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Foreword

The Journal of Physical and Chemical Reference Data is published jointly by the
American Institute of Physics and the American Chemical Society for the National
Bureau of Standards. Its objective is to provide critically evaluated physical and
chemical property data, fully documented as to the original sources and the criteria
used for evaluation. One of the principal sources of material for the journal is the
National Standard Reference Data System (NSRDS), a program coordinated by
NBS for the purpose of promoting the compilation and critical evaluation of prop-
erty data.

The regular issues of the Journal of Physical and Chemical Reference Data are
published quarterly and contain compilations and critical data reviews of moderate
length. Longer monographs, volumes of collected tables, and other material un-
suited to a periodical format are published separately as Supplements to the Journal.
This tabulation, ‘“Thermodynamic and Transport Properties for Molten
Salts: Correlation Equations for Critically Evaluated Density, Surface Tension,
Electrical Conductance, and Viscosity Data”, by George J. Janz is presented as
Supplement No. 2 to Volume 17 of the Journal of Physical and Chemical Reference
Data.

David R. Lide, Jr., Editor
Journal of Physical and Chemical Reference Data

1] J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 2, 1988
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Critically evaluated results for two thermodynamic properties (density and sur-
face tension) and two transport properties (electrical conductance and viscosity)
are reported for one and two component salt systems in the molten state. For each
system, the recommended results are reported in the form of equations, together
with uncertainty estimates, and flagged comments on value judgements and related
matters. Results for a limited number of higher multi-component systems are in-
cluded. The NSRDS-NBS critically evaluated data series have been upgraded as
part of this work, and the collection and evaluations of the available experimental
data have been systematically extended to 1988.
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1. Introduction
1.1. Background

The term “molten salts” is generally associated with
liquids formed by the fusion of crystalline salts of rela-
tively high melting points. In the solid state such salts are
virtually non-conductors (i.e., insulators), whereas in the
molten state, most salts conduct electricity so well that
the terms liquid electrolytes and molten salts have come
to be used almost interchangeably. Eutectic mixtures are
used to gain the molten state at lower temperatures so as
to minimize the problems of corrosion and containment.
The term “molten salts” thus includes multi-component
salt systems, as well as one component salts in the molten
state, i.e., “molten salt mixtures” as well as “single salt
melts”. As molten electrolytes and high temperature lig-
uids, they are encountered in rather diverse applications
in materials research and technology. A partial list of
applications would include:

* Chemical: as reaction media for halogenation, oxi-
dation, cracking, condensation, isomerization reac-
tions, and catalysis.

¢ Chemical and environmental engineering: as heat
transfer fluids; as reaction media for clean atmo-
sphere processes, such as the removal of SO, and
SO; in the emissions of coal burning plants, or sul-
fide ore smelters; as reaction media for the dissolu-
tion of plastic materials for metal recovery, such as
gold (from computer chips), or clean copper wire
(from coated wires), or silver (from waste photo-
graphic film).

¢ Energy: as electrolytes in the high temperature
fuel cells (such as molten carbonate cells), and in
the concepts of the super-batteries (e.g., sodium/
sulfur; lithium/sulfur;), or in high energy thermal
batteries; in advanced nuclear energy concepts, as
components in reactors; and in energy storage, as
phase change materials for the retention/release of
thermal energy in advanced concepts for solar en-
ergy utilization, or in power utility stations.

¢ Electrometallurgy and materials science: in metal
extractive electrolysis, such as the cryolite process
for aluminum extraction, or the sodium chloride
electrolysis for winning metallic sodium (and
gaseous chlorine); in coating of metal surfaces by
electroplating, or by metalliding processes; in the
development of glass materials of new composi-
tions, such as the fluoride glasses.

* Solid-state technology: as media for single crystal
growth; as heat sensitive detectors, i.e., as in ther-
mal switches; molten semi-conductors; as compo-
nent materials in the search for superconductors.

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 2, 1988

The list could be extended, but the preceding may be
sufficient to illustrate this facet of the subject.

The critical data evaluations at RPI have included sys-
tematic studies of all of the salt systems for a limited
series of properties, such as density, surface tension, elec-
trical conductance, and diffusion!™'; similarly for a se-
lected series of salts (proposed as candidates for energy
related applications), a much wider range of properties
has been critically evaluated'"'>. Additionally the series
includes a comprehensive compilation of eutectics data
(melting points, compositions)”’, and recommendations
for reference materials and calibration quality data sets
(i.e., the Molten Salts Standards Program)'*'6,

The present communication extends the critical evalu-
ations of the density, surface tension, electrical conduc-
tance, and viscosity data to 1988, with our
comprehensive surveys of the open scientific literature
ending some three months before that date. The earlier
compilations in this series are summarized in Table 1.1.
The single salts recommendations were advanced in
1968 and 1969, respectively. Upgrades have been sprin-
kled throughout the succeeding publications, and escape
notice. As part of the present work, the results in this
series have been critically re-examined and updated. The
best values recommendations are thus consolidated in
the cumulative data tables of the present work herewith.

TaBLE 1.1. NSRDS molten salt data series (density, d; surface ten-

sion, g; electrical conductance, k; and viscosity, v)

Molten salts data NSRDS recommendations Ref.

Vol. 1 (1968)
Vol. 2 (1969)
Vol. 3 (1972)
Vol. 4.1 (1974)
Vol. 4.2 (1976)
Vol. 4.3 (1977)
Vol. 4.4 (1979)
Vol. 5.1 (1980)

Single Salts (d, k,v) 1
Single Salts (g) 2
Binary mixtures: nitrates and nitrites 3
Binary mixtures: fluorides 4
Binary mixtures: chlorides 5
Binary mixtures: bromides and iodides 6
Binary mixtures: mixed halides 7
Additional mixtures, other than nitrates, 8
nitrites, halides

Additional mixtures: mixed anion systems 9
Cumulative data to 1988

Vol. 5.2 (1983)
this work

For each system, the results for the best values are
reported in the form of equations, together with uncer-
tainty statements, and references to the detailed evalua-
tions. The preceding information, along with substance
identification and composition (in the case of mixtures) is
found in a one line/system format in the data tables.
Space for additional observations is provided through
the use of a flagged comments column.

Automation of the MSDC-RPI database was an im-
portant stepping stone since the use of computer assisted
techniques was judged essential to the preparation of the
present compilation. For this task the SPIRES'? data-

ISPIRES. Stanford Public Information REtrieval System.
Identification of such materials/devices does not in any case imply
recommendation or endorsement by the National Bureau of Standards.
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base management system was selected and the main-
frame computer at RPI, and IBM System 370 Model
3081 was used. A practical benefit is that the numerical
and bibliographic databases on core memory are avail-
able for access and interrogation by remote terminals.
While we report only one correlation equation/system,
i.e., the best values recommendation, the additional data
sets are on record at RPI (on core memory), and can be
accessed. The properties of some systems, such as NaCl,
for example, have been independently measured and re-
measured more than forty times over the past five
decades; all such results have been examined and are
stored in database core memory at RPI.

A computer Systems Sort was used to list the systems
by chemical formulae in alphabetical order. Systems
cross indexes have been compiled and are included
within the data tables as part of the alphabetical sort.

1.2. Symbols and Units

The symbols, units, and fundamental constants are in
Tables 1.2. and 1.3., respectively. For the fundamental

TaBLE 1.2. Symbols for physical quantities

Symbol Name Units
A pre-exponential factor as in text
C composition mol %
E energy of activation J mol~!
T temperature (Absolute) K
d density gem™?
g surface tension mNm~!
k electrical conductance ohm~'cm~!
v viscosity mNsm~2
For conversion between SI and other units:
viscosity: I mNsm™ = 1 ¢cp = 1 mPas
surface tension: ] mN m~! = I dyn cm~’
electrical conductance:
spec. cond.: 100 S m~' = 1 ohm~' cm™!
mol. cond.: 0.1 mS m?’ mol~' = 1 ohm~' cm? mol !

The symbols used for surface tension, electrical conductance, and
viscosity are not the standard symbols, but were used because of limita-
tions in the computer-produced tables.

TaBLE 1.3. Fundamental constants
(from CODATA Bulletin No. 11, Dec. 1973)

Symbol Name Value
Na Avogadro constant 6.022045(31) X 10* mol !
F Faraday constant 9.648456(27) X 10* C mol '
e electron charge 1.6021892(46) X 10" *° C
R molar gas constant 8.31441(26) J mol ' K '

A summary of the 1986 values recommended by the CODATA Task
Group on Fundamental Constants appeared during the course of the
present work (see CODATA Newsletter, Oct. 1986). The set above is
in exact accord with the new recommendations for five significant
figure values of the fundamental constants (as required in the present
work).

The numbers in the parentheses indicate the standard deviation in
the final decimal places.

constants, the values are listed to the number of signifi-
cant figures recommended by the CODATA Task
Group on Fundamental Constants. For the calculations
in the present work, the values were rounded off at five
significant figures.

1.3. Presentation of Physical Properties Data
1.3.a. Systems Sort

The systems were computer sorted, alphabetically by
chemical formulae, using an internal sort routine based
on the letters of the cationic species in the salts formulae.
Within each cation “family” of salts, the anions were
sorted similarly. Thus for two of the families within the
potassium series, i.e., the univalent and the divalent salts
of potassium, respectively, the sort routine for the one
component systems yields:

.KBF,, KBr, KCl, KF, KI,
KVO,... K;B,0;, K,CO,,
K TiF . K,WO,... K, ZrF,.

KNO,,
K2Cr207 e

KNO....
K2M004

Superimposed on this is the sort of the multi-compo-
nent systems, i.e., mixtures of two or more salts. This
sort follows the same routine (above), but with the sort
being on the second salt (in the case of binary mixtures)
while the first member is held invariant. As an illustra-
tion, consider the following series of KCl salt mixtures:

KOH-KCI, LiCl-KCl, NaCl-KCl, KCl-AgCl],
KCI-AICL, KCl-CaCl,....

The alphabetical sort routine recognizes the AgCl,
AIlCl;, and CaCl, families before the KCl family has been
reached. Thus these KC] containing mixtures would be
listed with AgCl-, AICl;-, and CaCl;-, as the first mem-
bers of the mixtures, respectively. Since KCl is recog-
nized before KOH, LiCl, and NaCl, the three remaining
mixtures would be found within the KCl family, namely,
as KCI-KOH...KCI-LiCl...and KCI-NaCl, respectively.
In order that KCl containing mixtures not be over-
looked, as in the three examples (above) in which KCl is
now no longer listed in the first place, cross indexes have
been developed for each salt mixture, and have been
placed at the end of each “salt family”.

The alphabetical sort for more complex mixtures, e.g.,
ternary systems, was accomplished by the same princi-
ples. The ternary carbonate system [Li, Na, K / CO;] for
example, is sorted as:

KzCO_‘; - L12C03 - Na2C03,

with two cross index entries (under Li,CO, and Na,CO;
as the parents, respectively) as ancillary locators for this
ternary system.

1.3.b. Cross Indexes

As already noted, the cross indexes were designed as
aids in the use of the relatively large data compilations
reported herewith in Tables 2.1.-2.4., respectively.

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 2, 1988
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For example the surface tension data for CsNO; and
mixtures containing this salt as one component of the
system are found in the order:

CsNO;; CsNO;-KNO;; CsNO3-LiNQO;; CsNO;-NaNO,
with an entry in the next line as:

For additional CsNO,
Ca(NO;),- ; CA(NO;),-;

systems, see AgNO;- ;

Attention is thus directed to some additional mixtures
containing CsNO; but in which the binary mixtures are
“parented” by AgNO;, Ca(NO;),, and Cd(NO,),, respec-
tively. The convenience of these “built-in” indexes in
such large tables is in the assistance provided for locat-
ing whether or not results have been reported for a de-
sired system. Without such aids, the search would be
tedious, to say the least.

A second illustration of the utility of these cross in-
dexes from a similar viewpoint, but for a somewhat dif-
ferent situation is as follows. One may wish to examine
the data of molten salt mixtures having tungsten oxide
[WO;] as part. In the alphabetical sort routine of the
multi-component systems, WO, will be invariably listed
as the second (or third) component; and thus without the
“built-in” cross index at WO, in the tables, it would be
virtually impossible to access these data quickly, and
have confidence that the search has been complete.

An alternate to the use of cross indexes would be the
repetitive entry of results. Thus for each multi-compo-
nent system, the system could have been relisted with
each salt in the “parent” (or first) position, and the data,
likewise, would be relisted repeatedly. Relative to this
option, the “built-in” cross indexes appeared the more
desirable approach for ease of working with such large
cumulative tables.

1.3.c. Physical Properties Data

For the critical evaluations the results were investi-
gated, broadly, from three different viewpoints: firstly,
as correlations with temperature, 7, as the variable; sec-
ondly, (for cases where the measurements had been lim-
ited to isothermal studies) as correlations with
concentration, C, as the variable; and thirdly (where the
data sets were too limited for curve-fitting analysis) as
‘““data points”.

By far the largest number of systems fall in to the first
group, in which the evaluated results have been ex-
pressed as equations of the forms:

density d=a—b)T
(g cm™)

surface tension g=a—0B)T
(dyn cm™)

electrical conductance
(ohm~'cm™")
viscosity
(mN s m~?%)

k=A exp (—E/RT)

v=A exp (E/RT)

J. Phys. Chem. Ref. Data, Vol. 17, Supp!. 2, 1988

The data for the two thermodynamic properties, den-
sity and surface tension, were thus systematically re-ex-
amined for fits to linear correlation functions and are
reported accordingly where the re-fits have been possi-
ble without sacrifice of precision. Similarly, for the two
transport properties, electrical conductance and viscos-
ity, re-fits to exponential type correlations were investi-
gated and are reported as the preferred equations.

For the cases where the data sets were limited to
isothermal studies, polynomial correlations of the type:

Z=a+®b)C + (c)C* + @)’ ...

have been investigated as the curve fitting correlation
functions. Here Z may be any of the four properties
(above) while C is the amount of the first member (in
mol%) in the binary mixture. The arithmetical signs of
the coefficients: a, b, c, ..., in the polynomial equations
may be either positive or negative, and are given with
the numerical values in the data tables.

Thirdly, for the case where the data sets were insuffi-
cient for a statistical correlation function, the results are
reported simply as pair values, i.e., (T, and property da-
tum).

Exceptions to the above generalized correlations will
be found in the data tables. Thus for some mercuric
halide containing salt systems, the conductance data are
found to require +FE in the temperature correlation
equation (above), and electronic as well as faradaiic pro-
cesses may be contributing to the overall conductance
mechanism in such systems. Or again, for certain sys-
tems, the property values as a function of temperature
are observed to pass through a maximum point. This is
generally encountered in multi-component systems in
which one of the salts exhibits pronounced covalency,
e.g., BiCl;, HgCl, .... For such systems the simple expo-
nential correlation (above) may be valid for a rather lim-
ited temperature range, whereas a polynomial type
equation has been found best for the much larger range.
In such cases, both correlations have been included in
the data tables, i.e., two equations.

Information on the accuracy limits and reliability esti-
mates is given in the tables. Accuracy estimates were
limited to the data for one component salt systems (i.e.,
single salts) and the numerical values are listed directly
with the systems. The value judgements for the multi-
component salts studies have been expressed as reliabil-
ity statements, and for these a series of “numerical flags”
are used to point to the narrative statements (which fol-
low as a cumulative list, later in the tables).

1.4. Value Judgements
1.4.a. Accuracy and Reliability Statements

The accuracy estimates have been limited largely to
measurements reported for single salts (one component
systems); for mixtures, the value judgements have been
developed as reliability statements. In the latter, the re-
sults for the end-members are compared relative to the
best-values data sets that are advanced for these compo-
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nents as single salt systems. In the reliability statements
the comparisons are limited, generally, to results at two
temperatures, so as to show the trend of the departures
relative to the reference values for the temperature
range of the measurements.

Concerning the accuracy estimates, these have been
systematically re-examined, and, where possible, up-
graded. Accuracy estimates, at best, are based on some-
what subjective quality judgements, largely due to the
difficulties one encounters through the lack of details on
sample history, measurement techniques and procedures,
and the mathematical principle (theoretical and experi-
mental) underlying the working equations for the data
reduction to the physical properties values. Most of the
measurements are on a relative basis, and for these the
accuracy estimates rest heavily on reliable sets of mea-
surements with “bench-mark’ materials, i.e., materials of
reference standards purity, and for which reliable data
sets of well defined accuracies are known. The results
reported for KNO; and NaCl in the Molten Salts Stan-
dards Program'“'® have been used throughout the
present work in firming up both the accuracy estimates
and the reliability statements reported herewith.

1.4.b. Flagged Comments

To call attention to some additional remarks that bear
both on the value judgements (above) and matters en-
countered in the course of the critical data analysis, a
column of flagged comments has been included in the
tables of correlation equations. For each system, the se-
ries of one or more lower case letters in this column are
“flags” to specific narrative remarks giving additional
insights on the results under consideration. The list of
narrative comments follow the reliability statements in
each of the physical properties data tables; see Tables
2.1.-2.4.

1.4.c. Significant Figures

The values of numerical constants in the correlation
equations have been carried to more figures than physi-
cally significant, and the results, similarly, will be gained
to more figures than actually significant. Round offs of
the calculated values requires knowledge of the accu-
racy limits of the measurements. A measure of the latter
can be gained by inspection of the limits assigned to the
single salts studies, and the reliability statements ad-
vanced for the various multi-component salt systems (see
Tables 2.1.-2.4. inclusive).
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2. Physical Properties Data Tables
2.1. Points To Be Noted

The cumulative results for the properties: density, sur-
face tension, electrical conductance, and viscosity, have
been compiled in a series of four tables. The results for
salt systems that were added too late for the machine
sorts of the preceding four tables are reported as addi-
tional data in that fifth table herewith.
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The critically evaluated results in these tables fall into
three broad groups: as correlations with temperature, T,
as the variable; as correlations with concentration, C, as
the variable (for cases where the data sets were limited
to isothermal measurements); and thirdly (where the
data sets were too limited for curve-fitting analysis) sim-
ply as “data points”.

The following additional points should be noted for
facile work with these tables:

Accuracy estimates: limited largely to measure-
ments reported for single salts (one component
systems).

Reliability statements: value judgements for the
measurements reported for multi-component sys-
tems, and principally limited to the results for the

J. Phys. Chem. Ref. Data, Vol. 17, Suppl. 2, 1988

end-members; these are numerically flagged in the
accuracy columns, and the complete statements
are found in the second part of each of these four
tables.

Alphabetically flagged comments: the narratives
for the flags follow immediately after the reliabil-
ity statements in each of the data tables.

Data source references: these are numbered in order
of first appearance; the list of references follows as the
last part of each of these four tables; for systems for
which the NSRDS molten salts volumes are cited, the
data source references are cited in full in the cumula-
tive lists of references in each, and accordingly are not
repeated again in the present work.
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Table 2.1.a Density data

Density (g cm-?)

{(mol %) Equation T range(K)  Accur. Ref . Comment
AgBr

100 d=6.307 -0.001035 T . . . . . . v v\ i vt e e e e e e 720~940 1% 1 a
AgBr-AgC1

0-100 d=5519-9.4x 107%T . . . . . . . ..l e e e e e e 760-800 (1) 2 a

22.7-77.3 d=5818 ~0.00108 T . . . . . . . . i ..t e e e e e e e e 720-850 2 a

40.3-59.7 4=56.984 - 0.00112 T . . . . . . . ... e e e e e e e e e 700-860 2 a

65.8-34.2 d=6.124 - 0.00107 T . . . . . . . . . ..ttt e e e e e e 700-850 2 a

100-0 d=6.31-0.00104 T . . . . . . . . . . .t e e e e e e 720-870 (2) 2 a
AgBr-AgaTe

0-100 d=8.4178 - 8.126 x 1074 T . . . . . . . ... e e 1230-1250 (3) 3 a

20-80 d=7.9520 - 7.787 x 10-4 T . . . . . . .. .. e e e e 1140-1260 3 a

32-68 d=7.7926 - 8.84 x 1074 T . . . . . . . . e e e e e e e e 1020-1260 3 a

50-50 d=7.3999 - 8.582 x 10-4 T . . . . . . . . . e e e e 940- 1260 3 a

70-30 d=6.9582 -9.374 x 104 T . . . . . . . ... e e e e 780-1260 3 a

80-10 g =6.2609 -8.119 x 1072 T . . . . . . . ... e e e 780-1260 3 a

100-0 d=6.3212 - 0.0010875 T . . . . . . . .« .t i e e e e e 740-1180 (4) 3 a
AgBr-CsBr

60-50 d=4.993 - 0.001272 T . . . . . . . . ... e e e e e e e e 760-1060 4 a
AgBr-CsC1

50-50 d=4.7066 - 0.0011809 T . . . . . . . . .. e e e e e e e e 840-1080 2

100-0 d=6.321 ~0.00105 T . . . . . . . . . . o v i v i v i it 720-960 (5) 2 a
AgBr-KBr

39.5-60.5 d=3.954 -9.8x 10747 . . . .. Ll 870-970 4 a

60.1-39.9 d=4.657 - 0.00103 T . . .. ... . . . i e 660-870 4 a

79.2-20.8 d=5462 - 0.00112 T . . . . . . . . . . . ... e 660-870 4 a

100~-0 d=6.316 - 000106 T . . . . . . . . . . ... e e 720-870 (8) 4 a
ApBr-KC1

50-50 d=3.9663 - 9.317 x 1074 T . . . . . . . . . . i 700-1073 2 a,e

0-100 AgBr d = 1.487 + 0.02796 C ~ 3.279 x 10°% CZ + 1.226 x 106 C3 . . . . . . . .. 1073 (%3] 2 a,e
AgBr-LiBr

50-50 d=4.743 - 8.92 x 1074 T . . . . . ... e e 810-960 4 a
AgBr-LiC}

50-50 d=4.3431-8.592 x 1074 T . . . . . .. ... 880-980 2

100-0 d=86.321-0.00105 T . . . . . . . . .. .. e 720-960 (8) 2
AgQBr-NaBr

50-560 d=4.626 - 0.001004 T . . . . . . ., ... ... 930-1060 4 a
AgBr-NaC1

50-50 d=4.2101 -8.933 x 1074 T . . . . . . . v v i it e e e 980-1080 2 a

0-100 AgBr d= 1.57 + 0.0344 C - 7.703 x 10°5 C2 « 1,014 x 10-5 C3 ., . _ . . . . . .. 1073 (9) 2 a
AQBr-RbBr

50-50 d=4.727 - 0001156 T . . . . . . . . .. ... e, 810-10650 4 a
AgBr-RbC1

50-50 d= 4.4345 - Q0011046 T . . . . . . . .. ..., 820-1060 2

100-0 d=6.321-0.00106 T . . . . . . .. ... e 720-820 (10) 2

AgCY

100 d= 56819 - 9.4 x 1074 T . . . .., 760-900 % 5 a
AQC1-AgNO3

0-100 d=4.5218 ~0.0011434 T . . . . . . . ..., 487-589 (11) 3 a

6.7-94.3 d=4.5514 - 0001136 T . . . . . . . . . . ... 500-580 3 a

16.1-83.9 d=4.6599 - 00011631 T . . . . . . . . .. ... ... 460~600 3 a

23.2-76.8 d=4.7017 - 00011365 T . . . . . . . ... ... e 460-580 3 a

34.5-65.5 d=4.7896 ~ 0.0011007 T . . . . . . . ... . ... 500-580 3 a

42.8-57.2 d=4.8674 - 0001107 T . . . . . . . . ... ... ... 540-580 3 a
AgC1-AgsS

0-100 d=7.58329 - 9,132 x 1074 T . . . . . . ... ... 1173-1273  (12) 3 a,c

2.02-97.98 d=9.4488 - 00025997 T . . . . . . . . e e e e e e e e e e e 1130~-1210 3 a,c
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Table 2.1.2 Density data (continued)

Density (g cm?)

(mo1 %) Equation T range(K}  Accur. Ref. Comment
14.50-85.50 d=6.8368 -5.188 x 10-* T . . . . . .. ... ... 970-1210 3 a,c
21.69-78.31 d=6.8323 -5.6x10°4T . . . . .. ... e 970-1210 3 a,c
34.41~65.59 d=6.5069 - 4.5 x 1074 T . . . . . . ..o 970-1210 3 a,c
46.56-53.44 d=6.6301 -6.701 x 1074 T . . . . . .. .. 950-1210 3 a,c
60.86~39. 14 d=6.2184 - 7.3 x 1074 T . . . . . L 770-1050 3 a,c
©67.70-32.30 0 =6.1122 -~ 7.399 x 1072 T . . . ...l 770-1050 3 a,c
69.99-30. 01 d=6.0540 - 7.601 x 1074 T . . . . . .. ... ..., 770-1050 3 a,c
79.63-20.37 d=6.0687 - 8.7 x 1078 T . . . . .. ..o 770-1050 3 a,t
94.30-5.70 d=56412 -85 x 10°° T . . . . . . ..., 770-1050 3 a,c
100.0-0.0 d=5.5045 - 8.698 x 1074 T . . . . . . ... ... ... 770-1050 (13) 3 a,c

AQC1-AgoSe
0-100 d=8.4199 - 9.746 x 10°¢ T . . . . . . . . .. ... ... 1170-1250  (14) 3 a
30-70 d=7.1012 -5.093 x 10°% T . . . . . .. ... 1080-1250 3 a
40-60 d=7.0975 - 6.825 x 1074 T . . . . . . . ... ... 970-1250 3 a
50-50 d=6.8537 - 7.022 x 1074 T . . . . . . . ... 970-1250 3 a
60-40 d=6.6984 - 8.273 x 1074 T . . . . . . . . .. .. ..o 970-1250 3 a
70-30 d=6.4121 - 8.427 x 1074 T . . . . . . . .. ... 970-1250 3 a
90-10 d=6.0841 - 0.0011108 T . . . . . . . . . . . . .. .. ... 970-1250 3 a
100-0 d=05.4713 - 8.854 x 10°* T . . . . . . . .. ... ... 770-1250 (15) 3 a
AgCi-AgyTe
0-100 d=8.4178 - 8B.125 x 1078 T . . . . . . . . . ... 1230-1260 (16) 3 a
15.00-85. 00 d=8.0119 - 7.577 x 1074 T . . . . . . . . . ..o 1080- 1250 3 a
22.50-77.50 d=7.9781 - 8.807 x 1074 T . . . . . . . ... e e e 1030-1270 3 2
33.00-67.00 d=7.6632 -~ 8.465 x 1074 T . . . . . . . . . ... e e e e §70-1260 3 a
45, 00-55. 00 d=7.4291 - 8.967 x 1074 T . . . . . . . . ... e e 870-1250 3 a
60. 00-40. 00 d=6.9222 - 8.465 x 10°4 T . . . . . . ... ... e e 850-1250 3 a
67.50-32.50 d=6.6613-8.281 x 1W0°¢ T . . . . . . . ... .. 770-1250 3 a
75.00-25. 00 d=6.4666 - 8.868 x 1074 T . . . . . .. ... ... 770-1260 3 a
82.50-17.50 d=6.2636 ~ 9.638 x 10°* T . . . . . . . ... ...l 770-1250 3 a
90.00-10.00 d=5.8137 - 7.993 x 1074 T . . . . . . ... 770-1250 3 2
92.64-7.36 d=56.835-9.4x 1074 T . . . . . . . e e e e 770-1250 3 a
96.06-3.04 d=55677 -8.638 x 1074 T . . . . . .. ... 770-1260 3 a
100.0-0.0 d=5.4719 - B.854 x 1074 T . . . . . . . . . ..o e 770-1250 17) 3 a
AgCi-KBr
0-100 KBr d=4.519 - 0.0457 C + 4.581 x 10~ C? - 3.882 x 10-% C3 + 1.403 x 10-° C* . 1073 (18) 2 a
AgC1-KC1
47.8-52.2 d=3526-8.8x 10T . . . . . . . . . e e 840-1000 5 a
68.0-32.0 d=4.263-9.6x 10°2T . . . . . . . . . .. 660-900 5 a
80.6-19.4 d=4.723 -~ 9.8 x 1074 T . . . . ... L e e e e 720-940 5 a
100-0 d=5518-9.4 x 1074 T . . . . . . .. e e e e 760-900 (19) 5 a
AgC1~NaBr
0-100 NaBr d=4.576 - 0.03794 C + 3.515 x 10-* C? - 3.35 x 10-® C3 + 1.337 x 10-® C% . 1073 (20) 2 a
AgC1-PbC1
0-100 d=6.112-0.0016T . . . . . . . . . .+ o v v i it e e 790-980 21 5 a

19.4-80.6 d=6.066-0.00146 T . . . . _ . . . . . ... L0000 800-970 5 a
29.1-70.8 d=6.022-0.00142 T . . . . . . . . .. .00 750-950 s a
38.9-61.1 d=5.948-0.00134 T . . . . . . . . . ... 720-940 5 a
46.6-53.4 d=5.893~000128T . . . . . . . . . . . ittt 720-950 § a
57.4-42.6 d=5.864 -000126T . . . . . . . . . . . ... 660-970 6 a
78.7-20.3 d=58682-000108T . . ... . . . .. . ... 710-930 5 a
100-0 d=5519-8.4x 10T . . . . . ... 760-900 (22) 5 a

For additional AgCl systems, see : AgBr- AgC103
100 d=8.9502 - 0.01056 T . . . . . . . . . . . . e e 478-485 *1.5% 6 a
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Table 2.1.2 Density data (continued)
Density (g em-?)
(mol %) Equation T range(K)  Accur. Ref. Comment
AQC'|03-L'iN03
50-50 d = 3.4849 - 0.0010703 T . . . . . . . . . ... e e e 480-520 3 a
Agl
100 d=6.415-00010V T . . . . . . . . . ... ... 870-1075 *1% 1 a
AgI-AgNOg
0-100 (T=498 K, d=3.954) . . . . . . . . . ..o L.l (23) 3 a
7.4-92.8 d=5.2239 ~ 0.0022402 T . . . . . . . . . . ... e e 420-500 3 a
15.3-84.7 d=5.1827 ~ 0.0018038 T . . . . . . . . . . . ... 420-500 3 a,e
19.4-80.6 d=5.5316 ~ 00023206 T . . . . . . . . . . . . ... 420-500 3 a,e
23.7-76.3 d=5.6361 - 0.0023322 T . . . . .. . . . ..o 420-500 3 a,e
28-72 d=5.688 - 0.0022441 T . . . . . . . . . .o oo 420-500 3 a,e
32.5-67.5 d=5.8212 ~ 0.0023362 T . . . . . . . . . . L .. Lo 420-500 3 a,e
37.2-62.8 d=5.8338 - 0.0023797 T . . . . . . . o e e 420-500 3 a,e
42-58 d=6.0287 - 0.0023878 T . . . . . . .« . . .. e e e e 420-500 3 a,e
47-53 d=6.0884 - 0.0023203 T . . . . . . . i e e e e e e e e e e 420-500 3 a,e
52-48 d=6.2888 - 0.0026041 T . . . . . . . . . . ... .. 420-500 3 a
Agl-AgyS
0~-100 d=7.8329 - 9.1832 x 1074 T . . . . . . . . . ... 1173-1273  (24) 3 a
20-80 d=7.4651 - 9.646 x 1074 T . . . . . . .. . ... 1130-1250 3 a
35-65 d=7.5082 - 0.001169 T . . . . . . . . . . . . . e 1130-1250 3 a
50-50 d=6.7416 - 6.987 x 10°4 T . . . . . . . . . . ... ... 1080-1250 3 a
60-40 d=6.7956 - 8.849 x 104 T . . . . . . . . . .. ... 1090-1250 3 a
70-30 d=6.7032 - 9.274 x 1074 T . . . . . . ... ..o 1050-1250 3 a
85~ 15 d=6.4086 - 8.018 x 1074 T . . . . . . . . . . . oo e 970-1250 3 a
100-0 d=6.4108 - 0.0010176 T . . . . . . . . . . ... ... e o 890-1250 (25) 3 a
Agl-AgoTe
0-100 d=8.4178 ~ 8.126 x 1074 T . . . . . . . . . ..o 1230-1250 (26) 3 a
20-80 d=7.8607 -6.93 x 1074 T . . . . . .. .. ... 1120-1240 3 a
40-60 d=7.4642 - 7.231 x 1074 T . . . . . ... Lo 1120-1240 3 a
50-50 d=7.4962 - 9.192 x 1074 T . . . . . . . ... e 1100-1240 3 a
70-30 d=7.0626 - 8.905 x 10°4 T . . . . . . . . . .. ..., 1040-1240 3 a
80-20 d=6.6868 -8.173 x 10°2 T . . . . . . ... ... 1000-1240 3 a
80-10 d=6.8967 - 0.0010289 T . . . . . . . . . . . . ... ..o 920-1240 3 a
100-0 d=6.4109 - 0.0010175 T . . . . . . . . . e vt e 900-1240 (27) 3 a
AgND3
100 d=4.603-00010087 . ... . . . . ... ... 483-633 1% 7 a
AgN03-Ba(N03)2
97.44-2.56 d=4.48696 - 0.0011427 T . . . . . . . . . . ... 540-580 7 a
98.48-1.52 d=4.49724 - 00011378 T . . . . . . . ... .o 430-590 7
100-0 d=4.51814 - 00011416 T . . . . . . . . ... ... 490-590 (28) 7 a
AgNO3-Ca(NO3)2
89.3-10.7 d=4.17118 - 0.00105217 T . . . . . . . .t v v v e e e e e e e 485-590 7 a,e
90-10 d=4.18018 - 0.00105217 T . . . . . . . . .« . e 485-590 7 a,e
91-8 d = 4.22265 - 0.00106117 T . . . . . . . . . . ... ..o 485-590 7 a,e
92-8 d=4.26688 -~ 0.0010714 T . . . . . . . . .. ... ... 485-590 7 a,e
83-7 d = 4.28659 - 0.00107687 T . . . . . . . . . . . . . . . ... 485-590 7 a,e
94-6 d=4.32044 - 0.00108834 T . . . . . . . . . . ..., 485-590 7 a,e
95-5 d=4.3622 -0.00109693 T . . . . . . . . . . .. .. ... 485-5390 7 a,e
96-4 d = 4.38472 - 0.00110475 T . . . . . . . . .. ... 485-590 7 a,e
97-3 d=4.41756 - 0.00111428 T . . . . . . . . . . ... .. ... 485-590 7 a,e
98-2 0= 4.44885 - 0.00112293 T . . . . . . . . . . ... 485-590 7 a,e
99-1 d=4.48142 - 000113016 T . . . . . . . . . ... 485-~590 7 a,e
100-0 d=4.51403 - 0.00M1396 T . . . . . . .. .. L. 485-590 (29) 7 a,e
AQND3-Cd(NO3) 2
40-60 d=4.04352 - 0.00110794 T . . . . . . . . . . ... 485-560 7 ae
50-50 d=4.11302 - 000110794 T . . . . . . . . . . . ... ... 440-560 7 a,e
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Tabte 2.1.a Density data (continued)

Density (g cm-?)

(mol %) Equation T range(K)  Accur. Ref . Comment
60-40 d = 4.18407 - 0.00110794 T . . . . . . . . . . ... 445-560 7 a,e
61-39 d=4.18126 - 0.00110794 T . . . . . . . . . . . .. . . ... 455-560 7 a,e
70-30 d=4.25666 - 0.00110794 T . . . . . . . . . . . .. .. .. 465-560 7 a,e
80-20 d=4.33081 - 0.00110794 T . . . . . . . . .. ... 485-560 7. a,e
90-10 d=4.4065 - 0.00110794 T . . . . . . . . . . . . . ..o 495-560 7 a,e
100-0 d = 4.48374 - 0.00110794 T . . . . . . . . . . ... ..o 505-560 (30) 7 a,e

AgNO3-CsNDg
0-100 d=3.6294 - 0.0011B994 T . . . . . . . . . . . ... ... 700-790 (31) 7 a,e
10-80 d=3.6936 - 0.00119089 T . . . . . . . . . . . .. ... §90-750 7 a,e
20-80 d=3.7686 - 0.00119184 T . . . . . . . . . . . . . . ... ... 630-710 7 a,e
30-70 d=23.8291 - 0.00119279 T . . . . . . . . . . . . ..o 560-690 7 a,e
40-60 d=3.9039 - 0.00119374 T . . . . . . . . . .. .. .. 500-670 7 a,e
50-50 d=138.9856 - 0.00119469 T . . . . . . . . . . . . . . v i 460-670 7 a,e
60-40 d=4.0761 ~0.00119654 T . . . . . . . . . . . . . e 470-660 7 a,e
67.5-32.5 d=4.1507 - 0.00119635 T . . . . . . . . . . . . . .o 500-650 7 a,e
70-30 d=4.1771 - 0.00119659 T . . . . . . . . . . . . ... 480-650 7 a,e
80-20 d=4.2903 - 0.00119754 T . . . . . . . . . . . ... oo 490-640 7 a,e
80-10 d= 44175 - 000119849 T . . . . . . . . . . . . L L. ... 500-640 7 a,e
100-0 d=45605- 000119945 T . . . . . . . . . . . ... ..o 500~650 (32) 7 a,e
AgNO3-HgI,
30-70 d=6.2743 - 0.0016163 T . . . . . . . . . . . . ... ... 450-510 3 a
35-65 d=06.1625 - 0.0014549 T . . . . . . . . . . .. ... 410-510 3 a
37.5-62.5 d=6.1413 - 0.0014434 T . . . . . . . .. ..o e e e 400-510 3 a
40-60 d=6.1367 - 0.001463 T . . . . . . . . . . . . L. 390-510 3 a
42.5-57.5 d=6.1269 - 0.0014532 T . . . . . . . . . . . ..o 390-510 3 a
45-55 d=6.0709 - 0.0014002 T . . . . . . . . . . .. e e e 390-510 3 a
47.5-52.5 d=6.0299 -~ 0.0013633 T . . . . . . . . . . .. .o 390-510 3 a
50-50 d=5.9756 - 0.0014503 T . . . . . . . . . . . . .. Lo 380-510 3 a
52.5-47.5 d=5.9126 - 0.0013627 T . . . . . . . . . . .. ... oo 370-510 3 a
55-45 d=5.867 - 0.0013837 T . . . . . . . . . . . .o e e e 370-510 3 a
60-40 d=5.751-00014339 T . . . . . . . . . . . . . ... 360-510 3 a
62.5-37.5 d=5.696- 00013831 T . . . . . . . . . . ... 370-510 3 a
67.5-32.5 d=5.633-0.0014464 T . . . . . . . . . . . ..o e 380-510 3 a
70-30 d=5.5583 - 0.0013774 T . . . . . . . . . . . ..o e e e e 380-510 3 a
75-25 d=5.4362 - 0.0013286 T . . . . . . . . . . .. ... 370-510 3 a
85-15 d=5.2677 - 0.0012576 T . . . . . . . . . . .. o e 370-51C 3 a
100-0 d=4.6292 - 0.0012472 T . . . . . . . « « v v e e e e e e e e 490-590 (33) 3 a
AgNOs-KND3
0-100 d=2.305-7.005 x 1074 T . . . . . . . . it e e e 610-670 (34) 7 a,e
10-90 d=2.534 -8.256 x 1074 T . . . . . ... e 6593-663 7 a,e
20-80 d=2.743 - 8.9 x 1074 T . . . . ... e e e e e 553-653 7 a,e
30-70 d=20973-9.94 x 102 T . . . . ... 523-643 7 a,e
40-60 d=3.185-0.00106T . . . . . . . . . . . . o e 483-643 7 a,e
50-50 d=23.386-0.00106T . . . . . . . . . . . . . 433-643 7 a,e
60-40 d=23.602-000108T . . . . . . ... ... 433-643 7 a,e
63-37 d=3.667 - 0.001095 T . . . . . . . . . .. . L ... 490-840 7 a,e
70-30 d=3.817-00011T . . . . . . . . . e 433-639 7 a
80-20 d=4.03% - 000111 T . . . . . . . . . Lo e 453-637 7 a
80-10 d=4.308-000118T . . . . . . . . . . o .. 473-633 7 a
100-0 d=4.487 - 000108 T . . . . . . . . . ... e e e e 490-630 (35) 7 a
AgND3-L iNDg
0-100 d=2.1057 -5.82 x 10°% T . . . . . . . ... 525-673 (36) 7 a
10-90 0 =2.3482 - 6.11 x 107 T . . . . . . . ... 523-662 7 a
20-80 d=2.6389 - 7.23 x 1074 T . . . . ... ... 513-623 7 a
30-70 d=28897 -7.75 x 1072 T . . . ... . ... R 503-619 7 a
40-60 d=3.1637 - 8.88 x 1074 T . . . . . . . . . . . 493-617 7 a
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THERMODYNAMIC AND TRANSPORT PROPERTIES FOR MOLTEN SALTS 13
Table 2.1.a Density data (continued)
Density (g cm-?)

(mol %) Equation T range(K)  Accur. Ref. Comment
50-50 d=3.395-9.07 x 10°% T . . . ... ... 473-615 7 a
60-40 d=3.6925 - 0.001061 T . . . . . . . . . . . . . ... ... 463-613 7 a
70-30 d=3.8696 - 0.001018 T . . . . . . . . . . . e 453-613 7 a
80-20 d=4.0901 -0.001059 T . . . . . . . . . . . . . 453-613 7 a
90-10 d=4.3095 - 0.001092 T . . . . . . . . . ... ..o 473-613 7 a
100-0 d=4.503-0.001098 T . . . . . . . . . . .« ..o 483-633 (37) 7 a

AgNO3-Mg(NO3) 2
90-10 d=4.1905 - 0.0010813 T . . . . . . . . . .. ... e 485-590 7 a
91-9 d=4.2251 - 0.0010908B T . . . . . . . . . . . 485-5390 7 a
92-8 d=4.2558 - 0.0010928 T . . . . . . . . . . . ... e e e 485-580 7 a
93-7 d = 4.2804 - 0.0011003 T . . . . . . . . . ..o 485-590 7 2
94-6 d=4.3205 - 0.0011033 T . . . . . . . . . o . o 485-590 7 a
95-5 d=4.3839 - 0.0011106 T . . . . . . . . . . . o .o 485-590 7 a
96-4 d=4.3849 - 0001113 T . . . . . . ... e e 485-580 7 a
97-3 d=4.418~00011198 T . . . . . . . . . ... e e 485-590 7 a
98-2 d=4.4501 - 00011126 T . . . . . . . . . . . . . ..o e 485-590 7 a
99-1 d=4.4844 - 00011335 T . . . . . . . . ... e e e e 485-590 7 a
100-0 d=4.5147 - 00011348 T . . . . . . . . . . . . Lo 485-580 (38) 7 a
A9N03-NaN03
0-100 d=2.369 - 7.5 x 1078 T . . . . . ... e e 583-673 . (39) 7 a
20-80 d=2.8-8.6x10"%T . . . . ... e e 6§73-633 7 a
40-60 d=3.2373-8.6 x 1072 T . . . . . ... 563-623 7 a
60-40 d =3.6923 - 0.00107 T . . . . . .« . . e e e e e e e e 6523-621 7 a
80-20 d=4,1045 - 00011 T . . . . . . . ... 493-615 7 a
100-0 d=4.503 -0.001008 T . . . . . . . . . . . . v 483-633 (40) 7 a
AQNO3-RDNO3
0-100 d=3.109 - 0.001001 T . . . . . . . . . . . et e e e e e e e 600-640 (41) 7 a,e
10-80 G2 3228 - 000105 T . « . o oo 553-653 7 ae
20-80 d=3.384 - 000114 T . . . . . ... e e e e e e 513-643 7 a.,e
30-70 d=3.519~0.00118 T . . . . . . . . . . ... e e 453-643 7 a,e
40-60 d=3.655 - 000121 T . . . . . . . . . ... 433-633 7 a,e
50-50 d=3.780 - 0.00122 T . . . . . . . . . .. e e 433-623 7 a,e
60-40 d=3.922 -~ 0.0012Y T . . . . . . . . o .. L. 433-633 7 a,e
70-30 d=4.061-0.0012 T . . . . . . . . ... 433-623 7 a,e
80-20 d=4.194 - 0.00116 T . . . . . . . . . . . . .. e e e 463-623 7 a,e
90-10 d=4.329 - 0.001107 T . . . . . . . . ..o e e e e 463-613 7 a,e
100-0 d=4.463 - 0001036 T . . . . . . . . . . .o ... 490-630 (42) 7 a,e
AGNO3~T1ND3
0-100 d=5.807-0.001858 T . ... ... ... . v v 490-620 (43) 7 a,e
10-80 d=5.695- 000178 T . . . . . . . . . . . ... e 470-600 7 a,e
20-80 d=5.582-0001717 . . . . . . . . ... ..o 443-593 7 a,e
30-70 d=5.467 - 0.00183 T . . . . . . . . . . . ... 440-590 7 a,e
40-60 d=5.31-000186T . . ... .. ... .. .. . ... ... ... 433-593 7 a,e
50-50 d=5.23~000048 T . . . . . . .. ... 440-590 7 a,e
60-40 d=5.108-000142 T . . . . . . . . . ... e 433-593 7 a,e
70-30 d=4.97~0.00135 T . . . . . . . . ... . 440~-590 7 a,e
80-20 d=4.828 - 0.00127 T . . . . . . . . ..o 443-593 7 a.e
90-10 d=4.684 - 0.00121 T . . . . . . . . ..o e 470-600 7 a,e

100-0 d=4.521-0.00M3T . . . . . . . . . . v 490-630 (44) 7 a,e
For additional AgNO3 systems, see : AgCl- ; Agl-

AgaS

100 d=7.8329 - 9.132 x 1074 T . . . . . ... 1173-1273 5% 3 a
For additional AgsS systems, see : AgCl- ; Agl-

AgySe
100 d=28.4199 - 9.746 x 1072 T . . ., . . . . ... ..o 1170-1260  #5% 3 a
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Table 2.1.a Density data (continued)

Density (g cm=3)
(mol %) Equation

T range(K)  Accur. Ref. Comment
For additional AgpSe systems, see : AgCi-
AgyS0y
100 d=5.843-0.001088 T . . . . . . . . . . . . . . e 953-1043 1% 1 a
AQ2S04-Li9S0y
0-100 =2.3824 - 3.36 x 1074 T . ... L. 1150-1230  (45) 6 a,b,e
50-50 d=4.4768 ~ 9.B43 x 10°4 T . . . . . . .. ... Lo 890-1010 6 a,e
100-0 d=56.8436 - 0.0010835 T . . . . . . . . . L. 950-1050 (46) 6 a,e
AgoTe
100 d=8.4178 - 8.125 x 107 T . . . . . . . . ... ..o 1230-1250 157 3 a
For additional AgpTe systems, see : ApBr- ; AQCl1- ; Agl-
AlBrg
100 d=3.56491 - 0.0024356 T . . . . . . . . . . .. . ... 380-540 1% 4 a
A1Br3-HgBry
66.67-33.33 d = 4.4873 - 0.0024002 T . . . . . . . . . . . ..o 385-410 4 a
69.51-30.49 d=4.4393 ~ 0.0024499 T . . . . . . . .. ..o Lo 385-410 4 a
71.87-28.13 d=4.1321-0.00188 T . . . . . . . . . .. e e e 385-410 4 a
73.54-26.486 d=4.2456 - 0.00228 T . . . . . . . . .. L.l o o 385-410 4 a
76.94-23.06 d=4.2233 - 0.00247 T . . . . . . .. ..o e e e 385-410 4 a
80.15-19.85 d=4.1432 - 0.00253 T . . . . . . . . . ... 385-410 4 a
84.80-15.20 ¢ =3.9316 - 0.0023501 T . . . . . . . . . . . .. ..o 385-410 4 a
82.66-7.34 d=3.7383 -~ 0.0023B01 T . . . . . . . . . . . ... 385-410 4 a
100-0 d=3.4869 - 0.0022801 T . . . . . . . . . . . .. ... 385-415 (47) 4 a
AlBr3-KBr
66.67-33.33 d=3.3616 - 00014202 T . . . . . . . . . . . ... 385-410 4 a
68.77-31.23 d=23.3951-0.0015102 T . . . . . . . . . . . ..o e 385-410 4 a
71.21-28.79 d=3.3838 - 0.0015001 T . . . . . . . . . . . .. ... 395-410 4 a
75.66-24.34 d=23.4219 - 0.0016301 T . . . . . . . . . . . ... e 385-410 4 a
76.59-23.41 d=3.4186 - 0.0016401 T . . . . . . . . . . ... ..o e 385-410 4 a
AIBr3-KC1
66.7-33.3 d=3.2364 - 00014321 T . . . . . . . . ... ... R 360-440 2
100.0-0.0 d=3.6104 - 0.0023143 T . . . . . . . .« v v e e e e 380-430 (48) 2 a
A1Br3-NaBr
33.3-66.7 d=3.026 -8.12 x 1074 T . . . . . . . . . e e e e e 960-1140 4 a
50.0-50.0 d=3.267 -0.00113 T . . . . . . . . . ..o 600-1140 4 a
66.7-33.3 d=3.321-0.00132 T . . . . . . . . . e e e e 460-800 4 a
80.0-20.0 d=3.421-00017 T . . . . . . . . ... 400~-640 4 a
A1Bra-NH4Br
66.68-33.31 d=3.2035 - 0.0013152 T . . . . . . . . <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>