 43.47 8.12 — — 11.93 2.35 — — 77.68 100.0 +B prd
19.1 2.28 81 0.58 7238 B 38.32 7.25 454 1.76 13.11 2.59 — — 77.69 84.72 +® n
13.1 154 13.0 0.92 73.9 B 32.90 5.20 8.00 2.96 12.79 2.40 — — 78.74 73.75 +@® =
6.4 0.85 28.08 2.252 65.52 B 30.54 5.37 9.33 3.37 12.78 2.35 — — 78.86 69.71 +® (0]
4.4 0.67 38.24 3.503 57.36 B 12.30 1.78 16.87 4.96 12.58 1.88 - — 78.20 42.40 +@ |Q
2.8 0.50 486 5.25 48.6 B — 20.85 5.75 17.10 2.40 — — 70.77 29.23 +& C
13 0.25 54.2 6.40 44.5 c — 16.07 421 5.64 0.75 12.93 3.70 4858 8.66  +@+D [88)
2.0 0.39 53.0 6.19 45.0 c — 17.07 4.41 2.82 0.37 13.88 3.92 50.69 4.34 +B —
temp=10°C — 17.15 4.40 — — 16.14 4.52 49.24 — +#D —
21.4 2.63 7.86 0.584 70.74 B — 8.68 2.18 4.48 0.57 18.75 5.15 27.55 7.26 + =<
13.0 1.62 17.4 131 69.6 B — 5.89 1.48 5.15 0.66 21.11 5.82 18.67 8.32 +o )U>
72 0.97 280 2.27 64.8 B — 159 0.39 5.60 0.70 22.91 6.13 5.36 9.72 +o 3
3.0 0.54 48.5 5.25 48.5 B _ _ _ _ 6.12 0.78 2554 6.98 _ 10.17 “«D >
22 0.43 53.8 6.42 44.0 B %)
1.31 0.268 56.2 6.945 42.49 c 2The molalities were calculated by the compiler. m
0 0 60.0 7.88 40.0 c ‘C’The soliq phases_ are:ANCI; B=NaH,PO;- 2_H20; C=NH4H2POA; D:NHf,CI. ! ) E
In the original article these values were designated as ion %. The compiler believes that the units here are: mol/200 mol of solutem
aThese values were calculated by the compiler. wn
PThe solid phases are:=Aice; B=NH,H,P0;; C=K,S,0;. Aucxiliary Information
Ausxiliary Information Method / Apparatus / Procedure: Source and Purity of Materials:
The method of invariant points was used. A third component No information is given.
Method / Apparatus / Procedure: Source and Purity of Materials: was added to eutectic systems until a new solid phase

appeared. At equilibrium both liquid and solid phases were
analyzed. Chloride ion content was determined by the Volhard
method. HPO,™ ions were precipitated as NMIgPQ,-6H,0,

and the excess of Mg was titrated complexometrichlly.

) Ammonium ions were removed and the excess of base was References:

Estimated Error: titrated with HCI. 1F. M. Shemyakin, E. N. Zelenina, Zavod. Lab(B69.
Precision of temperature measurement wa$.4 K.

Estimated Error:
No information is given.

An improved visual polythermic methdavas used. Reagent grade or chemically purg,N}f?O, was recrystallized
twice and dried at 30—50 °C.j8,0; (pur., TU 6-09-44-7pwas
recrystallized twice and dried at 105 °C.

References:
L. N. Erayzer and I. M. Kaganskiy, Zavod. Lah.119(1967.

LEVT
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Components Evaluator:
(1) Ammonium dihydrogenphosphate; NH,POy; J. Eysseltova Charles University, Prague, Czech Republic
[7722-76-1 September 1995

(2) Ammonium chloride; NHCI; [12125-02-9

(3) Potassium dihydrogenphosphate; $0,; [7778-77-Q
(4) Potassium chloride; KC[[7747-40-1

(5) Water; HO; [7732-18-3

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; P. Askenasy, F. Nessler, Z. Anorg. Cheb89, 305-28(1930.
[7722-76-1

(2) Ammonium chloride; NHCI; [12125-02-9

(3) Potassium dihydrogenphosphate; #30,; [7778-77-Q
(4) Potassium chloride; KC[7747-40-1

(5) Water; H0; [7732-18-3

Critical Evaluation:

8.4. NH,*, K*| H,PO,~, CI"=H,0
The NH,*, K*| H,PQ,~, CI”—H,0 system has been studied either in broader ekfemt in terms of the diagonal
NH4H2PO4’—KCI—H20.2*" Formation of solid solutions between both dihydrogenphosphates and chlorides is the prominent
feature of this system. The data in the different reports cannot be compared with each other because of different experimental
conditions. The phase diagram of Ref. 2—see Figure 26—can be accepted tentatively.

References:

p. Askenasy and F. Nessler, F. Z. Anorg. Ché®o, 305(1930.

2V. A. Polosin and M. I. Shakhparonov, Zh. Fiz. Khil, 119 (1947).

3A. lovi and C. Haiduc, Rev. Roum. Chinis, 743(197)).

47. N. Fokina, E. N. Kornishina, and P. P. Kim, Tekhnologiya Mineral'nykh Udobréhaningrad 63 (1977).

07T

(NH4,K)H,PO,4

B-(NH,K)CI

mass 7 NHqH2PO4
°

a-(NHK)CI

0 , A\

0 10 20 30
mass 7 KCI

ice

FIG. 26. Solubility in the HH,PO,—KCI-H,O system.

Variables:
Composition at 0 °C.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. The authors’ data:
Points of simultaneous crystallization of several solid phases in theNkl,* || CI™, H,PO,  —H,O system at 0 °C

Soln Density Mol/100 mol solute
no gcm? H,PO,~ cl- K* NH, " H,0 Solid phasés
1 1.1100 7.6 92.4 8.0 92.0 925 “NiEI” +“NH 4H,PO,”
2 1.1134 7.7 92.3 12.1 87.9 905 “NBI” +“NH 4H,PO,”
3 1.1300 8.1 91.9 17.9 82.1 888 “NBI” +“NH 4H,PO,”
4 1.1335 85 91.5 24.4 75.6 850 “NBI” +“NH 4H,PO,”
5 1.1385 8.7 91.3 28.7 713 810 ternary eutectic point
6 1.1504 8.3 91.7 29.8 70.2 865 “KCH“KH ,PO,"”
7 1.1514 8.3 91.7 32.7 67.3 887 “KCH“KH ,PO,"”
8 1.1657 7.5 92.5 66.6 33.4 1135 “KCH“KH ,POy”
9 1.1695 7.7 92.3 85.8 14.2 1310 “KCH“KH ,PO,”
10 1.1740 7.3 92.7 90.0 10.0 1380 “KCF“KH ,PO,”
11 1.1272 3.6 96.4 28.2 718 845 “KCIF“NH 4CI”

@A formula in quotation marks refers to a solid solution rich in that component.

Distribution of K" and NH,"* in the solid and liquid phases of the solutions existing in equilibrium \itiNH,)H,PO,

Liquid phase Solid phase

Soln mol/100 mol solute mol %

no H,PO,~ cr- K+ NH, " H,O K* NH,*
12 9.8 90.2 57.8 422 1090 855 14.5
13 45.9 54.1 49.2 50.8 1690 78.9 211
14 33.8 66.2 45.5 54.5 1680 71.7 28.3
15 27.4 72.6 42.7 57.3 1450 66.1 33.9
16 27.2 72.8 43.3 56.7 1565 64.8 35.2
17 19.7 80.3 40.9 59.1 1135 62.2 37.8
18 13.1 86.9 38.9 61.1 1130 62.2 37.8
19 26.7 733 44.2 55.8 1555 56.4 45.6
20 245 75.5 36.9 63.1 1665 55.7 44.3
21 9.8 90.2 26.6 734 925 31.2 68.8

22 18.3 81.7 28.7 71.3 1235 29.2 70.8

8EVT
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Part 2. The compiler has recalculated the authors’ data to give the following values:

Soln HPO,~ cI- K* NH,* H,0 Solid
no 10Qv; m; 100w; m; 100w; m; 100w; m; 100w; phasé
1 3.25 0.45 14.47 5.54 1.38 0.48 7.32 5.52 73.55 +BA
2 3.33 0.47 14.63 5.66 211 0.74 7.08 5.39 72.82 +BA
3 3.53 0.50 14.67 5.74 3.15 1.11 6.66 5.13 71.96 +BA
4 3.80 0.55 14.96 5.98 4.39 1.59 6.28 4.94 70.54 +BA
5 4.00 0.59 15.36 6.26 5.32 1.96 6.10 4.89 69.19 C
6 3.64 0.53 14.74 5.88 5.28 1.91 5.73 4.50 70.58 +BD
7 3.57 0.51 14.44 5.74 5.67 2.04 5.39 4.21 70.91 +BD
8 2.63 0.36 11.86 4.52 9.41 3.25 2.17 1.63 73.90 +BD
9 2.39 0.32 10.48 3.91 10.74 3.63 0.82 0.60 75.54 +B
10 2.17 0.29 10.10 3.73 10.81 3.62 0.55 0.40 76.34 +ED
11 1.63 0.23 15.99 6.33 5.15 1.85 6.05 472 71.15 +F
12 3.54 0.49 11.94 4.59 8.43 2.94 2.84 2.15 73.23 G
13 11.23 1.50 4.84 1.77 4.85 1.61 231 1.66 76.65 G
14 8.48 111 6.07 2.18 4.60 1.50 2.54 1.80 78.28 G
15 7.80 1.04 7.56 2.78 4.90 1.63 3.03 2.19 76.68 G
16 7.30 0.96 7.15 2.58 4.68 1.53 2.83 2.01 78.02 G
17 6.86 0.96 10.22 3.93 5.74 2.00 3.82 2.89 73.34 G
18 4.65 0.64 11.28 4.27 5.56 1.91 4.03 3.00 74.46 G
19 7.21 0.95 7.23 2.61 4.81 1.57 2.80 1.99 77.93 G
20 6.31 0.81 7.12 251 3.83 1.23 3.02 2.10 79.69 G
21 4.10 0.58 13.81 5.41 4.49 1.59 571 4.40 71.88 G
22 6.05 0.82 9.88 3.67 3.82 1.29 4.38 3.20 75.84 G

aThe solid phases are:A"“NH ,CI”; B =*‘NH 4H,P0,"; C =ternary eutectic point; B“KCI"; E ="KH ,PQ,”; F = “NH ,CI"; G =

a precipitate designated é§,NH,)H,PQO,. The quotation marks have the same meaning as on the preceding page.

Auxiliary Information

Method / Apparatus / Procedure:

Binary eutonic solutions were prepared on the basis of a
preliminary investigation of the boundary ternary systems.
Samples on the curve for the simultaneous crystallization of
two salts were then prepared by adding a third component.
The mixtures were shaken in a thermostat for 2—4 days. The
solid phase was isolated by centrifuging. The analytical
methods are not described.

Source and Purity of Materials:
No information is given.

Estimated Error:

The temperature was controlled to within 0.1 K. No other
information is given.

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; H,POy; V. A. Polosin and M. I. Shakhparonov, zZh. Fiz. Khirdl,
[7722-76-1 119-23(1947.

(2) Ammonium chloride; NHCI; [12125-02-9

(3) Potassium dihydrogenphosphate; #30,; [7778-77-Q
(4) Potassium chloride; KC[7747-40-1

(5) Water; H0; [7732-18-3

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Part 1. Solubility isotherms in the KCI-Ni,PO,—H,0 system

Kcl NH,H,PO, H,0 Solid
100w; comg m;/mol kg™1° 100w; comg m;/mol kg~tP 100w; comg phasé
temp=-10°C

19.10 100.0 3.171 0.00 0.00 0.00 80.90 1744
17.75 94.40 2.954 1.65 5.60 0.178 80.60 1772

19.12 84.40 3.242 1.78 5.%0 0.196 79.10 1613 B
9.80 100.0 1.46 0.00 0.00 0.00 90.20 1668
temp=0 °C
21.65 100.0 3.707 0.00 0.00 0.00 78.35 1496
21.32 94.40 3.728 1.98 5.60 0.224 76.70 1404
19.00 91.20 3.260 2.83 8.80 0.315 78.17 1552
11.76 77.60 1.900 5.24 22.40 0.549 83.00 2266
8.20 58.00 1.33 9.18 42.00 0.966 82.62 2415
6.10 40.00 1.02 14.08 60.00 1.533 79.82 2170
2.39 17.00 0.402 17.81 83.00 1.940 79.80 2371
0.00 0.00 0.00 18.50 100.0 1.973 81.50 2813
temp=10 °C
23.50 100.0 4.120 0.00 0.00 0.00 76.50 1348
23.33 94.40 4.200 2.17 5.60 0.253 74.50 1246
23.10 93.00 4.175 2.69 7.%0 0.315 74.21 1226 F
13.56 77.60 2.262 6.04 22.40 0.653 80.40 1903
10.90 65.40 1.823 8.91 34.60 0.966 80.19 1991
8.10 47.50 1.39 13.78 52.50 1.533 78.12 1898
5.00 32.20 1.03 18.84 67.80 2.173 75.36 1734
2.85 17.00 0.504 21.25 83.00 2.434 75.90 1890
0.00 0.00 0.00 22.10 100.0 2.466 77.90 2251
temp=20 °C
25.70 100.0 4.639 0.00 0.00 0.00 74.30 1195
24.89 94.40 4.586 231 5.60 0.276 72.80 1135
22.63 90.40 4.120 3.70 9.60 0.437 73.67 1218
15.36 77.60 2.648 6.84 22.40 0.764 77.80 1625
13.70 71.00 2.366 8.63 29.00 0.966 77.67 1666
10.20 53.90 1.792 13.47 46.10 1.534 76.33 1671
8.00 40.10 1.46 18.40 59.90 2.173 73.60 1529
3.90 20.00 0.726 24.02 9060 2.897 72.08 1533 D
3.30 17.00 0.615 24.70 83.00 2.982 72.00 1544
0.00 0.00 0.00 26.30 100.0 3.102 73.70 1789
temp=25°C
26.50 100.0 4.836 0.00 0.00 0.00 73.50 1147
25.62 94.40 4772 2.38 5.60 0.287 72.00 1096
25.00 91.10 4.709 3.80 8.90 0.464 71.20 1072

mno mMooUooOwOn (¢]

mo O O o o
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22.56
16.26
15.00
11.30
9.10
6.40
3.54
0.00

27.70
27.17
24.96
22.28
18.00
17.80
14.00
11.40

9.60

4.01

89.70
77.60
73.30
56.70
43.50
29.60
17.00

0.00

100.0
94.40
90.70
86.90
77.60
77.00
62.60
49.30
39.60
17.00

4.120
2.851
2.630
2.010
1.68
1.32
0.678
0.00

5.138
5.184
4.712
4.121
3.262
3.227
2.569
2.157
1.899
0.717

4.00
7.24
8.50
13.30
18.18
28.40
26.46
28.40

0.00
2.53
4.00
5.20
8.00
8.22
12.90
17.72
22.60
20.99

10.30
22%4
26.70
43.30
56.50
70.40
83.00
100.0
temp=35°C

0.00

5.60

9.30
13.10
22.40
23.00
37.40
50.20
60.40
83.00

0.473
0.823
0.966
1.533
2173
3.787
3.286
3.448

0.00

0.313
0.489
0.623
0.940
0.966
1.534
2173
2.898
2.433

73.44
76.50
76.50
75.40
72.72
65.20
70.00
71.60

72.30
70.30
71.04
72.52
74.00
73.98
73.10
70.88
67.80
75.00

1208
1510
1544
1567
1441
1347
1401
1476

1077
1010
1067
1170
1320
1323
1353
1282
1152
1165

aThe composition unit is: mol/100 mol of solute.
These values were calculated by the compiler based on the mass % values of the components.

“The solid phases are:=Aice; B= a-(NH,,K)Cl; C= a-KCl; D= (NH,4,K)H,PO,; E=NH,H,PO,; F=B-(NH,4,K)Cl; G = B-KCl.
9This is an obvious error.

o)

mo O 0O o o

[vMivlivEivElvEivllvilva 0l

Part 2. Monovariant and invariant points

Kcl NH,4H,PO, H,0 Solid
100w; comp m;® 100w, comp? m;® 100w; comp t/°C phasé
19.80 100.0 3.311 0.00 0.00 0.00 80.20 1680 —-10.4 A+C
26.20 100.0 4.761 0.00 0.00 0.00 73.80 1165 22.2 +FB

0.00 0.00 0.00 17.30 100.0 1.819 82.70 3053 —-2.4 A+E
18.40 92.40 3.114 2.35 7.60 0.258 79.25 1645 —11.2 A+B+E
22.30 91.70 4.012 3.15 8.30 0.367 74.55 1267 125 +DB-F
18.80 94.40 3.176 1.80 5.60 0.197 79.40 1645 -11.0 A+B
23.05 94.40 4.133 2.15 5.60 0.250 74.80 1266 8.0 +F8

2.15 17.00 0.353 16.05 83.00 1.706 81.80 2698 -49 A+D

3.20 25.30 0.522 14.52 74.70 1.534 82.28 2701 -5.0 A+D

6.60 52.20 1.05 9.34 47.80 0.966 84.06 2750 —-5.7 A+D
10.52 77.60 1.664 4.68 22.40 0.480 84.80 2589 —6.5 A+D
14.90 88.50 2.434 2.98 11.50 0.315 82.12 2020 -8.6 A+D
21.80 92.50 3.875 2.74 7.50 0.316 75.46 1324 2.7 +DB
22.70 61.30 4.117 3.35 8.70 0.394 73.95 1230 9.8 +b
25.00 91.10 4.709 3.80 8.90 0.464 71.20 1072 24.0 +FD

2The composition unit is: mol/100 mol of solute.

"The molalities were calculated by the compiler and are based on the mass % values of the components.

®The solid phases are:=Aice; B= a-(NH,,K)Cl; C=a-KCl; D=(NH4,K)H,PQ,; E=NH4H,PO,; F=3-(NH,,K)Cl; G= B-KClI.
9in this line, the expression 8-(NH4H,K)CI” stands for one of the solid phases. The compiler believes that this is an error.
€This is obviously an error. The correct value is 91.30.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A polythermic method was used. Solid carbon dioxide served All materials were recrystallized twice and analyzed before
as the cooling agent. being used. No further details are given.

Estimated Error:
No information is given.

ovvi
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Auxiliary Information

Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; NH,POy; A. lovi and C. Haiduc, Rev. Roum. Chind6, 1743-7(197J).
[7722-76-1

(2) Ammonium chloride; NHCI; [12125-02-9

(3) Potassium dihydrogenphosphate; $0,; [7778-77-Q
(4) Potassium chloride; KC[[7747-40-1

(5) Water; HO; [7732-18-3

Variables: Prepared By:

Temperature. Equimolar mixtures of KENH,H,PO, or J. Eysseltova
NH,Cl and KH,PO, are used.

Experimental Data
Molar solubility in equimolar mixtures in the K NH,*||CI~, H,PO,”—H,O system

Soln (A) KCl+NH,H,PO, (B) NH,CI+KH,PO,

no t/°c H,PO,~ c- K* NH,* H,PO,~ c- K* NH,* dig cm3?

1 20 0.60 4.77 2.18 3.19 0.60 4.77 2.18 3.19 1.1585
2 25 0.70 476 2.18 3.28 0.70 472 2.18 3.24 1.1640
3 40 1.00 4.49 2.31 3.18 1.00 4.39 2.31 3.08 1.1690
4 60 1.50 4.36 2.44 3.42 1.50 436 2.44 3.42 1.1880
5 75 2.20 436 2.82 3.74 2.20 4.26 2.82 3.64 1.2360
6 80 2.50 423 2.95 3.78 2.50 422 2.95 3.77 1.2479

The compiler has recalculated these values as follows:

Soln HPO,~ Chloride Potassium Ammonium
no 10Qv; m; 100w; m; 100w; m; 100w; m
1(A,B) 5.02 0.76 14.60 6.04 7.35 2.76 4.95 4.03
2(A) 5.83 0.89 14.50 6.07 7.32 2.78 5.07 4.18
2(B) 5.83 0.89 14.38 6.01 7.32 2.77 5.01 4.11
3(A) 8.29 1.30 13.62 5.86 7.72 3.01 4.89 4.14
3(B) 8.29 1.29 13.32 5.69 7.72 2.99 4.74 3.99
4(A,B) 12.24 2.05 13.01 5.96 8.03 3.33 5.18 4.67
5(A) 17.26 3.18 12.51 6.31 8.92 4.08 5.44 5.40
5(B) 17.26 3.16 12.22 6.12 8.92 4.05 6.30 5.22
6(A) 19.43 3.72 12.02 6.29 9.24 4.39 5.45 5.61
6(B) 19.43 3.71 11.99 6.27 9.24 4.38 5.43 5.59

Molar solubility in equimolar mixtures in the K NH,*|| CI~, H,PO,” —H,O system. The following concentrations are expressed as
mol/100 mol of solute.

Soln no HPO,~ Chloride Potassium Ammonium Water

1(A,B) 11.17 88.83 40.64 59.36 818
2(A) 12.78 87.22 39.94 60.06 798
2(B) 12.89 87.19 40.26 59.74 807
3(A) 18.15 81.85 42.83 57.17 804
3(B) 18.48 81.52 42.78 57.22 796

4(AB) 25.59 74.41 41.62 58.38 694
5(A) 33.50 66.50 41.03 56.97 586
5(B) 34.05 65.95 43.68 56.32 599
6(A) 37.16 62.84 43.90 56.10 556
6(B) 37.17 62.83 43.93 56.07 557

Method / Apparatus / Procedure:

The samples were equilibrated by stirring for 10 hrs in a
thermostat. The potassium content was determined with the
use of a type C Zeiss Jena Model Ill flame photometer and
gravimetrically as KCIQ, phosphate ion was determined by a
compleximetric titration with MgGl using Eriochrome Black

T as indicatort chloride was determined by potentiometric
titration with AgNG;, and NH, was determined by the
Kjeldahl method.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

1C. Liteanu, Chimie anilitica Cantitativa, Ed. didactica si
pedagogica, Bucuresti, p. 508964.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components:

(1) Ammonium dihydrogenphosphate; NH,POy;
[7722-76-1

(2) Potassium chloride; KC[7747-40-7

(3) Water; H,0; [7732-18-3

Original Measurements:

Z. N. Fokina, E. N. Kornishina, and P. P. Kim, Tekhnologiya

Mineral'nykh, Udobreniy(Leningrad, 63-8(1977).

444"

Components: Evaluator:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; J. EysseltovaCharles University, Prague, Czech Republic
[7783-28-Q September 1995

(2) Urea; CHN,0; [57-13-6
(3) Water; H,0; [7732-18-3

Variables:
Composition at 60 °C.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility isotherms in the NH,PO,—KH,PO;—NH,CI-KCIl-H,0 system at 60 °C

Soln K,0 NH; P20s
No 100w, 100w; 100w; Solid phases
1 1.6 6.5 26.6 NHH,PO,
2 3.7 5.9 24.1 (K,NH4)H,PO,
3 6.1 4.2 16.9 (K,NHZ)H,PO,
4 7.9 3.9 15.9 (K,NH4)H,PO,
5 9.8 3.5 14.6 (K,NH4)H,PO,
6 105 3.2 131 KHPO,
7 11.0 3.0 12.2 KHPO,
8 11.3 2.4 11.0 KBEPO,
9 16.4 0.9 37 KHPO,
10 17.5 0.7 3.0 KBPO,
11 20.2 0.4 17 KHPO,

The compilers have recalculated the authors’ data to give the following values

Soln H,PO, Chloride Potassium Ammonium 0

no 10Qw; m; 100w; m; 100w; m; 100w; m; 100w;
1 36.0 0.375 15 0.043 13 0.034 6.9 0.38 55.8
2 32.6 0.340 3.0 0.086 3.1 0.079 6.2 0.35 58.1
3 229 0.230 4.9 0.14 51 0.13 4.4 0.25 67.6
4 215 0.224 6.1 0.17 6.6 0.17 4.1 0.23 67.8
5 19.8 0.206 7.3 0.21 8.1 0.21 3.7 0.21 68.4
6 17.7 0.185 8.0 0.23 8.7 0.22 34 0.19 70.2
7 16.5 0.172 8.4 0.24 9.1 0.23 3.2 0.18 71.2
8 14.9 0.155 7.9 0.23 9.4 0.24 25 0.14 73.2
9 5.0 0.052 12.2 0.349 13.6 0.340 0.95 0.053 80.4

10 4.1 0.042 13.0 0.370 145 0.372 0.74 0.041 80.7

11 23 0.024 15.0 0.420 16.8 0.429 0.42 0.024 80.5

Auxiliary Information

Method / Apparatus / Procedure:

No information is given. The compilers assume that the

methods were the same as those given edrlier.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

1T, N. Baranova, N. T. Semkin, P. P. Kim, E. N. Kornishina, and

I. ' S. Nikandrov, Tekhnologiya Mineral'nykh Udobreniy

(Leningrad, 55 (1977).

Critical Evaluation:

9.1. (NH,),HPO,~Urea—H,0
Two investigations of the composition and temperature of the invariant points in this system are abdiBinehese two sets of
data do not agree with each other even with respect to the nature of the equilibrium solid phase. The modifications of urea are the
main source of the uncertainty. The evaluation of this question, however, is beyond the scope of this volume. The closely related
system(NH,) ,HPO,—CO(NH,) - HNO;—H,O was studied by Nabiev et 3.

References:

IA. G. Treshchov, Dokl. Timiryazevsk. S.-kh. Aka29, 402 (1957.

2V. 1. Vereshchagina and M. P. Endovitskaya, Zh. Neorg. KHif).2818(1970.

3M. N. Nabiev, S. Tukhtaev, A. Kh. Narkhodzaev, and D. Kh. Yunusov, Zh. Neorg. KRiN3152(1976.
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Components: Original Measurements: Components: Original Measurements:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy; A. G. Treshchov, Dokl. Timiryazevsk. S.-kh. Akad9, 402-8 (1) Diammonium hydrogenphosphai@H,) ,HPOy; V. I. Vereshchagina and M. P. Endovitskaya, Zh. Neorg. Khim.
[7783-28-Q (1957. [7783-28-Q 15, 2818-20(1970.
(2) Urea; CHN,0; [57-13-6 (2) Urea; CHN,0; [57-13-6
(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3
Variables: Prepared By: Variables: Prepared By:
Temperature and composition. L. V. Chernykh and J. Eysseltova Temperature and composition. J. Eysseltova
Experimental Data Experimental Data
Monovariant and invariant points in th&lH,),HPO,—~CQ(NH,) ,—H,O system Composition and crystallization temperature of invariant points in(tte,) ,HPO,— CO(NH;),—H,O system
CO(NH,), (NHy),HPO, H,0 Solid CO(NH,), (NH),HPO, H,0

100w; mi/mol kg 2 100w, mi/mol kg & 100w, comp’ t/°C phase$ 100w, mi/mol kg 12 100w, mi/mol kg 2 100w; t/°C Solid phasés
32.90 8.16 0.00 0.00 67.10 680 -11 A+B 45.0 16.7 10.0 1.68 45.0 16 #B+C
40.70 11.43 0.00 0.00 59.30 489 11 +B 26.0 7.80 18.5 2.52 55.5 -6 A+C+D
54.50 19.94 0.00 0.00 45.50 279 24.4 +D 27.0 7.75 15.0 1.96 58.0 -16 A+D+E

0.00 0.00 29.60 3.18 70.40 1730 -6.7 A+E 26.0 7.0 12.5 1.54 61.5 -17 A+D+ice

0.00 0.00 4.60 0.37 95.40 1397 —8.6 E+F(metastablp -
25.40 6.79 12.30 1.49 62.30 670 —170 A+B+E 2These values were calculated by the compiler.

The solid phases are:AB-urea; B= y-urea; G=(NH,),HPQ,; D= (NH,),HPQ,-2H,0; E = a-urea.
26.70 7.74 15.90 2.10 57.40 563  —16.2 BHE+F P Ab-urea; B=y-urea; G=(NH,);HPOy; D=(NH)oHPO,-2H,0; E = o

“These values were calculated by the compilers. In addition to the above data, the authors also give the following data for the binary sipét&)pHPO,—H,0.

"The composition unit is: mol/100 mol of solute.

°The solid phases are: A ice; B= a-CO(NHy)5; C=8-CO(NHy),: D= y-CO(NHy),; E=(NH,),HPO,-2H,0; F=(NH,),HPO,. (NH,)2HPO,
100w; m;/mol kg~ 12 t/°C Solid phases
Auxiliary Information
28.0 2.94 -55 ice+ (NH,),HPOy - 2H,0
Method / Apparatus / Procedure: Source and Purity of Materials: 39.5 4.94 15.2 (NHg)2HPQO, 2H,0 + (NHy),HPO,

A visual polythermic method was used. No information is given. -
2These values were calculated by the compiler.
Estimated Error:

) L Auxiliary Information
No information is given.

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was usédsolid carbon dioxide No information is given

was used as the cooling agent. The temperature was measured

with the aid of Assman’s thermometer, the scale of which was Estimated Error:

divided in steps of 0.2 K. L
The temperature was constant to within0.40 °C.

References:

A G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskie
Osnovy lzucheniya | Ispol’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSRL951).

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components: Original Measurements:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy; M. N. Nabiev, S. Tukhtaev, A. Kh. Narkhodzhaev, and D. Kh.
[7783-28-Q Yunusov, Zh. Neorg. Khim21, 3152-4(1976.

(2) Urea nitrate; CONH,),-HNO;; [17687-37-%

(3) Water; H,0; [7732-18-3

Variables: Prepared By:
Temperature and composition. J. Eysseltova

Experimental Data
Nonvariant and monovariant points in tkeH,) ,HPO,—CQ(NH,),-HNO;—H,O system

CO(NH,),- HNO; (NH,),HPO, H,0
100w; m;/mol kg 2 100w; m;/mol kg 2 100w; t/°C Solid phasés
8.0 0.7 0.0 0.0 92.0 —-2.8 icetA
9.8 0.9 2.0 0.2 88.2 —-3.6 icetA
15.8 1.7 8.4 0.8 75.8 —-8.0 icetA
17.8 2.0 11.0 1.2 71.2 —-12.4 icetA+B
23.0 3.0 15.4 1.9 61.6 -8.5 A+B
32.0 5.4 20.0 3.2 48.0 —55 A+B
32.6 5.6 20.2 3.2 47.2 -7.0 A+B
40.0 9.0 24.0 5.0 36.0 30.0 +AB
12.4 1.4 17.4 1.9 70.2 -9.0 icetB+C
8.0 0.9 20.0 2.1 72.0 =72 icetC
0.0 0.0 25.0 25 75.0 —55 icetC
12.0 15 22.0 2.5 66.0 —10.0 B+C
11.0 14 26.6 3.2 62.4 —-17.5 B+C+D
6.8 0.9 313 3.8 61.9 -10.5 C+D
0.0 0.0 39.2 49 60.8 15.0 +D
13.8 2.0 31.0 4.3 55.2 -11.0 B+D
15.6 2.5 33.6 5.0 50.8 —-2.0 B+D
19.6 4.0 40.2 7.6 40.2 28.0 D
22.2 5.4 44.4 10.1 334 49.0 R=9]

aThe molalities were calculated by the compiler.
PThe solid phases are ::ACO(NH,),- HNO3; B=NH,H,PO;; C=(NH,),HPQ,- 2H,0; D=NH;NOs; E=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

Presumably some sort of visual polythermic method was used Diammonium hydrogenphosphate was recrystallized before use.
(compilen, but no details are given. Urea nitrate was synthesized from urea and reagent grade nitric
acid.

Estimated Error:
No details are given.

Components:

(1) Diammonium hydrogenphosphai@H,) ,HPOy;
[7783-28-Q

(2) Urea; CHN,0; [57-13-6

(3) Ammonium nitrate; NHNO3; [6484-52-3

(4) Water; H,0; [7732-18-§

Original Measurements:
G. L. Tudorovskaya and F. G. Margolis, Khim. Profkloscow

42, 678-80(1966

Variables:
Composition at 50 °C.

Prepared By:
J. Eysseltova

Part 1. Solubility in thelNH,4),HPO,—NH;NO3;—CO(NH,),—H,O system at 50 °C

Experimental Data

Soln CANH,), NH,NO, (NH,),HPO, H,0 Solid
no 10Gv; m;/mol kg2 100w; mi/mol kg~ *2 100w; mi/mol kg~ 12 100w, phas8
1 0.000 0.000 67.95 30.39 4.12 1.12 27.93 +B
2 9.44 7.15 65.77 37.36 2.80 0.964 21.99 +B
3 16.65 14.51 62.59 40.92 1.65 0.654 19.11 +B
4 29.86 50.22 58.77 74.16 1.47 1.12 9.90 +B
5 38.74 71.19 51.00 70.32 1.20 1.00 9.06 +B
6 46.50 XX 52.08 XX 1.42 XX¢ — A+B
7 48.80 XX 49.35 XX 1.85 XXx© — B+C
8 49.70 106.09 41.30 66.14 1.20 1.16 7.80 +®
9 53.41 48.25 26.20 17.76 1.96 0.805 18.43 +®
10 56.54 42.64 19.32 10.93 2.06 0.706 22.08 +@
11 60.96 37.72 9.37 4.35 2.76 0.777 26.91 +®
12 61.00 34.09 5.61 2.35 3.60 0.915 29.79 +®
13 62.77 35.54 0.000 0.000 7.82 2.01 29.41 +®
14 0.000 0.000 77.05 41.94 0.000 0.000 22.95

15 66.52 33.08 0.000 0.000 0.000 0.000 33.48

16 0.000 0.000 0.000 0.000 46.50 6.58 53.50

2The molalities were calculated by the compiler.

The solid phases are:-ANH,NO;; B=(NH,),HPQ,; C=CO(NH,),.
“The molalities designated as XX cannot be calculated, because the solutions are anhydrous.

(@]
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Part 2. The authors express the composition of the solutions in Part 1 in the following way also

Soln CQNH,), NH,NO; (NH,),HPO, H,0
no comp comp comp comp
1 — 94.28 5.72 38.45
2 12.20 84.21 3.59 28.19
3 20.55 77.41 2.04 23.61
4 33.17 65.20 1.63 11.10
5 42.80 56.25 0.94 9.90
6 46.50 52.08 1.42 —
7 48.80 49.35 1.85 —
8 53.90 44.80 1.30 8.45
9 65.45 32.15 2.40 22.60
10 72.56 24.80 2.64 28.33
11 83.40 12.85 3.75 36.83
12 86.86 8.00 5.14 42.42
13 88.91 — 11.09 41.66
14 — 100.00 — 29.78
15 100.00 — — 50.33
16 — — 100.00 115.04

aThe authors state that the composition unit is gDH.00 g solute. The compiler’s opinion is that this is a typographical error and the
composition unit is g/100 g solute.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
An isothermal method was used. Equilibrium was checked by No information is given.
repeated analysis.
Estimated Error:
The temperature was kept constant to within 0.1 K.

Components:

(1) Diammonium hydrogenphosphai@H,) ,HPOy;
[7783-28-Q

(2) Urea; CHN,0; [57-13-6

(3) Potassium nitrate; KNQ [7757-79-1

(4) Water; H,0; [7732-18-

Original Measurements:

M. R. Endovitskaya and V. I. Vereshchagina, Zh. Neorg. Khim.
17, 825-8(1972.

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data
Crystallization temperature and composition of invariant points in the KkNRH,),HPO,—~CQO(NH,),—H,O system

KNO, (NH,),HPO, CO(NH,), H,0
t/°C 10Qw; m;2 100w; m? 100w; m;? 100w; Solid phasé’
—18 5 0.8 13 16 20.5 5.55 6f5 A+B+C
-3 4.5 0.79 215 2.88 17.5 5.16 56.5 B+C+D
-17 5 0.9 13 18 26.3 7.86 55.7 #B+C
-75 4.5 0.83 19 2.7 23 7.2 53.5 +BC+D
-4 5 0.9 21 2.9 20 6.1 54.0 €D+E

aThe molalities were calculated by the compiler and are expressed as mbl kg
"The solid phases are: A ice; B=(NH,),HPGQ,- 2H,0; C= a-KNOjz; D=(NH,4),HPQ,; E= 3-KNO3.
CIn the original article there are misprints for these d@&95 and 57.5, respectively

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was uséd.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

1A. G. Bergman and N. P. Luzhnaya, Fizikokhimicheskiye
Osnovy Izucheniya i Ispol’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSRL95]).

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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Components: Evaluator:
(1) Diammonium hydrogenphosphai@®H,) ,HPOy; J. Eysseltova Charles University, Prague, Czech Republic,
[7783-28-Q September 1995

(2) Thiourea; CHN,S; [62-56-6 or

(2) Methionine; GH,;NO,S; [59-51-§ or

(2) Triethylamine hydrochloride; §H,¢CIN; [554-68-7
(3) Water; HO; [7732-18-3

Critical Evaluation:

9.2. (NH,4),HPO,—0rganic Compound-H ,O
Systems with diammonium hydrogenphosphate, oprganic compound and water.

The (NH,4) ,HPO,—~CSNH,),—H,0 system is described in two articied The 298 K isotherm and the complete phase diagram
are given. These data are consistent with each other, but no critical evaluation can be made because there are no other data
available.

As far as similar systems containing diammonium hydrogenphosphate and an organic coitvitiohds both solid and
water-soluble under ordinary room conditigrese concerned, there are two systems that have been st@i¢de (NH,),HPO,—
methionine—water system described by Beglov ef ahd (b) the (NH,),HPO,—(C,Hs)sN- HCI-H,0 system"5 No other
independent data are available for these systems and, therefore, the information cannot be evaluated.

References:

10. E. Sosnina and A. A. Volkov, Uch. Zap. Perm. Gos. Univ., Ser. KI#89, 20 (1973.

2B. S. Zakirov, S. Tukhtaev, and B. M. Beglov, Dokl. Akad. Nauk Uzb. SSR(1474.

3B. S. Zakirov, S. Tukhtaev, B. M. Beglov, and B. M. Khaymov, Dokl. Akad. Nauk Uzb. SSR1817.

4B. M. Beglov, B. S. Zakirov, and D. A. Amilova, Uzb. Khim. Zh., §1985.

5s. A. Mazunin, O. E. Sosnina, A. A. Volkov, and T. L. Danina, Termicheskiy Analiz i Fazovye Ravnovesiya, Pe(h9880

Components: Original Measurements:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; B. S. Zakirov, S. Tukhtaev, and B. M. Beglov, Dokl. Akad.
[7783-28-Q Nauk. Uzb. SSR, 40-21974.

(2) Thiourea; CHN,S; [62-56-6
(3) Water; H,0; [7732-18-3

Variables:
Composition and temperature.

Prepared By:
J. Eysseltova

Experimental Data
Points of simultaneous crystallization of two or three solid phases itiNkg) ,HPO,—CSNH,) ,—H,O system

(NHy),HPO, CS(NHy), H,O
100w; m;/mol kg 2 100w; m;/mol kg 1@ 100w; t/°C Solid phasés
0 0 5.2 0.72 94.8 -0.6 A+B
9.5 0.84 4.8 0.74 85.7 —-25 A+B
18.0 1.75 4.1 0.69 77.9 —4.2 A+B
19.2 1.89 4.0 0.68 76.8 —45 A+B
23.4 2.43 3.6 0.65 73.0 —-5.6 A+B+C
25.0 2.52 0 0 75.0 —55 A+C
24.4 2.49 1.4 0.25 74.2 =55 A+C
29.0 3.25 3.4 0.66 67.6 25 8C
33.8 4.06 3.2 0.67 63.0 9.8 “B8C
37.0 4.67 3.0 0.66 60.0 13.8 1BC+D
39.2 4.88 0 0 60.8 15.0 €D
38.0 4.73 1.2 0.26 60.8 14.3 4D
38.0 5.03 4.8 11 57.2 29.0 D
38.4 5.25 6.2 15 55.4 34.5 4D

aThe molalities were calculated by the compiler.
bThe solid phases are: 4 ice; B=CS(NH,),; C=(NH,),HPQ,- 2H,0; D= (NH,),HPQ,.

Additional Data: Solubility isotherms in the 10 to 40 °C temperature range are given, but only in graphical form.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.

Source and Purity of Materials:

“Chemically puréH,),HPO, was used. The thiourea was
recrystallized twice.

Estimated Error:
No information is given.

i
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Components:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy;
[7783-28-Q

(2) Thiourea; CHN,S; [62-56-6

(3) Water; H,0; [7732-18-3

Original Measurements:

B. S. Zakirov, S. Tukhtaev, B. M. Beglov, and B.M. Khaymov,
Dokl. Akad. Nauk. Uzb. SSR, 31-@977.

Components:

(1) Diammonium hydrogenphosphai@H,) ,HPOy;
[7783-28-Q

(2) Methionine; GH1;NO,S; [59-51-§

(3) Water; H,0; [7732-18-3

Original Measurements:

B. M. Beglov, B. S. Zakirov, and D. A. Amilova, Uzb. Khim.
Zh., 61-2(1985.

Variables:
Composition at 25 °C.

Prepared By:
J. Eysseltova

Variables:
Temperature and composition.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility in the (NH,),HPO,—CSNH,),—H,O system at 25 °C

Experimental Data
Crystallization temperatures in tiiplH,) ,HPO,—methionine—HO system

CS(NH,), (NHy),HPO, H,O (NH),HPO, Methionine HO
100w; m;/mol kg 12 100w; m;/mol kg 1@ 100w; Solid phase 100w; m;/mol kg 12 100w; m;/mol kg 1@ 100w; t/°C Solid phasés
14.23 2.180 — — 85.77 asiH,), 457 6.46 0.7 0.09 53.6 51.2 +#B
13.19 2.156 6.44 0.607 80.37 081y), 39.8 5.06 0.6 0.07 59.6 24.2 B8
11.76 2.017 11.64 1.151 76.60 C81,), 38.8 4.80 0 0 61.2 15.0 AC
9.58 1.80 20.71 2.249 69.71 C8y)2 38.7 4.81 0.35 0.038 60.95 14.8 +HC
8.16 1.62 25.49 2.909 66.35 QH,), 38.6 4.80 0.5 0.05 60.9 14.7 #B+C
6.74 1.39 29.65 3.529 63.61 OH,), 33.8 3.90 0.5 0.05 65.7 9.0 “B8C
5.19 1.15 35.46 4.524 59.35 C8), 31.9 3.58 0.55 0.055 67.55 6.2 +HE
4.24 0.978 38.81 5.160 56.95 @84,),+(NH,),HPO, 29.9 3.26 0.6 0.06 69.5 3.3 £
1.98 0.449 40.07 5.236 57.95 (NH,),HPO, 25.2 2.55 0 0 74.8 -55 Cc+D
— — 41.4 5.35 58.6 (NH,),HPO, 25.1 2.55 0.4 0.04 74.5 -5.6 C+D
24.8 2.53 0.9 0.08 74.3 —-57 B+C+D
aThe molalities were calculated by the compiler. 10.8 1.92 21 0.18 78.1 42 B+D
- . 9.8 0.84 15 0.11 88.7 —-1.8 B+D
Auxiliary Information
0 0 1.7 0.12 98.3 -0.1 B+D

Method / Apparatus / Procedure:

The isothermal method was used with mechanical stirring.
Equilibrium was determined by repeated analysis of the liquid
phase. Equilibrium was attained in 24 hrs. The composition of
the solid phases was determined by the Schreinemakers’
method.

Source and Purity of Materials:

Nothing is stated. The compiler assumes the materials are the

same as those used in Ref. 1.

Estimated Error:

The only information given is that the temperature was

controlled to within= 0.2 K.

References:

1B. S. Zakirov, B. M. Khaymov, S. Tukhtaev, and B. M. Beglov,
Dokl. Akad. Nauk. Uzb. SSR, 461978.

aThe molalities were calculated by the compilers.
The solid phases are:-A(NH,),HPO,; B=(NH,),HPQ,- 2H,0; C = methionine; D= ice.

Evaluator's Comment: The identities of the solid phases appear to be incorrect. It is more likely that the identities of B and C
should be reversed, i.e., 8 methanione and G- (NH,),HPQ,- 2H,0.

Auxiliary Information

Source and Purity of Materials:

Pure methionine and reagent grad®&H,),HPO, were
recrystallized before being used.

Method / Apparatus / Procedure:
A visual polythermic method was used, but no details are
given.

Estimated Error:
No information is given.
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Components: Original Measurements: Components: Original Measurements:
(1) Diammonium hydrogenphosphai@®H,) ,HPOy; 1. O. E. Sosnina and A. A. Volkov, Uch. Zap. Perm. Gos. Univ., (1) Diammonium hydrogenphosphai@H,) ,HPOy; I. N. Belyaev, N. P. Sigida, and T. D. Stepanenko, Zh. Prikl.
[7783-28-Q Ser. Khim.289, 20-5(1973. 2. S. A. Mazunin, O. E. Sosnina, A. [7783-28-Q Khim. (Leningrad 43, 178-811970.
(2) Triethylamine hydrochloride; gH,6CIN; [554-68-1 A. Volkov, and T. L. Danina, Termicheskiy Analiz i Fazovye (2) Diammonium carbonatégNH,),CO;; [506-87-6
(3) Water; H,0; [7732-18-3 Rovnovesiya, Perm, 79-88985. (3) Water; H,0; [7732-18-3
Variables: Prepared By: Variables: Prepared By:
Composition at 20 and 60 °C. L. V. Chernykh and J. Eysséltova Composition at 10 °C. J. Eysselfova
Experimental Data Experimental Data

Solubility isotherms in théNH,) ,HPO,—(C,Hs)3N- HCI-H,O system

9.3. Solubility in the  (NH,),HPO,—(NH,),CO3;—H,O System at 10 °C

(NHy),HPO, » (C,Hs)3N- HCI » H,0 R?fractive Solid (NH4),CO5 (NH,),HPO, H,0 Solid
100w; m;/mol kg 100w; m;/mol kg 100w; indexX’ phasé 100w, my/mol kg~ 1& 100; mi/mol kg~ 12 100w phas@
temp=20°C 0.000 0.000 39.00 484 61.00 A
408 522 - - 59.2 1.4100 A 232 0.394 36.47 451 61.21 A
27.0 3.11 7.3 0.84 65.7 1.3950 A 535 0.884 31.64 3.80 63.01 w8
16.8 1.91 16.6 1.88 66.6 1.3890 A 7.79 1.19 24.24 2.70 67.97 B
6.0 0.69 28.2 3.23 65.8 1.3900 A 10.62 156 18.39 1.96 70.99 B
33 0.40 34.0 4.08 62.7 1.3930 A 11.35 1.58 13.73 1.39 74.92 B
2.0 0.26 39.2 5.02 58.8 1.4020 A 13.45 1.83 10.26 1.02 76.29 B
0.6 01 56.7 10.0 42.7 AB 16.40 2.23 6.97 0.689 76.63 B
- - 51.2 101 42.8 1.4295 B 20.60 2.70 0.000 0.000 79.40 B
temp=60 °C*
43.8 6.48 5.0 0.74 51.2 A 2The molalities were calculated by the compiler.
19.0 237 20.4 254 60.6 [N The solid phases are:=A(NH,),CO;; B=(NH,),HPO,.
35.3 4.90 10.1 1.39 54.6
103 1.29 20.3 3.65 60.4 A Auxiliary Information
53 070 871 4.85 57.6 A Method / Apparatus / Procedure: Source and Purity of Materials:
24 0.37 48.2 735 494 A The isothermal method was used. The mixtures were Chemically pure salts were recrystallized before use. The
13 0.23 56.4 10.0 423 A equilibrated for 8—9 hrs in 150—-200 ml vessels made of (NH,),CO; was recrystallized from 25% ammonia and used in
0.8 0.2 64.2 13.8 35.0 AB Mo-glass. Mechanical stirring was used. The thermostat the form of a solution of known concentration.
poy — —_— - contzzaljngd a 50% glycerql sc()jluk:ionH The M—: HP%Z’dand
e molalities were calculate e compilers. .
PThe refractive indices are given ?,n source F;;a@iaronly. ?ng'fhodlg.gs viere determinec by fhe use of siandar Estimated Error:

‘The solid phases are:ANH4H,PQy; B=(C,Hs)3N- HCI.

4These data are given in source pafronly.

®These data are given in source paf@ronly.

fAt this experimental point, two immiscible layers were formed. The upper and lower lines refer to the upper and lower layers,
respectively.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The refractometric variation of the isothermal method was Reagent gradgNH,),HPO, and pure (C,Hs)3N-HCl were
used. The compilers assume that it was the method describedrecrystallized before being used.

elsewheré. (NH,),HPO, was determined by potentiometric
titration. The composition of the solid phase was determined

Estimated Error:
by the Schreinemaker’s method.

The (NH,4),HPO, content has a precision of 0.6%.

References:
1E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Kh5n2630
(1960.

The temperature was kept constant to withind.1 K. No other
information is given.

References:

1A. K. Babko and I. V. Pyatnickiy, Kolichestvennyi Anuliz,
Moscow, Goskhimizdat1956.

2y, F. Gillebrand, et al, Prakticheskoe Rukovodstvo po
Neorganicheskomu Analizu, Moscow, Goskhimiz¢E®60.
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Evaluator:

J. Eysseltova Charles University, Prague, Czech Republic,
September 1995

Components:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy;
[7783-28-Q

(2) Ammonium nitrate; NHNO;; [6484-52-3

(3) Water; H,0; [7732-18-3

Components: Original Measurements:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; D. I. Kuznetsov, A. A. Kozhukhovskiy, and F. E. Borovaya, Zh.
[7783-28-Q Prikl. Khim. (Leningrad 21, 1278-81(1948.

(2) Ammoniun nitrate; NENO;; [6484-52-3
(3) Water; H,0; [7732-18-3

Critical Evaluation:
9.4 (NH,),HPO,—NH,NO;—H,0

There are two reports of the temperature and composition of the invariant points in the title $fdtenvever, while these two

reports agree with respect to the temperatures of the invariant points, they do not agree about the compositions. For the invariant

point at about 301.8 K they even disagree with respect to the nature of the equilibrium solid phase. In view of the region of
existence ofNH,),HPG,-2H,0 (see p. 14it is probable that the correct composition of the solid is that reported by Bergman
and Velikanové but additional experimental work is needed before any recommendation can be made about the composition of
the invariant solutions. The isotherms measured at 32ari 283 K cannot help to solve this problem.

References:

1D. I. Kuznetsov, A. A. Kozhukhovskiy, and F. E. Borovaya, Zh. Prikl. Khificeningrad 21, 1278(1948.

2A. G. Bergman and L. V. Velikanova, Zh. Neorg. Khirhl, 2370(1966.

31N, Belyaev, N. P. Sigida, and T. D. Stepanenko, Zh. Prikl. Khibeningrad 43, 178(1970.

4L. P. Torokhtey, S. N. Ganz, and R. |. Braginskaya, Izv. Vissh. Ucheb. Zaved., Khim. Khim. Telfn820 (1972.

Variables:
Composition and vapor pressure at 50 °C.

Prepared By:
J. Eysseltova

Experimental Data
Solubility and vapor pressure in the IYNO;—(NH,),HPO,—H,0 system at 50 °C

NHANOS (NHA)ZHPOA HZO Pwater Pammonia
100w, mi/mol kg 12 100w; mi/mol kg *2 100w; (mm Hg (mm Hg
77.0 41.8 — — 23.0 44.4 0
75.6 41.1 1.4 0.5 23.0 429 1.4
74.4 40.2 25 0.8 23.1 48.0 1.3
68.9 31.0 3.3 0.9 27.8 50.0 1.4
55.6 18.9 7.6 1.6 36.8 66.4 1.3
45.6 13.0 10.7 1.9 43.7 72.0 2.3
42.3 115 11.8 1.9 45.9 71 2.9
27.9 6.7 20.3 3.0 51.8 77 4.3
218 5.1 253 3.6 52.9 75 2.0
13.3 3.0 32.2 4.5 54.5 78 3.4
— — 47.05 6.73 52.95 82 53

2The molalities were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

An isothermal methotwas used. The mixtures were prepared Reagent grade salts were recrystallized three times and dried at
from finely powdered salts. The system was equilibrated for 3 approximately 100 °C.

days although 2 days proved to be sufficient. The phosphorus
content of the saturated solutions was determined
gravimetrically as NMgPQ,. The ammonium content was
determined by the distillation method and total nitrogen
content was determined using Devarda’s alloy. The vapor
pressure was measured by the technique described elsetvhereReferences:

M. s. Vrevskiy, N. N. Zavaritskiy, and L. E. Sharlova, Zh.
Russ. Fiz.-Khim. Obstb4, 360 (1923.

Estimated Error:
No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

61T



866T ‘9 'ON ‘LZ 'IOA ‘ereq "J8d "wayD 'shud ¢

Components:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy;

[7783-28-Q
(2) Ammonium nitrate; NHNO;; [6484-52-3
(3) Water; H,0; [7732-18-3

Original Measurements:

A. G. Bergman and L. V. Velikanova, Zh. Neorg. Khirhl,
2370-3(1966.

Components:

(1) Diammonium hydrogenphosphai@H,) ,HPOy;
[7783-28-Q

(2) Ammonium nitrate; NHNO3; [6484-52-3

(3) Water; H,0; [7732-18-3

Original Measurements:

I. N. Belyaev, N. P. Sigida, and T. D. Stepanenko, Zh. Prikl.
Khim. (Leningrad 43, 178-81(1970.

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Variables:
Composition at 10 °C.

Prepared By:
J. Eysseltova

Experimental Data

(NH,),HPO, NH4NO3 H,O
t/°C 10Qw; mi/mol kg~*? 100w; mi/mol kg~*? 100w; Solid phasés
—-17.8 4.5 0.62 40.5 9.20 55 AB+C
4.2 55 0.95 50.5 14.3 44 BC+D
28.5 25 0.60 66 26.2 315 +*D+E

2The molalities were calculated by the compiler.

"The solid phases are: A ice; B=(NH,),HPO;- 2H,0; C=a-NH,NOj; D= (NH,),HPO,; E=8-NH;NO;.
Solubility isotherms in the temperature range-g6 to +50 °C are given in graphical form only.

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materials:

Experimental Data
Solubility in the (NH,),HPO,—NH4;NO;—H,O system at 10 °C

A visual polythermic method was usédsolid carbon dioxide
was used as the cooling agent. In the situations where it was
difficult to obtain a crystalline solid phase, the solutions were

No information is given.

seeded to avoid supersaturation.

Estimated Error:

Precision of temperature measurement was not worse-th@ms
K in the crystallization area diNH,),HPO, and+ 0.2 K in the
rest of the system.

References:

A, G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskiye
Osnovy lzucheniya i Ispol’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow IAN SSSRL951).

NH,4NO, (NHg),HPO, H,0 Solid

100w; mi/mol kg 12 100w, m;/mol kg 1@ 100w; phas8
— — 60.08 18.80 39.92 A
2.66 0.492 56.40 17.21 40.94 A
3.46 0.638 55.47 16.87 41.07 #B
6.93 1.13 46.57 12.51 46.50 B
10.20 1.42 35.24 8.07 54.56 B
17.05 2.17 23.57 4.96 59.38 B
27.71 3.36 9.928 1.99 62.36 B
29.13 3.46 7.15 1.40 63.72 B
30.97 3.76 6.62 1.33 62.41 B
31.75 3.84 5.60 1.12 62.65 B
34.19 4.20 4.14 0.839 61.67 B
37.46 4.69 2.03 0.419 60.51 B
39.00 4.60 — — 61.00 B

aThe molalities were calculated by the compiler.
5The solid phases are:sANH,4NO;; B=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used. The mixtures were
equilibrated for 8—9 hrs in 150—-200 ml vessels made of
Mo-glass. Mechanical stirring was used. The thermostat
contained a 50% glycerol solution. The WH HPQ,>~ and
NO;~ ions were determined by the use of standard methdds.

Source and Purity of Materials:
Chemically pure salts were recrystallized before use.

Estimated Error:

The temperature was kept constant to within0.1 K. No other
information is given.

References:

1A, K. Babko and I. V. Pyatnickiy, Kolichestvennyy Analiz,
Moscow, Goskhimizdat1956.

2V. F. Gillebrand, et al, Prakticheskoe Rukovodstvo po
Neorganicheskomu Analizu, Moscow, Goskhimiz¢E@60.
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Components:

(1) Diammonium hydrogenphosphate; (WHHPO,;
[7783-28-Q

(2) Ammonium nitrate; NHNO;; [6484-52-3

(3) Water; H,0; [7732-18-3

Original Measurements:

L. P. Torokhtey, S. N. Ganz, and R. |. Braginskaya, Izv. Vissh.
Ucheb. Zaved. Khim. Khim. Tekhnol5, 320-2(1972.

Components: Evaluator:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; J. Eysseltova Charles University, Prague, Czech Republic,
[7783-28-Q September 1995

(2) Diammonium sulfate(NH,),S0O,; [7783-20-3
(3) Water; H,0; [7732-18-3

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data
Nonvariant points in the NfFNO3;—(NH,) ,HPO,—H,0O system

NH,4NO, (NH4),HPO, H,0
t/°C 10Qw; mi/mol kg 2 100w, mi/mol kg 12 100w; Solid phasées
-175 35.5 7.65 0.849 58.0 #B+C
3.7 65.0 26.2 0.977 31.0 “BC+D
28.6 53.0 15.8 0.901 42.0 HD+E

aThe molalities were calculated by the compiler.

"The solid phases are: A ice; B=(NH,),HPO,- 2H,0; C=a-NH4NO;; D=(NH,),HPO,; E=8-NH,;NO;.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic methotiwas used. Solid COwas the
cooling agent.

Source and Purity of Materials:

Reagent grade NHNO; and (NH,),HPO, were recrystallized
twice.

Estimated Error:

The reproducibility is given as “minimal difference between the
temperatures of appearance of the first crystal and the
disappearance of the last crystal.”

References:

1A. G. Bergman and N. P. Luzhnaya, Fiziko-khimicheskiye
Osnovy lzucheniya i Ispol'zovaiya Solyanyh Mestorozhdeniy
Khlorid-sul'fatnogo Tipa, Moscow, IAN SSSRL951).

Critical Evaluation:

9.5. (NH,),HPO,—(NH,),S0,~H,0
Only a very limited amount of data is available for this system. There is a report of the 298 K isdtiemther report presents
the values for the isotherms at 273, 283 and 293 K. And Akiyama,*’ehake developed the following smoothing equation for
this system:
S=A/(M+1.2) (1)
where S is the solubility of (Ni),HPO, expressed as mass h;is the mole ratio SQ PO, in the saturated solution; and A is a
constant having the following values:

t/°C A
0 43.6
25 49.9
50 56.4

A graphical comparison of some of the data at 293 and 298 K as well as results calculated ftdjreEgshown in Figure 27. From
this comparison it appears, again, as if the work of Vol'fkovich, étialaffected with a systematic error.

References:

1s. 1. Vorfkovich, L. E. Berlin, and B. M. Mantsev, Tr. NIUIFa, 228940.

K. S. Chernova and E. V. Korzh, Zh. Obshch. Khih6, 171 (1946.

°T. Akiyama, H. Kanzaki, and S. Minagawa, Nippon Dojo Hiryogaku Zag€hi243(1978.

50 L B S S B S S B B B T
40 1
3 I o ref(1), 298k
g 1| e ref(2),293K
I, 30 1+ eq(i), 298k
= o 1
£ ]
z ]
20 4
3 ]
£ ]
10} :
0 , . , ‘
0 10 20 30 40 50

mass 7 (NH4)2504

FIG. 27. Solubility of (NH4),HPG, in the (NH4),HPO;—~(NH,4),SO;—H,0 system.
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Components: Original Measurements:
(1) Diammonium hydrogenphosphai@®H,) ,HPOy; S. 1. Vol'fkovich, L. E. Berlin, and B. M. Mantsev, Tr. NIUIFa,
[7783-28-Q 228-42(1940.

(2) Diammonium sulfate(NH,),S0y; [7783-20-3
(3) Water; H,0; [7732-18-3

Components: Original Measurements:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; K. S. Chernova and E. V. Korzh, Zh. Obshch. Khib§, 171-7
[7783-28-Q (1946.

(2) Diammonium sulfate(NH,),S0O,; [7783-20-3
(3) Water; H,0; [7732-18-3

Variables:
Composition at 25 °C.

Prepared By:
L.V. Chernykh and J. Eysseltova

Variables:
Composition at 0, 10 and 20 °C.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility in the (NH,4),HPO,—(NH,) ,SO;—H,0O system at 25 °C

Experimental Data
Solubility isotherms in théNH,) ,HPO,—(NH,),SO,—H,0 system

(NHy),HPO, (NH,),S0, H,O Solid (NH4),HPO, (NH,),S0, H,0 Solid
comp 100w, mi/mol kg~ *P comg 100w, m;/mol kg~ ° 100w, phasé comp 100w; mi/mol kg~ P comp? 100w, m;/mol kg 1° 100w; phasé
74.5 42.7 5.64 0.0 0.0 0.0 57.3 A temp=0 °C
55.0 35.5 6.01 24.7 19.8 3.35 44.7 A 43.20 27.80 3.27 12.1 7.8 0.92 64.40 A
42.7 29.9 6.12 49.5 33.1 6.77 37.0 A 35.90 22.20 271 255 15.80 1.93 62.00 A
36.6 26.8 6.19 67.7 40.4 9.32 32.8 +B 30.49 17.50 2.30 435 25.00 3.29 57.50 A
0.0 0.0 0.0 76.4 43.3 5.78 56.7 B 25.00 14.00 1.89 53.7 30.00 4.05 56.00 A
24.10 13.20 1.83 58.9 32.10 4.44 54.70 A
aThe composition units are: g/100g,6l. ) _ 0.00 0.00 71.2 41.60 5.39 58.40 B
These values were calculated by the compilers.
“The solid phases are:A(NH,),HPO,; B=(NH,),S0;. temp=10°C
49.40 30.40 3.73 12.81 7.90 0.97 61.70 A
Ausxiliary Information 40.0 24.20 3.04 25.65 15.50 1.95 60.30 A
35.30 19.80 2.67 42.90 24.10 3.25 56.10 C
Method / Apparatus / Procedure: Source and Purity of Materials: 30.00 16.40 227 52.80 28.90 4.00 54.70 C
The isothermal method was used. Equilibration required 4 to 5No information is given. 30.50 16.00 231 60.20 31.60 4,56 52.40 C
days. The_ composition of the solid phase_s was determined by _ 0.00 0.00 73.48 42.40 557 57.60 B
the Schreln_emakers _method. More experimental details have poyioiad Error: temp=20 °C
been described prewou§y. o p=
The temperature was kept constant within0.05 K. No other 58.3 34.20 4.40 11.78 6.90 0.89 58.90 C
information is given. 475 27.40 358 255 14.70 1.92 57.90 c
38.48 21.20 2.92 43.40 23.80 3.27 55.00 C
iEfEer‘;”C?g 4B M. Mantsev. zh Prid. KhinfLeni . 34.9 18.60 2.65 52.90 28.20 4.01 53.20 c
a5 gg;'.” and B. M. Mantsev, Zh. Prikl. Khin{leningrag &, 34.6 17.80 262 59.80 30.80 453 51.40 c
— 0.00 0.00 77.30 43.60 5.85 56.40 B

&The composition unit is: g/100g 0.
The molalities were calculated by the compilers.
The solid phases are:A(NH,),;HPO,- 2H,0; B=(NH,),S0;; C=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was used. The isotherms were No information is given.
derived from the results of this investigation. No other details

are given. Estimated Error:

No information is given.
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13.0 0.963 27.84 3.563 59.16 -5 X

15.0 1.10 25.0 3.16 60.0 -5 X
Components: Original Measurements: 7.2 0.49 28.0 3.27 64.8 -5 B
(1) Diammonium hydrogenphosphai@®H,) ,HPOy; A. M. Babenko and A. M. Andrianov, Ukr. Khim. Zi8, 15-8
[7783-28-Q (1982. 35.6 2.42 0.0 0.0 64.4 0 X
(2) Diammonium persulfate{NH,),S,0s; [7727-54-Q 315 224 6.85 0.841 61.65 0 X
(3) Water; HO; [7732-18-3 255 1.87 14.9 1.89 59.6 0 X
Variables: Prepared By: 20.0 1.50 21.6 2.80 58.4 0 X
Composition and temperature J. Eysseltova 714 0.487 28.6 3.37 64.26 0 X
14.9 1.10 255 3.24 59.6 0 X
. 20.5 1.46 18.0 2.22 61.5 0 X
Experimental Data
26.7 1.88 11.0 1.34 62.3 0 X
9.6. Solubility in the (NH4)2HPOZ—(NH4)25208—H20 System 0.0 0.0 278 2.92 72.2 0 B
(NH,)2$,0g (NHg)2HPO, H20 39.6 2.87 0.0 0.0 60.4 10 X
100w; mi/mol kg 12 100w, mi/mol kg & 100w; t/°C Solid phasés 35.0 2.62 65 0.84 58.5 10 X
32.0 2.06 0.0 0.0 68.0 -73 A+X 29.5 1.95 41 047 66.4 10 X
28.0 1.89 7. 0.84 64.8 _83 A+X 24.0 1.82 18.24 2.391 57.76 10 X
27.9 1.88 71 0.81 65.1 —90 A+X 16.0 1.23 26.88 3.563 57.12 10 X
22,0 154 156 1.89 62.4 -9.0 A+X 24.6 188 18.0 2317 574 10 X
21.0 1.46 16.0 1.92 63.0 102 A+X 19.25 1.461 23.0 3.02 57.75 10 X
16.0 114 22.68 2.801 61.32 -105 AFX 6.5 046 s1.0 376 62.5 10 B
15.2 1.10 24.0 2.99 60.8 ~11.0 A+X 0.0 0.0 35.0 4.08 65.0 10 B
12.0 0.879 28.16 3563 59.84 -118 AFX+B 145 110 275 359 58.0 10 B
0.0 0.0 26.3 2.70 73.7 —-5.4 A+B
72 0.49 28.0 3.27 64.8 -9.0 A+B 335 2.76 13.3 189 53.2 20 e
0.0 0.0 39.6 4.96 60.4 +16.0 BrC 28.0 233 19.44 2801 52.56 20 b
3.0 0.23 40.74 5.483 56.26 +29.0 B+C 18.0 141 26.24 3.563 55.76 20 o
6.0 0.49 40.0 5.61 54.0 1325 B+C+D 10.2 0.778 32.328 4.2594 57.472 20 D
8.0 0.60 33.12 4.259 58.88 +13.0 B+D 6.6 0.49 84.0 433 59.4 20 B
6.4 0.49 36.0 473 57.6 +27.8 B+D 14.0 110 30.0 4.06 56.0 20 b
138 1.10 31.0 425 55.2 +225 B+D+X 185 1.46 26.0 3.55 555 20 b
29.4 236 16.0 222 54.6 +145 D+X 39.0 311 61 084 54.9 20 X
34.4 2.92 14.0 2.05 516 +23.0 DX 2The molalities were calculated by the compiler.
19.0 1.46 24.0 3.19 57.0 +12.2 D+X The solid phases are: A ice; B=(NHy),HPO,- 2H,0; C=(NH,),HPO,; D=(NH,),S,05; X="'m (NH,),S,05- n(NH,),HPG," (an
24.0 1.88 20.0 2.70 56.0 +11.0 D+X unidentified solid phase—either solid solution or a compound
21.0 1.46 16.0 1.92 63.0 -10 A
15.6 1.10 22,0 2.67 62.4 -10 A Auxiliary Information
14.0 0.977 22.22 2.802 62.78 -10 A . .
21.125 1.4607 155 185 63.375 _10 X Metlhod / Appa.ratus / Procedu.re: Source and Purity of Materials: _ .
An improved visual polythermic methdavas used. Reagent grade salts were recrystallized and dried at 40-50 °C.
16.1 1.15 22.653 2.8007 61.247 —-10 X
15.16 1.096 24.2 3.02 60.64 -10 X .
Estimated Error:
12.2 0.895 28.096 3.5634 59.704 -1 X Precision of temperature measurement wa®.4 K.
23.0 1.31 0.00 0.0 77.0 -5 A
15.0 0.859 8.5 0.84 76.5 -5 A References:
85 049 150 148 765 - A L. N. Erayzer and I. M. Kaganskiy, Zavod. Lah. 119 (1967.
18.8 1.10 6.0 0.60 75.2 -5 A
0.0 0.0 24.3 2.43 75.7 -5 A
0.0 0.0 26.4 2.72 73.6 -5 A
334 2.20 0.0 0.0 66.6 -5 X
29.5 2.04 7.05 0.841 63.45 -5 X
27.6 1.88 8.0 0.94 64.4 -5 X
235 1.68 15.3 1.89 61.2 -5 X
20.875 1.461 16.5 2.00 62.625 -5 X
18.0 1.32 22.14 2.801 59.86 -5 X
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Components: Original Measurements: Components: Original Measurements:
(1) Diammonium hydrogenphosphate; (WHHPO,; A. A. Volkov and O. E. Sosnina, Uch. Zap. Perm. UnB29, (1) Diammonium hydrogenphosphai@H,) ,HPOy; R. F. Platford, J. Chem. Eng. Dai®, 169-8(1974.
[7783-28-Q 35-9(1970. [7783-28-Q
(2) Ammonium chloride; NHCI; [12125-02-9 (2) Disodium hydrogenphosphate; MPO,; [7558-79-4
(3) Water; H,0; [7732-18-3 (3) Water; H,0; [7732-18-3
Variables: Prepared By: Variables: Prepared By:
Composition at 20 °C. L. V. Chernykh and J. Eysseltova Composition at 25 °C. J. Eysselfova
Experimental Data Experimental Data
9.7. Solubility in the NH 4Cl—(NH,),HPO,—H,O System at 20 °C 9.8. Solubility in the Na ,HPO,—(NH,),HPO,—H,O System at 25 °C
NH,CI (NH,),HPO, H,O Refractive Na,HPO, (NH,),HPO, Solid
100w, mi/mol kg 12 100w; mi/mol kg 2 100w, index Solid phase 100w, mi/mol kg 2 100w, mi/mol kg 1 phas&
0 0 40.80 5.215 59.20 1.4100 (NHy),HPO, 10.4 0.82 0.00 0.00 A
3.0 0.92 36.0 4.46 61.0 1.4050 (NH,),HPO, 12.3 1.01 2.0 0.18 A
5.50 1.64 31.75 3.829 62.75 1.4020 (NH,),HPO, 16.0 1.39 3.3 0.31 AB
7.0 21 295 3.52 63.5 1.4010 (NH,),HPO, 15.6 1.38 4.6 0.44 B
9.5 2.8 26.75 3.175 63.75 1.3985 (NH,),HPO, 13.6 1.19 59 0.55 B
11.7 3.39 23.75 2.784 64.55 1.3980 (NHy4),HPO, 11.3 0.97 7.0 0.65 B
14.0 4.03 21.0 2.44 65.0 1.3975 (NH,),HPO, 10.5 0.92 8.9 0.84 B
16.25 4.691 19.0 2.22 64.75 1.3970 (NH,),HPO, 9.7 0.88 12.8 1.25 B
19.00 5.443 15.75 1.827 65.25 1.3980 (NH,),HPO, 9.1 0.84 14.4 1.42 B
21.50 6.231 14.0 1.64 64.5 1.3990 (NH,),HPO,+NH,CI 8.2 0.78 18.0 1.85 B
22.75 6.593 12.75 1.496 64.50 1.400 N 8.4 0.83 204 2.17 B
23.00 6.563 11.50 1.329 65.50 1.3970 MOH 8.0 0.85 25.5 2.90 B
24.00 6.597 8.00 0.890 68.00 1.3930 N 7.8 0.90 31.2 3.87 B
26.0 6.94 4.0 0.43 70.0 1.3890 NEl 8.5 1.16 40.1 5.91 BC
27.1 6.95 0 0 62.9 1.386 Ni€l 7.1 0.97 41.3 6.06 C
4.8 0.62 40.8 5.68 C
aThese values were calculated by the compilers. 18 0.22 413 5.50 c
" . 0.0 0.00 415 5.37 Cc
Auxiliary Information
K K 2The molalities were calculated by the compiler.
Method / Apparatus / Procedure: Source and Purity of Materials: bThe solid phases are:ANa,HPO, - 12H,0; B=NaNH,;HPO, 4H,0; C=(NH,),HPO,.
The isothermal method of sectidrfswas used with the aid of ~ Chemically pure NKCI and pure(NH,),HPQ, were used.
refractive index measurements. Ausiliary Information
Estimated Error:
No information is given. Method / Apparatus / Procedure: Source and Purity of Materials:
Conventional measurements were made on aliquots of The AR grade phosphates were recrystallized once from water.
References: saturated solutions. The ammonium salt was determined The NaHPO, was dried at 105 °C. ThéNH,),HPO, was dried
1R, V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. un-ta1, 1 gravimetrically as ammqniumtetraphenyl ‘boﬂamd the total ) in vacuum over sulfuric acid at room temperature.
(1937, §alt content was determined by evaporation to constant weight
2E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Khn2360 in vgcuum over BS0,. The_spdlum salt Wasvthen esnmated- Estimated Error:
(1960. by difference. The composition of the eutonics was determined

by an isopiestic methodl. No information is given.
References:

1A. 1. Vogel, Quantitative Inorganic Analysis, Wiley, New York,
p. 566(1961). 2. R. F. Platford, Amer. J. Sc272, 959 (1972.
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Components:

(1) Diammonium hydrogenphosphai@®H,) ,HPOy;
[7783-28-Q

(2) Diammonium carbonatéNH,),COs; [506-87-§

(3) Dipotassium hydrogenphosphate;HPO,; [7758-11-4
(4) Dipotassium carbonate; JCO;; [584-08-1

(5) Water; HO; [7732-18-3

Original Measurements:

M. N. Syromyatnikova, N. S. Torocheshnikov, and A. B.
Kuznetsova, Izv. Vyssh. Ucheb. Zaved., Khim. Khim. Tekhnol.
21, 1336-8(1978.

Components:

(1) Diammonium hydrogenphosphai@H,) ,HPOy;
[7783-28-Q

(2) Ammonium nitrate; NHNO3; [6484-52-3

(3) Dipotassium hydrogenphosphate;HPO,; [7758-11-4
(4) Potassium nitrate; KNQ [7757-79-1

(5) Water; H,0; [7732-18-3

Original Measurements:

M. R. Endovitskaya and V. I. Vereshchagina, Zh. Neorg. Khim.
15, 2265-7(1970.

Variables:
Composition at 0, 10, 20 and 30 °C.

Prepared By:
J. Eysseltova

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data
10. Quaternary Systems With  (NH,),HPO,

The authors present the following equation=yA+0.11 X, where y= total plant nutrient, and x the mass ratio KO/N. The

following values for the parameter, A, are given:

t/°C A
0 26.11
10 28.4
20 30.48
30 33.0

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used with 3.5 hours allowed for
equilibration. Both liquid and solid phases were analyzed.
NH," was determined by a distillation meth?mi’,zo5 by the
citrate methofland potasssium gravimetrically as the
tetraphenylborate. The solid phase was analyzed by the
Schreinemaker's method.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

1|, N. Shokin, S. A. Krasheninikowet al., Tekhnicheskiy Analiz

i Kontrol'v Proizvodstve Neorganicheskikh Veshchestv, Izd.
Vysshaya Shkola, Moscow968.

2F. N. Kel'man, E. B. Bruckus, and R. F. Osherovich, Metody
Analiza pri Kontrole Proizvodstva Sernoy Kisloty i Fosfornykh
Udobreniy, Goskhimizdat, MoscoW 963.

Experimental Data
Composition and crystallization temperatures of invariant points i) ,HPO,—KNO3;—H,0 system

KNO, (NH,),HPO, H,0

100w; m;/mol kg2 100w; m;/mol kg~ 12 100w, t/°C Solid phasés
9.0 1.4 28.5 3.45 62.5 0 AB+C
10 15 26 3.1 64 —4 A+C+D
9.0 1.2 18 1.9 73 -8 D+E+F
8.5 1.2 22 2.4 69.5 —-12 A+D+E

2These values were calculated by the compiler.
The solid phases are:’A(NH,;),HPO,- 2H,0; B=(NH,),HPO,; C=y-KNOjz; D= -KNOj3; E = ice; F=a-KNO;.

Note: The rest of the data in the article are given only in graphical form.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was uséd.

Source and Purity of Materials:
Pure KNG, and reagent gradéNH,) ,HPO, were used.

Estimated Error:
No information is given.

References:

1A. G. Bergman and N. P. Luzhnaya, Fizikokhimicheskiye
Osnovy lzucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSRL951).
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Part 2. Solubility isotherms in theNH,) ,HPO,—K,S,03—H,0 system

Components: Original Measurements: (NH,):HPO, K25,05 H20 Solid
(1) Diammonium hydrogenphosphai@®H,) ,HPOy; A. M. Babenko and A. M. Andrianov, Zh. Neorg. Khin29, 100w, my/mol kg~ ** 100w; mi/mol kg~** 100w; phaseg
[7783-28-Q 1578-82(1984).
(2) Diammonium thiosulfate{NH,),S,05; [7783-18-§ temp=—20°C
(3) Dipotassium hydrogenphosphate;HPO,; [7758-11-4 5.8 0.90 45.3 4.87 48.9 A
(4) Dipotassium thiosulfate; §S,05; [10294-66-3 11.9 1.89 40.4 4.45 477 A
(5) Water; H0; [7732-18-§ 15.0 223 340 350 51.0 A
. 17.4 2.52 30.4 3.06 52.2 A
Variables: Prepared By:
. - 20.2 3.19 31.9 3.50 47.9 B
Composition and temperature. J. Eysseltova
15.5 2.52 38.0 4.29 46.5 B
12.5 2.08 42.0 4.85 45.5 B
Experimental Data 0 0 526 5.83 47.4 D
Part. 1. Points of simultaneous crystallization of two or three solid phases iiNtg ,HPO,—K,S,03—H,0 system temp=—10 °C
(NH,),HPO, K,S,05 H,O Solid 0 0 380 8.22 620 A
100w; m;/mol kg2 100w; m;/mol kg~ 12 100w; t/°C phase’ 100 L.20 270 225 63.0 A
21.0 2.52 15.8 1.31 63.2 A
24.0 3.42 228 2.25 53.2 -186 A+B 28.0 3.27 7.18 0.582 64.82 c
20.0 3.15 32.0 3.50 48.0 -236 A+B 29.0 3.44 7.1 0.58 63.9 c
12.0 1.89 40.0 438 48.0 -236 A+B 30.0 3.61 7.0 0.58 63.0 c
16.0 252 36.0 3.94 48.0 242 A+B 24.6 3.53 22.7 2.26 52.7 B
26.0 3.33 14.8 1.31 59.2 -128 A+B+C 21.0 3.35 316 3.50 474 B
0 0 52.0 5.70 48.0 -215 A+D 11.4 1.88 428 4.91 458 B
5.4 0.84 46.0 4.97 48.6 -20.0 A+D 5.2 0.85 48.6 5.53 46.2 D
12.0 1.99 42.24 4.850 45.76 -28.0 A+B+D 0 0 55.0 6.42 45.0 D
29.6 3.18 0 0 70.4 -6.5 A+C temp=0°C
30.0 3.61 7.0 0.58 63.0 -104 A+C 27.8 2.92 0 0 72.2 c
39.0 4.84 0 0 61.0 16.5 BC 27.4 3.57 14.5 1.31 58.1 B
36.0 473 6.4 0.58 57.6 14.4 HBC 21.8 3.51 31.2 3.49 47.0 B
32.0 4.46 13.6 1.31 54.4 11.6 8 14.0 2.53 44.0 5.50 420 B
33.12 4.259 8.0 0.71 58.88 12.6 HE 4.8 0.84 52.0 6.32 43.2 D
29.04 3.727 12.0 1.07 58.96 11.6 +B 7.2 1312 51.15 6.452 41.65 D
11.0 2.08 48.95 6.422 40.05 4.2 B 0 0 57.4 7.08 42.6 D
9.0 1.9 54.6 7.88 36.4 16.0 © temp=10°C
33.1 3.75 0 0 66.9 C
aThese values were calculated by the compiler. 33.6 4.26 6.64 0.584 59.76 C
"The solid phases are: A ice; B=(NH,4),HPO,; C=(NH,4),HPO,-2H,0; D=K,S,0;. 31.0 4.25 13.8 1.31 55.2 B
22.6 3.68 30.9 3.49 46.5 B
4.6 0.85 54.4 6.97 41.0 D
0 0 60.0 7.88 40.0 D

aThese values were calculated by the compiler.
The solid phases are: A ice; B=(NH,),HPO,; C=(NH,),HPO,-2H,0; D=K,S,0;.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

An improved visual polythermic methdavas used. All materials were of chemically pure gra@H,),HPO, was
recrystallized twice and dried at 30—40 °C,;%0; (pur., TU
6-09-44-70 was recrystallized twice and dried at 105 °C.

Estimated Error:
Precision of temperature measurement wa$.4 K.

References:
L. N. Erayzer and I. M. Kaganskiy, Zavod. Lah.119(1967.
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The data are also presented in the form of isoconcentrations:

Components: Original Measurements: Kcl (NH,),HPO, H,0
(1) Diammonium hydrogenphosphat@H,),HPO;; I. Karshev and K. Asitska, God. na VKhTI, Sofiya, 101-9 comg’ 100w my/mol kg~ *® 100w° my/mol kg~ ° 100w°
[7783-28-Q (1970.
(2) Ammonium chloride; NHCI; [12125-02-9 total salt= 700 /1000 g HO
(3) Dipotassium hydrogenphosphate;HPO,; [7758-11-4 0.0 0.0 0.0 41.2 5.30 58.8
(4) Potassium chloride; KC[7747-40-7 11.1 4.6 1.0 36.6 471 58.8
(5) Water; HO; [7732-18-3 125 51 12 36.0 464 58.8
= % x o =
Composition at 15 to 48 °C. J. Eysseltova
39.5 16.3 3.71 249 3.21 58.8
40.0 16.5 3.76 24.7 3.18 58.8
Experimental Data 413 170 3.88 242 311 58.8
Solubility isotherms for théNH,),HPO,—KCI-H,O system 45.3 18.7 4.25 225 2.90 58.8
Kcl (NHg),HPO, H,0 46.6 19.2 4.38 22.0 2.83 58.8
100w; m;/mol kg~ ! 100w; m;/mol kg~ ! 100w; 516 212 484 199 257 5838
total salt=720 g/1000 g HO
temp=25 °C 0.0 0.0 0.0 419 5.45 58.1
0.0 0.0 41.1 5.28 58.9 111 4.6 1.1 37.2 4.85 58.1
a4 1.0 36.8 474 58.8 15.0 6.3 1.4 35.6 4.63 58.1
12.4 2.86 205 3.84 58.1 26.7 11.2 2.58 30.7 4.00 58.1
15.4 3.59 271 357 575 30.0 12.6 2.90 29.3 3.82 58.1
16.9 3.98 26.2 3.49 56.9 35.8 15.0 3.46 26.9 3.50 58.1
17.2 4.06 26.0 3.47 56.8 38.2 16.0 3.69 25.9 3.37 58.1
17.3 4.04 25.2 3.32 575 39.5 16.5 3.81 253 3.30 58.1
17.7 4.09 24.2 3.15 58.1 41.0 17.2 3.96 24.7 3.22 58.1
18.0 411 232 2.99 58.8 42.2 17.7 4.08 24.2 3.15 58.1
temp=35 °C 44.2 185 427 234 3.04 58.1
0.0 0.0 432 5.76 56.8 46.5 19.5 4.49 22.4 2.92 58.1
9.0 22 34.9 471 56.1 49.1 20.6 4.74 213 2.77 58.1
15.1 3.65 20.4 4.01 55.5 total salt=740 g/1000 g HO
18.1 4.37 26.4 3.60 55.5 0.0 0.0 0.0 425 5.60 57.5
18.3 4.38 25.6 3.46 56.1 111 4.7 1.1 37.8 4.98 57.5
18.8 4.43 243 3.23 56.9 200 8.5 2.0 34.0 4.48 57.5
19.2 4.48 233 3.07 575 27.3 11.6 271 30.9 4.07 575
19.7 455 222 2.89 58.1 33.3 14.2 3.30 28.4 3.74 57.5
20.0 456 21.2 273 58.8 385 16.4 3.82 26.2 3.45 575
39.5 16.8 3.92 25.7 3.39 57.5
40.1 17.1 3.98 255 3.36 575
42.0 17.9 4.17 24.7 3.25 57.5
44.4 18.9 4.41 23.6 3.12 575
46.7 19.9 4.63 22.7 2.99 575
49.0 20.8 4.86 21.7 2.86 57.5
total salt=760 g/1000 g HO
0.0 0.0 0.0 43.2 5.75 56.8
111 4.8 11 38.4 5.12 56.8
20.0 8.6 2.0 345 4.60 56.8
30.0 13.0 3.06 30.2 4.03 56.8
32.8 14.2 3.34 29.0 3.87 56.8
35.0 15.1 3.57 28.1 3.74 56.8
39.0 16.8 3.98 26.3 3.51 56.8
39.5 17.1 4.03 26.1 3.48 56.8
40.0 17.3 4.08 259 3.45 56.8
40.8 17.6 4.16 25.6 3.41 56.8
41.6 18.0 4.24 25.2 3.36 56.8
42.2 18.2 4.30 25.0 3.33 56.8

S3IIH3S v1va ALITENTOS 1SIN-OvdNi

LSYT



866T ‘9 'ON '/Z 'IOA ‘eyeq '}y "wayd 'shud 't

43.4
44.9
45.8

0.0
111
20.0
26.0
34.2
37.3
39.7
41.0
42.4
44.0
45.0

0.0
10.0
20.0
28.0
33.6
36.0
38.0
395
41.0
43.0
45.0

18.7
19.4
19.8

0.0

4.9

8.8
11.4
15.0
16.3
17.4
18.0
18.6
19.3
19.7

0.0

4.4

8.9
12.4
14.9
16.0
16.9
17.6
18.2
19.1
20.0

4.42
4.58
4.67

total salt=780 g/1000 g HO

24.4 3.26 56.8
23.8 3.17 56.8
23.4 3.12 56.8 Components:

(1) Triammonium phosphatéNH,);PO,; [10361-65-6

Original Measurements:
O. E. Sosnina and A. A. Volkov, Uch. Zap. Perm. Gos. Univ.,

0.0 43.8 5.91 56.2 (2) Triethylamine hydrochloride; gH,¢CIN; [554-68-7 Ser. Khim.289, 20-5(1973.
12 39.0 5.25 56.2 (3) Water; HO; [7732-18-9]
21 35.1 4.72 56.2 )
Variables: Prepared By:
2.72 32.4 4.37 56.2 o .
Composition at 20 °C. J. Eysseltova

3.58 28.8 3.89 56.2
3.90 275 3.70 56.2
415 26.4 3.56 56.2 Experimental Data
4.29 258 3.48 56.2 Solubility in the (NH,)3PO;—(C,Hs) 3N - HCI-H,O system at 20 °C
jgg ;ié zgi 222 (NHy) 3P0, (C,Hs)3N-HCI H,O Refractive Solid

) ’ ’ : 100w; m;/mol kg2 100w, m;/mol kg2 100w; index phasds
471 24.1 3.25 56.2

total salt=800 g/1000 g HO 12,5 0.985 — — 87.5 1.3580 A
0.0 44.4 6.06 55.6 9.2 0.78 9.1 0.84 81.7 1.3650 A
11 40.0 5.45 55.6 7.3 0.68 185 1.88 74.2 1.3730 A
21 356 4.85 55.6 4.1 0.42 28.8 3.23 67.1 1.3865 A
3.00 320 4.36 55.6 33 0.37 35.0 427 61.7 1.3950 A
3.61 295 4.02 55.6 1.8 0.21 39.3 5.03 58.9 1.3995 A
3.86 284 3.88 55.6 0.7 0.1 49.7 7.55 49.6 1.4160 A
4.08 27.6 3.76 55.6 — — 57.2 10.1 428 1.4295 B
4.24 26.9 3.66 55.6
4.40 26.2 3.57 55.6 2The molalities were calculated by the compiler.
461 253 3.45 55.6 "The solid phases are:’A(NH,)3P0O;; B=(C,Hs)3N-HCI.
483 24.4 3.33 55.6

aThe composition unit is: mass % KCI in solute.
These values were calculated by the compiler.

Augxiliary Information

Auxiliary Information

Method / Apparatus / Procedure:

The refractometric variation of the isothermal method was
used An IRF-22 refractometer was used.

Method / Apparatus / Procedure:

The isothermal method and a visual polythermic methoere
used. In the isothermal studies, BlMas determined by the
formaldehyde method, HR®™ by direct titration with MgC},

CI™ by the Volhard method, and Kby titration with

tetraphenylborate.

Source and Purity of Materials:
Carlo Erba reagent grade KCl aH,),HPO, were used.

Estimated Error:
No information is given.

References:

1A. G. Bergman and N. P. Luznaya, Fiziko-Khimicheskiye
Osnovy lzucheniya i Ispol’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSRL95]).

Source and Purity of Materials:

(NH,)3P0O, was synthesized according to directions given by
others? Its composition was checked by analyzing it
periodically.

Estimated Error:
No information is given.

References:

1E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Khn2630
(1960.

2Yu. V. Karyakin, Chistye Khimicheskiye Reaktivy,
Goskhimizdat, Moscow-Leningrad947).
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Components:

(1) Triammonium phosphatéNH,);PO;; [10361-65-6
(2) Ammonium chloride; NHCI; [12125-02-9

(3) Water; H,0; [7732-18-3

Original Measurements:

A. A. Volkov and O. E. Sosnina, Uch. Zap. Perm. Un2&29,
35-9(1970.

Variables:
Composition at 20 °C.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solubility in the NH,Cl—(NH,)3P0,—H,0 system at 20 °C

NH,CI (NH,)3PO, H,0 Refractive Solid
100w, m;/mol kg2 100w, m;/mol kg2 100w; index phas®
0 0 12.80 0.9979 87.20 1.3580 A
4.50 0.981 9.80 0.777 85.70 1.3620 A
9.11 2.08 8.90 0.738 81.99 1.3680 A
13.80 3.294 7.90 0.686 78.30 1.3750 A
18.50 4.676 7.55 0.694 73.95 1.3820 A
21.30 5.568 7.20 0.685 71.50 1.3860 A
24.10 6.557 7.20 0.712 68.70 1.3860 A
24.50 6.685 7.00 0.695 68.50 1.3920 +B
24.50 6.542 5.50 0.534 70.00 1.3905 B
25.60 6.674 2.70 0.256 71.70 1.3860 B
27.10 6.948 0 0 72.90 1.3860

aThese values were calculated by the compilers.
"The solid phases are:=A(NH,) 3P0, 3H,0; B=NH,CI.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method of sectidrfowas used with the aid of
refractive index measurements

Source and Purity of Materials:

Chemically pure NHCI and (NH,)3PO, were prepared
according to directions given elsewhére.

Estimated Error:
No information is given.

References:

IR. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. un-té1, 1
(1939.

2E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Khén2360
(1960.

Syu. V. Karyakin, Chistye Khimicheskie Reaktivy, Moscow, p.
58 (1947).

Components: Original Measurements:
(1) Diammonium hydrogenphosphai@H,) ,HPOy; S. Tukhtaev, Kh. Kucharov, and M. K. Askarova, Uzb. Khim.
[7783-28-Q Zh. 61-2(1985.

(2) Ammonium chlorate; NECIO;; [10192-29-7

(3) Magnesium hydrogenphosphate; MgHP{7757-86-Q
(4) Magnesium chlorate; MI03),; [10326-21-3

(5) Water; H,0; [7732-18-3

Variables:
Temperature and composition.

Prepared By:
L. V. Chernykh and J. Eysseltova

Experimental Data
Solutions co-existing with three solid phases in (Néd,) ,HPO,—Mg(ClOs) ,—H,0 system

Mg(CIO3), (NH,),HPO, H0
100w; m;/mol kg2 100w; m;/mol kg~ 12 100w; t/°C Solid phasés
36.3 2.99 0.20 0.024 63.5 —-52.1 A+B+C
40.4 3.56 0.20 0.025 59.4 —21.8 B+C+D
43.8 4.09 0.25 0.034 55.95 —-7.6 C+D+E
0.3 0.02 25.1 2.55 74.6 —5.7 A+C+F
0.4 0.03 38.8 4.83 60.8 —14.9 C+F+G

aThe molalities were calculated by the compilers.
"The solid phases are: A& ice; B=Mg(ClO;),- 16H,0; C=Mgs(PO,),- 18H,0; D=Mg(CIO;),- 12H,0; E=Mg(CIO3),-6H,0; F
= (NHy),HPO,- 2H,0; G=(NH,),HPO;.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visual polythermic method and the isothermal method were Chemically pure (NH,),HPO, was recrystallized twice.
used but details are not given. Mg(CIO;), was recrystallized from ether. After the final
recrystallization its purity was 99.1%.

Estimated Error:
No information is given.

S3IIH3S v1va ALITENTOS 1SIN-OvdNi
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11. SYSTEM INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compilation tables.

Ammonia(aqueous
+ diphosphorus pentoxide
+ diphosphoric acid
+ phosphoric acid
+ triphosphoric acid
+ tetraphosphoric acid
Ammonia (aqueous, multicomponeént
+ calcium oxide
+ hydrogen chloride
+ nitric acid
+ phosphoric acid

+ potassium oxide

+ sulphuric acid
Ammonium chloratgsee chloric acid, ammonium salt
Ammonium chloride(aqueous

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, triammonium salt
Ammonium chloride(aqueous,multicomponent

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monosodium salt

+ phosphoric acid, monopotassium salt

+ nitric acid, ammonium salt

+ nitric acid, potassium salt

+ potassium chloride

+ sodium chloride
Ammonium dihydrogenphosphateee phosphoric acid, monoammonium )salt
Ammonium nitrate(see nitric acid, ammonium salt
Biuret (aqueous

+ phosphoric acid, monoammonium salt
Calcium oxide(aqueous, multicomponent

+ ammonia

+ nitric acid
Calcium oxide(aqueous, multicomponent

+ phosphoric acid
Carbonic acid, diammonium sdkqueous

+ phosphoric acid, diammonium salt
Carbonic acid, diammonium sgkqueous, multicomponent

+ carbonic acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt
Carbonic acid, dipotassium safiqueous, multicomponent

+ carbonic acid, diammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt
Cesium dihydrogen phosphateee phosphoric acid, dicesium $alt
Chloric acid, ammonium salaqueous, multicomponent

+ chloric acid, magnesium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, monomagnesium salt
Chloric acid, magnesium salagueous, multicomponent

+ chloric acid, ammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, monomagnesium salt
Diammonium carbonatésee carbonic acid, diammonium salt
Diammonium hydrogen phosphateee phosphoric acid, diammonium $alt
Diammonium dihydrogen diphosphatgee diphosphoric acid, diammonium $alt
Diammonium peroxodisulfatésee persulfuric acid, diammonium galt
Diammonium thiosulfatésee thiosulfuric acid, diammonium salt
Dibutylamine hydrochloridéagueous

+ phosphoric acid, monoammonium salt

+ tributylamine hydrochloride
Diphosphoric acidagueous

+ ammonia

0047-2689/98/27(6)/1460/182/$89.00 1460

E1297
E1297, 1299
E1300-1304, E1313-1315, 1317-1324, 1325-1330
E1297, 1299
E1297, 1300

1335, 1337-1338, 1341, 1342-1345
E1354
E1330, 1331-1334, 1342-1345
E1330, 1331-1335, 1337-1338, 1341, 1342-1345, E1346
1346-1354, E1354, 1355-1357
E1346, 1353-1354, 1357
E1346, 1346-1354

1454
E1404, 1405
1459

1425, 1434, 1435, 1437, E1438, 1438-1441
1437
1425, 1434, 1435, E1438, 1438-1441
1425, 1434, 1435
1425, 1434, 1435
1425, 1434, 1435, E1438, 1438-1441
1437

E1382, 1384

1335, 1337-1338, 1341, 1342-1345
1299-1345

1335, 1337-1338, 1341, 1342-1345
1448

1414
1414
1414

1414, 1455
1455
1455
1414
1414

1459
1459
1459

1459

1459
1459

1386
1386

E1297, 1299
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Diphosphoric acid, diammonium saliqueous

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Diphosphoric acid, tetraammonium séigueous

+ phosphoric acid, monoammonium salt
Diphosphorus pentoxide

+ ammonia(aqueous
Dipotassium carbonat@ee carbonic acid, dipotassium galt
Dipotassium hydrogen phosphdsee phosphoric acid, dipotassium salt
Dipotassium sulfatésee sulfuric acid, dipotassium galt
Dipotassium thiosulfatésee thiosulfuric acid, dipotassium salt
Disodium hydrogen phosphatsee phosphoric acid, disodium salt
Hydrogen chloridglaqueous, multicomponent

+ ammonia

+ phosphoric acid
Magnesium chloratésee chloric acid, magnesium salt
Magnesium hydrogen phosphdsee phosphoric acid, monomagnesium)salt
Methionine (aqueous

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Nitric acid (multicomponent

+ ammonia

+ phosphoric acid
Nitric acid, ammonium salaqueou}s

+ phosphoric acid, monoammonium salt

+ phosphoric acid, diammonium salt
Nitric acid, ammonium salfaqueous, multicomponeént

+ ammonium chloride

+ nitric acid, potassium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt

+ potassium chloride

+ sulfuric acid, dipotassium salt

+ urea

+ urea nitrate

+ urea phosphate
Nitric acid, potassium salfaqueous, multicomponent

+ nitric acid, ammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt

+ potassium chloride

+ urea
Persulfuric acid, diammonium sakqueous

+ phosphoric acid, diammonium salt
Phosphoric acidaqueous

+ ammonia

+ phosphoric acid, monoammonium salt
Phosphoric acidaqueous, multicomponent

+ ammonia

+ calcium oxide
+ hydrogen chloride
+ nitric acid
+ phosphoric acid, calcium sa(8:2)
+ phosphoric acid, triammonium salt
+ potassium oxide
+ sulfuric acid
Phosphoric acid, calcium sgl8:2) (multicomponent
+ phosphoric acid, triammonium salt
+ phosphoric acid
Phosphoric acid, diammonium salt
+ water
Phosphoric acid, diammonium saétqueous
+ ammonium chloride

E1297
E1297, 1298

E1297

E1297

E1354, 1355-1357
E1354, 1355, 1357

E1446, 1447
E1382, 1385

E1330, 1331-1334
E1330, 1331-1334

E1391, 1392-1397, E1423, 1423-1436
E1449, 1449-1451

1425, 1434
E1423, 1423-1436, 1455
1366, 1369-1370, 1444, 1455
1455
1366, 1369-1370, E1386, 1387-1389, 1397, E1423, 1423-1436
E1423, 1423-1436
1370, E1423, 1425, 1434
1369
1366, 1444
1397
1397

E1423, 1423-1436, 1455
1371, 1445, 1455
1455
1371, E1423, 1423-1436
E1423, 1423-1436
E1423, 1425, 1434, 1435
1445

1453

E1300-1304, E1313-1315, 1317-1324, 1325-1330
1305

E1298, 1331-1334, 1337-1338, 1341, 1342-1345, E1346
1346-1354, E1354, 1355-1357
1335, 1337-1338, 1341, 1342-1345
E1354, 1355-1357
E1330, 1331-1334, 1342-1345
1336
1336
E1346, 1353-1354, 1357
E1346, 1346-1354

1336
1336

E1302-1304, 1307, 1308, 1309-1310, 1313

1454
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+ carbonic acid, diammonium salt
+ diphosphoric acid, diammonium salt
+ methionine
+ nitric acid, ammonium salt
+ persulfuric acid, diammonium salt
+ phosphoric acid, disodium salt
+ phosphoric acid, monoammonium salt
+ sulfuric acid, diammonium salt
+ thiourea
+ triethylamine hydrochloride
+ urea
+ urea nitrate
Phosphoric acid, diammonium s&#tqueous, multicomponent
+ ammonium chloride
carbonic acid, diammonium salt
carbonic acid, dipotassium salt
chloric acid, ammonium salt
chloric acid, magnesium salt
nitric acid, ammonium salt
nitric acid, potassium salt
phosphoric acid, dipotassium salt
+ phosphoric acid, monoammonium salt
+ phosphoric acid, monomagnesium salt
+ phosphoric acid, monosodium salt
+ potassium chloride
+ sulfuric acid, dipotassium salt
+ thiosulfuric acid, diammonium salt
+ thiosulfuric acid, dipotassium salt
+ triethylamine hydrochloride
+ urea
Phosphoric acid, dipotassium séigueous, multicomponent
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt
+ nitric acid, ammonium salt
+ nitric acid, potassium salt
+ phosphoric acid, diammonium salt
+ potassium chloride
+ thiosulfuric acid, diammonium salt
+ thiosulfuric acid, dipotassium salt
Phosphoric acid, disodium satiqueous
+ phosphoric acid, diammonium salt
Phosphoric acid, monoammonium salt
+ water
Phosphoric acid, monoammonium s@tueous
+ ammonium chloride
+ biuret
+ diphosphoric acid, diammonium salt
+ diphosphoric acid, tetraammonium salt
+ methionine
+ nitric acid, ammonium salt
+ phosphoric acid
+ phosphoric acid, diammonium salt
+ phosphoric acid, monocesium salt
+ phosphoric acid, monosodium salt
+ phosphoric acid, monopotassium salt
+ phosphoric acid, monorubidium salt
Phosphoric acid, monoammonium s@tueous
+ phosphoric acid, monothallium salt
+ sulfuric acid, diammonium salt
+ sulfuric acid, dipotassium salt
+ thiourea
+ triethylamine hydrochloride
+ urea
Phosphoric acid, monoammonium s@tueous, multicomponent
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt

+ o+ + o+t

+
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1448

E1297

E1446, 1447
E1449, 1449-1451
1453

1454

1312, 1325
E1451, 1452
E1446, 1446, 1447
E1446, 1448
E1442, 1443
E1442

1456
1455
1455
1459
1459
1366, 1370, 1444, 1455
1371, 1445, 1455
1455, 1456
E1358, 1358-1372
1459
1372
1365, 1366, 1370, 1456
1369, E1373, 1373-1374
1456
1375, 1456
1368
E1358, 1358-1371, 1444, 1445

1456
1455
1455
1455
1455
1455, 1456, 1457
1456
1456
1456

1454
E1300-1302, 1306, 1308—-1309, 1310-1312, 1313

E1404, 1405
E1382, 1384
E1297, 1298
E1297
E1382, 1385
E1392, 1392-1397
1305
1312, 1325
E1408-1409
1406
E1408-1409
E1408-1409

E1408-1409

E1397, 1398-1402
1369

E1382, 1383, 1384
E1382, 1385

E1376, 1376-1381

1425, 1434, 1437, E1438, 1438-1441
1414
1414
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+ dibutylamine hydrochloride
+ nitric acid, ammonium salt

nitric acid, potassium salt

nitric acid, sodium salt

phosphoric acid, diammonium salt
phosphoric acid, monopotassium salt
phosphoric acid, monosodium salt
potassium chloride

+ o+ o+ + o+t

sodium chloride
sulfuric acid, dipotassium salt
thiosulfuric acid, diammonium salt
thiosulfuric acid, dipotassium salt
tributylamine hydrochloride
triethylamine hydrochloride
urea
urea nitrate
+ urea phosphate
Phosphoric acid, monocesium sé@tueous
+ phosphoric acid, monoammonium salt
Phosphoric acid, monopotassium salt
+ water
Phosphoric acid, monomagnesium galjueous, multicomponent
+ chloric acid, ammonium salt
+ chloric acid, magnesium salt
+ phosphoric acid, diammonium salt
Phosphoric acid, monopotassium salgueous
+ phosphoric acid, monoammonium salt
Phosphoric acid, monopotassium saljueous, multicomponent
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt
Phosphoric acid, monopotassium saljueous, multicomponent
+ nitric acid, ammonium salt
+ nitric acid, potassium salt
+ phosphoric acid, monoammonium salt

e

+ potassium chloride
+ thiosulfuric acid, diammonium salt
+ thiosulfuric acid, dipotassium salt
+ urea
Phosphoric acid, monosodium sédiqueous
+ phosphoric acid, monoammonium salt
Phosphoric acid, monosodium séiqueous, multicomponent
+ ammonium chloride
+ nitric acid, ammonium salt
+ nitric acid, sodium salt
+ phosphoric acid, diammonium salt
+ phosphoric acid, monoammonium salt
+ sodium chloride
Phosphoric acid, monorubidium sa#tqueous
+ phosphoric acid, monoammonium salt
Phosphoric acid, monothallium s#iqueous
+ phosphoric acid, monoammonium salt
Phosphoric acid, triammonium salt
+ water
Phosphoric acid, tiammonium safiqueous
+ ammonium chloride
+ triethylamine hydrochloride
Phosphoric acid, triammonium saliqueous, multicomponent
+ phosphoric acid, calcium sa(8:2)
+ phosphoric acid
Potassium chloridéaqueous, multicomponent
+ ammonium chloride
+ nitric acid, ammonium salt
+ nitric acid, potassium salt

1386

1366, 1370, E1386, 1387-1389, 1397, E1414-1415, 1416-1422,

E1423, 1423-1436
1371, E1423, 1423-1436
E1414-1415, 1416-1422

E1358,1358-1371

1390, 1414, E1423, 1423-1436, 1436, E1438, 1438-1441
1372, E1414-1415, 1416-1422, 1437

1365, 1366, 1370, 1390, E1423
1425, 1434, 1435, E1438, 1438-1442
1437
1369, E1373, 1373-1374
1436
1375, 1436
1386
1368
E1358, 1358-1371, E1386, 1387-1390
1397
1382, 1397

E1408-1409
1313

1459
1459
1459

E1408-1409, 1414

1425, 1434, E1438, 1438-1441
1414
1414

E1423, 1423-1436

E1423, 1423-1436

1390, 1414, E1423,

1423-1436, E1438,

1438-1441

1425, 1434, 1435, E1438, 1438-1441

1436

1436

1390

1406

1437
E1414-1415, 1416-1422
E1414-1415, 1416-1422

1372

1372, E1414-1415, 1416-1422, 1437

1437
E1408-1409
E1408-1409

1308

1459
1458

1336
1336

1425, 1434, 1435, E1438, 1438-1441

1366, 1370, E1423, 1425, 1434, 1435
1366, 1370, E1423, 1425, 1434, 1435
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+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt

+ urea
Potassium dihydrogenphosphasee phosphoric acid, monopotassium)salt
Potassium nitratésee nitric acid, potassium salt
Potassium oxidéaqueous, multicomponent

+ ammonia

+ hydrogen chloride

+ phosphoric acid

+ sulfuric acid
Rubidium dihydrogen phosphatsee phosphoric acid, monorubidium $alt
Sodium chloridelaqueous, multicomponent

+ ammonium chloride

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monosodium salt
Sodium dihydrogenphosphateee phosphoric acid, monosodium kalt
Sodium nitrate(see nitric acid, sodium salt
Sulfuric acid(aqueous, multicomponent

+ ammonia

+ phosphoric acid

+ potassium oxide
Sulfuric acid, diammonium salaqueou}s

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Sulfuric acid, dipotassium salaqueous, multicomponent

+ nitric acid, ammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Tetraammonium diphosphatsee diphosphoric acid, tetraammonium )salt
Tetraphosphoric aciaqueous

+ ammonia
Thallium dihydrogen phosphatsee phosphoric acid, monothallium galt
Thiosulfuric acid, diammonium salaqueous, multicomponent

+ thiosulfuric acid, dipotassium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt
Thiosulfuric acid, dipotassium salaqueous, multicomponeént

+ thiosulfuric acid, diammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt
Thiourea(aqueous

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium sétjueous
Triammonium phosphatésee phosphoric acid, triammonium $alt
Tributylamine hydrochloridéaqueous, multicomponent

+ dibutylamine hydrochloride

+ phosphoric acid, monoammonium salt
Triethylamine hydrochloridéaqueou}s

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, triammonium salt
Triethylamine hydrochloridéaqueous, multicomponent

+ phosphoric acid, monoammonium salt
Triphosphoric acitaqueous

+ ammonia
Urea(aqueous

+ phosphoric acid, monoammonium salt

+ phosphoric acid, diammonium salt
Urea(aqueous,multicomponent

+ nitric acid, ammonium salt

+ nitric acid, potassium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
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1365, 1366, 1370
1365, 1366, 1370, 1390, E1423, 1425, 1434, 1435

1425, 1434, 1435

1365, 1366, 1390

E1346, 1357
1357
E1346, 1357
E1346

1437
1437
1437

E1346
E1346
E1346

E1451, 1452
E1397, 1398-1403

1369
1369, E1373, 1373-1374
1369, E1373, 1373-1374

E1297, 1300

1436, 1456
1456
1456
1436
1436

1436, 1456
1375, 1456
1456
1375, 1436
1436

E1446, 1446, 1447
E1382, 1383, 1384

1386
1386

E1446, 1448
E1382
1458

1368
E1297, 1299

E1376, 1376-1381
E1442, 1443

1366, E1386, 1387-1389, 1444
1445
E1358, 1358-1371, 1444, 1445
E1358, 1358-1371, E1386, 1387-1391



+ phosphoric acid, monopotassium salt
+ potassium chloride
Urea nitrate(aqueous
+ phosphoric acid, diammonium salt
Urea nitrate(aqueous,multicomponent
+ nitric acid, ammonium salt
+ phosphoric acid, monoammonium salt
+ urea phosphate
Urea phosphatéaqueous
+ phosphoric acid, monoammonium salt
Urea phosphatéaqueous,multicomponent
+ nitric acid, ammonium salt
+ phosphoric acid, monoammonium salt
+ urea nitrate

IUPAC-NIST SOLUBILITY DATA SERIES 1465

1390
1365, 1366, 1390

E1442
1397
1397
1397
1382
1397

1397
1397
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12. REGISTRY NUMBER INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compilation tables.

57-13-6 E1358, 1358-1372, E1376, 1376—-1381, E1386, 1387-1391, E1442, 1443-1445
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