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Evaluated data for the four properties, density, surface tension, viscosity, and 
electrical conductance are reported for salt systems in which both the anionic and 
cationic species may differ. This contrasts with the systems in the preceding 
publications in this series in which the anionic species were, in general, the same in 
the binary mixtures. The results are reported in equation form, with brief tables of 
numerical· values. A cross index by salt system was compiled and is included for 
ease of accessing the data tables. 

Key words: density, electrical conductance, fused salts, mollen salts, phase diagrams, surface tension, 
viscosity. 

Contents 
Page 

1. Introduction ............................................ : ......... 595 
2. Symbols and Units ........................................... 595 
3. Practical Aspects ............................................. 596 
4. Statistical Analysis .......................................... 597 
5. Value Judgements ........................................... 598 
6. Phase Diagrams ............................................... 598 
7. Presentation of Physical Properties Data ....... 598 
8. Numerical Data by Systems ........................... 599 
9. Salt Systems: Cross Index ............................... 809 

10. Acknowledgements ......................................... 811 
11. References........... ...................... ....... .......... ...... 811 

Systems Index 
Section A: Systems Containing a Halide 

Halide-tetraborate 
CIlF'2 -No.2B40 7 ................................................... 599 
KF-N~B407 ..................................................... 600 
NaF-N~B407 .................................................... 600 
ZrF4-N~B407 ................................................... 601 
KCI-N~B407 .................................................... 602 
LiCI-N~B407 ................................................... 603 
NaCI-Na2B407 .................. : ............................ : ... 603 

Halide-carbonate 
KF-Li2C03 ....................................................... 604 
LiF-K2C03 ....................................................... 604 
KCI-K2C03 ....................................................... 605 

*R. P. T. Tomkins present address: New Jersey Institute of 
rechnology. Newark. New Jersey 07102. 

@ 1983 by the U.S. Secretary of Commerce on bebalfoftbe United States. 
This copyright is assigned to the American Institute of Physics and the 
American Chemical Society. 
Reprints available from ACS; see Reprint List at back of issue. 

0047-2689/83/030591-991$19.00 

Page 

-Li1COl ....................................................... 606 
-Na1C03 ...................................................... 607 

LiCI-K1COl ...................................................... 607 
-Li2C01 ...................................................... 608 

NaCI-K1C03 ..................................................... 609 
-Ns2C03 .................................................... 610 

Halide-nitrate . 
NaP-NaN03 ..................................................... 612 
AgCI-AgNOl ................................................... 613 
BaCi1-NaN03 ................................................... 614 
CoClz-KN03 ..................................................... 615 
HgClz-TIN03 .................................................... 615 
KCI-KN03 ........................................................ 617 

-LiN03 ......................................................... 618 
-NH4N03 ..................................................... 618 
-NaNO) ........................................................ 619 

LiCl-KN03 ....................................................... 619 
-LiN03 ........................................................ 619 
-NaNO:; ....................................................... 620 

NaCI-NaNO:; .................................... ; .... : .......... 620 
PbC12-NaNOJ ................................................... 622 
TICI-KNOJ ....................................................... 622 

-NaN0l ..................................................... 623 
AgBr-AgNOJ ................................................... 623 
CoBr1-KNOl .................................................... 624 
HgBr2-AgN03 .................................................. 625 

-Hg(N0l)2 ................................................ 625 
K:Qr-KN03 ....................................................... 626 
TlBr-KNOJ ....................................................... 627 
AgI':"AgNO:; ..................................... ~ ................ 627 
HgI2-AgN03 ..................................................... 629 

-TINOJ ...................................................... 631 
NaI-NaNOJ ...................................................... 632 

Halide-meta!ortho!pyrophosphate 
KF-KP03 .......................................................... 632 

591 J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



592 G. J. JANZ AND R. P. T. TOMKINS 
Page f'otl~C 

LiF-LiP03 ........................................................ 633 -N~ZrF6 ................................................... 679 
NaF-NaP03 ...................................................... 633 Halide-oxide 
KCI-KP03 ........................................................ 634 CaF2-A120 3 ....................................................... 680 

-K3P04 ........................................................ 635 -BaO .......................................................... 681 
-K4PZ0 7 ....................................................... 635 -CaO .......................................................... 682 

NaCI-NaP03 ..................................................... 636 -MgO .......................................................... 684 
-Na4PZ0 7 .................................................... 637 -Sial ........... ~ .............................................. 686 

Halide-sulfate -TiOl .......................................................... 686 
BaCI2-Li2S04 .................................................... 638 -V20 S ......................................................... 687 
C~Cl-C'l~SO ....................................................... 639 -ZrOz ......................................................... 688 

-LizS04 ...................................................... 639 NaF-AI20 3 ........................................................ 689 
KCI-K2S04 ....................................................... 640 -B20) ........................................................... 690 

-Li2S04 ........................................................ 641 -CaO ....................................... ; .................... 691 
-Na.S04 ....................................................... 642 PbF2-PbO ......................................................... 691 
-ZnS04 ........................................................ 643 CaCI2-CaO ........................................................ 691 

NaCI-K2S04 ..................................................... 644 MgCI2-MgO ..................................................... 692 
-LizS04 ...................................................... 644 NaCI-Bz0 3 ........................................................ 692 
-Na.S04 ..................................................... 645 -N~O ........................................................ 693 
-KCI-NazS04 ............................................ 646 HgBrl-HgO ...................................................... 694 
-Na.S04-K2S04 ........................................ 647 Halide-sulfide,-selenide,-telluride 

RbCI-LizS04 ..................................................... 647 AgCI-Ag2S ......... ..... ......... ..................... ........... 695 
-K2S04 ....................................................... 648 -Ag2Se ....................................................... 696 
-Na.S04 ..................................................... 648 -AgzTe ....................................................... 696 
-RbzS04 ................................................... 649 CuCl-CulS ........................................................ 697 

TlCI-ZnS04 ...................................................... 649 FeCI2-FeS ......................................................... 699 
CsBr-ZnS04 ........ .............. .......... ................ ..... 650 PbCI2-PbS ......................................................... 700 
HgBr2-HgS04 ................................................... 651 AgBr-Ag2Te ..................................................... 701 

-TlzS04 ...................................................... 6:51 HgBr1-HgS ....................................................... 701 
KBr-NazS04 ..................................................... 652 -HgSe ...................................................... 701 

-ZnS04 ........................................................ 652 -HgTe ...................................................... 702 
NaBr-K2S04 ..................................................... 653 AgI-AgzS .......................................................... 702 
KI-NazS04 ........................................................ 654 -Ag2Te ........................................................ 702 

-ZnS04 .......................................................... 654 Halide-other 
NaI-Na2S04 ...................................................... 655 BaFz-CaSi03 ..................................................... 703 

Halide-perchlorate CaFz-CaSi03 ..................................................... 704 
LiCl-LiCI04 ..................................................... 656 KF-CaSiO) ...... ..................... ............................ 705 
HgBrz-(CH)4NCI04 ........................................ 656 LiF-CaSi03 ......... ....... ....... ........... ..................... 705 

HiUide tetrafluoro-aluminate,-borate MgF2-CaSiO; ................................................... 705 
NaF-NaAIF 4 ..................................................... 657 NaF-CaSi03 ........ ....... ....... .............. ....... ........... 706 
KF-KBF4· ................ · ....................... · ................. 657 CaCl1-CaMo04 ......... •• ...................... • ............... 706 
NaF-NaBF4 ...................................................... 657 LiCl-CaCr04 .................................................... 706 

Halide-hexafluoro-aluminate,-silicate,-titanate, - -KCI-CaCr04 ........................................... 707 
zirconate NaCI-NaOH ..................................................... 708 

AIF3-Na3AIF6 ................................................... 659 NaBr-NazCr04 ................................................. 709 
BaF2-Na3AIF6 ................................................... 661 
BeF2-Na3AIF6 ................................................... 662 
CaF2-Na3AIF6 ................................................... 662 Section B: Systems Containing an Oxide 
KF-K1SiF6 ........................................................ 664 

-K2ZrF6 ......................................................... 665 A120 3-K3AIF6 ................................................... 711 

LiF-Na3AIF6 ..................................................... 666 -Li3AIF6 ................................................... 711 
MgF2-Na3AIF6 ................................................. 667 -Li1CO) .................................................... 712 
NaF-Na3A1F6 ................................................... 669 -Na3AIF .................................................. 712 

-Na2ZrF6 ..................................................... 670 -Na3AIF6-SiOz ........................................ 715 
BaCI2-Na3AIF6 ................................................. 670 B20)-CS2C03 ..................................................... 715 

-BaF2-Na3AIF6 ....................................... 672 -K1B40, ..................................................... 716 
KCI-K2ZrF6 ...................................................... 672 -K2COJ ...................................................... 716 
NaCI-K2TiF6 .................................................... 674 -Li2COJ ...................................................... 716 

-K1ZrF6 ..................................................... 675 -Na,AIF6 ................................................... 717 
-Na3AIF6 ................................................... 676 -Na2B40 7 ................................................... 717 
-Na. TiF6 .................................................... 678 -Na2CO) .................................................... 718 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



PROPERTIES Of MOLTEN SALTS 593 
Page Page 

-NaPO) ...................................................... 718 K2CO)-KOH .................................................... 761 
-Rb1C03 .................................................... 719 -KOH-CaO ............................................. 762 

Bil03-K2B401 .................................................. 719 -KUH-KCI ............................................. 163 
-KP03 ...................................................... 720 -KOH-K1Si03 ........................................ 764 
-N~B407 ................................................. 720 -Li2S04 .................................................... 765 
-NaPO) .................................................... 720 LiZC03-K%SO~ .................................................. 766 

CaO-CaC2 ................................... ....... ............... 720 -LiOH .................................................... 767 
-Sial ............................................................ 721 Nitrate/nitrite-other 

Fe203-CaC2 ....................................................... 721 KN03-KCI04 .............................. : .................... 768 
-Li2C03 .................................................... 721 -K2CrZ0 7 ................................................... 769 

K20-Zn{P03)2 ................................................... 722 -K1Mo04 ................................................... 770 
Li20-Li2CO) ..................................................... 723 
MoO)-K2Mo04 ............................................. : ... 723 

-KOH ................. ; ...................................... 771 
-KzWO ....................................................... 771 

-Li1Mo04 •• ; ................................................ 725 -LiCIO ....................................................... 772 
-Na2Mo04 ................................................. 726 -NaCI04 .................................................... 774 

N~O-Zn(P03)2 ................................................. 728 -Na2Cr207 ........ .............. ........... ................. 775 
NiO-K1B40 7 ...................................................... 729 LiNU3-AgCI03 • ...... ............... .......... ................. 77'5 

-:KP03 .......................................................... 729 -KCIO ..................................................... 776 
-NazB40 7 ..................................................... 730 -LiCt03 .................................................... 777 
-No.PO l ........................................................ 730 -LiCI0~ .................................................... 778 

PbO-K1B40 7 ..................................................... 730 -UOH ...................................................... 780 
-KP03 .......................................................... 731 -NaCI04 .................................................. 781 
-'NazB40 7 ..................................................... 731 Nl-l.N03-NH4H2P04 ........................................ 782 
-NaP03 ........................................................ 731 NaN03-KC:zH30 2 ............................................. 783 
-PbMo04 ..................................................... 732 -KC3H sOz ................................................ 783 

Sb10 3-CaSb10 4 ................................................. 733 -K1Cr10 1 .................................................. 783 
-CaSb20 6 •.••.•.•.. .. . .. ..••..•...•. 133 -KClO" ....................... ; ............................ 784 
-Ca4SbgOz3 ............................................... 733 -LiCI04 ....................................... : ............. 785 

Si01-CaCZ ......................................................... 734 -NaCI03 .................................................. 786 
-LizC03 ...................................................... 734 -NaCl04 ................................................... 788 
-Na:;A1F6 ................................................... 734 -N~MOO ................................................ 789 

Ta20s-KzTaF7 ................................................... 735 -NaOH ..................................................... 790 
TiOz-KzTiF6 ..................................................... 735 -N~S04 ................................................... 791 

-N~TiF6 .................................................... 736 -N~WO .................................................. 791 
Tl20 3-Li2C03 .................................................... 736 KNOz-K1MoO ................................................. ·792 
V20s-KV03 ...................................................... 736 -K1W04 ..................................................... 793 

-NaV03 ..................................................... 738 NaN02-N~Mo04 ............................................. 793 
W03-KP03 .... ............ ......................... .............. 741 -N~W04 ................................................. 794 

-K2W04 .... • .... • ............ • ................................ 141 Metaphosphate-other 
-LizW04 ...................................................... 143 KP03-K3PO ..................................................... 796 
-N~B.07 ..................................................... 144 -~P107 ..................................................... 796 
-NaP03 ........................................................ 746 LiP03-Li3P04 ................................................... 797 
-Na4P20 7 ........ •• .. • .. • .. • .. • .. • .... • .... • ................... 746 -L4Pz07 ................................................... 797 
-Naz W04 ..................................................... 748 NaP03-Li2S04 .................................................. 797 

ZnO-KP03 ....................................................... 750 -N~B407 ................................................. 798 
-NaP03 ........................................................ 751 -Na3P04 ................................................... 798 
-Zn(P03)2 .................................................... 151 -Na4P20 7 ............................................ : ..... 799 

-N~S04 ................................................... 801 
-Rb2S04 ................................................... 802 

Section C: Other Binary Systems -UOlSO ................................................... 803 
Na4P207-Na2S0 ................................................ 803 

Meta/tetrabOrate-other Sulfate other 

KB02-KP03 ..................................................... 752 K2S04-K2 WO ................................................... 804 
NaB01-NaPO, .................................................. 753 Li2S04-K2 WO. : ................................................ 804 
Na:B .. 07-K2ZrF6 ............................................... 754 -Li2W04 .................................................. 805 

Carbonate-other Perchlorate/ chlorate-other 
NazC03-NaOH ................................................. 756 LiCI03-LiOH ................................................... 805 

-NaOH-CaO ......................................... 757 Miscellaneous 
-NaOH-NaCl ........................................ 758 KCHO.-KCzH,Oz ......... _ ......................... 806 

-NaOH-Na2Si03 ................................... 760 Na)As04-NaOH ............................................... 807 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



594 G. J. JANZ AND R. P. T. TOMKINS 
Page Page 

Na3Sb04-NaOH ............................................... 807 KI-ZnS04 ......................................................... 654 
NazSiPs-PbSi03 ....... ....... ....... .............. ........... 808 Halide-tetrafluoro-aluminate,-borate 
LiF-BeF2-ThF4 ................................................ 808 KF-KBF4 .......................................................... 657 

-BeF2-ZrF4 ................................................. 808 NaF-NaBF4 ...................................................... 657 
-BeF2-ZrFcVF4 ........................................ 809 Halide-hexafiuoro-aluminate,-silicate,-titanate, 

-zirconate 
Phase Diagram Index AIF3-Na3AIF6 ................................................... 659 

BaF2-Na3AIF6 ................................................... 661 
Halide-tetraborate BeF2-Na3AIF6 ................................................... 662 

NaF-Na2B407 .................................................... 600 CaF2-Na3AIF6 ................................................... 662 
Halide-carbonate KF-K2SiF6 ........................................................ 664 

KCI-K2C03 ....................................................... 605 -K2ZrF6 ......................................................... 665 
-LizC03 ....................................................... 606 LiF-Na3AIFo ..................................................... 666 
-Na2C03 ...................................................... 607 MgF2-Na3AIF6 ................................................. 667 

LiCI-K2C03 ...................................................... 606 NaF-Na3AIF6 ................................................... 669 
-Li2C03 ...................................................... 608 KCI-K2ZrF6 ...................................................... 672 

NaCI-K2C03 ..................................................... 609 NaCI-K2TiF6 .................................................... 674 
-Na2CO] .................................................... 610 -K2ZrF6 ..................................................... 675 

Halide-nitrate -Na3AIF6 .................................................... 676 
NaF-NaNO, ..................................................... 612 Halide,-oxide 
AgCI-AgNO] ................................................... 613 CaF2-AI20 3 ....................................................... 680 
BaCl2-NaN03 ................................................... 614 -CaO .......................................................... 682 
HgCI2-TIN03 .................................................... 615 -MgO ......................................................... 684 
KCI-KN03 ........................................................ 617 -Si02 .......................................................... 686 

-NH4NOl ..................................................... 618 -Ti02 .......................................................... 686 
LiCI-LiN03 ...................................................... 619 NaF-B203 ..................... .......... ....... .................... 690 
NaCI-NaNO, .................................................... 620 PbF,-PbO ............................................... 691 
TICI-KN03 ....................................................... 622 CaCI1-CaO ........................................................ 691 

-NaNO] ..................................................... 623 NaCI-NazO . ................................... ....... ............ 693 
AgBr-AgN03 ................................... ; ............... 623 Halide-sulfide,-se1enide,-telluride 
HgBr2-AgNOJ .................................................. 625 AgCI-Ag2S ..... ......................... ......................... 695 
KBr-KN03 ....................................................... 626 -Ag1Se ....................................................... 696 
AgI-AgNO] ...................................................... 627 -Ag2Te ....................................................... 696 
Hg12-AgN03 ..................................................... 629 CuCI-CuzS ................................... ..................... 697 

-TIN03 ...................................................... 631 FeCl2-FeS ......................................................... 699 
NaI-NaN03 ...................................................... 632 PbC12-PbS ......................................................... 700 

Halide-metaJortho/pyrophosphate Halide-other 
KF-KPO] .......................................................... 632 CaF2-CaSi03 ..................................................... 704 
LiF-LiPO] ........................................................ 633 NaCI-NaOH ..................................................... 708 
NaF-NaPO] ...................................................... 633 NaBr-Na2Cr04 ................................................. 709 
KCI-KPO, .............................. " ........................ 634 Systems containing an oxide 

-K lP04 ........................................................ 635 AI20 l-K3AIF 6 ................................................... 711 
-K4P20 7 ....................................................... 635 -Na]AIF6 ................................................. 712 

NaCI-NaP03 ..................................................... 636 -Na3AIF6-Si02 ........................................ 715 
-Na4P20 7 .................................................... 637 K20-Zn(P03)2 ................................................... 722 

Halide-sulfate Mo03-K2Mo04 ................................................. 723 

CsCI-Cs2S04 ..................................................... 639 
KCI-K2S04 ....................................................... 640 

-Li2S04 ........................................................ 641 
-Na2S04 ....................................................... 642 
-ZnS04 ........................................................ 643 

NaCI-K2S04 ..................................................... 644 
-Li2S04 ...................................................... 644 
-Na2S04 ..................................................... 645 

RbCl-Rb,S04 . . ................................... 649 
TICI-ZnS04 ...................................................... 649 
CsBr-ZnS04 ..................................................... 650 
HgBr2-HgS04 ................................................... 651 

- Tl2S04 .................................................... 651 
KBr-ZnS04 ...................................................... 652 

Nap-Zn(P03)2 ................................................. 728 
V ,O,-Na VO, .................................................... 738 
W03-Na2B40 7 ................................................... 744 
ZnO-KPOJ ....................................................... 750 

Carbonate-other 
Na2C03-NaOH ................................................. 756 

-NaOH-NaCI ........................................ 758 
K2C03-KOH .................................................... 761 

-Li2S04 .................................................... 765 
Li2C03-K2S04 .................................................. 765 

Nitrate/nitrite-other 
KN03-KCI04 ................................................... 768 

-K2Cr20 7 ................................................... 769 
-K2Mo04 ................................................... 770 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



PROPERTIES OF MOLTEN SALTS 
Page 

-KOH .... ;~ ................................. ;~ ................ 771 
-LiCl04· ................... ;~., .. : ... · ........ · ...... : ...... ; ...... 772 

LiNOj-KCI04 •••• ; .................... ; ........ ~~ ................ 772 
·-LiCI04 .... ~ ..• ; .............. ; .. ; ................ ; ........... 772 
~LiOH ........ ;·,; ............... ;;, .. ; ....................... 780 
.-NaCI04· ................. ; ................................ ;·781 

NaN03~K2Cr;07 ............................................... 783 
""'-LiCIO.j· .. ; ................................. : .... , .......... 785 

. ":"NaCI03 ........................................ ; ........... 786 
-NaCl04· .......... , ....................... :; ... : ........... 788 
-N~Mo04 ............................................... 789 

1. Introduction 

In the present work, the' critical evaluations of the 
published data for the properties: density, surface tension, 
electrical conductance. and viscosity have been extended 
to additional multicomponent systems as follows: 

• 134 binary mixtures with a halide salt as a 
component oqhe system 

• 39 binary mixtures with an oxide, but not a halide, 
as a coOlponent of the system. 

• . 59 binary systems with .. neither. an oxide nor a 
halide as a component of the system 

These are reported in three sections, A, B and C, 
respectively. Within each section the systems. have been 
classified using the position in the periudic lablt: of the 
central atom in. the. anion, and with oxygenated anions 
considered first, fluoroconiplexes second, and other 
anions third, viz: 

B03->CO)-2> N03-, NOZ->P04-
3
, PO~->S04-2>Cl04-' 

CI03-> BF4-> AlF6-
3

, SiF6~2, TiF6-
2

, ZrF6-
z>CZ-

Z>S-2, 
Te-2 > other. '. 

For the preceding publications in this series see: [1-9]1 
and table I.' [n the present work, ' .. the critical data 
evaluations have beeri extended to include the most 
complex systems, mundy, binary' systems that may 
include differing cations'and differing anions. 

For each system, the results are reported as follows. 
Some observations concerning melt preparation and 

. purification . are. given together with a temperature
liquidus' phase. diagram. This is followed· by a tabular 
presentation of the iI:Lvestigations critically examined, 
incliiding temperature and composition ranges, and 
comments on celI materials and calibrations. Table(s) of 
recommended numerical vruues over the .. experimental 
temperature and", composition ranges complete the 
presentation. Each of the four properties is treated 
separately. 

INumbers in brackets refer to literature references. 

... 
-NaOH .................................................... '190 
.:..NlliS04 ........... :.: ..... , .............................. " 791 
.-N~ W04 ................................................. 79'1 

KN02-Ki Mo04 ................................................ 192 
NaNOl~Na.1Mo04 ............................................. 793 

-N~ \\104 .•••••••.•••••• , ................................... 794 
Metaphosphate-other 

NaP03-N3..JP20l· ................... , ...... , ..................... 799 
Sulfate-other 

K2S04-K2W04 .................................................. 804 
Li2S04-Li2WO.i' ................................................. 805 

TARLE: 1. NSRDS· Molten:· Salts-pat" Seri"" (for single salt. ~nd their 

binary mixtures relative. to the data for electrical conductance, 
viscosity, density and surface tension) 

. Molten Salts . NSRi:>S Recommendations Ref. 

VO!..1 (1968) Single salts(K, 7j. p) [I} 
Vol. 2 (1969) Single salts(y) .. {21 
Vol. 3 (1972) Binary mixtures: 

nitrlltes, nitrites {3] 
Vol. 4 Pt. 1 (1974) Binary mixtures: 

fluOQdes . [4} 
Vol. 4 Pt.' 2 (1976) Binary .mixtures: 

chlorides [5) 
Vol. 4 Pt. 3 (1977) Bmary mixtures: 

bromides, iodide! [6] 
Vol. 4 Pt. 4 (1979) Binary mixtures: 

mixed balides [7] 

Vol. 5 Pt. 1 (1980) BimlfY mixtures: 
nrixed ani01ll\ 
other than nitrates, 
nitri~, • halides [8} 

Vol. 5 Pt. 2 Additional systems [9} 

2. Symbols and Units 

The fundamental constants, symbols, and units are in 
tables 2 ll1Id 3, respectively. 

TABLE 2. Fundamental constants I 

Symbol Name 

NA Avogadro constant 
P Faraday constant 
e Electron charge 
R Gas constant 

6.022045 (31) x 1(),3 niol-I 

9.64&456 (27) x Hf mol-I 
1.6027892 (46) x 1O-19C 
8.31441 (26)J K- ' mol-I 
1.98719 (6) cal Kc1 morl 

IFundamentai constants from: CODATA Bulletin No. 11 (Dec. 1973). 
21n each case the digits in the parentheses following a numerical value 
represent the standard . deviation of that value in the decimal places 
indicated for its fmal digits. . 

J. pny ... Cnom. ~(. Data, VoL 12, No. ~, 1989 
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TABLE 3. Symbols and units 

Symbol Physical quantity Units 

A Pre-exponential factor as in text 
C Concentration mol%; equiv. % 
E Energy of activation cal mol-I; cal equiv-I 

t Temperature (Celsius) 'c 
T Temperature (Absolute) K 
X Mol fraction dimensionless 

'Y Surface tension dyn cm-I 

'I Viscosity op or poiac 
K Electrical conductance ohm-I cm-I 

p Density g cm-J 

For conversion between SI anti nth .. r I1nit.· 

ImN s m-2 = 1 cp = 1 mPa s 
ImN m-I = 1 dyn cm-I 

4.184 J mor l 1 cal mol-I 

3. Practical Aspects 

Practical aspects of molten salts containment 
(materials) and designs of experimental assemblies for 
measurements of electrical conductivity, viscosity, 
density, and surface tension have been reviewed in the 
preceding parts of this series (see: table 4). 

TABLE 4. Experimental techniques reviewed in the NSRDS 
molten salts data series 

Techniques Aspects reviewed and references 

'Y Various possible methods 
and % applications: 
This series, Vol. 2, Part 2 [2] 

K, p, 1], Y Descriptions of experimental 
Q$scmbHc", 

K, P,1]. Y 

K, p, 1], Y 

K 

K, p, 1], 'Y 

This series, Vol. 3 [3] 
Practical aspects of studies 
with molten fluorides: 
Thi .... riP., Vol. 4, Part 1 [4] 
Conductance: possible errors in 
measurements. 
Viscosity: comparison of oscillational 
and capillary techniques: 
This series, Vol. 4, Part 2 [5] 
Calibration techniques in molten 
salts conductivity measurements: 
This series, Vol. 4, Part 3 [6] 
Recent advances: This series, 
Vol. 5, Part 1 [8] 

In the present communication, thus, attention is 
directed to some recent advances in the area of 
ca1ibration-quality reference data and molten salt 
standards. A project in this area was initiated at RPI in 
1973, with participating laboratories in Czcchos]ovakilt, 
DDR-Germany, Japan, Norway, Poland, Rumania, and 
the USA. The results, specifically for density, surface 
tension, electrical conductance and viscosity, have 
recently been reported in detail [10,11,12] and the present 
remarks will be limited to the salient accomplishments, 
and the recommendations advanced. 

KN03 (m. 33S·C ± 2°C) and NaCI (m. 800·C ± 2°C) 
were selected as reference materials to bracket the 
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temperature range 350o-10S0·C, i. e., for measurements 
with moderately high and high melting molten systems, 
respectively. These two salts are readily dried since they 
are not strongly hydrated. Samples of the reference 
materia1s were supplied from the MSDC-RPI; the 
critical evaluations of these "round-robin" measurements 
were part of the project at the MSDC-RPI. 

The upgraded recommendations based on the 
accomplishments of this project are summarized in table 
5, as equations, together with the temperature rangc5, 
and accuracy estimates. 

Relative to the best value estimates advanced earlier, 
the followin,g should be noted. 

Density 

KN03: The 1968 NSRDS recommendations [1] are 
gently shifted to lower values by -0.25%. 

NaCI: The 1968 NSRDS recommendatinn!,; [1] are 
supported within the limits of accuracy of the 
experimenta1 techniques. 

Surface tension 

KN03: The 1969 NSRDS recommendations [2] receive 
firm support. 
NaCl: While no change in the 1969 NSRDS 
recommendations [2] appears necessary, the accuracy 
limits Of the data set are revised to ± 1.5% (estimated 
earlier as - ±0.1 % [2]). 

Electrical conductance 

KN03: The NSRDS recommendations, were advanced 
in 1968, and were revised and updated in 1972. The 1972 
NSRDS data set are supported within the experimental 
limits of acculacy (- ±O.5%). 

NaCl: The 1968 NSRDS recommendations [1] are 
superseded. While the 1968 data base and the new results 
are virtually in exact agreement in the range from the 
melting point (800· C) to 8S0·C, the earlier 
conductance values are too high above 8S0·C, the 
departure reaching - 3.S% at the upper temperature 
limit of the new data base (-1020·C). 

Viscosity 

KN03: The 1968 NSRDS recommendations [1] are 
shifted gently to - 1 % higher values. 
NaC]: The 1968 NSRDS recommendations [1] are shifted 
to markedly lower values; the deviation being largest 
( - 30%) in the lower limits of measurements (- 810°C), 
and decreasing with increasing temperatures (to - 10% 
at -1050°C). 

Relative to the practical aspects of such measurements 
a number of significant questions were addressed through 
this project; some of the results may be briefly 
summarized as follows. 
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TABLE 5. Molten salts standards: calibration - quality data sets 

NaCl 

Surface Tension (mN m-I) 

KN03 

NaCI 

Etju .. liull 

p = 2.3063 - 0.7235 x 1O-3T 

P = 2.1389 - 0.5426 x 1O-3T 

'Y = 154.715 - 71.7080 x lO-'T 
'Y = 191.1600 - 71.8800 x 1O-3T 

Electrical Conductance (ohm-I em-I) 

K = -2.1250 + 5.7332 x 1O-3r - 2.0301 x 10-61" 

T"lllp. nmg" (K) 

620 - 730 

1080 - 1300 

620 - 760 
1080 - 1240 

615 - 790 

Accuracy 

-±O.25 % 

-±1.0% 

-±O.5 % 
-±1.5 % 

-±0.5 

NaCl K = - 5.6241 + 13.9640X 1O- 3T - 5.0245 X 10-6 T 2 1080 - 1250 -±1.0 

Viscosity (mN s m-2) 

1) = 29.7085 - 71.1203 x lo-'T + 44.7023 l!. 10-h T' 61:1 - 760 - ±2.0% 

NaCI 1) = 89.272 X 10-3 exp(5248.5IR1) 

Trace impurities: 
Some measurements with Reagent-Grade KN03 and 

NaCI were undertaken to investigate the effects of trace 
additives. Using the properties of viscosity and electrical 
conductance as the sensing techniques for impurity 
effects comparisons with Standards-Quality and Reagent 
Grade samples were undertaken. 

It is apparent that the trace impurities in Reagent
Grade KN03 and NaCl do not alter the measured 
properties significantly. The influences of trace amounts 
of moisture, and metal oxides, were not investigated. 

Comparison of capillary viscometer designs and 
techniques: 

A comparison of the various capillary viscometer 
designs used for molten salt measurements was 
undertaken as part of this project. For details, see: [10-
12]. 

Comparison of torsional viscometer designs and 
techniques: 

Torsion wire: 
The Kestin alloy (92% Pt, 8% tungsten) has superior 

qualities and is recommended for the torsion wire of the 
UillUjJCU oS\Jilli1tioflal (LOliSiol1) vi:>\Jo:>ity tC\Jhniquc. F01-
details, see: [10-12]. 

Immersed oscillational shape: 

The accuracy limits of the torsional technique with an 
immersed sphere are - ±3.0%, largely due to the 
tolerance limits imposed in working with soft metals 
when machining spherical shapes. The accuracy limits of 
the torsional technique can be narrowed significantly (to 

1080 - 1210 -±O.2% 

-0.2%) if a cylinder is adopted for the immersed shape. 
For details, see: [10-12). 

Neglect of the surface tension correction with the 
partially filled cylindrical shape will contribute to 
significillil errors. For details, see: [12,13]. 

Measurement techniques: 
For additional insights gained on the accuracy of 

measurement techniques for density, surface tension, and 
electrical conductance, see: [10]. 

As a result of these measurements, one has a set of 
reference points for value judgements in critical data 
evaluation studies, particularly relative to accuracy 
estimates, and for comparisons of numerical values for 
these four physical properties. These were used 
throughout our present work in firming up the 
recommended data sets advanced herewith (see: Section 
8. Numerical Data by Systems). 

4. Statistical Analysis 

The recommended data values were selected on the 
basis of our estimates of precision and accuracy of \he 
data in the literature. 

All calculations were made on the digitlll c()mpllicr 
facilities at Rensselaer Polytechnic Institute. The dl\\\\ of 
each recommended study were titted hy II !lilt', 

dimensional analysis, using the method of !cuM !i(/iIltf(lIi, 

to establish the variation of the physical q\llll\(ltil'~' w4\h 
temperature at the experimental composili{)Il~. 

The criterion for choosing the equatloll uf' 1li1ll1 01 hi 
the one-dimensional analysis was tht M(t\I,~t"Ht ~ff\lf (If 

estimate. 
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This was defmed by 

s 
~ Ji (z. Z)' 

n-q 

where Ze = the experimental value at each temperature, 
Z = the value calculated from the least squares equation 
at the same temperature, n = the number of experimental 
data points, and q = the number of coefficients in the 
fitting equation. The standard error of estimate was 
computed from the residuals in the least squares routine. 

If the data sets from two or more !'!tllciip.!Ol were merged 
to provide the data base for the recommended values 
(either to extend the temperature range, or to fix the 
confidence level) this has been noted in the data tables. 
Unless otherwise indicated, all values were recalculated 
to the Kelvin temperature scale and are thus reported. 

A Percent Departure criterion has been used to 
compare additional results with the values being 
recommended. The Percent Departure is defined as: 

Percent Departure = 

"compared value" - "tabulated value" 
--------------x 100 

"tabulated value" 

Here "compared value" and "tabulated value" refer to 
the literature value and the value recommended in the 
present work. Both the "compared value" and the 
"tabulated value" are calculated from statistically derived 
equations since the results have to be interpolated to 
common temperatures and common compositions. 

5. Value Judgements 

Precision 

Estimates of precision were based on standard error of 
estimate analysis. The standard error of estimate is the 
end result of a statistical analysis of the numerical data, 
and the statistical analysis depends on various factors, 
such as the number of data points, the nature of the 
concentration dependence and the temperature depen
dence of the particular physical property. The precision 
is defined here as the standard error expressed as a 
percent value. Assuming a normal distribution, about 
68% of the data points lie within this estimate of 
preciSion, 9:5% within twice this value, and approxI
mately 99% within three times this value. Where the 
preceding approach was not possible, we refer to the 
published error estimates of the original authors. 

Accuracy 

Accuracy estimates were based on assessments of 
experimental details including method of measurements, 
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techniques, analytical characterization of chemicals, and 
inter-comparisons with results from the same and/or 
different laboratories. The accuracy estimates are more 
subjective than the estimates of precision. 

6. Phase Diagrams 

The lower temperature limits of the molten state are 
most conveniently gained by inspection of the phase 
diagrams of the multi-component systems. Phase 
diagrams, accordingly, are included for ease of reference. 
The compilations uscu l:I.S !iuun;C!i included International 
Critical Tables [14], Landolt-Bomstein [15], Clark [16], 
Robertson [17], Thoma [18], Voskresenskaya [19], Sinistri 
et a1. [20], Shaffer [21], Franzosini [22], Toropov et al. 
[23], and Levin et al. [24]. The primary research literature 
was searched for diagrams relative to systems not 
covered in the above compilations. The phase diagrams 
were not funher critically evaluated since, as already 
noted, the primary intent of these in the present work 
was ease of reference relative to the lower temperature 
limits of the molten states of the systems. i. e., the 
melting-crystallization temperatures. 

7. Presentation of Physical Properties 
Data 

Two types of tables are used to present the information 
relative to the physical properties. 

(a) Tables of investigations critically re-examined. In 
such tables, the results are given with respect to: 

• the investigations critically re-examined 

• composition and temperature ranges 

• a summary of experimental details such as cell 
material and calibration method 

• comparisons with the NSRDS recommendations 

Footnotes to these tables call attention to information of 
unusual importance (technique, experimental uncertainty, 
F.tc.). A recommenrlerl reference is: ~lways indicated hy a 
bold typeface reference number. In situations where the 
composition-temperature-physical property data base 
was developed from more than one publication, all 
references used to develop the recommended values are 
in bold typeface. 

(b) Tables of numerical values. Each table of values 
either contains the equation from which the values were 
calculated with the statistical parameters associated with 
it, or it has a footnote stating how the values were 
obtained. The coefficients of the equations are cited to 
more significant figures than justified by the accuracy so 



PROPERTIES OF MOLTEN SALTS 599 

that the equations may be used to gain values within the 
limits of precision. If the tabulated values are listed in 
brackets, this indicates these are of less reliability. 

When the experimental results were published in 
graphical form only, the graphs were digitized, and the 

values reported herewith were obtained by statistical 
analysis of the thus derived numerical data bases. 

The physical properties tables in each section ace 
preceded by a data-status table for the systems in that 
sub-section of the compilation. 

8. Numerical Data by Systems 
Section A: Systems Containing a Halide 

Halide - tetraborate 

TABLE 6. Data Status 

System Phase Electrical 
Diagram Conductance 

CaFl-N~B.o7 
KF-Na,B.O, 
NaF-N~B.07 X X 
ZrFrN~B.07 
KCI-N~B407 
LiCI-N~B.07 
NaCl-NazB.O, X 

Melt preparation and purification 

Yakobashvili, et aI. [25] used reagent grade salts to 
prepare the melts. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na1B.O (K) 

2S 54-85 i223 alundum crucibles 
and capillary tubes; 
purified Ar; experimental 
uncertainty -±5%. 

Mol percent 
N~B,O, 1223 K 

80 2.125 
70 2.119 
60 2.123 

Composition-dependent equation 
p = 2.344 - 0.650 x 1O-2C + 0.47 x lO-4C 

[C = Mol % N~B.O,J 
The above equation is based on the graphical data of Yakobashvili, 
Oparin, Lyudvig, and Danil'chenko (maximum bubble pressure method 
(25]. The density of CaF1-Na1B,O, as reported appears to be virtually 
independent of composition at 1223 K. 

Density Viscosity Surface 
Tension 

X X 
X X 
X X 
X X 
X X 
X X 

TABLE 9. Surface tension studies: CaF2 - N~B.O, 

Investigations critically examined 

Ref. I Mol % J Temp. range j Comments 
Na,B.O {Kl 

2S 54-85 1223 alundum crucibles 
and capillary tubes; 
purified Ar; experimental 
uncertainty -±50/0 

TABLE 10. CaFl-N~B.o7: Surface tension (dyn cm- I
) 

Mol percent 
N~B40, 1223 K 

85 245 
75 243 
(j' ZjJ 
55 229 

Composition-dependent equation 
'Y = 126.7 + 2.725C - 1.57 x lO-lc 

Ie = Mol % N~B.07] 
These values are based on the data of Yakobashvili, Oparin, Lyudvig, 
and Danil'chenko (maximum bubble pressure method); data in graphical 
fonn; precision not estimated [25J. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Melt Preparation and Purification 

Yakobashvili, et a1. [25,26] used reagent grade salts to 
prepare the melts. 

TABLE II. Density studies: KF - Na2B.07 

Investigations critically examined 

ReI". Mol % Temp. range Comments 
Na2B.O (K) 

26 40-100 1223 alundum crucibles and 
capillary tubes; purified 
Ar; experimental 
uncertainty -±5%. 

25 33-81 1223 as for [26] 

Mol percent 
Na2B.07 1223 K 

100 2.07 
90 2.01 
80 1.98 
70 1.98 
60 1.99 
50 2.04 
40 2.10 

Composition-dependent equation 
p 2.609 - 1.756 x 10-2C + 1.216 X 10-4CZ 

[C Mol % Na2Bp71 
Standard error of estimate = 3.98% 

These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method). [26]. 

TABLE 13. Surface tension studies: KF - Na2B.07 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
N~B40 (K) 

26 140-100 1223 alundum crucible and 
capillary tube; purified 
Ar; experimental 
uncertainty - ±5%. 

I 25 33-81 1223 as for [26] 
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Mol percent 
Na2B.07 1223K 

100 234 
90 208 
80 185 
70 166 
60 152 
50 141 
40 135 

Composition-dependent equation 
'Y 150.2 119.3 x 1O-2C + 203.3 X lO-4CZ 

[C = Mol % Na,B.071 
Standard error of estimate = 2.39% 

These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method) [26]. The two values for the surface 
tension of Na2B.07 at 1223 K [25,26] are in close agreement « ±0.5%). 

800" 

o 

600 

o 
NoF 

680· 

FIGURE I. Phase diagram for NaF - Na2B.07· 

Data from: A. G. Bergman, and I. N. Nikonova, Zhur. Obshchei 

Khim .• 12, 449 (1942). 

Melt Preparation and Purification 

Stalhane [27] and Yakobashvili, et a1. [25} used reagent 
grade salts to prepare the melts. 

TABLE 15. Electrical conductance studies: 
NaF - Na2B.07 

Investigations critically examined 

Ref. Mol % j Temp. range Comments 

I 
N~B.O'I (K) 

27 37-100 T 1020-1130 PI electrodes 
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TABLE 16. NaF - Na2Bp7: Specific conductance 
(ohm-I em-I) 

1\K.) 

1020 
1050 
1080 
1110 
1130 

Mol percent N~B.07 

91.5 72.6 57.0 

0.20 0.29 
0.24 0.34 
0.29 0.40 0.57 
0.35 0.48 0.68 
0.40 0.:'54 0.74 

Temperature-dependent equations 
K = a + bT + e]i 

-

37.6 

0.96 
1.11 
1.22 

Mol % standard 
Na;B.07 a bxl<Y ex Ht error of 

estimate 

100 4.533 -9.768 5.388 1.10 
91.5 4.476 -9.624 5.323 0.97 
72.6 7.252 -15.095 8.105 1.11 
57.0 -3.099 3.400 * 
37.6 -4.660 5.200 • 

These values are based on the data of Stalhane (classical ac method) 
[27]. -Insufficient data for estimate. 

Ref. 

UI 

Investigations critically examined 

I Mol % JTemp. rangel Comments 
N~B.o (K) 

38-74 1223 alunaum crucible ana 
capillary tube; purified 
Ar; experimental 
uncertainty -±5% 

Mol percent 
N~B.07 1223 K 

70 2.21 
60 2.21 
50 2.22 
40 2.22 

Composition-dependent equation 
p = 2.272 - 0.188 x lO-'C + 0.150 x 1O"'C' 

[C = Mol % Na2B.07 ] 
Standard error of estimate "'" 0.7% 

The above equation is based on the graphical data of Yakobashvili, 
Oparln, Lyuavig, ana Danll'chenko (maximum bubble pressure methOa) 
[25]. 

TABLE 19. Surface tension studies: NaP - Na2B.07 

Investigations critically examined 

Ref. I Mol % J Temp. rangel Comments 
N~B.O (K) 

2S 38-76 1223 alundum crucible 
and capillary tube; 
purified Ar; experimental 
uncertainty -±5% 

TABLE 20. NaP - Na2B.07: 
Surface tension (dyn cm- I

) 

Mol percent 
Na2B.07 1223 K 

75 229 
70 228 
60 226 
50 223 
40 220 

Composition-dependent equation 
'Y = 203.11 + 51.82 x 1O-2C - 22.83 X lO-4C 

[C = Mol % N~B.07] 
Standard cceoc of "",iw"tc: = 0.3% 

These values are based on the data of Yakobashvili, Lyudvig, Oparin, 
and Danil'chenko (maximum bubble pressure method); data in graphical 
form [25]. In the table (above) the values at 75 and 70 mol % are those 
from the graphical interpolation; the curve-fitting equation (above) fails 
in this composition range, i.e., values -4-5% higher are predicted. 

Melt Preparation and Purification 

Yakobashvili et aI. [25] used reagent grade salts to 
prepare the melts. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na1B.O (K) 

2S 72-93 1223 alundum crucible and 
capillary tube; purifi .. l1 

Ar; experimental 
uncertainty -±S% 

Mol percent 
N~B.07 1223 K 

90 2.07 
80 2.09 
70 2.19 

Composition-dependent equation 
p 5.191 - 7.118 x 1O-'C + 4.05 X IO-4C' 

(C = Mol % Na2B,07J 
Standard error of estimate = 0.7% 

These values are based on the data of Yakobashvili. Oparin. Lyudvig. 
and Danil'chenko; (maximum bubble pressure method); data in 
graphical form [25]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



602 G. J. JANZ AND R. P. T. TOMKINS 

TABLE 23. Surface tension studies: ZrF. Na2B.07 

Investigations critically examined 

Ref. I Mol % Temp. range Comments I 

Na2B.O (K) 

25 
1

72
-

93 1223 alundum crucible and 
capillary tube; purified 

I 
Ar; experimental 
uncertainty -±5% 

TABLE 24. ZrF. - NazB.07: 
Surface tension (dyn cm-I

) 

Mol percent 
Na2B407 1223 K 

90 240 
80 247 
70 240 

Composition-dependent equation 
"I -222.3 + 11.71OC- 7.30 x lO-ld 

[C = Mol % NazB.071 
~tandard error of estimate 0.9% 

These values are based on the data of Yakobashvili, Oparin, Lyudvig, 
and Danil'chenko (maximum bubble pressure method) [25]. 

Melt Preparation and Purification 

Yakobashvili, et al. [25,26] used reagent grade salts to 
prepare the melts. 

TABLE 25. Density studies: KCl- N~B.07 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na2B.O (K) 

26 30-100 1223 alundum crucible and 
capillary tube;purified 
Ar; experimental 
uncertainty - ±5%. 

25 33-81 1223 as for [261 
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Mol percent 
Na1B40 7 1223 K 

100 2.06 
90 2.15 
80 2.24 
70 2.33 
60 2.42 
50 2.51 
40 "60 
30 2.69 

Composition-dependent equation 
p 2.961 0.902 x lo-1C 

[C = Mol % N~B407] 
Standard error of estimate 2.40% 

These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method) [26]. 

I 

TABLE 27. Surface tension studies: KC) - NaZl:l407 

Ref. 

26 

2'i 

Investigations critically examined 

I Mol % ~Temp. range I Commtmt:s 

Na2BP (K) 

30-100 1223 alundum crucible and 
capillary tube; purified 
Ar; experimental 
uncertainty - ±5%. 

~q-Rl 1223 as for [26] 

TABLE 28. KC1- Na1B.07: 
Surface tension (dyn cm- I

) 

Mol percent 
Na1B40 7 1223 K 

100 227 
90 195 
80 169 
70 149 
60 135 
50 126 
40 12~ 

30 128 

Composition-depcndent equation 
y = 176.5 - 2.508C + 30.15 x to-3d 

[e = Mol % Na,B40 71 
Standard error of estimate = 2.52% 

These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method) 126]_ The value predicted for 100% 
Na,B,07 from the above equation is - J % low Icf. Table 10]. 
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Melt Preparation and Purification 

Yakobashvili, et al. [25, 26] used reagent grade salts to 
prepare the melts. 

Ref. 

26 

25 

TABLE 29. Density studies: UCl- Na~B.07 

Investigations critically examined 

Mol % Temp. range Comments 
Na2B.O (K) 

40-100 1223 alundum crucible and 
capillary tube; purified 
Ar; experimental 
uncertainty -±5%. 

32-76 as for [26] 

Mol percent 
N~B.07 1223K 

100 2.06 
90 2.08 
80 2.10 
70 2.11 
60 2.12 
50 2.12 
40 2.12 

Composition-dependent equation 
p = 2.069 + 0.221 x to-2C - 0.231 X W"""c' 

[C = Mol % Na2B.07] 

Standard error of estimate = 0.l3% 
These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method) [26]. 

TABLE 31. Surface tension studies: LiCl- Na2B.07 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
N~B.O (K) 

26 40-100 1223 alundum crucible and 
capillary tube; purified 
Ar; experimental 
uncertainty - ± 5% 

25 32-76 as for [26J 

TABLE 32. LiCI - N~B407: 
Surface tension (dyn em-I) 

Mol percent 
N~B407 1223K 

100 231 
90 222 
80 205 
70 184 
60 166 
50 155 
40 156 

Composition-dependent equation 
'Y = 392.7 - 12.29C + 19.44 x ur2c' -8.77 x lo-'C 

(C = Mol % N~B4071 
Standard error of estimate = 1.61 % 

These values are based on the data of Oparin and Yakobashvili 
(maximum bubble pressure method) [l6j.The value for 100% N~B407 
from the above equation agrees with that in Table to within the limits 
of experimental error (i.e., ±0.5%). 

Melt Preparation and Purlflcaticm 
Stalhane (27] used reagent grade salts· to prepare the 

melts. 

TABLE 33. Electrical conductance studies: 
NaCI- N~B407-

Investigations critically examined 

Ref. Comments 

27 -' 50-100 11023-1123 J Pt electrodes 

T(K) 

1020 
1080 
1100 
1130 

Mol % 
N~B407 

100 
92.5 
76.5 
60.8 
50.7 

TABLE 34. NaCI - N~B.07: 
Specific conductance (ohm-I em-I) 

Mol percent N~B.o7 

92.5 76.5 60.8 

0.20 0.33 
0.32 0.44 0.67 
0.37 0.50 0.74 
0.44 0.60 0.86 

Temperature-dependent equations 
K = a + bT+ cr 

a bxlo' ex 106 

4.533 -9.768 5.390 
0.968 -3.33 2.53 

10.417 -21.02 10.91 
-3.438 3.80 
-4.106 4.60 

50.7 

0.86 
0.95 
1.09 

standard 
error of 
catimatc 

1.1% 
0.4% 
1.4% 

* 
* 

These values are based on the data of Stalhane (classical ac method) 
127]. *lnsufficient data for estimate. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Halide - Carbonate 

TABLE 35. Data Status 

System Phase Electrical 
Diagram Conductance 

KF-LiZCO) 
LiF-KzCO) 
KCI-K1CO) X 

-Li2CO) X 
-NazCO] X 

LiCl-K1CO, X 
-LizCO) X 

NaCI-KzCO) X 
-NBtCOl X X 

KF - LI2CO, 

Phase diagram: Prisyazhnyi and Zvagol'skaya [28] cite 
the wOlk of N. N. Vulkuv and T. F. Shvab, Izv. Fiz.
Khim. n.-i. in-ta pri Irkutskom gosuniversitete, 2, 55 
(1953) for the phase diagram; copy of the latter could not 
be retrieved via conventional interlibrary loan channels. 

Melt Preparation and Purification 

Prisyazhnyi and Zvagol'skaya [28] recrystallized 
potassium fluoride from double distilled water and then 
fused it in a platinum crucibJe. Lithium carbonate was 
prepared from lithium hydroxide and ammonium 
carbonate. The carbonate wa.1l then dried in J'ln 

atmosphere of CO2 at 6OO"C. All mixtures were prepared 
in a dry box. 

TABLE 36. Density studies: KF - LilCO, 

Investigations critically examined 

Ref. Equiv% Temp. range Comments 
Li2COl (K) 

28 0-90 1123-1223 gold bob suspended on 
Pt thread; Pt crucible 

J. Phy •. Chem. Ref. Data, Vol. 12, No.3, 1983 

Density Viscosity Surface 
Tension 

X 
X 
X 
X 
X 
X 
X X X 
X 
X 

Equiv. percent Li2COl 

TCK) 
90 60 40 10 

1140 1.823 1.843 1.860 1.884 
1220 1.799 1.813 1.820 1.840 

TemperAture-dependent equAtioos 

p = a + bT 

Equiv. % 

I I Li.CO. {/ -b x 103 

90 2.164 0.299 
70 2.221 0.344 
60 2.266 0.371 
SO 2.387 0.473 
40 2.432 0.502 
10 2.524 0.561 
0 2.664 0.669 

The above equations are based on those reported by Prisyazhnyi and 
Zvagol'skaya; temperature limits not cited; precisions not estimated 
(Archimedean technique) [281. The values calculated from the above 
equation for KF (Le. 0% LiZC03) are virtually in exact agreement with 
the recommended data base, i.e. -0.3% II}. 

Phase diagram: Prisyazhnyi and Zvagol'skaya [28] cite 
the work of N. N. Volkov and T. F. Shvab, Izv. Fiz.
Khim. n.-i. in-ta pri Irkutskom gosuniversitete, 2, 55 
(1953) for the phase diagram; copy of the latter could not 
be retrieved via conventional interlibrary loan channels. 
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Melt Preparation and Purification 

Prisyazhnyi and Zvagol'skaya [28] recrystallized 
lithium fluoride from double distilled water and then 
fused it in a platinum crucible. Reagent grade potassium 
carbonate was recrystallized from double distilled water. 
All mixtures were prepared in a dry box. 

Ref. 

28 

T(K) 

1140 
1220 

TABLE 38. Density studies: LiF - K,CO, 

Investigations critically examined 

Equiv% Temp. range Comments 
K,CO, (K) 

0-90 1123-1223 gold bob suspended 
on Pt thread; Pt 
crucible. 

Equiv. percent K,CO, 

90 60 40 

1.856 1.847 1.831 
1.816 1.807 1.790 

Temperature dependent equations 
p = a + bT 

20 

1.809 
1.771 

Equiv. % 

I I K,CO, a -b x 103 

90 2.425 0.499 
80 2.434 0.507 
70 2.448 0.523 
60 2.417 0.500 
50 2.411 0.493 
40 2.423 0.519 
30 2.328 0.448 
20 2.352 0.476 
0 2.294 0.441 

The above equations are based on those reported by Prisyazhnyi and 
,Zvagol'skaya; temperature limits not cited; precisions not estimated 
(Arcllimedean technique) [28]. For 60, 70, and 80 equiv. % K,CO" the 
density equations in [28] are incorrect, the calculated values are 
uniformly -20% too low. The equation' parameters (above) for these 
three compositions were calculated in the present work [9]. The 
calculated densities from these are in close accord with the 
experimental data (-0.5%). The values above for pure LiF (Le. 0% 
K,COJ are virtually in exact accord with the recommended data base 
(Le. -0.3%) [I]. 

o 
Mol% KCI 

100 

KCI 

FIGURE 2. Phase diagram for KCI - K,C03• 

The system KCI-K2C03 is seen in Fig. 3 as one side of the field of the 
reciprocal salt system: K, LifCI, CO,. 

Data from: M. Amadori, Atti realli accad. Lincei. Sez. II, 224, 372 
(1913); V. P. Radishchev, Zhur. 0. Khim. 3, 852 (1933); P. N. Volkov 
and A. O. Bergman, Dok!. Akad. Nauk SSSR, 27, 967 (1940); 3S, 50 
(1943). 

Melt Preparation and Purification 

Polyakov and Berul [29] used reagent grade salts for 
the preparation of the melts. 

TABLE 40. Density studies: KCI K2CO l 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2C03 (K) 

---
29 5-81 973-1173 Pt ball; Pt crucihle; 

calibration; molten 
KNO,. 

30 0-85 
: 

- [ 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 41. KCl- KzCO,: Density (g cm-') 

nK) 

970 
1050 

1090 
1150 
1170 

Mol % 
KzCO, 

80.8 
65.0 
51.9 
41.5 
32.3 
23.5 
21.0 
10.4 
5.3 

Mol percent KzCO, 

80.8 51.9 32.3 21.0 

1.767 
1.730 1.660 

1.811 1.712 1.645 
1.883 1.784 1.684 1.622 
1.878 

Temperature-dependent equations 

p "" a + bT 

a -b x 10' 

2.1593 0.2406 
2.3173 0.4202 
2.3085 0.4560 
2.2794 0.4714 
2.2178 0.4643 
2.2319 0.5128 
2.0633 0.3838 
2.1600 0.5200 
2.1319 0.5199 

1 5.3 

I 
I 
11.534 

.t"ndard 
error of 
estimate 

• 
• 

0.Dl% 
0.02% 
0.15% 
0.02% 
0.06% 
0.00% 

• 

These values are based on the data of Polyakov and Berul 
(Archimedean technique). ·Insufficient data for estimate. [29}. 

KCI - L~C03 

FIGURE 3. Phase diagram for KCI-LizCO,. The system KCI-Li,CO, is 
a diagonal in the field of the reciprocal salt system: K, Li/CI, CO,. 

Data from: N, N. Volkov and M. N. Zakhvalinskii, Izv. Fiz.-Khim. n." 
j, in-ta pri Irkutskom gosunivcrsitete. 4. 107 (1959). 

J. Phy.,. Chern. Ref. Data, VOl. 12, No.3, 1983 

Melt Preparation and Purification 

Prisyazhnyi and Zvagol'skaya [28J recrystallized 
reagent grade potassium chloride from double disti1led 
water. Lithium carbonate was prepared from lithium 
hydroxide and ammonium carbonate (both chemically 
pure). The carbonate was then dried' in a current of CO2 

at 600·. All mixtures were prepared in a dry box, and all 
measurements were in a dry CO2 atmosphere. 

TABLE 42. Density studies: KCI - Li2CO, 

Investigations critically examined 

Ref. EquiV%\Temp. range Comments 
Li,CO, (K) 

28 0-90 998-1073 gold bob suspended 

I 
on Pt thread; alundum 
crucible. 

TABLE 43. KCl- Li1CO,: Density (g cm-') 

nK) 

1020 
1070 

Equiv. percent Li2CO, 

90 60 30 

1.783 1.669 1.597 
1.766 1.653 1.572 

Temperature-dependent equations 
p = a + bT 

Equiv. % I 

I 
10 

j 
1.551 
1.525 

Li1CO, ! a I -b x 10' 

90 2.127 0.337 

80 2.146 0.390 

60 1.993 0.318 
50 2.104 U.447 

40 2.050 0.427 

30 2.109 0.502 
20 2.090 0.509 

10 2.089 0.527 

0 2.100 0.550 

The above equations !Ire hased on those reported by Prisyazhnyi and 
ZvagoJ'skaya; lernpemture limits not cited; precisions not estimated; 
(Archimedeun t<:chnique) 1281. The values for KCI (0% Li2COJ) are 
virtually in exact ugreement with the recommended KCI density data 
base « 0.5%)111. 
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800 
775 

o 
KCI 

FIGURE 4. Phase diagram for KCl - Na2C03• 

Data from: Tomo-o Sato, Kinzoku, 10, 453 (1933). See also N. N. 
Volkov, and A. G. Bergman. Dokl. Akad. Nallk. SSSR, ~!Ii, 50 (1942) 

Melt Preparation and Purification 

Polyakov and Berul [29] used reagent grade salts for 
the preparation of the melts. No information on melt 
preparation was given in the study by Markov [31]. 

TABLE 44. Density studies:KC1- Na2COl 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na2COl (K) 

29 0-81.8 923-1148 Pt ball and crucible; 
calibration; molten KNO,. 

31 0-100 1098 
. ----

T(K) 

920 
980 

1040 
1100 
I1S0 

Mol percent Na2COl 

81.8 53.8 33.3 14.3 

1.802 
1.875 1.776 1.687 
1.851 1.750 1.659 

1.941 1.828 1.723 1.631 
1.920 1.808 1.701 1.607 

Temperature-dependent equations 
p = a + bT 

5.3 

1.587 
1.554 
1.527 

Mol % standard 
Na2COl a -b x 103 error of 

estimate 

81.8 2.4029 0.4198 0.02% 
66.7 2.3318 0.4086 0.03% 
53.8 2.2639 0,3967 0.02% 
42.9 2.2206 0.4067 0.03% 
33.3 2.2066 0.4395 0.03% 
22.2 2.1828 0.4614 0.02% 

14.3 2.1473 0.4695 0.02% 
11.1 2.1619 0.5199 0.00% 
5.3 2.1573 0.5481 0.02% 

These values are based on the data of Polyakov and Berul 
(Archimedean technique) [29J. The density values for pure KCl 
reported in the work (above) are uniformly lower (-2 to 3%) than the 
recommended data for KCl [lJ. 

Phase diagram: see Fig. 3 

The system LiCI-K2C03 is a diagonal cross section of the 
reciprocal salt system Li, K/C03, Cl. 

Melt Preparation and Purification 

Prisyazhnyi and Zvagol'skaya [28] dehydrated Lie) 
using a stream of dry HC} through the molten salt; the 
He} was expelled using a dry argon sweep. The 
potassium carbonate was a chemically pure grade, and 
was further recrystallized from distilled water. A II 
measurements were in a dry carbon dioxide atmosphere. 

TABLE 46. Density studies: LiCI - K2C01 

Investigations critically examined 

Ref. l.I:!qulv';l'o !emp. range Comments 
K2COl 

----

28 0-90 1023-1073 A n:hillll'lil'an I L't' hniqllc; 

gold hoh (42gJ: alundum 
"rtlc-ill"': lelllp. I'I-Rh 
IhlTIIIO"(>IlPIc: dry CO2 

ill Illl lsphcrc 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 47. Liel - K.2CUJ: Density (g cm-') 

Equiv. percent K2C03 

i 1(K) 
90 60 30 10 

1030 1.893 1.697 1.561 1.470 
1070 1.874 1.680 1.544 1.452 

Temperature-<iependent equations 
p a + bT 

Rqlliv. % 

I I K 2C03 a -b x 103 

90 2.392 0.484 
80 2.315 0.466 
70 2.149 0.373 
60 2.143 0.433 
50 2.033 0.384 
40 1.945 0.343 
30 1.988 0.415 
20 1.987 0.451 
10 1.935 0.451 
0 1.881 0.434 

The above equations are based on those reported by Prisyazhnyi and 
Zvagol'skaya; temperature limits not cited; precisions not estimated. 
(Archimedean technique) [28]. The values for pure LiCl (0% K 2COJ) 

are virtually In exact agreement with the recommended data base 
«0.3%) [I]. 

20 40 so 80 

FIGURE 5. Phase diagram for LiC) - Li2COJ• 

Data from: Metalloy Corporation, Minneapolis, Minn. (1944); cited in 
I'. l.evln. cI aI., "Phase Diagrams for Ceramists", Amer. Ceramic Soc. 
(pu!>! l. Columbus, Ohio (1964;1969). 

J. Phy", Chem. Aef. Data, Vol. 12, No.3, 1963 

Melt Preparation and Purification 

Bockris et al. [32] used reagent grade lithium chloride 
and lithium carbonate. The lithium chloride was dried in 
a slow flow of dry argon under a pressure of 0.1-0.2 torr. 
The drying temperature was gradually increased from 
room temperature to about 450·C in intervals of 60·C 
over 30 hours. Lithium carbonate was treated in the same 
way, but using CO2 instead of argon. The dried salts 
were stored under argon and the melts were prepared in 
Ii dry box in a gold- palladium crucible. 

TABLE 48. Density studies: LiCI - Li2COl 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LilCO) (K) 

31 10_71 810-1045 quo.rtz cell; gold-
palladium alloy plate; 
calibration: benzene, 
toluene, CCI, 

Mol percent Li1C03 
T(K) 

I 71 4{) 2.5.2 10 

850 1.633 1.553 
910 1.668 1.611 1.527 
970 1.740 1.646 1.589 1.50! 

1030 1.716 1.624 1.568 I 1.475 

Mol % 
Li2C03 

71 
50 
40 
:.;U 
25.2 
20 
10 

Temperature-dependent equations 
p = a + bT 

I 
a I -b x IOl 

2.1244 0.3965 
2.0530 0.4058 
2.0020 0.3672 
1.9523 0.3498 
1.9420 0.3635 

1.9157 O.3X9S 
1.9199 0.4116 

---- -

standard 
error of 
estimate 

0.23% 
0.14% 
0.10% 
0.07% 
0.08% 
0.07% 
0.07% 

These val lies are based OlJ the dala of Bockris, Calandra and Solomons 
(Archimedean technique). 1321. The "ellsity technique [32] was cross 
checked with tIlOltell K N( ) ,: I h" result, are in exact agreement with the 
recommended dellsily data ha,,' 1<11' K NO, 1101. 



PROPERTIES OF MOLTEN SALTS 

TABLE 50. Viscosity studies: LiCI - Li1COl 

Investigations critically examined 

Ref. I ~ol % ITemp. rangel Comments 
Ll1C03 (K) 

32 

T(K) 

840 
880 
920 
960 

1000 
1020 

70 
50 
40 
30 
20 
15 
10 

10--70 825-1026 gold plate and quartz 
spring; modified Delmar 
stopcock; calibration: 
benzene, toluene, CCl.. 

TABLE 51. LiCl- Li1C03: Viscosity (cp) 

Mol percent Li2COl 

70 40 20 

3.10 
4.34 2.65 
3.67 2.28 
3.15 1.99 

4.66 2.78 1.79 
4.30 2.64 1.71 

Temperature-dependent equations 
'1'/ = a + bT + c'J'l 

37.102 46.43 13.99 
62.693 107.99 48.62 
56.106 !I!I.UlI 4'.7b 
55.866 103.68 50.07 
30.955 54.13 24.96 
18.585 29.83 12.74 
13.528 20.82 8.66 

10 

1.91 
1.70 
1.52 
1.37 
1.30 

0.14% 
0.88% 
U.I.)I% 

1.55% 
0.66% 
0.49% 
0.71% 

These values are based on the data of Bockris, Calandra and Solomons 
(linear-oscillating plate method) 132]. The extrapolated values for LiCI 
in the work above are in agreement with the recommended data base 
for LiCl [1]; recent work by Brockner, Torklep and Oye shows that the 
viscosities for LiCI cited in [I] are uniformly too high (-4%) [235]. 

TABLE 52. Surface tension studies: LiCI - Li2CO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Li2CO, (K) 

32 10--70 810--1049 Au-Pd plate; 
calibration: molten 
KNO" NaNO,. 

T(K) 

830 
890 
930 
970 

1030 
1050 

Mol % 
Li2C03 

70 
50 
40 
30 
20 
10 

TABLE 53. LiCI Li1CO,: 
Surface tension (dyn em-I) 

Mol percent Li1COJ 

70 50 40 

162.5 
171.2 160.7 

191.3 168.3 158.8 
189.1 163.8 
188.3 

Temperature-dependent equations 
'Y = a + bT 

a -b x 10> 

227.57 37.37 
240.39 74.37 
204.04 46.63 
203.44 55.11 
194.04 55.85 
195.57 63.12 

20 

147.7 
144.3 
142.1 
139.9 
136.5 

standard 
error of 
estimate 

0.05% 
0.12% 
0.06% 
0.27% 
0.25% 
0.29% 

The.e V9}ueg 9r .. balled on the data of Bockris, Calandra, and Solomons 
(detachment technique) [32]. The estimated limits of accuracy are 
-±I%. 

o 
200 

20 40 60 80 

FIGURE 6. Phase diagram for NaCI - K,CO,. 

Data from: V. P. Radishchev, Zhur. 0. Khim, 3, 852 (1933). 

J. Phys. Chern. Ret. Data, Yol. 12, No.3, 1983 
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Melt Preparation and Purification 

Polyakov and BernI [29] used reagent grade salts for 
the preparation of the melts. No information on melt 
preparation was given in the study by Markov (31]. 

TABLE 54. Density studies: NaCl- K2COJ 

Ref. 

29 

31 

T(K) 

920 
960 

1000 
1060 
1120 
1150 

Investigations critically examined 

Mol % Temp. range Comments 
K2CO; (K) 

9.6-68 898-1148 Pt ball and crucible; 
"alibcation. molten KNO j 

0-100 1098 no information 

Mol percent K2COJ 

66.7 42.9 33.3 25.0 

1.840 1.799 1.768 
1.823 1.783 1.749 

1.902 1.806 1.766 1.731 
1.873 1.781 1.741 1.703 

1.755 1.716 1.676 
1.742 1.704 1.662 

Temperature-dependent equations 
p = (1 + bT 

11.1 

1.666 
1.635 
1.604 
1.589 

Mol % standard 
K,CO, (1 -b X 10' error of 

estimate 

66.7 2.3815 0.4800 0.19% 
53.8 2.3094 0.4531 0.04% 
4Z.9 2.2Z92 0.4233 0.02% 

37.9 2.0997 0.3166 0.05% 
33.3 2.1813 0.4152 0.11% 
29.0 2.2026 0.4577 0.09% 
25.0 2.1911 0.4601 0.11% 
17.6 2.1099 0.4266 0.02% 
11.1 2.1786 0.5128 0.02% 

I 

These values are based on the data of Polyakov and Berul 
(Archimcdean technique) (29J. 

J. Phyo. Chern. Ref. Data, Vol. 12, No.3, 1983 

900r-------------------------~ 

Noel -Na2CO~ 

o 2.0 40 60 80 100 

FIGURE 7. Phase diagram for NaCI - Na2COj • 

Data from: P. Niggli, Z. Anorg. U. allgem. Chern. 106, 136 (1919). 

Melt Preparation and Purification 

Ryschkcwitsch [[331 used reagent grade salts for the 
preparation of the melts. The sodium chloride was 
recrystallized from distilled water. The sodium carbonate 
was dried in an atmosphere of CO2, 

TABLE 56. Electrical conductance studies: 
NaCI - Na,COJ 

Investigations critically examined 

Ref. l Mol % lTemp. rangel Comments 
Na2CO, (K) 

33 20-100 913-1323 quanz cell; Pt 

electrodes; calibration: 
aq KCl, sat NaCl, 
molten KNOJ; estimated 
uncenainty -1%. 
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TABLE 57. NaCl- NazC03:'SpecifiC conductance 

(ohm-I em-I) . 

,'roC)' . 
MnlperoP.l1t Na.CO .. 

930 
990 

1110 
1210 
1310 

Mol % 
NazCO, 

too 
33.3 
20 

33.3 
.... 
1.74 
2.23 
2;90 
3.13 
3.10 

Tempei'ature-dependent equations 
J( = a. +bT + cT 

-a bx U)l -ex 106 

83.035 137.821 :H.191 
18.599 34.876 13.98 
9.413' 18.132 6.23 

20 

2.43 
3.04 
3.41 
3.6S 

standard 
error of 
estimate 

7.43% 
4.28% 
3.19% 

Thei>eval. ...... ...,. basad on. th .. data. of R,,,,,hkewit.>ch (o\a.ooica.\ .... 

method) [1331. The values reported in [133] for molten NazC03are 
uniformly lower (-10%) than the recommended conductance data 
.baSe for NazC03 [1]. 

. TABLE 5S. Density stUdies: NaCI- NazCO) 

InVesti.gatilOns critically 

29 10..81.8' I .. 973"'~ 14s,.1 Pt b~~d crucible. ,. l / . .', calibration: molten KN03 

TABLB 59. NaCI-N~CO,: DeJsaity (g em"') 

.:.1(K) .. 

1000 
1060 
1100 

·1150 

Mol % 
. Na:zC03 

81;8 
66;7 
S3.S 
42.9 
37.9 
33.3 
29.0 
25.0 
17.6 
11.1 
0 

Mol Percent NazCO, 
.. 
. 81.8 '53.8 37.9 25.0 • 11.1 

I.S89 1.825 
1.869 1.804 1.731 

1.947 LSS6 1.789 .1.716 1,645 
i.928 1.839 1.772 1.698 .. .1.619 

Temperature-dependei:t~ eq\Ultions . 
p = a -I- bT 

standard 
a -b:x, IQl. .·.error of 

'C$timate 
, 

2.3645 0.3800 0.01% 
2.2831 0.3440 Q.01% 
2.2172 0.3286 0.01% 
'1.1411.5 O,3()85 O-.O-~% 

2.1823 0.3571 0.04% 
. 2.2411. .0.4367 0.06% 
2 .. 2051· 0.4228 0.02% 
2.1209 . '0.3679 0.07% 
2.0025. 0.2999 0.09% 
2.2168 0.5198 0.00% 
1.8564 .. 0.3202 0.08% 

These values are based on the data of Polyakov . and Berw·· . 
(Archimedean tec~que) [29]. The' densities reported· for NaCI in a .. 
related study lZISJ are -Z%. lower. than the values from the 
recommended data base for Nad [l,U)]. . . 

: J. Phya. Chem. Ref. Data, Vol. 12,.No.·3, 1983 
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System Phase 
Diagram 

N"F-NBNO, X 
AgCI-AgN03 X 
BaCI2-NaNO) X 
CoCI2-KNO, 
HgCI,-TlNO, X 

KCI-KN03 X 
-LiN03 
-NH4NO, X 
-NaNO, 

LiCI-KNO, 
-LiNO, X 
-NaNO, 

NaCI-NaNO, X 
PbClz-NaNO, 
TlCI-KNO, X 

-NaNO, X 
AgBr-AgNOJ X 
CoBrz-KNO, 
HgBr2-AgNO, X 

-Hg(NO')2 
KBr-KNO, X 
Tllle-RNO) 
AgI-AgN03 X 
Hglz-AgNOJ X 

-TINO) X 
Nal-NuNO, X 

NaF-NaN03 

I I I 

NaF-NaN03 

o 
500 f-

o 

NaF 

J 

20 

I 

40 60 

Mol% NaN03 

FIGURE 8. Phase diagram for NaF - NaNO,. 

G. J. JANZ AND R. P. T. TOMKINS 

T 

Halides - Nitrate 

TABLE 60. Data Status 

Electrical 
Conductance 

I 

\ 
9 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

-

-

Density Viscosity Surface 
Tension 

X 
X 

X X 
X 
X 
X X 

X 
X 
X 

X X X 

X 
X 

X 

X X 
X X 

X 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [34J used reagent 
grade materials. No other information on melt 
preparation was given. 

TABLE 61. Surface tension studies: NaF - NaNO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO) (K) 

34- 190- 100 833 Pyr"", capillary, 

I 

estimated uncertainty, 
0.5 - 2%; calibration: 
pure NaNOJ 

TABLE 62. NaF - NaNO,: Surface tension (dyn em-I) 

80 100 

I 1(1<) f ... MnIl~C::'" N.NO, NaN03 

~ _______ 8_3_3 ______ 1. __ 10_8_.2_7 ______ ~ 
(JaW from: R, N, Nyanl:.ovsl:.aya and A. G. Bergman, Izv. Sel:.t. Fiz. 

Khllll ,\lIali/a, 21, 25(}(1952). 

A slllglc data pOIll! only ("Imve) Was reported by Semenchcnko 
and Shikhoh"lova (maxillllllli huhhle pressure method). [34] 

J, Pilyn, Chom. Act. Data, Vol. 12, No.3, 1983 
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Agel. -. AgN03 

. AgCI.,.AgN0 3 

o o 

o 100 

Agel MOI"lo AgNO! 

FIGURE 9. Phase diagram for AgCI AgN03• 

Data from:. G. Scarp~ Atti reale accad. Lince~, Sez. 11.22.457(1913). 

Melt Preparation· and Purification 

; SIJOoner· and Wetmore [35] used reagent grade silver 
nitrate recrystallized three times from conductivity 
walta. TIu:: crYlStals were dried by first gentle heating 
followed by fusi<m. The silver chloride was prepared by 

. diluting a· saturated solution of silver nitrate 30:1 with 
water and. theI1.lldding. dilute hydrochloric acid in 5% 
excess. The precipitate waswashecL15 times with water 
anddried,first by suction and then by slow heating well 
below the melting point. All work with the silver salts 
was. itt a sell1i-darken~d laboratory. . 

Townsend and -Duby [36] prepared the melts from 
reagent grade·. salts which were fused under a partial 
vacuum -and - fIltered through' medium porosity fritted 
glass mters.Chemical analyses were used to confirm the 
compositions of the melts. 

Bizouard [37] used Merck reagent grade AgN03• The 
Agel walS prepared in the laboratory immediately pnor 
to use. 

TABLE 63: Electrical conductance studies: 
AgCI-AgN03 

Investigationscritically~ed . 

Ref. I· Mel % I Temp. rang~1 Comments 
AgN03·· (K) .. 

37 0-1()0. 573-823 Pyrelt and silica cells; 
Pt electrodes; 
calibratien: IN KCL 
(aq);'Naq(sat'd), H 2SO4 

35 0-100 483.,.6()3, Py~ex 

and silica clip-type 
. cella; ircquency •. 2200Iu; 
Pt disk electrodes; 
temp. gradients 
determined; calibration: 
ID KCl solns; 
C9rrections made· for 

"thermal expansion . 
.. - ,., 

TABLB C54. Agel':' AgNOl:-SPecmc conductance ' 
(ehm-lcm"l) 

1'{I(.) 

580 
640 
700 
760 
820 

Mol % 
AgNOl 

100 
81.S 
80 
60 
40 
20 
0 

: ,MeI'percent,AgN03 

81.5 80'·. 69 '40· 

1.087 1:087 1.204 . 
1.323 L323···, ,1,459 1.739 
1.529 . ' 1.531 .-1.683 ·1.971 
1.705 L7Ui 1.877 2.180 
1.852 1.860· '2.040 2.366 

Temperature-dependent equatiens ' 
. /( .. =0 + bT + cTl 

-a b,; 10" -c x 10" 

,3.0977 10.368V· 5.4283 
2.7317 . 8.9&47 4.1400 
2.69075 8;8389 4.0110 
2 .. 83295 9:4191 .4.2395 
2.16JZ 8.1267 3.1770 
2.2970 9.$052 4.0305 
3.0685 14,~225 7.1410 

20 

2.327 
2.592 
2.827 
3.033 

standard 
erreref 
estimate 

0.27% . 
0.16% 

,0.19% 
0.20% 

·0.07% 
0.20% 
0.03% 

These values are based on the data ef Bizouard (potentiometric ac . 
method) [37]. The values for AgN03 (above) are in exact agreement 
with the recommended data base [3]; for AgC), tbevalues above are 
consistently lower -1% than the recommended data.base (1]. 
For specific conductivity data at some additional composition.q, (mal % 
AgN03). 55.85, 66.30, 77.13, 82.13, 85.52. 89.S1, and at 480-620 K, see: 
Spooner and Wetmore [35]. 

J. Phys. Cham. Ref. Data. Vol. 12, No.3, 1983 
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TABLE 65. Density studies: AgCl- AgN03 

Investigations critically examined 

Ref. I Mol % J Temp. range I Comments 
AgNO (K) 

35 55.9-100 583-603 Ag bob; Pt wire 

suspension; calibration: 
H20; corrections 
for thermal expansion 

36 57.2-100 457-600 two hoh gravimetric 

method; lead weighted 
Vycorbobs; 
Pt suspension wire 
experimental uncertainty 
±O.OOI (gm cm-3

) 

Density data of the above two studies are in agreement to - ±0.5%. 

TABLE 66. AgCl- AgN03: Density (g cm-3
) 

Mol percent AgN03 

T\K) 
94.3 83.9 76.8 65.5 57.2 

460 4.125 4.179 
500 3.983 4.078 4.133 4.239 
540 3.938 4.032 4.088 4.195 4.270 
580 3.893 3.985 4.043 4.151 4.225 
600 3.962 

Temperature-<\ependent equations 
. p = a + bT 

Mol % 
AgN03 I a I -b x 10' 

100 4.5218 1.1434 
94.3 4.5514 1.1360 
83.9 4.6599 1.1631 
76.8 4.7017 1.1365 
65.5 4.7896 I.l007 
57.2 4.8674 1.1070 

These values are based on the data of Townsend and Duby (two bob 
gravimetric method); data in equation form; precisions not estimated 
[36). The values of AgNO, (ahove) '"'' in ex""t "Br .... m .. nt with the 
recommended density data base for AgNO l [3J. 
For densities at some additional compositions: (mol % AgN03): 55.85, 
66.30, 77.13, 82.13, 85.52, 89.51, and at 580-600 K, see: Spooner and 
Wetmore [351 . 

• J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

BaClz - NaN03 

600 

(OC) 

Mol % BaCl2 

FIGURE 10. Pha."" diagram for Rael. - NaNO,. 

100 
BaCI

2 

Data from: E. I. Esperanskaya, Dokl. Akad. Nauk SSSR, 40, 28 (1943). 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Bogorodskavo [38]. 

TABLE 67. Electrical conductance studies: 
BaCl2 - NaN03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
BaCI, (K) 

38 0-9 626-635 Pt disk electrodes; 
heavy wall capillary 
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TABLE 68. BaClz NaN03: Specific conductance 
(ohm-1cm-1) 

1lK) 

620 
630 
640 

Mol % 
BaClz 

9.121 
6.138 
1.979 
1.169 

Mol percent BaClz 

9.121 6.138 1.979 

1.015 1.061 1.094 
1.059 1.100 1.136 

Temperature-dependent equations 
K = a + bT 

-a bxlQl 

1.7062 4.3886 
1.3394 3.8720 
1.5356 4.2407 
1.4019 4.0527 

1.169 

1.111 
1.151 
1.192 

standard 
error of 
estimate 

0.20% 
0.03% 
0.03% 
0.13% 

These values are based on the data of Bogorodskavo (classical ac 
method) [38]. 

CoCI2 - KNOa 

Melt Preparation and Purification 

Reagent grade salts were used (further ovell-dried 
before measurements [39]). 

TABLE 69. Electrical conductance studies: 
CoCI2 -KN03 

Investigations critically examined 

Ref. 

I 
Mol % I Temp. rangel Comments 
KN03 (K) 

39 99.973-100 673-698 Investigations limited 
to small additions 
of CoClz 

TABLE 70. CoCI2 - KN03: Specific conductance 
(ohm-1cm- l) 

1\K) 

670 
680 
690 
700 

Mol % . 
KN03 

99.997 
99.995 
99.986 
99.973 

Mol percent KNO; 

99.997 99.995 99.986 

0.792 0.791 0.799 
0.823 0.822 0.827 
0.854 0.853 0.854 
0.885 0.885 0.882 

Temperature-dependent equations 
K = a + bT 

-a b x 10' 

1.2921 3.1104 
1.2927 3.1104 
1.0551 2.7674 
1.0571 2.7674 

99.973 

0.797 
0.825 
0.852 
0.880 

standard 
error of 
estimate 

0.893% 
0.896% 
0.004% 
0.004% 

These values are based on the data of Papaioannou (Temple Ulliv., 

Philadelphia, PA., Ph. D. Thesis, 1964) (Archimedean technique) as 
cited in Clark [40]. Comparisons of the results reported for 100% KN03 

in the work above with the recommended conductivity data base for 
KN03 [10], shows thllt the results mlly be as muoh as So/" low at 700 K; 
at the lower temperature limit (670 K), the agreement appears excellent 
(-0.5%). 

HgCI2 - TINOa 

("C) 
HgCla- TINO! 

o 
197 

o 100 

TINOa 

FIOURE 11. Phase diagram for HgC1z - TlN03• 

Data from: A. G. Bergman, Z. Anorg. Allgem. Chern., 157, 89(1926). 

J. Phys. Chem. Ref. Data. Vnl.12, No.3, 1983 
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Melt Preparation and Purification 

Janz. Timidei and Dampier [41J recrystallized reagent 
grade TIN03 from aqueous solutions and dried it at 
reduced pressure in a vacuum oven, fIrst at 25°C for 24 
hours and fmally at 110°C for 12 hours. The purifIed 
sample was stored in a desiccator over MgCI04• The 
compositions of the mixtures were gained by gravimetric 
precipitation of TIl with KI. All mixtures were analyzed 
after the measurements owing to the small, but inevitable, 
loss of HgClz through sublimation during the flltration. 
Some NOz evolution was noted above the solidifIed 
mixtures and experiments were undertaken to estimate 
the possible errors introduced through this. Bergman and 
Chagin [42] recrystallized TIN03 twice from analytical 
grade material. The mercuric chloride was recrystallized 
and sublimed. 

TABLE 71. Electrical conductance studies: 
HgCl2 - TINO) 

Investigations critically examined 

Ref. I Mol % !Temp, rangel Comments 
TINO) (K) 

42 25-100 473-548 modified Biltz 
electrode; calibration: 
molten KN03; frequency: 
1000Hz. 

41 50-HlO 455-555 Pt disk electrodes; 
frequency correction for 
polarization effects; 
calibration: ID KCI 
soin; correction for 
thermal expansion 

J. Phy •. Chem. Ref. Data, Vol. 12, No.3, 1983 

TABLE 72. HgCll - TINO): Specific conductance 
(ohm-Icm-I) 

T(K) 

460 
510 
550 

Mol pel=llt TINO) 

90 80 70 60 

0.231 0.177 0.136 0.108 
0.342 0.277 0.229 0.188 
0.438 0.365 0.301 0.259 

Temperature-dependent equations 
I( == a + bT + cT 

50 

0.096 
0.148 
0.217 

Mol % 

I I ! TINO, -a b x 10) ex 106 

100 0.9058 2.609 
90 0.3384 0.347 1.935 
80 0.2734 0.060 2.000 
70 U.431lt! U.7UlS 1.1IY 

60 0.1064 ...(l.544 2.197 
50 -1.3399 -6.092 7.363 

These values are based on the data of Janz, Timidei and Dampier; 
(classical ac method); [41]. The experimental compositions correspond 
to: 95.2, 90.1, 86.1, 81.6, 75.0,70.1,65.1,60.7, and 55.0 mol % TINOl 

respectively. The precisions of the measurements were respectively: 0.2, 
1.2, 0.3, 4.3, 1.2, 1.3, 2.3, 0.3, O.~, and 0.3 mol %. For 100% TlNO, 

(above) the data are from Timidei and Jam: (classical ac method) (2361. 
This had been advanced earlier in this series {I] as the recommended 
data set for this salt. 

A comparison of the specific conductance data {41] with the results of 
Bergman and Chagin [42], shows that the latter conductivities are 
consistently higher ( - 2 to -100/0). This is understood if it is noted that 
the earlier investigators [42] used an open conductance cell assembly; 
the higher conductances thus can be attributed to a change in 
composition of the mixture through the sublimation of HgCI2• 

TABLE 73~ Density studies: HgCI2 -TIN03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
nNO, (K) 

41 50-100 455-555 Ar atmosphere in 
glass dilatometer. 
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1(K) 

460 
490 
550 

- Mol percent TlNO) 

90 80 70 60 

4.941 4.941 4.941 4.941 
4;885 4.885 4.885 4.885 
4.772 4.772 4.772 4.772 

TemPerature-dependent equations 
p = a + bT 

Mol percent 

50 

4.941 
4.884 
4.771 . 

TINO) I a· I -b X 1<f 

100 5.808. 1.882 
90 5.807 1.882 
80 5.807 1.882 
70 5.807 1.882 
60 5.807 1.882 
50 5.807 1.882 --. "'. 

These values are based on, the data of Janz, TllIlidel and Dampier; 
, (ilil .. tumeUl" lIJ.elhud); [41].' rUt thee"",,' cipetiwcntal cOlllpOsition. 

investigated, see: specific conductance (above). The precisioJis of the 
de~ity measurements throughout this series were better than -0.12%. 
The results for 100% TINOl are based on the work of Timidei and Janz 
(dil .. tometric .method). [2361, '!.I.Dd were lildv!.I.Dced el.ewhere as the' 

rec6mmenqed. data:ba,se for this.salt [1]. 

Ref. 

TABLE 75. Viscosity,studies: HgC1a - TINO) 

Inv~tigations criticaUy examined 

I 
MOl. % ITemp" rang. ej '. 

, TjNCh,. .' (K) .. -

. Comments 

41. 150-100 1- 455~5551. calibration: ~-hexane, 
·1 ' H 20; glass VlSCqmeter. 

TABLE 76. HgCI~ ,::TINO;:-Viscosity (cp) 
,'. ' 

. Mol percent TINO] 
1(K) 

90 80 70 60 

460 5.47 6.39 7.47 8.54 
520 3.30 '3:62 3.97 . 4.37 
560 2.50 2.65 2:81 3:03 

Temperature-dependent equations 
1] = A exp [E/R1] 

Mol percent 

I I TIN03 A x 1<f 

100 83,99 

90 67.58 
80 45.72 
70 31.48 
60 25.73 
50 , 22.92 

50 

9.68 
4.82 
3.29 

E 

3660 
4017 
4516 
4999 
5306.2 
5526 
, 

These values are based on the data' ofJanz, Tmndel and Dampier; 
(capillary- method); [41]. :The . exact experimental compositions 
investigated were: (mol %TIN03), 96.1, 95.2, 90.0, 85.0, 80.0, 75,6, 
70.0, 65.3, 60.7, 55.9, and 52.2:' The precisions of the viscosity 
measurements were, respectively: 0.3, 0.4, 2.0, 1.4, 0.9, 1.7, 1.8, 1.5, 1.2, 
1.5. The results for 100% TINO] are those of Timidei and Janz 
(capillary method). [236] , and were advanced elsewhere as the 
recommended data set [1]. 

KCI-KNO~' 

KC/-KN03 

o 
150 

o 

'Mol% KCI KCI~ 

FIGURE 12. Pbasediagl;'lIIIl fod~~. - KN03• 

Data from: A, G. Bergman, Y._P. Wmchev,.I. N. Nikonoya,X N. 
Sveshnikova, Z. B; Shtemina, and M. A. Yatsuk,_Izv. Sektora,.Fiz . .., 
Khim. Analiza, Inst. Obshch. Neorgan. Khi1i1., Akad.Nauk SSSR, IS, 
161(1941). . . 

Melt Preparation and Purification 

Kirillov andVoronin [43] used reagent grade materials~ 
Smith and Petersen [44] recrystallized reagent grade 
KN03 , partially dried it in an air oven, and then 
completed the drying by heating through the melting 
point under vacuum. The KCl was recrystallized reagent 
grade material. The preparation of the mixtures' and 
other handling of tbepurified cOmpounds was ca.rried 
out in a·nitrogen-f1l1ed box. 

Electrical conductance: the specific conductance of' this 
system has been investigated for the mixtures· containing 
up to 15 mol % KCI and in the temperature· range: 654-
748 K. The information reported is insuffiCient to recover 
numerical values. For specific conductivity . value 
judgements; see [43]. . 

J.Phys. ClMm. Ref. Data, Vol, 12, No.3, 1983 
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I 

! 
i 

TABLE 77. Density studies: KCI- KN03 

Investigations critically examined 

Ref. 

I 
Mol % I Temp. range I 

KCI I (K) I 
Comments 

44 10-30 I 

I 

I 
619-906 IPt bicone; Pt suspension 

wire; correction for 
thermal expansion of Pt. 

TABLE 78. KCI- KN03: Density (g cm-3
) 

T(K) 

620 
7\0 
770 
800 
830 
890 

Mol percent KCI 

29.8 20.5 

1.779 I 
1.731 1.736 
1.711 1.715 
1.690 1.694 
1.650 

Temperature-dependent equations 
p ::= a T bT 

8.7 

1.848 
1.782 
1.739 
1.717 

Mol percent 

I I KCI a -b x loJ 

29.8 2.2547 0.6799 
20.5 2.2844 0.7118 

8.7 2.2998 0.7280 

0 2.3100 0.7330 

i 

These values are based on the data of Smith and Petersen; 
(Archimedean technique); data in equation fonn; precisions not 
estimated 144]. The results for KNO l (0% KCI) are virtually in exact 
accord (-0.1 %) with the recommended density data base for KN03 

[10]. 

KCI - UN03 

Melt Preparation and Purification 

For the method used by Smith and Petersen [44] see 
KCl- KN03• 

Density: No data; for density equations of ternary 
mixtures see 144]. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

130 

20 40 60 

MOl "0 KCI 

FIGURE 13. Phase diagram for KCI - NH.N03• 

80 100 
KCI 

Data from: e. l:'h. l:'erman and H. L. :iaunders, J. Chern. Soc., 123, 
841(1923). 

Melt Preparation and Purification 

Booth and Vinyard [45] used reagent grade salts which 
were dried at lIO·C. 

I 

TABLE 79. Density studies: KCI- NH.N03 

Investigations critically examined 

Ref. I Mol % 1 Temp. rangel Comments 
NH,NO (K) 

45 85-96 413-453 \ "Veridia" precision 
tubing used for 
dilatometer; cali-

i bration: Hg 

Mol percent NH.NO l 

T(K) 

410 
430 
450 

Mol % 
NH.N03 

95.7 
91.5 
87.2 
85.1 

95.7 91.5 [ 87.2 

1.500 
1.456 1.472 1.486 
1.441 1.456 1.472 

Temperature-dependent equations 
p = a + bT 

a I -b x 101 

1.7796 0.7516 
1.8124 0.7924 
l.79Cll 0.70\\4 
1.7860 0.6792 

I 85.1 

1.494 
1.480 

standard 
error of 
estimate 

0.05% 
0.06% 
0.09% 
0.05% 

These values are based on the data of Booth and Vinyard (dilatometric 
method) )45). 
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TABLE 81. Viscosity studies: KCl- NH4NO) 

Investigations critically examined 

Ref. I ~:~jTemrK;angel Comments 

45 

T(K.) 

420 
430 
450 

85-95 418-448 Ostwald U-tube 
viscometer; calibration: 
silicone fluid 

Mol percent NH4NO) 

94.6 89.3 

7.40 
5.64 6.61 
4.75 5.55 

Temperature-dependent equations 
11 = a + bT + c~ + d1" 

8.5.1 

7.39 
6.30 

Mol % standard 
NH4NO) a bxloJ -c x 106 dx 109 error of 

estimate 

94.6 35.897 -45.47 168.46 257.11 0.95% 
89.3 97.813 -112.49 791.34 1301.56 0.54% 
85.1 22.052 109.08 608.05 639.68 1.39% 

These values are based on the data of Booth and Vinyard (capiIIary 
method) [45J. 

KCI - NaNOs 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [34] used reagent 
grade salts. No other information on melt preparation 
was given. 

TABLE 83. Surface tension studies: KC1- NaNO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO) (K) 

34 70-100 743 see: NaF-NaNO) 

TABLE 84. KCl- NaNO): Surface tension (dyn em-I) 

Mol percent NaNO) 
T(K) 

I 
100 90 70 

743 110.4 I 109.1 109.1 

The above values are the sale data points reported by Semenchenko 
and Shikhobalova [34]; insufficient data for precision estimates. The 
value reported for 100% NaNO) at 743 K is virtualIy in exact 
agreement (i.e., -0.25%) with the recommended surface tension data 
base for NaNO) [2J. 

LICI - KNOa 

Melt Preparation and Purification 

For the method used by Smith and Petersen [44]: see 
KCI-KN03 

Density: No data; for density equations of ternary 
mixtures see [44]. 

UCI - LIN03 

LICI-LiNO~ 

500 

("C) 

o 
400 

MOl % LiC) 

FIGURE 14. Phase diagram for LiC!- LiNO). 

100 
Llel 

Data from: V. P. Blidin, Izv. Sekt. Fiz.-Khim. Anal. 13,291(194(1). 

Melt Preparation and Purification 

For the methods used by Kirillov lind VOfOlllI1 14J) 
and Smith and Petersen [44]: see KCI KNO, 

Electrical conductance: The specific l:olldudnllt'l" til .hlll 

system has been investigated for Ihl.' IIlIXlllff'l> nllll14II1I"~ 

up to 15 mol % LiCI and in the IcmpNlllUrf' IjUlJtf' Hit 
633 K. The reported informlltioll U illllllnkh'lll 10 IfWHVef 

numerical values for spccifif..' CHUtllll'!lIvily VllhlC' 

judgements; see [43[. 



620 G. J. JANZ AND R. P. T. TOMKINS 

TABLE 85. Density studies: LiCI - LiNO) 

Investigations critically examined 

Ref. jM01% Temp. range Comments 
LiN03 (K) 

44 \ 70-100 551-778 see KCI - KN03 

TABLE 86. LiCl- LiNO): Density (g cm") 

Mol percent LiNO, 
T(K) 

5;50 

610 
670 
700 
760 

100 
90 
79.9 
70 

90 79.9 

1.76 

1.73 1.72 
1.70 1.69 
1.68 1.67 

1.64 

Temperature-dependent equations 
p = a + hT 

2.074 
2.058 
2.050 
2.032 

70 

1.68 
1.67 
1.63 

0556 
0.537 
0.538 
0.524 

I 
I 

; 

These values are based on the data of Smith and Petersen; 
(Archimedean technique); data in equation form; precisions not 
estimated [44J. The results for pure LiNO) are in exact accord with the 
recommended density data base for LiN03 Ill. 

LiCI - NaN03 

Melt Preparation and Purification 

No information on melt preparation was given in the' 
study by Bogorodskavo [38J. 

TABLE 87. Electrical conductance studies: 
LiCl-NaNO, 

Investigations critically examined 

Ref. 
i

M01
% 

Temp. range Comments 

38 

NaNO, (K) 

i 97.4 621-636 see: BaCI2-NaNO, 

TARl E 88. Liel NaNO,: Specific conduotance 
(ohm-lcm'l) 

Mol percent NaNO, 
nK) 

97.40 

620 J.\39 
630 1.181 

Temperature-dependent equation 
K = -1.4761 + 4.218 x lO'3T 

Standard error of estimate = 0.19% 
These values arc based on the data of Bogorodskavo (classical ac 
method) 1381. 

J. Phys. Chem. Ref. Data. Vol. 12. No.3, 1983 

NaCI - NaN03 

1000' NaCI-NaNO~ 

800' 
(oG) 

o 
600 

200 

o 
0L-~--2~0~~-4~O--~--6~O--~~8-0~--~ 

NoGI 
Mol. % NaNO~ 

FIGURE 15. Phase diagram for NaCl - NaN03• 

Data from: Blidin, V. P., Izv. Sekt. Fiz.-Khim. Anal., Inst. Obshch. 
Neorg. Khim., Akad. Nauk SSSR, 13, 296(1940). 

Melt Preparation and Purification 

For the method used by Kirillov and Voronin [43} see 
KCI-KN03• Vereshchetina and Luzhnaya [46J used 
reagent grade salts which were recrystallized twice from 
conductance water. Semenchenko and Shikhobalova [34J 
used reagent grade salts. No other information was 
given. 

TABLE 89. Electrical conductance studies: 
NaCI NaNO, ' 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO, (K) 

43 85-100 634-746 Pyrex cell; 

j~ "-1m ._ '''H-1'' 

Pt electrodes 

PI electrodes 
. ' 
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TABLE 90. NaCI- NaNO): Specific conductance 
(ohm-1cm-l ) . 

1(K) 

600 
620 
660 
700 
720 

Mol % 
NaNO) 

100 
98.93 
97.93 
96.90 
96.04 
95.66 
94.85 
94.04 
92.9' 
91.99 
90.8 
90.03 
Q9.0 
87.71 
86.8 

Mol percent NaNO) 

96.04 94.04 91.99 90.03 

1.092 1.062 1.054 
1.180 1.163 1.162 1.164 
1.355 1.354 1.354 1.353 
1.529 1.529 1.515 1.521 

1.610 l.S83 1.597 

Temperature-<iependent equations 
Ie = a + bT + cT-

-a b x loJ -c x 106 

1.3658 4.081 -
4.4397 13.524 0.7167 
4.1582 12.430 0.6164 
5.7807 17.713 1.0400 
1.5290 4.369 
5.4532 16.567 9.441 
4.7768 14.479 7.814 
3.8245 11.125 4.968 
'.'991 17.1'2 9.971. 

5.8169 17.317 9.776 
4.2843 12.616 6.222 
4.4719 13.189 6.611 
6.1156 17.816 9.801 
6.4546 19.330 11.319 

10.3688 30.168 18.828 

87.71 

1.373 
1.530 
1.595 

standacd 
error of 
estimate 

0.33% 
0.17% 
0.34% 
0.20% 
0.70% 
0.32% 
0.32% 
0.31% 
0.40% 
0.40% 
0.46% 
0.18% 
0.25% 
0.19% 
0.23% 

These values ace based on the data of Vereshchetina and Luzhnaya 
(classical ac method) [46]. The values of NaNO) (above) ace in good 
agreement with the recommended data base [I]; at the higher 
temperature limit <:-0.4%) and at the lower temperature limit 
(_2.3%). 

TAIILI; 91. Density studies: NaC! NaNU) 

Investigations critically examined 

Ref. Comments 

46 /86-100 I 623-723 I no details given 

TABLE 92. NaCI- NaNO): Density (g cm-) 

Mol percent NaNO) 
:n:K) 

98.0 96.0 94.0 92.0 88.08 

(620) 1.881 1.881 1.881 1.878 

660 1.852 1.851 1.852 1.848 1.849 

720 1.808 1.806 1.809 1.804 1.805 

Values at 620K were gained by extrapolation. 
Temperature-<lependent equations 

p a + bT 

Mol % standard 
N"NO) .. -bx 1& error or 

estimate 

100 2.3389 0.7360 0.02% 

99.03 2.3156 0.7017 0.01% 

98.0 2.3331 0.7292 0.02% 

96.91 2.3240 0.7154 0.03% 

96.0 2.3405 0.7418 0.01% 

95.0 2.3330 0.7303 0.01% 
94.0 2.3313 0.7257 0.02% 

93.02 2.3368 0.7384 0.01% 

92.0 2.3333 0.7348 0.02% 

90.10 2.3277 0.7258 0.02% 
88.08 2.3352 0.7361 0.01% 

86.1 2.3207 0.7200 0.00% 

These values are based on the data of Vereshchetina and Luzhnaya 
(technique not cited; probably Archimedean teChnique) [46]. The values 
calculated from the above equation for NaNO) ace virtually in exact 
agreement with the recommended data base, i.e., -0.3% [I). 

TABLE 93. Viscosity studies: NaCl- NaNO) 

Investigations critically examined 

Ref. 
I ~~~lITemrK;angel Comments 

46 86-100 583-723 Pt balI; steel wire 
suspension enclosed 
in glass 

J. Phya. Chem. R.f. Data, Vol. 12, No.3, 1983 
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TABLE 94. NaCl NaNO): Viscosity (cp) 

Mol percent NaNO) 
T(K) 

98.0 94.0 90.0 86.0 

(580) 3.23 3.67 
620 2.62 2.90 3.03 
660 2.17 2.37 2.23 
680 1.99 2.19 2.02 2.32 
720 1.75 2.01 1.96 2.17 

Values at S80K were gained by extrapolation. 
Temperature-dependent equations 

'I') a + bT+ cr 
Mol % standard 
NaNO) a -b x 10) ex 106 error of 

estimate 

100 I 27.683 67.92 43.96 1.13% 
98.0 I 28.173 69.17 45.10 1.00% 
96.0 29.517 73.41 48.72 0.86% 
94.0 41.733 108.95 74.70 2.65% 
92.0 141.203 403.00 291.37 13.07% 

90.0 79.141 219.29 155.69 4.26% 
88.0 146.176 402.26 280.04 3.73% 
86.0 65.613 177.47 124.10 1.02% 

These values are based on the data of Vereshchetina and Luzhnaya 
(damped oscillational method) [46J. The viscosity values for 100% 
NaNO) calculated from the equation (above) are lower than the 
recommended data for NaNO, [II (0 to -2%). 

TABLE 95. Surface tension studies: NaCl NaNO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO) (K) 

34 90 743 see: NaP - NaNO) 

TABLE 96. NaCl- NaNO): Surface tension (dyn em-I) 

Mol percent NaNO) 
T(K) 

90 

743 UO.l 

A single data point only (above) was reported by Semenchenko and 
Shikhobalova (maximum bubble pressure method) [34]. 

PbC'2 - NaN03 

Melt Preparation and Purification 

No information on melt preparation was given in the 
'.1 \It! Y hy Ilogorociskavo 1381. 

• J. J'hya. Ch"",. Rill. Data, Vol. 12, No.3, 1983 

I 

TABLE 97. Electrical conductance studies: 
PbClz - NaNO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO) (K) 

38 92-100 620-636 see: EaClz-NaNO) 

TAIILB 98. PbCl, NaNO); Specific conductance 

(ohm-1cm- l ) 

Mol percent NaNO) 
Tt:K) 

1 96.914 92.979 91.992 

620 1.101 I 1.073 1.069 
630 1.140 1.107 1.098 
640 1.178 I 

i 
Temperature-dependent equations 

K a + bT 

Mol % I standard 
NaNO) -a b x 103 error of 

estimate 

96.914 1.3016 3.8751 0.03% 
92.979 1.0314 3.3947 0.03% 
91.992 0.7029 2.8582 0.05% 

These values are based on the data of lklgorodskavo (classical ac 
method) [38]. 

TICI - KN03 

426~ 
TICI-KN03 

o 
400 

o 100 

Mol% TICI TICI 

FIGURE 16. Phase diagram for T1Ci- KNO j • 

Data from: R. N. Nyankovskaya, Izv. Sekt. Fiz.-Khim. Anal., Ins1. 
Obshch. Neorg. Khim., Akad. Nauk SSSR, 11,268(1938) . 
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Melt Preparation and Purification 

No information was available on melt preparation and 
purification in reference [47] and in experimental 
references cited therein. 

TABLE 99. Electrical conductance studies: 
TICI KN03 

Investigations critically examined 

Ref. I Mol % ITemp. range Comments 

/J.7 

1 KN03 (K) 

0-100 

I 

701 Pyr"" ll-.h"perl cell.; 
cylindrical Pt 

I electrodes. 

TABLE 100. TICI - KN03: Specific conductance 
(ohm-1cm- l ) 

Mol percent 
KNO) 703 K 

100 0.906 
90 0.88 
60 O.5~ 

30 0.92 
10 1.02 
0 1.084 

Composition-dependent equation 
K 1.084 0.708 x 1O-2C + 0.53 X 1O-4~ 

[C Mol % KN03) 

These values are based on the data of Prisyazhnyi and Zvagol'skaya 
(classical ac method); data in graphical form; precisions not estimated 
147). The conductivities reported for pure KNO) and TICI, respectively, 
are virtually in exact agreement with the recommended data bases for 
KNO) [1.10) and TICI [1). 

TICI - NaN03 

TICI- NoNO! 

o 
274 

o 100 

Mol% TICI TICI 

PIGURE 17. Phase diagram for TICI- NaNO). 

Melt Preparation and Purification 

For the method used by Zvagol'skaya and Prisyazhllyi 
[47] see TICI - KN03 

TABLE 101. Electrical conductance studies: 
TICI- NaNO) 

Investigations critically examined 

Ref. Mol % Temp. rang" Cflmmp.nt.: 

47 

NaN03 (K) 

0-100 703 see TICI - KN03 

TABLE 102. TICI NaNO): Specific conductance 
(ohm-1cm- l ) 

Mol percent 
NaNO) 703 K 

100 1.46 
'.IU 1.35 
60 1.11 
30 1.03 
10 1.06 
0 1.11 

Composition-<iependent equation 
K 1.109 0.545 x 1O-2C + 0.90 X 1O-4~ 

[C - Mol % NaNO,] 

I 
I 

These values are based on the data of Prisyazhnyi and Zvagol'skaya 
(classical ac method); data in graphical form; precisions not estimated 
[47]. Comparison of the conductivities (above) for 100% NaNO) and 
100% TICI. respectively, with the recommended data bases shows that 
the values from [47] are -4% and -I % high [1). 

AgBr - AgN03 

Ag8r- AgN0:3 

o 
o 

o 

AgBr Mol% AgN0 3 

FIGURE IH. Phase diagram I{,,' Agllr - AgNO). 

, , , 

100 

AgNO~ 

Data from: R. N. Nyankovskaya. Izv. Sekt. Fiz.-Khim. Anal., Inst. 
Obshch. Neorg. Khim .• Akad. Nauk SSSR. 11.268(1938). Data from: (; S<:arl'a, Alli rcalc accad .• Lincei, Sez. II, 22, 458(1913). 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Melt Preparation and Purification 

For the method of melt preparation used by Bizouard 
[37], see: Agel - AgN03• 

TABLE 103. Electrical conductance studies: 
AgBr-AgN03 

Investigation~ critic"lly ... ""m;npd 

Ref. I Mol % . Temp. range Comments 
AgN03 (K) 

37 I 0-100 573-823 see AgCI-AgN03 

TABLE 104. AgBr AgN03: Specific conductance 
(ohm-Icm-I) 

Mol percent AgN03 

T(K) 
80 76 60 40 20 

570 1.046 1.069 1.163 1.367 
630 1.288 1.309 1.393 1.603 2.000 
710 1.554 1.574 1.656 1.876 2.282 
810 1.793 1.817 1.916 2.152 2.'i~'i 

Temperature-dependent equations 
I( a + bT + c'P 

Mol % 
i standard 

AgNO, -a b x 103 -c X 106 error of 
estimate 

100 3.0977 10.3688 5.4284 0.27% 
80 3.1033 10.2105 5.1431 0.14% 
76 2.9673 9.8673 4.8891 * 
60 2.4106 8.4728 3.8663 0.89% 
40 2.186.5 6.3194 3.6'78 0.41% 
20 2.7117 10.9812 5.5599 0.01% 

0 -0.114 5.3227 2.0189 0.07% 

These values are based on the data of Bizouard (potentiometric ac 
method) [37]. ·Data for 76 mol % AgN03 from Clark [40] citing 
Bizouard [37]; interpolated values; precision not estimated. The 
conductivities calculated from the above equations for pure AgBr (0% 
AgN03) and pure AgNO, are virtually in exact agreement with the 
recommended data base for AgBr [1] and AgN03 [1,3] (to -1-2%). 

Melt Preparation and Purification 

PapaioannOll and Harrington [39] used reagent grade 
sallS which were oven-dried. 

J. Phys. Chern. ReI. Data, Vol. 12, No.3, 1983 

TABLE 105. Electrical conductance studies: 
CoBr2 KN03 

Investigations critically examined 

Ref. I Mol% I Temp. range I Comments 
KN03 (K) 

39 99.973- 673-698 cell (one arm of 
99.997 capillary tubing 

and the other a long 
piece of Pt foil). 
calibration: 1 D 
KCI soln. 

TABLE 106. CoBr2 - KN03: Specific conductance 
(ohm-Icm-I) 

Mol percent KN03 

T(K) 
99.997 99.995 99.986 99.973 

07U 0.800 0.799 0.799 0.798 
680 0.828 0.827 0.826 0.825 
690 0.856 0.855 0.854 0.852 

Temperature-dependent equations 
Ie a + bT 

Mol percent 

I I KNO, -a b" 103 

99.997 1.0744 2.7980 
99.995 1.0748 2.7970 
99.986 I.04R3 , 7570 

99.973 1.0227 2.7170 

These values are based on the data of Papaioannou and Harrington 
(classical ac method); data in equation form; precisions not estimated 
[39]. 

TABLE 107. Density studies, CoB., KN03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KN03 (K) 

39 99.973- 673-698 Archimedean technique; 
99.997 measurements limited 

to dilute range 
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Mol percent KNO, 
n:K) 

99.997 99.995 99.986 99.973 

670 1.826 1.826 1.827 1.828 
680 I.8l8 1.818 1.819 1.820 
700 1.803 1.803 1.804 1.805 

Temperature-dependent e'l"~tjon. 
p = a +bT 

Mol percent 

\ I KNO, a -b x 10' 

99.997 2.3284 0.1502 
99.995 2.3284 0.1502 
99.986 2.3294 0.1502 
99.973 2.3311 0.1512 

These values are based on the data of Papaioannou and Harrington 
(Archimedean technique;); data in equation form; precisions not 
estimated [.39]. 

HgBr 2 - AgN03 

o 100 

Mol% 

FIGURE 19. Phase diagram for HgBr2 - AgNO,. 

Data from: A. G. Bergman, Z. Anorg. A11gem. Chern. 151, 102(1926). 

Melt Preparation and Purification 

Jander and Brodersen [48] purified the HgBr2 by 
sublimation. No information was given on silver nitrate. 

TABLE 109. Electrical conductance studies: 
HgBr. - AgNO, 

Investigations critically examined 

Ref. 

I 
Mol percent ITem~~gj Comments 

AgNO, 

4$ dilute solution 515 see: HgBrl.-HgO 
range: (AgN03 
in Hg'Rr. 
as solvent) 

Jander and Brodersen 148) reported the results in units of equivalent 
conductance; density data were not reported and, hence, the specific 
conductance cannot be calculated. 

TABLE 110. Viscosity studies: HgBr2 - AgNO, 

Investigations critically examined 

Ref. 

I 
Mol % ITemp. rangel Comments 
AgNO, (K) 

48 0.19-6.15 528-548 lena glass capillary 
viscometer; calibration: 
Hg; N2 atmosphere 

TABLE 111. HgBr. AgNO,: Viscosity (cp) 

n:K) 

530 
540 
550 

Mol % 
AgNO, 

6.15 
4.38 
I.0l 
0.19 

Mol percent AgNO, 

6.15 4.38 1.01 

2.14 2.46 2.18 
251 2.33 2.11 
2.25 2.20 2.04 

Temperature-dependent equations 
'T/ = a + bT+ cT 

a -b xla' ex 106 

-43.613 -195.43 -203.73 
12.966 26.65 12.88 
15.643 43.34 33.83 
63.328 216.04 190.09 

0.19 

2.22 
2.10 
2.01 

standard 
error of 
estimate 

2.69% 
0.21% 
0.55% 
1.68% 

These values are based on the data of lander and Brodersen (capillary 
method) (48]. 

HgBr2 - Hg(NOs)2 

Melt Preparation and Purification 

Jander and Brodersen [48] purified the HgBr2 by 
sublimation. No information was given on mercuric 
nitrate. 

J. PhV8. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 112. Electrical conductance studies: 
HgBr2 - Hg(N0l)2 

Investigations critically examined 

Ref. Mol percent Temp. Rang Comments 
AgNO, (K) 

I 
Hg(NO,h 

I 
(K) 

I 
48 dilute solution 515 see: HgBr2-Hgo 

range: (Hg(N0l)2 
in HgBr2 as 
solvent) 

Jander and Brodersen [48] reported the results in units of equivalent 
conductance; density data were not reported and, hence, the specific 
conductance cannot be calculated. 

KBr-KN03 

700 

o 
600 

o 
500 

o 
300 

20 

KBr - KN03 

I 

I 
I 

I 

I 

I 
I 

, , 
I 

40 60 

Mol % KBr 

FIGURE 20. Phase diagram for KBr KNOJ• 

/ 
I 

~I 
I 

I 
I 

I 
I 

80 

I 
I 

I 
I 

I 

I 
I 

/ , 

100 
KBr 

Dutn rrom: A. D. Rostovskii, Zh. R. Fiz. Khim. O. 61. 89(1929) 

J. PhYII. Chorn. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Bloom et al. [49] used reagent grade salts. The mixtures 
were made by weighing the dry constituents which had 
previously been fused and allowing them to cool in 
desiccators. Standard methods of analysis were used to 
determine melt compositions. 

TABLE 113. Electrical conductance studies: 
KBr- KNOl 

Investigations critically examined 

Ref. I Mol % I Temp. range I Comments 
KNO, (K) 

49 0-100 650-1050 glass cell; Pt electrode 
calibration: 1 N KCI; 
correction for 
thermal expansion 

TABLE 114. KBr - KNO,: Specific conductance 
(ohm-Icm-I) 

Mol percent KN03 

T(K) 

I 85 66.7 SO 

660 0.764 0.757 
760 1.034 1.015 
780 1.088 1.067 1.056 
880 1.358 1.325 1.322 

Temperature-dependent equations 
K = a + bT 

Mol percent 

I I KNO l -a b x 103 

100 1.1404 ! 2.8988 
8:5 1.0162 2./>'}7<J 

66.7 0.9454 2.5799 
50 1.0124 2.6520 
33.3 0.63645 

I 
2.2320 

0 0.8443 2.4398 

These values are based on the data of Bloom, Knaggs, Molloy, and 
Welch (classical ac method); data in equation fonn; precisions not 
estimated [49J. Conductance values as calculated from the above 
equations for 100% KNO) and 100% KBr (0% KNOl ) agree to within 
1-2% of the recommended data bases for KNO) [1,3] (-1-2%) and 
KBr [1] (0.3%). 

TABLE 115. Density studies: KBr KNO) 

Investigations critically eltamined 

Ref. Mol % Temp. range Comments 
KNO) (K) 

49 0-100 648-1048 10% Rh-Pt sinker; 
correction for thennal 
expansion; estimated 
accuracy ±O.! % 
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TABLE 116. KBr - KNO;: Density (g cm-;) 

1l:K) 

650 
740 
770 
860 

Mol percent KNO; 

85 66.7 

1.917 2.011 
1.853 1.946 
1.831 1.924 
1.767 1.858 

Temperature-dependent equations 
p = a + bT 

50 

2.028 
1.958 

100 2.3151 0.7290 

8S 2.3811 0.7141 
66.7 2.4836 U.127U 

50 2.6277 0.7788 

33.3 2.6755 0.7301 

15 2.8536 0.8008 
0 2.9400 0.7922 

These values are based on the data of Bloom, Knaggs, Molloy and 
Welch (Archimedean technique;); data in equation form; precisions not 
estimated [49]. 'Th.I:: dt:lI"ily·v ..... U~ "" clllcul .. t<;d from the Ilbo .... " 

equations for 100% pure KNO; and 100% KBr (0% KNO;) are in 
exact agreement with the recommended data base [lJ for these pure 
salts «0.8%). 

TIBr - KNOa 

Melt Preparation and Purification 

Ichikawa [50] purified reagent grade TlBr by vacuum 
di!iltillation. Reagent grade KN03 was dried at 110°C for 
at least 12 hours. 

TABLE 117. Electrical conductance studies: 
TIBr -KNO; 

Investigations critically examined 

Comments 

Pyr"" "ell; 
Pt electrodes 

TABLE 118. TIBr - KNO;: Specific conductance 
(ohm-1cm-1) 

Mol percent 

\ 
TIBr 823K 

100 1.03 
90 1.00 
60 0.98 
30 1.06 
10 1.111* 
0 1.21* 

Composition-dependent equation 
K = 1.2289 - 0.733 X 1O-2C + 0.53 X 10-4(;2 

IC = Mol % TIBr] 
These values are based on the data of Ichikawa (classical ac method) 
[SOJ. The above equation was derived by interpolliting graphical data in 
[SO]; the equation expresses the results from 20-100 mol % TIBr with an 
accuracy of - ±2%. The lower concentration range (0-10 mol % 
TIBr) cannot be expressed by this simple quadratic; the values, marked 
by asterisks, are those directly interpolated from the graph. Inspection 
of the reported experimental points shows an accuracy of _ ± 13%. 
The conductivities as reported above are m close agreement with the 
recommended data base for pure TIBr [lJ and pure KNO; (0.8%) [10J at 
823 K. 

500 
I 
I 
I 

(Oe) I 
I 
I 
I 
I 
I 
1 
\ 
I 

a 

AqI 

Agi - AgNOs 

AgI-AgN0 3 

100 

AQNO;,> 

FIGURE 21. Phase diagram for AgJ AgN03• 

Data from: G. Scarpa, Atli reale accad. Lincei. Sez. n.ll, 459(1913). 

Melt Preparation and Purification 

No information on melt preparation is given in the 
study by Luzhnaya et at. L51J. Hokhovkin [521 
recrystallized the reagent grade salts followed by fusion. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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I 

! 

TABLE 119. Electrical conductance studies: 
AgI-AgN03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
AgNO, (K) 

53, review articles 
54 

51 review article 

52 55-100 398-573 Pyrex cell; modified 
Biltz electrodes; 
calibration: molten KNU, 

TABLE 120. AgI - AgNO,: Specific conductance 
(ohm-:cm- I) 

T(K) 

400 
460 
520 
560 

Mol % 
AgN03 

100 
92.6 
84.7 
80.6 
78.9 

76.3 
73.7 
72.0 
70.2 
67.5 
64.7 
61.9 
60.0 
58.0 
55.1 

Mol percent AgN03 

80.6 70.2 64.7 60.0 

0.319 0.384 0.428 0.463 
0.578 0.636 0.684 0.712 
0.817 OJI68 0.917 0.939 
0.965 1.012 1.059 1.077 

Temperature-dependent equations 
IC = a + bT+ cr 

-0 b X 10' -c X 106 

4.5862 16.2900 11.4382 
2.0023 6.5039 2.2669 
1.8206 6.1075 2.0909 
1.9388 6.7880 2.8616 
1.6810 5.7616 1.&789 

1.6437 5.5784 1.6211 
1.8611 6.6586 2.8111 
1.7861 6.4668 2.6740 
1.8261 6.6657 2.8538 
1.8367 6.9405 3.3122 
1.8962 7.1390 3.3239 
1.8060 6.9239 3.1402 
1.7762 6.8551 3.1419 
1.9867 7.9181 4.2647 
1.9867 7.9480 4.2249 

I 55.1 

0.517 
0.775 
1.004 
1.139 

standard 
error of 
estimate 

I 0.14% 
0.58% 

I 0.37% 
0.36% 
0.68% 

0.40% 
0.61% 
0.54% 
0.88% 
2.57% 
0.55% 
0.94% 
1.01% 
0.69% 
0.91% 

I 

i 

These values are based on the data of Bokhovkin (classical ac method) 
[52]. The conductivity values as calculated from the above equation for 
100% AgN03 are 35% higher than the recommended data base for 
pure AgNO, [3]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 121. Density studies: AgI - AgN03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
AgN03 (K) 

52 48-100 423-498 Pt float 

51 review article 

TABLE 122. AgI - AgNO,: Density (g cm-3
) 

T(K) 

420 
440 
460 

480 
500 

Mol% \ 
AgN03 

92.6 
84.7 
80.6 
76.3 
72.0 
67.5 
62.S 

58.0 
53.0 
48.0 

Mol percent AgN03 

84.7 76.3 67.5 5&.0 

4.420 4.642 4.832 5.019 
4.405 4.616 4.797 4.981 
4.37G 4.:;7G 4.754 4.937 

4.334 4.523 4.704 4.886 
4.278 4.458 4.646 4.829 

Temperature-dependent equations 

p = 0 + hT+ cr 

0 I b X 103 -c X 106 

I 

5.2239 -2.2402 
1.6316 13.7144 16.844 
3.2270 7.7214 10.900 
2.1570 12.8285 16.455 
2.4272 11.9652 15.423 
3.7652 6.6228 9.724 
3.6360 7.631.5 10.866 

4.2884 5.1957 8.231 
4.7999 3.2944 6.094 
6.2888 -2.6041 

4&.0 

5.195 
5.143 
.5.091 

5.039 
4.987 

standard 
error of 
estimate 

0.00% 
0.08% 
0.04% 
0.10% 
0.15% 
0.04% 
0.02% 

0.04% 
0.03% 
0.77% 

These values are based on the data of Bokhovkin (Archimedean 
technique;) [52]. Bokhovkin reponed a single density data point for 
100% AgNO, at 498 K (3.954g cm-l ) which is in exact agreement with 
the recommended datA bUM, for pure AgN03, at this tcmpCTo.tuTe \2]. 

I Ref. 

TABLE 123. Viscosity studies: Agi AgNO; 

Investigations critically examined 

I
I Mol % I Temp . .rangeL 
. AgNo,i (K) _ 

Cominents 

\ :: 
L~'M l

re-V-le-~-,a-r-tJ-Cl-e---------' 

1'1X-4')X capIllary viscometer; 
calibration: alpha
naphthol 
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TABLE 124. Ag] - AgNOJ: Viscosity (cp) 

IlK) 

400 
420 
460 
500 

Mol % 
AgNOJ 

92.6 
84.7 
80.6 
79.3 
76.3 
74.2 
72.0 
67.S 
62.8 
60.0 
:lls,o 

56.1 
53.1 
48.0 

~ --

Mol percent AgNOJ 

84.7 76.3 67.5 \ 58.0 

16.31 19.07 
1

22
.
41 

9.68 12.54 14.84 17.22 
6.93 7.61 9.27 \ 10.39 
5.65 6.16 7.57 8.29 

Temp"ntLuct:-<l"pt:ml,,"t "Y.U"tiUH~ 

'Il = a + bT+ cr 

a b" 103 C" 106 

15.082 20.00 
126.322 468.75 454.81 
229.683 896.09 898.61 
232.528 904.45 904.13 
273.714 1077.13 1084.03 
296.167 1177.07 1196.25 
264.187 1042.14 1055.75 
306.505 1201.41 1207.07 
337.182 1322.39 1330.27 
355.937 1393.98 1397.51 
374.':>1.'.L 1471.'j9 1476.2:5 

689.650 2842.83 2966.73 
307.862 1189.35 1185.18 
568.063 2274.20 2317.32 
---

48.0 

29.15 
21.67 
12.28 
10.29 

standard 
error of 

estimate 

0.00% 
1.00% 
7.17% 
6.81% 
6.51% 

11.06% 
8.72% 
4.24% 
5.49% 
3.97% 
4.4:5% 

20.10% 
4.97% 
7.61% 

These values are based on the data of Bokhovkin (oscillational method) 
[52J. Bokhovkin [52J reported a single value for the viscosity of 100% 
AgNOJ at 498 K (4.56 cp). This is -2% lower than that of the 
recommended data base for pure AgNOJ at this temperature [IJ. 

Hgl z 

FIGURE 22. Phase diagram for Hglz - AgN03. 

Data from: A. G. Beraman. Z. Anore:. AIle:em. Chern. 157.97(1926). 

Melt Preparation and Purification 

No information on melt preparation and purification 
was given in the study by Polyakov [55J or Luzhnaya, et 
al. [51]. Bergman [42] recrystallized AgN03 twice from 
analytical grade material. The HgI2 was prepared from 
recrystallized HgCl2 and KI and was then re-sublimed. 
All materials were carefully dried and stored over 
H2S04, 

TABLE 125. Electrical conductance studies: 
HgI2 -AgNOJ 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
AgN03 (K) 

42 0-100 400-550 modified Biltz 
electrodes; calibration: 
molten KNOJ; frequency 
1000 Hz 

51 j review article 

55 0-100 350-470 Pyrex cells 

J. Phya. Chem. Ref. Data, Vol. 12, No. 3,1983 
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TABLE 126. HgI2 - AgNOa: Specific conductance 
(ohm-Icm-I) 

T(K) 

400 
460 
480 
540 

Mol % 
AgNO) 

100 
95 
90 
86 
85 
83 
80 
76 
73 
70 
69 
68 
67 
65 
62 
60 
57 
55 
52 
50 
49 
47.5 
46 
45 
42 
40 
37.5 
35 
30 
25 
20 
15 
10 

Mol percent AgNO) 

80 60 40 

0.156 0.104 0.081 
0.343 0.240 0.210 
0.405 0.286 0.252 
Q.593 0.422 0.381 

Temperature-dependent equations 
Ie = a + bT 

-a b x W' 

1.5101 
I 

4.4808 
1.1607 3.6321 
1.0307 3.2263 
1.0670 3.1943 
1.0725 3.1800 
1.0963 3.1857 
1.0922 3.1200 
1.0962 3.0800 
1.0287 2.8800 
0.9924 2.7SRIi 
0.9565 2.6543 
0.9003 2.4915 
0.8319 2.3600 
0.7738 2.2729 
0.8008 2.2886 
0.8045 2.2714 
0.8106 2.2514 
0.8192 2.2543 
0.8228 2.2472 
0.8256 2.2486 
0.8206 2.2300 
0.8184 2.2243 
0.81:5:5 2.2129 

0.8155 2.2129 
0.7914 2.1657 
0.7762 2.1429 
0.7589 2.1043 
0.8161 2.2172 
0.7150 2.0400 
0.6668 1.9800 
0.5402 1.7520 
0.3455 1.3600 
0.4574 1.4803 

I 20 
I 

0.301 
0.406 

standard 
error ot 
estimate 

0.07% 
0.07% 
0.09% 
0.16% 
0.23% 
0.15% 
0.00% 
0.19% 
0.00% 
0.22% 
0.70% 
0.50% 
0.17% 
0.98% 
0.12% 
0.22% 
0.28% 
0.24% 
0.29% 
0.25% 
0.55% 
0.42% 
0.16% 
0.16% 
0.46% 
0.43% 
0.30% 
0.47% 
0.28% 
0.21% 
0.15% 
0.00% 

I 0.00% 

I 

These values are based on the data of Bergman and Chagin (classical ac 
method) [42]. The conductivity of 100% AgNOl as calculated from the 
Above equation is virtually in e"acl agreement (--0.7%) with the 
recommended data base for pure AgNO) (3). The results reported by 
Po)yakov [55] are in accord with the data of Bergman and Chagin 
(above) to ±5%. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 127. Density studies: HgI2 AgNOa 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
AgNO) (K) 

S5 30-100 373-513 Pt bob; calibration: 
molten KNO) 

TABLE 128. Hgl, - AgNO,: Density (8 ern-J) 

f 

Mol percent AgNOJ 

1\K) 
70 60 50 40 30 

370 5.050 5.439 
390 5.023 5.192 5.410 5.565 
430 4.968 5.135 5.352 5.507 5.580 
510 4.857 5.020 5.236 5.390 5.450 

Temperature-dependent equations 
p a + bT 

Mol % standard 
AgN03 a -b x 10) error of 

estimate 

100 4.6292 1.2472 I 0.04% 
85 5.2677 1.2576 0.04% 
75 5.4362 1.3286 0.02% 
70 5.5599 1.3774 0.01% 
67.5 5.6330 1.4464 0.04% 
62.5 5.6960 1.3931 0.03% 
60 5.7501 1.4308 0.02% 
55 5.8670 1.3937 0.02% 
52.5 5.9126 1.3627 0.03% 
50 5.9756 1.4503 0.03% 
47.5 6.0299 1.3533 0.01% 
45 6.0709 1.4002 0.03% 
42.5 6.1269 1.4532 0.02% 
40 6.1357 1.4630 0.04% 
37.5 6.1413 1.4434 0.01% 
35 6.1625 1.4549 0.02% 
30 6.2743 1.6153 0.03% 

These values are based on the data of Polyakov (Archimedean 
technique;) (55]. The density of 100% AgNO) as calculated from the 
above equation is uniformly higher (-1.3%) than the recommended 
data base for pure AgNO) [3). 

TABLE 129. Viscosity studies: HgI2 - AgNO) 

Investigations critically examined 

Ref. f Mol % ITemp. range I Comments 
AgNO, i (K) 

55 22.5-77.5 I 363-473 I Pyrex Ostwald viscometer 



PROPERTIES OF MOLTEN SALTS 631 

TABLE 130. Hgl2 - AgN03: Viscosity (cp) 

TlK) 

380 
390 
400 
430 
470 

'-----

Mol % 
AgNOJ 

*65 
60 
55 
32.5 
30 

Mol percent AgN03 

65 60 55 32.5 

20.89 27.62 
17.69 15.14 19.88 
13.23 11.15 13.92 14.54 

6.00 4.86 5.88 6.21 
2.45 1.89 2.21 2.37 

Temperature-dependent equations 
11 = A exp [E/R1] 

A x 10' E 

1.6009 8999.6 
0.7443 9472.8 
0.6060 9812.5 
0.7362 9692.2 
0.6094 9859.5 

30 

6.25 
2.34 

~tallda ... ] 
error of 
estimate 

5.35% 
5.86% 

10.18% 
8.33% 
4.46% 

These values are based on the data of Polyakov (oscillational method) 
[55]. 

*The quadratic equation, 
11 492.15 - 2.086T + 2.221 x 1O-3:r, 

gives a better precison at 65 mol% AgN03 (-2.23%). Results were 
reported for 22.5-77.5 mol% AgNO,; for the compositions not included 
in Table 130 (above), the accuracy limits were 10-35%; for 
experimental data and additional details see [55]. 

Hgl2 - TIN03 

1 I 1 1 I 

0 
HgI2-TIN03 ~ I-250 

(OC) 
~ 0 

194 

I- 142
0 

1270 

~ 

~!-50 -
26

0 

--------a I I I I I 

o 20 40 60 80 100 

Mol% HgI2, 

FIGURE 23. Phase diagram for Hgl2 - TIN03• 

Data from: A. P. Palkin, Zh. Obshch. Kbim. 2(1), 44 (1932) See also: A. 
G. Bergman, Z.·Anorg. Aligem. Chem. 157, 89(1926). 

Melt Preparation and Purification 

For the method of melt preparation used by Bergman 
[42], see AgN03 - HgI2• The TIN03 was recrystallized 
twice starting with analytical grade material. 

TABLE 131. Electrical conductance studies: 
HgI2-TINO, 

Investigations critically examined 

Ref. Comments 

42 I ()"100 ~I 478-573 I 

TAlI!..!; 132. HgI2 - TIN03: Specific conductance 
(ohm-Icm-I) 

Mol percent TIN03 
T(K) 

I I I I 90 70 50 30 10 

500 0.326 
520 0.367 0231 O.ISO 0.140 
550 0.429 0.279 0.186 0.160 0.144 
570 0.470 0.311 0.210 0.174 0.149 

Temperature-<iependent equations 
J( a + bT 

Mol % standard 
TINO) a b x l<r error of 

estimate 

100 -0.7796 2.400 0.00% 
95 -0.7412 2.228 0.07% 
90 -0.7085 2.068 0.08% 
80 -0.6712 1.860 0.08% 
70 -0.6010 1.600 0.00% 
60 -0.6006 1.480 0.27% 
SO -0.4744 1.200 0.63% 
40 -0.3978 1.020 0.18% 
30 -0.2141 0.680 0.37% 
20 -0.1616 0.580 0.18% 
10 0.0124 0.240 0.00% 
8 -0.0434 0.320 0.00% 
5 0.0941 0.040 0.00% 
3 0.1409 -0.080 0.00% 
0 0.0853 -0.100 0.00% 

These values are based on the data of Bergman and Chagin (classical ac 
method) [42]. The conductivities as calculated from the above equations 
for 100% TINO) and 100% Hgl2 (0% TINO,) are 7% and 5% higher 
than the recommended data bases for pure TINO) and pure Hg12• 
respectivel~ [I]. 

J. Phys. Chem. Ref. Data, Yol. 12, No.3, 1983 
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Nal - NaN03 

o 100 

NoI Mol% NoNO! 

FIGURE 24. Phase diagram for Nal - NaNO,. 

Data from: F. I. Vasenin and A. G. Bergman, Izv. Sekt. Fiz.-Khim. 
Analiza, Inst. Obshch. Neorg. Khim., Akad. Nauk. SSSR, 11, 
172(1938). 

Melt Preparation and Purification 

Semenchenko [34] used reagent grade materials. No 
other information was provided. 

TABLE 133. Surface tension studies: Nal - NaNO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaNO, (K) 

34 90-100 585 see: NaF - NaNO, 

TABLE 134. Nal - NaNO,: Surface tension (dyn em-I) 

Mol percent NaNO, 
T(K) 

90 

585 119.1 

A single data point only (above) was reported by Semenchenko and 
Shikhobalova (maximum bubble pressure method) (34). 

KF - KP03 

550 

° 100 

KF Mol% KP03 

FIGURE 25. Phase diagram for KF - KPO,. 

Data from: V. P. Kochergin.Z. A. Shevrina, and I. V Maclirnsova, bv. 
Akad, Nauk. SSSR, Neorg. Mater., 4, 436 (1968). 

Melt Preparation and Purification 

Kochergin et ai. £56] prepared the melts from reagent 
grade salts. The potassium metaphosphate was 
synthesized from the primary phosphate. 

TABLE 136. Viscosity studies: KF - KPO, 

Investigations critically examined 

Ref. Mol % Temp. range I Comments 
KPO) (K) 

S6 10-100 1173 I Effects of added Fe2O) 
were also studied. 

Halide - Meta/Ortho/Pyrophosphate 

TABLE 135. Data Status 

System Phase Electrical 
\ 

Density Viscosity Surface 
Diagram Conductance 

I 
Tension 

KF-KPO) X X 

LiF-LiPO) X X 

NaF-NaPO) X X 
KCl-KPO) X X X 

-K)PO. X X 

-K.P2O, X X 
NaCl-NaP03 X X X 

- Na4P20, X X X 

J. Phys. Chern. ReI. Data, Vol. 12, No.3, 1983 
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TABLE 137. KF - KPO,: Viscosity (cp) 

Mol percent KPO, 
\ T(K) 

I 
SO 

1173 200 J 
A single data point only (above) was reported by Kochergin, 

Shevrina, and Mardirosova (oscillational method) \561. Kochergin et aI. 
also investigated the influence of ferric oxide (Fep), as an additive, on 
IlJe viscosity of the above system at J 173 K (2.49-20.0 WI% Fc,O,). 

LiF - LiP03 

LiF - LiP03 

0 

450 

0 100 

LiF Mol% LiP0 3 LiP03 

FIGURE 26. Phase diagram for LiF - LiP03. 
Data from: V. P. Kochergin, Z. A. Shevrina, and I. V. Mardirosova, 
Izv. Akad. Nauk. SSSR, Neorg. Mater. 4, 436 (1968). 

Melt Preparation and Purification 

Kochergin et al. [56] prepared the melts from reagent 
grade salts. Lithium metaphosphate was synthesized from 
lithium carbonate and phosphoric acid. 

TABLE 13S. Viscosity studies: LiF - LiPO, 

Investigations critically examined 

Ref. I Mol % I Temp. range Comments 
! LiPO, (K) 

56 20-JOO 1173 Effects of added Fe,O, 

were also studied. 

TABLE 139. LiF - LiP03: Viscosity (cp) 

Mol percent LiP03 
T(K) 

20 

1173 150 

A single data point only (above) was reported by Kochergin, 
Shevrina, and Mardirosova (oscillational method) [56]. Kochergin et aI. 
also investigated the influence of ferric oxide (F~03)' as an additive, on 
the viscosity of the above system at 117.3 K (2.4\1 - !I.OS wt% Fe20 l ). 

NaF - NaP03 

950 NoF - NoP03 

0 

550 

0 20 40 60 80 100 

NaF NaP03 
Mol. % NaP03 

FIGURE 27. Phase diagram for NaF - NaPO,. 
Data from: V. P. Kochergin, Z. A. Shevrina, and I. V. Mar<iiros()va, 
lzv. Akad. Nauk. SSSR, Neorg. Mater., 4, 436(1968). 

Melt Preparation and Purification 

For the method of melt preparation used by Kochergin 
et al. [56] see KF - K PO \_ 

TARLE 140_ Viscosily slUdic" NaF - NaP03 

Illvesligaliolls Lrilically examined 
---- . _. -------. 

Ref. Mo\O;', Temp. range Comments 
NaPO, (K) 

... 

56 20-100 1173 -

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 14]. NaF - NaPO]: Viscosity (cp) 

Mol percent 
NaP03 1173 K 

100 431.7 
79.4 148.8 
59.1 51.8 
39.7 14.5 

I 20.0 9.8 
i 

The above values were interpolated from the graphical data points 
reported by Kochergin, Shevrina, and Mardirosova (oscillational 
method) [56); these data could not be fit to a simple equation. 

0\ 
750 \ 

\ 
(Oe) \ 

550 

o 

KCI 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

KCI - KP03 

KCI - KP03 

/~------------------~~~ 

Mol% 

FIGURE 28. Phase diagram for KCI - KP03• 

100 

Data from: M. Amadori, Atti reale accad. Lincei, Sez. II, 21, 184(1912). 

Melt Preparation and Purification 

Kochergin et al. [56] used reagent grade salts to 
prepare the melts. The potassium metaphosphate was 
synthesized from the primary phosphate. 

TABLE 142. Electrical conductance studies: 
KCI-KPO, 

Investigations critically examined 

f 
Mol % Temp. range Comments 
KPOJ (K) 

56 0-100 1123 Mo electrodes; 
calibration: molten KCI, 
NaCI; N2 atmosphere. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

TABLE 143. KCI KP03: Specific conductance (ohm-1cm-l) 

Mol percent 

[ KP03 1123 K 

100 1.23 
90 1.34 
60 1.65 
30 1.97 
10 2.18 
0 2.28 

Composition-dependent equation 
I( = 2.280 - 0.0105C 
[C = Mol% KPOJ) 

standard error of estimate 3.70% 
These values are based on the data of Kochergin, Shevrina, and 

Mardirosova (classical ac method) [56). Results are also reported for the 
effect of 8 wt% ferric oxide (FeP) as additive to the above system. 
For KP03, specific conductance at 1123 K from the recommended data 
base [8) is 0.71; for KCl, similarly [1), 2.36. 

TABLE 144. Viscosity studies: KCI- KP03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KP03 (K) 

56 40-100 1173 

TABLE 14:>. K(';I- KPU3: VISCOSity (cp) 

Mol percent 
KPOJ 1123 K 

40 15 
60 65 
80 185 

100 220 

The above values are reported by Kochergin, Shevrina, and 
Mardirosova (oscillational method) [56). Results are also reported for 
the effect of 8 wt% ferric oxide (Fe20 l ) as additive to the above 
system. 
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14000,~--------------------------------, 

1200" 

1000' 

o 
KCI 

20 

./ 
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/ 

FIGURE 29. Phase diagram for KCl - K3PO,. 

Data from: M. Amadori, Atti reale accad. Lincei Sez. 11,21, 187(1912). 

Melt Preparation and Purification 

For the method of melt preparation used by Kochergin 
et al. [56] see KF - KP03 

; 

'lABLE 14b. clectncal conductance studies: 
KCI K3PO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

56 

K3PO, (K) 

0-30 1123 Mo electrodes; 
calibration: molten KC!, 
NaCI; N2 atmosphere 

TABLE 147. KC! - K3PO.: Specific conductance 
(ohm-Icm-I) 

Mol percent 
K3PO. l123K 

30 1.15 
20 1.37 
10 1.74 
0 2.28 

Composition-dependent equation 
K = 2.275 - 6.12 x 1O-2C + 7.91 x Hr'C 

[C = Mo!% KJPO.l 
These values are based on the data of Kochergin, Shevrina, and 
Mardirosova (classical ac method); data in graphical form; precision not 
estimated [56]. For KC!, the specific conductance at 1123 K from the 
recommended data base [11, is 2.36 ohm-I cm-I. 

flOO 

700 

o 100 

KCl Mol% 

Data from: M. Amadori, Atti reale accad. Lincei, Sez. 11,21, 186(1912). 

Melt Preparation and Purification 

For the method of melt preparation used by Kochergin 
et aI. [56] see KF - KP03• 

TABLE 148. Electrical conductance studies: 
KC1-K.P20 7 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K.PZ0 7 (K) 

56 0-30 1123 Mo electrodes; 
calibration: molten KCI, 
NaC!; N2 atmosphere 

TABLE 149. KCI- K,P20,: Specific conductance 
(ohm-Icm-I) 

30 
20 
10 
5 

o 

1173 K 

0.95 
0.95 
1.35 
1.70 
2.16 

Tei MO~:~:t 

________ L-____ ~--------~ 

Composition-dependent equation 
K = 2.160 -- 10.13 x 10 2C + 20.30 x I<J'C (1123 K) 

je = Mol% K,P20,l 
These values are based on the data of Kochergin, Shevrina, and 
Mardirosova (classical ac method); data in graphical form; precision not 
estimated (56J. For KCI, the specific conductance at 1123 K from the 
recommended data base [I] is 2.36 ohm-1 em-I. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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NaCI - NaP03 

Noel - NoPO:; 

o 100 

NoCI 

FIGURE 31. Phase diagram for NaCI - NaPO,. 

Data from: V. P. Kochergin, Z. A. Shevrina, I. V. Mardirosov8,Izv. 
Akad. Nauk. SSSR, Neorg. Mater, 4, 436(1968). 

Melt preparation and Purification 

For the method of melt preparation used by Kochergin 
et aJ. [56] see KF - KP03• Bergman et al. [57] used 
reagent grade salts. 

TABLE 150. Electrical conductance studies: 
NaCI-NaP°3 

Investigations critically examined 

Ref. jMlll% T"mp. rans .. CommentG 
NaP03 (K) 

56 I~IOO 1123 Mo electrodes; 
calibration: molten KCl, 
NaCl; N2 atmosphere 

J. Phy" Chern. Ret. Data. Vol. 12, No.3, 1963 

TABLE 151. NaCl - NaP03: Specific conductance 
(Ohm,1Cm·l) 

Mol percent 
NaP03 1123 K 

100 1.23 
90 1.49 
70 2.01 
50 2.52 
30 3.04 
10 3.55 
0 3.81 

Composition-dependent equation 
K 3.811 9 - 2.580 X 1O'2C (1I23 K) 

Ie = Mol% NaPO,] 
These values are based on the data of Kochergin, Shevrina and 
Mardirosova (classical ac method); data in graphical form; precision not 
estimated [56]. For NaC], the specific conductance at 1123 K from the 
recommended data base [10), is 3.72 ohm'l cm'l; for NaP03, similarly 
(8), 0.91 ohm,lcm,l. 

TABLE 152. Viscosity studies: Nael - NaP03 

Investigations critically examined 

I Ref. Mol % Temp. range Comments 
NaPO, (K) 

56 20-100 1173 effects of added Fe203 
also studied. Estimated 
experimp-ntal 1Jn~p.rll1inty 

2-4%; calibration: water, 
water-glycerine 

57 0-100 1173 

TABLE 153. NaCl- NaPO,: Viscosity (cp) 

A single data point only (above) was reported by Kochergin, Shevrina, 
and Mardirosova (oscillational method) [56]. Kochergin et aJ. also 
investigated the influence of ferric oxide (Fe20,), as an additive, on the 
viscosity of the above system at 1173 K (2.49 - 20.0 wt% Fe,03)' 
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Op-----~------~------~------~----~ 1000 

900 

o 
800 

0 

700 
0 20 40 60 80 100 
Noel No4 P207 

Mol% No PO 
427 

FIGURE 32. Phase diagram for NaCI - Na.P,O,. 

Data from: S.I. Sklyarenko and J,E. Krauze. Zil. Fiz. K him. 10. 
449(1937). 

Melt and Preparation and Purification 

Sklyarenko et al. [58] used reagent grade sodium 
chloride. The Na4P20 7 was prepared from pure Na2HP04 

by heating it at 4S0-550·C. The components were fused 
together after mixing. After experiments had been 
completed the mixtures were analyzed for phosphate 
content «0.3-0.5% change). 

i Ref. 
i 

58 

TABLE 154. Electrical conductance studies: 
NaCl - Na4P,07 

Investigations critically examined 

Comments 

quartz cell; capillary 
electrodes; calibration: 
molten KNOJ 

TABLE 155. NaCl- Na4P207: Specific conductance 
(ohm-1cm- l) 

T(K) 

1070 
1150 
1230 
1270 
1320 

100 
79.7 
60.2 
39.7 
31.6 
19.1 
9.9 
4.5 
0 

Mol percent Na4P20, 

79.7 60.2 31.6 

2.06 
2.36 

2.29 2.66 
2.34 2.50 2.81 
2.:;9 2.14 3.00 

Temperature-dependent equations 
K = a + bT 

3.001 4.116 
3.811 4.847 
3.856 5.000 
3.092 4.600 
1.965 3.760 
1.483 3.600 
1.084 3.600 

-0.278 2.660 
-1.549 1.891 

19.1 

2.37 
2.66 
2.95 
3.09 
3.27 

0.17% 
0.06% 
0.00% 
0.24% 
0.16% 
0.00% 
0.00% 
0.20% 
0.07% 

These values are based on the data of Sklyarenko and Krauze (classical 
ac method) [58]. For NaCI, at 1080 K and 1250 K, the specific 
o.;ulluu<.;wn<.;es !'rom the recommended data base [101 are, respccllvcly, 
3.597 and 3.980 ohm-1 cm-1 (cf. 3.59 and 3.91, respectively IS81). 

TABLE 156. Density studies: NaCI Na4P20 7 

Investigations critically examined 

Ref. Mol % Temp. rnnse Comments 

I 
Na4P,o, (K) 

58 0-100 1073-1373 Pt sphere and crucible I 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 



638 G. J. JANZ AND R. P. T. TOMKINS 

TABLE 157. NaCl- Na,p,07: Density (g cm-3
) 

Mol percent Na.PzO, 
nK) 

80.3 49.8 31.6 20.0 

1070 2.001 1.897 
1150 1.968 l.e61 

1170 2.073 1.960 1.852 
1230 2.165 2.050 1.935 1.826 
1310 2.134 2.021 1.902 1.790 
B70 2.110 L'l'l'l 1817 1.163 

Temperature-dependent equations 
p a + bT 

Mol % standard 
Na.PzO, a -b X 103 error of 

estimate 

100 2.5876 0.3201 

I 
0.00% 

80.3 2.6498 0.3941 0.01% 
64.7 2.5775 0.3720 0.03% 
49.8 2.5031 0.3680 0.03% 
31.6 2.4443 0.4143 0.17% 
20.0 2.3712 0.4436 0.06% 
0 2.1320 0.5429 0.09% 

TlI<;,~e are va1ue~ ba.ed on the data of Skylarenko and Krauze 
(Archimedean technique) [58J. For NaCI at 1080 K and 1290 K, the 
densities from the recommended data base are, respectively, 1.553 and 
1.439 g cm-3 (cf. 1.55 and 1.43, respectively [581). 

Melt and Preparation and Purification 

No information is available on melt preparation and 
purification in reference (591, Of in experimental 
references cited therein. 

TABLE 159. Surface tension studies: BaClz - LizSO. 

Investigations critically examined 

S9 1 0-100 -11273-13 I 

Ref. 

I 
~ol % I Temp. rangel 

. Ll:z$O,. (K) . 

Comments 

Halide - Sulfate 

TABLE 158. Data Status 

System Phase Electrical Density Viscosity Surface 
Diagram Conductance Tension 

BaClz-LizSO. X 
CsCl-~SO. X X 

-LizSO. X 
KCl-KzSO, X X X 

-Li2SO. X X 
-NazSO. X X 
-ZnS04 X X X 

NaCl-KlSO. X X 
-Li2SO, X X X X 
-NazSO. X X 

-KCI-Na2S0• X i 
-N~SO.-K2SC~ X t 

RbCI-LizSO. X 
-K2SO. X 

-NazSO. X 

-Rb2SO. X 

TlCI-ZnSO. X X X 
CsBr-ZnSO. X X 
HgBrz-HgSO. X X 

-TiSO. X X I KBr-Na2SO. X 

-ZnSO. X X X 
NaBr-K2SO. X 

KI··NazS04 
X 

-ZnS04 X X 
Nal-Na,SO, X 

.J. Phyv. Chern. ReI. Data, Vol. 12, No.3, 1983 
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TABLE 160. BaClz-Li2S04: Surface tension (dyn cm-') 

Mol percent 1273 K i Li2SO, 

100 
90 
60 
30 
10 
0 

215 
i 193 

161 
163 
171 
174 

Composition-dependent eql1ation~ 
r=a +bC+ eC l +dC~ 
[C = Mol% LiZS04J 

1323 K 

208 
186 
156 
161 
169 
171 

standard 
1\K) a -b x IOZ -c x 10' dx 106 error of 

estimate 

1273 174.1 30.61 69.26 140.9 2.77% 
1323 170.9 9.98 134.31 181.8 4.10% 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [59]. For BaCl2 (0% LizSO.), at 
1273 K and 1323 K, the surface tension values tfom the recommended 
data base [2] are, respectively, 163 and 159 dyn em-i. 

o 100 

Equiv% 

FIGURE 33. Phase diagram for CsCl - Cs,SO •. 

Data from: O. S. Dombrovskaya, Zh. Obshch. Khim., 3(8), 1019 (1933). 

Melt and Preparation and Purification 

Bertozzi and Soldani [60] used reagent grade salts. No 
other information was given. 

TABLE 161. Surface tension studies: CsCl- CszS04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Cs2SO. (K) 

60 0-100 950-1473 see:NaCI-NazSO. 

TABLE 162. CsCl Cs,SO.: Surface tension (dyncm- I
) 

Mol percent CSzSO. 
T(K) 

50 75 

1060 102.9 114.9 
1100 100.1 112.1 
1200 93.2 105.2 
14~O HU.U 88.0 

Temperature-dependent equations 
'Y = a + bT 

-----

Mol percent 
CszSO. a -b x 103 

100 193.3 62.0 
75 188.0 69.0 
50 176.0 69.0 
0 159.2 74.0 

These equations are based on those reported by Bertoni and 
Soldani (Wilhelmy slide plate method) 1601. The results for pure CsC1 
are in close agreement with the recommended data base, i.e., < 1.5%, 
while for pure Cs1SO., the values fall - 3% above the recommended 
data set [2]. 

Melt and Preparation and Purification 

For the method of melt preparation used by 
Semenchenko and Shikhobalova [59, 61], see: RbCI -
NaZS04' 

TABLE 163. Surface tension studies: CsCI - LizSO, 

Investigations critically examined 

Ref. I Mol % Temp_ range Comments 
Li2SO. (K) 

-
59, ! 0-100 1173-1373 see: Nal- Na,SO. 
61 I 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 164. CsCl- Li2SO.: Surface tension (dyn em-I) 

1\K) 

1170 
1260 
1290 
1350 

Mol % 
Li2S04 

100 
99.75 
99.50 
99.00 
98.50 
98.00 
97.1)0 

90.00 
50.00 
0 

Mol percent Li2SO. 

98.5 98 97 90 

201 193 189 164 
196 190 186 160 
195 188 184 159 
191 184 179 155 

Temperature-dependent equations 
1 = a + bT + cT" 

a b x 10' -c x 10· 

-73.00 523.9 230.9 
93.40 229.3 113.6 

133.40 164.0 87.2 
-59.00 463.3 203.2 
274.00 -67.2 -4.4 
-63.10 454.4 201.2 
-fi7"",n 454.4 201.2 

82.46 171.5 87.0 
1102.60 -1547.0 -591.5 

-4.93 199.8 114.5 

50 

102 
92 

I standard 
error of 
estimate 

, 

I 
0.13% 
0.07% 
0.19% 
0.26% 
0.26% 
0.55% 
0.20% 
0.09% 
0.45% 
0.25% 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [59]. The results for pure CsCI (0% 
Li2SO.) are virtuaIly in exact agreement with the recommended data 
base, i.e., -0.3 to 0.7% [2); for 100% Li2SO. the results are -1-2% 
higher than the recommended data base for pure Li2:SO. [Z]. 

600~ __________ ~5B~7_Q ______________ __ 

o 100 

Equiv.% 

FIGURE 34. Phase diagram for KCl- K2SO •. 

Data from: E. Janecke, Z. physik. Chem., 64, 343 (1908). 

Melt and Preparation and Purification 

Neithamer and Peake [62] used reagent grade KCl and 
dried it for 16 hours at 600'C. Reagent grade K2S04 was 

J. Phy,," Chern. Ref. Data, Vol. 12, No.3, 1983 

dried for 24 hours at 900°C. The mixtures were blended 
for 5 minutes. Bertozzi and Soldani [60] used reagent 
grade salts. No other information was given. 
Semenchenko and Shikhobalova [61] used C.P. grade 
salts which were recrystallized twice. 

TABLE 165. Density studies: KCI- K2SO. 

Investigations critically examined 

Ref. Mol % Temp. range\ Comments 
K2SO. (K) 

62 0-100 1064-1411 I Pt bob and suspension 
I wire 

TABLE 166. KCl- K,SO.: Density (/I; cm-l ) 

Mol percent K 2SO. 
T(K) 

I 80.2 69.4 45.0 32.4 15.3 

lC% 
\ 

1.132 \.599 
1120 1.783 1.713 1.580 

1150 I 1.766 1.695 1.562 
lUlU : 1.149 1.544 

1240 1.821 

I 1270 1.807 

1300 1.828 1.792 

) 
1:3:10 1.813 1.778 

1360 1.799 

Temperature-dependent equations 
p a + bT 

Mol % I standard 
K2S04 a -b x 103 error of 

I 
estimate 

100 2.4761 0.4519 0.06% 

80.2 2.4495 0.4784 0.05% 

69.4 2.4145 0.4785 0.16% 
55.2 lAYY4 0.:5991 0.04% 

45.0 2.4194 0.5680 0.05% 

43.1 2.4453 0.5989 0.04% 

32.4 2.4057 0.6183 0.05% 

22.3 2.3420 0.6234 0.04% 

15.3 2.2536 0.6010 0.04% 

0 2.0865 0.5476 0.09% 

These values are based on the data of Neithamer and Peake 
(Archimedean method) \ 62J" The results for KCl (00/0 K 2S04) agree 
with the recommended data base to <1% [1]; for pure K2SO., the 
results are virtually in exact agreement with the recommended data 
base [I]. 
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TABLE 167. Surface tension studies: KCl- KzSO. 

Investigations critically examined 

Ref. I Mol % ITemp. range/ Comments 
K2S04 (K) 

62 0-100 1090-1373 90% Pt - 10% Rh 
capillary; porcelain 
crucible; dry Nz 
atmosphere; calibration: 
molten NlINO,. KNO, 

61 90-100 1343 see: NaI - Na2SO. 

no 0-100 mp-1473 see: NaCI - Na,SO, 

TABLE 168. KCl- K2SO.: Surface tension (dyn cm-I
) 

Mol percent K2SO. 
T(K) 

79.2 60.2 35.4 15.3 

1090 112.7 99.2 
1170 107.3 93.4 
1190 123.1 
1210 121.7 
1250 118.7 
1270 127.1 
1310 124.6 

Temperature-<iependent equations 
'Y a + bT 

Mol % standard 
KzSO. a -b x 103 error of 

estimate 

100 244.41 75.95 0.08% 
79.2 205~85 b2.U4 U.llS<fo 

69.9 198.28 61.46 0.23% 
60.2 212.03 74.69 0.33% 
44.7 196.Q7 72.21 0.11% 
35.4 186.22 67.43 0.18% 
21.3 186.88 74.54 0.44% 
15.3 177.50 71.87 0.19% 
0 169.44 68.64 0.30% 

These values are based on the data of Neithamer and Peake (maximum 
bubble pressure method) [62]. The results for 100% K2SO. are in exact 
accord with the recommended data base for pure K2SO. [2]; for 100% 
KCl (0% K2SO.), the results are uniformly lower (-2-3%) than those 
of the recommended data base for pure KCl [2]. 

o 
400 

o 100 

Mol% KCI KCI 

FIGURE 35. Phase diagram for KCI - LizSO •. 

Data from: B. K. Akopov and A. G. Bergman, J. Inorg. Chern., 2(2), 
241 (1957). 

Melt and Preparation and Purification 

For the method of melt preparation used by 
Semenchenko and Shikhobalova [61, 59], see: RbCl· 
N~S04' 

TABLE IbY. :Surface tension studies: KCl LizSO. 

Investigations critically examined 

Ref. I ~ol % ITemp. rangel 
. Ll,50. . (K) . 

Comments 

::. I 0-100 1
1173

-
1373 

1 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 170. KCI - Li,SO.: Surface tension (dyn cm- I
) 

T(K) 

I 
1170 
1250 
1330 
1370 

Mol % 
LizSO. 

100 I 

99 
98 
97 
95 
90 
6S 

60 
55 
50 
01'1 

40 
25 
10 
5 
0 

Mol percent Li,S04 
--

90 I 65 I 45 I 25 

182 145 123 109 
178 143 119 103 
175 138 113 96 
173 135 110 93 

Temperature-dependent equations 
'Y = a + bT+ cr 

a b x 103 -c x 100 

-73.0 523.9 230.9 
66.3 290.2 143.0 
12.0 371.6 172.6 

-386.3 975.5 405.1 
201.85 61.8 55.7 
234.7 -46.0 -0.8 

-113.2 454.9 199.9 
-22.1 309.6 145.9 
-9.9 292.1 143.8 
17.7 229.7 115.4 
61.5 lS:U 86.2 

52.7 158.3 88.1 
114.9 62.3 57.4 
-39.0 285.5 144.3 

-216.6 571.1 259.6 
-235.7 583.0 259.6 

-

I 5 

96 
92 
84 
79 

standard 
error of 
estimate 

0.13% 
0.10% 
0.29% 
0.37% 
0.73% 
0.29% 
0.51 <to 
0.41% 
0.15% 
0.60% 
0.55% 

0.35% 
0.19% 
0.61% 
0.62% 
0.77% 

-

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [59J. Comparison of the above data 
with the recommended data base for Li2SO. and KCI [2] shows close 
agreement at 1170 K (-0.3% and 0.9%, respectively), at higher 
temperatures, e.g., 1250 K, the results in [59) for Li,SO. and KCI 
appear high (i.e., 1 % and 2.5%, respectively). 

500 

o 100 

Mol% KCI KCI 

Melt and Preparation and Purification 

For the method of melt preparation used by Gul'din 
and Buzhinskaya [63], see: NaCI-K2S04• 

TABLE 171. Electrical conductance studies: 
KCI-Na,SO. 

Investigations critically examined 

Ref. Equiv. % Temp. range Comments 
Na2SO. (K) 

63 IlJ-9U n3-JU73 alumma crucibles 
used for fusion 

TABLE 172. KC1- NazSO.: Specific conductance 
(ohm-'cm- I) 

Equiv. percent Na,s04 
T(K) 

I 80 69 59 49 19 

920 1.278 ) 
960 

1.487 ! 
980 1.884 1.866 1.728 1.573 1.468 

1060 2.100 2.097 1.967 1.792 1.720 

Temperature-dependent equations 
K = a + bT+ cT 

Equiv. % 

I I I Na2SO. a b x IOJ ex 100 

80 I 14.8683 -27.996 15.048 
69 0.9666 2.890 

59 4.9550 -9.096 5.922 
49 -17.4151 34.768 -15.705 
39 -3.4924 6.684 -1.672 
19 -5.8679 11.499 

i 
-4.095 

I 

F1GlJRE 36. Phase diagram for KCI - Na2S04. These values are based on the data of Gul'din and Buzhinskaya; data in 
graphical form; precisions not estimated (classical ac method) {63}. The 

I )ala from: I. T. Gul'din and A. V. Buzhinskaya. Zh. PrikJ. Khim. compositions in Table 172 are calculated for the system as (KC1),-
311( 1), 77~ (19h5), Na,SO., i.e., equiv. % . 

. 1 PhYll, Chern. Ref. Data, Vol. 12, No.3, 1983 
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500 

o 
300 

o 
KCI 

-KCI-ZnS04 

20 40 

Mol%' 

60 

FIGURE. 37. Phase diagram for KC} - 2oso4• 

80 100 
Znso~ 

Data from: N.P. Luzhnaya and L P. Vereshchetlna, Zh. Pri1d. Khim., 
22, 9S2 (1949). . 

Melt and Preparation and Purification 

Vereshchetina and Luzhnaya [64, 65] used reagent 
grade materials. The potassium chloride -was 
recrystallized twice. The zinc sulfate was dehydrated and 
ignited carefully at 500°C. 

Ref. 

64 

65 

TABLE 173. Electrica1.condu.ctancp. lIh,nies, 
KCl-2oSO. 

Investigations critically examined 

I 

Equiv. % 
I Tem~;ange 1-

Comments 
2oSO. 

41.11-79.82 748-823 quartzorMo 
ceUs; 
Pt electrodes; 
temp. variation 
<1% 

see: [64] 

T ABLE 174; KCl ~,ZnS04 :speclfic cOirduCtan<.... 
-,(obm~!cm~l) 

7SO 
780--
800 
820 

Equiv;% 
,2oSO.' 

79.82-, 
74.44, 

,69.78 ' 
68.81 
61;54 
66;68 
6S.3J, 
64.37 
62.00 
58.17-
55.04-
5L78 
49.29 
47.92 
47.21 
44.94 
43.13 

'41.11 

74.44 - 6S31--S5.04 -44;94--4UJ-

0.094' 0.149·, • Q.231' '0.293-:,' 0.361 
0.125; 0.199;- 0..282. " 0.3SO: ,0.426 
'0;144 0.228- 0.313-- 0.385 -" '()';466' 
0_163 'O.2Sl' '0;34l~ , '0.417; 

Tem~epeadenn~quations ,
K ,::,a+bT+cf2 

"--

-a bx let "t'x 10' 
--

()';6172 0.9199 : 

1.3218 2;7208 UIOS 
3.5829 8.347<:>' 4.5260 
1~1242 1.0238 3.5743 
4;7~17 11.0419 6.{)910 
2.09S9 4;3343 l.8S10 
3:9442 9:1063 4.8641-
4.7340 ' ,lU269 6.1298 " : 
2.0437 4.4738' 1.9344'· 

2.5250 5:5921' 2.;S893 ' 
~7,391 6/1295 :z.:8931 
2.7414,' '-6:1640-" '2..8896' " 

3.7S61 8;740- 4.47SO 
: 3JJ932 " 6;9709: 3.2479 - ~- .. 

4,J>l92 10.7469 • ":5.7479. 
2.9584 6.6764 3.1216 
3.4003 7.6123' , 3.S0S9 
3.1284.:" : ?04~ 3.1962 

0.S03' 

staDdard 
error of'" estn:nate. ' 

, .. 

0.00%' 
0.41~. 
()';94% 
0.67%' 
1.65% 
1.64%:, 
()';67% 
0.93%:' 
1.U%, 

037% 
0.55% 
o.9S% 
0.8'% 
0.53% 
0.53% " 
0.58% 
0.41.% 
()';2S% 

These values are based on the d8t8'of Veteshcilietin.a ana Luzhnyay-a 
(classical Be methocJ)[64]. The compositions in Table 174 ~ calcnlat.ed 
for the system (KC1)2-2oS04> ie., equiv.'%. ' . 

TABtB 175. Density stuaies: KCl - ZDSO. 

Ref. 

I 
Equiv. % 'ITem~~1 'Coiitmenlir 
znso. , 

6S 41.89-7!i.26 748-823 'pt flOat; 

cah"bration: 
molten ,-

KN03>NaN03 

64 see[6S] 
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TABLE 176. KCI ZnS04: Density (g cm-) 

Equiv. percent Znso4 
TCK) 

1 43.59 75.26 65 50.94 41.89 

750 2.695 2.536 2.271 
1

2
.
176 2.156 

790 2.676 2.512 2.249 2.148 2.130 
820 2.648 2.484 2.225 . 2.127 2.109 

Temperature-dependent equations 
p a + bT + cr 

Equiv. % i standard 
ZnS04 a b x IcY -c X 106 I error of 

I estimate 

I 

75.26 -0.6222 9.0764 6.2048 0.11% 
71.71 5.2308 -6.2319 -3.6584 0.22% 
69.27 4.9839 -5.5023 -3.0617 0.19% 
68.28 5.0276 -5.6840 -3.1900 0.09% 
66.77 2.9978 -0.6040 0.13% 
65.00 0.2331 6.5701 4.6654 0.06% 
59.85 0.4534 5.5985 3.9782 0.21% 
:;.5.00 3.3873 -2.0602 -0.8733 0.05% 

50.94 0.6673 4.6978 3.4127 0.14% 
45.39 2.6747 -0.6440 0.09% 
43.59 2.7105 -0.7121 0.08% 
-12.82 2.6616 0.6521 0.01% 
41.89 1.9617 1.1094 1.1339 0.05% 

These values are based on· the data of Vereshchetina and Luzhnaya 
(Archimedean technique) [65]. The compo~itions in Tahl" 176 ar .. 
calculated for the system (KCl)2-ZnS04' i.e., equiv. %. 

20 40 60 80 

Equiv. % Nael 

FIGURE 38. Phase diagram for NaCI - K 2S04. 

Data from: E. Janecke. Z. phys. Chern. 64, 343 (1908); Z. Anorg. 
Chern. 261, 213 (1950). 

Melt and Preparation and Purification 

Gul'din and Buzhinskaya [63] used reagent grade salts, 
which were recrystallized twice from distilled water. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 177. Electrical conductance studies: 
NaCI- K2SO. 

Investigations critically examined 

Ref. Equiv. % Temp. range Comments 
K2SO. (K) 

63 40-80 923-1023 alumina crucibles 
used for fusion 

TABLE 178. NaCl- K 2SO.: Specific conductance 
(ohm-I em-I) 

T(K) 

920 
960 

1020 

Equiv. % 
K2S04 

61 
51 
42 

Equiv. percent K,SO. 

61 51 
1 

1.691 1.416 
1.827 1.513 
2.032 1.719 

Temperature-dependent equations 
K = a + bT + cl< 

, 

a -b x 103 

-1.4465 -3.410 
7.8716 16.080 

15.0579 30.231 

42 

1.364 
1.409 
1.577 

ex 106 

9.85\ 
16.681 

I 

These values are based on the data of Gu1'din and Buzhinskaya 
(classical ac method); data in graphical form; precisions not estimated 
[63]. The compositions in Table 178 are calculated for the system as 
(NaClkK2S04, i.e., equiv. %. 

400" 

Mol% % Noel Noel 

FIGURE 39. Phase diagram for NaCI - Li2SO •. 

Data from: E. K. Akopov and A G. Bergman. Russ. J. Inorg. Chern., 2, 243 
(1957). 
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Melt and Preparation and Purification 

For the method of melt preparation used by 
Semenchenko and Shikhobalova [61, 59], see: RbCl
Na2S04• 

TABLE 179. Surface tension studies: NaCI- LizSO. 

nK) 

1170 

1250 
1350 
1370 

Mol % 
Li1SO. 

100 

99 
98.5 
98 
97.5 
90 
70 
50 
25 
0 

Investigations critically examined 

TABLE 180. NaCl- LizSO.: 
Surface tension (dyn cm- ') 

Mol percent Li2SO. 

99 90 70 50 

214 199 168 148 
210 195 165 144 
203 188 158 136 
201 187 157 134 

Temperature-dependent equations 
'Y = a + bT + cr 

a : b x 103 -c X 106 

-71.0 ~?~ (j ?,09 

61.9 296.9 142.5 
241.2 I 10.3 30.0 
249.1 ! 1.3 28.0 

-539.4 I 1210.6 491.9 
84.6 i 231.2 114.3 
98.2 160.2 85.7 

-50.1 374.8 175.5 
-12.7 290.2 143.0 
-40.2 295.4 143.5 

25 

131 
127 
118 
116 

standard 
error of 
estimate 

013% 
0.09% 
0.13% 
0.13% 
0.65% 
0.50% 
0.51% 
0.32% 
0.16% 
0.53% 

, 

These values are based on the data of Semenchenko and Shikhnoaloya 
(maximum bubble pressure method) [591. The result, for L.i,SO" and 
NaCI are 1-2% and 2-3% higher than the recommended data bases I'm 
pure LizSO. and pure NaCI, respectively [2, 10j. 

o 
880 

o 
800 

o 
720 

o 
640 

40 60 

FIGURE 40. Phase diagram for NaCI - Na1SO •. 

Data from: A. P. Palkin, Trud. Varon. Gosudar. Univ. Shor. Rabat. 
Khim. Fak., 17, 3 (1950). 

Melt and Preparation and Purification 

Bertozzi and Soldani [60] used reagent grade ~alts. No 
other information was given. Gul'din and Buzhinskaya 
[63] used reagent grade salts which were recrystallized 
twice from distilled water. Bergman et al. 1571 and 
semenchenko and Shikhobalova 1611 used C. P. Grade 
salts. In [61] these were twice recrystallized. 

TABLE 181. Electrical conduct'"Ke studies: 
NaCI Na,SO., 

Invt':sligiiltOl1s t:rilicaliy 1,:X;IIT1inc.:J 

Kef. l".quiv. 'In Il'lIIp. range ,~~ ,,'0 

Na,S04 (K) 

1---' ;.-
63 I()..<JO 1023,1073 Pt electrodes. 

Measurements were 
extended to include 
a limited series 
of ternary su1fate-
chloride systems 
see Tables 188-191 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 182. NaCI Na2S0.: Specific conductance 
(ohm-Icm-I) 

Equiv. percent 

I I Na2SO, 1023 K 1073K 

84.1 3.332 
74.3 3.195 
65.2 2.877 
54.9 2.795 
34.6 2.395 
33.7 2.573 
23.S 2.173 
12.0 2.086 

The above values were interpolated from the graphical data of GlIl'i!in 
and Buzhinskaya (classical ac method) [63]. The compositions in Table 
182 are calculated for the system as (NaCl)2-Na2S0,. i.e., equiv. %. 

TABLE 183. Viscosity studies: NaCl N~SO, 

Ref. 

57 

InvestiJ1:ations critically examined 

Mol % Temp. range Comments 
Na2S0, (K) 

10-100 1173 calibration: H2O, 
molten salts; 
estimated experimental 
uncertainty, 2-4% 

TABLE 184. NaCl - Na2SO.: Viscosity (cp) 

Mol percent 
NazSO. 1173 K 

100 5.74 
90 4.31 
60 2.05 
JU 1.55 
0 1.17 

Composition-dependent equation 
'l) = 1.169 + 2.943 x lO-1C - 8.586 X lO-4c" + 

10.21 X IO-6C 
[C = Mol % Na2S04] 

These values are based on the data of Bergman, Gasanaliev, Trunin, 
and Kolesnikov (oscillational method); data in graphical form; precision 
not estimated [57]. For Na2S04, the recommended data base value for 
the viscosity at 1173 K is 10.75 cp [8]; for NaCl, similarly 0.85 cp [10]. 

TABLE 185. Surface tension studies: NaCI - Na2S04 

Investigations critically examined 

Ref. I Mol % Temp. range Comments 
Na2SO, (K) 

"[100 1173 see: NaI-Na2S04 

60 0-100 up to 1473 Pt crucible; sintered 

1 alumina metal parts 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 186. NaCl- N~SO,: Surface tension (dyn cm-I ) 

Mol percent 
Na2SO. 1173 K 

100 190 
99 189 
98 188 
97 187 
96 185 
90 178 

Composition-dependent equation 
i' = 69.65 + 1.205C 

IC = Mol % Na2S0.] 
stand,.,.d error of C3timate 0.79% 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [61J. For Na,S04J the 
recommended data base value for the surface tension at 1173 K is 194.5 
dyn cm- I [2]. 

TABLE 187. NaCI Na,SO.: Surface tension (dyn cm-I
) 

T(K) 

980 
1000 
1025 
1470 

Mol percent Na,SO. 

75 50 

159.2 
178.4 157.8 
176.7 156.1 
145.5 124.9 

Tempera.ture dependent equations 

i' = a + bT 

Mol percent 

25 

136.6 
105.4 

Na,SO. I n I _b" 1(13 

100 269.0 66 
75 248.4 70 
50 227.8 70 
25 208.3 70 
0 197.3 ! 74 

These values are based on the data of Bertozzi and Soldani (Wilhelmy 
slide technique); data in equation form; precisions not estimated [60]. 
The results for 100% Na2SO. and 100% NaCl (0% Na,SO.) differ by 
±3% from the recommended data bases for pure Na:z1)04 [2] and pure 
NaCI [10]. 

For investigations critically examined, see Table 181. 

The molar ratios for NaCI and KCl are indicated in the composition 
column headings of the tables that follow. This ratio was held constant, 
in the ternary mixtures. 
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:nK) 

920 
980 

1020 
100) 

TABLE 188 •. NaCl-I(Cl-N~04 
S~ccOnductance. (OJun-Icm-l) 

Mol percent N~SO. 
in NaCl (74.8 mol %). KCl (25.2 mol %) 

39 34 

1.783 1.672 
1.994 1.920 
2.135 2.071 

. 2.210 

Temperatru:e-.dependent equatio.ns 

" = a + bT + cJi 

MOl%\ .. 
. :l'l~O •.. , . ~ ! ' k x lcr I -c x 106 

39 
'j 

i.4.55T 

1 

3.5200 

I 34 . 5.4327 11.0915 3.662 

These values are based on the data of QuI'din and Buzhinskaya 
(cl''''''''cai :ac method); date. in graphi=l form, preel.ioll llul ""limaled 

:nK) 

870 

.TABLE 190;· NilCl,... K:Cl ,...N~SO.{ .. 
. .speci.fic.conductance(ohm,lcm-I) •. 

-Mol percent NII2S0. 
in NaCI (35.3 mol %). KCl (64.1 mol %) 

80 59 " . .. 39· 29 

1.632 1.234 1.209 
930 .. 1.960·· ·1.783 1.425 1;348 
QQO. 

1010,. 
- ~ ;-'". 

Mol % 
N~S04 

SO' 
59 
39 
29 

2.162 1.933 1.581 
2.208 1.983 .1;625 

. . . ' .. 
Tempeniture'-dependent equations 

- ~ = a-+.bT+;"TI 

I .:.:a I b x lcr . I .. 
3.8099 29.7145 
0.5479 2.5059. 
5..4475-· , n.8900·· 

'0.7968.' 2.3059 

1.486 
1.532.' 

-citl0· 

13.718 

4.839 

. -

[63]. These values are based on the data -of GuI~;'andBuzhinskaya 
(classical ac.method); datajn graphical :fOrm; .precisions.noteSrlmated 

T(K) 

920 
980 

1020 

Mol % 
Na1SO. 

49 
39 
29 

. TABLE 189. NaCl -.KCl- Na1S04 

Specific conductance (ohm-lem-I) 

Mol percent Na1SO. 
in NaCI (58 mol %), KCl (42 mol %) 

49 39 I 29 

I 

1.769 1.696 1.598 
1.967 1.881 I 1.821 
2.099 2.016 I 1.969 

Temperature-dependent equations 

" a + hT+ cT-
--

I a I bxl~ I ex 106 

-1.2666 . 3.3000 
1.3355 -2.1352 2.747 

-1.8248 3.7199 

.These values are based on the data of GuI'din and Buzhinskaya 
(classical ac method); data in . graphical form; precisions not estimated 
[63]. 

[63). . 

T(I() 

920 
900 

1000 
1020 . 

Equiv. %. 
NaCI 

57 
48 
36 

TABLE,191. N.iP :"Na.SO...,ICzSO. 
Specifi~ cOndu~~ (ohin"lcm~l) 

. Bq~y. percent NaCI 
in Na,SO. (30 JJ10);%); K1SO. (70 mol %) 

:57 48 " .'~. 36 

J.3S4 1.625 1.811.'-
1;.507 1.716 . 1.975,. 
1.6:59 1.869 2.125' 
1.73:5 . 1.967 2.195· 

Tcmperatun::-dllpcilndetn equattons 
. I< - a + bT'+ cr 

I a I bX 10' I cx!Cr 

~2.1:511 3.8100 
16.29:57 -33.4202 18.993 
-5.3:565 11.3559 -3.874 

These values are baaed on. the data ·of.GuI'din and. Buzhinskaya 
(classical ac method)j data in grapbical form;. precisions not estimated 
163]. 

Melt. and Preparation· andPurHlcation· 

For the. method ofrilelt. preparation . uSed' by 
Semenchenkoarid .Sbikho!>al()va [61], see: RbCl-:-N8tS04' 

J. PItY •. C.,.",. Ref. Data, Vol. 12, No. 3,1983. 
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TABLE 192. Surface tension studies: RbCl- Li,SO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Li,SO. (K) 

59, 0-100 1173-1373 see: NaI-Na,SO. 
61 

TAHLt:; 193. Rile! - Li,SO.: Surface tension (dyn cm ') 

I 
I 

T(K) 

I 
1170 
1260 
1320 
1350 

Mol % 
I Li,SO. 

100 
99.75 
99.5 
~~.:l~ 

99 
98.5 
98 

I 
97 

I 90 

I 80 
, 70 
I 60 I 
I 40 I 0 i 

Mol percent Li,SO. 

90 80 70 60 

179 155 140 127 
175 ISO 135 121 
171 147 131 117 
170 146 115 

Temperature-dependent equations 
'Y = a + bT + c-r 

a b x 103 -c X 106 

-73.0 523.9 230.9 
151.7 153.6 86.2 
240.6 6.5 28.5 
210.2 53.6 46.6 

-216.2 750.2 331.2 
129.5 165.4 86.2 
126.3 165.4 86.2 
252.9 -50.0 
150.5 93.1 58.5 
402.1 -345.8 -115.4 
210.4 -60.0 
199.1 -62.0 
37I.l -361.9 -115.4 
276.2 -233.8 -58.8 

40 

106 
98 
94 
93 

standard 
error of 
estimate 

0.13% 
0.19% 
0.14% 
0.01% 
0.07% 
0.19% 
0.33% 
0.14% 
0.11% 
0.26% 
0.00% 
0.35% 

0.66% 
0.26% 

These values are based on the data of Semenchenko Clnd ShikhobCllovCl 

(maximum bubble pressure method) [59]. The results for Li,SO. are 
-1.5% higher than the recommended data base for pure Li,SO. [2]; the 
values for RbCI are in exact accord with the recommended data base 
for pure RbCI [2J. 

Melt and Preparation and Purification 

For the method of melt preparation used by 
Semenchenko and Shikhobalova L61J, see: RbCJ-Na2lSU4• 

TABLE 194. Surface tension studies: RbCl- K,SO. 

Investigations critically examined 

I Ref. I. Mol % I Temp. range 
• K,so.1 (K) 

Comments 

61 see: NaI-Na,SO. 

J. PI1YIl. CI1(lm. Ref. Data, Vol. 12, No.3, 1983 

TABLE 195. RbCI - K,SO.: Surface tension (dyn cm-') 

Mol percent 
K,SO. 1348 K 

100 143 
99 142 
98 141 
97 140 
96 140 
95 138.8 
90 135 

Composition-dependent equation 
"I = 59.3 + O.837C 
[C = Mol % K,SO.] 

standard error of estimate 0.58% 

! 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [611. For K,S04' the recommended 
value of the surface tension at 1348 K is 142 dyn cm- l 121. 

Melt and Preparation and Purification 

Semenchenko and Shikhobalova [61] used C.P. grade 
salts twice recrystallized. 

TAll.LE 196. Surface tension studies: RbCI- Na,S04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na,SO. (K) 

61 90-100 1323 see: NaI-Na,S04 

TABLE 197. RbCI- Na,S04: Surface tension (dyn cm-') 

Mol percent 
Na,S04 1323 K 

100 nil 
99 176 
98 175 
97 173 
96 171 

95 170 
90 161 

Composition-dependent equation 
Y= 6.2 + I.72C 

Ie = Mol % Na,S041 
Standard error of estimate = 1.50% 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) (61). For Na,SO.. the 
recommended value of the surface tension is 185.8 dyn cm-' [2J. 
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o 
( RbCI)2 

FIGURE 41. Phase diagram for RbCI RblSO •. 

Data from: O. S. Dombrovskaya, Zh. Obshch. Kbim., 3(8), 1022(1933). 

Melt and Preparation and Purification 

Bertozzi and Soldani [60] used reagent grade salts. No 
other information was given. 

TABLE 198. Surface tension studies: RbCl- RblS04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
RblSO. (K) 

60 SO 1023-1273 Pt crucible; sintered 
alumina metal parts 

TABLE 199. RbCI- RblSO.: Surface tension (dyn cm- I) 

Mol percent RblS04 

T(K) 

1040 
1100 
1190 
1250 
1270 

Temperature-dependent equation 
y = 190.6 - 0.070T 

SO 

117.8 
113.6 
107.3 
103.1 
101.7 

""' ....... vah, .... ar ... hA ... cl on th,. clotA of "Rerto77; "ncl Sol.hni; (Wilhelmy 

slide plate technique); results in equation form; precision not estimated 
[60]. 

TICI - ZnS04 

TICI- ZnS04 

o 

Equiv% 

FI<;\IRE 42. Phase diagram for TlCI- ZnSO •. 

JI 
/ 

I 

100 

) )ata from: N.P. Luzhnaya and I.P. Vereshchetina, Izv. Sektora Fiz. 
K h,rn. AnaliT-A, In.t. Ob.hch. Ncorgnn. Khim., Akod. Nauk SSSR, 27, 
2R5( ) 95h). 

Melt and Preparation and Purification 

Vercshchct ina and Luzhnaya [65] used reagent grade 
salts. No othcr information was given. 

TAIll.E 200. Electrical conductance studies: 
T1Cl-ZnS04 

Inv~l.igi:l.liull:S clith.;a.lly CAillllillCd 

Comments 

Pt electrodes 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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I 

I 

TABLE 201. TICI ZnS04: Specific conductance 
(ohm'tcm'l) 

Equiv. percent ZnS04 
~K) 

I I I I 73 68 50 41 36 

720 0.086 0.113 0.294 0.442 
1

0.525 
780 0.147 0.206 0.400 0.570 

1

0
.
660 

820 0.185 0.246 0.461 0.642 0.732 

Temper",ture-dependcnt equation. 

/( a + bT+ cI' 

Equiv. % 

I 
I 

I ZnSO. -a h J( 103 -c" 10· 
I 

73 

I 
1.1196 2.2687 0.826 

68 4.2361 10.1780 5.747 
50 2.3237 5.3645 2.401 
41 2.9640 7.1266 3.328 
36 3.7561 9.3489 4.727 

I , 

These values are based on the data of Vereshchetina and Luzhnaya; 
(classical ac methOd); data in graphical form; precisions not estimated 
[651. The compositions in Table 201 are calculated for the system as 
TI2CI2 - ZnS04; i.e., as equiv. %. 

i 

I 

TABLE 202. Density studies: TlCI - ZnS04 

Investillations criticall y .. ""mined 

Ref. I Equiv.% \Temp. range Comments 
ZnS04 (K) 

.. \50-70., 723-773 Pt float and wire; 
calibration: molten 
KN03,NaNO) 

TABLE 203. TlCI - ZnS04: Density (g cm,3) 

~K) 

720 
740 
750 
770 

Equiv. percent ZnSO. 

70.66 68.28 63.12 56.9 

4.150 4.281 4.425 
4.129 4.261 4.403 

4.090 4.118 4.251 4.393 
4.078 4.098 4.231 4.378 

Temperature-dependent equations 
p = a + bT + cI' 

""viv % I \-hl~ 
I 

ZnS04 a ex 106 

70.66 4.5411 Oli016 

68.28 4.8983 1.0398 
66.58 3.7183 -2.0478 -1.9168 
65.48 3.1417 -3.7556 -3.1251 
63.12 5.0014 1.0008 
56.90 8.3506 9.6740 5.8634 
50.00 5.6258 1.4406 

50 

4.545 
4.517 

~1"1JU"Hl 

error of 
estimate 

0.00% 

0.01% 
0.05% 
0.02% 
0.03% 
0.00% 
0.00% 

I 

nll"S(" values are based on the data of Vereshchetina and Luzhnaya 
I!\ Il'birnedeall technique) )65). The compositions in Table 203 are 
, ,11<"";,,,('(1 t('r lIll' syslem (TICI)2-ZnSO.; i.e., as equiv. % . 

• J. Phy". Chern, Ref. Data, Vol. 12, No, 3, 1983 

esBr - ZnS04 

Cs8r - ZnS04 

o 

FIGURE 43. Phase diagram for CsBr - ZnS04· 

I 
I 

I 

100 

Data from: N.D. Luzhnaya and I.P. Vereshchetina. Izv. Sektora Fiz. 
Khim. Analiza, Inst. Obshch. Neorgan. Khim. Akad. Nauk SSSR, 27, 
292(19'6). 

Melt Preparation and Purification 

Luzhnaya et al. [51) used reagent grade salts. Nu utht:r 

information was given. 

TABLE 204. Electrical conductance studies: 
CsBr - ZnS04 

Investigations critically examined 

Ref. 1 Equiv. % I Temp. range I Comments 
ZnSO, (K) 

51 I 40-80 I 873-1123 
I 

Pt electrodes 
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I 
i 
I 

I 

! 

TABLE 205. CsBr - ZnSO,: Specific conductance 
(ohm-1cm- l ) 

T(K) 

780 
800 
820 

I 

Equiv. percent ZnSO. 

78.5 73.0 70.0 I 50.0 

0.031 0.074 0.051 0.162 
0.040 0.084 0.063 0.181 
0.050 0.094 0.074 0.199 

Temperature-dependent equations 

K = 0 + bT 

Equiv. % 

36.0 

0.235 
0.259 
0.283 

Z SO b 103 n , -0 X 

78.5 0.3478 0.485 
76.0 0.3081 0.440 
73.0 0.3131 0.496 
70.0 0.4151 0.597 
65.8 0.4111 0.616 
60.0 0.5960 0.885 
50.0 0.5659 0.933 
40.0 0.9459 1.473 
36.0 0.6953 1.193 I 

These values are based on the data of Luzhnaya, Evseeva and 
Veresllchetina (classical ac method); data in graphical lorm; preCIsions 
not estimated [51]. The compositions in Table 205 are calculated for tile 
system (CsBr).-ZnSO.; i.e., as equiv. %. 

900 
("C) 

o 80 

Mol% 

FIGURE 44. Phase diai/:rarn for HgBr, - HgSO,. 

Data from: M. Paic, Compt. Rend., 19], 1338(1930) .. 

Melt Preparation and Purification 

100 

lander and Brodersen [48] purified HgBr2 by 
sublimation. The HgS04 was reagent grade. 

TABLE 206. Electrical conductance studies: 
HgBr2 - HgS04 

~~-" 

Ref. Mol percent Temp. Rang Comments 
HgSO. (K) 

48 dilute solution 515 see: HgBr2-HgO 
range: (HgSO. 
in HgBr2 as 
solvent) 

Electrical conducU!.nce: HSBt. - HSSO •. Jnnder Ilnd Broder",,,, l.w: 
reported the results in units of equivalent conductance; density data 
were not reported and the specific conductivities, thus, cannot be' 
calculated. 

o 
600 

(Oe) 

" 

o 

100 
H9Brz 

FIGURE 45. Phase diagram for HgBr2 - TI,S(), 

Data from: N.K. Voskresenskaya, Zh. Fi/ .. K 1"1:1. OllSIIC·h., 61 0), 
84(1929). 

Melt Preparation and Purification 

Jander and Brodersen 148] purified the HgBr2 by 
sublimal jOll. The Tl,S04 was reagent grade. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 207. Electrical conductance studies: 
HgBr, Tl,SO. 

Ref. Mol percent iTemp. Rang Comments 
T1,SO, : (K) 

48 dilute solution j 515 see: HgBr,-HgO 
range: (TI2SO. 
in HgBr2 as 
solvent) 

Rlectrical conductance: HeRr. - 11.~O.~ J"nnp.r Ann Rrnn",r.",n [4SI] 
reported the results in units of equivalent conductance; density data 
were not reported and the specific conductivities, thus, cannot be 
calculated. 

Melt Preparation and Purification 

o 
600 

\ 
\ 

\ 
\ 
\ , 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 

KBr-ZnS04 

\ 
\ 
\ , 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

KBr - ZnS04 

Semenchenko and Shikhobalova [34} used reagent 400 
grade materials. No other information was given. 

TABLE 208. Surface tension studies: KBr Na,SO. 

Investigations critically examined 

Ref. I Mol % I Temp. range I 
1""'a,S04 (K) 

Comments 

67 50-100 1173 see: NaF-NaNO) 

66 isotherms; review 
article 

TABLE 209, KBr - Na,SO.: Surface tension (dyn cm'l) 

Composition-dependent equation 
'Y = 81.60 + 0.I22C + 0.97 x !O"C' 

[C = Mol % NaS,O.l 
Standard error of estimate = 2,83% 

These valucs arc based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [67J, For Na,SO" the recom· 
111('11<1,,<\ v;liue' of the surface tension al 1173 K is 194,5 dyn cm,l [21, 

.1. Phys. Chern. Ref. Data. Vol. 12. No.3, 1983 

o 
KBr 

20 40 60 

Mol"lo 

FIGURE 46, Phase diagram for KBr - ZnS04 . 

80 tOO 
ZnS~ 

Data from: N.P, Luzhnuya and J.P. Vcrcshchctina, Izv. Sckt., Fi", 
Khim. Anal. Ins!. Obshch. Neorg. Khim. Akad, Nauk SSSR, 24. 
192(1954). 

Melt Preparation and Purification 

Vereshchetina and Luzhnaya [64, 65] used reagent 
grade salts. The potassium bromide was recrystallized 
twice. The zinc sulfate was dehydrated and ignited 
carefully at 500°C. All measurements were carried out in 
a current of dry CO2, 

Ref. 

65 

64 

TABLE 210. Electrical conductance studies: 
KBr - ZnSO. 

Invest.igations critically examined 

35-73 748-823 

21-57 

Comments 

quartz or Mo cell; 
Pt electrodes 

quartz or Mo cell; 
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TABLE 2/1. KBr - ZnS04: Specific conductance (ohm-Iem-I) 

T(K) 

750 
770 
790 
820 

Equiv. % 
ZnSO. 

72.71 
71.62 
69.00 
67.64 
66.62 
6550 
65,00 
63.90 
62.18 
60.00 
59.37 
54.92 
50.00 
47.72 
44.90 
39.56' 
35.09 

Equiv. percent ZnSO. 

54.92· i 50 44.9 39.56 

0.175 i 0.211 0.249 0.278 
0.207 

1

0

•

243 0.287 0.320 
0.237.' 0.275 0.326 0.362 
0.281 . 0.324 0:383 0.424 

Temperature--<lependent equations 
K = a + bT+ cT' 

-a ox lU' I ex 1U
6 

-1.9033 .. -5.3798 3.9688 
1.2458 2.5605 -0.9777 
0.7321 1.1399 
0.7228 1.1199 
0.7514 1.1399 
3.3434 7.9709 -4.4801 

1.7275 3.6642 -1.6191 
4.8501 1.1366 -6.3567 
0.7980 1.21% 
0.7585 1.1879 

-0.0906 -1.0618 1.4900 
1.9810 4.1108 -1.6490 
1.0010 1.6158 
1.0975 1.7638 
1.1817 1.9079 
1.2844 

I 
2.0838 

1.7807 2.8358 

1 35.09 
I 

\ 0.346 
I 

0.403 

1 0.460 

i 0.545 

standard 
error of 
estimate 

1.16% 
0.65% 
0.16% 
0.00% 
0.91% 
1.84% 
0.98% 
2.62% 
0.16% 
0.83% 
0.90% 
0.29% 
0.10% 
0.17% 
0.28% 
1.02% 
0.28% i 

These values are based on the data of Luzhnaya and Vereshchetina 
(classical ac method)[65}. The compositions in Table 211 are calculated 
for the system (KBr}z-ZnSO.; i.e., as equiv. %. 

TABLE 212. . Density studies: KBr':' ZnSO. 

Investigations critically examined 

I I Ref. Equiv.% 'Temp. range Comments 
ZnS04 (K) 

66 40 74 773 -823 Pt float and wire, 

calibration: molten 
NaN03,KN03 

64 

I 
see [65J 

51 
i review ankle 

T(K) 

770 
790 
810 
820 

- . Equiv. petCent ZnSO. 

73.62· 68.09 54.58 50.12 

2.862 2.&O~ 1.709 1.686 
2.853 2.797 2.689 2.665 
2.843 2.788 2.674 2.656 
2.838· 2.783 2.669 2.656 

Temperature-dependent equations 
p ~a -+ bT+cT' 

40 

1_601 
2.581 
2.566 
2.561 

Equiv. %, standard 
Zn:SU. a -ox l()" . ex 10· 'ei:ror of 

estimate 

73.62 3,2322 0.4805 

) 
0;02% .. 

68.09 3.1447 0.4406 0.12% 
66.60 3.(641 0.4996 0.0(% 
54.58 7.1155 10.3484 6.0067 0.02% 
50.12 12.1673 23.3031 14.2724 0.09% 
45.52 10.4957 19.1144 111.5857 0.09% 
40.00 . 7.0075 10.3484 6.0067 0.02% 

These values are baSed on the data of Vereshchetina and Luzhnaya 
(Archimedean technique) [651. 'The compositions in Table 213 are 
calculated for the system (KBr).-ZnSO.; i.e., as ecjuiv. %. 

Melt Preparation andPuriftcation 

Sokolova and Voskresenskaya [6$] used reagent grade 
salts recrystallized three tUnes from distilled water, dried 
at 250'C and stored in a desiccator over P20,. 

TABLE 214. Surface tension studies: NaBr - K1SO. 

Investigations critically examined 

It .. r. I Mol % jTem!'. rimse! CommentG 

K1S04 (K) 

68 0-100 1100-1350 Pt capillary 

.. 

66 0-100 1123 isotherms; review 
anicle 

J._Phys. Chern. Ref. Data, Vol. 12, No. 3,1983 
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TABLE 215. NaBr KZS04: Surface tension (dyn em-I) 

IrK) 

1010 
1070 
1100 
1160 
1190 
1220 
1250 
1280 
1340 

Mol % 
K2SO. 

100 
Q~ 

85 
80 
70 
60 
50 
35 
20 
0 

Mol percent K2SO. 

SO 70 60 50 

111.4 
108.1 

110.5 106.5 
lOS.7 104.8 

115.0 106.7 
I1S.3 113.7 104.5 
116.4 

Temperature-<lepenClent equatIons 
l' = a + bT + cr 

a -b x 10' ex 106 

251.07 85.02 
215.28 63.S3 
237.61 84.94 
416.20 426.10 151.04 
169.06 43.27 

0.44 -240.28 -1'.4.'.~ 

171.95 55.02 
298.25 296.S0 106.96 
170.73 65.58 
186.89 80.91 

35 

107.6 
103.1 
101.2 

97.9 
96.5 
95.4 

standard 
error of 
estimate 

I 
0.48% 

! 0.00% 

0.09% 
0.17% 
0.04% 
039% 
0.28% 
0.43% 
0.50% 
0.74% 

i 

These values are based on the data of Sokolova and Voskresenskaya 
(maximum bubble pressure method) [68]. The results for 100% K1SO. 
are 4% high compared to the recommended data base [2]; 100% NaBr 
(0% KzSO.) is in exact accord with the recommended data base [2]. 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [34] used reagent 
grade materials, No other information was given. 

TABLE 216. Surface tension studies: KI - Na2S0, 

Investigations critically examined 

Ref. MoJ% Temp. rangel Comments 
NazSO. (K) 

34 50-100 1173 I see: NaF-NaNO) 

J. PhYIi. Chern. Ref. Data, VOl. 12, No.3, 1983 

I 

TABLE 217. KI Na2SO.: Surface tension (dyn em-I) 

Mol percent 
Na2SO. 1173K 

100 193.8 
98 186.3 
95 175.7 
90 160.1 
75 126.4 
50 101.0 

Composition-dependent equation 
l' = 72.69 + L3093C - 2.873 x 1O-2C + 2.775 X lO-4C 

[C = Mol % NazSO.] 
Standard error of estimate 1.51 % 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble pressure method) [34J. For Na1SO., the recom· 
mended value of the surface tension at 1173 K is 194.5 dyn em-I [2J. 

o 
KI 

KI - ZnS04 

KI-ZnS04 

Mol% ZnSO" 

f'JUUKJ:. 47. Phase diagram for KI - ZnSO •. 

/ 

I 
I 

I 

.-
/ 

;' 
;' .-

100 

ZnSO" 

Data from: N.P. Luzlmaya and J.P. Vereshchetina, Izv. Sekt. Fiz. 
Khim. Anal. Inst. Obshch., Neorg. Khim. Akad. Nauk SSSR, 24, 
192(1954). 

Melt Preparation and Purification 

Luzhnaya and Vereshchetina [64] used either analytical 
grade or C.P. grade materials. The potassium iodide was 
recrystallized twice. The zinc sulfate was dehydrated and 
ignited carefully at 500QC. All measurements were made 
in a current of dry CO2, 
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i 

TABLE 21.8. Electrical conductance studies: 
KI- ZnSOA 

Investigations critically examined 

Ref. Equiv.% Temp. range C:O~ents 

ZnSO. (K) 

64 50-70 713-753 quartz or Mo cell; 
Pt electrodes; 
temperature variation 
less than 1% 

Equiv. percent ZnS04 

1{K.) 

63 60.36 57.5 54.91 50 

710 0.105 0.118 0.122 0.145 0.200 
.730 0.129 0.145 .0.151 0.173 0.235 

750 0.152 0.172 0.181 0.200 0.270 

Temperature-dependent equations 
I¢ = a + bT 

Equiv. % standard 
ZnS04 -a. bxloJ error of 

.Cbtiwatt; 

63.00 0.7294 1.1754 1.09% 
60.36 0.8411 1.3504 0.01% 
57.50 0.9257 1.4755 0.56% 
54.91 0.8314 1.3754 0.49% 
52.58 1.0054 1.6505 0.28% 
50.00 1.0430 1.7505 0.48% 

These values are, based on the .data of Luzhnaya and Vereshchetina 
(classical ac method) [64]. Results were also reported for 69.65, 68, 
66.53, 65.99, 65.34 'and 64.07 Mol % ZnSO. but the data-sets are 
insufficient for temperature-dependence study. The '"omp",dtions in 
Table 219 are calculated for the system (KI)z - ZnSO.; i.e., as equiv. %. 

Nal -' NazSO" 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [61], used C.P. grade 
salts which were recrystallized twice. 

TABLE! 220. SLirfaci: tension sIDdles,: Nal ..;; NazSO. 

Ref. 

61 

Inv'esti.gatiions critically examined 

I Mol % I Tcmp. range I 
NazSO •.. (K).'. 

,90-100 

100 
99.75· 
98.00 
95.00 
90.00 

1113 

CoJllUJcnt:s 

,Pt capiUary;'Pt ' 
crucible;, estimated 
uncertainty, 1 %; 
:COrrection for immersion 
ofcapiUary 

168 
167 
162 
154 
140 

Composition-dependent equation 
'Y -107.5 + 2.1:'56C 

[C Mol % NazSO.J 
Standard error of estimate = 0.98% 

These values are based on the data of Semenchenko and Shikhobalova 
(maximum bubble preooure, mcthod) [611. For NaISO.,the rc::.;;Qm. 
mended value ofthe sUrface tension at 1173 K is 194.5 dyn em-I 12l. 

Halide - Perchlorate 

System 

LiCl-LiCI04 ~ 
HgBrdCH,)4NC10 . 

Phase 
Diagram 

TABLE 222. Data Status 

Electrical 
Conductance 

x 
X 

Density Viscosity 

X 

Surface 
,·Tension 

J. Pttys. Cham. Rof .. D"b. V.,t 12. No. 3.1983 
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Liel - LlCI04 

Melt Preparation and Purification 

Brovkina and Sergeeva [69J dehydrated C. P. grade 
salts before use. The residual water was determined by 
Karl Fischer polarographically. The melts were analyzed 
for possible hydrolysis products and decomposition of 
LiCIO ... 

Ref. 

69 

TADLI: 223. IlI.;:ctrica] <OO"UUo..;I>1I1o..;" ~tudies: 
LiCl - LiClO .. 

Investigations critically examined 

Comments 

533-593 Pyrex ",,11; Pt 
electrodes; calibration: 
molten KNO, 

Specific conductance: No data. Brovldn~ and Sergeeva [69J have 
reported specific conductance data for this system. The article, 
deposited at VINITI (No. 5147-72), was unavailable for inclusion in 
this volume. 

Melt Preparation and Purification 

lander and Brodersen [48] purified the HgBr2 by 
sublimation. The tetramethylammonium perchlorate was 
reagent grade. 

TABLE 224. Electrical conductance studies: 
HgBrz-(CH,).NClO. 

Investigations critically examined 

Ref. Mol percent Temp. rangel Comments 
(CH,).NCIO. (K) 

48 dilute solution 515 see: HgBr2-HgO 
range: 
(CH,).NCIO. in 
HgBr2 as 
solvent) 

Electrical Conductance: HgBrz-(CH,).NC!O •. Jander and Brodersen 
[41IJ reported the re.ult. in units of equivalt,,',t o..;um.luo..;l>1nce; density data 
were not reported and the specific conductivities, thus, cannot be 
calculated. 

TABLE 225. Viscosity studies: 
HgBr2-(CH,).NCIO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
(CH,).NCIO .. (K) 

411 0.02-0.52 515-548 6CC; HI!\Blz-AgNO, 

Mol percent (CH,).NCIO. 
T(K) 

0.52 0.10 0.02 

520 2.05 2.13 2.14 
540 1.52 1.66 1.67 
550 1.43 1.61 1.63 

Temperature-dependent equations 
'IJ a + bT+ ,,'P 

Mol % standard 
(CH,).NCIO. a -b x Hi' I" 10' 

error of 
estimate 

0.52 187.606 674.81 611.48 3.56% 
0.10 187.975 679.16 618.77 3.51% 
0.02 194.953 705.28 643.25 3.22% 

These values are based on the data of Jander and Brodersen (capillary 
technique) [48]. 

Halide - Tetrafluoroaluminate, - Tetrafluoroborate 

TAELE 227. Data Status 

System Phase 

1 
Electrical Density Viscosity Surface 

Diagram Conductance Tension 

NaF-NaAIF. I X 
KF-KBF4 X X 
NaF-NaBF. X I X X X X 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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NaF - NaAIF .. 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Vetyukov [70). 

TABLE 228. Density studies: NaP - NaAIF. 

Investigations critically examined 

70 0,..100 not given Calculated values 

Density: No data;. for graphical data· of equivalent volume of NaF
NaAlF 4t see: [70]. 

KF - KBF .. 

KF'KB~ 

400'~----------------------~~---------i 

o 
KF 

20 40 

Mol% 

60 

KBF,. 

FIGURE 48. Phase diagram for KF - KBF4• 

100 
KBF4 

O,,(a from: V. G. SClivanov and V. V. Stender, Rnss. J. Inorg. Chem., 
4,934 (1959). 

Melt Preparation and Purification 

No -information on melt preparation was given in the 
study by Selivanov and Stender (71]. 

TABLE ~~9.··Electric;alconductance studies: 
KF-KB:F. 

.- .. 

Ref. I Mol percent ITemiK;ange j Comments 
KBF •. 

71 23.53.,.80.59 . 723-1073 see: NaF-NaBF. 

72 review amole 

TADLIl23(). '. KP ... - KilF., SJ'C"'ific conductance (ohm 'cm ') 

'M91 percent KBf. 
T{K) 

81 65 41 32 17 

723 ··0.281 0.519 
823 0.915 1.215 
923. 3.601. 4.209 2.255 
973 .. 6.801 7.292 5.303 . 3.291 

1073 12.703 13.01 11.495 9.912 5.001 

These volucs .... c DMed' on the' oJal.iluf Selivanov and Stender (classical 
ac method) [71]. Winterhager andWemer [173] have reported data for 
the temperature'-dependence ofthe conductanceofKBF. (m;p~,803 K); 
viz., 818,:"925 K; Ie =:.0.3011+ 1.6750 x 1O-3T (precision limits, 
-±1.1%). 

NaF - NaBF. 

o 40(l 
r------------------~~~---------------~~~ 

o 20 so 100 

NaF MoI% NaBF4 

Data from: W. R. Grimes, NucL Appl. TechnoL8, 137 (1970). 

Melt Preparation and Purification 

Cantor and Gilpatrick [73] purified NaBF4 by passing a 
mixture of BF3,IlF and helium through molten NaBF4 at 

J.'Phy". Chom. Rof. Data, Vol. 12, No. 3,1983 
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425°C. The product was stored in a glass bottle after 
grinding. The oxygen content of the material was 200 
ppm. No information on melt preparation was given in 
the study by Selivanov and Stender [71}. 

1 

TABLE 231. Electrical conductance studies: 
NaF - NaBF. 

Investigations critically examined 

Kef. Mol percent range Comments 
NaBF. (K) 

74 92 ! 658 no information 

71 20.32-77.49 723-1073 Pt electrodes; 
calibration: borax 
and 62% CaCI2-

38% NaCI melt; 
graphite beaker 

72 review article 

TABLE 232. NaF - NaBF.: Specific conductance 
(ohm-Iem-I) 

T(K) 

720 
880 

1000 
1040 

Mol % 
NaBF. 

77.49 
60.47 
47.16 
36.45 

27.66 

Mol percent NaBF. 

77.49 60.47 47.16 36.45 

2.540 1.996 1.459 0.856 
7.139 6.773 6.194 4.498 

11.526 11.633 11.342 9.727 
13.166 13.497 13.363 11.946 

Temperature-dependent equations 
K = a + bT+ cr 

a -b X 103 ex 10· 

-0.4814 15.888 27.895 
4.6094 31.025 38.049 

10.2821 46.491 47.551 
31.5719 96.186 74.341 

196.0954 435.740 246.069 

27.66 

3.200 
6.424 
9.074 

standard 
error of 
estimate 

3.93% 
2.77% 
1.21% 
6.65% 

8.77% 

These values are based on the data of Selivanov and Stender (classical 
'''' m"thnrl) ['711. R .. ~ult." WeT" at,;o T"I'ort.ed for 1.0.32 mol% NaRF.> 
but with insufficient data for accurate expression in equation form. 

TABLE 233. Dellsity .tudies; NaI" - NaBf'. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaBF. (K) 

73 92 673-863 calculated from molar 
volumes using 
additivity equation 

76 92 727,894 review article 

77 review article 
,_ ...•. _-

J. PhYIl. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 234. NaF - NaBF.: Density (g cm-3) 

Mol percent NaBF. 
T(K) 

92 
---. 

670 1.970 
7.10 1.927 
7'>0 1.884 
!ISO UI42 

TempcTuturc dependent equation 

p ~ a I· bT 

Mol % 

I I 

! 
NaBF. (I b" 103 

92 I 2.446 i 
-0.711 

i 

These values are based on the data of Cantor; data in equation form; 
precision not estimated [73). 

Ref. 

73 

76 

75 

TABLE 235. Viscosity studies: NaF - NaBF. 

Investigations critically examined 

Mol % Temp. range Comments 
NaBF. (K) 

92 799-906 calculated values 

- 727,894 review article 

92 8{)()"'9oo estimated value 

TABLE 236. NaF - NaBF.: Viscosity (cp) 

Mol percent NaBF. 
T(K) 

92 

690 

I 
2.26 

750 1.74 
790 1.49 
810 I 1.39 

Temperature-dependent equation 

Mol % 
NaBF4 

92 
I 

71 A exp [EIRT] 

A E 

0.0872 I 4460 

I 

I 

These values are based on the data of Cantor; data in equation form; 
precision not estimated [73]. 

TABLE 237. Surface tension studies: NaF - NaBF. 

Investigations critically examined 

I Ref. jMOI% Temp. range Comments 
NaBF. (K) 

I 
I 74 92 800-900 estimated uncertainty: 

J ±30% 
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TABLE 238. NaP - NaBF,: Surface tension (dyn'Cm'-~ 
.-

Molpen:ent NaBF4 " 
1{K) 

92 

670 100 
730 95 
790 ~1 
850 

',". 
86 

Temperatuft'-<iepe;odeot equation. 
'Y = ·ISO- 0.075 T 

These . values are hUed on the data of Cantor (inaximum bubble 
pressure method); data in equation form; precision not "estimated(74l 

859 

Halld.-Hexafluoroalumlnate, -Hexafluoroallicate, -HexafluOroUt8Rate,. -Hexafluorozl~nate 
TABLE 239. Data Status 

System 

AlPrNII)A.lJ", . X X 
.BaF,,,.NajA!F,· ~ . ." X 
. BeFrNa:tAJF~ . .X X 
CaFi-Na,A1F,·." .. ~. X X 
XF..x.LSiF. X X 

-1t~F6 X X 
lAF-Na,A1F, X X 
MgF2"-NI1)AJF, X X 
NaF,;.Na,AlF. X X 
.. -Na;ZrF{j 
BaCr NI1)AJF, . X 

-BaFz-Na,AJF, X 
KC-K~F6 ..... X X 
NaC .. KiTIF, X X 

·.,.IGZrF, X X 
-Na,AlF, X X 
-N8iTIF, X 
.,.N~F6 

MoI% 

FloliaE SO. Phase diairam for AlF3-NajA!F,. 

Data from: N.W.F. Pbillips, R.R Singleton, anI;! E.A. Hollingshead, J. 
Electrochem" Soc., 102(12), 690(1955). 

X X 
X 
x" ". . " 

X X 

X X X 
X X 
X X 
X X 
X 
X X 

X X X 
X 

X X X 
X X 
X 
X 

Melt Preparation and Purification 
. .. . -. . . . . 

Edwards et ai. (78)·used·. distilled· alumiitum fluoride. 
The sodium fluoride was reagent grade •. The m8teriaJs 
were igmtedat 60(tCina platinuni cfucible. before 
weighing. Spectrographic ~ysis of cryolite showed 
only K and Ltasimpurities at O.No Q.01%. 

No information on ·melt· preparation was given" in the 
study by BatsJavik and Belyaev[79]. Chu and: Belyaev 
[801 used synthetic c:ryolite~ Th¢melting point of the 
cryolite was given as JOOrC, Vayna (81 .. 82,83) used 
natural cryolite~ Nisbiharaet al {84] obtained cryolite 
from the Light Metal·Corporation . and used ,commercial 
gradeAlF3' 

J. Phys. Chern. Ref. Data; VOL 12; No.3, 1983 
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Ref. 

83 

85 

711 

72 

79 

80 

TABLE 240. Electrical conductance studies: 
AIF)-Na)AIF, 

Investigations critically examined 

Mol % Temp. range! Comments 
Na)AIF, (K) 

69.38-100 1273 , Pt crucible and 
electrodes; 

I calibration: 15% NaCI 
I aq. (18'C); 
, frequency: 1000Hz. 
i 

~ Review article 
I 

82.1-100 1273 Pt electrodes; 
frequency range: 
600-4000Hz. 

I Review article 

70-100 1343 Pt cell 

70-100 1273 1'1 l;.[ucilJle auu 
I electrodes 

TABLE 241. AlFJ-Na3AlF6: Specific conductance 
(ohm-Icm-I) 

Mol percent NaJA1F. 
T(K) 

88.4 82.1 

1270 2.672 2.595 
1300 2.739 2.655 
1330 2.806 2.716 
1350 2.851 2.757 

Temperature-dependent equations 
K a + bT 

Mol % I standard 
Na)AlF6 a b x 10' error of 

, estimate 

100 -0.4680 

I 

2.5623 

I 

0.13% 
88.4 -0.1692 2.2372 0.14% 
82.1 0.0231 2.0248 0.06% 

I 

i 
I 

; 

, 

, 

Thes," values are based on the data of Edwards, Taylor, Cosgrove and 
]{ """II (classical ,IC method) [78J. The values for 100% Na)AIF6 are in 
,·",,,1 "')'.""'111('111 with th" recommended data base [8]. 

.J Pl1y ... Chenl. Ret. Data, Vol. 12, No.3, 1983 

TABLE 242. Density studies: AIFJ-Na)AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaJAIF. (K) 

I 
80 70-100 1273 Pt float; 

calibration: molten 
NaCI, KCI 

81 70-100 1273 Pt bob and 
suspension wire; 
calibration: H 2O 
(20'C); graphite 
crucible for melting 
cryolite. 

84 71.8-100 1303-1343 Pt bob 

Mol percent Na)AIF6 
T(K) 

91.7 84.3 76 . .5 7l.8 

1300 2.064 2.052 2.037 2.026 
1320 2.046 2.034 2.019 2.007 
1340 2.02S 2.015 2.000 1.989 

Temperature-dependent equations 
p a +bT 

Mol % 
I 

standard 
NaJAIF6 a -b x 10) error of 

I estimate 

100 3.3070 0.9515 0.00% 
91.7 3.2349 I 0.9008 0.00% 
84.3 3.2549 

I 

0.9253 0.01% 
76.5 3.2415 0.9265 0.01% 
71.8 3.2294 0.9259 0.01% 

These values are based on the data of Nishihara, Matsumara, Komatsu 
and Noguchi (Archimedean technique) [84]. The density values 
calculated from the equation (above) for 100% NaJAIF6 are virtually in 
exact agreement « O. 5 %) with the recommended data base [4]. 

84 

82 

TABLE 244. Viscosity studies: AIF3-Na3AIF6 

Investigations critically examined 

71.8-100 

70-100 

1343-1373 Pt disk and crucible; 
temperature control, 
±5'C 

1273 graphite crucible; 
calibration: glycerine 
solutions (20'C); 
stainless steel rotor 
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T(K.) 

UUU 
1320 
1340 

,Mol % 
- Na,AlF. 

100 
91.7 
84;3 
76.5 
71.8 

Mol percent Na)AJF 6 

91.7 84.3 76.5 

1.2.~ 1.:23 1,20 

'1.20 1.18 1.15 
Ll5' 1.13 1.10 

Tcmpcraturc--<icpcndcnt equations 

" 1) , 7" a + bT + cr -

n ':'H-.l& '-'ex 100 "-

2.617 0.U2 0.714 
4.215 2.066 0.164 
3.821 1.500 0.378 
3.555 1.143 0.513 
4.432 2.770 -0.196 

71.8 

1.16 

l.i2 
1.07 

standard 
error of 
'estimate 

0.02% 
0.68% 
0.69% 
0.70% 
1.11% 

These values are based on the 'clata Of Nishihara, lIiI:atsamuni, Kumllt~u 
and Noguchi [84]. Vayna[82] reported additional data for 78.26 Mol % 
Na3A1F~ and 69.39 Mol % Na)A1F6 in graprucal form. For pure 
Na)A1F6, at 1300 K and 1,340 K, the vis~osities from the recommended 
J .. La b ... c [8] an: 2.i6 and 1.87 cp, rc3pcotivoly. ' 

NaAIF 
3 S 

20 40 60 

FIGURE 51. Phase diagram for BaF2-Na,AIF •. 

Data from: y. M. Guskov, Elekt. RaflJ)ir01 
Moscow, 1945. 

80 

~ Alyuminiya, Metall., 

Melt Preparation' and Purification 

Abramov and; KozuD:oV [86] purified NaF b} 
sublimation. All other :q:lat~rials were reagent, grade, 
Kameyama and Naka '"[871 gave nodetanson melt 
preparation. Kuvakin and Klyakin [88] usedC.P. grade 
NaF and 'Pure grade, AlP; and BaFz. These m!lterials 
were purified by igniting, with a mixture of N1:14F. The 
cryolite was synthesiiedby fusing NaP and AlF3in the 
mole ratio of 3:1. ' ' 

Investigations critically examined 

Ref. I Mol% I TemrK;angel 
Comments 

Na)AlF6 

86 H.2';'H19, ' 1I93-1450 Ptbob 
0 

87 24.9..,100 1325-1395 Pt bob suspended 

T(K) , 

1190 
1230 
1290 
1390 
1450 

Mol % 
NaJAIF6 

100 
87.1 
72.9 
57.2 

from fine Pt wire; 
.-lIliblatiOJl; 

moltenKCl 

MQlpercent Na,A1F6 
, -

87.1 72.9 57.2 

2.661 ' 3.402 
2.627 3.059 3.379 
2.577, ' 2.890 '3.348 

" 

2.493 2;898 3.306 
2.443" 

, Temperature-dependent equations 
p = a -+ bT + c-r ' 

--.- standard 
a ~b x 10' ex 106 error of 

-- estimate 

' 3.319f 0;9513 O.ll% 
3.6575 ' 0.8376 0.18% 

35.1341 48.2619 18.0362 1.30% 
4.9104 1.9390 0.5645 ' ,0.12% 

TIltre values are based on the data of Abramov and Kozunov 
(Archimedean technique) [86]. Kameyama and Naka [87] reported data 
for the additional co!Dpositions (mol % Na3AlF~ 75.0%, 45.6%, 33.4% 
and 24.9% (buoyancy method). The density values for Na~'6 are 
virtually in exact agreement «0.3%) with the recommended data base 

J. Phys. Chem.RiBf. Data, Yol. 12, No.3, 1983 
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6 8 10 12 14 16 20 

wt. % BeFz 

Data from: I. A. Chu and A. 1. Belyaev, Izv. Vyssh. Ucheb. Zaved., 
Tsvet. MetalI. 2, 69 (1959). 

Melt Preparation and Purification 

Cbu and Belyaev (80] used synthetic cryolite. The 
melting point of cryolite was given as lOOre. Twenty 
grams of the mixture was melted in a Pt crucib1e. No 
other information was given. 

TABLE 248. Electrical conductance studies: 
BeF1 - Na3AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na3AlF (K) 

80 55-100 1273 see: AIF)-Na)A1F6 

TABLE 249. BeFz - NaJAlF6: Specific conductance 
(ohm "cm-') 

Mol percent 
Na)AIF6 1273K 

100 2.77 
80 2.52 
70 2.39 
60 2.26 
55 2.20 

Composition-dependent equation 
K 1.495 + 1.277 x /OozC 

IC = Mol % Na01F~1 
These values are based on the data of Chu and Belyaev (classical ac 
method) t80) as cited in Clark [401; data in graphical form; precision not 
l"limaled. For Na)AIFM the conductance at 1273 K from the recom
nf{.,ud~.J tl.al~ b:d~ IB} i:'> 2.80. 

J. Phytl. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 250. Density studies: BeFz - Na3AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NSJA1F6 (K) 

80 55-100 1273 Pt bob; 
calibration: 
molten Nael, 
KCI. 

MQipcn;en! 

NaJAlF, 1273K 

100 2.088 
95 2.085 
80 2.058 
60 1.982 
55 1.956 

Composition-dependent equation 
p = 1.4759 + 1.192 x lo-2C - 0.58 X 10"'C 

[C =- Mol % NalAlFJ 
These values are based on the data of Chu and BeJyaev (Archimedean 
l=IUli'luo::); ua .... iu glaphi....t (uuu; p,=i:.iull uul o:::;lullalru [80}. FUI 

Na,AlF6, the recommended value of the density at 1273 K is 201m g 
cm-'[4). 

/ 
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Mol % CaF2 

FIGURE 53. Phase diagram for CaF2 - NaJAlF6• 

60 

Data from: M. Verdan and R. Monnier, Rev. Int. Hautes Temp. 
Refede!., 9(2), 205 (1972). 
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Melt Preparation and Purification 

Vim and Feinleib [89] used reagent grade CaFz and 
NaF. The pure salts and mixtures were fused at a 
temperature of about 50°C above the melting point. The 
melts were cooled and crushed. Analysis indicated little 
or no composition change. No information on melt 
preparation was given in the study by Pearson and 
Waddington [90]. Edwards et al. [78] used hand-picked 
crystals of pure Greenland cryolite which was then 
crushed to 20 mesh and any associated particles of galena 
were removed. Taniuchi [91] used reagent grade 
materials. The CaF2 was of ultra pure quality. The salts 
were dried before use for more than 24 hours at IIOT. 
Abramov and Kozunov [86] used reagent grade materials 
and purified the NaF by sublimation. Votava and 
Matiasovsky [92, 93] used single crystal calcium fluoridl~ 
and hand-picked Greenland natural cryolite. The 
fluorine content was determined by a pyrohydrolyt ic 
method. Before melting, the Na3AIF6 was calcined at 
600°C for 3 hours. Vayna [81, 82, 83] used natural 
cryolite. Nishihara et aI. [84] obtained cryolite from the 
Light Metal Corporation (Japan) and used commercial 
grade CaFt. 

TABLE 252. Electrical conductance studies: 
CaF2 - Na3AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
N:>,A1Fo (I() 

89 92 1243-1303 ! Boron nitride cell; 
Inconel electrodes 

83 85-100 1273 see: A1FrNa3A1F6 

90 25-100 1273 electrode reaction 
study 

72 review article 

78 67.7-100 1273-1353 Pt electrodes; 
fn:lJ.u"llcy rang": 
600-4000 Hz. 

91 45-100 1273 Pt crucible; 
frequency range: I 21l 

Hz. 
85 review article 

I 

TABLE 253. CaF2 - Na3A1F6: Specific conduetalll"l' 
(ohm-'cm-') 

T(K) 

1270 
1300 
1330 
1350 

Mol % 
Na)A1F6 

100 
87.7 
no 
67.7 

Mol percent Na3AIF'6 

87.7 77.0 

2.728 2.672 
2.809 2.754 
2.889 2.835 
2.943 2.889 

Temperature-dependent equations 
K = a + bT 

I -a b x 103 

0.3506 2.4747 
0.6853 2.6877 
0.7725 2.7124 
0.7643 2.6877 

67.7 

2.649 
2.730 
2.810 
2.864 

standard 
error of 
estimate 

0.06% 
0.09% 
0.05% 
0.03% 

These values are based on tbe data uf Bdward~, Taylul, CV~lilcOVC ,md 

Russell (classical ac method) [78J. The conductance values for pure 
Na,AIF6 are in exact agreement with the recommended data base [8]. 

TABLE 254. Density studies: CaF2 Na3AIF6 

Investigations critically examined 

Ref. I Mol% Temp. range Comments 
Na3AIF6 (K) 

94 74.6-100 1258-1273 

I 
81 75-100 1273 Pt bob; calibration: 

HP (20°C); correction 
for thermal expansion 

86 53.5-87.1 1203-1448 Ptbob 

95 review article 
78 35.8-100 1260-1372 Pt ~inb~r 

84 80-100 1303-tJ43 PI hoh 
----

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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Mol percent Na3A1F6 
11K) 

87.6 77.0 67.S .59.8 3.5.8 

1260 2.133 2.169 2.231 
1280 2.116 2.1S1 2.181 2.214 2.326 
1300 1.09& 1.134 1.164 1.197 2.309 
1320 2.080 2.117 2.147 2.180 2.292 
1340 2.062 2.099 2.129 2.163 2.275 
1360 2.112 2.147 2.259 

Temperature-dependent equations 
p 0+ bT 

Mol percent 

I NQ)AIF. a b" 103 

100 3.288 0.937 
87.6 3.256 0.891 
170 'Dfi~ O.R70 

67.S 3.295 0.870 
59.8 3.289 0.840 
35.8 3.402 0.841 

These values are based on the data of hOwards, Taylor, Cosgrove and 
Russell (Archimedean technique); data in equation form; precisions not 
estimated (781. The density values as calculated from the equation 
(above) for pure Na,AIF6 are virtually in exact accord «0.4%) with 
the recommended d .. ta ballc (4]. 

: 

TABLE 256. Viscosity studies: CaF~ - Na,AIF6 

lnvcstigation~ c:;t-itically examined 

Ref. Mol % Temp. range Comments 
Na3AIF (K) 

92 40-100 1273-1323 Mo torsion wire; 
Pt sphere 

84 77-100 1303-1343 Pt disk and crucible 

82 85-100 1273 see: AIF,-Na,A1F6 

93 1273 see: AI20 3-Na,AIF6 

TABLE 257. CaFl - Na,AIF6: Viscosity (cp) 

1\K) 

1300 
1320 
1340 

Mol % 
Na3AIF6 

100 
93.6 
87.6 
77.0 

Mol percent Na3A1F6 

93.6 I 87.6 

1.31 1.34 
1.26 1.27 
1.20 1.21 

Temperature-dependent equations 
'1/ = a + bT 

a -b x 10' 

I 

, 
3.543 1.751 
4.891 2.752 
5.567 3.253 
5.912 3.503 

77.0 

1.36 
1.29 
1.22 

standard 
error of 
estimate 

0.2'1% 

0.69% 
1.14% 
0.90% 

! 

\ 

These values are based on the data of Nishihara, Matsumura, Komatsu 
and Noguchi (oscillational method) 184]. For Na,AIF6, at 1300 and 1340 
K, the viscosities tabulated in the recommended data base 18] are 2.16 
and 1.87 cp respectively. 

J. Phys. Chern. Ref. Data, Vol. 12, NO.3, 1983 

Mol% KF 

FIGURE 54. Phase diagram for KF - K,SiF6• 

100 

KF 

Data from: V. M. Moshnenko, Yu. K. Delimarskii, and R. V. Chernov, 
Rua •. J. Inor5' Chern. 20(4), 595 (1975). 

Melt Preparation and Purification 

Delimarskii et al. [96] used chemically pure grade KF. 
It was recrystallized, dried and remelted before use. Pure 
grade K2SiF6 was recrystallized in a specially built 
apparatus and the salt was then dried at 200-300·C. 

TABLE 258. Electrical conductance studies: 
KF- K,SiF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

96 

K,SiF6 (K) 

52.3 1000-1100 quartz test tube cells; 
Pt electrodes and 
crucible; calibration: 
molten KCI; frequency 
range: 2-20 KHz. 

TABLE 259. KF - K,SiF6: Specific conductance 
(ohm-'cm-') 

Mol percent K,SiF6 
1\K) 

I 52.3 

1100 1.48 
1130 1.54 

1160 1.60 
1170 1.63 

Temperawre-dependent equation 
K = -0.830 + 2.099 x lO-l T 

! 

These values are based on the data of Delimarskii, Golov and Chernov 
(classical ac method); data in graphical form; precision not estimated 
[96]. 
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o 
600 

o 
KF 

io 

KF - K~rF6 

40 60 80 (00 
~ZrFl'l 

Data from: I. N. Sheiko, R. V. Chernov andV. S. Kikhno, Vkr. Khim. 
Zbur.27, 469 (1961). 

Melt Preparation and Purification 

Sheiko et al. [97, 98] used reagent grade KF. The 
K2ZrF6 contained a smallwount of hafnium. The salt 
was recrystallized twice and dried under vacuum at 
150·C 

TABLE 260. Electrical conductance studies: 
KF-K~rF6 

Investigations critically examined 

Ref. Mul% Temp: ~j Comments 

97 

K~rF6 (K) 

0-100 1233 i Pt electrodes 

TABLE 261. KF - K~rF6: Specific conductance 
(ohm'lcm'l) 

Mol percent 
K2ZrF6 1233K 

100 2.558 
90 2.692 
70 3.09<l 
50 3.662 
30 4.409 
10 '.331 
0 5.857 

Composition-dependent equation 
K = 5.8571 - 5.481 x lO"C + 2.182 -x lO--4C' 

[C = Mol % K2ZrF6 ] 
Standard error of estimate = 1.59% 

These values are based on the data ofSheiko (classical ac method) 197J. 
For KF (0% K2ZrFJ, the recommended value of the conductance at 
1233 K is 4.836 ohm'l cm,l respectively. 

I Mol % !TeI11P. range I 
_ K 2ZrF6 • (K) _ 

Comments Ref. 

97 I 0:..100 I 1233 I Pt sphere. 

Mol perCent 
K 2zrF6 1233K 1- 1173K 

100 2.185 
70 2.187 
50 2.141 
30 2.055 
o 1;855 .. 

Compoaition-dcpcndcnt cquatiOD3 

. p -= a + bC + cC 
[C= Mol % K,ZrFJ 

1{K) -- bxlOZ -C x 10' a 

1233 1.8545 0.814 0.484 
1173 1.8830 0.927 0.575 

2.235 
2.250 
2.203 
2.109 
1.833 

standard 
error of 
estimate 

1.53% 
1.80% 

These values are based on the data of Slieiko [97] and Sheiko, Bandur 
and Orechina [99] (Archimedean method). For KF (0% K2ZrFJ, at 
1173 K .lIud 1233 K, the deiulit.iell-f.-um the Tecommendeddata base [1) 
are, respectively, 1.882 and 1.843. 

Ref. 

97 

TABLE 264 .. Viscosity studies: KF - KzZrF6 

Investigations cntically examined 

Mol % Temp. range Comments 
K1ZrF~ (K) 

0-100 1253 Pt sphere 

TABLE 26!l. KF - KzZrF6:Viscosity (cp) 

Mol percent 

I K1ZrF6 1253K 

100 2.264 
70 2.206 

SO 2.095 
30 1.927 
0 1.566 

Composition-def,endeni equatio~· 
'I') = 1.5659 + 0.0)419C - 0,7214 x I~C 

. [C = Mol % K2ZrF6 ] 
Standard ·error, of ~timate· = 131 % 

These values are based on the data of Sheik~ (oscillational method) [97]. 

J.Phys. Chem. Ref. Data, Vol. 12, No. 3,.1983 
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TABLE 266. Surface tension studies: KF K1ZrF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2ZrF6 (K) 

97 0-100 1233 Ar atmosphere 

TABLE 267. KF - K2ZrF6: Surface tension (dyn em-') 

Mol percent 

K1ZrF6 1233 K 

100 95.2 

7'0 102.2 
50 112.6 
3D 124.1 

'0 136.3 

Composition-dependent equation 
y = 136.3 - D.2136C -

0.842'0 x 10-2(," + '0.6447 X IO-4C3 

[e = Mol % K1ZrF6 1 
Standard error of estimate 2.01 % 

These values are based on the data of Sheiko (maximum bubble 
pressure method) [97). For KF ('0% K2ZrF6), the recommended data 
base value of the surface tension at 1233 K is J 35. J dyn cm -I [2). 

LiF - NaaAIF6 

o 
600~~ __ ~ __ ~~ __ ~~ __ ~ __ ~~~ 

o 20 40 GO 
No3AIFS 

Mol% LiF 

FIGURE 56. Phase diagram for LiF - Na3AIF6. 

eo 100 
LiF 

Data from: P. A. Foster, Jr., "The Phase Diagram of the Na3AlF6 -
LiF System", Unpublished data, AlCOA, Pa. (1968); cited in 
"Arplications of Phase Diagrams in Metallurgy and Ceramics" 2 Vols. 
{{; (. Carter. ed.) NBS Sp. Pub!. 496, March 1978, Washington, D. C. 

.J. Phys. Chem. Ref. Data, Yu ••• ..:., .. v._, 

Melt Preparation and Purification 

Matiasovsky et al. [100, 93, 92, 101] used hand-picked 
Greenland cryolite with a melting point of 
l006·C±20·C. Reagent grade LiF was used. For the 
method of melt preparation used by Chu and Belyaev 
[80], see: BeF2-Na3AIF6• 

TABLE 268. Electrical conductance studies: 
LiF Na3AIF6 

Investigations critically examined 

102 review article 

101, 0-100 1073-1323 Pt disk electrodes 
100, and Pt crucible; 
103 calibration: molten 

Na3AIF6; experimental 
uncertainty ~ ±2% 

8'0 0-\5 1273 Pt electrodes and 
crucible; calibration 
molt .. n Na,AIF. 

TABLE 269. LiF - Nal AIF6: :SpeCIfiC conductance 
(ohm-'cm-') 

1\K) 

1070 
1130 
1220 
1280 
1310 
137'0 

Mol percent Na3AIF6 

75.0 43.8 25.'0 18.2 

3.19 
3.44 4.05 

3.10 3.81 4.35 
3.01 3.26 4.'06 4.55 
3.07 3.34 4.18 4.65 
3.19 3.51 

Temperature-dependent equations 
K: = a + bT 

Mol percent 

i 
I 
I 

I 
I 

Na3A1F6 I a I b x 103 

100 -0.375 2.50 
75 '0.454 2.00 
57.2 0.579 2.00 
43.8 -0.193 2.70 
33.3 -2.536 5.00 
25.0 -1.239 4.14 
18.2 '0.323 3.30 
12.5 0.879 3.50 
7.7 1.452 3.8'0 
3.6 5.722 1.20 
'0 6.184 2.00 

7.7 

5.75 
6.09 
6.32 
6.43 

These values are based on the data of Danek, :Malinovsky and 
Matiasovsky (classical ac method) [101]; as cited in Clark; data in 
graphical form; precisions not estimated [40). The conductance values 
for Na3AIF6 calculated from the equations (above) are virtually in exact 
agreement «1.0%) with the recommended data base [8); for LiF ('0% 
NalAIF.), the values are 1-5% low compared with the recommended 
data base [ll. 
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TABLE 270. Density studies: LiF - Na3AIF. 

Investigations critically examined 

Ref. Mol % Comments 
Na3AIF 

Temp. rangei 
(K) 

80 85-100 1273 ! Pt sinker; calibration: 
I molten NaCl, KCI 

104 0-100 1223-1423 I Pt sinker 

Mol percent Na3AIF6 
T(K) 

80 00 40 ;!U 

1220 2.139 2.117 2.088 2.026 
1250 2.113 2.093 2.073 2.005 
1300 2.071 2.053 2.028 1.969 
1320 2.054 2.036 2.013 1.995 

Temperature-dependent equations 
p a .... hT 

Mol % standard 
Na3AIF6 a -bx 103 error of 

estimate 

100 3.2732 0.9199 0.00% 
80 3.1758 0.8502 0.05% 
60 3.0951 0.8020 0.00% 
4Q 1.':192':1 0.7421 0.00% 
30 2.9439 0.7201 0.00% 
20 2.8927 0.7102 0.01% 
10 2.6020 0.5540 0.00% 
0 2.3289 0.4681 0.00% 

These values are based on the data of Matiasovsky (method not cited) 
(private communication) [104J. The density values for Na3AIF6 and LiF 
(0% Na3AIF6) as calculated from the equations (above) are in exact 
agreement with the recommended data bases for pure Na,AIF6 [4] and 
pure LiF [IJ. 

TABLE 272. Viscosity studies: LiP - Na)AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
lr-:ra3.A1P (K) 

lOS I review artiC/" 

92, 0--46.1 1 173-1323 Mo torsion win:; 

93 PI sphere 

TABLE 273. LiF - Na;AIF.: Viscosity «-I') 

1{K) 

1180 
1200 
1300 
1320 

46.1 
24.3 
12.5 
5.1 
0 

-
Mol percent Na,AIF. 

46.1 24.3 12.5 

2.10 1.78 1.75 
1.88 1.56 1.60 
1.09 0.89 0.97 
1.01 0.84 0.87 

Temperature-dependent equations 
11 = a + bT+ cT2 + dT' 

31.626 18.936 21.44 
33.064 19.207 25.13 
13.837 6.307 9.00 
12.552 5.670 7.83 
24.610 32.984 -11.74 

I \ I 

I X'I 

1.71> 
1.22 

1.13 

13.80 
16.05 
4.80 
4.22 

Th...,e values are based on the data of VotaYIl Qnd Matia.ov"ky 

(oscillational method); data in graphical form; precisions not estimated 
[92]. 
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3NaF·AIF3 
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FIGURE 57. Phase diagram t<>r MIl,I': Na,AII',., 

Data from: A. M, /{omanov,kr alld Ya K, llert:llt. Lcgkic Metal., 6,34 
(1935).; E. Batslavik and A I Iklavac·v. ZhUL Ncorg, Khim., 3, 1045 
(1958). 

Melt Preparation and Purification 

No information on melt preparation was given in the 
st udy hy Batslavik and Belyaev [79]. Abramov et a1. [106] 
fused reagent grade MgF2 for one hour at at 1000-
II(X)"C hefore use. Votava and Matiasovsky [92, 93J used 
hand picked Greenland natural cryolite and determined 
the Iluorine content by a pyrohydroiytic method. Single 
crystal MgF2 was used. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 274. Electrical conductance studies: 
MgF2 - Na3AIF. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaJA1F6 (K) 

79 85-100 1353 Pt cell 
(WI %) 

72 review a.rticle 

I 106 5.92-100 1273-1423 Pt electrodes 
I and crucible; 

I 
calibration: molten 
Na3AIF. 

TABLE 275. MgF2 - Na3AIF.: Specific conductance 
(ohm-Icm-I) 

Mol percent Na3AIF6 
T(K) 

I I I I 94.0 62.7 50.6 5.9 

1270 2.47 2.37 2.31 2.15 
1310 2.54 2.44 2.38 2.23 
1350 2.61 2.51 2.45 2.31 
1390 2.68 2.58 2.52 2.40 
1410 2.72 2.61 2.56 2.44 

Temperature-dependent equations 
I( a + bT 

100 0.434 1.643 0.11% 
94.0 0.218 1.771 0.12% 
62.7 0.172 1.729 0.12% 
50.6 0.021 1.800 0.11% 

5.9 0.446 2.044 0.13% 

I 
, 

These values are based on the data of Abramov, Kostyukov and 
Narolviki (classical ac method) [106]. The density values for Na3AIF6 as 
calculated from the equations (above) are -10% low compared to the 
recommended data base [8]. 

TABLE 276. Density studies: MgF2 - Na3AIF. 

Investigations critically examined 

I Ref. I Mol % : Temp. range I Comments 

I· 
Na3AIF (K) 

17~"100 
I 

79 1273 I Pt float 
I 

.1. Phy!!. Chum. ReI. Data, Vol. 12, No.3, 1983 

Mol percent 

I 
Na)AIF. 1273 K 

100 2.10 
90 2.11 
85 2.12 
80 2.13 
75 2.14 

Composition-dependent equation 
p = 2.270 - 0.1 74 x 1O-2C 

[C = Mol % NaJAIF. ] 
These values are based on the data of Batslavik and Belyaev 
(Archimedean technique); data in graphical form; precisions not 
estimated [79]. The density value for NaJAIF6 at 1273 K from the recom· 
mended data base (4J is 2.10 g cm-3• 

TABLE 278. Viscosity studies: MgF2 - NaJAIF. 

92 

93 

Investigations critically examined 

75-100 1273-1323 
(wt%) 

1273 

Mo torsion wire; 
Pt sphere 

TABLE 279. MgF2 - NaJA1F6: Viscosity (cp) 

100 2.79 2.34 
90 2.82 2.33 
80 3.00 2.47 
70 3.35 2.75 

60 3.87 3.17 
50 4.55 3.74 

Composition-dependent equation 

7J = a + bC + cC 
[e = Mol % Na3AIF6J 

1273 10.394 15.786 8.185 
1323 8.752 13.623 7.209 

These values are based on the data of Votava and Matiasovsky 
(oscillational method); data in graphical form; precisions not estimated 
[92]. For Na)AIF6 the viscosities from the recommended data base [8J 
are, respectively, 2.39 and 1.99 g cm-3 at 1273 K. 



PROPERTIES OF MOLTEN SALTS 881 

o 
1100 

.ld50 

~O~) 
, '0 

1000 

" 950 

o 
900 

o 
850 

o 
NoF 

20 

FIGURE 58. Phase diagram for NaP - Na,A1F6• 

Data from: N;W.F. Phillips, R.H. Singleton, and E.A. Hollingshead, J. 
Electroehem. Soc., 102, 690 (1955); M. Rolin and M. Ray, Bull. Soc. 
Chim. Fr. P. 2785 (1966). 

Melt Preparation and Purification 

Edwards et aI. [78] used hand-picked crystals of pure 
Greenland cryolite which was crushed to 20 mesh. Any 
associated particles of galena were removed. Reagent 
grade NaF was employed in this study. No information 
on melt preparation, was given in the study by Pearson 
and Waddington [90]. Vayna [81, 82, 83] used natural 
cryolite. 

TABLE 280. Electrical conductance studies: 
NaF - Na3A1F6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na,AIF (K) 

83 85-100 1273 Pt electrodes and 
crucible; calibration: 
]5% NaCI (IS'C); 
frequency; lOOO Hz; 
temp. control ±S'C 

72 review article 

78 0-100 1273-1353 Pt electrodes and 
cruclble; frequency 
range: 600-4000 Hz 

85 review article 

TABLE 28t _ NaP ." .. Nii~ 6: Specific conductance 
, ",. {obm-.'cm-1) . 

1{K) 

1270 
1300 
1340 
1350 

Mol % 
Na,AIF6 

100 
64.3 
50.0 
23.1 
0 

Mol percent Na~F6 

64.3 50.0 

3.'.115 I 3.181. 
3.195 3.263 
3:300 3;373 
3.326 3.400 

Temperattfte;..,iependent. equations' 
Ii: '-~Q +bT 

-a b x-Io' 

'0.3506 2.4747 
0.2343 '2.6376 
0.2953 2.7374. 
0.5,997 3.4998 
1.4021 , 5.4376 

23J 

3.845 
3.950 
4.090 
4.125 

standard 
error of 
estimate 

0.06% 
0.10% 
0.04% 
0.04% 
0.09% 

These values lire ,based on thed~ta:of Edward~, Taylor, CQsgroveand 
Russell (classica1ac meth04) {78kThll conductance values-for Na;NF6 
as calculated from the equatio~(above) are in exact agreement with 
the,recommended data base'lS]rfor No.P(O% Na~li). the.v.uu"" aJ,'C 

10-15% high comparedtocthe recommended clata base [I]. . 

TABLE 282. Density studies: NaP - Na3AlF6 

Investigations critically examined 

Ref. , Mol% temp. range,- CoIilments 
Na3AlF (K) . 

I 
see: CaF2-Na3A1F6 : 81 85-100 1273 

78 0-100 1220-1353 Pt sinker 

90 0-100 1273-137j electrode reaction 
stridy 

J. Phys. Chem. Ref, Data; Vol. 12, No. 3,198: 
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I 
Mol percent Na,AIF. 

T(K) 

I I I I 79 64 53 44 23 

1220 2.119 
1260 
1280 
1340 

2.118 2.116 
2.095 2.097 2.100 2.098 
2.038 2.042 2.046 2.044 

Temperature-dependent equations 
p = a + bT 

2.088 
2.072 
2.024 

Mol percent 

I I NajAIF. a -b" 103 

100 3.288 0.937 
79 3.311 0.950 
64 3.275 0.9)0 

53 3.265 0.910 
44 3.263 0.910 
23 3.083 0.790 
0 2.733 0.610 

These values are based on the data of Edwards, Taylor, Cosgrove and 
Russell (Archimedean technique); data in equation form; precisions not 
estimated [78]. The density values for Na,AIF. and NaP (0% Na,AIF.) 
as calculated from the equations (abOve) are Virtually in exact 
agreement with the recommended data bases for pure Na,AIF. [S} and 
pure NaF [4]. 

TABLE 284. Viscosity studies: NaP Na,AIF6 

Ref. 

82 

Investigations critically examined 

' Mol % I Temp. range I Comments 
Na,AlF6 (K) 

85-100 1273 ! see: A1F,-Na,A1F. 

TABLE 285. NaF - Na,AIF6: Viscosity (cp) 

T(K) 

1240 
1250 
1270 
1290 
1300 

Mol percent Na,AIF6 

90 

I 6.27 

I 

6.00 
5.72 

Temperature-dependent equations 
1) = a + bT 

gS 

5.60 
5.36 
4.90 
4.43 
4.20 

These values are based on the data ofVayna (torsional method); data in 
graphical form; precisions not estimated [82]. 

J. PhYll. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Sheiko et al. [107] used analytical grade NaF, after 
drying and remelting. The sodium fluorozirconate was 
prepared by an exchange reaction between K2ZrF6 and 
NaCl. The product was washed with water to remove 
chlorides, dried ill vacuum at 150°C and then fused. 

I 

i 

TABLE 286. Density studies: NaF - Na2ZrF6 

Ref. 

107 

T(K) 

1070 
1130 
1210 
1270 

Invcstigations critically e"amined 

Mol % Temp. range Comments 
NazZrF (K) 

0-80 1023-1273 Pt bob and beaker; 

I 

pure Ar atmosphere 

Mol percent NazZrF6 

80 
I 

60 I 40 

2.649 2.669 2.657 
2.597 2.615 2.603 
2.'25 2.'44 2.'30 
2.477 2.491 2.475 

I 

Temperature-dependent equations 
p = a + bT 

I 20 

2.568 
2.520 
2.4'7 
2.410 

Mol percent 
NazZrF6 a -b x 10' 

80 3.569 0.86 
60 3.621 0.89 
40 3.631 0.91 
20 3.413 0.79 
0 2.645 0.56 

These values are based on the data of Sheiko (Archimedean technique); 
data in equation form; precisions not estimated [107]. The density values 
from the equations (above) for NaF (0% NazZrF6) are virtually in exact 
agreement with the recommended data base [4] for pure NaP; i.e., 
<0.7%. 

Melt Preparation and Purification 

Matiasovsky and Danek [108] used hand-picked 
natural Greenland cryolite (m.p. lOO6± 1 ° C). The 
fluorine content was determined by a pyrohydroJitic 
method. Barium chloride was reagent grade and was 
dehydrated by vacuum calcination at 200°C for 2 hours. 
Abramov [1091 used reagent grade material. No other 
infunnaLiun was provided. Zuca ct al. [110] uscd rcagent 
grade BaC12 and NaF. The cryolite was prepared by 
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fusing the reagent grade NaFand AIF l , which were 
previously dried at 4OO·C. The BaCl2 was recrystallized 
from distilled water, dried' for 24 hours at 150·C and 
melted before mixing, while dry HC] or Ar was bubbled 
through the melt. For the method of melt preparation 
used by Kuvakin and K1yakin [88] see: BaF2-Na3AIF6• 

The BaC]2 was ignited with NH4C] and purified by 
fusion. 

TABLE 288. Electrical conductance studies: 
BaCl, - Na3AlF6 

Investigations critically examined 

I 
Ref. Mol % Temp. range Comments 

Na3AlF (K) 

88 0-100 1273-1373 PI beaker; Pt wire 
clCl;trod~~; ..:;;a1ib[atio.ll; 

molten NaCI, KCI, NaF 

108 0-100 1223-1393 Pt disk electrodes and 
~nl~lhle; r.91ibt:~ton· 

molten cryolite; experi-
mental uncertainty 
estimated as ±2%. 

TABLE 289. BaClz - Na3AlF6: Specific conductance 
(ohm:.lcm-l) 

Mol percent Na3AIF6 
T(K) 

98.0 89.9 79.9 59.8 39.8 

1220 1.983 
1240 2.267 2.053 
1260 2.670 2.469 2.315 2.221 2.123 
1320 2.842 2.563 2.459 2.401 2.334 
1340 2.899 2.594 2.507 
1360 2.956 ?'i'i'i 

1380 3.013 2.603 

Temperature--dependent equations 
f( = a + bT . 

Mol % standard 
Na3AlF6 a b x 103 error of 

estimate 

100 -0.3776 2.5000 0.30% 
98.0 -0.9377 2.8631 0.26% 
95.0 1.2920 1.0478 0.29% 
89.9 0.4667 I.:'17Z9 0.17'70 

79.9 -0.7008 2.3937 0.65% 
59.8 -1.5534 2.9966 0.34% 
39.8 -2.3047 3.5143 ].12% 
0 -1.8827 3.1820 1.24% 

These values are based on the data of Matiasovsky and Danek (classical 
ac method) [108J. For cryolite, the results in [108] are virtually in exact 
agreement [Le., -0.3%] with the recommended cryolite conductivity 
data b~e [4,8J. The results for BaCl, (0% Na3AlF,) are -30% higher 
than the recommented data set [1]. 

-

7{K) 

1050 
1140 
1200, 
1320'. 
1380 

Mol % 

Na3"\lF6 

7S 
50 
25 

Comments 

hollow;Pt float 

,Mol percent Na~A1F •. ' . 

'75 ... 50 '25 

2.588 
2.506 2.813 

. ,2;284 2.452 2.764 
2;175 2.343 2.667 
2.121 2.289 2.618 

Tempt;i:lltufe-:-dependent equations 
- . p. ,d,F a+ bT . 

a 

3:3688 
3.5384 . 
3.7392 

. ..,b x 1<Y 

.: .,. 
0.9043. 
0.9053 
0.8124 

ct.m~d 
.error.;>f 
estimate 

0.07%, . 
0.16% 
0,12% 

These values are I>as¥.on the data of Abririnov (Archimedean 
tcchnlqile)[l09J. :Z;u~ et~. [Hoj reported ·(lata tor t.he above system 
(40 mol % NlhAlFJ ~thNaCl (2~8mol%) andLiF (1-7 mol%) added 
as solutes .. At 1000·<;:, thevalues:for the densities.[l09], ,and in the 
recommended, data set ate/respeCtively: BaCl;).I46 [109];., 3.148 [1]; 
NajAlF", ·2.05~[109]; 2.009 [4]. . . 

investigationS critiCally ~xamined 

Ref. I M~l' %rr~p.-rangel Comments 
Na,A,lF (K) • 
. ~, . ".. .. ' 

110 40 1326-:142i .' . estimated accuracy 
±3%; measurements made 
in heating and conlinB 

Mol percent Na3AlF6 . 
IrK) 

40 

IO~U 4.25 
1080 3.62 
1100 3.'?7 
1130 2.83 

Temperature-dependent equation 
'Ij = 0.01360 exp (11985/R1) 

These values are based on the data of Zuca, Costin and Olteanu 
(oscillational method); data in equation form; precisions not estimated 
[110J. Results are also reported for' the effect of added NaCl (2-8 
mol%) and added LiF (3-7 mol%). 

J.Phys.Chem. Ref. Dat8. Yol; 12. No.3; 1983 
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BaCI2 • BaF2 • Na3AIF6 KCI - KzZrF6 

Melt Preparation and Purification 

For the method of melt preparation used by Kuvakin 
and Klyakin [88] see: BaF2 - Na3Alf6 and BaClz -
N~3AIF6~ In all of the compositions in the ternary system, 
the ratio of BaCl2 to BaP2 was held as an equimolar ratio. 

TABLE 294. Electrical conductance studies: 
BaCI2 - BaFl - Na3AIF6 

Investigations critically examined 

BaCI:!BaF2 ratio was 
fixen At pl)l1imohlr over 

the whole composition 
range 

TABu:, 295. B"CI2 - DaI'2 - N"3AI1"\; SV",,",ifj,, ,",uuuu"tanct: 
(ohm-tern-I) 

T{K) 

1270 
1280 
1290 
1300 } 

1310 
1320 
1330 
1340 
1350 
1360 
1370 

Mol percent Na,AlF6 

80 60 I 40 
, 

2.633 2.491 2.166 
2.669 2.530 2.205 
2.705 2.569 2.245 
2.741 2.608 2.284 
2.778 2.647 2.324 
2.814 2.686 2.363 
2.850 2.725 2.403 
2.886 2.764 2.442 
2.992 2.803 2.481 
2.959 2.842 2.521 
2.995 2.881 2.560 

Temperature-<iependent equations 
K = 0 + bT 

Mol percent 

20 

1.861 
LR99 
1.936 
1.973 
2.011 
2.048 
2.085 
2.123 
2.160 
2.197 
2.234 

Na3AIF6 I -0 I b x 103 

100 1.9204 3.6903 
80 1.9657 3.6207 
60 2.4580 3.8967 
40 2J!471 ~.q471 

20 2.8766 3.7314 
0 3.4466 3.8462 

These values are based on the data of Kuvakin and Klyakin (classical ac 
method); data in equation form; precisions not estimated [88]. For 
Na3AlF6, the values in [88] are -I % higher than the recommended 
Na3AlF6 conductance data [4,8]. 

J. Phyu. Chern. ReI. Data, Vol. 12, No.3, 1983 

772 

O~~~~~--~~--~~--~~--~IOO 

KCI Mol% 

FIGURE 59. Phase diagram for KCl- K~rF6' 

Data from: I. N. Sheiko, R. V. Chernov, and V. S. Kikhno, Ukrain. 
Khim. Zhur. 27, 469(1961). 

Melt Preparation and Purification 

Kurmaev [III] recrystallized KzZrF6 twice from 
distilled water and dried it at 1S0·C. Sheiko [97] used 
analytical grade materials. The K2ZrF6 contained a small 
amount of hafnium and was recrystallized twice from 
distilled water. 

TABLE 296. Electrical conductance studies: 
KC1- K2ZrF6 

Investigations critically examined 

Ref. i Mol % iTemp. range Comments 

,K2ZrF6 (K) 

'. 
97 

1
0- 100 1173 Pt electrodes 
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TABLE 297. KCI- K1ZrF6: Specific conductance 
(ohm-Icm-I) 

lOCI 2.29 
90 2.32 
70 2.37 
50 2.40 
30 2.42 
10 2.41 
0 2.40 

compOSltiOn-Oependenr equation 
If 2.400 + 0.125 x 1O-2C 0.24 X !O"4 C! 

[C Mol % K2ZrF6J 
Standard error of estimate = 1.27% 

These values are baaed on the data of Shciko (cla .. ic!>1 IlC method) 1'171 
The recommended data base value of the conductance of KCI al 117 \ h 
is 2.466 ohm-! cm-! [I]. Results for KzZrF6 (100%) have nol he,,,, 

reported prior to (97). 

TABLE 298. Density studies: KCI 

Investigations critically elamined 

Ref. Mol % !Temp. range Comments 
K1ZrF6 (K) 

97 0-100 1073 

99 0-100 1173 Pt sphere 

Mol percent 

I I K2ZrF6 1173 K 

100 
90 
60 
30 
10 
0 

T(K) 

1173 
1073 

2.250 
2.238 
2.113 
1.853 
1.606 
1.460 

Composition-dependent equations 
p =a+bC+cC 

[C = Mol % K2ZrF61 

a b x 102 -c X 104 

1.4604 1.533 
I 

0.743 
1.6401 0.785 I 

1073 K 

2.425 
2.347 
2.111 
1.876 
1.719 
1.640 

standard 
error of 
estimate 

0.89% 
3.44% 

These values are based on the data of Sheiko (Archimedean technique) 
[97] and Sheiko, Bandu and Grechina (Archimedean technique) f99/. 
The recommended values of the density for KCI at 1073 and 1173 K are, 
re'pectively, 1.451 and 1.510 ohm-I ",m-I (lJ. Reaults for the density of 

K2ZrF6 (100%) have not been reported prior to [97,991. 

TABLE 300. Viscosity studies: KCI- K2ZrF6 

InvostiSlltions oritioQlly oxnmincd 

Ref. I Mol percent Temp. range Comments 
KlZrF6 (K) 

112 0-100 1073-1173 j Pt sphere 

111 56.94-100 1073-1173 no information 

97 0-100 1073-1173 Pt sphere 

fAilLE jUL Kl:J - K 2:GrJ:'6: Viscosity (cp) 

T(K) 

1070 
110(} 

11 SO 
1170 

~1,,1 ,.; 

K./, I:,. 

1/ K I 
IH) 

,II 

It I 

(~J 

'II 

.\11 

iii 

}() 

111 

L 
() 

Mol percent K2ZrF6 

~O 70 50 I 30 , 
3.00 2.85 2.62 2.09 
2.80 2.62 2.36 1.88 
2.47 2.25 LI)R LSI) 

2.33 2.11 1.86 1.50 

Temperature-dependent equations 
1) = a + bT+ cr 

(l -b x Icr c X 106 

.) ')(ll 6.8183 

! 
-5.929 

IJjl")(j 4.699.1 -0.8909 
~ 1 ".0 .1.0906 1.696 

1\ .\ \0 IS.RS5 3.808 
\ \ )(1(1 4X.5505 18.451 
\ \ ·11 IS ·IX.117 18.080 
,'h h.' \ \ 7 .. '(~) 15.580 
.'11/1) ·111 \71> 1 ~.4RO 

·1 I~ I', 1,1"'\1, x.701 
})h q\ \ HI XIl 1 .. 1.(5)\ 

IS I,'lil ,'t,f,\·1 10.254 

10 

1.69 
1.40 
117 
1.17 

I standard 
error of 
estimate 

0.00% 
0.09% 
0.02% 
0.15% 
0.39% 
0.38% 
0.37% 
0.41% 
0.09% 
1.90% 
0.43% 

--~ 

These val" ... \ ",,' 1",· ... .1 ,'" II ... <1:01" "I' ';hnk" (oscillationa} method) 197). 
The viSL'<"JlI<'\ I", "1'1 (iI"; KJrI:,,J ill 1971. above, are high by 
compari:-'IHI Wilt! Ilr"I"IIIlJlllwlldnl K(·ldalasctl]I~i.e., 1070K, --2%; 
1170 K, I."'; :\ ,,', ,'ul ". IU\'I"li~ali()Il of the viscosity of KC} by 
Brock ncr. I",kkl' ",,,II 1\"<,/.' 1'/ ha"hown that the recommended data 
set III is IlIJri, " ,,," /"; I,,,, hi}.:h ill this temperature range. Results for 
the viscosil,. <>1 ",.III'" (1IXI';'.) have not been reported prior to [97]. 

'1,\ III ,. 302. Surface tension studies: KC) - K2ZrF6 

Investigations critically examined 

Rd. Mol % Temp. range Comments 

K2ZrF6 (K) 

97 O-IUO !Un-in;; At atmosphere 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 303. KCI- K2ZrF6: Surface tension (dyn em-I) 

T(K) 

1070 
1100 
1150 
1170 

Mol % 

K2ZrFo 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

Mol percent K2ZrF6 

90 70 50 30 

104.9 103.4 100.9 99.4 
102.5 100.9 98.3 96.9 

98.4 96.8 94.1 92.7 
96.7 95.2 92.5 91.0 

Temperature-dependent equations 
7 = u + bT+ c:r 

(1 -b x leY ex 106 

193.Gl 81.00 
147.44 1.42 -35.87 
193.00 83.01 
191.11 82.01 
190.76 83.00 
190.76 84.Gl 
188.87 83.01 
189.25 84.00 
271.73 232.37 56.78 
259.26 211.56 56.78 
212.95 139.86 28.87 

I 
10 

l 
97.9 
95.3 
91.1 

I 89.5 I 

standard 
error of 
eotimatc 

0.03% 
0.01% 
0.03% 
0.00% 
0.03% 
0.00% 
0.03% 
0.00% 
0.06% 
0.04% 
0.02% 

These values are based on the data of Sheiko (maximum bubble 
pressure method) [97]. 

o 
700 

o 
500 

o 
Noel 

20 40 60 

Mol% 

FIGURE 60. Phase diagram for NaCI- K2TiF •. 

80 

Data from: K. Aoya, K. Hasegawa, and Y. Miyazawa, Denki Kagaku, 
27, 117(1959). 

Melt Preparation and Purification 

No information is available on melt preparation and 
purification in reference [113], or in experimental 
references cited therein. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 304. Electrical conductance studies: 
NaCI - K2TiF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2TiFo (K) 

113 2-100 853-1173 Pt crucible and 
electrodes; calibration: 
molten NaC!, NaND); 
frequency: 10,OOOHz; 
estimated experimental 
uncertainty 1.5-2% 

TABLE 305. NaCl- K1TiF6: Specific conductance 
(ohm-1cm-1) 

Mol percent K2 TiP 0 

T(K) 
82.2 57.8 36.2 19.6 

820 2.10 
850 1.52 2.23 
880 1.27 1.67 2.35 
910 1.61 1.82 2.4.5 2.91 

1000 2.41 2.20 2.71 3.00 
1170 2.96 2.67 2.94 3.17 

Temperature dependent equations 

K = a + bT+ cr 
Mol % standard 

K2TiF6 (1 b x 103 ex 100 error of 
estimate 

100 -9.7339 11.241 4.62% 
82.2 -26.2135 50.309 -21.685 9.89% 
68.7 -15.643 30.219 -12.356 9.69% 
57.8 -7.057 14.796 -5.5413 6.32% 
49.3 0.358 1.9296 3.01% 
42.2 0.3918 2.0598 3.25% 
36.2 -5.6627 14.403 -6.026 3.79% 
31.1 -0.05587 2.8157 5.35% 
26.8 -0.3165 3.0768 7.63% 
19.6 1.9689 1.0294 4.17% 
14.0 1.6993 1.6065 0.98% 
9.5 1.4578 1.8523 0.83% 
5.7 0.9254 2.3541 0.84% 
2.6 -0.5458 3.720 0.75% 

These values are based on the data of Kolomitskii and Ponomarev 
(classical ac method) [113]. Measurements were not extended to NaCI 
(0% K 2TiFJ but calibration of the conductance cell with molten NaC! 
was rp.I'ortp.rl; the accuracy limit. thus were - ± 1.5%; results for 
K2TiFo (100%) have not been reported prior to [113]. 

TABLE 306. Viscosity studies: NaCl- K 2TiF. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

K2TiF6 (K) 

113 27-100 823-1173 no information 
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TABLE 307. NaCl- K2TiF~: Viscosity (cp) 

T{K) 

850 ' 
940 

1000 
1120 
1170 

Mol % 
K2TiF6 

100 
69" 
49" 
27 

Mol percent K2TiF6 

69 49 

6.31 4;48 
' 5.27 3.63 

3.39 2.39 
2;68 2.05 

Temperature-dependent equations 
71= a+ hT+ c1" 

a -b x l(}l c x 106 

* • • 
31.617 : 35.853 9.505 
37.166 " 54.226 20.694 
40.398 65.900 28.205 

27 

4.76 
3.37 
2.70 
1.97 
1.90 

standard 
error of 
estimate' 

19.5% 
2.34% 
3.05% 
7.61% 

Tbese values are based on the data of Kolomitskii and Ponomarev 
[113). ForK2TiF6 (100%) the temperature-dependence is best expressed 
by an exponential fit, 7J = 1.891 X IO-l exp (27826IR1). Measurements 
were not extended to NaCI(O% K1TiFJ. ReSults for K2TiF6 have not 
bc:cu,rcpur1t:tl priur lo [113]:' 

700 

o 
600 

500 

NaCI - K~rF6 

" NaCl- ~ZrF6 

-------_~'O_ 

a 
Noel 

25 

FIGURE 61. Phase diagram for NaCl- K l ZrF6. 

75 100 
KzZrF6 

Data from: I. N. Sheiko, R. V. Chemov, and V. S. Kikhno, Ukr. Khim. 
Zhur. 27,469(1961). 

Melt Preparation and Purification 

Sheiko [97] used reagent grade materials. The K2ZrF6 
contained a small amount of hafnium. The salt was 
recrystallized twice and dried under vacuum at ISO·C. 

TABLE ,308.' BI&:tticai conductance studies: 
,NaCl ;.;. K;iZrF6 

InvestigationS'critiCliUy examined, ' 

Ref. I MOl'%ITem" p. ran,gel 
. K2ZtF6." (K) : 

Comments' 

97 ' I ()";1()() IU73 I 

TABLE 309., NaCl- K2ZrF6: Specific conductance 
(ohm-tern-I) 

Mol percent 

KzZrF6 lI73K 

100 '2.38 
90 '2.38 
70 2.47 
SO 2.68 
30 3.02 
10 3.47 

0 3.75 

"Compositlon-dependent' equation 
.. ,_ 3.748· '2.898 ,. 10-20 I 1.53:11. 10-4c<! 

" [C = Mol %K2ZrFJ , 
Standard -error of 'eStimate == 1.89% 

These values are b~ on the data of Sheiko (classical lie method) [97). 
At 1173 1(. th",rec.ommended "data ha.'ifn,alue'of'the Conductance of 
NaCl (0% KzZrFJ is H4 Ohm-I ern-I [1,10]. Comparlsoiiof the result 
for K1ZrF6 (O%.NaCl) with'the vahie'in'Table297, shows about the 
same, accuracy limits (-±3%). ' 

, Ref. 

97 

InvestigationS critiCailyexamlned ., 

Mol % Temp. range Coinments 
, K1ZrF6 (K) 

O-l()() 1173 Ptsinker 

Mol percent 
'KzZrF6 1173K 

100 2.238 
90 2.243 
70 2.205 
50 2.098 
30 1.924 
10 1.682 
0 1.535 

Composition-dependcntequation 
p = 1.5354 + 1.551 x lO-zC - 0.8S x lO-4Ql 

[C = Mol %. lC2ZrF6] 

Standard error of estimate = 1.28% 
These values are based on the data of Sheiko(.t\rchimedean technique) 
[97). From the recommended data set Jor NaC1 [1;10] the density of 
NaCI at 1173 K is 1.S03. For Kz,ZrPdO% NaCI),coniparisonof the 
result (above), with that in Table 299, showS that the reproducibility 
was -O.S%. 

J. Phya.. Chern. Ref. Data; Vol. 12j'No. 3,1983 
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TABLE 312. Viscosity studies: NaCl - K2ZrF6 

Investigations critically examined 

Ref. Mol % Comments 

K2ZrF6 

Temp. range I 
(K) 

97 0-100 1073-1173 I Pt sphere 

TABLE 313. NaCI K2ZrF6: Viscosity (cp) 

T(K) 

1070 
1100 
1150 
1170 

100 
90 
80 
70 
60 
50 
40 
'\0 
20 
10 
0 

Mol percent K2ZrF6 

90 70 50 30 

3.01 2.92 2.72 2.33 

2.88 2.73 2.50 2.19 
2.55 2.37 2.16 1.92 
2.38 2.21 2.03 1.80 

Temperature-dependent equations 
'l'/ = a + bT + cT-

-3.635 17.872 -10.849 
-27.740 60.785 -29.952 
-23.601 54.134 -27.393 

3.056 17.119 -10.781 

21.667 -26.908 8.728 

18.053 -21.186 6.404 

-59.619 116.215 -54.360 
-2.758 13.999 -8.636 

-19.423 42.678 -21.091 

9.836 -10.786 3.065 

20.193 28.631 10.520 

; 

10 

1.80 
1.68 
1.49 
1.41 

0.06% 
0.29% 
0.26% 
0.06% 
0.23% 
0.21% 
0.73% 
0.06% 
0.33% 
0.14% 
0.39% 

These values are based on the data of Sheiko (oscillational method) [97]. 
For K2ZrF6 (0% NaCl) the results above check with the values from 
the same study but for the system KCI-K2ZrF6 (see: Table 301). 
Comparison of NaC! (0% K2ZrFJ with the recommended NaCI 
viscosity data set (10), shows that the results (above) are uniformly 
-15-20% too high. 

TABLE 314. Surface tension studies: NaCI- K2ZrF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2ZrF6 (K) 

97 0-100 1123-1223 Ar atmosphere 
I 

J. Phys. Chern. Ref. Data. Vol. 12. No.3. 1983 

TABLE 315. NaCl- K2ZrF6: Surface tension (dyn em-I) 

Mol percent K2ZrF6 
T(K) 

90 70 50 30 10 

1120 103.5 105.1 107.3 108.9 110.9 
1150 100.9 102.4 104.8 106.3 108.3 
1200 96.5 98.0 100.5 102.0 104.1 
1220 94.8 96.2 98.8 100.2 102.4 

Temperature-dependent equations 
"I a + bT 

Mol % 

I 

standard 
K2L.r.l:'. a -b x lU' error of 

estimate 

100 i 191.9 

I 
80.0 0.00% 

90 200.9 87.0 0.03% 
80 200.67 86.01 0.06% 
70 204.75 89.0 0.03% 
60 202.26 86.0 0.06% 
SO 202.56 85m 0.03% 
40 203.26 85.0 0.03% 
30 206.37 87.0 0.08% 
20 204.16 84.01 0.00% 
10 206.06 &5.0 0.03% 
0 191.50 72.0 0.00% 

These values are based on the data of Sheiko (maximum bubble 
pressure method) [97]. For NaCI (0% K2ZrFJ, the results (above) 
check with the recommented data set [2.lOJ to ~ ±U.3%. The results 
for K2ZrF6 (0% NaCl) are in exact agreement with the values for the 
system KCJ-K2ZrF6 (see: Table 303); both are from the same study [97J. 

NaCI - Na3AIF 6 

0 

900 

800 800" 

700~ __ ~ ____ ~ ____ ~ ____ ~ __ ~ 
o 20 40 60 100 
NQ5 A1Fe NaCI 

Mol% Noel 

FIGURE 62. Phase diagram for NaCI - Na3AIF6' 

Data from: J. L. Holm. Dr. techno Thesis, The University of 
Trondheim, NTH, Trondheim. 1971. 
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Melt Preparation and Purification 

Matiasovsky et al. [114, 108, 93, 92] used hand-picked 
natural Greenland cryolite (m.p, lOO6± J0C). The 
fluoride content was determined by a pyrohydrolytic 
method. The NaCI used was reagent grade. Kuvakin and 
Kusakin [115] prepared cryolite by remelting NaF and 
AIF3• The molar ratio was checked by X-ray analysis 
and by a hot titration method. The AIF3 was purified by 
sublimation of the technical product. The NaCI was C. p. 
grade and was recrystallized twice. 

TABLE 316. Electrical conductance studies: 
NaCl- Na3AlF6 

Investigations critically examined 

105 0-100 1273 calculated data 

102 C.5tinlation cquatiow:; 

115 0-100 1073-1323 Pt vessel and platinized 
Pt electrodes; frequency: 
4000-4500 H:z; 

calibration: O.IN KCI 
(ISOC); correction 
for expansion of Pt 

TABLE 317. NaCI Nal AlF6: Specific conductance 
(ohm-1cm-l ) 

Mol percent NalAIF6 

IrK) 
84.2 52.6 21.8 2.9 

1180 3.80 
1200 3.06 3.83 
1240 2.87 3.13 3.89 
l?RO 2.88 2.96 3.20 3.94 
1320 2.98 3.06 3.28 4.00 
1340 3.02 3.11 
1360 3.07 

Temperature-<lependent equations 
K a + bT 

i(X) -0.378 2.500 0.30% 
X4.:l -0.115 2.341 0.26% 
71.5 -0.320 2.534 0.32% 
(d.2 -0.125 2.411 0.24% 
~20 -0.134 2.419 0.29% 
'9.04 0.094 2.263 0.34% 
111 ~ 0.543 1.976 0.23% 
~ LX 0.956 1.757 0.22% 
I ~ x 1.485 1.438 0.23% 
11l.7 1.1:.75 1.456 0.23% 
h.~ 1.662 1.613 0.31% 
), I) 2.114 1.430 0.14% 
() 1.424 2.129 0.35% 

677 

108, 0-100 1183-1373 Pt disk electrodes and 
114 crucible; calibration: 

molten cryolite; estim
ated uncertainty, ±2% 

Thcsl~ valli," al!' t"''''d ,>11 the data of Matiasovsky and Danek (classical 
at: method) IIOH! 1'111 Nn,A1F. (0% NaCI) the results above are in 
exact accord Wit It I hI' It'I'1l1ll1llcndcd data set for cryolite [4,8]; NaCI 
(0% Na,AII;,.l with lilt' It'('Illlllllt'll(lcd data set [10], shows that results 
(aboye) afe lltlifmlllly ) ~':J. tllO high, 

TABLE 318, Density studies: NaCI . Na,AIl',. 

Investigations critically examined 

Ref. Mol % Temp. range Commc 
Na3AIF, (K) 

114 50-100 1273 Pt-Rh sin kef 

TABLE 319. NaCI- Na)A1Fo: Den"ity (g ern ') 

Mol percent 
NaJAlF6 127J K 

100 2.10 
?O 2.0:' 

70 1.96 

SO 1.90 

Composition-dependenl equalion 
p = 1.874 - 0.141 x IO"C -+ 0.37 x 10 'c' 

[e = Mol % Na,AIF.1 
These values are based on the data of Maliasoy"ky and Malinovsky 
(Archimedean technique); data ill graphical form; precisions not 
estimated [114]. The value for Na)AIF. (0% NaCI) is ill exact accord 
with the recommended density dala set for molten cyrolite 14]. 

J. Phy&. ChAm. Ref, Data, Vol. 12, No.3, 1983 
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TABLE 320. Viscosity studies: NaCI- Na3AIF. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaJAIF (K) 

105 0-100 1273 calculated values 

92 3-70 1123-1323 Mo torsion wire, 
Pt sphere 

93 0-100 1273 see: AI20 3-NaJAIF. 

TABLE 321. NaCI - Na3AIF6: Viscosity (cp) 

1120 

1180 
1240 
1300 

Mol % 
NaJAIF~ 

71.5 
52.7 
39.4 
29.5 
21.8 
15.7 
10.7 
6.5 
3.0 

2.63 
2.12 

Mol percent Na)AIF 6 

2.08 
1.88 
1.54 

1.46 
1.32 
1.13 

Temperature-dependent equations 
1/ a + bT + cT'-

I a I b x 103 
I , 

-77.996 135.23 
25.366 -30.84 

-22.766 44.24 
-0.403 7.03 
-3.293 10.19 
-6.758 16.21 
69.271 -105.81 
34.009 -48.76 
24.490 -34.92 

1.7' 
1.28 
0.95 
0.74 

ex 10" 

-56.62 
9.87 

-19.65 
-4.41 
-5.22 
-7.91 
40.87 
17.82 
12.78 

These values are based on the data of Votava and Matiasovsky 
(oscillational method); data in graphical form; precisions not estimated 
[92J. For NaCI, inspection of the limited graphical results in (92], shows 
that the values are high relative to the recommended NaCI data set [IOJ, 
i.e., @ 1123 K, -35%. @ 1173 K, -15%. Similarly, the viscosity data 
for NaJAIF6 (0% Nael) are about 20% high relative to the recom
mended Na3A1F6 data set [4]. For a discussion of probable error sources, 
see [10]. 

NaCI - Na2TiF6 

Melt Preparation and Purification 

Milov et al. [116] used reagent grade materials. No 
other information was given. 

TABLE 322. Electrical conductance studies: 
NaCl- NalTiF. 

Investigations critically examined 

) 

Ref. Mol percent Temp. range Comments 
NazTiF. (K) 

116 3.03-100 973-1173 Pt electrodes; 
frequency: 
1O,OOOHz 

TABLE 323. NaC! NazTiF.: Specific conductance 
(ohm"em-') 

nK) 

1000 j 
1020 

1100 
1120 
1140 

Mol percent Na2TiF6 
I 

71.67 52.93 39.62 29.67 

1.59 I 1.93 2.13 2.55 
1.63 1.99 2.1? 2.65 
1.80 2.24 2.44 3.03 
1.84 2.30 2.50 
1.89 

Temperature-dependent equations 
K = a + bT 

Mol % 

10.75 

3.37 

3.82 
3.93 

Na2TiF6 I -Q I b x 103 

100 3.018 4.829 
84.21 -0.006 1.343 
71.67 0.525 2.114 
61.44 1.246 2.872 
52.93 

i 
1.205 3.132 

45.75 1.721 3.680 
39.62 0.943 3.075 
34.30 1.942 4.229 
29.67 2.251 4.800 
21.95 1.761 4.600 
10.75 2.344 5.601 
6.57 2.507 5.920 
3.03 0.430 4.240 

r 

These values are based on the data of Milov, Baitenev, and Ponomarev 
(classical ac method) [116] and as cited in Clark [40]; data from 
graphical study; precisions not estimated. Measurements were not 
extended in [116] to NaCI (0% NazTiF6) and comparisons with the 
recommended NaCI data set is not possible; results for Na2TiF6.(0% 
Nael) have not been reported belore. 

TABLE 324. Density studies: NaCI- NalTiF6 

lnvp.1ittle~tinf1~ ~rit.ip.~l1y @.XAmtnen 

Ref. Mol % \ Temp. rangel comments~ 
Na1TiF6j (K) .I 
30-100 I 973-1123 I Pt sphere 

~ __ -L ____ ~~ ____ ~ _________ _ 
116 

, ('''yn ( I,,"" 1I"j Data. Vol. 12, No.3, 1983 
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T(K) 

970 
1010 
1030 
1110 

Mol % 
NazTiF6 

100 
95 
90 
85 
80 
75 
70 
65 
60 
50 
40 
30 

Mol percent NazTiF6 

95 80 65 

2.19 2.04 
2.15 2.00 

2.26 2.13 1.98 
2.20 2.06 1.92 

Temperature-dependent equations 
p = a + bT + cT 

j a j b x 103 
j 

1.195 2.681 
-1.325 7.419 

3.143 -0.888 
2.486 0.319 
3.854 -2.390 
2.486 0.319 
2.358 0.186 
3.908 -2.897 
2.808 

I 
-0.838 

3.060 -1.517 
2.906 -1.100 
0.153 3.471 

50 

1.91 
1.88 
1.86 
1.80 

ex 106 

I 
-1.58 
-3.82 

-0.59 
0.69 

-0.59 
-0.48 

1.00 

0.34 

-1.88 

These values are based on the data of Milov, Baitenev, and Ponomarev 
(Archimedean technique) [116]; data interpolated from graphical 
isotherms; precisions not estimated. Data for 0 - 25 mol % N~ TiF6 
were also included in the isotherms, but with insufficient data points for 
temperature-dependence evaluations. For NaCl, at 1123 K, the density 
values in the above investigation [116], and from the recommended data 
set [10) are, 1.51 and 1.53, respectively. No previous results have been 
reported for N~ TiF6 (0% NaCl). 

NaCI - NatZrFe 
Melt Preparation and Purification 

For the method of melt preparation used by Sheiko et 
a1. [107] see: NaF - N8.zZrF6' The NaCI was reagent 
grade and was recrystallized. 

TABLE 326. Density studies: NaCI- NazZrF6 

Investigations critically· examined 

Ref. Mol % Temp. range Comments 
NazZrF (K) 

107 0-100 1173 see: NaF-NazZrF6 

TABLE 327. NaCI- N~ZrF6: Density (g cm-3) 

Mol percent 
Na2ZrF6 1173K 

100 2.524 
90 2.411 
70 2.142 
50 1.907 
30 1.708 
10 1.545 
0 1.486 

Composition-dependent equation 
p 1.4759 + 0.643 x lO-zC + 0.44 X 104C 

[C = Mol % N~ZrF61 
Standard error of estimate = 1.06% 

These valuc~ lin: ba~d on the data of Sheiko, Derks and Pozdnyakov 
(Archimedcan technique) [t07]. In addition to the above values, results 
are reported 1I~ " serics of temperature-dependent density equations. 
For NaCI, a comparison with the recommended density data set [10), 
shows that the value in the table (above) is -1% low. Data for 
NazZrF. have not been reported previously. 

Halide - Oxide 

TABLE 328. Data Status 

System Phase Electrical Density Viscosity Surface 
Diagram Conductance Tension 

CaF2-All0 3 X X X X X 
-BaO X X X 
-CaO X X X X X 
-MgO X X X X X 
-Si02 X X X 
-Ti02 X X X X X 
-VlOS X X X X 
-zrOz X X X 

NaF-AIP3 X 
-BlO) X X X 
-CaO X 

PbFz-PbO X X 
CaClz-CaO X X 
MgClz-MgO X 
NaCI-Bz03 X 

-NaJO X X X 
HgBr2-HgO X 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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FIGURE 63. Phase diagram for CaF: - Alp). 

Data from; P. Pascal, Z. Blectrochem. 19, 611 (1913). 

80 

Melt Preparation and Purification 

Mitchell and Cameron [117J used ultra pure CaFz dried 
at 300'C and prefused under Ar in a molYbdenum-lined 
graphite crucible. The alumina was recrystallized 2mm 
grain (99.95% A1P3)' 5tepanov and Lopaev [US} melted 
c.hemically pure components in a graphite crucible. No 
information on melt preparation was given in the study 
by Nikitin [119]. Evseev and Filippov [1201 used reagent 
grade materials and performed all measurements in a 
stream of dry argon. To remove air bubbles the melt was 
maintained at 1700-1800'C for at least 30 min. Voronov 
:Jlld Nikitin (121) used rl'agent gTl'Ic1e ml'ltf.'I131s l'lnd fl,ile.d 

them for 3 hours at lOOO·C. Zhmojdin and Moldavskii 
\122) prepared samples by the addition of chemically 
pllre oxides to the initial slag. The oxides were added 
1II\1l1<.:diately prior to measurements. 

J. Phys, Chcm, Ret Data, Vol. 12, N~. 3, 1983 

T .... llLB 319. EI"c!rical conductanc" studi"", 

CaFZ Al20 l 

Investigations critically eltamined 

Ref. Mol % Temp. range Comments 
AIPl (K) 

117 0-25 1723-1973 concentric cell; 
molybdenum linea. 
graphite crucible; 
temperature control, 
±S·C; calibration: 
NaCI(aq), molten NaCI, 
KCI; frequency; 
O.S-20KHz 

123 0-23.5 1873-2073 Me crucibles 

120 37.6 1700-2073 Mo cell; W electrodes; 
(wt%) calibration: O.INKCI 

solo; frequency: 
0.5-5 KHz; 
experimental uncertainty, 
±6% 

TABLE 330. CaF2 - AIP3: Specific conductance 
(ohm-'cm- I

) 

Mol percent Al20 3 

T(K) 

I J 24.7 16.1 7.8 3.9 

1720 1.20 2.24 

i 
2.96 

I 
3.95 

1840 1.57 2.50 3.27 4.26 
1960 2.22 2.93 3.80 4.87 

r emperature-dependent equations 
I( "" a + bT+ cOP 

Mol % 

I I I AlzO, a -bx 103 C l( tob 

24.7 25.920 30.711 9.50 
16.1 17.373 19.068 5,97 
7.8 22.187 24.042 7.48 
3.9 32,190 34.1B6 10.33 

0 25.008 23.931 7.481 

! 

These values are based on the data of Mitchell and Cameron (classical 
ac method); data in graphical form; precisions not estimated (117l. 
From the conductance cell calibrations (molten NaCl and KCI) the 
accuracy limits are - ±3%. Values for CaF2 have not been reported 
earlier in the NSRDS series. The values above for CaF2 (0% Al10,) 
agree with (120,1231 at the higher temperatures; in the lower 
temperature range, the values are significlllltly greater than in [120,123]. 
This is probably because in (117), the purity of CaF2 was higher (less 
oxides), and because melt/crucible reactions were minimized. The 
conductance-dependence for CaF2 in 1117J may also be expressed as; 
K = 18.168 exp (-3859/R1), within 01.2%. 
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TABLE 3~1. . Density studies:CaF2 - AIPl 

Investigations critically examined 

Ref. 
I ~:~~ITemfK;angel' Comments 

121 0-25 1873 Mo crucible; 
.. Ar atmosphere 

118 Q.:.24.7 Hi70-1730 Mo capillary tube; 
Nl atmosphere; 
graphite crucible 

124 ' {)"'25 1673-1973 Mo·bob; tungsten 
wire. suspension; 
Mo lined crucij:lle; 
temp. control, ±10·C 

123 0-30 1873 Mo capillary tube; 
,Ar atmosphere 

125 . 0-24.6 1673-1773 . h!0 bob; graphite 
cruoiblc 

Mol percent A120 J 

nK) 
24.7 16.1 7.8 

J670, '" 2.93 2.85, 2.75 
1700 2.91 2~82 2.72 
1730 2.88 2.79 2.69 

24.7 
16.1 
7.8 

Ternperature-rl"l"""rlP.11t p.q119ticns 
. p = a + bT 

4.571 
4.564 
4.415 

0.980 
1.024 
1.000 

These values are based on the data of Stepanov and Lopaev at 1673 and 
1723 K; preCisions not estimated (maximum bubble pressure method) 
[118] .. Extrapolation of the temperature limits to 1670 and 1730 assumed 
linearity. A single data point, 2.52, was reported for CaF, (0% AlP3) 
at 1723 K; this is to be compared with 2.S1 (from the recommended data 
base [Ip. 

TABLE 333, Viscosity studies: CaFz - AllO! ' 

Investigations critically examined 

I Mol % ITemp. rangel 
AlP! (K) 

Ref. Comments 

122 

1

7-45 11473-1873 I Mo spindle head; 
, . estimated error, ± 10% 

" " " 

Mol % 

I 'I, ' :\ 
" 

~2()3 'i(i13 K ,1773K :18731( 

'" " 

43.4 '1.0 
40.4 

" 
0~8 

" . 
38.5 0.6 
33,8 4.0 Q,4 .. 
29.2 3.0 
28.3 0,3 
24.7 2.0 2.0 0.2 
18.6 1.5 
16.1 1.5 
7.8 1.0 

The above values were interpOlated from the graphiCal, data' of 
Zhmojdin and Moldavskii (oscillational lIlethod) [122] for the ' s}'l!iem 
CaO-Al20 I.,.CaF2·· Resultsfor,·the ·ternarywere,8'Iso repbrted theI'ein,at 
1S73.K. 

Ref. 

121 

123 

12' 

119 

Investigations criticidIy examined ' 

I ~~~l~emfi~~el 
" 

~ts 
"-"._-- .. 

... 
0-25 1873 'M~ca~;:', 

At lltmOSphere 

0-35, 1873 
, 
M~ 
'Ar atmosphere· 

0-24.6 1673,.;1773 graphite crucible 

0-30 J470-1550 no inrOnnationgiVCll 
on.cen materials. 

Mol percent 
1813K' MaO,. 

35 239' 
30 242 
20 24'7 
10 2,i , 254 
0 2'6 .. 

Compositlon-dependent equation 
')'. 2,6.2-0.4B'C, 

[C - Mol%A1~Ol ] . 
Standard error of:estimate = 0.77% 

Tit""" values are. baaed on lbe data of Bvseev. (maximum bubble 
pressure method) [123), Limits of accuracy, - ±4%. 

Melt. Preparation and Purification 

No information on.' melt preparation 'was given in the 
study by Evseev et aI. [123; 126]: .' 

J. Phvs. Chain. Ret. Data. VoL 12. No~ 3.19&3 
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TABLE 337. Electrical conductance studies: 
CaF2 - BaO 

Investigations critically examined 

Ref. Comments 

113 110.48 11673-1973 1 Mo crucible 

TABLE 338. CaF2 - BaO: Specific conductance (ohm-Icm-I) 

Mol percent BaO 
T(K) 

10.48 

1700 5.09 
1820 6.31 
1940 7.18 

Temperature-dependent equation 
/( -49.49 + 52.61 x 1O-3T 12.06 l!. 1O-6 y<! 

These values are based on the data of Evseev (classical ac method); 
data in graphical form; precisions not estimated [123]. See also: 
comment. following Table JJO. 

Ref. 

126 

TABLE 339. Density studies: CaFl - BaO 

Investigations critically examined 

I,MOI% Temp. range Comments 
BaO (K) 

1

10
.
45 1823-1873 Mo capillary; 

purified Ar atmosphere 

TABLE 340. CaF2 - BaO: Density (g cm-3
) 

Mol percent 
BaO 

18.65 

I 

I 

1823-1873 K 

2.66 

The single data point (above) was reported by Evseev and Filippov 

TABLE 341. Surface tension studies: CaF1 - BaO 

Investigations critically examined 

Ref. 

126 

\

10.45 \1823-1873 \ Mo capillary; 
purified Ar atmosphere 

TABLE 342. CaF2 - BaO: Surface tension (dyn em-I) 

The single data point (above) was reported by Evseev and Filippov 
(maximum bubble pressure method) [126]. 

260~~----r-----r-----r-----r---~ 
2570

Q 

\ 

2400' \ \ 

\ 
\ 

\ 
\ 

1600 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 

1400 
-------------~~--

o 80 100 

Wt % CoF2 

FIGURE 64. Phase diagram for CaF2 - CaO. 

(1I1,,~itllurn buhhle pressure method) [126]. Limits of accuracy, ±4%. Data from: J. Mukerji, J. Am. Ceram. Soc. 4S(4). 210 (1965). 

,I. P!ty", C!t"rn. Rllf. Data. Vol. 12. No.3, 1983 
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Melt Preparation and Purification 

Mitchell and Cameron [117] and Mitchell and Joshi 
1124] used ultra pure CaF2, dried it at 300"C and then 
prefused it under argon in a molybdenum-lined graphite 
crucible. The calcium oxide was recrystallized 201m 
grain. Stepanov and Lopaev [118] prepared salllpks by 
melting reagent grade materials in a graphill' c·nIl·ihlc. 
No information on melt preparation was giwll ill I he 
study by Yakobashvili and Frumin [125], EvsL'l'v 112.11 
and Nikitin et al. [119]. Voronov and Nikitin 11211 lIsed 

reagent grade materials and fused them for 3 i1()llr~ ;It 
lOoo·C. Daak [127] used A. R. gradc ~all~. /\11 

experiments were carried out under a purified nitrug(,11 
atmosphere. Zhmojdin et al. [122] used chemically PII'" 
oxides. 

TABLE 343. Electrical conductance studies: 
CaF2 - CaO 

Investigations critically examined 

117 0-54 1723-1973 see: CaF2-AI2O, 

123 35.8 1673-1923 Mo crucibles 

127 0-14 1773-1818 Mo electrodes; 
calibration: 0.1 N KCI; 
graphite crucibles 

TABLE 344. CaF2 - CaO: Specific conductance (ohm-Iem-I) 

:n:K) 

1720 
1840 
1960 

'3.3 
37.4 
19.7 
6.8 
3.4 

Mol percent CaO 

53.3 37.4 19.7 6.8 

3.27 4.08 4.41 4.73 
3.92 4.77 5.13 5.42 
4.97 6.16 6.45 6.56 

Temperature-dependent equations 
Ie = a + bT+ cT 

315.797 44.992 

72.088 81.851 
59.668 67.785 
43.243 48.706 
34.475 36.932 

3.4 

5.30 
5.83 
6.69 

14.1:; 
24.60 
20.73 
15.30 
11.61 

These values are based on the data of Mitchell and Cameron (classical 
ac method); data in graphical form; precisions not estimated [117]. For 
the results for CaF2 (0% CaO) from this work [117J, see Table 330, and 
comments thereafter. 

TABLE 345. Density studies: CaF2 - CaO 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Cao (K) 

121 0-49 1873 Mo capillary; 
Ar atmosphere 

125 0-48 1673-1773 graphite oruoible 

127 0-9.6 1818 graphite crucible; 
Mobob 

118 0-50 1723 Mo capillary tube; 

; graphite crucible 

124 0-37.3 1673-2023 Mo bob; tungsten 

: 
wire; Mo lined crucible; 

i 

temperature control, 
±IO·C; 
estimated uncertainty, 

I ±0.2% 

I Alii I' .146. CaP. - CaO: Density (g cm-3
) 

Mol percent Cao 
11", 

17.4 25.8 13.4 

1 :'.'11 2.58 
IX \[1 2.59 2.57 
IS')II .} fI.l 2.58 2.56 
: 11\1\ " til 2.57 2.54 
2111 II .' 1I() 2.56 

I nlljll'l.11111(' tlqwlHknt equation!; 
I' ,: lid' I cT' 

I 

M"I'; 
('a( ) " , 10' c x 10' 

1- 37.4 

1

· 2S.X 
13.4 
() 

, /(,1 

.' s 1-1 

.' 'If," 

·1 {H/1 

I (I 1'1 D.D 
II. I~) 

(1.)11) 

I 17'1 
~. 

These values af''' 1",,,·.1 "" 11r, .1.11" "I' Mill'he11 and Joshi (Archimedean 
technique); <lala in 1'."'1,1",::1 I", til; pH'l'isioJJS not estimated [124]. For 
CaP, (0% Ca()j Ih" "·,,,Ih lall 2· 4 'Yr. above the recommended data 
set [IJ. 

'!'AJlI.J: .147. Viscosity studies: CaP2 - CaO 

=~ .. , ....... -.". =========== 
Investigations critically examined 

I Mol % ITemp. range I 
CaO (K) 

Ref. Comments 

122 135-50 11473-1873 I 

.L Phy,. .. Chem_ Ref. nata, Vol. 12, No.3, 1983 
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TAIlLE 348. CaF2 - CaD: Viscosity (poise) 

48.1 1.5 
45.0 1.0 
43.9 0.8 
43.4 0.6 
42.8 0.4 
41.8 0.3 
37.8 0.2 

The above values were interpolated from the graphical data of 
Zhmojdin and Moldnvsldi (oooillationnl m.ethod) [U2] fo~ the system 

CaO-AI20:1-CaF2' Results for thls ternary system were also reported 
therein at 1573 K, 1673 K and 1773 K. 

TABLE 349. Surface tension studies: CaF2 - CaD 

Investigations critically examined 

121 0-45 1873 Mo capillary; 
Ar atmosphere 

125 0-48 1673-1773 alloy steel rods; 
graphite crucible 

119 1 0- 35 1470-1550 electrocaplllary method 

TABLE 350. CaF, - CaD: Surface tension (dyn em-I) 

Mol pereer 
CaO T(K) y 

48.0 1773 440 
37.:5 1773 430 
30.7 1753 420 
14.5 1723 410 

Tbc;,c values are the data-set reported by Yakobashvili and Frumin 
(dror-·weight technique) [125]. Accuracy limits, -±3%. A single 
ITlcll;,urcmclll of the surface tension of CaF2 (0% CaO) is reported in 
1'251, ix.: at 1673 K, 400dyn em-I. For related studies, see [119,126]. In 
111'1/. the surface tension over the temperature range of 1750-1825 K 
IIlI elll', is reporled to have a value of 280 dyn cm-1 and this increases 
10 II Yuille of J 15. for 33 mol % CaO as additive. There is insufficient 
1l1101l11utl<J11 It) n:wlve the factors leading to the greatly differing results 
HI \h("\~r two ~\tudie~ . 

. 1. !'hYII. Chern. Ref. Data, Vol. 12, NO.3, 1983 

1550 

("C) 

o 
MqO 

CaF2 - MgO 

CQ~-MgO 

Mol% 

FIGURE 6:1. .Phase dIagram lor Car'2 MgU. 

Data from: D. D. Budnikov and S. G. Tresvyatskii, Ukr. Khim. Zhur .• 
19, 555 (1953). 

Melt Preparation and Puriiicat\on 

Yakobashvili and Frumin [125] and Evseev [123] pre
pared samples by melting chemically pure components in a 
graphite crucible. Goncharev et at. [128] used analytical grade 
MgO and pure grade CaF2• 

TABLE 351. Electrical conductance studies: 
CaFl - MgO 

InvestiJ;tations critically examined 

Ref. Mol % ! Temp. range Comments 
MgO \ (K) 

123 31.2 11673-2000 I Mo crucibJe 

128 9-33 1673-1873 I Mo crucible and 
electrodes; 

. calibration: 0.1 N 
KC1; Ar atmosphere; 
frequency: 1000 Hz; 
estimated accuracy. 
±6% , 



PROPERTIES OF MOL TEt)lSALTS 685 

TABLE 352. CaFj - MgO: Specific condllctance:(ohm-tcm-') 

Mol percent MgO 
T(K) 

31.2 

1670 4.31 
1790 5.28 

.19.10 6.44 
1950 6.87 

T'''llpc:n,wrt:-t1t:pc:mJt:nt t:qtiation 
K 11.369 15.676· x IO-'T + 6.857 x 10..(;1' 

These values are based on the data of Evseev (classical ac method); 
data in graphical form; precisions not estimated [123]. For CaF2 (0% 
MSO) the oonduoi.:.noe at 1973 X:. is 6.S1 41. {1:33]. This i •. to be 
compared with the· value of 6.80 at the same temperature calculations 
from the work of Mitchell and ~eron [117). See also: Table 330. 

TABLE 353. Densitystudies: CaF2 MgO 

Investigations critically exainined 

Ref. I M~~ ITemrK~angel Comments 

125 0-32.7 1673-1773 Moweight 

128 9.0 1670-1&20 alundum capillary and 
crucible; calibration: 
H20. molten salts; 
quartz-lined graphite 
furnace; Ar atmosphere 

TABLE 354. CaF2 MgO: Density (g cm-3) 

Mol percent MgO 
T(K) 

9.0 

1680 2.59 
1740 2.47 
1800 2.34 
1820 2.30 

Temperature-dependent equation 
p = 6.034 - 2.05 x 1O-3r 

These values are based on . the data· of Goncharev, Manakov and 
Kovalev (maximum bubble pressure method); data in graphical form; 
precisions not estimated [1211]. 

TABLE 355. Viscosity studies:CaF2 - MgO 

Investigations critically examined 

Ref. Comments 

128 1 33 11447-1621 1 no information 

TABLE 356.CaFi- MgO:Viscosity (POise) 

. Mol percent M~O· 
T(K) 

33 

1447 2.01 
1475 0.71 
1505 0.56 
1564 0.41 
1621 0.34 

The above values ·were interpolated from the graphical·. data of 
Goncharev, Manakov, and, Kovalev {oscillationalmethod) [128); 

TABLE 357. Surfar,:e tension studies: CaF2 - MgO 

Ref. 

I 
Mol % I TemfK;ange.\ Comments 
MgO 

125 0-32.7 1673-1773 alloy steel rods, 
cleaned in 
acetone and CCI4 

128 9-18 1570-1870 as for density 

TABLE 3S8. CaF1,- MgO: Surface tension (dyn.cm~l) 

Mol percent MgO 
TtK) 

18 9 

1570 283 282 
1630 280 277 
1720 271 270. 
1870 265 258 

Temperature-:dependent equations 
"I a + bT . 

Mol percent 

I I MgO a -b x 10' 

18 

I 
381.4 

j 
62.4 

9 405.7 79.1 

These values are. based on the data of Goncharev, Manakov and 
Kovalev (maximUm bubble pressure method); data in graphical form; 
precisions not estimated 1128) . 

. 'J.Phys. Chem. Ref. Data, Vol. 12, NO.3; 1983 
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o 
1416 

-----1"------0 '-_1'"' ___ .; 1230 

I
I I 1210°: 

I I 
I I I 
I I J 

I I 

o 
Si02 MOIO/a CaF2 

FIGURE 66. Phase diagram for CaF, - SiOz' 

Data from: L. Hillert, Acta Chem. Scand. 18, 2411 (1964). 

Melt Preparation and Purification 

100 

CaF2 

Yakobashvili and Frumin [125] prepared samples by 
melting the chemically pure components in a graphite 
crucible. Nikitin et al. [119] gave no information on melt 
preparation. 

TABLE 359. Density studies: CaP2 - Si02 

Investigations critically examined 

I Ref. I Mol % Temp. range Comments 
Si02 (K) 

t 125 10-35.7 1673-1823 Mo weight 

TABLE 360. CaF2 Si02: Density (g cm-l
) 

Mol percent I 

I 
SiOz T(K) Y 

35.7 1823 2.18 
24.6 1793 2.3 
12.7 1773 2.2 

These values are the data-set reported by Yakobashvili and Prumin 
(Arl'hirnedcan technique) [125]. At 1673 K, the density values for CaP2 
((>'ii· SiO,) are: 2.40 I 125J; 2.52 [I], i.e., the reported value is -5% low 
Ici.l~J\ (' Itl ,Ill" recommended data set. 

.1 l'lly". Clwlll. Rof. Data, Vol. 12, No.3, 1983 

TABLE 361. Surface tension studies: CaPz - SiOz 

Investigations critically examined 

I 

Ref. I Mol % Temp. rangel Comments 
Si02 (K) , 

125 0-35.7 1673-1823 alloy steel rods 
cleaned in acetone 
and CCI4 

II!) 14 174'\-1823 -

TABLE 362. CaF2 - SiOz: Surface tension (dyn cm-I) 

Mol percent 
Si02 T(K) 'Y 

35.7 1823 350 
24.6 1793 360 
12.7 1773 390 

These values are the data set reported by Yakobashvili and Frumin 
[125]. In a closely related study [119], a value of 285 dyn em-I is 
reported for CaF2 containing 16.6 mol % Sial at -1750-1825 K. There 
is insufficient information given to resolve the factors leading to these 
markedly differing results. (cf.: CaF1-CaO, Table 349 and comments). 

0 

1400 
13650 

1360° 

0 100 

TiOz Mot% CaF2 CoF2 

FIGURE 67. Phase diagram for CaF2 - TiOz' 

Data from: L. Hillert, Aot Chern. Soand. 19(6), 1516 (1965). 

Melt Preparation and Purification 

Yakobashvili and Frumin [125] prepared samples by 
melting the chemically pure components in a graphite 
crucible. No information on melt preparation was given 
in the study by Evseev et al. [123]. Goncharev [128] used 
analytical grade salts. 
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Ref. 

123 

128 

TABLE 363. Electrical conductance studies: 
CaF2 -TiO, 

Investigations critically examined 

Mol % Temp. range Comments 
TiO, (K) 

19.6 1720-1970 Mo crucible 

5-20 1470-1870 see: CaF2-MgO 

TABLE .364. CaF, - TiO,: Specific conductance 
(ohm-Icm-I ) 

T(K) 

1470 
1670 
1870 

20 
5 

Mol percent TiO, 

20 

2.59 
5.08 
5.09 

Temperature-dependent equations 

92.214 
107.518 

110.266 
128.660 

5 

2.42 
5.13 
4.91 

31.14 
36.65 

These values are based on the data of Goncharev, Manakov, and 
Kovalev (classical ac method); data in graphical form; precisions not 
estimated [128]. 

TABLE 365. Density studies: CaF, - TiO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
TiO, (K) 

125 0-29.4 1673-1833 Mo weight 

128 5-20 1673-1800 ~'"'' CaF.-MgO 

TABLE 366. CaF, - TiO,: Density (g cm-l
) 

Mol percent TiO, 
T(K) 

20 5 

1680 

I 

2.73 2.72 
1740 2.63 2.62 
1800 2.53 2.53 

Temperature-dependent equatinn. 
a + bT 

These values are based on the data of Goncharev, Manakov, and 
Kovalev (maximum bubble pressure method); data in graphical form; 
precisions not estimated [128]. A density value of 2.54 at -1800 K for 
CaF, containing 9.8 mol % TiO,. is reported by Yakobashvili and 
Frumin (Archimedean technique) [125]. The results are virtually in 
exact accord. 

TABLE 367. Viscosity studies: CaF, - TiO, 

Investigations critically examined 

Ref. Comments 

128 \ 5 11570-1773 1 

TARI1'. '1/1S! rAP. _ TiO" Vi.co.ity (cp) 

Mol percent TiO, 
T(K) 

5 

1570 I 2.75 
1591 1.10 
1621 0.56 
1651 0.41 
1683 0.33 
1716 0.30 
1746 0.30 
lIlJ 0.30 

The above values were interpolated from the graphical data of 
Goncharev, Manakov and Kovalev (oscillational method) [128]. 

TABLE 369. Surface tension studies: CaF, - TiO, 

Investigation~ crit.il'.ally ex~mined 

Ref. I ~~2% !TemrK;angel 
Comments 

128 5-20 1570-1870 see: CaF,-MgO 

125 0-29.4 1673-1833 alloy steel rod 
cleaned with acetone 
and CCI, 

TABLE 370. CaF, TiO,: Surface t"n.inn (rlyn em-I) 

Mol percent 
TiO, T(K) 'Y 

29.4 1833 360 
19.5 1833 380 
9.8 1793 390 

These values are the data set reported by Yakobashvili and Fromin 
(drop weight method) (125]. The value for CaF, (0% TiO,) at 1673 K is 
reported in this study, as 400 dyn em-I. This differs markedly from the 
result in a closely related study. namely. 280 dyn cm- I [119}. The 
information in these two studies is insufficient to resolve the error 
source(s) leading to these two very different values. 

Melt Preparation and Purification 

Goncharev et al. [128] used Pure grade CaP2 and 
analytical grade VPs. No other information was given. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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I 

I 

Ref. 

128 

TABLE 371. Electrical conductance studies: 
CaF, V20 S 

Investigations critically examined 

Mol % Temp. range Comments 
V20 ZS (K) 

2-7 1470-1870 see: CaF2-MgO 

TAIlL£ 372. CaF,- V.O,: Specific ccnductance 
(ohm-Icm-I) 

TtK) 

1470 
1560 
1590 
1680 
1800 
1870 

Mol percent V20 S 

7 

9.65 
9.91 

10.06 

Temperature-dependent equations 
K = a + bT + c1' 

2 

1.74 
3.08 
3.92 
7.20 
7.79 
7.61 

Mol % 
, 

I ex 106 
Trange 

V20 S a b x 103 (K) 

7 5.981 2.181 

I 
1670-1870 

2 -119.657 141.38 -39.21 1600-1870 
2 224.209 -307.98 

i 
106.56 1470-1590 

I 

I 
I 

These values are based on the data of Goncharov, Manakov, and 
Kovalev (classical ac method); data in graphical form; precisions not 
estimated [128]. 

TABLE 373. Density studies! CaF2 VPs 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
V,Os (K) 

128 2-7 1670-1820 see: CaF,-MgO 

Mol percent V 205 

T(K) 
7 2 

1690 2.88 
1730 2.76 2.50 
1770 2.63 2.34 
1810 l.49 l.IlS 

Temperature-dependent equations 
p a + bT + c1' 

Mol % 

I I I 
I V,Os a b x !Ol ex 106 

7 

I 
4.048 

I 
1.71 

I 
-1.42 

2 9.563 -4.08 

These values are based on the data of Goncharev, Manakov, and 
Kovalev (maximum bubble pressure method); data in graphical form; 
precisions not estimated [l28J. See: Table 366 for checks of results from 
" closely related study [125] . 

• J. PhY!I. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 375. Viscosity studies: CaF2 - V10 S 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
V 20 S (K) 

128 2.2 1530-1775 see: CaF,-MgO 

TABLE 376. CaF2 V20 S: Viscosity (poise) 

Mol percent V20 S 

T(K) 
2.2 

1532 2.90 
1562 0.91 
1652 0.31 
1713 0.26 
1744 0.23 
1773 0.22 

The above values were interpolated from the graphical data of 
Goncharev, Manakov, and Kovalev (oscillational method) (128). 

TABLE 377. Surface tension studies: CaF2 V20 S 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
V20 S (K) 

128 2-7 1570-1870 see: CaF2-MgO 

TABLE 378. CaF2 VPl: Surface tension (dyn cm-I) 

T(K) 

1570 
1690 
1750 
1870 

Mol % 
V 20 S 

7 
2 

Mol percent V20 S 

7 

287 
238 
232 

Temperature-dependent equations 
')'= a + bT + c1' 

I I I a -b x 103 

I 5566.0 6101.1 

I 3461.5 3380.3 

2 

270 
'49 
227 

ex 106 

1744.5 
882.6 

These values are based on the data of Goncharev, Manakov, and 
Kovalev (drop weight method); data in !paphica\ form; prcci.ion. 'not 
estimated [128). 

Melt Preparation and Purification 
Yakobashvili and Frumin [125] prepared samples by 

melting the chemically pure components in a graphite cruci
ble. Evseev et aI. [123] gave no information on melt prepara
tion. Goncharev et al. [128] used pure grade materials. 



PROPERTIES Of MOL TEN SAL ts 689 

TABLE 379. Electrical Conductance studies: 
caF2 -,-Zi02 

InvestigationS critically examined 

Comments 

123 .110.2 . 1167~2020 I Mo crucible 

TABLE 380; CaF2 -.?r02: Specific conductance 
(ohm~lcm-l) 

Mol per~t zrOz 
T(K) 

10.13 

1670 3.15 
. .1830 4.78 
1960 5.77. 
1990 5.96 

.Temperature-dependent equauou . . 
K -40.908 41.134 x 10:-;31' ~ 8.835 x 1(J'iJi! 

Thtisevalues are based.on the dataaf Ev~v; data in graphical form; 
precisio~ not .estiInated (cla&Sicai ac. methOd)[123] ... 

TABLE 381. Density studies: CaF2 - zr02 

Investig<lt;ions cnl~callY .. "~iml!l"U 

. Ref. . I Mol %ITemp. range'· Comments 
Zr02 .· (K.) , 

.1l5-. 0-21.4 1673-1813· • Mo-weight . 

126 15 1673,..1973 Mo capillary 
- . 

Mol percent .. 
zr02 

:.: 
~) p 

21.4 1813 3.42 
13.7 1793 3.00 

6.5: 1753 2.70 

These values are the data set reported by Yakobashvili and Frumin 
(Archlmedean tecrurlque) [125]. The densities of a series of CaF2 

containing Slags have also been inveStigated by Evseev and Filippova 
[126]; for the above 1iysteni; the· density· ·"aIue, reported for the 
composition 10 mol% zr02 imd·the temperature range 1823-1873 K, is: 
2.65 gmcm-3, i.e., the agreement appeilrs all that can be expected. 

TABLE 383. Surface tension studies: CaF1 - zr02 

. Investigations .critically examined 

Ref. 
·1 ~~2% I TemrK;angeI 

Comments 

125 0-21.4 1673-1813 alloy steeLrod 
cleaned with acetone 
andCCI. 

126 15.1 1823-1873 M~ capillary; no 
corrosion observed 

Mol percent 
·-Zr0

2 T(K) 'Y 

21.4 1813 380 
13.7 1793 I 390 
6;5 1753 400 

These values are the data set reported by· Y akobashviliand . Frumin 
(tlrnp-wE'ight technique) [US). 

The sUrface ~lorifQf a seric;sof CaF2 contaiItins slags have also 
been investigated· by Evseev)iIid FiliPpova,(maximum·.bubbl~. pressUre 
method) rI261. For/the above syStem the surface ·tAn .. inn vA!ue .. reporj:ed 
for. the composition lQ mol% zr02 and the. temperature range 1823-
1873 K., is 267 dyn cm~l. A soniewhat similar trend is noted for CaFz 
(0% zrO:i) at 1673K in [1l5] and [119] e.g., 400, and 280 dyncm-1

, 

respectively. The inf6rmation in these publicatiOns [119,ll5,U6] is 
insufficient to resolve the factors contributing to these very: differing 
values. 

Melt Prepar,..ic;m, and . PLirifl~tiort 

No information on ;melt preparation was given in the 
study by Balyabin et at [129] •. 

Ref. I ~:~~ ITemrK)gel 
Comments 

129 1().:4() 1673 tungsten Wire and rod; 
alundum crucible; 
,caIibration:solna. Ofl 
castor oil in butanol; 
experimental ~rror 
given as - ±7% 

TABLB 386. NaP - Alp!: Viscosity (cp) 

Mol percent 
Al20 3 . 167~.K :. 

.... 
40 420 
30 304 
20. 180 
10 49 

.,. .. 

Composition-'"dependent equation. 
1)=. -89.9 + 14.27C - 0:038C 

·[G;;: :Mol % Al20 3 ] 

Insufficient data for estimate· of standard error. 

.. 

These values are' based. on the: data of Balyabin. Ovakimyan and 
Stepanov (electromagnetic method) (129]. Accuracy limits,-±10%. 

J; Phys.-Chem. Ref. Dam, Vol. 12; No.; 3; 1989 
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FIGURE 68:. Phase diagram for NaF B,Oj' 

Data from: V. N. Pavlikov, V. A. Yurchenko, E. S. Lugovskaya, N. L. 
Korbanova, and S. G. Tresvyatskii, Russ. J. Inorg. Chern. 19(6), 869 
(1974). 

Melt- Preparation and Purification 

Kruh and Stern [130] used reagent grade B20 3 and 
heated it to 900°C in a stainless steel beaker to remove 
residual water. After adding the sodium fluoride, the 
mixture was stirred thoroughly and then allowed to stand 
so that air bubbles might escape. 

TABLE 387. Density studies: NaF - Bz03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

BP3 (K) 

130 88-100 873-1073 Au sphere; corrections 
made for thermal 
expansion and for 
the effect of the 
surface tension on the 
expansion wire. 

J. Phys. Chern. Ref. Data, Val. 12, No.3, 1983 

TABLE 388. NaF BzOl : Density (g cm-3) 

T(K) 

870 
950 

1030 
1070 

Mol percent B2O] 

97.31 I 92.35 

1.621 

I 
1.711 

1.604 1.691 
1.588 1.670 
J.58{) I 1.66{) i 

Temperature-dependent equations 
p = a + bT 

87.6 

1.783 
1.759 
1.734 
1.721 

Mol percent 

I I B2O] a -b x 10] 
, 

97.31 

I 

1.799 0.205 
92.35 1.933 0.255 
87.6 2.053 0.310 

These valueS are based on the data of Kruh and Stern (buoyancy 
method) precisions not estimated [130]. Accuracy limits, -±O.S%. 
Density data for BzO] (0% NaF) in [130] agree with the data set of 
SIJllllloi~, Capps, !t1U1 Spinner (NBS) (242) to - :t:0.:'l%. The temperature 
range (- 850-1100 K) falls below that of the recommended data set 
advanced earlier in this series [1], but extrapolation of the latter gives 
the results: at 1073 K, 1.551 II]; 1.548 [130]; i.e., the results are in very 
close asreement. 

TABLE 389. Viscosity studies: NaF BZOl 

InvestIgations critically examined 

Ref. Mol % Temp. range Comments 
BZ0 3 (K) 

130 80-100 883-973 stainless steel 
I container 
I 

TABLE 390. NaP - BP3: Viscosity (poise) 

Mol percent 9,0, 
T(K) 

97.3 93 .. 6 87.9 81.1 

870 1900 1400 2700 3500 
930 640 460 600 760 
990 250 170 160 200 

10lO 190 120 IlO 130 

Temperature-dependent equations 
11 A exp [EIRT] 

Mol % standard 
.H2U] A J!,. error of 

estimate 

97.3 1.2175xlO-4 28604 
I 

6.60% 
93.6 3.0380)1.10-' 3056) 10.18'70 

87.9 2.2615xl0-7 40098 
, 

12.13% I 

81.1 2.0269x 10-7 40734 
I 

60.53% 

These values are based on the data of Kruh and Stem (damped 
rotational method) 11301. Accuracy limits, ~±5%. For B20, (0% NaF) 
the temperature range for the measurements [130jlies below that of the 
recommended data set Ill; comparison with the work of Shartsis et al. 
(NBS) j2421 at 850-1100 K ~hows that the two data sets are in close 
accord. 
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NsF -CaO 

, Melt Preparation and ,Purification 

No information on melt preparatIOn was given in the 
study by Balyabinet ai. [129], '. 

Ref. 

129 

391., . Viscosity studies: NaF- Cao 

~~vestig!ltions .pritically ,~ed 

Comments 

TIS-55 '\ 1673 \ 

-TABLE 392. NaP..;. CaO: Viscosity (cp) 

M6lpercent 
Cao 1673K 

S5. 137 
35 83 
-]s· 24 

CompOsition-dependent· equation 
'I) '= -25.2 + 3.38C- 0.8 x 1O-2d 

[C = Mol % CaO] 
These vwuClIare bMed on the data of Dwy .. bin, OvakimyWl WlU 
Stepanov (electromagnetic method) [129]. Insufficient data for precision 
estimate, accuracy limits, - ± 10%. 

o 
PbF2 Mol% PbO 

FIGURE 69. Phase diagram for PbF2 -PbO. 

100 

PbO 

Data from: C. Sandonnini, Atti reale acead. sci:, Torino, 22(1), 9S9 
(1914). 

Melt Preparation and Purification 

Oliver [131] used reagent grade lead monoxide and 
ultra pure PbF2, 

Mol % 
PbO 

52 

,880: 
1000 
1126· 
1200 

Mo1I),e~P'bO 

. 52' 

58(1.. 
379 
283' 
278 

. CompoSiticl!I~ependent.eqwition 

. ···" .... ,~.a +bT:+ ci'i 

.1 5254 ':T 8S]S. .,' '. '340' 
These values are baseclon the ,data! of Oliver .(r01l¢ional,method); data 
in graphi,cal fonn;preciaions not ,estiinate4 :[~li. AC91I1's.CY limitS, 
-±20%.. ' 

.. caCIa- CaO 

1400°r---...... --------...;.;.--....... 

CaCIzCaO / 

.. ---,I' ~ . 
-_'":'--=--=--""'''''' ---

FIOURE 70. ~dUi~ forQlCl:i .-~O. 

Data from: B. NeUmann, C;Krogerand H.'iuttil.ei:; Z •. Eteirtroch~, 
41, 725 (1935). . . . .. 
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Melt Preparation and Purification 

Arndt and Loewenstein [132] dried Kahlbaum high 
purity salts by heating in Pt crucibles. 

TABLE 395. Density studies: CaCl2 - CaO 

Investigations critically examined 
, 

Ref. Mol % Temp. range Comments 
CaO (K) 

132 1.15-8.9 1070-1260 Pt float crucible I 
TABLE 396. CaCI2 - CaO Density (g cm-1) 

Mol percent CaO 
T(K) 

8.90 4.90 1.15 

1070 2.089 
1100 2.109 2.076 2.046 
lUU 2.U'JJ 2.063 2.033 

1190 2.068 2.036 i 
1250 2.040 

Ttaupta atul e-ueptau.lcu t c\.IuC1tkm" 

p a + bT 

Mol % standard 
C .. o Q -b x 103 error of 

estimate 

I 8.90 2.6143 0.4593 0.02% 
4.90 2.5615 0.4414 0.05% 

I 1.15 2.5025 0.4151 • i 
"Insufficient data for estimate. 

These values are based on the data of Arndt and Loewenstein 
(Archimedean technique) [132]. The density data for CaCI2 (0% CaO) is 
- 1 % higher than the recommended data set [I J. 

Limited electrical conductance results for the system CaCJ2-CaU 
are also reported in [132]. "Insufficient data for estimate. 

MgCI2 - MgO 

Melt Preparation and Purification 

Potter et al. [133] used reagent grade magnesium oxide. 
The MgCl2 was prepared from purified anhydrous lead 
chloride. A slight excess of magnesium metal was added 
to the lead chloride in a bomb. The bomb was rotated for 
1.5 hours at 725°C and then placed in an upright position 
to permit the lead-magnesium alloy to separate from the 
molten MgC12• The MgCl2 was at least 99.7% pure. 
Spectrographic analysis indicated no alkali and alkaline 
earth metals Fe, AI, Cu, or B. Silicon and Pb were 
prescnt in amounts less than 0.002%. The mixtures were 
mclted in a porcelain crucible and then poured into the 
cell. 

.1. Phy ... Chom. Ref. Data, Vol. 12, No.3, 1983 

TABLE 397. Electrical conductance studies: 
MgCI2 MgO 

Investigations critically examined 

i Ref. Mol %JTemp. range Comments 
MgO (K) 

I 
133 

I 
1.8 i 1000-1240 fused silica cell; 

I 

Pt electrodes; 
calibration: saturated 
NaCI 

TABLE 398. MgCI2 - MgO: Specific conductance 
(ohm-1cm- l ) 

Mol percent MgO 
T(K) 

1.8 

1000 1.027 
lOBO J.Jsa 
1160 1.332 
1240 1.485 

Tcntpcca.turc-depcndcnt equation 

K = a + bT 

Mol % 

I 
standard 

MgO a b X 10) error of 

I 
estimate 

1.8 -0.8793 1.9066 
I 

0.39% 

These values are based on the data of Potter, St. Clair and Huber 
(classical ac method) [133]. Accuracy limits, -±2%. 

Melt Preparation and Purification 

Kruh and Stern [130] used reagent grade boric oxide. 
The oxide was placed in a stainless steel beaker and 
heated to 900°C. to remove residual water. After adding 
the sodium chloride, the mixture was stirred thoroughly 
and then allowed to stand so that air bubbles might 
escape. 

TABLE 399. Viscosity studies: NaCI - BoO) 

Investigations critically examined 

Ref. Mol % Temp. rangel Comments 
B2O) (K) 

130 98-100 873-1023 

I 
stainless steel 
container 
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TABLE 400. NaCI - BP3~ Viscosity (poise) 

T(K). 

870 
930 
990 

1020 

Mol % 
B,O, 

99 
98 

Mol percent BP3 

99 

I 
2100 

880 
410 

I 290 

Tempernt;'rc-dcpcndcnt equations 
" 'Ij'= A exp [E/R1] 

·.A ~ 103 E 

3.2406 23130 
0.8572' 25381 

98 

2000 
790 
340 
240 

standard 
error of 
estimate 

12.08% 
8.73% 

These values are 'based on the data' of KrUh and Stern (damped 
rotational method) [130]. Accuracy I~its - ±5%. For comparison of 
'esults for B20" see Table 390 (comments). 

,.;-----, 

700 -- - - - - ____ --1. _____ _ 

o 10 50 

NoCI Mol% 

FIOURE 71. Phase diagram for NaCI - Na20. 

Data from: W. Fischer and H. Abendroth, Z. anorg. u allgem. chem., 
308, 103 (1961). 

Melt Preparation and Purification 

Volodin and Gorbunova [134] used reagent grade 
sodium chloride which was recrystallized twice from 
distilled water. The sodium oxide was obtained by 
reacting pure metallic sodium with reagent grade sodium 
hydroxide. Mixtures were prepared under an atmosphere 
of pure argon. The mixtures were evacuated and slowly 
heated to melting. 

TABLE4Ol: Densitystudies:NaCl;-"Nap 

Investigil:!ionSpriiiciillyexamined 

. Comments 

134 0.1.;.Q.9; 1193 correction made:. for 
imIneision dept'harid 

0.9 
0.8 
0.7 
0.(\ 
O.s .' 
0.4 
0.3 
0.2 
0.1 

. thermal eXPa.nsrori: pC 
capillmjicalibration: 

. molten NaCI . 

1.534 
1.'40 
1.534 
i,SI9. 
1.500 
1.481 
1.467 
~.4{il 
lA{i8 

Composition-dependent equation' 
p = 1.493 - O.346C + 1.074C\_0.710C 

[C = Mol % :N~01 
Th .. .". valli", are baoed on the ·data of :V~Jcidin QJ1d Gorbunova 
(maximum bubble pressure method) data. m. graphiCal (orm' [134]. The 
value for the density of NaCl at 1193 K calculated'from the the above 
equation is in close agreement (- ± 1 %) with 'the reCommended density 
data base for NaCl [10]. 

TABLE 403. Surface.tension studies: NaCl- Nap 

IllvClIliglltions critically examined 

Ref. 

I 
Mol % ITem~;angel' Comments 
N~O 

134 0.1.;.Q.72 1193-1263 .correction made for 
immersion depth and 
thermal expansion of 
capillary; calibra-
tion: molten NaCI 

J.Phys. Chem. Ref. Dllia,VOI..12; No, 3,1983 
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~ • ...a'A 

I 
Mol percent NazO 

1\K) 
0.72 0.48 0.35 0.20 0.10 

1190 130.0 116.3 57.4 91.7 100.5 
1230 125.3 112.8 53.6 88.6 97.9 
1270 120.6 109.2 49.7 85.4 95.3 

Temperature-dependent equations 
i' a + bT 

Mol percent 

I I NazO a -b x 103 

0.72 269.8 117.5 
0.48 222.6 89.3 
0.35 171.9 96.2 
0.20 186.4 79.5 
0.10 178.1 65.2 
0.0 225.0 98.1 

These values are based on the data of Volodin and Gorbunova 
(maximum bubble pressure methOCl); data in equation form; preciSions 
not estimated [134]. The results for NaCI (0% NazO) are in close accord 
(-±2%) with the recommended NaCl surface tension data set [10]. 

HgBr2 - HgO 

Melt Preparation and Purification 

lander and Brodersen [48] purified the HgBr2 by 
sublimation. No information was given on the 
preparation of HgO. 

TABLE 405. Electrical conductance studies: 
Ha:Br, -H20 

Investigations critically examined 

48 dilute 
solution 
range: HgO 
in HgBrz 
as solvent 

515 Pt-Ir electrodes; 
Duran glass cell; 
calibration: 
0.1 NKCI 

Electrical conductance: JanCler and Brodersen [48] reported the results 
in units of equivalent conductance; density data were not reported and 
the specific conductances cannot be calculated. 

Halide - SUlfide, - Selenide, - Telluride 

TABLE 406. Data Status 

AgCI-AgzS X X X 
-Ag1Se X X 

-AgzTe X X 
CuCI-Cu1S X X X 

FeClz-FeS X X X 

PbClz-PbS X X X 

AgBr-AgzTe X 

HgBrz-HgS X 
-HgSe X 
-HgTe X 

AgI-AgzS X 

-AglTe X 

J. "hy". CIH.m. Ref. Data, Vol. 12, No.3, 1983 
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FIGURE 72. Phase diagram for AgCl - Ag2S. 
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Data from; G. G. Urazov and M. A. Sokolova, Izv. Sekt. Fiz. Khim. 
Analiza, lnst. Obshch. Neorg. Khim., Akad. Nauk SSSR. 14, 319 
(1941); G. G. Urazov and L. A. Chelidze, ibid., 13, 264 (1940). 

Melt Preparation and Purification 

Bell and Flengas [135] prepared silver sulfide by 
precipitation from a boiling aqueous solution of reagent 
grade silver nitrate and sodium sulfide. The precipitate 
was thoroughly washed with distilled water and dried at 
120·C. The product was further purified by treatment in 
a dry mixture of hydrogen sulfide and hydrogen at about 
700·C. Small amounts of excess sulfur were then 
removed from this product by heating to about IS0·C 
under vacuum. The product was analyzed by titration for 
silver with thiocyanate. The silver chloride was 
anhydrous reagent grade and was further dried under 
vacuum at 300·C. Blachnik and Alberts [136] used high 
purity AgCl. The Ag2S was prepared by fusing together 
high pnrity Ag (99.99%) and sulfur which had been 
sublimed twice. 

Ref. 

135 

TABLE 4<l7. El"",td", .. 1 conductance .tudics; 

AgCl- Ag2S 

Investigations critically examined 

Mol % Temp. range I Comments 
Ag2S (K) : 

0-90 733-1193 silica cell; 
Pt electrodes 

r 
T(K) 

730 
850 
910 
970 

1030 
1050 

-
Mol % 
Ag2S -
89.94 
77.2 
47.83 
4<l.O 

35.0 
30.0 

I 20.0 L ,".0 5.0 
0.0 

1- Mol percent Ag2S 

89.94 47.83 40.00 

8.8 
17.5 14.2 
2U 16.6 

255.7 25.5 
219.8 31.1 

TernPGro.ture-depeuucllt cquatlons 

/( - a + bT+ cP -

I a 
I bx 103 

I 
966.9 -1040.7 

1551.73 -2375.9 
-119.12 224D 
-403.93 854.09 

25.55 -67.14 
10.76 -26.35 
2.24 -1.92 
4.00 -4.18 
0.40 4.0 

-1.58 10.70 

20.00 

3.0 
3.5 
3.8 
4.2 

ex 106 

340.0 
1000.4 
-91.2 

-433.6 
49.9 
21.3 

4.0 
4.3 

-4.51 
eSe. val Th ues are bllS . 

methOd) 1135J ,cd on (he data of Bell and Flengas (classical ac 
. ' as cited in CI k [40 . . not estimated ........ ar I; data m graphical form' precisions 

• I lie res It fi ' elseWhere in th' . U s or AgCI (0% AgzS) have been advanced 
I, . IS senes as th Imlts, _ ± 1.5%. e recommended data set [II; accuracy 

= 
TABLE409 D ' 

. enslly sludies: AgCI - AS
2
S 

Investigations criti 'all . d -- - c yexamme 
Ref. Mol % 

TehljJ. ransel AS2S Comments 
1- (K) 

135 0-98 770-1233 I sinker made by sealing 
tUlIg~tCJl rud in sUlca 
glass tubing under 
vacuum; surface tension 
effects and volume 
of stem correction 
were negligible; 
Ar atmosphere. 

136 
<>-100 J 173-1273 quartz dilatometer; 

j 
tested with pure 

--- silver halides 

J. Phy ... Chern. Ref. Data, VOl. 12, No.3, 1983 
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.. ? ..... -.~.!' l-k . ~~ 

I 
J 

-. 

. . 1 .... Mol ...-", As,S 
11K'! .... """---

,.~~ .,~~,~ti 16S.59 ! 39.14- 1 30.01 I 
nIl 
97() 

JOso 
1210 

5.66 5.48 
6.43 6.07 5.51 5.33 
6.39 6.03 5.45 5.27 
6.31 5.96 

Teinperatlire-dependent equations 
p = a + bT 

Mol percent 

I 
I 

I Ag2S a -b x leY 

97.98 9.4488 2.5997 
85.50 6.9369 0.5199 

5.70 

4.99 
4.82 
4.75 

78.31 6.8323 0.5500' 
65.59 6.5069 O.4S00 
53.44 6.5301 0.6701 
39.14 6,2184- 0.7300 
32.30 6.1120 0.7399 
:;0.0\ n.()S4'l O.7'im 
20.37 6.0687 0.8700 

:5.70 5.6412 0.8500 
0.0 5;5045 0.8698 

These values are based 01). the data of Bell and Flengas (Archimedean 
technique); data in . equation form;precisioDs Dot estimated [1351. The 
results for AgCI (0% AgzS) have been advanCed elsewhere in this series 
as the recommended dataset [1]; accuracy limits, ~ ±O.5%. 

200 

o 100 

Agel Mo/% 

FICURE 73. Phase.diasram for AsCI ASzSe. 

Data from: R. Blachnik and G. Kudermann. Z. Natnrforsch .• 28b. 1 
(1973). 

Melt Preparation and Purification 

Blachnik and Alberts [136] used high purity AgCI. The 
Ag]Sc was prepared b~ fusing the stoichiometric 

J. PhYIl. Chem. Ref. Data; Vol. 12, No.3, 1983 

quantities of pure Ag (99.99%) and Se (99.999%) in a 
quartz ampoule. The mixtures were evacuated at lOOO·C . 

TABLE 411. Density studies: AgCI - Ag2Se 

Investigations critically examined 

Ref. Comments 

136 I 0-100 1773- 1273 I see: AgCI-Ag2S 

TABLE 412. AgCl - Ag2Se: Density (g cm-3) 

Mol ~rcent A!1:,Se 
T(K) 

70 50 40 10 

970 6.17 5.90 5.02 
1090 6.55 6.09 5.80 4.88 
1210 6.49 6.00 5.70 4.75 . 
1250 6.47 5.98 5.66 4.71 

Temperature-dependent equations 
p a + bT 

Mol percent I. I AszSc 
1 

a -b>< 1IY 

100 8.4199 0.9746 
70 7.1012 0.5093 
60 7.0975 0.6825 
50 6.8537 0.7022 
40 6.6984 0.8273 
30 6.4121 0.8427 
10 6.0941 1.1108 
0 5.4719 0.8854 

These values are based on the data of Blachnik and Alberts (dilato
metric method); results in equation form; precisions not estimated [136]. 
For AgCI (0% Ag2Se)the . density data fall·· -.1 % below the 
recommended values (I). . 

300 

a 20 

MoI% Agel 

FIGURE 74. Phase diagram for AgCI- Ag2Te. 

lOa 

Agel 

Data from: Z. Bontschewa-Mladenowa, N. Abramov, and D. Rajkowa, 
Z. Anorg. allgem. Chem. 402,306 (1973). 
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Melt Preparation and· Purification PUCI-Cu~ 

Blachnik and Alberts [136] used high purity silver 

cucr-cuiS chloride. The Ag2 Te was prepared by fusing the stoichio
metric quantities of pure Ag (99.99%) and Te (99.999%) 
in; a. quartz ampoule.· The mixtures were . evacuated at 
10!X>°C. Bontsohewa- Mllidenowa et w. [137J prepared COC)· 
Ag2Te by direct ~gb temperature synthesis. The starting 
materialS were refined silver (99.99%) and USSR 
tellurium, purified by two vacuum distillations. . The 

. AgCI was prepared by precipitation using silver nitrate 
and hydrochloric aCid unCler subdued light. 

TABLE 413. Density studies: AgCl- Ag2Te 

Investigations critically examined 
.. 

I MoI% !Temp. range/ Ref. Comments 
Ag2Te(K) 

·137 0-1(10- 770-1200 . no details given 

136 0-100 . 773-1273 see: AgCI-Ag2S 

Mol perc¢nt Ag2Te 
1(K) 

85.00 67.00 40_00 ?'I.oo 10_00 
~ , .. 

770 5.77 
850 6.20 S.70 
970 6.84 6.10 5.60 

1090 7.19 6.74 6.00 5.49 
1250 7.07 6.61 5.86 5.35 

Temperature-dependent equations 
p = a + bT 

Mol percent 

I I AgiTe a -b x 10-' 

100 8.4178 0.8125 
85.00 8.0119 0.7577 
77.50 7.9781 0.8807 
67.00 7.6632 0.8465 
55.00 7.4291 0.8967 
40.00 . 6.9222 0.8465 
32.50 6.6613 0.8281 
25.00 6.4556 O.RRfiR 
17.50 6.2636 0.9538 
10.00 5.8137 0.7993 
7 .. 36 5.8350 0.9400 
3.04 5.5677 0.8638 
0.0 5.4719 0.8854 

5.20 
5.13 
5.04 
4.94 
4.82 

These values are based on the data of Blachnik and Alberts (dilato. 
metric method); data in equation form; precisions not estimated I136j. 
For AgCl (0% Agl Te) the density data values fall -1 % below the 
recommended data set II]. 

300 

o 
Cuel 

---~~.--------

FiGURE 75. Phast:diagram for CuCl- Cu,S. 

100 

Data from: O. O. U~v and L. A. Chelidze. Izv. Sektora Fiz.-Khim. 
Analiza, lnst. Obshch.: Nearg. l{hin:i .• Akad. -Nauk SSSR; 13, 266 
O~ .- .. . .-

Melt Preparation and Purification 

Garbee and Flengas [138]· prepared- anhydrous CuC} 
from an aqueous solution of cupric chloride by reduction 
with sulfurous acid. The precipitated CuCl waswashed 
with anhydrous alcohol. and was.·· dehydrated by 
treatment under vacuum for several hours, followed by 
melting and sublimation in a stream of dry hydrogen 
chloride gas. Chemical analysis of the product Indicated 
a purity of hetter thlm 9.9_7% by weight. Pure Cu,S was 
prepared by direct reaction betweep stoichiometric 
amounts of hydrogen-reduced copper metal powder and 
sulfur which had been previously purified by sublimation. 
The reactants were· cnarged . to· quartz· ampo~es wmcb 
were then flame sealed uncier vacuum. The t;eactioA was 
completed by heating at about 6OQ°C for at least three 
day~_ SlImpleg were prepared in ,a dry boxf'illed, with 
purified argon gas.· 

Yang et al. [l39] prepared sampleS from the reagent 
grade salts by prefusing in a graphite crucible under a 
helium atmosphere. After measurements, the samples 
were analyzed for copper, sulfur and chlorine. 

JjPhV9. Chern. Ref. Data, Vol. 12, No.3; 1983 
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I AlII I 415. Electrical conductance studies: 
CuCI- CUtS 

)flvc~tiga.tiou:) l.;J.lth,,;ully t:AaUlined 

Ref. Mol % Temp. range Comments 
CU2S (K) 

139 60-100 1373-1700* silica cell; graphite 
electrodes; alundum 
crucible 

138 0-66 773-1273 quartz capillary ceJl; 
Ar atmosphere; 
calibration: ID KCI; 
frequency: 3000 Hz 

*Data above 1470 K were obtained by extrapolation. 

TABLE 416. CuCI- Cu2S: Specific conductance 
(ohm·lcm·l) 

T(K) 

770 
890 
970 

1090 
1170 
1250 

Mol % 
Cu2S 

65.2 
50.6 
30.U 
30.4 
26.7 
26.0 
19.2 
16.2 
12.5 
9.3 
7.7 
3.5 
0.0 

Mol percent Cu2S 

65.2 36.0 26.0 19.2 

3.48 
3.73 3.72 

4.32 4.11 4.02 
7.38 4.86 4.30 4.17 
9.76 5.34 4.44 

Temperature-dependent equations 
Ie = a + bT + cT' 

a b x 103 ex 10" 

-27.492 29.801 
-5.271 8.900 
-7.083 15.069 -3.72 

6.083 -5.721 3.65 
-17.137 34.340 -13.61 

-3.544 11.360 -3.98 
-1.597 8.151 -2.75 

1.640 2.080 
2.230 0.967 0.51 

-1.904 11.365 -5.99 
-6.287 18.806 -8.76 
-0.532 7.725 -3.43 
0.106 6.709 -2.89 

9.3 

3.29 
3.47 
3.48 

standard 
error of 
estimate 

0.00% 
0.00% 
0.04% 
0.03% 
0.11% 
0.60% 
0.37% 

0.15% 
0.00% 
0.00% 
1.36% 
0.16% 
0.37% 

These values are based on the data of Garbee and Flengas (classical ac 
method) [138]. For CuCI (0% Cu2S) the conductance data and the 
recommended data set [I] agree to within ±1.5%. Specific conductivity 
data for Cu2S (0% CuC!) is also reported in [138] in the temperature 
range 1400-1470 K. The values are -35% lower and less temperature 
dependent than the results by Yang, Pound, and Verge l24:;j, and 
-- 40% higher than those reported by Knacke and Strese [244]. 

. L "hy._ ell",n. ReI. Data, Vol. 12, No.3, 198: 

TABLE 417. Density studies: CuCI- Cu2S 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Cu2S (K) 

138 070 684-1423 sinker nlaue of tungsten 
rod in quartz glass; 
Ar atmosphere; correction 
made for condensation 
of salt on suspension 
wire 

TABLE 418. CuCI - CU2S: Density (g em .3) 

T(K) 

700 
900 
940 

1060 
1180 
1260 
1300 
1340 
1420 

Mol percent Cu2S 

69.4 55.0 36.7 21.0 

4.10 
4.07 
3.966 

4.41 4.21 
4.38 4.17 
4.37 

4.55 
4.52 

Temperature-dependent equations 
p = a + bT 

Mol percent 

I I CU2S a -b x 103 

69.4 5.0206 0.3535 
55.0 4.8082 0.3397 
44.9 4.8889 0.5032 
36.7 4.8723 0.5594 
33.2 4.7148 0.4793 
25.4 4.7106 0.6015 

21.0 4.8453 0.8293 
17.5 4.6461 0.8146 
13.6 4.6601 0.7200 
9.7 4.5956 0.8495 
6.6 4.5128 0.8201 
5.8 4.4748 0.8309 
4.8 3.8300 0.0837 
3.6 4.4484 0.8462 
0.0 4.2995 0.7930 

9.7 

4.00 
3.83 
3.80 

These values are based on the data of Garbee and FJengas 
(Archimedean technique); data in equation form; precisions not 
estimated l13/lj. ror CuC! (U% Cu2:s), the denSIty values agree with the 
recommended data set ll] to within ±O.'% . 
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FeClli - FeS· 

o 

. FIGURE 76.. Phase diagram for FeCI2 - FeS. 

Data from: A. K .. Garbee and S. N. Flengas,. J. Electrochem. Soc. 
119(5),631(1972). 

Melt Prli!parationlitnd Purification 

Garbee and Flengas t1381 prepared anhydrous FeC12 

from reagent grade hydrated FeCIt which had been dried 
in a vacuum oven at llO'C for several days. The partly 
dehydrated solid was f"me1y ground in a dry box fIlled 
with purified argon and then treated with dry HCI gas at 
about SOO·C. The chemical analysis of the product 
corresponded to a 99.7% FeC12 content. 

Stoichiometric FeS was prepared by reacting equi
valent quantities of hydrogen reduced iron metal powder 
with liublimed sulfur .in double-wall gJass ampoules 
which were sealed under vaculll'il. After the initial 
violent reaction had subsided, the reaction cell was 
transferred to a furnace and heated to 6OO·C for a period 
of six days. The chemical analysis of the reaction product 
indicated an FeS composition between FeS I :oo and FeSl.ol" 
Sanipleswere handIedin aclry box fIlled with purified 
argon gas. 

TABLE 419. Electrical conductance studies: 
FeC12 - FeS 

Investigations critically examined 

Ref. I M;;;o !Temric;angel 
Comments 

138 0-16 1000-1198 quartz capillary cell; 
Ar atmosphere; 
calibration: ID KC1; 
frequency: 3000Hz 

TABLE 420. FeClz ~ FeS:·Specific conductance 
(obm.-1Cm,-I) 

• 'CC.. ..•. ~ --- ,. 

Mol percent FeS . 
T(K) 

1000 
1090 
1180 

Mol % 
Fe:; 

15.53 
14.41 
9.26 
4.86 
0.0 

15.53 14.41 9.26 

1.68 1.54 1.44 
2.00 1.84 1.60 
2.37 2.23 1.78· 

Temperature-dependent equations 
IC :;a + bT+cT 

I a I bxlO' 
1 

1.376 -2.697 
5.309 -10.221 
0.486 0.173 

. -{).178 1;299 
0.815 2;529·· 

4.86 

1.41 
1.58 
1.76 

ex 10' 

3.00 
6.45 
0.78 
0.29 

-0.28 

Th""" VAl""" " .. ., ~ <:m the data "'(.~ _~~en&1'8 (c\a..,ioa1 00 

method); data in. graphical form; precisions not estimated {ISSJ. The 
standard deviation for the Fecl2 conductivities was~().4%, '-I'\cciuiCy 
limits, - ± 1 %. Other data for this. system are not available . 

Ref. 

J38 

TABLE 421. Density studies: FeC12 - FeS 

. InvestigatibnSCriti~y examined 

ColI\11lents 

I ~91958-11S7J 

TABLE 422. FeCli - FeS: Density (g em-I) 

n:K) 

1000 
1100 
1120 
1140 

Mol percent FeS 

8.4 S.4 

2.331 
2.282 '2.275 
2.271 

. 

Temperature-dependent equations 
p = a + bT 

2.264 
2.253 

Mol percent 

! I FeS a . -bxl()l 

8.4 2.8950 0.5573 
5.4 2.8908 0.5594 
G.G 1.'~1S4 \}.5SS~ 

These values are based on the data of Garbee and Flengas 
(Archimedean technique);· data in equation form; precisions not 
estimated [138]. Accuracy limits. - ±0.5%. 

J. Phys,Chem. Ref. Data, Yol. 12, No.3, 1983 



lUll G. J. JANZ AND R. P. T. TOMKINS 

PbCI2 - PbS 

(DC) 

Mol% PbS 

FIGURE 77. Phase diagram for PbC12 - PbS. 

1106 

100 

PbS 

Data from: G. G. Urazov and M. A. Sokolova, Izv. Sektora, Fiz.
Khim. Analiza, lnst. Obshch. Neorg. Khim., Akad. Nauk SSSR, 14, 318 
(1941). 

Melt Preparation and Purification 

Bell and Flengas (140) prepared lead sulfide by the 
direct reaction of stoichiometric amounts of zone-refined 
hydrogen-reduced lead and distilled sulfur in sealed 
evacuated quartz capsules. Reagent grade lead chloride 
was heated under vacuum for several days, melted, and 
then filtered through a fritted Pyrex disk by applying an 
argon pressure to the upper compartment of the tube 
containing the melt. The tube was allowed to cool 
slowly, and translucent crystals from the outside of the 
tube were taken for use. 

TABLE 423. Electrical conductance studies: 
PbCI2 - PbS 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
PbS (K) 

140 0-46 773-1193 I graphite electrodes; 
for high sulfide 
concentrations (melts 
unstable) silica ground 
joints were placed 
about 2 ins. above the 
capillary; 
calibration: ID KCI 

i 

J. PhYII. Chorn. Ref. Data, Vol. 12, No.3, 1983 

TABLE 424. PbCI2 PbS: Specific conductance 
(ohm·1cm·1) 

~K) 

770 
850 
970 

1050 
1130 
1110 

Mol % 
PbS 

46.00 
44.61 
39.32 
35.94 
32.71 
26.89 
25.20 
18.64 
16.03 
10.58 
2.79 
0.0 

Mol percent PbS 

46.00 32.71 

I 
I 
I 0.94 

0.85 1.00 
0.89 1.03 
0.92 1.06 
0.93 

Temperature-dependent equations 
K = a -i- bT+ cT 

I a I b x IOJ I 
0.283 0.732 
0.289 0.741 
0.337 0.758 
0.373 : 0.769 
0.402 0.804 
0.488 0.842 
0.502 0.865 
0.609 0.896 
0.620 0.972 
0.715 0.966 
0.877 0.965 
0.846 11.520 

16.03 

1.19 
1.23 
1.28 

-c X 106 

0.15 
0.15 
0.17 
0.18 
0.20 
0.22 
0.23 
0.26 
0.30 
0.30 
0.30 
0.41 

I 

These values are based on the data of Bell and Flengas (classical ac 
method); data in equation form; precisions not estimated [140]. The data 
for PbC12 (0% PbS) and the recommended data set [l] agree to within 
±I%. 

TABLE 425. Density studies: PbC12 - PbS 

Investigations critically examined 

Ref. Mol % Temp. rangel Comments I PbS (K) 

140 0-100 763-1473 I see: CuCI-Cu1S j 
- ---
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TABLE:426. PbCl, Pbs: Density(g cm-3
) 

Mol percent PbS 
1(K) 

70.54 50.00 34.35 14.97 

, 760 5.180 
920 4.931 
960 5.107 , 

1080 5.244 4.978 
1160 5.163 
1200 5.551 ' 5.123 
1320 5.423. 

Temperature-dependent equations 
p a + bT 

Moi percent 

I I PbS a -b X 103 

100.0 6.991 
! 

0.54 
70.54 6.823 1.06 
50:00 6.335 1.01 
34.35 6.134 1.07 
14.97 6.366 1.'6 
0.00 5.395 1.50 

These values are based on the data of Bell and FJengas (Archimedean 
'techniqlle); nn!" in .. ql1ation form; precisions not estimated [140J. The 
'results for PbC12 (0% PbS) and the recommended data base [1) agree to 

within - ±0.5%. 

AgBr - Ag2Te 

Melt Preparation and Purification 

Blachnik and Alberts [136] used high purity AgBr. For 
the method of preparation of Ag2Te, see: AgCI-Ag2Te. 

TABLE 427. Density studies: AgBr - Ag,Te 

Investigations critically examined 

Ref. Mol % I Temp. rangel Comments 
Ag,Te (K) I 

136 0-100 1723-1273 
I 

see: AgCI-Ag,S 

TABLE 428. ,AgBr -A82Te: Density,(g cm-:J) 

Mol percent Ag,Te ' " 

1(K) 
80 68 50 30 10 

780 6.227 5.628 
940 6.593 6.077 5.498 : 

1020 6.891 6.525 6.002 ' 5.433 
1140 7.069 6.785 6.422 5.890 5.335 
1260 6.976 6.679 6.319 5.777 5.238 

,--

Temperature-dependent equations 
p = a + bT 

Mol percent 

I I Ag,Te a -bxlO> ' 

100 9.0430 0.8086 
80 7.9529 0.7757 
68 7.7926 0.8840 
50 7.3999 0.8582 
30 6.9582 0.9374 

,10 6.2609 0.8119 
0 6.3212 1.0875 

These values are baSed on the data of Blacknik and Alberts (dilato.. 
metric method); data in equatiOn fQrm; precisi<>nS not estimilted[l36J. 
The n:sults for AgIlr (0% Ag2Te) ana the recommended data set [1] 
agree to within - ±O.S%. 

HgBrz - HgS 

Melt Preparation and Purification 

Jander and Brodersen [48J purifi~dthe HgBr2 by 
sublimation. No information was given on the 
preparation of HgS. 

TABLE 429. Electrical conductance studies: 
HgBri -HgS 

In vestiglltiollS critically exarnine4 

Ref. 

I 
Mol % I Temric;ange I Comments 
HgS 

48 dilute 515 I see: HgBr2-HgO 
solution 
range:HgS 
in HgBr2 

as solvent 

Electrical conduct.anr"" HgBr.-HgS. Jmid"r ,and Brodersen [48J 
reported the results in units of equivalent conductance; density data 
were not reported and specific conductance cannot be calculated. 

HgBr2 -HgSe 

Melt Preparation and' PurificatIon 

lander and Brodersen [48] purified the HgBr2 by 
sublimation. No information was given on the 
preparation of HgSe. 

J. Phys.Chem. Ref. Data, Vol. 12, No.3,,198S 
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rMJI J' 4JO. Electrical conductance studies: 
HgBrz - HgSe 

Investigations critically examined 
_ .. -. 

I 
r:L Mol % Temp. range Comments 

I HgSe (K) 

48 dilute 515 see: HgBrz-HgO I 
I solution 

) range: HgSe 
in HgBrz 

I 
as solvent 

Electrical conductance: HgBrzHgSe. Jander and Brodersen [48] 
reported the results in units of equivalent conductance; density data 
were not reported and specific conductance cannot be calculated. 

HgBr2 - HgTe 

Melt Preparation and Purification 

lander and Brodersen [48] purified the HgBr2 by 
sublimation. No information was given on the 
preparation of HgTe. 

TABLE 431. Electrical conductance studies: 
HgBrz - HgTe 

Investigations critically examined 

! Ref. 
I 

Mol % Temp. range Comments 
I HgTe (K) 

I 

48 dilute 515 see: HgBrz-HgO 
solution 
range: HgTe 

in HgBrz 
as solvent 

Electrical conductance: HgBr,-HgTe. Jander and Brodersen [48J 
reported the results in units of equivalent conductance; density data 
were not reported and specific conductance cannot be calculated. 

Melt Preparation and Purification 

Blachnik and Alberts [136] used high purity AgI. For 
the method used to prepare Ag2S. see: AgCl - Ag2S. 

TABLE 432. Density studies: AgI - Ag,S 

Investigations critically examined 

Hl'r Comments 

see: AgCI-Ag,S 

.1 I'hy" Ch,'rn. flol. Data. Vol. 12, No.3, 1983 

TABLE 433. AgI- AgzS: Density (g cm-3
) 

Mol percent Ag,S 
1\K) 

i 80 65 50 30 15 

970 I 5611 
1050 5.729 5.567 

I 
1090 5.980 5.692 5.535 
1130 6.375 6.187 5.952 5.655 5.503 

I 1250 6.259 6.047 5.868 5.544 5.406 

Temperature-dependent equations 
p = a + bT 

Mol p ercent 
Ag,S a -b x 103 

I 100 7.5350 0.9149 
80 7.4651 0.9646 
65 7.5082 1.1690 
50 6.7416 0.6987 
40 6.7956 0.8549 

) 

30 6.7032 0.9274 
15 6.4086 0.8018 
0 6.4109 1.0175 

These values are based on the data of Blachnik and Alberts (dilato
metric method); data in equation form; precisions not estimated [136]. 
The densities for Ag! (0% Ag2S) and the recommended Ag! density 
data set [I] agree to within - ±0.3%. 

Agi - AgzTe 

Melt Preparation and Purification 

For the method used by Blachnik and Alberts [136] 
see: AgI-Ag2S and AgCl-Ag2Te. 

TABLE 434. Density studies: Ag! - Ag2Te 

Investigations critically examined 

Ref. I Mol % Temp. rangej Comments 
AgI (K) I 

136 , 0-100 873-1273 I see: AgCl-Ag2S 



BaF2-CaSiO, 
CaF2-CaSiO l 
KF-CaSiOJ 
T.iF-CaSiO, 
MgF1-CaSi03 

NaF-CaSi03 

CaCIl-CaMoO. 
LiCI-CaCrO. 

-KCI-CaCrO. 
NaCI-NaOH 
NaBr-Na1CrO. 

PROPERTIES OF MOLTEN SALTS 

TABLE 435. AgI AgzTe: Density (g cm-3
) 

Mol percent Ag2Te 
T(K) 

80 60 : 30 20 10 

920 5.750 
1000 5.869 5.668 
1040 6.136 5.836 5.627 
1080 6.101 5.803 5.586 
1120 7.085 i 6.654 6.065 5.770 5.544 
1240 7.001 6.568 5.958 5.672 5.421 

Temperature-dependent equations 
p a + bT 

Mol percent 

I I AgTe a -b x 103 

100 8.4178 0.8125 
80 7.8607 0.6930 
60 7.4642 0.7231 
50 7.4962 0.9192 
30 7.0626 0.8905 
'0 6.6S58 0.8173 

10 6.6967 1.0289 
0 6.4109 1.0175 

These values are based on the data of Blachnik and Alberts (dilato
metric method); data in equation form; precisions not estimated [136]. 
The densities of AgI (0% Ag2Te) and the recommended AgI density 
data set agree to within - ±0.3%. 

Halide - Other 

TABLE 436. Data Status 

X X X 

X 
X 
X 

X X X 
X X X 

X 
X 
X 
X 
X 
X 

TABLE 437. Surface tension studies: BaF1 - CaSi03 

Melt Preparation and Purification 

Ejima and Shimoji [141] used reagent grade materials, 
(99.9% purity BaF2, 98.5% for CaD) and transparent 
quartz powder (99.8 % purity). Samples of the desired 
composition were made by pre-melting mixtures for 
thirty minutes in a purified argon stream followed by 
quenching the melt. 

Ref. 

141 

Investigations critically examined 

I Mol % /Temp. range/ Comments 
CaSiOl (K) 

85-100 1823 Pt crucible; Pt-IO% Rh 
capillary; analysis ±0.5% 
for fluoride composition 
in melt after quenching 

703 
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TABLE 438. BaPl - CaSiOl , Surface tension (dyn em-I) 

Mol percent 
CaSiOl 1823 K 

100 485 
98 458 
94 410 
90 369 
86 334 

Composition-<iependent equation 
"y 1221.0 28.37C + 0.210e" 

[C Mol % CaSi03] 

These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
C<ltimClted [141]. AccurQcy limit., - ± 1.5%. For CaSiOl (0% nAPi), the 
surface tension is higher than those of the other workers; at 1823 K, the 
deviations are as follows, Popel and Esin [245], -2%; Cooper and 
Kitchener [246], -8%; Ono et aI., [247], -13; and King [248], -18%. 

CaF2 - CaSi03 

o 20 40 60 80 
CaSi03 

Mol%CoF2 

FIGURE 78. Phase diagram for CaP2 - CaSi03• 

DAta from, D. KarAlIdcerr, Z. AUOlg. Ch.,w. 68, 188 (1910). 

Melt Preparation and Purification 

For the method of melt preparation used by Ejima and 
Shimoji 1141) see: BaF2 - CaSi03• No details given in 
11421· 

.1. Pltyl' , Ch .. rn. Ref. Data, Vol. 12, No.3, 1983 

TABLE 439. Electrical conductance studies: 
CaF2 - CaSiO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaSi03 (K) 

142 0-100 1748-1833 No details given 

Specific conductance: Starkova, Starkov, and Sryvalin [142] give the 
following observations: the variation of electrical conductivity with 
concentration and temperature is stated to indicate the absence of 
abrupt structural changes up to - 20 mol % metasilicate at 1748 K, and 
-30 mol % at 1833 K. Further increases in the metasilicate proportion 
produces sharp changes in the temperature dependence slope of the 
electrical conduc..tivhYi result:; lJot n:;VI.:)1L'C"U. JJuuu:aia.;l.1liy VI !!,Iitvhic.;ally. 

Ref. 

141 

142 

TABLE 440. Density studies: CaFl - CaSiO) 

Mol % Temp. range Comments 
CaSiOl (K) 

85-100 1823 calculated values 

0-100 1748-1833 no details given 

Composition-<iependent equation 
p = 1.100 + 0.574 X 1Q-2C 

[C = Mol % CaSiO l ] 

These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. Accuracy limits, - ±2%. 

TABLE 442. Surface tension studies: CaF2 - CaSiO) 

investigations cntICaJ\y ellammed 

! . 
Ref. iM01

% 
Temp. range Comments 

CaSiO) (K) 
l 

141 88-100 1823 Pt crucible; Pt-IO% Rh 
capillary; analysis ±0.5% 
for fluoride composition 
in melt after quenching 
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TABLE 443. CaP2 - CaSiO): Surface tension (dyn cm-l) 

, 

Mol percent 
CaSiO) 1823 K 

100 485 
98 464 
94 429 
~u 401 
88 389 

Composition-dependent equation 
'Y = 1560.2 - 31.962C + O.212ca 

[C = Mol % CaSiO)) 
These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. A,.,,.,nr~,.,y limit". _ + 1.5%. See "ho, TRhl,. 4,7 Rmi 

comments. 

Melt Preparation and Purification 

For the method of melt preparation used by Ejima and 
Shimoji [141] see: BaF2 - CaSi03• 

TABLE 444. Surface tension studies: KF - CaSi03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaSiO) (K) 

141 85-100 1823 Pt crucible; Pt-lO% Rh 
capillary; analysis ±O.5% 
for fluoride composition 
in melt after quenching. 

TABLE 445. KF - CaSi03: Surface tension (dyn cm-l) 

Mol percent I CaSiOl I 
1823 K 

! 

100 4SS· 
95 369 
90 315 
85 277 

Composition-dependent equation 
'Y = 1978 - 46.24C + 0.308Sca 

[e = Mol % CaSiOl ] 

These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. Accuracy limits, - ± 1.5%. See also: Table 437 and 
comments. 

*The value for 100% CaSiO) in Table 445 (above) is from the graphical 
interpolation; the value from the curvefitting equation is 439. 

LIF - CaStO, 

Melt Preparation and Purification 

For the method of melt preparation used by Ejima and 
Shimoji [141] see: BaFz CaSi03• 

TABLE 446. Surface tension studies: LiF CaSiO) 

Investigations critically examined 

141 83-100 1823 Pt crucible; Pt-lO% Rh 
capillary; analysis ±O.S% 
for fluoride composition 
in melt after quenching. 

TABLE 447. LiF CaSiO): Surface tension (dyn em-I) 

Mol percent 
CaSiO, 1823 K 

95 454 
90 424-
85 395 

Composition-dependentequation 
'Y = 43.61 + 2554-C + 18.59.1 w-lca 

[C Mol % CaSiO,) 
The"" value. lire:: bW!Cu on the aata of Ejlma and Shimoji (maxunum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. Accuracy limits, - ± 1.5%. See also: Table 437 and 
comments. 

Melt Preparation and Purification 

For the method of melt preparation used by Ejima and 
Shimoji [141] see: BaF2 - CaSi03• 

TABLE 448. . Surface tension studIes: Mgf'l - CaSiOl 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaSiO, (K) 

141 85-100 1823 Pt crucible; Pt-lO% Rh 
capillary; analysis ±O.S% 
for fluoride composition 
in melt after quenching 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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I 
TABLE 449. YJ:gF2 CaSi03: 

Surface tension (dyn cm- I
) 

Mol percent 
CaSi03 1823 K 

100 485 
95 460 
90 427 
85 386 

Composition-dependent equation 
'Y = -1634.1 + 38.38C - O.I72C~ 

[C Mol % CaSi03) 

These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. Accuracy limits, - ± 1.::5%. :See also: Tab1t: 437 am] 
comments. 

NaF - CaSiOa 

Melt Preparation and Purification 

For the method of melt preparation used by Ejima and 
Shimoji [141] see: BaF2 - CaSi03• 

TABLE 450. Surface tension studies: NaF CaSiOl 

Investigations critically examined 
--

Ref. Mol % Temp. range Comments 
CaSi03 (K) 

Ul 80-100 1823 Pt crucible; Pt-IO% Rh 
capillary; analysis ±0.5% 
for fluoride composition 
in melt after quenching 

TABLE 451. NaF CaSi03: 

Surface tension (dyn cm- I
) 

Mol percent 
CaSi03 1823 K 

100 485 
95 434 
90 389 
85 350 
80 320 

Composition-dependent equation 
'Y = 836.9 - 18.32C + O.l482C2 

[C = Mol % CaSiO l ) 

These values are bas\::u 011 the;: <.1"", of Djilll4 and Shimoji (maximum 
bubble pressure methOd); data in graphical form; precisions not 
estimated (141). Accuracy limits, - ±1.5%. See also: Table 437 and 
comments. 

Melt Preparation and Purification 

Khlebnikov and Nadolskii [143] prepared the samples 
by placing 50-60 g of the CaC12 - CaMo04 mixture in a 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

platinum crucible and heating it in an electric furnace. 
After fusion the mixture was stirred to dissolve the 
CaMo04• 

Ref. 

143 

TABLE 452. Density studies: CaCl2 - CaMoO. 

Investigations critically examined 

11.6-9.71 1073 1 

Comments 

Pt float; temperature 
controlled to ±3"C. 

TABLE 453. CaCl2 - CaMoO.: Density (g cm-3) 

Mol percent 
CaMoO. 

9.0 
6.0 
3.0 
2.0 
0.0 

1073 K 

2.185 
2.132 
2.079 
2.061 
2.026 

Composition-<iependent equation 
p = Z.UZ~7 + U.UII/4l: 

These values 

[C Mol % CaMoO.J 
Standard error of estimate = 0.30% 

are based on the data of Khlebnikov and Nadolskii 
(ArchilIl\::l.lt:an (e;:chui4ul:) [143]. Tbe;: le~ult for C4Cl2 (0% C4MoO.) 
falls 2% below the value from the recommended data set [lJ. 

Liel - CaCr04 

Melt Preparation and Purification 

Clark and Goldsmith [144] used reagent grade lithium 
chloride which was vacuum dried for 16 hours at 120QC. 
The CaCr04 was prepared from reagent grade CaC12 and 
K2Cr04• All work was conducted in a controlled 
atmosphere dry room. 

TABLE 454. Electrical conductance studies: 
Liel - CaCrO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaCrO. (K) 

144 6.36 863-973 magnesia dip-type cell; 
cylindrical Pt 
electrodes; porcelain 
crucible; calibration: 
LiCI-KCI eutectic; 
estimated experimental 
uncertainty: ±2% 
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TABLE 455. LiC!- Cacr04: Specific conductance 
(obm-1cm-l ) 

Mol percent Cacr04 

~) 
6.36 

860 2.11 
900 2.20 
940 2.31 
970 2.4\ 

Temperature-dependent equation 
J( = 5.657 - 10.161 x lo-3T + 7.02 x lO-6P 

Standard error of estimate '"" 0.39% 
Tl"',,e valuCllS an; b"",,11 Ull lhc data of Clwk (clam.i.,;al ill.' methvoJ) [144). 
Accuracy limits, - ±2%. The LiC! conductance data, measured as a 
calibration cross check, agreed with the recommended data base [5) to 
within ± 1%. 

LICI • KCI - CaCr04 

Me" Preparation and Pur\1ication 

Clark and Goldsmith [144] used reagent grade LiC} 
anu KCl which was vacuum dricd for 16 hours at 120"C. 
Water, oxide, hydroxyl ions and heavy metal impurities 
were removed from the mixture. The CaCr04 was 
prepared from reagent grade CaC12 and K2Cr04• 

TABLE 456. Electrical conductance studies: 
LiC] - KCl - Cacr04 

Investigations critically examined 

Ref. Mol. percent Temp. range Comments 
LiCI-KCI-CaCrO, /KJ 

81.3 7.7 11.0 
73.7 19.0 7.3 1 

\44 52.8 36.6 \0.6 763-973 see: LiCl-CaCr04 

44.247.0 1I.2 
33.657.3 9.1 

TABLE 457. LiC!- KC!- cacr04: 

Specific conductance (ohm-1cm-l
) 

Mol percent CaCr04 

T(K) 
I 11.0 10.6 9.1 8.2 7.3 

760 0.459 0.426 
820 0.920 0.407 0.308 0.632 0.533 
910 1.118 0.529 0.468 Q.861 Q.716 
970 1.263 0.617 0.596 0.993 0.852 

Temperature~epeadent equations 
J( a + bT+ cP 

Mol % standard 

Cacr04 a -b x 1(y ex 106 error of 
estimate 

11.0 0.1816 0.2687 1.426 0.32% 
10.6 -0.0215 0.2011 0.899 1.85% 

9.1 0.6052 2.2930 2.354 0.25% 
8.2 -3.1603 -6.5009 -2.288 1.44% 
7.3 0.1038 0.8318 1.653 1.08% 

These values are based on the data of Clark (classical ac method) 1144]. 
Accuracy limits, - ±2%. For calibration cross-check comparison, see: 
Table 453 and comments. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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NaCI - NaOH 
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FIGURE 79. Phase diagram for NaCI NaOH. 

Data from: R. Cohen-adad, C. Ruby, and M. J. Pichon, Compt. Rend. 
260, 2200 (1965). 

Melt Preparation and Purification 

Lasek [145] used high purity sodium hydroxide. 
Samples were analyzed for Na2C03 content 
gravimetrically. 

TABLE 458. Density studies: NaCI- NaOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaOH (K) 

145 80-95 693 steel sphere; 
calibration: molten KN01 

J, I'hYl1. Chorn. ReI. Data, Vol. 12, No.3, 1983 

TABLE 459. NaCl - NaOH: Density (g cm'l) 

Mol percent 
NaOH 693 K 

100 1.737 
95 1.737 
90 1.737 
85 1.737 
80 1.737 

These values are based on the data of Lasek (Archimedean technique) 
(145]. The density value for NaOH (100%) at 693 K from the 
recommended data base [1] is 1.736, i.e., the values are in essential 
agreement. 

TABLE 460. Viscosity studies: NaCl - NaOH 

Investigations critically examined 

TABLE 461. NaCI- NaOH: Viscosity (cp) 

Mol percent 
NIlOH 693 K 

100 2.30 
95 2.43 
90 2.55 
85 2.65 
80 2.74 

Composition-dependent equation 
'I) 2.3173 + 2.722 x 1O-2C - 0.2742 X lO-l C 

[C = Mol % NaOH] 
Standard error of estimate = 0.34% 

These values are based on the data of Lasek (torsional method) 1145]. 
The viscosity value for NaOH (0% NaCI) at 693 K from the 
recommended data base [I] is 2.51 cp, i.e., the observed [145] falls 
within the estimated accuracy limits (±5%). 
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FIGURE 80. Phase diagram for NaBr Na2Cr04' 

Data from: G. A. Bukhalova, Z. N. Topshinoeva, V. G. Akhtyrskii, 
and V. I. Snezhkov, Russ. J. lnorg. Chem. 19(2), 282 (1974). 

Melt Preparation and Purification 

Bukhalova et al. [146] used reagent grade salts to 
prepare the melt. 

TABLE 462. Electrical conductance studies: 
NaBr Nll:!CrO. 

Investigations critically examined 

Ref. Mol % Temp. rangel Comments 
Na,CrO (K) 

146 0-100 1033-1113 I quartz V-type cell; 
, calibration: molten KCI. 

TABLE 463. NaBr - Na2CrO.: Specific conductance 
(ohm'lem'l) 

Mol percent 
Na,CrO. 

100 
90 
70 
50 
30 
to 
0 

1033 
1073 
1113 

1033 K 1073 K 

2.01 
2.14 

2.22 2.39 
2.41 2.61 
2.68 2.83 
3.06 3.02 
3.08 3.12 

Composition-<iependent equation 
Ie =a+bC+cC-

[e = Mol % Na,CrO.l 

3.280 
3.116 
3.261 

2.343 
0.905 
0.863 

1113 K 

2.19 
2.31 
2.55 
2.78 
2.98 
3.17 
3.26 

1.19 
-0.20 
-0.21 

! , 

1 

These values are based on the data of Bukhalova, Topshinoeva, 
Akhtyrskii, and Snezhkov (classical ac method); data in graphical form; 
precisions not estimated [146]. The results for NaBr (0% Nll:!CrO.) are 

3% higher than the recommended data set [I]. no previous T""1l1t~ 
for Na,CrO. (0% NaBr) have been reported. 

T ABl.E 464. Density studies: NaBr - Na,Cr04 

Investigations critically examined 

TABLE 465. NuBr - Na,CrO.: Density (g em'l) 

Mol percent 
Nll:!CrO' 1033 K 1073 K 1113 K 

100 2.33 2.30 2.26 
90 2.34 2.31 2.28 
50 2.35 2.32 2.29 
10 2.28 2.26 2.24 
0 2.25 I 2.24 2.22 

Composition··depcndent equation 
p (.+bC+cC' 

IC Mol % Na,CrO.l 

T(K) I a I b x 10' I -c X 104 

1033 2.253 0.3044 0.23 
1073 2.238 0.262 0.20 

1113 2.215 0.252 0.20 

These values are based on the data of Bukhalova, Topshinoeva, 
Akhtvrskii and Snezhkov (Archimedean technique); data in graphical 
form;" precisions not estimated [146]. The results for NaBr (0% 
Na,CrO,) fall - 2% below the recommended data set [I]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Section B: Systems Containing An Oxide 

TABLE 466. Data Status 

System Phase Electrical Density Viscosity Surface 
Diagram Conductance Tension 

AlP3-K,AlF6 X X 
-Li JAIF6 X 
-Li2C03 X 
-Na3AlF6 X X X X X 
-NIl3A1F6-Si02 K X X 

BPrCSlCOl X 
-KlB.O, X 
-K2COJ X 
-Li,cO, X X 
-Na,AIF6 X 
-Na2B.O, X X X 
-Na2CO, X 
-NaPO) X X 
-Rb2C03 i X 

BilO3-K2BP, 
I 

X 
-KPO, X 
-NalB40 7 X 
-NaP03 X 

CaO-CaCl X 
-Sial X 

FeP3-CaCl X 
-LilCO, X 

KlO-Zn(PO l )2 X X 
I 

X 
Li2O-Li2C03 i X 
MoO)-K2MoO. X X X X 

-Li2Mo04 X X X 
-Na2MoO. X X X 

Nap-Zn(P03)2 X X X 
NiO-K2B.O, X X 

-KPO) X X 
-Na2B.07 X 
-NaPO, X 

PbO-K2B40 7 I 
X 

-KPO, X 

- Na2B•O, I X 
-NaPO) X 
-PbMoO. X X X 

Sb,O,-CaSb,O. X 
-CaSbP6 X 
-Ca.SbgOlJ X 

Si02-CaC) X 
-Li2CO) X 
-Na3A1F6 X X 

Ta2O,-K2TaF, X 
Ti02-K2TiF6 X 

-Na2TiF6 X 
TI2Ol-Li2CO) X 
VlO,-KVO, X X X X 

-NaVOl X X X X 
WO)-KPO) X X 

-KlWO. X X X 

-Li2WO. X X X 
-Na2B.07 X X 

I 
X X X 

-NaPO) X , X 
-N".PtO, X X X 'x 
-Na1WO. X I X X 

I ZnO-KPOl X i X X 
-NaPO, I X X 
-Zn(P03h i X 

.J. !'flYI!. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Data from: A. I. Belyaev, M. B. Rappaport, and L. A. Firsanova, 
Elektrometallurgia Alyuminia, Metallurgizdat, Moscow, 1953. 

Melt Preparation and Purification 

Batashev and Zhurin [147] used reagent grade KF, 
AIF3 and A120 3. The salts were dried in a Pt beaker and 
dehydrated in a furnace at a temperature of 880-900·c' 
The AIF3 was purified by sublimation. 

TABLE 467. Electrical conductance studies: 
Alp) - K3AIF6 

Investigations critically examined 

Ref. Mol percent Temp. range Comments 
K3AIF6 (K) 

147 69.11-88.24 1233-1323 Pt electrodes 
and crucible; 
calibration: 
molten KCl 

TABLE 468. Al20 3 - K3AlF6: Specific conductance 
(ohm-tcm- I) 

nK) 

1230 
1250 
1270 
1300 
1320 

Mol percent K3AlF6 

88 78 

! 

2.19 
2.37 2.26 
2.50 2.36 
2.59 2.42 

Temperature-<iependent equations 
K '" a + bT + c]'9-

69 

2.00 
2.05 
2.11 
2.21 
2.29 

Mol % standard 
K3AlF6 -a b x leY ex 106 error of 

estimate 

100 13.859 13.006 0.00% 
88 3.199 4.386 0.24% 
78 1.872 3.253 0.44% 
69 -6.273 -9.731 5.084 0.83% 

These values are based on the data of Batashev and Zhurin (classical ac 
method) [147]. The values for K3AlF6 (0% Alp) are -35% higher 
than the recommended data set [4], and the values reported elsewhere 
by Markov and Prisyazhnyi [249]. The values for KF in [147] are -8% 
higher than the recommended KF data set [1]. The accuracy limits 
assigned to the latter set are - ±12%. 

Melt Preparation and Purification 

No information on melt preparation and purification in 
references [104]. 

TABLE 469. Density studies: AlP3 - Li3AlF6 

Investigations critically ellamined 

Ref. Mol % Temp. range Comments 

Li3AlF6 (K) 

104 94-100 1223-1323 Pt sinker 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 



712 G. J. JANZ AND R. P. T. TOMKIN~ 

I Mol percent Li)AlF6 
T(K) I 

I I 97 94 

1220 i 2.014 2.007 
1260 1.981 1.975 
1300 I 1.947 1.943 I 1320 

i 
1.930 1.928 

T"'mpcJ~atun::-<.h::p"J1Utml .,quations 
p a + bT 

I 

Mol % I standard 1 
Li,AIF. I a bx 10) error of 

I 
I estimate 

100 3.0475 0.8400 0.00% 
97 3.0466 0.8460 0.00% 
94 2.9730 0.7920 0.00% 

These values are based on the data of Matiasovsky (Archimedean 
technique) [104]. The density data for Li)AlF6 (0% Alp), advanced 
elsewhere as the recommended data set [4], are from the same 
laboratory. 

Melt Preparation and Purification 

Moiseev and Stepanov [148] used reagent grade salts to 
prepare the melts. The lithium carbonate was heated in a 
CO2 atmosphere at 500-600·C for several hours and then 
!>toTed in A desiccator~ 

TABLE 471. Surface tension studies: AI,O) LiZCOJ 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Li,CO) (K) 

148 93-100 1038 Pt capillary; dry N, 
and CO, atmosphere 

TABLE 472. AI,O) Li,CO): 
Surface tension (dyn cm- I

) 

Mol percent 
Li,CO) 1038 K 

100 242 
99 247 
97 256 
95 257 
93 249 

Composition-dependent equation 
'Y = -8753.7 + 188.04C .. 0.981C 

[C = Mol % Li,C03J 

These values are based on the data of Moiseev and Stepanov (maximum 
bubhle rrcssurc method); data in graphical form; precisions not 
("Iilllalt'd 11481. The value for Li,C03 (0% Al,O) at 1038 K and that 
11<'"1 Ii ... l<',""IlIlH'Jl(lcd data set 121 arc in exact accord . 

• 1 "by", elWin. nef. Data. Vol. 12, No.3, 1983 
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20 

FIGURE 82. Phase diagram for Al10 3 .. NaJAIF6• 

Data from: P. A. Foster, Jr., J. Electrochem. Soc. 106 (11), 971 (1959); 
J. Am. Ceram. Soc. 43(2), 66 (1960). 

Melt Preparation and Purification 

Yim and Feinleib [89] used reagent grade NaF and 
reduction grade A120 3. The cryolite was from natural 
hand-picked crystals obtained from the Pennsylvania 
Salt Mfg. Company. Melts were fused in a graphite 
crucible before each determination. The chilled melt was 
pulverized, thoroughly mixed, and sampled. The 
cryolite-based melts were analyzed by pyrotitration. No 
information on melt preparation was given in the study 
by Pearson and Waddington [90]. Matiasovsky and 
Malinovsky [114, 104] dried reagent grade AlP3 at 
1200c C. Cryolite was prepared by fusing the stoichio
metric quantities of pure NaF and AIF). Edwards et al. 
[78] used hand-picked crystals of pure Greenland 
cryolit.e which wen, cTnshf'd to ?.n mpsh. Any Associated 
particles of galena were removed. The alumina was high 
purity Alcoa A-14, containing less than 0.2% water. For 
the method used by Votava and Matiasovsky [92, 93] see 
references 11l4J and IlU41 . .l::Uoom and Burrows 11491 used 
high purity natural cryolite (99.6% NaJAlF6) and 
analytical reagent grade alumina. Mixtures were 
prepared by weighing stoichiometric amounts of the 
carefully dried components. Vayna [81, 82, 83] used 
natural cryolite and high grade aluminh which was at 
least 99% pure. Kazantsevet al. [150] used C. P. grademateri
also The Al20 3 was purified by heating a mixture of A120 3 and 
Al in a vacuum at 1500-1700 cC. Nishihara et al. [84] obtained 
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cryolite and alumina from the Light Metal Corporation (Ja
pan). Arndt and Kalass [151] gave no information on the prep
aration of materials. Batashev [152] purified dehydrated alu
minum fluoride by sublimation. All materials were obtained 
from Kahlbaum. GIjotheim et al. [153] used hand selected 
natural Greenland cryolite (m.p. l006°C) and chromatogra
phic quality A120 3• 

TABLE 473. Electrical conductance studies: 
A 1,0, N",AIF. 

Investigations critically examined 

Temp. range 

151 80-100 1173-1313 porcelain cell; Pt 
electrodes and 
crucible; 
calibration: 0.1 N KCI 

152 85-100 1328-1323 Pt electrodes and 
crucible; calibration: 
0.1 DKCI 

102 estimation methods 

89 85 100 12531323 boron nitride cell; 

83 85-100 1273 2 Pt concentric 
crucibles; Pt 
electrodes; 
calibration: 15% aq. 
NaCI(IS"C); 
frequency: 1000Hz. 

85 review article 

90 electrode reaction 
study 

114 Pt electrodes; 
frequency: 5 Hz. 

1~3 8:5-100 11.13 1't electrodes; 
frequellcy: 18 KHz; 
calibration: molten 
cryolite 

78 82.8-100 1273-1353 hemispherical Pt 
electrodes; frequency 
range: 600-4000 Hz 

154 textbook 

TABLE 474. AlP3 - Na]A1F6: 
Specific conductance (ohm-Icm- I) 

Mol percent Na3AIF6 
nK) 

90.3 82.8 

1270 2.55 2.32 
1310 2.63 . 2.40 
1340 2.69 2.46 
1350 2.71 2.48 

Temperature-dependent equation!> 
I( a + bT 

Mol % 
I 

standard 
Na3AIF6 -a bxl(y error of 

estimate 

90.3 0.1215 2.0999 0.07% 
82.8 0.2027 1.9876 0.06% 

These values are based on the data of Edwards, Taylor, Cosgrove and 
Rmmell (classi" .. 1 0.0 method) [781. The results of Arndt and KaI""", [1511 

lire uniformly -15% lower, while those of Batashev [152], are -20% 
higher than the values above. The composition range was extended to 
D lind 66 mol % Na3A1F6 by Batashev [152] and Arndt and Kalass 
11511. respectively. For updated recommendations on the specific 
conductance of molten cryolite, see [8]. 

----"-~========================== 
InveNligations critically examined 

Ref. l Mol % Temp. range \ Comments 
No,AIF (K) 

155 review 

HI H~·I(x) 1250-1303 Pt float; calibration: 
H 20 (20"C); correction 
for thermal expansion; 
graphite crucibles 
for melting 
cryolite 

95 review 

94 76- 100 120H-126R quartz float 

114 7()· !!Xl 1273 Pt-Rh sinker 

84 ))()3-1343 PI bob 

104, 76-100 1273-1323 Pt sinker 
193 

153 85-100 1273 Pt-IO% Rh sinker 
suspended on a Pt wire; 
calibration: molten NaCI 

78 75-100 1249-1366 Pt sinker 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TAllLE 476. AJ20 3 - NaJAJF.: Density (g em") 

T(K) 

1270 
1300 
1320 

Mol % 
Na,AIF. 

97 
94 
88 
82 
76 

Mol percent Na3AJF. 

97 94 88 82 

2.090 2.081 2.063 2.049 
2.063 2.054 2.038 2.025 
2.045 2.036 2.021 2.008 

Temperature-dependent equations 
p = a + bl' 

a -b x 103 

3.2522 0.9148 
3.2120 0.8906 
3.1458 0.8523 
3.0736 0.8070 
2.9674 0.7320 

76 

2.038 
2.016 
2.001 

standard 
error of 
~th1Jiilt: 

0.02% 
0.01% 
0.00% 
0.03% 
0.00% ! 

Th""" VAl"". Arl" h .. ",,(( on th,. (("tA of MMiJ.sov."y (Ar"him .. d,."n 

technique) [104,114,193] and Edwards et aI. [78]. The density data of 
Vetyukov et aI. (155] and Nishihara et aI. [84] are virtually in exact 
agreement with the values above ( 1 %). 

TABLE 477. Viscosity studies: Alp, - Na,AlF6 

Investigations critically examined 

I 
Ref. Mol % Temp. range Comments 

NIl;AIF (K) 

155 70--100 1240--1380 review 

92 1273-1323 Mo torsion wire; 
Pt sphere 

82 85-100 1263-1323 graphite crucibles; 
calibration: glycerine 
solutions (20°C); 

185-100 

stainless steel rotor. 

84 1303-1353 Pt disk and crucible 

93 75-100 1273-1323 Pt rod fused to 
PtlIr rod; 
Mo wire support; 
Pt crucible; 
Ar atmosphere; 
temp. control, ± 1°C. 

194 75-100 1253-1323 damped oscillational 
technique; 
Pt sphere 

195 78-100 1240--1380 damped oscillational 

I technique; 

I 
Pt cylinder 

. '~.'. ,,,j 

,I, "hy., Ctll'lIn. Rtlf. Datil, Vol. 12, No.3, 1983 

T(K) 

1240 
1250 
1280 
1300 
1360 
1380 
1400 
1460 
1480 

Mol % 
Na3AIF. 

92,1 
84.8 

I 78.1 

I 
76.0 
70.0 

Mol percent Na3AlF. 

92.1 I 84.8 78.1 76.0 

3.750 
2.975 

2.390 2.659 3.195 3.823 
2.226 2.469 2.958 3.538 
1.816 2.004 2.426 2.837 
1.707 2.65Cl 

2.503 
2.215 

Temperature-dependent equations 
'1j = a + bT + ct'- + dTl 

a b x 103 cx'I06 d X 109 

2941\9 -'~4f'i() -~141\ S.OR4 
34.586 -28.144 -6.754 7.226 
22.929 23.010 -62.294 25.213 
44.972 -27.689 -20.475 13.275 
95.998 -121.143 39.307 

70.0 

4.940 
3.945 
3.676 

1
3
.438 2.915 

2.803 

standard 
error of 
estimate 

0.01% 
0.27% 
0.32% 
2.62% 
1.65% 

The values from 78-100 mol% Na3AIF6 are based on the data of 
Torklep and Oye [195J and for the range 70--76 mol% Na3AIF6' on 
Abramov et al. [155] (both oscillational techniques). The results of 
Abramov et al. [155]. Matiasovsky and Votava [92,93], and Desc1aux 
and Rolin (194] are uniformly higher than those of Torklep and Oye 
(1951 e.g. at 5 mol% Alp) and 1300 K, -12%, -15%, and - 25%. 
respectively. The values of Nishihara et al. (84]. by contrast. are 
uniformly lower, e.g. at 5 mol% and 1300 K. -50% lower. For 
updated recommendations for the viscosity of molten cryolite, see [8]; 
for evaluation of viscosity measurement techniques, see [10]. 

TABLE 479. Surface tension studies: 
AI20 3 - Na3AIF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na)AIF (K) 

I 

156 75-100 I 1325-1329 Pt plate; 
inert atmosphere 

150 75-100 1293-1333 stainless steel capil-
, lary; Ar atmospht:n:; 
I correction for thermal 
, expansion and depth of 

immersion; estimated 
uncertainty 5% 

149 73-100 1273 Pt-JO% Rh capillary; 
dry Ar atmosphere 

155 review 
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! 

T(K) 

1270 
1300 
1330 
1350 

100 
91 
81 
73 

TABLE 480. AI20 3 - Na3AIF 6: 
Surface tension (dyn cm-I

) 

Mol percent NalAIF6 

91 81 

132 127 
129 123 
126 120 
124 117 

Temperature-<lependent equations 
l' = a + bT 

297.02 
257.76 
272.76 
298.29 

73 

133 
129 
125 
123 

128.04 
99.02 

115.04 
130.06 

I 

I 
I 
I 
j 

These values are based on the data of Bloom and Burrows (maximum 
bubble prc.33urc mcthod)~ data in equation fonn, llfcc.l:)loJ)O:> not 

estimated [149]. Accuracy limits, -±1.5%. The data set for NaJAIF6 
(O% A1z0J) have been advanced as the recommended surface tension 
data base [2]. 

NaAIF 
:3 6 

20 40 60 
Wt· % 

Isothermal 
Section 

1010°C 

80 

Data from: D. F. Weill and W. J. Fyfe. J. Electrochem. Soc .. 111. 582 
(1964). 

Melt Preparation and Purification 

For the method of melt preparation and purification of 
Grjotheim et al. [153], see A1203-Na3AIF6' 

TABLE 481. Electrical conductance studies: 
AI20 l - Na~IF6 - Si02 

Investigations critically examined 

Ref. Wt% Wt% Temp. range Comments 
A120 l Si02 (K) 

153 0-12 0-6 1273 see AI2Ol-Na3AIF6 

o 

TABLE 482. A120 3 - NalAIF6 - Si02: 

Specific conductance (ohm-Icrn-I) 

Wt % SiO, (1273 K) 
Wt% 

I AlP, 0 2 4 6 

0 2.80 2.63 

I 

2.57 2.50 
3 2.68 2.57 2.49 2.42 
6 2.53 2.41 2.31 2.26 
9 2.38 2.28 2.23 2.18 

12 2.22 2.i8 2.15 2.10 

The above values are reported by Grjotheim, Matiasovsky, Fellner and 
Silny (classical ac method) [153]. The value for Na3AIF6 (0% Alp). 
0% SiO,) is virtually in close agreement (i.e., ±0.5%) with the 
r .. oommendcd datu set [8]. 

Investigations critically examined 

Ref. Wt% Comments 
A12O, 

Wt% !Temp. range 
Si02 (K) 

153 0-12 0-6 
I 

1273 see AI20l-Na3AIF6 

Wt % Si02 (I 273 K) 
Wt% 
Alp) 0 2 4 6 

0 2.102 2.100 2.099 2.098 
3 2.078 2.084 2.087 2.088 
6 2.061 2.071 2.078 2.083 
9 2.048 2.060 2.070 2.075 

12 2.038 2.051 2.060 -

The above values are reported by Grjotheim, Matiasovsky, Fellner and 
Silny (Archimedean technique) [153]. The value for Na3A1F6 (0% 
Alp), 0% SiO,) and that from the recommended data set [4) are 
essentially in exact agreement [i.e., - < ±0.2 %]. 

Melt Preparation and Purification 

Kruh and Stern [130] used reagent grade boric oxide, 
heated to 900° to remove residual water. When the 
CS2C03 was added, the mixture was stirred thoroughly 
and then allowed to stand so that air bubbles might 
escape. 

J. Phys. Chern. Ref. Data. Vol. 12. No.3, 1983 
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TABLE 485. Viscosity studies: B20 3 CS2C03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CS2C03 (K) 

130 0-3 873-1023 stainless steel beaker; 
estimated uncertainty; 
±30 poise 

T(K) 
30 10 

873 1000 1400 
973 180 300 

1023 140 200 

The above values are reported by Kruh and Stern (rotational 
technique) [130]. Accuracy limits, - ± 5%. For BzD3 viscosity see 
Table 390 and comments. 

Melt Preparation and Purification 

Leont' eva [157] prepared boric oxide from C.R. grade 
horie anhydride. 

TABLE 487; Viscosity studies: BzD3 K,B40 7 

Investigations critically examined 

Ref. I Mol % ITemp. range Comments 
K 2B40 7 (K) 

I 
11023-1373 no information , 157 : 0-5.2 

Mol percent K 2B,07 
T(K) 

I 5.2 3.2 

1080 151.1 223.1 
1160 100.5 146.3 
1220 75.4 110.3 
1300 59.0 
1320 58.0 

Temperature-dependent equatIOns 
7J = a + bT + c l' 

Mol % standard 

K2B.07 a -b x 103 ex 106 error of 
estimate 

5.2 2750.3] 14058.25 11529.24 4.6% 

I 

3.2 4490.73 6736.44 2578.65 1.4% 

0 exponential equation 7.6% 

These values are based on the data of Leont'eva (oscillationai method) 
[157]. For B20, (0% K 2B40 7) the viscosity data are expressed by the 
exponential equation: 1') = 0.521 exp(13850/R1). The results for B20 3 
appear -40-50% higher than the values from the recommended data 
set [1], if the equations are extrapolated to an overlapping temperature 
range. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

For the method of melt preparation used by Kruh and 
Stern [130] see: BP3-CS2C03' 

TABLE 489. Viscosity studies: BzD3 - K2C03 

Investigations critically examined 

Ref. Mol % Temp.~;angei Comments 
K2CO) (K) 

130 0-6 873-1023 see: B20 3-CS,C03 

Mol percent K2CO) 
T(K) 

I 
6.0 3.0 1.0 

873 1600 1000 1300 
973 160 160 280 

1023 96 96 180 

The above values are reported by Kruh and Stem (rotational 
technique) [130]. Accuracy limits, - ±5%. For B20 3 viscosity see 
Table 390 and comments. 

Melt Preparation and Purification 

For the method of melt preparation used by Kruh and Stem [130] 
see: B20 3-CS2C03• Moiseev and Stepanov [148] used reagent grade 
materials. No further information was given. 

TABLE 491. Viscosity studies: B20) - Li2C03 

Investigations critically examined 

Ref. Comments Mol % I Temp. range 
Li2C03 i (K) 

130 0-6 I 873-1023 see: B2Ol-CS2COl 

Mol percent Li,CO, 
T(K) 

6.0 3.0 1.0 

873 1500 1680 
973 170 240 320 

1023 80 120 160 

The above values are reported by Kruh and Stern (rotational 
technique) [130]. Accuracy limits, ~ ::::5%. For BP3 viscosity see 
Table 390 and comments. 
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TABLE 493. Surface tension studies: B20 3 - Li2C03 

Investigations critically examined 

I Ref. I Mol % Temp. range Comments 
Li2C03 (K) 

148 !92-100 1038 Pt capillary; 
Ar atmosphere 

T AtlLh 494. 5 2°3 Li2C03: 

Surface tension (dyn cm-I
) 

Mol percent 

I Li2C03 103£ K 

tOO 

I 
243 

95 259 
90 253 

Composition-dependent equation 
'Y = 242.56 + 2.68C - 10.42 x 1O-2C 

[C Mol % Li2C031 
These values are based on the data of Moiseev and Stepanov (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [148]. For Li1C03 the result is in exact agreement with the 
recommended data base [2]. 

Melt Preparation and Purification 

For the method of melt preparation used by Kruh and 
Stem [130] see: B20 r CS2C03• 

TABLE 495. Viscosity studies: B20 , - Na3AlF6 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na3A1F6 (K) 

130 0-3.2 873-1023 see: Bz0,-CSZC03 

TABLE 496. B20 3 - Na3AlF6: Viscosity (poise) 

Mol percent Na3AlF6 
T(K) 

I 
3.2 1.6 

873 480 
i 

1080 
I 973 100 
1 

240 
1023 72 

i 
140 

The above values are reported by Kruh and Stern (rotational 
technique) [130]. Accuracy limits, - ±5%. For BP3 (0% Na3A1F6) see 
Table 390 and comments. 

Melt Preparation and Purification 

Yakobashvili et al. [26, 25] and Volarovich and Tolstoi 
[158] used reagent grade materials for the preparation of 

the melts. For the method used by Kruh and Stem [130] 
to prepare boric oxide, see: B20 3-CS2C03• No 
information on melt preparation was given in the study 
by Frumin et al. [159]. Leont'eva [157] prepared boric 
oxide from C.P. grade boric acid. To remove bubbles 
from the melt it was held at lOOO·C for 2 hours. 

T nv .... tielltinn~ ",riti"_,,l1y f'x .. minf'li 

Ref. Mol % Temp. range Comments 
Na2B.O, (K) 

26 57-100 

100 
90 
80 
70 
60 

1223 Pt capillary; dry Ar 
atmosphere; alW1dum 
crucible 

2.06 
2.08 
2.10 
2.12 
2.12 

Composition-dependent equation 
1.946 + 0.573 x 1O-2C - 0.47 x lO .... C 

Ie = Mol % NazB40 ,1 
~tall!lard ermr of eslim<1le 0.64% 

These v:Ii"t·, arc ha,cd on the data of Oparin and Yakobashvili 
(mudilied maximum bubble pressure method) [26]. Accuracy limits, 
~ i: 2';1,,_ TIl<" vlllue for Na2B.O, (0% B20 3) has been advanced as 
rcconlllll'IHIl"d tlllia I k I. 

---

Mol r1, ITcmp .• rangel Comments 
Na,B,O, .J (K) 

1 ~7 0-1l 1023-1273 see: BZ0 3-K2B.O, 

130 0-] 873-1023 see: B20 3-Cs2C03 

159 2S.7-]OO 923-1323 estimated uncertainty, 
±2%; 
pendulum viscometer 

158 0-100 923-1023 Pt crucible 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 500. B20 3 Na2B.07: 820 3 - Na
2
COa 

Viscosity (poise) 

Mol % 
Na2B.07 923 K 948K 973 K 1023 K 

100.0 2180 649 225 49 
76.1 6090 1740 598 III 
49.6 14800 4320 1450 254 
45.2 13800 4230 1490 272 
40.1 9880 3060 1090 206 
35.1 8890 2910 1090 217 
33.7 12700 4020 1470 279 
32.8 8710 2680 975 211 
22.4 5240 1920 816 212 

7.9 793 468 289 130 
0.0 1510 1130 868 542 

The above values are reported by Volarovich and Tolstoi (rotating 
cylinder method) [158]. These values cannot be expressed as simple 
equations. Other results for Na2B.07 (100%) have not been published. 
The results for BP3 (% Na2BP7) a~e -40-50% higher than the results 
of Kruh and Stern [130] and Shartsis et al. [242]; see also Table 390 and 
comments. 

TAtiLE Sal. Surface tension studies! B"O, Na,B.O, 

Investigations critically examined 

26 57-100 1223 Pt capillary; dry 
Ar atmosphere 

25 43.5-100 1223 corundum capillary; 
Ar atmosphere 

159 20-100 1023,1223 estimated uncertainty, 
±5% 

TABLE 502. BP3 - Na2BP,: 
Surface tension (dyn em-I) 

Mol percent 
Na2B.07 1023 K 

100 
80 
50 
30 

1023 
1223 

242 
229 
208 
195 

Composition-dependent equations 
'Y =a+bC 

[C = Mol % Na2B.07J 

174.5 
167.0 

1223 K 

232 
219 
200 
187 

675 
650 

These values are based on the data of Frumin and Yakobashvili 
(maximum bubble pressure method); data in equation form; precisions 
IIO! ""!imntcd 1159J. The result at 1223 K for Na,B.07 agrees with the 
rc,"nllHllcndcd datn 181 to within 1% . 

• J, ""V". Ch .. "n. Rot. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

For the method of melt preparation used by Kruh and 
Stern [130] see: BP3-CS2C03. 

TABLE 503. Viscosity studies: BP3 Na,C03 

Investigations critically examined 

Ref. Mol % Temp, range Comments 
Na2CU3 (K.J 

130 0-6 873-1023 see: B2O)-CS2C03 

I 
Mol percent Na2C03 

T(K) 
6.0 3.0 1.0 

'1$73 

I 

I/UU 1650 17:50 

973 280 280 280 
1023 

i 
180 150 180 

The above value. are reported by Kruh and Stern (rotationa) 

technique) [130]. Accuracy limits, - ±5%. For BP3 (0% Na2CO) see 
Table 390 and comments. 

Melt Preparation and Purification 

Arndt [160, 161] used pure grade materials. No other 
information was given. 

T ABL" 50S FI .. r.t';,.,,,1 concillctance stndies: 
B20) NaPO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaP03 (K) 

161, 3.5-100 923-1323 porcelain U-tube cell, 
250 Pt electrodes 
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TABLE 506. B,O) NaPO): Specific conductance 
(ohm-Icm-I) 

T(K) 

1020 
1080 
1140 
1220 

100.00 
40.6 

3.5 

Mol percent NaPO) 

40.6 3.5 

I 

0.058 
0.095 0.0006 

0.140 0.0011 

0.214 0.0019 

Temperature-dependent equations 
K = a + bT + c-r 

-1.8829 
0.7649 
0.00116 

-2.5000 
1.9274 
0.00902 

1.210 
0.0079 

0.00% 
3.84% 
0.02% 

These values are based on the data of Arndt (classical ac method) [161). 
POT NaPO) (0% D20) t1 .. " ,,,suit. "1;;'<:<: with (h" ,ecuIIlIflefldo::u datu set 

[8] to within - ±5%, at 1100 K, the two are in exact agreement. 

TABLE 507. Viscosity studies: B20 3 .,. NaPO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaPO, (K) 

161, 3.5-100 923-1388 falling weight; Pt 
160 float and crucible; 

calibration: castor oil 

TABLE 508. Hpj - NaPO): Viscosity (poise) 

Mol percent NaPO, 
T(K) 

40.6 3.5 

1070 25.1 100.2 
1130 8.7 64.7 
1190 2.7 42.5 
1220 3.6 36.4 

Composition-dependent equations 
'I) a + bT + c-r 

Mol % 
I-b x 10-' 

standard 
NaPU, a ex 10"" error of 

estimate 

100.0 28.7 501.77 220.0 16.7% 

I 

40.6 2066.73 3455.70 1446.4 17.1% 
3.5 2976.93 4673.70 1855.3 0.2% 

These values are based on the data of Arndt (falling bod y technique) 
[161J. The results for NaPO, (100%) have been advanced earlier in this 
series as a recommended data base [1 J. 

Melt Preparation and Purification 

For the method of melt preparation used by Kruh and 
Stem [130] see: BP3-CS2C03' 

Investigations critically examined 
... 

Ref. Mol % Temp. range Comments 
Rb2COJ (K) 

130 0-3 873-1023 .,,'" B,O, Co2COJ i 

Mol percent Rb,CO) 
11K) 

3.0 1.0 

873 840 920 
973 140 240 

1023 80 160 

J he above values are reported by Kruh and Stern (rotational 
technique) (130). Accuracy limits, -±5%. For Hp) (0% Rb2COJ) see 
Table 390 and comments. 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Kochergin et al. rI62]. 

Ref. 

162 

TABLE 511. Density studies: Bip) K2B.O, 

Investigations critically examined 

Mol percent 
K,B.O, 

95-100 

100 
97.4 
96.9 
95.8 

Temp. range I 
(K) 

1123 I 
I 

Comments 

Pt sphere; 
calibration: 
toluene 

1.997 
2.191 
2.282 
2.377 

Composition-dependent equation 
p = 11.070 - 9.082 x 10'"C 

Ie = Mol % K 2B.O,) 
Standard error of estimate = 1.0% 

The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) 1162]. Precision -0.2%. The data point for 
K,B.07 (0% Hip) has been advanced elsewhere in this series as 
recommended data 18J. Accuracy, - ±5%. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Kochergin et al. [162]. 

Ref. 

162 

TABLE 513. Density studies: Bi,O, - KPO, 

Investigations critically examined 

Mol percent 
KPO, 

97-100 

Mol percent 
KPO, 

100 
99.2 
98.4 
97.3 

Temp. range 
(K) 

1123 

Comments 

Pt sphere; 
calibration: 
toluene 

1123 K 

2.185 
2.442 
2.714 
3.028 

Composition-dependent equation 
p ~ 33.054 - ;)0.86 " 1O-'C 

[C == Mol % KPO,) 
Standard error of estimate = 1.0% 

) 

The above values are reported by Kochergin, Baldina, and Kareva 
(ATchimed"an technique) [1621_ Preci.ion -0_2%_ The value for KPO, 

(0% BiP,) appears to be 5% too high relative to the recommended 
data set [8). 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Kochergin et al. [162]. 

TABLE SIS. Density studies: Bi,O, - Na,B.07 

Investigations critically examined 

I Ref. I Mol percent Temp. range Comments 
I Na,B40 7 (K) I 1 
1162 ! 96-100 1123 Pt sphere; 

i I 
calibration: 

I I toluene 
0-___ ' --

.J. Pl1ys_ Chcm_ Ref. Data, Vol. 12, No.3, 1983 

Mol percent ! 
Na,B.07 I 

1123 K 

100 2.094 
99.1 2.200 
98.2 2.329 
96.3 2.558 

Composition-dependent equation 
p = 14.969 - 12.875 x lO-'C 

[C = Mol % Na,B40 7) 

Standard error of estimate = 0.3% 
The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162]. Precision, -2%. The data point for 
Na,B.07 (0% Bi,O,) has been recommended earlier in this series [8] as a 
reference point. Accuracy, - ±5%. 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Kochergin at al. [162]. 

Rcf. 

162 

TABLE 517. Density studies: Bi,O, - NaPO, 

Investigations critically examined 

Mol percent Tcm(K)anscl Comments 

NaPO) 

96-100 1123 

I 
Pt sphere; 
"n1ibr~tion' 

toluene 

Mol percent 
NaPO, 1123 K 

100 2.086 
98.9 2.452 
97.6 2.803 
96.3 3.415 

Composition-dependent equation 
p = 37.169 - 3.5115C 
IC = Mol % NaPO,] 

Standard error of estimate = 3% 
The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162]. 

CaO - CaC2 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Emons et at (163J or by Hellmold et a1. [164]. 
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, 

Ref. 

163, 
164 

TABLE 519. Viscosity studies: CaO - CaCz 

Investigations critically examined 

I 
73 \2050--2490 \ carbon inner cylinder; 

graphite crucible. 

TAI1LJ:, :520. CaO - Ca~: Viscosity (poise) 

Mol percent CaCz 
T(K) 

73 

2190 7.26 
2280 4.32 
2400 2.62 
2490 3.10 

Temperature-dependent equation 
71 = 291.112 - 128.903 x 1O-3T - 41.496 x 10-6r + 

18.80 x 1O-9r 
Standard error of estimate = 14.87% 

These values are based on the graphical data of Hellmold, Horlbeck, 
and Woerh (oscillational method) [164]. The CaCz contained -10 wt % 
impurities (C, -8.4%; SiOz, -3.6%; FeZ03' -1.4%). 

CaO - 5102 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Ejima and Shimoji [141]. 

TABLE 521. Density studies: CaO - Si02 

!n\lestigatiOlIlS critically examined 

Ref. Mol % Temp. range Comments I SiOz (K) 
I 

141 45-60 1873 no information given 
I 

TABLE 522. CaO - Si02: Density (g cm-3) 

Mol percent 
SiO. IS73 K 

60 0.44 
50 0.88 
45 1.23 

Composition-dependent equation 
p = 8.224 - 23.22 x lO-zC + 17.0S x lO-4C> 

These values are based on the data of Ejima and Shimoji (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated [141]. Accuracy limits, - ±2%. 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Hellmold et aI. [164] 

Investigations critically examined 

Ref. 

164 

1

95.5-100 I 2273 I carbon inner cylinder; 
graphite crucible. 

Viscosity: No data; for a graphical study of the effect on viscosity of 
varying Fez03 in the system CaC2-CaO-Si02-FezOl' see (164]. 

Melt Preparation and Purification 

Moiseev and Stepanov [148} used very pure Li2C03 

and analytically pure Fe20 3• The salts were heated in a 
CO2 atmosphere at 500-600°C for several hours and then 
stored in a desiccator. 

TABLE 524. Surface tension studies: Fe20 3 - Li2C03 

I Ref. 

Investigatiolls critically examined 

1038 

TABLE 525. F"z(),' Li1CO): 
Surface tension (dyn em-I) 

Mol percent 

Li2CO, 1038 K 

100 240.4 
98 240.4 
94 240.3 
92 240.2 

Composition-<iependent equation 
y = 23S.0 + 2.40 x 1O-2C 

! C = Mol % Li2CO,] 
These values are based on the data of Moiseev and Stepanov (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated 1148]. At 1038 K, the surface tension for LizCO, given in the 
recommended data base 12] is 242.4 dyn cm-I. 

J. Phys. Chem. Ref. Data, Yol. 12, No.3, 1983 
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MOl % KjJ 

FIGURE 84. Phase diagram for Kp Zn(P03)2' 

Data from: E. L. Krivovyazov, N. K. Voskresenskaya, K. K. Palkina. 
Zh. Neorg. Mat. 5(6), 898 (1969). 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Eliseeva [165], or in the study by Krivovyazov 
and Voskresenskaya [166]. 

TABLE 526. Density studies: K20 Zn(POJh 

Investigations critically examined 

Rd. Mol percent Tcmp. range Comments 

Zn(P03)2 (K) 

166 56.6-88.4 1085-1378 no information 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

7lK) 

1080 
1Il0 
1200 
1290 
1350 
1380 

Mol percent Zn(P03)2 

88.4 74.2 

2.742 
2.762 2.734 
2.744 2.710 
2.727 2.686 
2.716 2.670 
2.710 

Temperature-dependent equations 
p = a + bT 

56.6 

2.632 
2.602 
2.572 
2.552 

Mol percent 

I I Zn(P03)2 a -b x 103 

88.4 2.9737 0.1911 
74.2 3.0305 0.2671 
56.6 3.0019 0.3330 

These values are based on the data of Krivovyazov and 
Voskresenskaya (Archimedean technique); data in equation form: 
precisions not estimated 1166]. Accuracy limits, -±1%. 

TABLE 528. Surface tension studies: K20 - Zn(P03)2 

Ref. 

165 

166 

T(K) 

1120 
1180 
1240 
1360 

Illve:;tigation. critically "" .. mined 

Mol % Temp. range Comments 
Zn(P03)2 (K) 

50-100 1233-1373 no information 

52-92.7 1119-1383 no information 

TABLE 529. K20 Zn(P03)z: 
Surface.tension (dyn em-I) 

Mol percent Zn(P03)2 

92.7 
i 

74.4 61.9 

180.0 
174.1 177.3 

176.3 171.6 174.6 
175.8 166.6 169.2 

Temperature-depenrlpnt p.ql1"ti()n~ 

'Y = a + bT 

52 

184.1 
178.8 

Mol % standard 
Zn(PO')2 a -b x 10' error of 

estimate 

92.7 

I 
181.9 4.5 0.00% 

74.4 223.7 42.0 0.00% 
61.9 230.8 45.3 0.00% 
52 239.0 44.3 0.00% 

These values are based on the data of Krivovyazov and 
Voskresenskaya (maximum bubble pressure method) l1(i6]. Accuracy 
limits, - ±2%. 
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Meltp'reparatlon and' Purification 

Moiseev, and Stepanov [148] used very· pure Li2C03 

and ailruytically pure L.i20.The salts were h~ated in a 
Co.z atmosphereat5()(),,600~C for several hours~and then 
stored iIi a desiccl;I.tor. 

mvestigations criiiCaily examined 

148.:1,60-,' 100 I" 1038 ,,: I Pt ca~illary; dry CO; . I. . ' and alt atmosphere. 

TABLE 531. Li20 - Li2C03: 

Surface tension (dyn em-I) 

Mol percent 
j·.;.C.O, 1038 Ie 

, 100 '244.3· 
90 244 
80 252 . 
70 256< 
60 245' 

Composition-dependent equation 
"I = -809.2 + 39.98C - 49.19 x 1O-2CZ + 19.74 X IO-4C 

(e = Mol % Li1C03] 

These values are based on the data of Moiseev and Stepanov (maximum 
bubble pressure method); data in graphical form; precisions not 
estimated (148]. At 1038 K, for Li2C03 the surface tension in the 
recommended data base (2] is 242.4 dyn em-I. . 

600 

400 I 

O~~~~~~~~·~~~: ~~~~~ 

KZMo04 MoI%"'~ .MoO;,,', 

FIOuRE 85. Phase diagram for Mo01 ':'X;MoO .. 

Data 'from: K. B, Morris and D: L~ RobinsOn;]; i>hys.· Chem. ·68.1194 
(1964): . 

Melt Preparation and Purification 

All salts used by Morris and Robinson [167) were 
reagent quality anhydrous powders, Gossink.and Stevels 
[168] used reagent grade materials. In order to determine 
whether the compositions of the samples had ohanged 
after preparation and' measuring, some samples were 
anruyzed gravim~trically for their trioxide contents. 

TABLE :l32. Electrical conduClance slUdies: 
MoOl - K1MoQ. " ' 

Investigations~riticalIy~xamined 
- --

I 
Ref. I Mol % temp. range I Comments 

K 2MoO (K) 

167 0-100 856-1270 quartz cell; Pt 
disk electrodes; 
frequency: 2000Hz 

J.Phys.Chein. Ref. Data; Vol. 12, No.3,1983 
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I 

'1'''111.1' 5.13. MoOl - K2Mo04: Specific conductance 
(ohm-1cm-1) 

11K) 

860 
890 
950 
980 

1040 
1070 

1100 
1160 
Il90 
1250 

100 
85.87 
69.87 
47.56 
39.80 
31.46 
22.65 
IS.65 
11.37 
0 

Mol percent K2MoO. 

85.87 69.87 47.56 31.46 

0.332 
0.390 
0.478 0.517 
0.508 0.576 

0.681 

0.885 
1.009 0.983 
1.054 1.024 
1.166 

Temperature-dependent equations 
II: = a + bT+ eT-

0.3930 1.3393 
-4.9906 -S.2350 -4.1405 

4.5880 8.1525 2.8879 
5.2526 10.9081 5.1324 
2.3126 4.2016 1.3117 
3.5754 6.5811 2.3931 
3.4563 6.2097 2.1630 
2.2092 3.7366 0.9536 
7.M71 14.4396 6.0'46 

-0.1437 0.4960 

18.65 

0.361 
0.480 
0.537 
0.645 
0.697 

0.4% 
0.6% 
0.3% 
0.4% 
0.5% 
0.4% 
0.6% 
0.6% 
0.3% 

0.3% 

These values are based on the data of Morris and Robinson (classical ac 
method) [167J. Accuracy, - ± 1.5%. The values for K2MoO. (0% 
MoOl ) have been advanced elsewhere as the recommended data base 
[S]. For MoO» the values in the above study are -20% lower than the 
recommended data [1]. 

TABLE 534. Density studies: Mo03 - K2MoO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2MoO (K) 

167 0-100 847-1251 Pt bob; Pt-Rh wire; 
surface tension 
correction negligible. 

.J. ""y". Chern. Ref. Data, Vol. 12, No.3, 1983 

Mol percent KlMoO. 
1I:K) 

85.87 69.87 39.80 31.46 18.65 

910 2.982 3.237 
970 2.920 3.003 3.169 

1000 2.889 2.970 3.138 
1030 2.856 2.935 
1060 2.605 2.899 
1090 2.580 
1120 2.476 2.')'57 

1210 2.445 2.49& 
1240 2.422 

TeUll'en,luIO:-U"I'"l1Ilo:nl t:yu"'Liuns 

p = a + bT + eT-

Mol % standard 
K2MoO. a -b x 10l ex 106 error of 

estimate 

100 3.1339 0.5425 0.01% 
85.87 -1.9831 -7.9911 -~57CJR 01'% 
69.87 4.4907 2.7142 0.8819 0.03% 
47.56 4.9075 3.5709 1.3674 0.14% 
39.80 3.6209 0.3988 -0.3335 0.04% 
31.46 3.2137 -0.6392 -0.8833 0.06% 
22.65 4.3202 1.3910 0.1287 0.06% 
18.65 5.0724 2.8518 0.9173 0.05% 
11.37 6.1619 4.5517 1.5732 0.11% 
0 4.8704 1.5135 0.20% 

These values are based on the data of Morris and Robinson 
(Archimedean technique) [167]. Accuracy limits, ~ ± 1 %. The values 
for K2MoO. (0% MoOl ) are uniformly higher (~5%) than the 
recommended data base [1,8]. 

TABLE 536. Surface tension studies: MoO l - K2MoO. 

Investigations critically examined 
, 

Ref. Mol % Temp. range Comments 
K2MoO (K) 

168 25-100 1044-1386 Pt ring and dish 
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TABLE 537. MoO, - K,MoO.: 
Surface tension (dyn cin- I

) 

Mol percent K,MoO. 
T\K) 

81 61 50 42 

1040 112.3 
1100 108.2 107.0 
1130 106.1 104.9 
1190 122.5 111.0 102.0 100.7 
1340 114.0 100.6 91.7 90.2 
1370 112.3 98.6 88.1 

I 

Temperature-dependent equations 
i' a + bT 

Mol percent 
KMoO 2' 4 a -

100 217.38 
81 189.74 
61 192.97 
50 181,.90 

42 183.77 
25 173.42 

25 

98.1 
94.1 
84.1 

I 

64.25 I 
56.54 

I 68.90 
68J\4 
69.83 

I 66.63 

These values are based on the data of Gossink and Steve1s (riflJ~ 
detachment method); data in equation form; precisions not estimated 
(168]. Accuracy limits, -±2%. The values for K,MoO. (0% MoO,) 
are unifonnly lower (-7-8%) than the recommended values [2J. 

Melt Preparation and Purification 

For the method of melt preparation used by Morris 
and Robinson [167] see: MoOr K2Mo04• 

TABLE 538. Electrical conductance studies: 
MoO, - Li,MoO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Li,MoO. (K) 

167 0-100 1041-1271 see: MoO,-K,MoO. 

TABLE 539. MoO, - Li,MoO.: Specific conductance 
(ohm-Icm-I) 

T(K) 

1040 
1060 
1080 
1120 
1160 
1180 
1220 

Mol % 
Li,MoO. 

100 
8S.R4 
77.88 
65.23 
52.51 
41.18 
27.56 
16.03 
0 

Mol percent Li,MoO. 

85.84 65.23 41.18 

1.209 
1.283 

2.186 1.350 
2.372 1.521 1.468 
2.538 1.619 1.563 
2.614 1.666 1.601 

1.756 

Temperature-dependem equations 
/( = a + bT + c'P 

--a b" 103 -c" 106 

! 79.9132 -148.53 
10.2&4.,. \&.201,0 n.ln" 
29.5189 54.3689 23.3504 

3.2139 5.9551 1.5423 
1.3338 2.6750 

10.6330 18.9532 7.2755 
1.2893 2.1890 

13.9794 24.6273 10.0716 
-0.1437 i 0.4960 

16.03 

I 0.809 
0.871 
0.969 
1.036 
1.057 

standard 
error of 
estimate 

1.38% 
0.4')0/" 

0.48% 
0.31% 
0.63% 
0.88% 
0.89% 
1.29% 
0.28% 

These values are based on the data of Morris and Robinson (classical ac 
method) 1167). Accuracy, - ±2%. The recommended data base values 
for Li,MoO. (% MoO,) previously advanced [I] fall unifonnly -80-
140% lower than the data set in the above study. For comments on 
MoO,. see Table 533. 

TABLE 540. Density studies: Mo01 - LilMoO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LilMoO. (K) 

167 0-100 1028-1261 see: MoO,-K2MoO. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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T(K) 

1030 
1050 
1070 
1110 
1190 
1210 

Mol % 
Li,MoO. 

100 
85.84 
77.88 
65.23 
52.51 
41.18 
27.56 
16.03 
0 

Mol percent Li2Mo04 

85.84 65.23 41.18 

3.155 
3.137 

3.015 3.120 
2.907 2.990 3.088 
2.864 2.941 3.029 

2.928 
i 

3.016 

Temperature-dependent equations 
p = a + bT+ cT" 

a -b X lOl ex 106 

3.9660 1.4877 
3.4971 0.5316 
3.6172 0.5923 
3.6775 0.6193 

-0.8651 -7.1893 -3.3271 
4.7806 2.2620 0.6639 
4.5485 1.6136 0.3425 
4.9692 2.2349 0.5748 
4.8550 1.5002 

16.03 

3.256 
3.236 
3.197 
3.124 

standard 

I error of 
estimate 

0.05% 
0.03% 
0.03% 
0.02% 
0.28% 
0.05% 
0.06% 
0.03% 
0.20% 

These values are based on the data of Morris and Robinson 
(Archimedean technique) [167]. The data for LizMo04 (0% MoOl ) from 
this study have been advanced elsewhere as the recommended data set 
[8]. 

TABLE 542. Surface tension studies: MoOl Li,Mo04 

Investigations critically examined 

I 

Ref. I Mol % Temp. raul!\" I COlluncllt5 

Li,Mo04 (K) 

168_J 30-100 917-1301 Pt,ring and dish 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

T(K) 

920 
980 

1040 
1070 
1220 
1250 
1280 

TABLE 543. MoO) - Li2MoO.: 
Surface tension (dyn em-I) 

Mol percent Li2MoO. 

80 60 40 

144.1 
159.9 140.2 

177.9 156.3 136.3 
176.3 154.6 134.3 
168.3 145.8 124.6 
166.7 144.0 122.7 

142.2 

Temper .. ture-dependent equations 

'Y = a + bT 

30 

118.4 
109.6 

Mol percent 

I I Li2Mo04 a -b x 103 

100 276.08 57.86 
80 233.47 53.42 
60 217.46 58.77 
40 203.77 64.88 
30 180.95 58.49 

These values are based on the data of Gossink and Stevels (ring 
detachment method); data in equation form; precisions not estimated 
[168]. Accuracy limits, - ±2%. The values for Li,MoO. (0% MoO) 
are - 5% low relative to the recommended data set [8]. 

Melt Preparation and Purification 

Morris and Robinson [169] used reagent grade 
molybdenum trioxide and sodium molybdate:: uihyunllt:. 
Both salts were dried and dehydrated by heating in an air 
oven at ISO·C and then were used without further 
treatment. 

TABLE 544. Electrical conductance studies: 
MoOl - Na2Mo04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na2Mo04 (K) 

169 0-100 1913-1323 Vycor or quartz cells; 
Pt disk electrodes; 
calibration: molten 
N .. el, S9.td. 

NaCI, satd. 
KCl; frequency: 
1000Hz. 
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TABLE 545. Mo03 - NlI:zMo04: Specific conductance 
(obm-1CJll71) 

T(K) 

930 
990 

1050 
1080 
1200 
1230 

Mol%' 
NlI:zMo04 

100 
90 
80 
72 
66 
50 
40 
30 

22 
12 
9.8 
0 

Mol pel'cent N"2Mo04 

90 66 50 30 

0.942 0~776 0.676 
1.129 0.956 0.865 

1.270 1.325 1.136 1.047 
1.356 1.426 1.226 1.134 
1.700 
1.786 

Temperature-dependent equations 
K = a + bT+ c'P 

-a b x lit ex 106 

2.0118 ' 3.1993 
' 1.7362 2.8635 
2.0147 3.2011 
2.6602 3.8274 

0.7871 0.6794 1.2684 
2.0155 3.0018 

-4.8568 .:.10:6490 6.7021 
3,2432 5215S -107M 

2.5.100 3.3461 
0.5725 1.2357 
1.8670 2.5835 

-0.2244 -0.8131 1.3003 

12 

0.651 
0.125 
0.762 

standard 
error of 
estimate 

0.32% 
0.67% 
0.15% 
0 ...... % 

0.67% 
0.92% 
2.17% 
0.1\4% 
0.54% 
0.91% 
0.94% 
0.08% 

These values are based on the data of Morris, Cook, Sykes, and 
Templeman (classical ac method) [169]. The values for NlI:zMo04 and 
MoO] in the above study have been advanced elsewhere as a 
recommenClecl Cla~ set [11. 

TABLE 546. Density studies: MoO] - Na2Mo04 

InvestigatiOl1S critically examined 

Ref. I Mol % 'IT~pcrangel Comments 
Nli:zMo04 (K) 

169 0-72 934-1182 Tungsten sinker 
encased in opaque 
quartz; 
B&S gauge No.24 Pt 
win::. 

T(K) 

940 
960 
980 

1000 
1100 

Mol % 
NaMoO. 

72 
66 
40 

30 
22 
12-

9.8 
0 

Mol percent NIliMOO,j 

72 66 40 30, 

3.12 3.22 
2.95 3.09 3.20 

2.79 2.92 3.07 3.17 
2.79 2.89 3.04 3.15 
2.79 2.82 2.96 3.03 

, 

Temperature-dependent equations 
p = a +hT+ c'P 

a -b x 101 cxlcr 

2.790 
8.329 9.724 4.29 
7.359 7.896 3.38 
4.362 1.212 
4.165 1.007 
4.02lS 0.lS6;) 

-6.431 18.11949 -8.61 
4.5226 1.3049 

12 

3.16 
3.08 

standard 
error of 
estimate 

0.00% 
0.08% 
,0.04% 
0.01% 
0.04% 
0.06'1'0 

0.07% 
0.01% 

TIt""" v.uUQ Me: b""".:t un ',!he:, .:tilta of MUlli:s; Cook,' Sykes, and 

Templeman (Arcliimedean technique) [169]. The values ,for Na2MoO. 
(0% MoO), in 'the above study were advan~ elsewhere as a 
recommended data set [1]. 

TABLE 548. Surface tension studies: Mo03 - NlI:zMoO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

NalMoO. (K) 

168 2()-IOO 931-'1294 PI. 1 iug lOud dhoh 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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r ;;:"1 
I 

930 

960 
990 

1020 
1050 
\230 
1260 

TAllLE 549. MoO, - Na,MoO.: 
Surface tension (dyn em-I) 

Mol percent Na,MoO. 

I 

I I BO i 60 40 30 

! I'iS.' 
153.6 

\69.2 151.5 132.1 
167.1 149.4 129.9 
165.1 147.4 127.7 1\7.2 
152.8 134.9 114.4 105.0 

Temperature-dependent equations 
l' = a + bT 

Mol percent 

I 20 

103.3 
91.5 
89.5 

Na,MoO. a -b x 10' 

100 259.71 66.58 
80 236.78 68.27 
60 219.95 69.13 
40 205.18 73.82 
30 187.80 67.28 
20 172.42 65.79 

J 

i 
These values are based on the data of Gossink and Stev"k (ring 

detachment method); data in equation form; precisions not estimated 
[168J. For Na,MoO. (0% MoO,) the values above are -7% lower than 
the recommended data set [2]. 

r----.---,.---,----,-----,---

600 

500,L-__ ~--~--~----~--~--~ 
60 10 2.0 "30 40 50 

MOl % No2 0 

FIGURE 86. Phase diagram for Na20 - Zn(P03),. 

Dula from: E. L. Krivovyazov, N. K. Voskresenskaya, K. K. Palkina, 
Zh. Neorg. Mat.. lnorg. Mat. 5(6), 898 (1969). 

Melt Preparation and Purification 

h1f the method of melt preparation used by 
K dVOI'yawv ct al. /166J, see: K 20-Zn(POJ)2' 

J. "fly". Chom. Aef. Data. Vol. 12, No.3, 1983 

TABLE 550. Density studies: Nap - Zn(PO,h 

Investigations critically examined 

Ref. Mol percent I Temp. range Comments 
Zn(P03), (K) 

166 41.2-95.4 11125-1375 see, K,O-Zn(pO,l, 

I 
Mol percent Zn(p03)' 

nK) 

I I I 95.4 86.1 63.2 41.2 

1120 2.789 2.771 
1180 2.786 2.778 2.753 
1240 2.778 2.767 2.735 2.667 
1300 2.771 2.755 2.717 2.645 
1360 2.763 2.744 2.624 

Temperature-dependent equations 
p == a + bT 

Mol percent 

I I Zn(P03), a 
I 

-b x 103 

95.4 2.9330 0.1247 
86.1 3.0024 0.1902 
63.2 3.1084 0.3104 
41.2 3.1100 0.3576 

These values are based on the data of Krivovyazov and 
Voskresenskaya (Archimedean technique); data in equation form; 
precisions not estimated [166]. The results for Zn(P03), from the same 
laboratory in an earlier study have been advanced as a recommended 
data set [8J. 

TABLE 552. Surface tension studies: 
Nap - Zn(P03), 

Investigations critically examined 

Ref. 

I 
Mol percent Temp. range Comments I 

Zn(P03), (K) 

166 42.1-90.6 1177-1439 see: K,O-Zn(p03), 

165 graphical see: [166] 
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1V'-) 

1170 
1200 
1290 
1350 
1380 
1440 

TABLE 553. N~O - Zn(P03h: 
Surface tenmon (dyn em'l) 

Mol percent Zn(P03), 

9!16 73 59.7 

214.8 
190.7 198.8 213.9 
189.4 196.1 211.3 
188.5 . 194.3 209.5 
188.0 193.4 
187.1 

Tempera~e-dependent equations 
. 'Y = a + bT 

42.1 

248.2 
245.4 
244.0 

MolperceiJ.t I I Zn(P03)2 a -b x IcY 

.90.6 208.45 14.8 
73 235.31 30.4 
59.7 249.33 29.5 
42.1 308.18 46.5 

These values are b8sed· on the· data of Krivovyazov and 
Voskresenskaya· (maximum· bubble pressure methOd); data in equation 
form; precisions not estimated [166]. For Zn(P03)2> the results from an 
earlier· study in the same laboratocy·were ·advancedas a recommencl"cI 
data set [8]. 

HiO - K~B.07 

Melt Preparation and Purification 

Kochergin et aI. [162, 170J used analytical grade NiO. 

TABLE 554. Density studies: NiO - K2B.o7 

Investigations critiCally examined 

Ref. 

1 

Mol percent I TemiK;angel 
Comments 

K2B.O, 

162 82-100 1123 Pt sphere; 
calibration: 
toluene 

Mol percent 

I K 2B 40 7 1123K 

100 1.997 
95.0 2.005 
85.9 2.013 
81.7 2.019 

Concentration-dependent equation 
p = 2.112 - 0.114 x W-2C 

[C = Mol % K2B.o,] 
Standard error or estimate = 0.1% 

The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162]. Precision, -2%. For comments on 

KzBP" see.Table 512.and following. 

Investigations Criticallyelllimined .. 

Ref. Comments 

170 196-9911123,1173 .1 

Mol percent 
KzB.O, 1I23K 1173K 

99· 5.0 3.6 
98 5.9 4.4 
97 6.8 5.2 
96 7.7 6.1 

Com~tion-dependentequation 

'I'j == a+ bC 
[C == Mol % KzB.07] 

T(K.} I a 
\ 

-bx1<Y 

1123 92.26 

I 
88.12 

1173 85.54 82.79 

These values are based on the data of Kochergin, Baldina, Vinyaskaya, 
and Pavlova (oscillational methOd); data in graphical form; precisions 
not estimated [178J. 

MIO - KPOa · 

Melt PreparatiOn· and ... Purification 

Kocbergin et a1. (162,170] used analytical grade NiO. 
The potassium metaphosphate was prepared b~ 
dehydration· of K.H2PO" at- 850°C. 

Ref. 

I 
162 

InvettiptiOJll criticaIlyexamined 

Mol percent lTemrK;angel CommentS 
KPO, 

92-100 1123 Pt sphere; 
calibration: 
toluene 

TABLe S59. NiO - KPO,: Density (gCin'~ 

Mol percent 
KPO, 1l23K 

100 2.086 
97.4 2.133 
94.9 2.142 
92.3 2.156 

Concentration· dependent equation 
p == 2.955..{).859 X lO'2C 

[C ==Mol% KP03] 
Standard error or estimate == 0.1 % 

The above values are reported by KOchergin, Baldina, and Kareva 
(Archimcdcl1n technique) [162].Pn;cisioll, -2%. For. CQmments on 
KPO l , see Table 514 and folloWing .. 

J. Phys.Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABU, 5W. Vbcn~lIy sllJcJles; NiO - KPO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KP03 (K) 

170 80-100 1123,1173 no information 

TABLE 561. NiO - KP03: Viscosity (poise) 

Mol per"ent 

KPO, 1123 K 1173 K 

100 2.75 1.59 
95 5.18 ~.7R 

( 

I 
90 5.43 4.19 

i 
85 4.61 3.41 
80 3.80 2.83 

These values interpolated, from the graphical data of Kochergin, 
Baldina, Vinyaskaya, and Pavlova (oscillational method) [170J, could 
not be fitted with simple equations. 

Melt Preparation and Purification 

Kochergin et aI. [162] used analytical grade NiO. No 
other information was given. 

I 

I 

Ref. 

162 

TABLE 562. Density ~tllrli ... , NiO Na,B.O, 

Investigations critically examined 

Mol percent Temp. ran$l:e Comments 
Na2B40, (K) 

81-100 1123 PI sphere; 
calibration: 
toluene 

TABLE 563. NiO - Na2BP7: Density (g cm-3
) 

Mol percent 
Na,B,O, 1123 K 

~--------------~-----------------I 
100 
94.8 
84.9 
81.0 

2.095 
2.102 
? .. 11i 

2.129 

Composition dependent equation 
p = 2.2770 - 0.1829 x lO-zC 

[C = Mol % NazBp7J 
Standard error of estimate = 0.1 % 

'11", above values are reported by Kochergin, Baldina, and Kareva 
(Arehimcdeun technique) [162]. Precision, -2%. For comments on 
Nu)),O,. set Table 516 and following. 

J. Phyn. CIH.m. Ref. Data, Vol. 12, No.3, 1983 

NIO - NaPOa 

Melt Preparation and Purification 

For the method of melt preparation used by Kochergin 
et al. [162], see: NiO-KP03• 

162 

TABLE 564. Density studies: NiO - NaPO) 

Investigations critically examined 

88-100 1113 PI sphere; 
calibration: 
toluene 

TABLE 565. NiO NaP03: Density (g cm-') 

Mol percent 
NaPO) 1123K 

100 2.442 
97.2 2.493 
93.2 2.573 
88.9 2.653 

Concentration-dependent equation 
p 90.549 - 185.07 x lO-zC .L 96.93 X W-4C 

[C = Mol % NaP03] 

Standard error of estimate 1.5% 
The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162]. Precision, -2%. For comments on 
NaP03, see Table 518 and following. 

Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Kochergin et al. [162). 

TABLE 566. Density studies: PbO - KzB40, 

Investigations critically examined 

Ref. Mol percent Temp. range Comments 
KzB.07 (K) 

162 85-100 1123 Pt sphere; 
calibration: 
toluene 



PROPERTIES OF MOLTEN SALTS 731 

Mol percent 

K2B.O, 1123K 

100 1.997 
94;8 2.085 
89.6 2.178 
84.4 2.271 

Concentration-dependent equation 
p = 3.757 - 1.769 x 1O-2e 

[e = Mol % KzB.O,] 
Standard error of estimate = 0.1% 

The above values are reported. by Kochergin, Baldina, and Kareva 
(Archimedean technique). [lril]. Precision, - Z%. For comments on 
KzB.O" see Table 512 and following. 

PbO- KPO, 

Melt· Preparation and Purification 

No information on melt: preparation was given in the 
study by Kochergin et at [162J . 

Ref. 

162 

. TABLE 568. Density studieS: Pbo - KP03 

Investigations critically examined 

Mol percent Temp. range Comments 
KPO,· (K) 

91-100 1123 Pt sphere; 
calibration: 
toluene 

TABLE 569. PbO - KPO,: Density (g cm-') 

Mol percent 
KPO, 1123 K 

99;5 2.135 
97.3 2.282 
94.5 2.473 
91.5 2.675· 

Cou\,;cutfatioJl-dept::nuenL equation 
p = 8.839 - 6.740 x [O-2e 

[e = Mol % KPO,] 
Standard error of estimate = 0.1 % 

The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162J. Precision, -2%. For comments on 
KPO" see Table 514 and following. 

Melt Preparation· and Purification 

No information On melt preparation was given in the 
study by Kochergin et aL [162]. 

Ref. 

162 

TABLE 570. Density· studies: PbO - N~B.j07 

I 
Investigations critica1lyexamined 

Mol percent !Tem~~gel· COinments 
N~B40, 

86-100 1123 Ptsphere; 
calibration: 
toluene 

Mol percent 
·N~B407 1123 K 

. 100 2.095 
95.5 2.184 
90.9 2.280 
86.3 '2.369 

ConcentratioIi-dependent eqilation 
f> =. 4, tOO - 2.2006 -.: \o-2C . 

. Ie Mol % N~B.07] . 
Standard error of estimate = 0.1 % 

The above values are reported by- K~rgin,·· Baidina, and . Kareva 
(Archimedean techniqlle) [161J. Precision,-O.2%; see Table 512. 

PbO - NaPO, 

Melt Preparation and Pur1flcatlon 

No information on melt preparation w~ given in the 
study by Kochergin et at (162). 

Ref. 

162 

TABLE 572. Density studies: PbO - NaPOJ 

Investigations cridcally examined 

Mol percent . 
NaPO) 

95-100 

Mol percent 
NaPOJ 

99.54 
97.65 
96.68 
95.17 

1123 

Comments 

Ptsphete; 
calibration: 
toluene 

1123K 

2.224 
2.383 
2.455 
2.574 

Concentration-dependence equation 
p = 10.200 - 8.011 x 1O-2C 

[C == Mol % NaP0J] 

. Standard error of estimate = 0.2% 
The above values are reported by Kochergin, Baldina, and Kareva 
(Archimedean technique) [162]. Precision, -2%. For comments on 
NaPOJ, see Table 518 and following: . 
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PbO - PbMo04 

Melt Preparation and Purification 

No information on melt preparation was given in the 
st\ldy by Morris and Mazumder [171]. 

TABLE 574. Electrical conductance studies: 
PbO- PbMo04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
PbMoO (K) 

171 0-100 1129-1413 alumiua cell WIU 

crucibles; calibration: 
O.IN and I.ON KCl. 

TABLE 575. PbO - PbMoO.: Specific conductance 
(ohm-1cm'I) 

T(K) 

1130 
1230 

1270 
1290 
1350 
1370 
1390 
1450 

Mol % 

Mol percent PbMoO. 

80 60 40 12 

0.917 
1.J1I1 

0.843 0.936 
0.887 Q.994 
1.017 1.J70 

0.933 1.228 
0.965 
1.062 

Temperature-dependent equations 
" = a + bT+ c'r 

\ 
l 

\ 
PbMo04 -a 

I 
bx 10' 

)00 I 1.2141 I 1.5516 I 80 1.2724 1.6097 
60 1.9083 

t 

2.1666 [ 
40 2.7743 2.9215 
12 -4.4507 -10.2643 
5 5.7681 5.5679 
0 5.1646 5.2499 

5 

1.414 
1.749 
1.860 
1.97] 

ex 10" 

6.3164 

I 
'I 

These vollies are based on the data of Morris and Mazumder (classicaJ 
1\\' m<;thod): data in equation form; precisions not estimated [171]. The 
vllIIIC'. for I'bO (0% PbMo04) are about 50% lower than an earlier 
,'"dy II h I'm PbJ'vloO. (0% PhO). th .. rp.~Il1t. agree with the 
flTil1"llIcll(lcd dnlu b"sc 181 to -0.5% . 

• 1, Ph),", CII"IlI, Hel. Data, Vol. 12, No, 3,1983 

TABLE 576. Density studies: PbO - PbMo04 

Ref. Mol % Temp. range Comments 
PbMoO (K) 

171 0-100 1141-1466 Pt bob; Pt-Rb wire 

TABLE 577. PbO - PbMoO,: Density (/1 em") 

T(K) 

1140 
1220 
1240 
1260 

1280 
1340 
1360 
1460 

Mol percent PbMoO. 

80 60 40 I 12 

7.079 
6.966 
6.938 

'.750 
5.769 6.133 

5.409 5.736 6.088 
5.397 5.725 6.073 
5.339 

Temperature-dependent equations 
p = a + bT 

5 

7.111 
7,067 
7.052 

Mol percent 

I l PbMo04 Ii -b X 103 

100 5.1386 
\ 

0.0405 
80 6.1828 0.5777 
60 6.4802 ! 0.5556 
40 7.0844 0.7436 
12 8.6857 1.4098 

5 8.0193 0.7331 

0 9.4831 1.3384 

These values are based on the data of Morris and Mazumder 
(Arohimedean technique); data in e'ltlMion form; pr .. cision. not 
estimated {171). The values for PbMoO. (0% PbO) agree with the 
recommended data set [8] to within ± 1 %, 

TABLE 578. Surface tension studies: PbO - PbMoO. 

Investigations critically examined 
"-

Ref. Mol % Temp. range Comments 
PbMoO (K) 

231 0-100 1140-1489 nO information given 
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TABLE 579. PbO - PbMo04: 
Surface tension (dyn cm-I) 

Mol percent PbMo04 
T(K) 

I I I I 80 60 40 12 5 

1140 I 136.8 
1220 134.2 
1240 149.0 
1280 147.2 163.7 
1300 146.9 162.2 137.5 
1360 145.3 141.1 159.1 134.7 
1400 143.4 132.9 
1440 141.6 

Temperature-dependent equations 
')' a + bT 

100 257.94 80.51 
80 209.68 47.3 
60 19&00 39.5 

40 238.05 58.1 
12 174.14 32.7 
5 196.6 45.5 
0 244.26 69.5 

These values are based on the data of Mazumder and Morris (pin
detachment technique); data in equation form; precisions not estimated 
[232). Accuracy limits, - ± 1.5%. The values for PbMo04 in the above 
study are - 10% lower than the earlier data set from the same 
laboratory [2). Because of more precise instrumentation and techniques, 
the values in this study [232] are recommended as more accurate. Note: 
In [232] the arithmetical sign of the b coefficient is incorrect. 

Melt Preparation and Purification 

Zenaidi, Renaud and Josien [172] pulverized the 
mixture into a fine powder to avoid oxidation. All 
procedures were carried out in an atmosphere of pure 
argon. 

Ref. 

172 

TABLE 580. Electrical conductance studies: 
Sb10, - CaSb,04 

Investigations critically examined 

Comments 

sili ca cell: Pr 
electrodes 

TABLE 581. Sb,Ol CaSb20 4: Specific conductance 
(ohm-'cm-I) 

Mol percent 
Ca,Sb,O. 1033 K 

15 0.036 
10 0.059 
5 0.061 
0 0.044 

Composition-dependent equation 
K = 0.0443 + 0.5402 ); lO-'C - 0.397 1> lO-lC' 

[e = Mol % CaSbPJ 
These values are based on the data of Zenaidi, Renaud and Josien 
(classical ac method); data in graphical form; precision not estimated 
(172). The recommended data base value for the specific conductance 
of Sb,Ol (el!:trapolated from 1110 to 1033 K) is 0.011 ohm-I cm-' [1]. 

Melt Preparation and Purification 

For the method of melt preparation used by Zenaidi et 
a1. [172], see: Sb20 3-CaSb20 4• 

TABLE 582. Electrical conductance studies: 
Sb20 1 CaSb20 6 

Investigations critically e);amined 

Ref. Mol % Temp. range Comm.ents 
CaSbP6 (K) 

172 0-15 1033 see: Sb,Ol-CaSbp. 

TABLE 583. Sb20 3 - CaSb20 6; Specific conductance 
(ohm-1cm-1) 

Mol percent 
CaSb,06 1033 K 

15 0.032 
10 0.036 
5 0.040 
0 0.044 

Composition-dependent equation 
K = 0.0446 - 0.8227 1> 1O-3C 

[C = Mol % CaSbP61 
Th"." v~l\1es ar .. based on the data of Zenaidi, Renaud and JOIlien 

(classical ac method); data in graphical form; precision not estimated 
[172]. For comments on the value for Sb20 3, see Table 581 and 
following. 

Melt Preparation and Purification 

For the method of melt preparation used by Zenaidi et 
al. [172], see: Sb20 3-CaSbp4. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 584. Electrical conductance studies: 
SbZOl - Ca4Sbs02l 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Ca4SbsOZl (K) 

172 0--15 1033 see: SblO)-CaSb10 4 

TABLE 585. SbZOl Ca4SbgOZl: Specific conductance 
(ohm-Icm-I) 

Mol percent 
Ca4SbgOZ3 1033 K 

15 0.039 
10 0.046 
5 0.050 
0 0.044 

Composition-<iependent equation 
I< = 0.0500 + 0.2871 x lO-lC - 0.689 X IO-4C 

[e Mol 0;;, Ca.Sb,O,,] 

I 
I 
I 

These values are based on the data of Zenaidi, Renaud and Josien 
(classical ac method); data in graphical form; precision not estimated 
[172]. For comments on the value of SblOl, see Table 581 and 
following. 

Si02 - CaC2 

Melt Preparation and Purification 

No information on melt preparation and purification 
was given in the study by Hellmold et al. [164], or in 
experimental references cited therein. 

TABLE 586. Viscosity studies: Sial CaCl 

Investigations critically examined 

Ref. I Mol % Temp. range Comments 
CaCI (K) 

164 193- 100 2343 graphite cylinder 

Viscosity: No data; for a graphical illustration of the effect on viscosity 
of varying Sial in the system Cacz-CaO-Si01-FelOl, see [164]. 

Si02 - Li2C03 

Melt Preparation and Purification 

Moiseev and Stepanov [148] used reagent graul;; sa1tiS. 
No other information was given. 

TABLE 587. Surface tension studies: Si02 - LilCOJ 

Investigations critically examined 

Ref. I Mol % I Temp. rangel Comments 
Li2CO) (K) 

148 
1

85
-

100 I 1038 

I 
Pt capillary; 
dry Ar atmosphere 

• 1. PhYfI. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 588. SiO! LilC03: 

Surface tension (dyn cm- I ) 

Mol percent 
I LilC03 1038 K 1 

100 242 

i 

95 252 
90 257 
85 255 

Composition-dependent equation 
'Y = -7YO.' + 1.;,:)5(.' - 13.24 x 1U-'e 

r C Mol % Li2COll 
These values are based on the data of Moiseev and Stepanov (maximum 
bubble pressure method); data in graphical form; precision not 
"'lh"'tlt:u [1481. PUl· Li,C03 [100%], lilt: valut: is ill t:x""l "grt:t:lIIt:ul 
with the recommended data set [2]. 

5102 - Na3AIF 6 

Melt Preparation and Purification 

Grjotheim et al. [153] used hand-picked natural 
Greenland cryolite (m.p. lOO6°C). The fluoride content 
was determined by analysis. 

TABLE 589. Electrical conductance studies: 
SiO, - NalAIF6 

Investigations critically examined 

Ref. I Mol% I Temp. range Comments 
N"3A1P6 (K) 

153 

I 
80-100 

\ 

1273 Pt electrodes; 
calibration: molten 
cryolite; frequency, 
18KHz. 

TABLE 590. SiO, - NalAIF6: Specific conductance 
(ohm-'cm-') 

Mol percent 

I 
Na3AlF6 1273 K 

100 2.80 
9S 2.68 
90 2.59 
85 2.53 
80 2.49 

Composition-dependent equation 
K 5.756 8.525 x IO-'C + 5.56 X JO-4C 

[C Mol % Na3AIF6] 
Standard error of estimate = 0.64% 

These values are based on the data of Grjotheim, Matiasovsky, Fellner, 
and Silny (classical ac method) [153]. The specific conductance of 
NalAIF6 (100%) extrapolated from the recommended data base to 
1273 K, is 2.794 ohm-I cm-' [8]. For conductance data on the ternary 
system AllOJ-Na3AIF6-Si02, see Table 482 . 
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Ref. 

153 

TABLE 59!. Density studies: Si02 - Na)AIF6 

Investigations critically examincd 

Mol % Temp. range Comments 
Na,AIF6 (K) 

I 
80-100 I 1273 Pt-IO% Rh bob; 

\ 
Pt wire suspension; 
calibration: molten 
NaCI; estimated 
accuracy, :1:0.5% 

TABLE 592. Si02 - Na,AIF6: Density (g em') 

Mol percent 
Na3A1F6 1273 K 

100 2.102 
95 2.101 

90 2.100 
85 2.099 
SO 2.097 

Composition-dependent equation 
p = 2.0802 ..L 0.0216 x 1O-2C 

[C = Mol % Na,AIF61 
Standard error of estimate 0.02% 

I 

These values are based on the data of Grjotheim, :\1atiasovsky. I'dlll<"r. 
and Silny (Archimedean technique) [153]. The value for Na,A IF" 
(100%) is in exact accord with the recommended data set 141. F", 
density data on the ternary system AI20,-Na3A1F6-SiOz, see Table 4M 

Melt Preparation and Purification 

Winterhager and Werner [173] prepared the melts from 
carefully dried reagent grade salts. 

TABLE 593. Electrical conductance studies: 
TaZ0 5 - K zTaF7 

Investigations critically examined 

I 
Mol % ITemp. range I 

K2TaF7 \ (K) \ 
Comments Ref. 

173 ISO-IOO 1 1073,1173 I Pt electrodes 

I 
I 

TABLE 594, Ta20 5 KzTaF7: Specific conductance 
(ohm-1cm- l ) 

Mol percent 
KzTaF7 1073 K 1173K 

100 0.92 1.06 
95 0.90 1.03 
90 0.86 0.99 
85 0.80 0.93 
80 0.72 0.85 

Composition-dependent equations 
K a+bC+cC 

:\101 % K 2TaF7] 

These values are based on the data of Winterhager and Werner 
(classical ac method); data in graphical form; precisions not estimated 
[173]. Accuracy limits, ~ ±2%. Data for the temperature dependence 
of conductance for K,TaF, (100%) are reported in [173]. For the 
temperature range 1020 - 1160 K, the conductance may be expressed 
by: K = -17.956 + 32.81 x 1O-3T - 14.185 x 1O-6],!, (precision limits, 
-±2.7%). For comparison, the results for NazTaF7 (100%) in the same 
work [1731 are: 873 1087 K; K -24.859 + 47.561 x 1O-3T -21.370 x 
1O-6],! (precision limits, -±2%). 

Melt Preparation and Purification 

For the method of melt preparation used by 
Wintcrhager and Werner [173] see: Ta20s-K2TaF7• 

rAIII L 595. Electrical conductance studies: 
TiO, - K zTiF6 

Investigations critically examined 

Comments I R<fl M.nl '1< I' nnl' range 
K,lt!·,. (K) 

----.-- ..... · _____ ....L __ • ________ I 

173 J_(~) 1<X) j 1141.119) -1 ____ I'_t_e_le_c_tr_o_d_cs ___ -'-

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 596. Ti01 - K2TiF6: Specific conductance 
(ohm-Icm- I) 

Mol percent 
K2TiF6 1143 K 

100 1.40 
90 1.32 
80 1.26 
70 1.21 
60 1.17 

Conlpo~itjou-dc!,ClJdCUl t::l,{uutjuJU; 

K = a + bC + cC 

T(K) . 

1143 
1193 I 

[C = Mol % KlTiF61 

a 

1.320 
1.304 

I b x IQ2 

I 
0.751 
0.448 I 

1193 K 

1.50 
1.43 
1.36 
1.31 
1.27 

ex 10' 

0.84 
0.65 

I 

These values are based on the data of Winterhager and Werner 
(classical ac method); data in graphical form; precisions not estimated 
[173]. Accuracy limits, - ±2%. Data for the temperature-dependence 
of conductance for K1TiF6 (100%) are reported in [1731; for 1116 
1249 K, the conductance may be expressed by: K = -0.8143 + 1.9370 x 
1O-3T(precision limits, -±0.2%). 

Melt Preparation and Purification 

Milov et al. [116] used reagent grade salts. No other 
information was given. 

Ref. 

116 

TABLE 597. Density studies: Ti02 - Na2TiF6 

Investigations critically examined 

T(K) 

1100 

1140 
1180 
1200 

Comments 

Pt sphere and 
suspension wire 

Mol percent Na2Tif'6 

63.S 

2.349 

2.318 
2.287 
2.272 

Temperature-dependent equation 
p = 3.2057 - 0.7785 x 1O-3T 

Standard error of estimate = 0.05% 

I 
I 

These values are based on the data of Milov, Baitenev and Ponomarev 
(Archimcdcan technique) (116). Accuracy limits, -±1.5% . 

• 1. PhYI<. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

For the method of melt preparation used by Moiseev 
and Stepanov [148]. see: Si02-Li2C03• 

TABLE 599. Surface tension studies: 1120 3 - Li1C03 

Ref. 

148 

Investigations critically examined 

I 
Mol % I Temp. range I 

. Li2C03 . (K) . 

Comments 

\ 97-100 l 1038 \ 

TABLE 600. 1120 3 - LilC03: 

Surface tension (dyn em-I) 

Mol percent 
Li2C03 1038 K 

100 242 
99 228 
98 220 
97 212 

Composition-dependent equation 
'Y -588.3 + 8.250C 
[C = Mol % Li2C03) 

These values are based on the data of Moiseev and Stepanov (maximum 
bubble pressure method); data in graphical form; precision not 
estimated [148]. See Table 588 and following, for comments on value 
for Li2C03 (100%). 

Melt Preparation and Purification 

Makarevich et al. [174] used C.P. grade V20 S and 
analytical grade KVO,. The N2 used to provide the inert 
atmosphere was carefully purified to remove t.races of Oz 
and moisture by passing it through concentrated sulfuric 
acid and pp~, and then through a tube containing 
metallic Mg and Ti, heated to 8OO·C. Allersma et al. 
[175] used (Fisher) A.R. grade VPs (tm, 6b~oC; VP4.9); 
all melting was carried out in platinum crucibles in air. 
After the melt was held for 3 hrs in air at 800·C, and 
permitted to crystallize, 0.02% Pt was found to be 
present in the V 20S crystals. Pantony and Vasu [176] 
started with (Johnson and Matthey) "High Purity" V 20 S 

(99.99%). and an oxygen atmosphere to minimize 
dissociation of the melts. 
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TABLE 60 1. Electrical conductance studies: 

V20 s -KV03 

Investigations criticall y examined 

Ref. Mol % Temp. range Comments 
KV03 (K) 

177 0-50 833-1250 quartz cells 

175 0 950-1200 Pt crucible; 
Pt electrodes 
(calibr. 0.01 and 
0.1 NKCl) 

176 0 965-1215 pi crucible; 
Pt electrode.; 
oxygen atmosphere 
(calibr. om M KCI; 
molten KCI) 

Deviations from previous NSRDS recommendations III 
--

Ref. V20 S Min. departure Max. departure 
Mol % 

177 100 --10% (1237 K) -75% (1140 K) 

175 100 results do not ove ap in Trange 

176 100 -180% (1215 K) -200% (1128 K) 

The results of Pantony and Vasu [176] differ markedly from the 
previQu, NSRDS It:cummt:ndatiuns [1,178] and f:rom the results of 
[177,175]. Pantony attributes this to the high purity of the VPs lIsed ill 
their study, to the absence of contamination by silica, alumina or 
zirconia, and to the use of an ambient oxygen atmosphere to repress 
dissociation: V 205 2V02 + 1/2 02' 

TABLE 602. VzOs- KV03: Specific conductance 
(ohm-1cm- l ) 

T(K) 

835 
910 

1000 
1250 

50.0 
44.6 
40.4 
32.2 
24.4 
18.0 
9.4 

Mol percent KVO; 

50.0 44.6 40.4 24.4 

0.31 0.27 0.23 
0.42 0.38 0.33 0.19 
0.55 0.51 0.45 0.28 
0.85 0.81 0.71 0.55 

Temperature-dependent equations 
K = a + bT + c-r 

1.320 2.408 
1.364 2.389 
1.368 2.424 
1.587 2.711 
0.797 1.080 
0.675 0.897 
0.244 0.116 

9.4 

0.09 
0.15 
0.34 

0.54 
0.52 
0.61 
0.76 

-0.28 

These values are based on the data of Musikhin, Chernyaev, 
Makarevich, and Koz'minykh; (classical ac technique; quartz cells); 
data in graphical form; precisions not estimated [1771. 

TABLE 603. Density studies: V20 S - KVO; 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KV03 (K) 

174 0-100 mp-1273 max. bubble method; 
Nz atmosphere; 
calibration: molten 
KN03, NaC1 

176 0 975-1140 Archimedean technique; 
Au-Pt bob; 

I Pt crucible; 
, oxygen atmosphere 

The density data for molten V 20S in an ambient oxygen atmosphere are 
presented graphically in [176]; the densities vary non-linearly with 
temperature. 

T(K) 

750 
850 
950 

1150 
1250 
1275 

100 

89.0 
80.6 
65.8 
51.7 
36.0 
19.0 
0 

Mol percent KVO) 

89.0 65.8 36.0 

2.439 
2.409 2.450 
2.380 2.422 2.433 
2.321 2.366 2.382 
2.292 2.337 

2.330 

Temperature-dependent equations 
p = a + bT 

2 .. 51.5 
2.658 
2.694 
2.691 
2.682 
2.676 
2.689 
2.690 

19.0 

2.442 
2.390 
2.364 
2.358 

0.222 
0.293 
0.302 
0.283 
0.267 
0.256 
0,260 
0.267 

These values are based Oil the data of Makarevich, Koz'minykb and 
Kctov (maximum bubble pressure method); data in equation form; 
precisions not estimated 11741. At 973 K, for V20 S (0% KVOl ), the 
values for the density under N2 and O2 atmospheres are respectively: 
2.4.1 11741 and 2.271176J. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 605. Viscosity studies: VP5 - KV03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KV03 (K) 

177 0-50 833-1250 Pt blade attached to 
vertically supported rod 

176 0 940-1150 rate of displacement 
of suspended Au-Pt bob 

1
179 0 923-1173 damped oscillation 

I 
technique; 

i Pt-ir sphere 

The viscosity results for V20 S [176) as a function of temperature are 
illustrated graphically. The viscosities were for V20 S in an ambient 
oxygen atmosphere (to repress the dissociation: V20 S = 2V02 + lI2 
02)' The values are uniformly lower than in [177, 179]; the difference 
changing from -30% at -1000K to -300% at -l100K [177], and 
-70% at -loooKto -260% at -1140K[179]. 

TABLE 606. V,Os - KV03: Viscosity (cp) 

T(K) 

910 
1000 
1250 

Mol % 
KV03 

50.0 
32.2 
18.0 
9.4 

Mol percent KVO l 

50.0 18.0 

72.0 58.5 
53.3 44.6 
28.9 26.8 

Temperature-dependent equations 
7J = a + bT + e'P-

I a I -b x leY I 
553.73 822.39 

insufficie t data for equat on 
422.83 623.86 
455.62 723.20 

9.4 

51.3 
38.9 

ex 111 

322.0 

245.6 
306.5 

These values are based on the data of Musikhin, Chemyaev, 
Makarevich and Koz'minykh (rate of displacement of sinking Au-Pt 
bob); data in graphical form; precisions not estimated [177]. The values 

T(K) 

750 
850 
950 

1150 
1250 
1275 

TABLE 608. V Ps - KVO l : 

Surface tension (dyn cm-l
) 

Mol percent KVO) 

89.0 65.8 36.0 

131.7 
128.7 106.7 
125.7 104.3 94.9 
119.7 99.5 91.4 
116.7 97.0 

96.4 

Temperature-dependent equations 
'Y = a + bT 

Mol percent 

19.0 

91.5 
88.7 
87.4 
87.0 

KVO) I a I -b x 10) 

100 179.4 

I 
33.3 

89.0 154.2 30.0 
80.6 142.3 28.1 
65.8 127.4 24.3 
51.7 120.3 21.0 
36.0 111.4 17.4 
19.0 104.5 13.7 
0 100.5 11.8 

These values are based on the data of Makarevich, Koz'minykh anc 
Ketov (maximum bubble pressure method); data in equation form, 
precision not estimated [174]. 

600' 

500 

for VPs (0% KV03) at 1111 K fmm [177] and [176J are, respectively, 400' 
26 and 30 cp (the measurements in [176] were in oxygen). 

TABLE 607. Surface tension studies: V20 S - KV03 

Investigations critically examiI:ted 

Ref. Mol % Temp. range Comments 
KVO, (K) 

174 0-100 733-1273 max. bubble method; 
N2 atmosphere; 
calibration: molten 
KNO), NaCl 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

Mol% NaV03 

FIGURE 87. Phase diagram for VPs - NaV03• 

Data from: V. Danek, J.' Balajka, and K. Matiasovsky, Chern. Zvesti, 
27(6),748 (1973). 

Melt Preparation and Purification 

Danek et a1. [179] prepared V20 S by the thermal 
decomposition of reagent grade NH4V03 and N~COJ' 
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The samples were previously heated for 2 hrs. at 700-
750·C and, after cooling, were remelted in order to 
remove the last traces of CO2, Allersma et al. [175] used 
(Fisher) A.R. grade V 20 S (m.p., 668°C; VP4.9); all 
melting was carried out in platinum crucibles in air. After 
the melt was held for 3 hrs in air at 80(tC, and permitted 
to crystallize, 0.02% Pt was found to be present in the 
V 20 S crystals. Pantony and Vasu [176] started with 
(Johnson and Matthey) "High Purity" Vps (99.99%), 
and an oxygen atmosphere to minimize dissociation of 
the melts. The sodium metavanadate-Vps melts [1761 
were similarly prepared in Pt crucibles under oxygen. 

TABLE 609. Electrical conductance studies: 
V20,-NaVOl 

Tnv"otigations critic:ally examined 

Ref. Mol % Temp. range Comments· 
NaVOl (K) 

179 0-100 923-1173 Pt crucible and 
Pt disk electrodes 

175 0 950-1200 Pt crucible; 
Pt electrodes 
(caJib. 0.01 and 
0.1 N KCI) 

176 0-28.;; 998-1098 PI <."udlJl,,; 
Pt electrodes; 
oxygen atmosphere 
(calib. 0.01 M KCI; 

, molten KCI) 

Deviations from previous NSRDS recommendations [l] 

Ref. V20, Min. departure Max. departure 
Mol % 

179 100 85% (1200 K) I 300% (1140 K) 
175 100 results do not ove ap in Trange 

176 100 -180% (1215 K) -200% (1128 K) 

The re~u1I. uf P<ln!uny "'1<.1 Y".u [176J differ markedly from the 
previous NSRDS recOmmendations 1l,178] and from the results of 
[179,175]. Pantony attributes this to the high purity of the V20, used in 
their study, to the absence of contamination by silica, alumina or 
zirconia, and to the use of an ambient oxygen atmosphere to repress 

dissociation: 

TABLE 610. VPs NaV03: Specific conductance 
(ohm-1em-l) 

1{K) 

920 
980 

1040 
1100 
1130 
1160 

Mol % 
NaV03 

100 
78.3 
56.9 
49.8 
:1.1.0 

21.0 
17.7 
'I.X 
!l 

Mol percent NaV03 

78.3 56.9 33 17.7 

0.86 0.55 
0.98 0.69 0.89 
1.10 0.82 1.08 1.06 
1.21 0.95 1.31 1.29 
1.26 1.01 1.44 1.42 
1.31 1.07 1.58 1.56 

Temperature-dependent equations 
K = a + bT + cT' 

I a I b x 10l I 
-4.123 8.406 
-2.207 4.471 
-2.709 4.624 

1.876 -3.717 
3.634 -8.392 

5.380 -11.948 
3.364 -7.880 
3.358 -7.572 

-1193 1 ,98 

9.8 

0.47 
0.59 
0.74 
0.83 
0.93 

ex 106 

-2.66 
-1.24 
-U8 
2.57 
S.71 

7.52 
5.45 
4.72 

Th,,~c valu", are based on the data of Danek, Votava, Matiasovsky and 
Balaika (L'iassical ac method); data in graphical form; precisions not 
estimaled 11791. 

'1,\ III I. h II. V20 S - NaVOl : Specific conductance 
(ohm"lem-l) 

'/lK) 
~ j 

I(XXI 11 71 
10511 
11m 

I. ')l 

III 

Mol percent NaVO l 

0.52 0.47 0.36 0.18 
0.70 0.62 0.51 0.28 
0.90 0.80 0.71 0.42 

1',·tIlI'CT;llurc-dependent equations 

Mol pcnTll1 

NaV()! 

2H.~ 

2.1. X 
20.0 

15.5 
()(J 

h.1> 

J.o 
1.11 

t( A exp (-E/R1) 

A 

162.11\ 
2M.17 
20X. '!.~ 
IXh.21 

E 

IQ800 
11700 
11900 
1190() 

~XH X4 14700 
I hJi XI 17200 

I 

,\;,1" tI, H" ""I fIt 1'.11"'11 equation 
n<)O.X7 18800 

____ ----L 

These values are ha"'d "" I he data of Pan tony and Vasu (classical ae 
method; ambienl mY!!,(,1l almosr1u.:re); 11761. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 612. Density studies: V 20 S NaV03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaV03 (K) 

179 0-100 923-1173 I Pt sphere 

176 0 975-1140 Archimedean technique; 
Au-Pt bob; 
Pt crucible; 
oxygen atmosphere 

The density data for molten V20, in an ambient oxygen atmosphere are 
presented graphically in [176]: the densities vary non-linearly with 
temperature. 

i 
I 

I 

i 

TABLE 613. Vp, - NaVOl : Density (g cm-3
) 

n:K) 

920 
980 

1040 
1100 
1160 

Mol percent NaVO l 

80 60 40 

2.43 2.45 
2.40 2.42 2.46 
2.38 2.40 2.43 
2.35 2.38 2.40 
2.33 2.35 2.38 

Temperature-dependent equattons 
p = a + bT 

Mol percent 

20 

2.40 
2.39 
2.37 

NaVOl I a I -b x 103 

100 2.766 U.332 

80 2.810 0.414 
60 2.822 0.406 
40 2.896 0.448 
20 2.650 0.240 
0 2.S56 0.450 

i 

These values are based on the data of Danek, Votava, Matiasovsky and 
Balajka (Archimedean technique); data in graphical form; precisions not 
estimated; ambient atmosphere not specified in article; [179]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 614. Viscosity studies: VPs NaV03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaV03 (K) 

179 0-100 923-1173 Pt 10% IT torsion 

I 
pendulum; Mo suspension 
wire. 

176 0 Q40-1150 rate of displacement 
of suspended Au-Pt bob 

177 0-50 833-1250 Pt blade attached 
to vertically supported 
rod 

The viscosity results for V20, [176] as a function of temperature are 
illustrated graphically. The viscosities were for Vp, in an ambient 
oxygen atmosphere (to repress the dissociation: V20, = 2V02 + 1/2 
Oz). The values are uniformly lower than in [177, 179]; the difference 
changing from -30% at -IOOOK to -260% 300% at -llooK [177], 
and -70% at -1000 K to -260% at -1140 K [179]. 

i 

TABLE 615. Vp, - NaVO l : Viscosity (cp) 

n:K) 

920 
980 

1040 
1100 
1160 

MoJ% 
NaV03 

100 
80 
57 
32 
20 
10 
0 

Moll"crcent Na.VO, 

so 57 32 20 

85 26 
62 19 34 
43 15 23 51 
29 12 17 38 
19 10 14 31 

Temperature-dependent equations 
7) = a + bT + cT' 

I a I -b x 103 

I 
1116.6 1709.2 I 

1025.8 1612.S 

346.7 573.1 
761.2 1277.6 

1185.8 1919.2 
777.1 1213.6 
67S.7 1031.9 

10 

58 
45 
35 
29 

ex 10' 

667 
642 
244 
546 
796 
490 
402 

I 

These values are based on the data of Danek, Votava, Matiasovsky and 
Balajka (oscillational method); data in graphical form; precisions not 
estimated; ambient atmosphere not specified in article; [179]. 
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Melt Preparation and Purification 

Shurdumov et al. [180, 181] used recrystallized, 
analytical grade KP03 and C. P. grade W03• 

TABLE 616. Electrical conductance studies: 
W03 KP03 

Investigations critically examined 

180 50-100 973-1223 

Mol percent KPO; 
~) I 

90 80 70 60 50 

1020 0.301 0.153 0.Q78 
1080 0.262 0.413 0;269 0.165 0.062 
1100 0.377 0.447 0.301 0.194 0.094 

1200 0.664 0.599 0.485 0.338 0.253 
1220 0.665 0.625 0.519 0.367 0.285 

Temperature-dependent equations 
K a + bT+ cr 

Mol % 

I 
standard 

J(PO, -(1 b x lIY -<'-x 106 error of 
estimate 

100 -1.898 -4.2036 -2.7061 0.11% 
95 -8.1470 -14.6589 -7.0329 0.58% 
90 34.3521 57.8761 - 23.9131 7.32% 
85 3.7771 5.8974 1.8755 1.81% 
80 3.5642 5.6026 1.7778 1.34% 
75 5.9710 9.5829 3.4499 0.50% 
70 2.6771 3.5682 0.7777 2.26% 
65 -0.8145 -2.2905 -1.6256 1.90% 
60 1.3956 1.4450 7.47% 
55 1.2453 1.2812 2.42% 
50 1.6529 

i 
1.5881 10.24% 

These values are based on the data of Shurdumov. Semenchenko and 
Shurdumov (classical ac method) [180]. The values for KP03 (100%) 
.... e 6-10% luwe. th"" the ,e",ulIllllc",led u":ta ~et [8]. 

TABLE 618. Density studies: WO) - KPO) 

Investigations critically examined 

I Mol % ITemp. range I 
KP03 (K) 

Comments Ref. 

181 145-100 1973-1223 1 Pt float 

Mol percent K.PO) 
~) 

90 80 70 60 50 

1070 2.353 2.664 2.962 3.346 3.655 
1130 2.323 2.618 2.911 3.281 3.596 
1190 2.292 2.577 2.866 3.216 3.538 
1210 2.281 2.565 2.853 3.195 3.519 

Tcmpcnlturc-dcpcndc:nt equations 

p a + hT+ cr 
Mol % standard 
ICPO, a -b x 1& ex 106 error of 

estimate 

100 1.6532 -1.1022 -0.6594 '0.00% 
95 1.3668 -2.0659 -1.1469 0.04% 
90 2.9043 0.5149 0.13% 
85 4.1647 2.4157 0.8064 0.13% 
80 4.4755 2.5658 0.8155 0.04% 
75 4.5324 2.4111 0.7773 0.03% 
70 4.9337 2.7876 -0.8826 0.08% 
65 4.2282 0.9913 - 0.04% 
60 4.4975 1.0766 0.01% 
55 4.8299 1.2197 0.04% 
:50 4.6981 0.9749 I 0.11% 

These values are based on the data -of Shurdumov. Semenchenko and 
Shurdumov.(Archimedean technique) (181]. The values for KP03 
(100%) Arc in Agrc:cwc:uLwith Lhe n:l.<Uuuue"u.;;lhbs .... "",L [81d;....±1%). 

Melt Preparation and Purification 

Morris and Robinson [182] used reagent grade 
anhydrous chemicals. Gossink and Stevels [168] used 
carefully dried reagent grade salts. Gravimetric analysis 
was performed to check for composition changes. 

TABLE 620. Electrical conductance studies: 
WOl -KlW04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K 2W04 (K) 

182 30-100 947-1302 fused quartz cell; 
frequency: 2000Hz; 
Pt-Rh crucible for 
samples 

J. Phys. Chem.Ref. Data, Vol. 12; No. 3; 1983 
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TABLE 621. W03 - K2W04: Specific conductance 
(ohm-lcm-I) 

I\K) 

940 
1060 
1090 
1180 
1210 

1270 
1300 

Mol % 
K2Wo04 

100 
90 
80.11 
7U 
59.42 
50.18 
42.13 
29.88 

Mol percent K2W04 

90 70 59.42 

0.347 
0.700 0.608 
0.793 0.662 

0.828 1.006 
1.032 1.054 
1.210 
1.184 

Temperature-dependent equations 
I( = a + bT+ cr 

I -a I b x 103 I 
i 1.0052 1.815 

68.0643 108.690 
12.2562 19.9645 
9.9849 16.8371 
4.3395 7.4716 
1.3939 1.7922 
4.4680 7.0114 
1.3809 1.6346 

29.88 

0.548 
0.597 
0.695 

-<: x 106 

0.31 
42.633 
7.297 
6.375 
2.645 

2.273 

These values are based on the data of Morris and Robinson (classical ac 
method); data in equation form; precisions not estimated [182]. The 
value. for K2W04 (0% we)) ill" -1.5% higher thun the recommended 
data set [8). 

TABLE 622. Density studies: WO) - K2W04 

Investigations critically examined 

Ref. Mol % Temp. range Comments I 
K,WO. (K) I 

182 30-100 928-1302 Pt bob; Pt-Rh 

I suspension wire 

J. )'hy*" Gh .. m. flol. Olltll, Vol. 12, No.3, 1983 

Mol percent K2WO. 
11K) 

89.55 70 59.42 42.13 30 

950 4.052 
1040 3.932 4.321 
1070 3.723 3.892 4.276 
1100 3.692 3.852 4.230 
1160 3.631 4.139 
1190 3.302 4.093 4.46:1 

1250 3.252 4.372 
1280 3.226 

Temperature dependent equations 
p = a + bT 

Mol percent 

I I K2WO. a -b X 10) 

100 4.043 0.7268 
89.55 4.3080 0.8452 
80.11 4.4919 0.9071 
70 4.8095 1.0156 
59.42 5.3195 1.3339 
50.18 5.7594 1.5622 
42.13 5.9017 1.5197 
30 6.3152 1.5546 

These values are based on the data of Morris and Robinson 
(Archimedean technique); data in equation form; precisions not 
ebtim .. ted (l8Z]. The values for K2WU. (100%) are in essential 
agreement with the recommended data set [1] (-±0.1%). 

TABLE 624. Surface tension studies: WO) K2WO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2WO. (K) 

168 45-100 1013-1348 Pt ring and Pt dish; 
calibration: molten 
NaCI 
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Mol percent KzWO. 
T(K) 

80 65 55 45 

1010 140.9 
1040 143.2 138.2 
1070 140.5 139.8 135.6 
1130 140.4 135.2 134.1 130.2 
1220 133.2 127.3 125.5 122.2 
1250 130.8 122.7 

1280 128.4 

Temperature-dependent equations 
")' - Q + bT 

Mol percent 

I I K2W04 a -b x 103 

100 213.54 59.45 
80 230.43 79.71 
65 234.71 88.03 
55 241.79 95.31 
45 231.12 89.32 

These values are based on the data of Gossink and Stevels (ring 
detachment method); data in equation form; precisions not estimated 
[lCJ8j. The values for K 2W04 (100%) have been advanced earlier in thiS 
series as the recommended data set {8]. 

Melt Preparation and Purification 

For the method of melt preparation used by Morris 
and Robinson (IS2] scc; W03-KzW04• 

TABLE 626. Electrical conductance studies: 
WOl -Li2WO. 

Investigations critically examined 

Ref. Comments l ~ol % lTemp. range! 
LI2WO. (K) 

182 145- 100 1989-1225 T 

TABLE 627. WOl - Li,W04: Specific conductance 
(ohm-tem- I ) 

Mol percent Li2WO. 
T(K) 

88.86 79.51 69.92 59.98 44.95 

990 1.418 
1020 1.535 1.589 1.310 
1050 1.690 1.752 1.440 1.608 
1080 1.836 1.906 1.569 1.779 1.098 
1110 2.212 2.316 2.I!lU 1.447 
1200 2.293 1.539 

Temperature-clependent equations 
K a + bT + c'F 

Mol % 

I j I Li,WO. -a b x Iff -ex 106 

100 13.8311 24.5407 9.255 
88.86 9.7959 16.8528 5.632 
79.51 9.1064 15.4039 4.822 
69.92 3.1062 4.3292 
59.98 15.1180 25.8677 9.465 

49.99 2.9336 3.8949 
44.95 11.7666 19.3287 6.867 

These values are based on the data of Morris and Robinson (classical ac 
method); data in equation form; precisIOns not estimated {182]. The 
values fOl; Li2WO. (100%) were advanced earlier in this series as a 
recommended data set [8]. 

TAllLB628. Density studies. WO, Li,WO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Li1WO. (K) 

182 45-100 987-1241 see: WOl-K2WO. 

Mol percent Li.WO. 
T(K) 

88.86 79.51 69.92 59.98 49.99 

980 4.581 
1010 4.389 4.552 4.708 
1040 4.363 4.522 4.674 4.857 5.049 
1190 4.236 4.373 4.508 4.678 4.848 
1220 4.210 4.643 4.808 
1250 4.607 

Temperature-dependent equations 
p = a + bT+ cT 

Mol percent 

I I LilWO. a -b x IOl 

100 5.1265 0.8062 
86.86. ~.24ts' 0.II:H1 

79.S1 5.5530 .0.9916 
69.92 5.8312 1.1122 
59.98 6.0950 1.1906 
49.99 6.4441 1.3413 
44.95 6.2894 1.1628 

These values are based on the data of Morris and Robinson 
(Archimedean technique); data in equation form; precisions not 
estimated [182). The values for.LiiW04. (100%) were advanced earlier 
in this series as a recommended data set [8]. 

J. Phys. Cham. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 630. Surface tension studies: W03 - Li2WO. 

Investigations critically examined 

I ~ol % ITemp. rangej 
LI2WO. (X) 

Comments Ref. 

168 150-100 1 1000-1283 I 

TAIILE 631. W03 - LI1WO.: Surface tenSion (dyn cm ') 

11K) 

1000 
1120 
1200 
1240 

100 
70 
50 

Mol percent LizWO. 

70 

207.9 
198.8 
1927 
189.6 

Temperature-dependent equations 
'Y = a + bT 

279.48 
284.19 
284.40 

50 

198.8 
1927 

55.56 
76.28 
76.41 

These values are based on the data of Gossink and Stevels (ring 
detachment method); data in equation form; precisions not estimated 
[168]. The values for LizWO. (100%) were advanced earlier in this 
series as a recommended data set [8]. 

15 25 35 45 55 65 

Mol % WO'3 

FIGURE 88. Phase diagram for W03 - Na2B.O,. 

))!Itn rrom: B. K. Shurdumov, G. K. Shurdumov and D. P. Semchenko, 
Khil1l. Tekhnol. Molybdena, Wolframa, 1, 282 (1971). 

,I. Phy~. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Shurdumov et al. [183, 184, 185, 186] recrystallized 
analytical grade sodium tetraborate. The tetraborate was 
dehydrated completely at 400-450°C. The tungsten 
trioxide was especially pure grade. 

TABLE 632. Electrical conductance studies: 
W03 - NazBp, 

Investigations critically examined 

Ref. Mol % Comments 
Na1B.O, 

Temp. rangel 
(K) 

184 50-100 1023-1273 Pt electrodes; 
corundum crucibles; 
frequency: 1000Hz; 
calibration: 0.1 N 
KCI; measurements at 
two immersions 

TABLE 633. W03 - N3zB.O,: Specific conductance 
(ohm-1cm- l ) 

11K) 

1070 
1150 
1250 
1270 

Mol % 
Na2B40, 

100 
98.3 
96.4 
94.4 
92.3 
90 
87.5 
84.8 
81.8 
7'.> 
75 
71 
66.7 
61.8 
56.3 
50 

Mol percent N3zB.07 

98.3 90 84.8 71 

0.237 0.210 0.225 0.237 
.0.346 0.309 0.311 0.335 
0.483 0.467 0.477 0.511 
0.510 0.503 0.518 0.554 

Temperature-<iependent equations 
K = a + bT + eye 

a -b x 103 ex 106 

0.3759 1.4115 1.193 
-1.2271 -1.3681 
-1.2301 -1.3761 
-1.1766 -1.3220 
-1.2854 -1.4041 

1.1747 2.59117 1.1166 
0.8559 2.3731 1.657 
3.0818 6.1580 3.260 
2.9654 5.9877 3.201 
3.2064 6.5156 3.466 

-1.3639 -1.4601 
2.5231 5.2732 2.931 

-1.4285 -1.5501 
147" 3 ~~'il 177.1 

3.9102 7.7447 4.030 
-1.7518 -1.8441 

56.3 

0.237 
0.333 
0.525 
0.574 

standard 
error of 
estimate 

1.44% 
2.15% 
4.32% 
4.97% 
4.57% 
1.71% 

3.46% 
2.90% 
3.54% 
5.62% 
8.14% 
5.76% 
6.23% 
4.10% 
3.25% 
9.27% 

These values art> bas .. d on th,. liM" rtf Shllrnllmov. Semenchenko and 
Shurdumov (classical ac method) [184}. Comparison with the conduc
tance results for molten NaCl fixes the accuracy limits to - ±2%. 
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I 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na2B407 (K) 

183 56.3-100 1073-1273 Pt float 

Mol percent Na2B.07 
T(K) 

90 81.8 71 

1070 2.191 2.313 2.506 
1150 2.149 2.280 2.458 
1250 2.106 2.233 2.403 
1270 2.099 2.222 2.392 

Temperature-<iependent equations 
p = a + bT + cT-

Mol % 

Na2B.07 a b x 103 -c x 106 

lOttO 1.2375 1.7811 0.9313 
98.3 1.8291 0.7798 0.5009 
96.4 2.1411 0.2674 0.2832 
94.4 2.1445 0.3097 0.3072 
92.3 1.8739 0.8727 0.5697 
90 3.4075 -1.7078 -0.5335 
87.5 2.2612 0.3127 0.3283 
84.8 2.2419 0.4394 0.3903 
81.8 2.3236 0.3603 0.3464 
78.5 3.1314 -0.8730 -0.2054 
75 2.5660 0.1820 0.2896 
71 3.5499 -1.3177 -0.3199 
66.7 9.7834 -11.2754 -4.3525 
61.8 2.2501 1.1643 0.6963 
56.3 2.9253 0.2587 0.3421 

61.8 

2.699 
2.668 
2.617 
2.606 

standard 
error of 
estimate 

0.00% 
0.00% 
0.00% 
0.01% 
0.00% 
0.02% 
0.00% 
0.01% 
0.00% 
0.01% 
0.00% 
0.01% 
0.07% 
0.00% 
0.01% 

These values are based on the data of Shurdumov, Shurdumov and 
Semenchenko (Archimedean technique) [183]. Accuracy limits, 
-=1%. The values for N~B407 (100%) agree with the recommended 
data to - ± 1.5% [I]. The results in [183] represent a more complete 
study. 

TABLE 636. Viscosity studies: W03 - Na,B.07 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Nn,B.07 (K) 

185 56.3-100 1123-1373 electro-vibrating rod 
viscometer; 
calibration: 
castor oil in butyl 
alcohol, rosin in 
castor oil; 
estimated uncertainty: 

, ±1.5% 

TABLE 637. W03 - N~B.07: Viscosity (POise) 

Mol percent Na2B.07 
T(K) 

90 81.8 75 61.8 

1123 11.40 11.90 13.40 13.70 
1173 5.61 6.1 7.75 8.55 
1223 2.67 3.12 3.87 4.44 
1273 1.85 2.40 2.80 3.26 
1323 1.11 1.37 1.47 2.02 
1373 0.69 0.83 0.70 0.97 

The above values are reported by Shurdumov, Shurdumov. 
Semenchenko and Barokova (oscillational method) [185). The data as 
reported cannot be fitted to " simple equation. ValUCli reported for 

Na,BP7 (100%) were: 1123 K, 10.60; 1173 K, 5.80; 1223 K, 2.66; 1273 
K, 2.00; 1323 K. 1.20; 1373 K, 0.41; results were also reported for 
compositions (mol % Na,B407): 96.4, 92.3, 87.5, 84.8, 76.6, 71,66.7, and 
56.3 {18S). 

Investigations critically examined 

Ref. I Mo1% Temp. range C<)mml'1lt~ 

Na2B.07 (K) 

186 I 56.3-100 1073-1373 see: WOl-Na.P20 7 

T(K) 

1070 
1160 
125U 
1340 
1370 

Mol % 
N~B407 

100 
96.4 
92.3 
90 
87.5 
81.8 
75 
66.7 
61.8 
56.3 

TABLE 639. W03 - NazB.07: 

Surface tension (dyn em-I) 

Mol percent Nal B40 7 

96.4 90 81.8 66.7 

225.9 217.8 215.7 205.8 
215.7 208.7 202.2 189.2 
20:;.:; 199.7 191.3 177.2 
195.3 19Q.6 183.0 169.8 
191.9 187.6 180.8 168.4 

Temperature-<iependent equations 
y = a + bT+ cT-

a -bx l~ ex 106 

364.06 124.Q1 
::147.26 11~.:l9 

279.21 8.47 -42.13 
325.29 100.47 
544.65 463.72 147.80 
576.31 509.34 161.08 
654.89 43.36 211.91 
754.15 815.26 282.98 
306.12 106.46 
197.70 -52.86 -60.031 

56.3 

185.5 
178.2 
170.0 
160.7 
157.4 

standard 
error of 
estimate 

0.53% 
0.35% 
0.25% 
0.30% 
0.60% 
0.46% 
0.38% 
0.39% 
0.46% 
0.37% 

These values are based on the data of Shurdumov, Shardanova and 
Shurdumov (maximum bubble pressure method) [186]. Comparison with 
the previously reported data point at 1223 K [8]. shows that the present 
results are -8% higher. The present work [186] is the more complete 
study. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3. 1983 



746 G. J. JANZ AND R. P. T. TOMKINS 

W03 - NaPOa 

Melt Preparation and Purification 

Shurdumov et al. [180, 181] used recrystal1ized, 
analytical grade NaPO) and c.P. grade W03• 

I 

TABLE 640. Electrical conductance studies: 
W03 NaPO) 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NarO) (K) 

180 40-100 973-1223 see: W03-Na2B.07 

TABLE 641. W03 - NaP03: Specific conductance 
(ohm,l"m,l) 

Mol percent NaPO) 
T(K) 

80 70 60 50 40 

970 0.402 
1030 0.422 0.144 
II 20 0.622 0.488 0.285 
1180 0.871 0.716 0.585 0.345 0.238 
1210 0.029 0.831 0.654 0.485 0.321 

Temperature-ciependent equations 
K a + bT+ cT" 

Mol % I standard 
NaP03 " b" 103 C h 10· "aue uf 

I estimate 

I 

100 0.7660 -3.1542 3.0162 2.07% 
95 n 4472 -2.3912 2.5155 1.73% 
90 0.7855 -3.2576 2.9094 1.66% 
85 8.7926 -18.2117 

I 9.7273 6.99% 
80 12.8033 -25.1263 12.7235 6.20% 
75 -3.8540 3.9478 3.47% 
70 -3.7868 3.8163 7.63% 
65 ; -39.lI51 63.4548 -25.2052 2.31 % 
60 I -45.0448 74.1376 -30.0580 3.05% 
55 -3.9693 3.7566 0.00% 
50 -5.1906 4.6909 0.00% 
45 -4.1625 3.8507 0.00% 
40 -3.0173 2.7585 0.01% 

: 

"1 hese values are based on the data of Shurdumov, Semenchenko and 
Shurdumov (classical ac methOd) [180]. 

TABLE 642. Density studies: W03 NaP03 

Investigations critically examined 

I Ref. Mol % Temp. range Comments 
NaP03 (K) 

181 45-100 973-1273 Pt float 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

1\K) 

970 
1090 
lI20 
1180 
1270 

Mol % 
NaPO) 

100 
94 
91 
87 
82 
1/ 

73 
68 
63 
58 
54 
49 
45 

Mol percent NaP03 

94 77 68 58 

2.365 
2.321 2.893 
2.308 2.874 3.244 
2.278 2.834 3.194 3.608 
2.228 2.768 3.120 3.516 

Temperature-ciependent equations 
p = a + bT + cT" 

a -b X IOJ -c X 106 

2.6237 0.4155 
2.2204 -0.6132 0.4781 
2.9523 0.4771 
2.7340 -0.2634 0.3436 
2.9645 -0.0197 0.2855 
J.U1l4 -0.3936 0.4610 
3.8531 0.7121 
4.1682 0.8256 
4.4870 0.9151 
4.8118 1.0201 
4.0977 -0.5010 0.6898 
5.2370 1.1250 

10.3526 9.1469 -3.2711 

49 

3.910 
3.808 

standard 
error of 
estimate 

I 
0.05% 
0.09% 
0.03% 
0.14% 
0.10% 
0.05% 
0.31% 
0.11% 
0.07% 
0.00% 
0.04% 
0.02% 
0.07% 

These values are based on the data of Shurdumov, Semenchenko and 
Shurdumov (Archimedean technique) [181]. 

Melt Preparation and Purification 

Shurdumov et al. [187, 188, 189, 186] used analytical 
grade sodium pyrophosphate twice recrystallized. The 
pyrophosphate was completely dehydrated at 86°C. The 
W03 was Pure grade, used without further treatment. 

TABLE 644. Electrical conductance studies: 
WOJ Na.P20 7 

Investigations critically examined 

I Ref. Mol % Temp. range Comments 

i 
Na.P20 7 (K) 

1

188 27-100 1073-1373 see: W03-Na2B.07 
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TABLE 645. W03 - Na4pp7: Specific conductance 
(ohm-1cm- l ) 

1\K) 

1070 
1190 
1280 
1340 
1370 

Mol % 
N14P2O, 

96.5 
92.5 
89.5 
85.72 
82 
77.8 
73.5 
69.3 
64.8 
60 
55.2 
50 
45 

40 
34 
27 

Mol percent Na4P2O, 

89.5 64.8 50 

0.592 
1.038 0.828 

1.537 1.211 0.981 
1.667 1.283 1.072 
1.733 1.306 1.114 

Temperature-dependent equations 
I( = a + bT + cT' 

-a bx 103 -c x 106 

1:9717 f 2.9203 
1.5603 2.5003 
1.2539 2.1801 
1.0229 1.9501 
0.8106 1.7201 
6.9148 11.3015 3.7829 
6.6181 10.9148 3.6825 
0.8314 1.6100 
3.6708 13.9515 4,8680 

8.0079 12.7241 4.3381 
4.0944 6.2547 1.7246 
3,0880 4.7669 1.2408 
2,2935 3.8572 1.1069 

0,5349 0.9964 
0.6388 1.0543 

-3.2518 -5.2343 2.4829 

34 

0.489 
0.616 
0.711 
0.774 
0.806 

standard 
error of 
estimate 

0.34% 
0.30% 
0.25% 
0.24% 
0.20% 
0.57% 
0.58% 
1.46% 
1.00% 

0.63% 
3,15% 
1.91% 
2.02% 

2.46% 
2.57% 
1.14% 

These values are based on the data of Shurdumov, Semenchenko and 
Shurdumov (classical ac method) [188]. 

Investigations critically examined 

Ref. Mol % Temp. rangei Comments 
Na4P2O, (K) 

189 34-100 1073-1373 I Pt float; 

I corundum crucible 

TABLE 647. W03 - Na'P20,: Density (g cm-3
) 

1\K) 

1080 
1170 
1260 
1290 
1370 

Mol % 

Na.P2O, 

100 
96.5 
92.5 
89.5 
86 
82 
78 
73.5 
70 
6:5 

60 
55 
50 
1S 

40 
34 

Mol percent Na4P20, 

96.5 82 65 SO 

3.022 
2.805 2.950 
2.758 2.888 

2.170 2.361 2,736 2.870 
2.147 2.323 2.664 2.827 

Temperature-dependent equations 
p = a + bT + cT' 

a -b X 103 ex 106 

2.5477 0.3102 
2.5378 0.2852 
2.7069 0.3791 
2.7378 0,3741 
3.9347 1.2302 
2.9631 

I 
0.4670 

3.1333 0.5341 
1.5612 -2.0024 -0.9722 
2.3313 -0.9855 -0.6032 
1.0246 -3.4233 -1.6253 
3.7814 0.7641 

14.2938 17.3810 6.5621 
4.6818 2.2166 0,6296 
3.8695 0.6418 

5.456\ 3.0045 0.9579 
7.4792 6.0340 2.1850 

34 

3.511 
3.410 
3.345 

standard 
error of 
estimate 

0.16% 
0.06% 
0.11% 
0.01% 
1.13% 
0.02% 
0.10% 
0.10% 
0.12% 
0.22% 

0.13% 
2.10% 
0.\9% 
0.32% 

0.36% 
0.11% 

These values are based on the data of Shurdumov, Shurdumov and 
Semenchenko (Archimedean technique) [189]. 

TABLE 648. Viscosity studies: WO, Na.P,O, 

Investigations critically examined 
--

I 
Ref. Mol % _ t:rni~,;angcl Comments 

Na.P,O, 

187 40-100 I 1073- 1371 
I 

see: W03-Na2B.O, I 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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T(K) 

1070 
1250 
1280 
1370 

: 

Mol % 
Na.P,O, 

78 
69.3 
50 
45 
40 

Mol percent Na4P20, 

92.5 85.8 69.3 50 

1.01 1.39 
0.45 0.41 

0.59 0.51 0.38 0.33 
0.40 0.34 0.24 0.19 

Temperature-dependent equations 

1) = a + bT+ cr 

a l-bX 10
3 ex 106 

i , 
15.730 

, 
21.576 7.525 

10.817 14.338 4.833 
23.211 33.204 11.973 
27.577 39.807 14.485 
29.280 41.809 15.064 

1) = A exp [E/RT] 

40 

1.79 
0.56 
0.45 
0.28 

standard 
error of 
estimate 

1.63% 
1.44% 
6.61% 

10.50% 
8.33% 

Mol % standard 
Na,P20 7 A x 103 E error of 

estimate 

100 2.9506 
i 

13836 0.10% i 92.5 1.3230 I 15527 1.08% 
85.S 1.1919 15423 0.19% 
60 0.2600 I 18233 5.84% 
55.2 0.1724 I 19553 8.08% 

I 

These values are based on the data of Shurdumov, Semenchenko and 
Shurdumov (Archimedean technique) [187]. 

TABLE 650. Surface tension studies: WO) - Na4PZO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na4P2O, (K) 

186 34-100 1073-1373 calibration: molten 
KNO), NaNO), NaCI; 
estimated uncertainty 
±1.5%; 
corundum crucible 

J. PhYIi. Chilm. Ref. Data, Vol. 12, No.3, 1983 

T(K) 

1120 
1270 
1360 

Mol % 
Na.P,O? 

100 

I 92.5 
85.72 
77.8 
69.3 
60 
55.2 I 

50 I 
! 45 , 

40 

i 34 

TABLE 651. W03 - Na.Pp,: 
Surface tension (dyn ern-I) 

Mol percent Na,P2O, 

85.72 69.3 50 

205.7 
228.6 212.6 189.1 
215.5 203.5 181.7 

Temperature-dependent equations 

'Y = a + bT + cr 

a -b x 103 ex 106 

389.56 110.01 
380.40 113.01 
414.07 146.01 

-349.23 -974.80 -415.28 
340.58 100.81 
689.93 683.24 233.81 
326.81 104.24 
498.99 395.15 118.98 
469.73 336.22 88.49 
321.46 110.81 
303.37 102.46 

34 

188.6 
173.2 
164.0 

standard 
error of 
estimate 

0.35% 
0.16% 
0.34% 
0.36% 
0.11% 
0.41% 
0.41% 
0.39% 
0.10% 
0.58% 
0.30% 

These values are based on the data of Shurdumov, Shardanova and 
Shurdumov (maximum bubble pressure method) [186). 

Melt Preparation and Purification 

For the method of melt preparation used by Morris 
and Robinson [182] and by Gossink and Stevels [168], see: 
W03-K1W04 -

TABLE 652. Electrical conductance studies: 
W03 -Nal WO, 

Investigations critically examined 

Ref. Mol % Temp. range I Comments 
NazWO (K) i 

1 

182 40-100 926-1196 ! see: WOl-K2W04• ; 
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TABLE 653. W03 - NazWO.: Specific conductance 
(ohm-1cm- l ) 

T(K) 

920 
980 

1010 
1040 
1070 

1100 
1130 
1160 
1190 

Mol % 

Mol percent Na,WO. 

89.67 79.46 59.60 49.99 

0.948 
0.754 1.290 
0.847 1.444 0.749 
0.936 1.586 0.881 0.736 
1.0:W 1.716 0.997 0.836 

1.100 1.096 0.928 
1.176 1.178 1.013 

1.090 

Temperature-dependent equations 
K = a + bT+ ct" 

Na,WO. I -a I bx leY I 
100 2.1310 3.1262 

89.67 4.1265 8.0002 
79.46 to. 1381 18.0145· 
69.41 6.4018 10.7643 
59.60 13.4613 23.4455 
49.99 7.4984 12.3678 
44.98 8.7824 13.8746 
40 6.1917 9.1207 

40 

I 
0.GS7 

0.747 
0.831 
0.910 
0.983 

-c x 106 

0.04 
2.4574 
6.4825 
3.4004 
9.2832 
4.2793 
4.5428 
3.0978 

: 

These values. arlO' base.d on the data of Mom. ann Rohin",," (d ...... ical ftC 

method); data in equation form; precisions not estimated [182J. The 
values for NazWO" (100%) are in essential agreement with the 
recommended data set at -1050 K; with increasing temperature, the 
values in [182] rise above the recom.ri:Jended values (I]. The present 
study [182J is more complete than the earlier study which had been 
advanced elsewhere as the recommended data base [1). 

TABLE 654. Density studies: W03 - Na,WO. 

Investigations critically examined 

I Mol % JTemp. rangel 
N".WO (K) 

Comments Ref. 

j40-loo j921-1199 l 182 

Mol percent Naz WO" 
T(K.) 

I 89.67 69.41 49.99 40 

980 3.970 4.366 
1040 3.973 ·4:292 4.689 
1070 3.974 4.255 4.642 4.829 
1130 3.977 4.182 4.548 4.743 

1160 4.502 4.700 
1190 ... GSS 

. Temperature-dependent equatlons 

100 
89.67 
79.46 
69.41 
59.60 
49.99 
44.98. 
40 

p a + bT 

4.7676 
3.9198 
5.3025 
5.5676 
4.4079 

"6.3080 
6.0475 
6.3526 

-0.9069 
-0.0508 

1.1166 
1.2264 

-0.0307 
1.5571 
1.2294-

1.4243 

These values are based on the data of Morris and Robinson 
(A,,,,lwueclea.ll technique); dam in· 'equation fonn; precisions not 
estimated (182J. The results for Na,W04 (100%) are in close accord 
with the recommended data set [1) (- ±0.5%). 

Investigations critically e~ed 

Ref. Comments 

168 j40-1oojl039-1283 T 

T(K) 

1040 
1070 
1100 
1130 
1220 
1250 
1280 

100 
80 
70 
60 
55 
40 

Mnl percent N .. ,WO. 

80 70 60 55 

189.3 
186.5 18n 
183.7 178.7 171.8 168.1 
181.0 175.2 169.0 165.1 
172.6 164.9 160.4 156.2 
169.8 161.4 153.2 

Temperature-dependent equations 
'Y.·=a·+bT 

262.99, 

286.18 

40 

157.6 
149.7 
147.1 

':144.4 

66.03 
93.12 

'305.58 115.35 
275.92 94 .. 66 
276.73 98.80 
256.70 87.72 

These values are based on the data of Gossink and· Stevels (ring 
detachment method); data in equation form;. precisions .. not estimated 
[l68J. The values for Na,WO. (100%) fall uniformly below {-2.6%) 
the recommended data set [2]. 

J.Phya. Chern. Ref. Data, Vol. 12,No. 3,1983 
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ZnO - KPOa 

FIGURE 89. Phase diagram for ZnO - KP03. 

Data from: E. L. Krivovyazov, N. K. Voskresenskaya and K. K. 
Palkina, Zh. Neorg. Mat., 5(6), 898 (1969). 

Melt Preparation and Purification 

For the method of melt preparation used by 
Krivovyazov and Voskresenskaya [166], see: ZnO
NaP03• 

TABLE 658. Density studies: ZnO - KPO l 

Investigations critically examined 

RCfJ Mol % Temp. range Comments 
KPO l (K) 

1_6~J74.2-90.4 1086-1379 see: ZnO-NaP03 I 
,I, Phy ... Chum. Ref. Oala, Vol. 12, No.3, 1983 

TABLE 659. ZnO - KP03: Density (g cm-3) 

Mol percent KP03 
T(K) , 

90.4 77.9 74.2 

1080 2.446 
1110 2.217 2.435 
1140 2.205 2.425 2.486 
1260 2.157 2.382 2.443 
1320 2.133 2.360 2.421 
1350 2.349 2.410 
1380 2.338 

Temperature-dependent equations 
p - a + bT 

Mol percent 

I I KP03 a -b x 10' 

90.4 2.6613 0.4000 
77.9 2.8343 0.3593 
74.2 2.8940 0.3582 

These values are based on the data of Krivovyazov and 
Voskresenskaya (Archimedean technique); data in equation form; 
precisions not estimated [166]. 

I 

TABLE 660. Surface tension studies: ZnO - KP03 

Investigations critically examined 

comments I 
see: ZnO-Zn(P03)2 J 

Rd. 

166 ) 1057-1379 
I 

TABLE 661. ZnO - KP03: Surface tension (dyn cm-') 

~K) 

1050 
1080 
1200 
1320 
1350 
1380 

Mol percent KP03 

I l 

I 89.6 
I 

77.9 
I 

176 
153 174 
148 170 
142 165 
141 

I 

Temperature-dependent equations 
'Y = a + bT 

Mol percent 

72.3 

181 
176 
175 
174 

KP03 a -b x 10' 

89.6 204.2 47.1 
77.9 218.2 40.5 
72.3 231.6 41.9 

These values are based on the data of Krivovyazov and 
Voskresenskaya (maximum bubble pressure method); data in equation 
form; precisions not estimated 1166]. 
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ZnO - NaP03 

Melt Preparation and Purification 

Krivovyazov and Voskresenskaya [166] prepared the 
metaphosphate by decomposition of the monomono
orthophosphate in a platinum crucible. 

TABLE 662. Density studies: ZnO NaPD3 

Investigations critically examined 

Ref. 

I 

Mol % Temp. range Comments 
NaPO) (K) 

, 166 165.2-87.2 1083-1361 Pt ball; calibration: 
molten KNO" 

------

TABLE 663. ZnO - NaP03: Density (g cm-') 

T(K) 

1080 
1140 
1260 
1350 

Mol percent NaPO) 

87.2 ! 73.8 

2.368 
2.345 2.585 
2.303 

i 

2.543 
2.270 2.512 

Temperature-dependent equations 
p = a + bT 

65.2 

2.715 
2.684 

"1' 

These values are based on the data of Krivovyazov and 
Voskresenskaya (Archimedean technique); data in equation form; 
precisions not estimated [166]. 

TABLE 664. Surface tension studies: ZnO NaPO) 

Investigations critically examined 

Ref. Mol % Temp._range Comments 
NaPO) (K) 

166 65.2-87.2 1073-1373 see: ZnO-Zn(PO)2 

i 

TABLE 665. ZnO - NaP03: Surface tension (dyn em-I) 

T(K) 

970 
1060 
1090 
1210 
1270 
1360 

87.2 
73.8 
65.2 

Mol percent NaPO) 

87.2 I 73.8 I 
196 
193 
191 215 
187 211 
184 209 
IHO loti 

Temperature-dependent equations 
'Y = a + bT 

236.5 
250.3 
283.1 

65.2 

231 
"2.,[1 

41.3 
32.3 
41.0 

These values are based on the data of KriVOVY3Z0V "nd 
Voskresenskaya (maximum bubble pressure method); data in equation 
form; precisions not estimated [166J. 

ZnO - Zn(P03h 

Melt Preparation and Purification 

Krivovyazov and Voskresenskaya [190] prepared zinc 
melaphosphate from analytical grade orthophosphoric 
acid and analytical grade zinc oxide. The synthesis was 
carried out in a Pt vessel. The salt was analyzed for 
phosphorus and zinc using standard procedures. To 
verify the thermal stability of the Zn(P03)2' the melt was 
kept anovc lOOOQC for 11 hours. Analysis showed no 
~h'llI~l: ill the: L;\JIIlpU~iliull. 

rAlIl "666, Surface tension studies: ZnO - Zn(PO,), 

I nvestigations critically examined 

Ref. I Mol% Temp. range Comments 
Zn(PO j ), (K) 

190 133.3-75.2 1268--1460 1'1- R II capillary; 
calihratioll: 11).0; 

, ,'orrccl ion for 
IIWrrIwl expansion; 
AI' atmosphere. 

-- -----

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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System 

KB02-KP03 
NaB02-NaPOJ 

Na2D407-K2Zrf'6 

G. J. JANZ AND R. P. T. TOMKINS 

1\K) 

1270 
1290 
1350 
1370 
14:)0 

TABLE 667. ZnO - Zn(P03)2: 
Surface tension (dyn em' I) 

Mol percent Zn(POJ)2 

75.2 60.2 50 42.9 

212.8 I 

213.2 225.9 
214.5 227.3 239.9 257.7 
214.9 227.7 240.1 257.8 

2:l!l.6 240.7 258.0 

Temperature-dependent equations 
y = a + bT 

Mol percent 

I 33.3 

314.6 
314.0 

Zn(P03)2 I a ! b x !O3 

75.2 185.2 21.7 
60.2 196.1 23.1 
50 229.5 7.7 
42.9 254.2 2.6 
37.6 274.7 6.9 
33.3 323.6 -6.6 

! 

These values are based on the data of Krivovyazov and 
Voskresenskaya (maximum bubble pressure method); data in equation 
torm; precisions not estimated [19OJ. 

Section C: Other Binary Systems 

Meta - Tetraborate - Other 

TABLE 668. Data Status 

Phase Electrical Density Viscosity 
Diagram Conductance 

X X 
X X 

X 

MAlt PrAparation and Purification 

For the method of melt preparation used by Kochergin 
et at [191), see: NaB02-NaP03• 

TABLE 669. Density studies: KB02 - KPO, 

Investigations critically examined 

Ref. Mol % Temp. rangei Comments 
KPOJ (K) 

191 10-100 1123-1223 I 'b . 
I PI ball; cah ratIon: 

, molten KNO, 

,I "lty., CIII'm. R"I, Dnta, Vol. 12, No.3, 1983 

Surface 
Tension 

X 
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Mol percent KPO, 
T(K) 

92.8 77.1 59.0 38.2 26.5 

1123 I 2.09 2.10 2.07 2.0! 1.97 
1173 

, 
2.11 2.12 2.10 2.04 2.00 

1223 I 2.13 2.14 2.12 2.07 2.03 

Temperature-dependent equations 
p a + bT 

Mol percent 
KP03 a 

1-

100 8.967 -5.621 
96.8 single data point = :;'.08g cm-' 
92.8 1.690 0.360 
85.2 1.725 0.340 
77.1 1.711 0.350 
68.4 1.702 0.350 
59.0 1.537 0.480 
49.0 1.425 0.550 
38.2 1.421 0.530 
26.5 1.356 0.550 
10.5 1.288 0.560 

These values are based on the data of Kochergin, Khanzhina and 
Zlodeeva (Archimedean technique); data in graphical form; precisions 
not estimated [191]. The recommended data base [8] gives the following 
values for KPO, at 1173 and 1223 K, respectively: 2.07 and 2.05 g cm-\ 
the corresponding values from ll'IJ are: 2.:>"7 and 2.W g cm". 

TABLE 671. Viscosity studies: KEOz - KP03 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KP03 (K) 

191 0-100 1073-1223 

TABLE 672. KBO, - KP03: Viscosity (poise) 

T(K) 

1080 
1140 
1200 
1220 

Mol % 
KPO, 

94.2 
87.4 
79.8 
69.7 
55.0 
49,9 
39.3 

Mol percent KP03 

87.4 I 79.8 I 69.7 I 55.0 

3.71 3.35 4.27 6.63 
2.51 2.19 2.66 3.48 
1.63 1.34 1.74 1.95 
1.40 1.13 1.52 1.63 

'l'emperature-dependent equations 
TJ = A exp [E/R1] 

A A 10' E 

0.9428 I 17912 
see footnote 
see footnotE 
0.5307 19298 
0.0330 26204 
0.0117 2865& 
0.1186 23164 

I 39.3 

5.78 
3.27 
1.96 
1.67. 

standard 
t:rrur uf 
estimate 

2.08% 

0.68% 
1.17% 
3.26% 
4.44% 

I 

These values are based on the data of Kochergin, Khanzhina and 
Zlodeeva (oscillational method); data in graphical form; precisions not 
estimated [191]. The data for 87.4 mol% KP03 and 79.8 mol% KP03 

are expressed more accurately by the quadratic equations: 
(87.4%) TJ 80.434 - 119.314 x 1O-3T + 44.70 x 10-01" 
(79.8%) TJ = 76.922 - 114.355 x 1O-3T + 42.81 x 1O-6:r 

Melt Preparation and Purification 

Volarovich and Tolstoi [1SS} used reagent grade 
materials to prepare the melts. No other information was 
given. Kochergi II et at. 11911 prepared the metaphosphate 
from C.P. grade' Nall 1 P04 and used pure grade 
NaB02.H20. The dehydrated salts were fused in 
corundum crucibles at 95()"C. The mixtures were fused 
and then stored in capped tuhes for 2 hours at 950·C. 

TABLE 673. Density ,tudi",: NaIlO .. - NaPO, 

Investigations critically nalllillni 
- . _. 

Ref. Mol % Temp. range Comments 
NaPO, (K) 

191 0-69 1123-122.1 sce: KBOz-KP03 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 674. NaB02 - NaP03: Density (g cm-3
) 

IlK) 

1120 
1160 
1200 
1220 

Mol % 
NaP03 

69.0 
50.2 
38.5 
26.2 
18.5 
15.9 
2.6 
0.6 

Mol percent NaP03 

69.0 50.2 38.5 26.2 

2.120 2.146 2.176 2.214 
2.144 2.172 2.197 2.227 
2.164 2.190 2.213 2.241 
2.172 2.196 2.219 2.247 

Temperature-dependent equations 
p = a + bT + cT-

I a I bxlcY I 
-0.0827 3.2881 
-2.1269 6.8602 
-0.3536 3.9281 

1.8445 0.3300 
1.8580 0.3299 
1.9083 0.2899 

14.1611 -20.5040 
7.5345 -9.3061 

15.9 

2.233 
2.245 
2.256 
2.262 

ex 106 

-!.l80 
-2.719 
-1.491 

8.781 
4.039 

These values are based on the data of Kochergin. Khanzhina and 
Zlodeeva (Archimedean technique); data in graphical form; precisions 
not estimated [191 J. 

I 

TABLE 675. Viscosity studies: NaB02 - NaPO) 

Investigations critically examined 

Ref. I Mol % I Temp. rangel Comments 
NaPO, (K) 

158 0-100 723-1158 calibration: aq. gly-
cerine- sugar so1'n.; 
Pt cylinder: 
accuracy estimated 
as 3-4% 

191 0-100 1073-1223 see: KB01-KPOJ 

TABLE 676. NaB02 - NaP03: Viscosity (poise) 

1080 
1120 
1160 
1200 
1220 

Mol % 
NaP03 

80 
60 
40 
20 

Mol percent NaP03 

10.91 
6.74 9.25 11.46 
4.05 6.30 10.09 
2.82 4.58 8.06 
2.75 4.18 6.79 

Temperature-dependent equations 
1] = a + bT + cT-

I a I b x 103 

I , 

I 
677.348 -1111.792 
593.855 -954.600 

-222.884 444.198 
715.359 -1169.267 

9.31 
6.42 
5.07 
4.97 

ex 106 

458.07 
386.28 

-209.79 
481.13 

These values are based on the data of Kochergin, Khanzhina and 
Zlodeeva (oscillational method); data in graphical form; precisions not 
estimated {1911 . 

.... Ph),,,, Chern. nol. Dot .. , Vol. 12, No.3, 1083 

Melt Preparation and Purification 

Fromin and Yakobashvili [159J used reagent grade 
materials. No other information was given. 

Investigations critically examined 

Ref. l Mol% ) TemrK;ange) 
Comments 

. K2ZrF6 

159 1 0-12.91 11053-1223 I pendulum viscometer 

"Afal percent K2ZrF6 

T(K) ! 
12.9 I 8.5 I 5.8 I 3.2 

I \ 

1050 22.10 25.19 ! 32.90 21.23 
1110 9.40 9.99 11.67 9.30 
1200 3.06 2.97 2.99 3.15 
1220 2.44 2.32 2.27 2.53 

Temperature-dependent equations 
1] = A exp [E/R1] 

Mol percent 
I I K2ZrF6 A x 10' 
I 

12.9 3.0055 
8.5 0.9402 
5.8 0.1537 
4.5 0.1168 
3.2 4.9892 
2.4 0.0543 
1.3 0.0716 

0 0.1270 

I 1.3 

31.33 
10.69 

2.61 
1.96 

E 

32989 
35687 
40023 
40783 
31848 
42439 
41515 
39518 

These values are based on the data of Frumm and Yakobashvili 
(pendnlum vi.com .. t"r); dab in graphic,,1 form; prf'ci.;on. nnt ".tirnatp.d 
[159]. 

Ref. 

159 

TABLE 679. Surface tension studies: 
N.,R.O. - K,ZrF< 

Investigations critically examined 

Comments 

I 
corundum capillary; 
Ar atmosphere; 
estimated experimental 
uncertainty, ±5% 



System 

Na2CO)-NaOH 
-NaOH-CaO 
-NaOH-NaCI 
-NaOH-Na2SiID3 

K2CO)-KOH 
-KOH-CaO 
-KOH-KCI 
-KOH-K2SiC 
-Li2SO, 

Li2CO)-K2SO, I -LiOH 

PROPERTIES OF MOLTEN SALTS 

T(K) 

1020 
1080 
1140 
1200 

8.8 
7.2 
5.8 
4.3 
2.9 
1.4 
u 

TABLE 680. Na2Bp7 K2ZrF6: 
Surface tension (dyn cm-I

) 

Mol percent K2ZrF6 

8.8 I 7.2 5.8 4.3 

225 224 226 228 
222 221 222 225 
218 218 219 222 
214 214 215 218 

Temperature-dependent equations 
'Y = a + bT + cT-

200.3 92.0 
266.7 -32.5 
248.6 6.0 
140.1 205.5 
301.6 -91.5 
220.6 69.9 
302.9 -67.2 

2.9 

229 
226 
223 
221 

I 

-66.9 
-9.3 

-28.1 
-117.4 

20.0 
-54.6 

7.3 

These values are based on the data of Frumin and Yakobashvili 
(maximum bubble pressure method); data in graphical form; precisions 
not estimated [IS9]. For Na,:R,07 (0% K,ZrF.) the surface tension 
values at 1223 K listed in the recommended data base [8] and those of 
[159J are 230 and 232 dyn cm- I respectively. 

Carbonate - Other 

TABLE 681. Data Status 

Phase Electrical Density Viscosity 
Diagram Conductance 

X X X X 
X X X 

X X X X 
X X X 

X X X X 
X X X 
X X X 
X X X 

X X X 

X X X 

.. 

755 

Surface 
Tension 

X 
X 
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95a~----------------------------~ 

600
0 

400
0 

2830 

2.00
0 

0 20 40 60 80 100 

No2 C03 NaOH 

Mol % NoOH 

FIGURE 90. Phase diagram for Na2CO. - NaOH. 

Data from: A. D. Pelton, et al. "Calculation of Thermodynamic 
Equilibria in the Carbonate Fuel Cel!", Topical Report Fcb.(1980), (US 
DOE Contract DE-ACol79ET1S4IJ; Proj. CDT-P101, L'Ecole 
Polytechnique Montreal. 

Melt Preparation and Purification 

Lasek [145] used high purity salts to prepare the melts. 
The sodium carbonate content of the melts was analyzed 
gravimetrically. Arndt and Ploetz [192] used pure sodium 
hydroxide (stored in sealed tubes prior to use). 

TABLE 682. Electrical conductance studies: 
NaZC03 - NaOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaOH (K) 

192 91.4-100 593-746 Ag crucible and 
electrodes; 
calibration: 
HlO, molten KNO •. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 683. NazC03 NaOH: Specific conductance 
(ohm-1cm-1) 

T(K) 

590 
610 
630 
710 
730 

100 
99.4 
98.3 
98.1 
96.0 
93.8 
91.4 

Mol percent NaOH 

99.4 98.3 96.0 93.8 

1.79 
2.01 1.94 
2.18 2.10 1.69 1.56 
2.86 2.73 2.26 2.12 
3.03 

Temperature-dependent equations 
K = a + bT + crt 

2.286 6.625 1.96 
3.144 8.453 
2.836 7.837 
5.099 14.039 -4.63 
1.099 1.977 3.88 
1.101 1.769 3.89 
2.943 7.173 -0.28 

91.4 

1.46 
2.01 

0.01% 
0.67% 
0.09% 
0.06% 
0.01% 
O.QI% 
0.03% 

These values are based on the data of Arndt and Ploetz (classical ac 
method) [192]. The values calculated from the above equation for 
NaOH are in essential agreement with the recommended data base [1]. 

TABLE 0&4. Density studies: NazCO) - NaOH 

Investigations critically examined 

Ref. 

I 
Mol % 

!TemrK;ange! 
Comments 

NaOH 

192 90.6-100 593-723 Agbob and 
suspension wire 

145 86-100 693 steel ball; 
correction for 
thermal expansion; 
calibration: molten 

I I 
KNO) 
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TABLE 685. NazC03 NaOH: Density (g em-3
) 

Mol percent NaOH 
TtK) 

97.9 96.4 92.8 90.6 

600 1.803 1.813 1.845 1.861 
660 1.773 1.784 1.816 1.831 
720 1.743 1.755 1.786 1.800 

Temperature-dependent equations 
p a + bT 

Mol % standard 

I NaOH a -bY.. 103 error of 
estimate I 

i 
': 

100 2.0782 0.4929 0.02% 
i 98.1 2.1073 0.5!OO 0.05% 

97.9 2.1026 0.5000 0.00% I 

96.4 2.1037 0.4837 0.01% 
96.0 2.1112 0.4901 0.02% 
93.8 2.1357 O.SOO! 0.00% 
92.8 2.1411 0.4928 0.02% 

91.4 2.1607 0.5100 0.02% 
90.6 2.1648 0.5061 0.02% 

The~e value~ aT" ha ... n rm th,. nM. nf Amnt Ann 1'10,,1. (A.Tchim,.d,..n 

technique) [192]. The values from the above equation for NaOH are in 
essential agreement with the recommended data base [I]. 

TABLE 686. Viscosity studies: NaZC03 - NaOH 

Investigations critically examined 

Ref. Mo1% Temp. range Comments 
NaOH (K) 

192 92.1-!OO 623-823 Ag cylinder 
converging into a 
Ag capillary; 
Ag crucible; 
calibration: molten 
KN03 

145 86-100 693 calibration: molten 
KN03; estimated 

i error, 2% 
I 

TABLE 687. NazC03 - NaOH: Viscosity (cp) 

Mol percent NaOH 
TtK) 

98.2 92.1 

630 3.76 3.67 
750 1.98 1.91 
820 1.49 1.42 

Temperature-dependent equations 
'T) ." A exp (E/R1) 

Mol % standard 
NaOH A x lQ'l E error of 

estimate 

100 7.212 4936 
98.2 6.858 5013 4.50% 
92.1 6.099 5130 1.66% 

These values are based on the data of Arndt and Ploetz (capillary 
technique) [192], The values calculated from the above equation for 
NaOH are in essential agreement with the recommended data base [I]. 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure sodium hydroxide 
(stored in sealed tnbes prior to use). 

TABLE 688. Electrical conductance studies: 
NazCO) - NaOH - Cao 

Investigations critically examined 

COmments 

see: NazCOrNaOH 

TABLE 689. Na1COJ NaOH CaO: Specific conductance 
(ohm-lcm-I ) 

Mol percent 

1\K) NazC03 2.1 
NaOH 96.3 
Cao 1.6 

780 3.00 
820 3.23 
860 3.46 

Temperature-dependent equations 
I< = -1.524 + 5.800 x 1O-3T 

Standard error of estimate = U.OO% 
These values are based on the data of Arndt and Ploetz (classical ac 
method) [192]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 690. Density studies: Na2C03 - NaOH - CaO 

Investigations critically examined 

I Ref. Mol % I Temp. range Comments 

j CaO (K) 

1

192 1.6 I 773-873 see: Na1C03-NaOH 

TABLE 691. NalC03 - NaOH - CaO: Density (g cm-1
) 

Mol percent 

1\K) NalC03 2.1 
NaOH 96.3 
CaO 1.6 

780 1.717 
820 11>97 
860 1.677 
870 1.672 

Temperature-dependent equations 
p = 2.107 - 0.5001 x 1O-3T 

I 

These values are based on the data of Arndt and Ploetz (Archimedean 
technique) [192]. 

TABLE 692. Viscosity studies: NazC03 - NaOH - Cao 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaO (K) 

192 1.4 723-823 see: Na1CO)-NaOH 

TABLE 693. NazCO) - NaOH - CaO: Viscosity (cp) 

Mol percent 

1\K) NazCO) 1.6 
NaOH 97.0 
CaO 1.4 

730 2.09 
760 1.80 
800 1.57 
820 1.51 

Temperature-dependent equations 
7J 36.438 - 83.23 x JO-lT + 49.55 x JO-6f1 

Standard error of estimate = 0.66% 
These values are based on the data of Arndt and I:'loetz (capillary 
technique) [192). 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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FIGURE 91. Phase diagram for Na2COl NaOH - NaCI. 

Three solubility isotherms for Na2C03 in NaOH-NaCI are shown. 

Data from: M. F. Lantratov and A. F. Alabyshev, J. Appl. Chem., 
USSR, 32, 66 (1959). 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure sodium hydroxide 
(stored in sealed tubes prior to use). 

TABLE 694. Electrical conductance studies: 
Na2CO) NaOH - NaCI 

Investigations critically examined 

Ref. Mol % ITemp. rangel Comments 
NaCI (K) 

192 0-10 593-723 II see: Na2L:U3-NaOH 
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TABLE 695. Na,CO)- NaOH - NaCl: 
Specific conductance (ohm-'ern-') 

Mol % [Na,CO): NaOH: NaClj 

T(K) 1.7 1.7 

I 
1.7 1.7 1.7 

88.3 91.0 92.2 94.7 96.4 I 
lU.U 7.3 6.1 3.6 I.() 

600 1.32 1.43 l.tJX 

620 1.44 1.55 1.70 I.X4 

640 1.56 1.64 1.67 I.B3 1.<)<) 

680 1.79 1.89 1.92 2.11 2.29 

720 2.03 2.13 2.17 2.38 2.5X , 

Temper9ttlrf"-dep"n(lpnt "'1"lltioM 

K a + bT + c1" 
wt % Na2CO, = 4.3 (constant) 

Mol % I standard 
-a b l\ 103 -c X 106 error of 

NaC NaOji estimate 

10.0 188.3 2.2572 5.959 0.32% 
7.3 91.0 4.387 12.33 I 4556 0.00% 

, 6.1 92.2 1.855 4.903 -0.9567 0.09% 
3.8 94.S 2.5753 6.867 

I 

0.16% 
3.6 94.7 2.5175 6.800 0.00% 
1.9 96.4 4.573 12.83 4.021 0.05% 

These values are based on the data of Arndt and Ploetz (classical at: 

method) [192J. 

T(K) 

600 I 
640 

i 
680 
720 

TABLE 696. N~CO, - NaOH - NaCl: 
Specific conductance (ohm-'cm-') 

Mol % [NaCl: Na2CO,: NaOH] 

2.0 2.0 2.1 2.1 
0.6 1.6 3.9 5.0 

97.4 96.4 94.0 92.9 

1.89 1.70 1.51 1.42 
2.23 2.01 1.80 1.69 
2.57 2.32 2.09 1.97 
2.90 2.64 2.37 2.26 

Temperature-dependent equations 
K = a + bT+ c1" 

wt % NaCI = 2.8 (constant) 
, 

j 
2.3 

10.5 
87.2 

1.24 
1.50 
1.76 
2.03 

Mol % standard 
-a b x 10' ex 10' error of 

NaOE Na2CO estimate 

97.4 0.6 3.1583 I 8.418 -0.733 0.23% 
96.4 1.6 3.3221 8.802 0.3871 0.07% 
96.1 1.9 2.6057 6.878 0.996 0.03% 
94.3 3.6 2.3416 5.8515 -1.775 0.08% 
94.0 1.9 15452 9.491 1.855 0.02% 
92.9 5.0 1.9708 4.535 1.216 

I 

0.22% 
87.2 10.5 2.1640 4.948 0,13% 

These values are based on the data of Arndt and Ploetz (classical ac 
method) [192J. 

TABLE 697. Density studies: NaZCO) - NaOH - NaC\ 

Investigations critically examined 

Ref. Mol % Temp. rangel Comments 
NaCI (K) 

IYl :.!.U-W.2 'Y3-UJ I see: Na;CU3-NauH I 

TABLE 698. Na,CO,- NaOH - NaCl: Density (g cm-') 

7\K) 

600 
(,w 
700 
no 

Mol % [Na2CO,:NaOH:NaCI] 

1.7 1.7 
88.1 93.1 

10.2 5.2 

1.802 1.797 
1.770 1.766 
1.749 1.745 
1.738 1.735 

Te1Tlpf'T~tut'e-dp.ppnne.nt f".qltQ.t;on~ 

p = a + bT 
wi % Na,COJ = 4.2 (constant) 

1.6 
91:1.4 

2.0 

1.799 
1.769 
1.749 
1.739 

~1c)1 pnlTll1 standard 

Na('1 
\ 

Nail 
a -b X IOJ error of 

II estimate 

I 
11l.2 XX. I 2.1212 0.5316 0.01% 

7.3 '>1 I : .1112 0.5200 0.00% 
5.2 q ).1 2.10115 0.5163 0.01% 
.1.1< q·LX , 11111 0.5201 0.00% 
2.0 ()hA ,) UqXh 0.5000 0.00% 

These values art' "",cd "" III<' dala or Arndl and Ploetz (Archimedean 
technique) 11921. 

I nVl":->1It',al i< III .... ~·rillt"aIJy examined 

Mo: (.~'(' TeJ/l .. I" rangel 
Nael (K). 

I--~---- ----~------------
.l-1_92_...l-2_. (_):_7_'1 ! 623 _8_2_J---1I __ s_ee_:_N_a_,_C_O_'-_N_aO_H_..L 

Ref. Comments 

J. Phys. Chern. Rei. Data, Vol. 12, No.3, 1983 
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TABLE 700. Na2CO) - NaOH NaCI: Viscosity (cp) 

Mol % [NazC03:NaOH:NaCI] 

T1:K) 1.6 1.6 
90.5 96.4 

7.9 2.0 

630 J.~l 3.70 
680 2.61 2.69 
76Q 1.78 1.78 
780 1.67 
820 1.57 

Temperature-dependent equations 
1J a + bT + cT- + dT3 

Wt % N"2C03 - 4.0 (conotant) 

Mol % I standard 
a -b x 103 ex 106 -d X 109 error of 

NaC1NaOf-r estimate 

17.9190.5 63.570 160.56 104.29 1.99% 
2.0 96.4 67.004 202.93 203.96 65.61 3.35% 

i 

These values are based on the data of Arndt and Ploetz (capillary 
technique) [192]. 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure sodium hydroxide 
and kept it in sealed tubes prior to use. 

Ref. 

J92 

TABLE 701. Electrical conductance studies: 
Na2COJ - NaOH NazSi03 

Investigations critically examined 

Mol % 
: Na2SiOl 

2.1; 4.4 

Comments 

.J. I'hyn. CIH~m. Ref. Data, Vol. 12, No.3, 1983 

TABLE 702. Na2COJ - NaOH Na2SiO,: 

T(K) 

780 
820 
860 
870 

Specific conductance (ohm-Icm- I) 

Mol % [Na2C03:NaOH:Na2SiO,] 

1.8 
93.8 
4.4 

2.62 : 

2.88 
3.13 
3.19 

Temperature-dependent equations 

K = a + bT + cT-
wt % NaZC03 = 4.4 ("oi"taui) 

1.8 
96.1 

2.1 

2.89 
3.18 
3.45 
3.52 

Mol % standard 
-a b x 103 -c X 106 error of 

NazSiO, N"OfI catimotc 

4.4 93.8 3.256 I 8.654 1.43 0.04% 
2.1 96.1 4.672 12.124 3.11 0.18% 

These values are based on the data of Arndt and Ploetz (classical ac 
method) [192]. 

Ref. 

192 

TABLE 703. Density studies: 
Na2CO, NaOH NazSiO, 

Investigations critically examined 

Mol % Temp. range Comments 
N~zSiO, (K) 

1.8; 3.6 773-873 see: N&:!CO,-NaGH 

TABLE 704. Na2CO, - NaOH - Na2Si03: 

T(K) 

780 
820 
860 
870 

Density (g cm-3) 

1.762 
1.739 
1.717 
1.711 

Temperature-dependent equations 
p = a + bT 

wt % Na2C03 = 4.2 (constant) 

1.731 
1.709 
1.687 
1.682 

Mol% l standard 
a -b x 10' error of 

Na2Si03! NaG! estimate 

I I 

3.6 
1
94.6 

! 
2.1983 0.5600 0.03% 

1.\\ ,96.5\ 1.16Q5 0.5501 0.01% 

The~e vallie. aTe h~.eo on the riM" of Arnot ann P10et •. (Arc.himedean 
technique) [192). 
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Ref. 

192 

TABLE 705. Viscosity studies: 
N~C03 NaOH Na2Si03 

Investigations critically examined 

Mol % Temp. rangel Comments 
Na2SiOJ (K) 

4.7 723-823 I see: Na2C03-NaOH 

Mol percent 

T(K.) Na2C03 1.7 
N"OlI 93.6 
NalSiOJ 4.7 

730 2.09 
740 1.99 
780 1.68 
820 1.47 

Temperature-dependent equation 
T/ = 28.841 - 63.15 x 1O-3T + 36.31 x 10-61' 

Standard error of estimate = 0.51 % 
These values are based on the data of Arndt and Ploetz (capillary 
technique) [192]. 

K2C03-KOH 
0 

800 

(OC) 
0 

700 

0 

600 

0 

500 

400 
3640 

0 

320 
20 40 60 80 

~C05 KOH 
Mol% KOH 

FIGURE 92. Phase diagram for K,CO, - KOH. 

Data from: A. D. Pelton, et aI. "Calculation of Thermodynamic 
Equilibria in the Carbonate Fuel Cell", Topical Report Feb.(J980), (US 
DOE Contract DE-AC0279ETI5414); Proj. CDT-PsoI , L'Ecole 
Polytechnique Montreal. 

Melt Preparation and Purification 

Arndt and Ploetz [192] used high purity salts. The 
potassium hydroxide was stored in sealed tubes until 
required for use. 

TABLE 707. Electrical conductance studies: 
KlC03 KOH 

Investigations critically examined 

Mol % ITemp. rangel 
KOH (K) 

Comments Ref. 

192 191.52-100 1 673-873 1 

TABLE 708. K1C03 - KOH: Specific conductance 
(ohm-Icm-I) 

11K) 

680 
740 
800 
860 

Mol % 
KOH 

100 
98.3 
97.9 
97.5 
96.0 
95.7 
93.3 
91.5 

Mol percent KOH 

97.9 97.5 96.0 

2.32 2.21 2.11 
2.67 2.56 2.45 
3.02 2.91 2.80 
3.36 3.25 3.14 

T empetature-dependent equations 
K = a + bT+ c1' 

-a bxl& ex 106 

1.427 5.860 
0.786 3.828 1.15 
1.624 5.800 
1.734 5.800 
1.811 5.760 
1.814 5.740 
1.354 4;327 0.89 
2.004 5.800 

91.5 

1.94 
2.29 
2.64 
2.98 

standard 
error of 
estimate 

0.09% 
0.05% 
0.00% 
0.00% 
0.12% 
0.10% 
0.06% 
0.00% 

These values are based on the data of Arndt and Ploetz (classical ac 
method) (192). The values calculated from the above equation for KOH 
are in close agreement with the recommended data base {I). 

Rd'. 

1
192 

TABLE 709. Density studies: KlCO, - KOH 

Investigations critically examined 

Mol % 
KOH 

1 91 .4-100 

Connnents 

673-823 .1 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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I 
Mol percent KOH 

T(K) 

I I I 98.3 97.2 95.5 91.4 

680 1.730 1.747 1.756 1.796 
740 1.702 1.720 1.730 1.767 
800 1.675 1.693 1.703 1.738 
820 1.666 1.683 1.694 1.728 

Temperature-dependent equations 
p - a + bT 

Mol % standard 
KOH a -b x IOl error of 

estimate 

100 2.0132 0.4400 O.(X)% 

! 
98.3 2.0414 0.4580 0.03% 
97.9 2.0382 0.4460 0.02% 

, 
97.2 2.0541 0.4520 0.00% 
95.7 2.0696 0.4600 0.00% 
95.5 ! 2.0552 0.4400 0.00% 
93.3 

I 
2.1043 0.4780 0.02% 

91.4 2.1268 0.4860 0.02% 

These values are based on the data of Arndt and Ploetz (Archimedean 
technique) [192]. The values calculated from the above equation for 
KOH nre in e"not nsreement with the recommended data balle [I). 

I 

TABLE 711. Viscosity studies: K2COl - KOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KOH (K) 

192 93.2-100 673-873 see: Na,CO,-NaOH 

TABLE 712. KZCO l - KOH: Viscosity (cp) 

Mol percent KOH 
T(K) 

Mol % 
KOH 

100 
98.0 
93.2 

98.0 93.2 

680 2.13 2.13 
740 1.45 1.53 
800 1.10 1.11 
860 0.88 0.86 

Temperature-dependent equations 
TJ = a + bT + cT' + dTl 

I 
standard 

0 -b x 10l ex 106 
X 109 error of 

! estimate 

22.256 46.830 25.50 i 1.51% 
100.723 352.000 418.16 i 167.27 2.59% 
21.001 44.121 24.07 

I 
1.45% 

These values are based on the data of Arndt and Ploetz (capillary 
technique) 11921. The values calculated from the above equation for 
KOH arc in exact agreement with the recommended data base [I]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure potassium hydroxide 
(stored in sealed tubes until required for use). 

TABLE 713. Electrical conductance studies: 
KZCO l KOH - CaO 

Invc:.ti,gations critically c:"amincd 

Ref. Mol % Temp. range Comments 
CaO (K) 

192 5.1; 10.2 673-873 see: NazCO,-NaOH 

TABLE 714. KZCO l - KOH - CaO: Specific conductance 
(ohm-'cm-') 

Mol % [K,C03:KOH:CaO] 

T(K) 1.7 
I 

1.7 
88.1 93.2 
10.2 5.1 

680 1.71 2.00 
740 1.94 2.25 
~uu 2.17 2.~O 

860 2.40 2.77 

Temperature-dependent equations 
h: - a + bT + cT' 

wi % KZCO l = 4.0 (constant) 

Mol % standard 
-0 b x lOl ex 106 error of 

caolKOf estimate 

! 10.21 88. 1 I 0.854 3.763 0.02 0.01% 
5.1 ,93.2 0.243 2.527 1.13 0.16% 

i 

These values are based on the data of Arndt and Ploetz (classical ac 
method) [192]. 

TABLE 715. Density studies: K,CO l KOH CaO 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
CaO (K) 

192 5.1; 8.5 673-873 see: Na,CO,-NaOH 
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TABLE 716. K 2C01 - KOH - CaO: Density (g em") 
_. 

Mol % [K,CO):KOH:CaOI 
~--~----

T(K) 

680 
740 
800 
860 

8.5 89.5 
5.1 92.9 

I 

1.9 

I 
89.5 

8.5 

1.774 
1.747 
1.720 
1.693 

Temperature-dependent equations 

p a + bT 
wt % K 2C01 = 4.0 (constant) 

2.0801 
2.0681 

0.450 
0.456 

1.9 

92.9 
5.1 

1.758 
1.731 
1.703 
1.676 

0.02% 
0.03% 

._-

These values are based on the data of Arndt and Ploetz (Archimed"all 
technique) [192). 

TABLE 717. Viscosity studies: K2C01 - KOH - CaO 

Investigations critically examined 

Ref. I Mul% Temp. range Comments 
CaO (K) 

192 I 7.6 673-873 see: Na2CO)-NaOH 
I 

TABLE 718. K,CO, KOH CaO: Viscosity (cp) 

Mol percent 

T(K) KOH 2.0 
K2CO l 90.4 
CaO 7.6 

680 2.16 
740 1.52 
800 1.08 
860 0.85 

Temperature-dependent equation 
'1/ = 24.024 - 51.799 x IO-3T + 28.895 x 10-61" 

Standard error of estimate = 2.78% 
These values are based on the data of Arndt and Ploetz (capillary 
technique) [192]. 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure potassium hydroxide 
(stored in sealed tubes until required for use). 

1 

TABLE 719. Electrical conductance studies: 
K,C01 - KOH - KCI 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KCI (K) 

192 1.3-12.4 673-873 see: Na2C01-NaOH 

TABLE 720. K,CO l KOH KCl: Specific conductance 
(ohm'lcm'l) 

I Mol % [K,CO,:KOH:KCI] 
I 

7~K) 1.7 

I 
1.7 1.7 

85.8 90.0 94.3 
12.4 8.3 4.0 

(,HO \.56 1.72 1.89 
740 1.87 2.02 2.21 
~tX) 2.17 2.33 2.54 
XW 1..4"1 :.1.6:> 2.~~ 

. -
Tcmperature-dependent equations 

K = a + bT + cT-
wt % K 1C03 4.0 (constant) 

K('tl~nl 
Ii b x 101 I ex 106 

12.4 H~.H I 7 ()44 4.607 0.293 
12.0 HId I . 117~ 4.5X9 0.305 

'H77 8,:; 'J{),I) I, .U20 0.879 
7.9 <)0.4 J .. \111 U55 0.857 
4.0 94.3 I( ,7·n \m2 0.303 
3.9 <)4.4 U lI" I, hX6 -0,845 
1.3 97.1 1.4 5~I, ~. \7(, 0,016 

1.7 
97.1 

1.3 

2.21 
2.53 
2.86 
3.18 

standard 
error of 
estimate 

0.14% 
0.14% 
0.18% 
0.18% 
0.12% 

~ 
0.16% 
0.00% 

These values art: h,",cd '"l II ... data "f Arndt and Ploetz (classical ac 
method) 11921. 

TABLE 721. D.:nsity studies: K1C01 - KOH - KCI 

Investigations .:ritically examined 

I 
Ref. Mol percent Comments II 

KCI I ____ L-________ ~------~----------I 
i 192 3.8-9.0 673~873 I see: NalC01-NaOHI 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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I\K) 

680 
740 
800 
860 

........ ~.~~.-~ ' . ...;;~_m._' 

Mol % jK2CO.l:KOH:KCI] 

1.7 1.7 1.7 
89.3 90.4 94.4 
9.0 7.9 3.9 

1.736 1.735 1.732 
1.708 1.707 1.704 
1.681 1.680 1.677 

1.653 1.650 

Temperature-dependent equations 
p = 0 + bT 

wt % K2COJ = 4.0 (constant) 

1.7 
94.5 
3.8 

1.733 
1.705 
1.678 

9.0 89.3 2.0444 
2.0434 
2.0404 
2.0456 

0.454 
0.454 
0.454 
0.460 

0.02% 
0.02% 
0.02% 
0.00% 

7.9 90.4 
3.9 94.4 
3.8 94.5 

These values are based on the data of Arndt and Ploetz (Archimedean 
technique) [192]. 

TABLE 723. Viscosity studies: K2C03 - KOH - KCI 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KCI (K) 

192 8.9 673-873 see: Na2COrNaOH 

TADLI: 724. K 2CO) - KOH - KCI; Viscosity (op) 

Mol percent 

T(K) K,CO, ? 1 

KOH89.0 
KCI 8.9 

680 2.12 
740 1.49 
800 J.J3 
860 0.90 

Temperature-dependent equation 
7) 72.032 0.24228T + 0.2790 x IO-Jr 

0.10867 x 10-67" 
Standard error of estimate = 2.03% 

These values are based on the data of Arndt and Ploetz (capillary 
technique) (192]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Arndt and Ploetz [192] used pure potassium hydroxide 
(stored in sealed tubes until required for use). 

TABLE 725. Electrical conductance studies: 
K2CO) KOH K2SiO) 

Investigations Critically examined 

Ref. Comments 

192 1.9-6.2 773-873 

TABLE 726. K 2CO) - KOH - K2SiO): 
Specific conductance (ohm-lcm'l) 

Mol % [K2C03:KOH:K2SiOJ] 

T(K) 1.8 1.8 1.7 
92.0 94.2 96.4 

6.2 4.0 1.9 

780 2.35 2.53 2.70 
800 2.44 2.63 2.81 
830 2.58 2.77 2.97 

870 2.76 2.96 3.18 

Temperature-dependent equations 
I< 0 + hT+ cr 

Mol % standard 
-0 b x 10) -c X 106 error of 

K,SiO, KOl estimate 

6.2 92.0 2.285 7.247 1.669 
I 

0.03% 
4.0 94.2 3.440 10.213 3.288 I 0.05% 
1.9 96.4 4.902 13.750 5.133 ! 0.06% 

These values are based on the data of Arndt and Ploetz (classical ac 
method) (192). 

TABLE 727. Density studies: K2COJ - KOH - KlSiO; 

Investigations critically examined 

Ref. Mol percent ITemp. rangel Comments 
K2SiO, i (K) 

192 1.9; 4.0 I 773-873 I see: Na2CO)-NaOH 
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T(K) 

780 
800 
830 
860 
870 

Mol % 

Mol % [K2C03:KOH:K2Si03] 

1.9 

I 
94.1 

4.0 

I 1.747 
1.737 
1.723 
1.709 
1.704 

Temperature-dependent equations 
p = a + bT 

wt % K 2C03 4.3 (constant) 

a -b x 10' 

1.9 
96.2 

1.9 

1.717 
1.708 
1.694 
1.679 
um 

standard 
error of 

K2SIO KOH estimate 

4.0 94.1 2.1214 0.4800 0.03% 
1.9 96.2 2.0836 0.4700 0.02% 

These values are based on the data of Arndt and Ploetz (Archimedean 
technique) [192]. 

TABLE 729. Viscosity studies: K2C03 - KOH - K2SiOJ 

Investigations critically examined 

I Ref. Mol % Temp. range Comments 

! 
K2SiOJ (K) 

I 
; 192 1.1 723-873 see: Na2COJ-NaOH 

TABLE 730. K2CO, - KOH - K2SiO,: Viscosity (cp) 

Mol percent 

T(K) KOH 96.8 
K,rO, 2.0 
K2Si03 l.l 

730 1.56 
790 1.18 
850 0.92 
870 0.86 

Temperature-dependent equation 
?J = 16.869 - 34.352 x lO-'T + 18.337 x lO-6r 

Standard error of estimate = 1.12% 
These values are based on the data of Arndt and Ploetz (capillary 
technique) [192]. 

Li
2
S04 
850

0 
532

0 
538

0 

FIGURE 93. Phase diagram for K2C03 - Li2SO •. 

The system K2C03-Li2S04 is shown as a diagonal in the field of the 
reciprocal salt system K,Li/COJ,SO •. 

Data from: L. F. Volkova, Izv. Fiz Khim., n.-i. in-ta pri Irkutskom 
gosuniv.4, 115 (1959). 

Melt Preparation and Purification 

Prisyazhnyi and Zvagol'skaya (28} used reagent grade 
potassium carbonate and lithium sulfate and 
recrystallized them from distilled water. The K2C03 was 
dried in a current of CO2 at 600°C. An salts were 
prefused in a CO2 atmosphere. Markov et al. (196) used 
reagent grade salts and handled the K2C03 in an 
atmosphere of dry CO2, 

TABLE 731, Electrical conductance studies: 
K1CO, - Li2SO. 

Investigations critically examined 

Ref. Mol % Temp~~angel Comments 
Li2S04 (K) 

196 0-100 1173 Au electrodes; 
sintered carborundum 
cell 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 732. K2C01 Li2SO.: Specific conductance 
(ohm'lcm'l) 

Mol percent 
I Li2SO. 1173 K 
I 

90 

I 
1.70 

60 1.08 
30 0.86 
10 i 0.94 

Composition-dependent equation 
K = 1.049 - 1.314 x 1O'2C + 2.265 X IO-4C2 

[C = Mol % Li2S0.J 
Specific conductance, calculated from equivalent conductance data 
(interpolated from Markov et al. (classical ac method) (1961) and 
density data equations (from Prisyazhnyi and Zvagol'skaya 
(Archimedean technique) [28]). 

TABLE 733. Density studies: K,CO, - Li,SO. 

Investigations critically examined 

I Ref. J Mol % Temp. range Comments 
LizSO. (K) 

1070-1170 Au bob; Pt thread; I~ 10-100 
dry CO2 atmosphere 

TABLE 734. K2CO, - Li2SO.: Density (g cm'l) 

11:K) 

1160 

940 
1020 
1100 
1220 

Mol percent LI2:SU. 

80 60 40 

2.064 

2.032 2.007 
1.999 1.974 1.954 
1.966 1.940 1.920 
1.917 1.889 1.869 

Temperature-dependent equations 
p = a + bT 

Mol percent 

20 

1.925 
1.869 

Li2SO. 
I 

a 
I 

-b X 103 

100 2.636 0.565 
SO 2.416 0.409 

60 2.405 0.423 
40 2.390 0.427 
20 2.442 0.470 

0 2.359 0.400 
"--' 

These values are based on the data of PrisyazhnYI and Zvagol'skaya 
(Archimedean technique); data in equation form; precisions not 
estimated [28]. The values calculated from the equations (above) for 
Li2SO. and K2CO, are in close agreement with the recommended data 
base, i.e., <0.7% [IJ. 

Phase diagram: see Figure 93 The system Li,CO,-K2SO. 
is shown in Figure 93 as a diagonal in the field of the 
reciprocal salt system K,Li/C03,S04 

Data from: L. F. Volkova, Izv. Fiz Khim., n.-i. in-ta pri 
Irkutskom gosuniv. 4, 115 (1959). 

J. Phys. Chern. Ref. Data, VOl. 12, No.3, 1983 

Melt Preparation and Purification 

For the method of melt preparation used by Markov et 
al. [196], see: K2C03-Li2S04• Prisyazhnyi and 
Zvagol'skaya 128] used reagent grade potassium sulfate 
recrystallized from distilled water. Lithium carbonate 
was prepared from lithium hydroxide and ammonium 
carbonate. The salt was then dried in a current of CO2 at 
600°C. All mixtures were prepared in a dry box under a 
CO2 atmosphere. 

TABLE 735. Electrical conductance studies: 
LiZC01 - K 2SO, 

Investigations critically examined 

I 
Mol %jTemp. range I 
K 2SO, (K) 
--- -

Ref. Comments 

196 

TABLE 736. Li2CO, K2SO.: Specific conductance 
(ohm-lem'l) 

Mol percent 
K2SO. 1173 K 

80 0.83 
60 0.84 
40 1.01 
20 1.53 
10 2.00 

Composition-dependent equation 
K 2.640 - 7.332 x 1O'2C + 9.919 x W""C 

4.470 X lO-6C 
IC = Mol % K2SO,] 

I 

The specific conductance values were calculated from equivalent 
conductance data interpolated from Markov et al. (classical ac method) 
[196), and density data equations from PrisyazhnYI and z,vagol'skaya 
(Archimedean technique) [28]. 

TABLE 737. Density studies: Li2CO, - K2S04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K2SO, (K) 

28 0-100 not cited see: K1C01-Li2SO, 
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T(K) 

870 ! 

1030 
1190 
1310 
1370 

100 
80 
60 
40 
20 

0 

Mol percent K2SO, 

80 60 40 

2.063 2.044 
1.998 1.978 1.944 
1.933 1.91 I 1.873 
1.885 1.861 1.819 
1.861 1.836 1.793 

Temperature-dependent equations 
p = a + bT 

2.614 
2.414 
2.405 
2.401 
2.301 
2.131 

20 

1.819 
1.770 
1.746 

0.552 
0.404 
0.415 
0.444 
0.405 
0.306 

These values are based on the data of Prisyazhnyi and Zvagol'skaya 
(Archimedean technique); data in equation fonn; precisions nol 

estimated [28]. The values for Li2COl and KzSO. in [28] are in do,,' 
agreement with those of the recommended data base, i.e., - 0.5% Ill. 

Melt Preparation and Purification 

Moiseev and Stepanov [148] prepared the melts from 
reagent grade materials. The lithium carbonate was 

heated in a CO2 atmosphere at 500-600°C for several 
hours and then stored in a desiccator. 

TABLE 739. Surface tension studies: Li2CO, - LiOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LiOH (K) 

148 0-30 1038 Pt capillary 

TABLE 740. Li2C03 LiOH: 
Surface tension (dyn cm-') 

I Mol pcn.;;cllt 

LiOH 1038 K 

30 223 
20 230 
10 237 
0 242 

Compogition-dependent equation 
'Y = 242.5 - 49.32 X lO-lC - 54.15 X IO-4C2 

[C = Mol % LiOH] 
Th .. ,,, values are based on the data of Moiseev and Stepanov (maximum 
huhhle pressure method); data in graphical form; precisions not 
estimated 1 148J. The values for Li1COl (0% LiOH) are in close 

. af(f""I","1 with the reference data base, - <0.5% [2]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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Nitrate/nitrite - Other 

TABLE 741. Data Status 
-,,- .. _-

System 

KNO,-KCIO. 
-K,Crp, 
-K,MoO. 
-KOH 
-K,WO. 
-LiClO. 
-NaClO. 
-Na,Cr,07 

LiNO,-AgClO, 
-KClO. 
-LiClO) 
-LiClO. 
-LiOH 
-NaClO, 

NH.N03-NH4H2PO 
NaN01-KC,H)O, 

-KC3H sO, 
-K2Cr207 
-KClO. 
-UClO. 
-NaClO) 
-NaCIO. 
-Na2MoO. 
-NaOH 
-Na2SO. 
-Na,WO. 

KN02-K,MoO. 
-K,WO. 

NaNO,-Na2MoO. 
- Na2W04 

o 
GOO 

Phase 
Diagram 

X 
X 
X 
X 

X 

X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

Electrical 
Conductance 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 

"" .. ; 
"'" " " ; 

o 
500 

(OC) 

o 
40C 

o 
30e 

KI'iO 
J 

".'" ;I 
". , 

" , " , , '" , 
" 

20 40 60 80 

Mol% KC104 

FIGURE 94. Phase diagram for KN03 - KCIO •. 

; 

The system KNO,-KCIO. is shown also as one side of the reciprocal 
salt system K,LiIN03,ClO. in Figure 98. Data from: 1. A. Brovkina, 
altd S. L Selivanova, Deposited document VINITI No. 2877-71 
rM()~c()w, 1971). 
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Density Viscosity Surface 
Tension 

X X 

X 
X 
X 

X X 
X X 
X 
X 
X X 
X X X 
X X 
X 
X X 
X X 

X 
X 

X 
X X 
X X 
X X X 
X 

X 
X 

X 
X 
X 
X 
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Melt Preparation and Purification 

Brovkina and Selivanova [198] and Farmakovskaya et 
al. [199] used "extra pure" -grade starting materials. The 
salts were recrystallized and dried under vacuum. 

TABLE 742. Electrical conductance studies: 
KN03 KClO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KClO. (K) 

199 0-50 610-877 

198 0-25 not cited Pyrex cell; Pt 
electrodes; calibration: 
molten KN03• 



PROPERTIES OF MOLTEN SALTS 769 

TABLE 743. KNO l - KCIO.: Specific conductance 
(ohm-1cm-') 

T(K.) 

620 
650 
700 
750 
800 
875 

50 
40 
30 
20 
15 
10 

5 
0 

Mol percent KCI04 

50 30 15 10 

0.61 
0.68 0.70 

0.79 0.83 0.85 
0.93 

1.07 
1.2' 

.. Composltion-dependent equatIons 
f( = a + bT 

0.927 
1.030 
1.114 
1.179 
1.203 
1.222 

1.234 
1.235 

5 

0.63 
0.72 
0.87 

2.49 
2.61 
2.72 
2.84 
2.90 
Z.\lb 

3.01 
3.05 

Theile valu"" are hAw nn th,. (I"t>l of 1'Irnv'kin" "n(l S ... )iv,,"ov~ 
(classical ac method); data in equation form; precisions not estimated 
[198]. The results for pure KNO l are -0.5-1 % higher than the 
recommended conductance data base for KNO l [10]. 

TABLE 744. Density studies: KNOl - KCIO. 

Ref. 

ZOO 

T{K) 

610 
630 
670 
680 
690 

Investigations critically e]!;ammed 

Mol % Temp. rangej Comments 
KCIO. (K) 

0-30 610-693 I l't ball 

Mol percent KClO. 

30 IS 

I 
1.868 
1.838 

1.838 
1.830 

Temperature-dependent equations 
p = a + bT 

2.334 

2.340 
2.273 
2.313 

5 

1.864 
1.851 
1.824 

0.73 

0.75 
0.67 
0.735 

I 

These values are based on the data of Brovkina, Selivanova and 
Farmakovskaya (Archimedean technique); data in equation form; 
precisions not estimated [200]. The densities for KN03 (0% KCIO.) are 
in essential agreement with the recommended density data base for 
KN03 [10]. 

TABLE 746. Viscosity studies: KNOl KCIO. 

Investigations critically enmined 

Ref. I Mol % ITemp. rangel Comments 
KCIO. (K) 

199 0-40 673 discussion article 

201 0-30 610-720 damped oscillations 
of a spherical 
pendulum 

TABLE 747. KNOl - KClO.: Viscosity (cp) 

Mol percent KClO. 
nK) 

630 
650 
690 
710 
720 

30 
15 
5 
o 

30 15 5 

2.63 
2.46 2.35 

2.04 2.00 1.92 
l.R6 un 
1.78 

Temperature-dependent equatIOns 
=A 

7.096 
7.263 
7.079 
7.088 

4607.3 
4549.2 
4526.6 
4515.6 

These values are based on the data of Farmakovskaya and Brovkina 
(damped oscillation); data in equation form; precisions not estimated 
1201]. The viscosity results for KNO) (0% KCIO.) and the 
recommended data base [10] are in very close agreement ( - ±O.S%). 

5370 

200~----~------~------~------~ o 25 50 
KN03 

Mol. % ~Cr207 
FIGURE 95. Phase diagram for KN03 - K2Cr20,. 

Data from: A. P. Palkin and I. M. Bokhovkin, Tr. Voronezhsk. Gos. 
Univ. 9(3), IO (1937). 
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Melt Preparation and Purification 

Iklyacv 1202J used C.P. grade materials. Both of the 
salts were recrystallized twice. 

TABLE 748. Electrical conductance studies: 
KNOl - K 2Cr20 7 

Investigations critically examined 

Rd. :Mol % Ttomp. rangto Comments 
KzCrP7 (K) 

202 0-100 623-748 Pyrex cell; Pt 
eleotrodes; frequency: 

500-1000 Hz; 
calibration: molten 
KNO; 

TABLE 749. KNO) - K2CrZ0 7: Specific conductance 
(ohm-Icm-I) 

Mol percent K1CrZ0 7 
T(K) 

i 85 70 55 40 25 

620 0.164 0.205 0.256 0.368 
680 0.227 0.274 0.332 0.395 0.519 
720 0.299 0.353 0.417 0.488 0.620 
740 o 3,~ 0394 04'19 0'1,4 01i70 

Temperature-dependent equations 
K a + bT + cT-

Mol % standard 
K1Cr1O; -a b It loJ c It 106 error of 

estimate 

100 1.1462 1.9999 0.00% 
95 1.8028 3.7729 -1.2053 0.39% 
90 -0.5801 -2.8404 3.3776 1.20% 
85 0.9966 1.7999 0.00% 
l$U U.ZUM -U.4lS7U 1.6lSU9 U.12% 

75 1.0066 1.8600 0.47% 
70 0.4370 0.1808 1.2724 0.31% 
65 1.0663 2.0000 0.00% 
60 1.1342 2.1326 0.38% 
55 1.1085 2.1189 0.56% 
50 1.2753 2.4057 0.54% 
45 1.2556 2.4000 0.00% 
40 1.1824 2.3200 0.40% 
35 1.1946 2.3829 0.43% 
30 1.2313 2.5371 0.46% 
25 1.1906 2.5143 0.72% 
20 6.2312 17.5686 -11.0615 6.35% 
15 0.2633 -0.1390 2.1265 0.41% 
10 0.6794 1.1839 1.1985 0.40% 
0 3.2255 8.4485 -3.8200 0.67% 

These values are based on the data of Belyaev (classical ac method) 
12021. In 12021. Table 4, the compositions are incorrectly labelled; the 
compositions should be given as Mol % KZCrZ0 7. The results for pure 
KNO) and K1Crp7 in [202] are ~10% and ~6% lower, respectively, 
than the recommended conductance data bases for these two salts 
11.101· 

,J. "hyn. Chern. Ref. Data, Vol. 12, No.3, 1983 

40 60 

FIGURE 96. Phase diagram for KN03 - K2Mo04• 

D,,1.i:I from: O. K. Shurdumov and T. N. Khokonova, Russ. J. Inorg. 
Chem., 15(3), 429 (1970). 

Melt Preparation and Purification 

Khokhonova ct al. [203J prepared the potassium nitrute 
from analytical grade K2C03 and C.P. grade HN03• The 
salt was recrystallized twice from disti1led water. The 
potassium molybdate was prepared by fusing together 
analytical grade K2C03 and C.P. grade molybdenum 
oxide. 

TABLE 750. Density studies: KNO, - K2Mo04 

Investigations critically ell:amined 

Ref. Mol % Temp. range Comments 
K2MoO (K) 

203 0-20 623-1023 Au bob suspended 
with Pt wire. 
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T(K) 

620 
680 
770 
830 
860 
920 
950 

20 

16 
12 

8 
4 

2 
0 

Mol percent KzMoO. 

20 16 8 

I 
! 

! 

1.926 
1.959 1.853 

1.964 1.923 1.808 
1.940 1.903 1.786 
1.894 1.861 1.745 
1.872 1.838 

Temperature-dependent equations 
p = a + bT + c1' 

2.9596 1.':;788 

2.0556 -0.3193 

2.4800 0.7470 
2.6730 1.3554 
2.3437 0.70-11 

2.3064 0.6899 
1.3424 -2.0389 

4 

1.907 
1.865 
1.80] 

1.759 
1.738 

0.4J7 

-0.577 

0.377 

-1.985 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [203). The results for pure KNO~ in [203) are virtually in 
close accord (- <0.5%) with the recommended density data base for 
KN01 [10). . 

KN03 - KOH 

KN03 -KOH 

100 

50 

M04 % KOH 

FIGURE 97. Phase diagram for KNOJ - KOH. 

100 

KOH 

Data from: N. A. Reshetnikov and N. 1. Vi1utis. Zhur. Neorll. Khim .. 3. 
177 (1958). 

Melt Preparation and Purification 

Very little information on melt preparation and 
purifaction by Kruglov and Kochergin [204]; KN03 (m. 
pt. 333°C) was recrystallized and dried before use; KOH 
(m. pt. 4OZOC) was dehydrated from the fluid (molten) 
state. The concentration of the carbonate ill tItt:: KOH 
was less than 0.2-0.3%. 

TABLE 752. Density studies: KN01 KOH 

Investigations critically examined 

Ref. .Mol % I Temp. range Comments 
KOH (K) 

204 0-100 513-823 Archimedean technique; 
Pt sphere; COz-free 
and moistnrp_fre:p. 

air atmosphere 

TABLE 753. KN03-KOH Density (g em- J ) 

Mol percent KOH 
T(K) 

i 90 66.5 50 31 10 

520 1.700 1.718 1.802 
6\0 1.725 1.697 1.756 1.840 
700 1.700 1.680 1.676 1.710 1.783 
760 1.666 1.6'0 1.662 1.679 1.74' 

Temperature-dependent equations 
p a + bT 

--

Mol% 

I I I Trange (K) KOH a -b x 10l 

100 2.009 0.432 683-823 
<)1) 2.088 0.555 683-773 
75 2.053 0.525 563-773 
61>.5 2.031 0.501 513-773 
55 2.075 0.580 513-773 
50 1.838 0.231 513-773 
45 2.047 0.520 513-773 
.) I 2.067 0.510 513-773 
2(; 1.999 0.309 563-773 
}() 2.228 0.636 593-773 
II 2.134 0.703 623-773 

Thc~c value, arc based on the data of Kruglov, Kochergin and 
I'oluyanova (Arctlimcclean technique); data in equation torm; preCISIons 
not estimated 12041. For KOH the results are in excellent agreement 
with the rn:<HlImendcd data base [1], whereas for KNO), the results are 
uniformly l<lwcr than the recommended data base (- 10%) 110). 

Melt Preparation and Purification 

For the method of melt preparation and purification 
used by Khokhonova et al. [203], see: KNOl-K2Mo04• 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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IlIvc~tigations critically examined 

I 
Ref. \101 % Temp. range Comments 

K,WO. (K) 

203 0-20 623-973 see: KN03-K2MoO. 

Mol percent K2 WO. 

620 1.88:5 1.984 

740 1.808 1.907 2.016 
770 1.788 1.888 1.998 2.167 
830 1.747 1.853 1.962 2.129 2.250 
860 1.727 1.836 1.943 2.110 2.232 
920 1.907 2.075 2.195 
950 2.058 2.177 

Temperature-dependent equations 
. p = a + bT + cr 

20 2.7554 0.6087 
18 2.8767 1.0353 0.250 
16 2.7988 0.9965 0.228 
14 2.2130 -0.2206 -0.463 
12 2.6189 0.8320 0.131 
10 2.4629 0.6040 
~ L.JL34 O.3~L3 -0.142 

6 2.4865 0.9461 0.220 
4 2.3157 0.6251 
2 2.2315 0.4869 -0.116 
0 2.2516 0.6625 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [203J. For pure KNO, (0% K2WO.) the results in [203J 
are -0.5% lower than the recommended density data base for KNO, 
1101· 

.1. I'llyr •. eh",Tl. Ref. Data, Vol. 12, No.3, 1983 

KNOa - LiCI04 

FIGURE 98. Phase diagram for KN03 - LiCIO •. 

Data from: I. A. Brovkina, and S. I. Selivanova, Deposited Document 
VINITINo 2877-71 (Moscow, 1971). The KNOr LiCI0. system is 
shown as a diagonal in the field of the quaternary reciprocal salt 
System: KNO" LiNO,. KCIO". LiCIO •. 

Melt Preparation and Purification 

Farmakovskaya et al. [199, 205] used extra pure grade 
starting materials. The salts were recrystallized and dried 
under vacuum. 

TABLE 756. Electrical conductance studies: 
KN03 LiCI0. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LiCIO. (K) 

205, 0-100 500-700 Pyrex cell; Pt 
199, electrodes; calibration: 
197 molten KNO l 
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TABLE 757. KN03 - UCIO.: Specific conductance 
(ohm-Icm-I) 

T(K) 

500 
580 
660 
680 
700 

100 

Mol percent LiCI04 

84 70 50 30 

0.480 
0.762 0.571 
1.076 0.837 0.629 
1.159 0.903 0.763 0.683 

0.824 0.736 

Temperature-dependent equations 
f{ = a + bT + cT' 

1.6447 4.5356 

15 

0.471 
0.690 
0.745 

84 0.5834 0.9153 2.4227 
70 1.3563 3.3226 
50 1.3081 3.0452 
30 1.1503 2.6953 
15 1.1 170 2.7375 
0 1.1833 3.0069 

These values are based on the data ot llrovkina, j-<'armakovskaya and 
Khokhlov (classical ac method); data in equation form; precisions not 
estimated [205]. For pure KNO) and LiClO., the results in [205] are 
-3% higher, and -1% lower, respectively, than the recommended 
conductwu.;c d"", 0" • .,. CUI KN03 (10] "ud LiCIO. [8J. 

TABLE 758. Density studies: KNO) - UCIO. 

Investigations critically examined 

i· Ref. Mol % Temp. range Comments 
UCIO. (K) 

205 0--100 473-713 Pt ball 

TABLE 759. KNO) - UCI04: Density (g cm-l ) 

T(K) 

480 
580 
660 
680 
700 

Mol percent LiCIO. 

84 70 50 30 

2.038 
1.971 1.947 
1.918 1.894 1.839 
1.904 1.881 1.864 1.824 

1.848 1.809 
- -----_.-

Temperature-dependent equations 
p = a + bT 

15 

1.885 
1.825 
1.810 

Mol percent 

I I 
UCIO. a -b x 103 

100 2.3185 0.5772 
84 2.3581 0.6673 
70 2.3283 0.6574 
50 2.4075 0.7998 
30 2.3339 0.7503 
15 2.3199 

I 

0.7501 
0 2.3089 0.7295 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
not estimated 12051. j-<'or pure KN03 and LiCIO., the results in [205] are 
vir1uaIJy in exact accord (Le., <0.1%) with the recommended density 
data bases for KNO) [10], and UCIO. [lJ. 

TABLE 760. Viscosity studies: KNO) - LiCIO. 

Investigations critically examined 

Ref. Mol% Temp. range Comments 
UCIO. (K) 

205, 0-100 500-720 spherical PI bob 
199 
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I 

TABLE 761. KNO, LiClO.: Viscosity (cp) 

T(K) 

500 
580 
660 
680 
700 
720 

Mol percent LiCIO~ 

84 70 50 30 

10.50 I 

I 

100 
84 
70 
50 
30 
15 
0 

5.37 4.74 
3.23 2.89 2.66 
2.90 2.60 2.51 2.39 
2.62 2.36 2.27 2.17 

2.06 

Temperature-dependent equations 
p = A exp [E/RT] 

9.436 
8.119 
8.096 
7.456 
7.664 
7.643 
7.088 

4666 
4831 
4690 
4750 
4650 
4570 
4516 

15 

2.25 
2.04 
1.86 

These values are based on the data of Brovkina, Farmakovskaya and 
Khukhluv (oscillatiun .. l mc::thml); daUt in "'4uatiun fUrIn; /-"",ci.iuu. Ilut 

estimated [205]. The results for pure LiCIO. in [205] (above) have been 
advanced elsewhere in this series as the recommended viscosity data 
base for LiCIO. [8]. For KNO,• the results in [205] agree with the 
reoommended viooooity data bnoe for KNO, to within 0.5% [10]. 

Melt Preparation and Purification 

Brovkina et a1. [205] used extra pure grade materials. 
The salts were recrystallized and dried under vacuum. 

TABLE 762. Electrical conductance studies: 
KNO, - NaClO. 

Investigations critically examined 

I Ref. I Mol % Temp. range Comments 
NaCIO. (K) 

! 205 
i 

10-64 600-720 see: KNO,-LiClO4 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 763. KNO, - NaCIO.; Specific conductance 
(ohm·lcm- I ) 

Mol percent NaClO4 

T(K) 

i I I I 
64 55 30 14 

600 I 0.592 
630 0.632 0.678 
650 0.685 0.735 
670 0.860 0.814 0.739 0.793 
690 0.921 0.874 0.792 0.850 

700 0.952 0.904 
710 0.982 0.934 

Temperature-dependent equations 
K a + bT 

64 1.1775 3.0415 
55 1.1901 2.9917 
30 1.0550 2.6772 
14 1.1304 2.8703 
0 1.1833 3.0069 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (classical ac method); data in equation fonn; J'!recision~ not 
estimated [205]. The results for pure KNOJ (0% NaCIO.) in [205] are 
- 3% higher than the recommended conductance data for KNO, [10]. 

TADLO 764. Density studies. KNO, NaC10. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaCIO. (K) 

205 0-64 593-713 see: KNOJ-LiC1O. 

TABLE 765. KNOJ NaCIO., Density (g cm-') 

Mol percent Nl'.CIO. 
T(K) 

64 50 30 14 

590 1.902 
630 1.902 1.872 I 670 1.935 1.910 1.870 1.842 
690 1.918 1.893 1.854 1.827 I 
700 1.909 1.885 

I 
710 1.901 1.877 

Temperature-dependent equations 
p a + bT 

Mol percent 

I I 
NaCIO. a -b x 103 

64 2.5045 0.8501 
50 2.4589 I 0.8198 
30 2.4060 

i 

0.8005 
14 2.3448 0.7503 
0 2.3089 0.7295 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
not estimated [205]. For pure KNOJ (0% NaCIO.) the density equation 
[205] and the recommended density data base 1101 are virtually in exact 
agreement. 
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TABLE 766. Viscosity studies: KNO, NaCIO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaCIO. (K) 

205, 0-64 600-720 see: KNO,-LiCIO. 
201 

TABLE 767. KNO, - NaCIO.: Viscosity (cp) 

1{K) 

600 
640 
680 
700 
710 

Mol percent N"CIO. 

64 50 30 

2.72 
2.47 2.33 2.20 
2.24 2.11 2.00 
2.13 2.02 1.91 

Temperature-dependent equations 
'IJ = A exp [E/RT] 

14 

3.24 
2.56 
2.08 
1.89 

Mol percent 

I I NaCIO. A x IOZ E 

64 7.918 4648 
:;0 1.6tO 4614 
30 7.574 4553 
14 7.391 4507 
0 7.088 4516 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (oscillational method); data in equation form; precisions not 
estimated [205]. The results in [205] for KN03 are in close agreement 
with the recommended data base set «0.5%) [10). 

Melt Preparation and Purification 

Markov and Prisyazhnyi [206] recrystallized reagent 
grade salts twil,;t: fWIIl UiiStillt:u watt:L 

TABLE 768. Density studies: KNO, Na1CrP7 

Investigations critically examined 

Ref. I Mol% Temp. range Comments 
Na1CrZO, (K) 

206 

I 
0-100 693 quartz sphere 

filled withMo 

Mol percent 
Na1CrZO, 693K 

100 2.39 
90 2.34 
70 2.22 
50 2.10 
30 1.98 
10 U7 
0 1.81 

Composition-dependent equation 
p 1.8094 + 0.5853 x 1O-2C 

[C ... Mol % Na1Crp,] 
These values are based on the data of Markov and Prisyazhnyi 
(Archimedean technique); data in graphical form; precisions not 
estimated [206]. The value for 100% Na1Crp, (above) has been 
advanced elsewhere in this series as the sole density reference point for 
NazCrO, [8]. For KNO

" 
the above density result is virtually in exact 

accord with the recommended data set [10]. 

LlN03 - AgCIOa 

Melt Preparation and Purification 

Goodwin and Mailey [207, 208] used reagent grade 
salts. No other information was given. 

Ref. 

207, 
208 

TABLE 770. RI""tri ...... 1 "ontl\l"t~n('.e studies, 
LiNO, - AgCIO, 

Investigations critically examined 

Mol % Temp. range Comments 
AgClO1 (K) 

50 484-513 quartz cell; 
Pt electrodes; 
calibration: IN H2SO4 

TABLE 771. LiNO] AgCIO,: Specific conductance 
(ohm-1cm-l ) 

Mol percent AgCIO l 
1{K) 

50 

480 0.386 
490 0.423 
500 0.461 
510 0.498 

Tempcrature-dependent equation 
f( = -1.4177 + 0.3757 x lO-lT 

Standard error of estimate = 2.24% 
These values are based on the data of Goodwin and Mailey (classical ac 
method) 1207]. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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Ref. 

207, 
208 

TABLE 772. Density studies: LiNO, - AgCI03 

Investigations critically examined 

Mol % Temp. range Comments 
AgCIO, (K) 

SO 483-523 fused quartz sinker 
or Pt sinker 

TABLE 773. LiNO, - AgCIO,: Density (g cm-') 

I 
Mol percent AgCIO, 

T(K) 
50 

480 2.971 
500 2.950 
520 2.928 

Temperature-dependent equation 
p = 3.4849 - 0.10703 x 1O-2T 

Standard error of estimate = 0.01 % 
These values are based on the data of Goodwin and Mailey 
(Archimedean technique) [2071. 

LiN03 - KCIOc 

Phase diagram: see: Fig. 98 The system LiN03-KCI04 is 
shown as a diagonal in the field of the quaternary 
reciprocal salt system: KN03• LiN03• KC104• LiCI04• 

Melt Preparation and Purification 

Brovkina et aI. [205] used extra pure grade materials. 
The saIts were recrystallized and dried under vacuum. 

TABLE 774. Electrical conductance studies: 
LiNO, - KClO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KClO. (K) 

2115, O-:W 50lS-693 see: KN03-LiCI04 

197 I 
J. PhY5. Chem. Ref. Data. Vol. 12. NO.3. 1983 

I 

TABLE 775. LiNO, - KCIO.: Specific conductance 
(ohm-lcm- I) 

I 
T(K) 

) 

520 
54() 
580 
660 
680 

Mol % 
KCIO. 

50 
4() 

25 
14 
5 
0 

Mol percent KCI04 

50 
I 

40 I 25 I 14 

0.580 
0.661 

0.679 0.831 
0.693 0.799 1.000 1.200 
0.753 0.867 1.080 1.298 

Temperature-dependent equations 
K = a + bT + cl' 

I -a I b x 10' I 
1.3028 3.0235 
1.4711 3.4391 
1.6484 4.0124 
0.6523 0.7526 
2.0320 5.2541 
1.0902 1.9855 

I 

I 5 

0.805 
1.015 
1.436 
1.541 

ex 106 

3.1113 

3.1530 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (classical ac method); data in equation form; precisions not 
estimated [205J. For LiNO, (0% KCIO.) the results in [205J are -2% 
higher than the recommended conductance data base for LiND) [IJ. 

TABLE 776. Density studies: LiNO, - KCIO. 

Investigations critically examined 

! Mol % !Temp. range! 
KCIO. (K) 

Ref. Comments 

205 I 0--45 I 508-693 I see: KNO)-LiCIO. 

TABLE 777. LiN03 - KCIO.: Density (g cm-') 

TtK) 

520 
54() 
580 
660 
680 

Mol percent KCI04 

45 25 14 

1.835 
1.824 

1.837 1.802 
1.849 1.786 1.756 
1.835 1.773 1.745 

Temperature-dependent equations 
p = a + bT 

Mol percent 

5 

1.806 
1.781 
1.730 
1.718 

KCIO. a -b x 10' 

45 2.3113 0.7002 
25 2.2076 0.6384 
14 2.1287 0.5641 
5 2.1467 0.6308 
0 1.9892 0.4137 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
not estimated [20S]. For pure LiNO, (i.e., 0% KCIO.) the r""nlt., in 
[205] are about 0.4% higher than the recommended density data base 

[ll· 
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TABLE 778. Viscosity studies: UNO, - KCIO. 

Investigations critically p.xamined 

Ref. I Mol % !Temp. rangel Comments 
KCIO. (K) 

205 I 0-60 I 520-700 I see: KN03-LiCIO. 

TABLE 779. LiNO l - KCIO.: Viscosity (cp) 

Mol percent KCIO, 
1TK) 

60 45 25 

520 
560 4.97 
600 3.99 3.77 
660 2.85 2.78 2.65 
680 2.56 2.50 2.39 
700 2.32 2.26 2.17 

Temperature-<iependent equations 
7j A exp (E/R1] 

Mol percent 

KCIO. A X IIY 

60 7.318 
45 7.425 
25 7.949 
14 8.076 
0 8.070 

I 14 

I 
6.54 

I 4.78 
3.64 
2.58 
2.33 

E 

4805 
4750 
4601 
4541 
4508 

These values are based on the data of tlrovkma. t'armakovskaya and 
Khokhlov (Archirnedean technique); data in equation form; precisions 
root estimated [205). In a re-investigation of LiNOl , Janz, Lurie and 
Gardner (capillary technique) [241), have'shown that the recommended 
vi.cosity data. baa", advanced eLsewhere in this .erie. [I J. should be 

superseded by: 7j = 70.567 - 20,188 x 1O-2T + 14.976 x lO-6r (for 540-
650 K; accuracy limits, ~±2%), The results for UNO, in [205J above 
are in close agreement with this recommendation (~ 4% higher). 

Melt Preparation and Purification 

Campbell ct aI. [209, 210, 211, 212] prepared lithium 
chlorate from equimolar proportions of barium chlorate 
and lithium sulfate. The precipitated barium sulfate was 
filtered off and the clear solution titrated alternately with 
solutions of lithium sulfate and of barium chlorate until 
all excess over stoichiometric proportions was removed. 
The solution was then concentrated by vacuum 
di:5tillation at about (lO·C. Whell the ~ululiun had attained 
a concentration of about 90% lithium chlorate, it was 
cooled in an ice bath, and crystals separated out. The 
crystals were dried over H2S04 from 2-3 weeks. Final 
drying of the saIt was performed under vacuum. Because 
of the hydroscopic nature of lithium chlorate, all 
measurements were conducted in a moisture-free 
atmosphere. The lithium nitrate (reagent grade) was 
further dried before use. 

TABLE 780. Electrical conductance studies: 
UNO, - UCIO, 

Investigations critically e~mined 

Ref. Mol % Temp. range Comments 

209 

UCIOl (K) 

70-100 404-446 Pyrex cel!; Pt 
electrodes; frequency 
range: 500-10,000 Hz; 
calibration: aq. KCl 

TABLE 781. LlNO; - L1Cl03: :specific conductance 
(ohm-tem- I) 

I Mol percent LiCI01 

TtK) I 
84.4 

I 
81.9 I 79.4 

I 
74.5 I 70 

400 
410 
420 
440 

Mol % 
UCIO; 

100 
84.4 
81.9 
79.4 
74.5 
70 

0.105 0.105 
0.134 0.132 0.134 0.135 
0.163 0.160 0.163 0.165 
0.211 0.219 0.221 0.227 

Temperature-<iependent equations 
K = a + bT+ cr 

-a bx 10' ex 106 

0.9547 2.6391 
1.0572 2.9045 

-0.0646 -2.3967 6.2463 
1.0558 2.9022 
0.0995 -1.7479 5,6589 
1.3111 3.5074 

0.162 
0.232 

standard 
error of 
estimate 

1.12% 
0.82% 
0.35% 
0.80% 
0.73% 
1.67% 

These values are based on the data of Campbell and Williams (classical 
ac method) /209]. The results for UCIO) (above) have heen advanced 
elsewhere in this series [11 as the recommended conductance data base. 

I Ref. 

1210 

TABLE 782. Density studies: UNO; - LiCIO, 

Investigations critically examined 

\ 

Mol % I Temp. range 
LiCIO; I (K) 

170-100 I 408-435 

I 

Comments 

Pyrex dilatometer; 
calibration: Hg 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 
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-
1,\111.1' 70.\. LiNO, LiCIO,: Density (g em·;) 

T(K) 

410 
420 
430 

440 

100 
89.2 
82.9 
77.3 
70.8 

Mol percent LiCIO l 

89.2 82.9 77.3 

2.078 2.070 2.061 
2.070 2.062 2.053 
2.062 2.054 2.045 
2.055 

Temperature-dependent equations 
p = a + bT 

2.4461 0.8828 
2.3922 0.7671 
2.3990 0.8018 
2.3745 0.7657 
2.3553 0.7379 

70.8 

2.053 
2.045 
2.038 

0.01% 
0.00% 
0.01% 
0.01% 
0.00% 

The.e values are based on the data of Campbell nnd Nagarajl11l 

(dilatometric method) 1210]. The results for LiCIO, (above) are in 
virtual agreement (-0.05%) with the recommended density data base 
for LiCIO)!!]. 

TABLE 784. Viscosity studies; LiNO l - LiCIO, 

Investigations critically cAa,mlueu 

Ref. Mol % Temp. range Comments 
LiCIO, (K) 

211 70-100 400-450 Pyrex Ostwald 
viscometer; 
calibration: Hp; 

. estimated accuracy. + I % 

TABLE 785. LiNO l - LiCIO): Viscosity (cp) 

Mol percent LiCIO, 
T(K) 

I 97 91.8 86,9 79.4 74 

400 0.43 0.52 0.56 

I 
0.60 0.63 

420 0.26 0.31 0.34 0.36 0.38 
440 0.17 0.20 0.22 

i 
0.23 0.24 

450 0.14 0.16 0.17 0.19 0.19 

Temperature-dependent equations 
7) A exp [E/Rl1 

Mol percent 

I I LiCIO, A x 104 E 

100 0.1982 7812 
')7 0.1811 8004 
91.8 0.1201 8482 
86,9 0.1444 8402 

I 

79.4 0.1848 8254 
74 0.1620 8399 

These values are based on the data of Campbell and Nagarajan 
(capillary technique); data in equation form; precisions not estimated 
[211]. For LiCIO), the results (above) are in close accord (- ± 2 %) 
with the recommended viscosity data base [I]. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 786. Surface tension studies: LiN01 - LiCI03 

Ref. 

212 

T(K) 

400 
410 
430 
440 

96.8 
92.5 
82.8 

78.7 

Investigations critically examined 

Mol % Temp. range Comments 
LiCIO, (K) 

79-100 403-441 glass capillary; 
calibration: Hp 

TADLI: 787. LiN01 - LiCIO" 
Surface tension (dyn em-I) 

Mol percent LiCIO, 

96.8 92.5 82.8 

88.59 89.70 91.68 
87.65 88.58 90.80 

Temperature-dependent equations 
'Y = a + bT 

107.76 
112.70 
109.66 
117.06 

46.76 
56.09 
43.86 
60.54 

i 
78.7 

92.84 
92.24 
91.03 
90,42 

0.17% 
0.11% 
0.11% 
0.10% 

i 

These values are based on the data of Campbell and Williams (capillary 
rise technique) [212]. 

Pha~e diagram: See: Fig. 98 

The LiN03-LiCI04 system is shown as one side of the 
quaternary reciprocal salt system: KN03• LiN03, KCl04• 

LiCl04• Inspection shows it to be a continuous series of 
solid solutions with a minimum at -165°C and -40 mol 
% LiN03• 

Melt Preparation and Purification 

Brovkina ct al. [213, 199J used reagent gl'auc :>all:>. Tht: 
salts were held at 300·C for 8-10 hours under a pressure 
of 0.1-0.2 mm Hg. Powdered titanium iodide was added 
to the sample of the molten dehydrated salt to check for 
complete water removal. Petersen et al. [214] recrystal
lized reagent grade Li~03 and partially dried it in an air 
oven. The drying was completed by slowly heating 
through the melting point under a vacuum of about 10 
microns. 
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I 
I 
I 
I 

TABLE 788. Electrical conductance studies: 
LiNO) - LiCI04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LiCIO, (K) 

213 0-100 473-653 Pyrex cell; Pt 
electrodes; calibration: 
molten KNO) 

199 0-100 673 isotherms from [213]. 

TABLE 789. LiNO) - LiCIO,: Specific conductance 
(ohm,lcm-l) 

T(K) 

480 
500 
520 
580 
640 

Mol % 
LiCIO. 

100 
95 
90 
85 
80 
75 
70 
60 
S5 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

Mol percent LiClO. 

90 75 45 30 

0.488 
0.590 0.583 0.593 

0.709 0.682 0.677 0.692 
0.974 0.958 0.961 0.991 
1.238 1.233 1.245 1.290 

Temperature-dependent equations 
" =a+bT 

-a b x 10) I 
1.5991 4.4553 
1.6044 4.4643 
1.5846 4.4107 
1.6200 4.4553 
1.6189 4.4523 
1.7080 4.5958 
1.6646 4.5250 
1.7447 4.6394 
1.6915 4.5485 
1.7331 4.6242 
1.7815 4.7288 
U033 4.7708 
1.8106 4.7875 
1.8971 4.9792 
1.9725 5.1219 
2.0929 ~.3;j41 

2.0191 5.2737 
2.0497 5.3571 

I 2.0744 5.4553 
2.1827 5.7053 

15 

0.723 

11.040 
1.356 

standard 
error of 
estimate 

0.14% 
0.18% 
0.15% 
0.14% 
0.13% 
0.16% 
0.19% 
0.17% 
0.18% 
0.21% 
0.19% 
0.20% 
0.15% 
0.23% 
0.17% 
0.14% 
0.19% 
0.14% 
0.13% 
0.12% 

i 

These values are based on the data of Brovkina (classical ac method) 
[213]. For the end members, the results are -1.5% and - 8% lower, 
respectively. than the values from the recommended conductance data 
bases for LiCIO, [8] and LiNO) [I]. 

TABLE 790. Density studies: LiNO) LiCIO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LiCIO, (K) 

214 0-100 471-693 Pt bicone suspended on 
a Pt wire; correction 
for thermal expansion; 
fused silica tube; 
calibration: molt .. n 

KNO) 

200 0-100 444-673 Pt ball 

TABLE 791. LiNO, - LiCIO.: Density (g em')) 

Mol percent LiCIO, 
T(K) 

I 

480 
500 
520 
600 
620 

100 
75 
46.5 
25 

0 

75 
i 

46.5 25 
, 

1.958 
1.991 1.945 
1.979 1.933 1.863 
1.928 1.882 1.81~ 

1.870 1.802 

Temperature-dependent equations 
p = a ... bT 

2.3371 0.6119 
2.3058 0.6291 
2.2598 0.6290 
2.1807 0.6101 
2.0739 0.5561 

I 

These values are based on the data of Petersen, Ewing and Smith 
(Archimedean technique); data in equation form; precisions not 
estimated [214]. The results for LiCIO, (above) have been advanced 
elsewhere in this series [I] as the recommended density data bases. For 
LiNO). the results are in very close agreement with the recommended 
density data base [I]. 

TABLE 792. Viscosity studies: LiNO, LiClO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
LiCIO, (K) 

199 0-100 673 isotherms, 
discussion article 

201 0-100 470-700 see: KNO)-KCIO. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 793. LiNO) LiClO.: Viscosity (cp) 

Mol percent LiClO. 
T(K) 

90 10 

470 11.89 I 

490 10.19 9.70 I 

510 8.90 8.43 8.05 7.51 ! 
qO 74R 70Sl, (;77 (; ,1 
550 6.37 6,02 5.76 5.38 5.10 
630 3,71 3.48 3.36 3.13 3,00 
690 2.69 2.51 2,43 2,27 2.19 
700 2.16 2,09 

Temperature-dependent equations 
7) A exp [EIRTJ 

100 9.438 4665.1 
'.IU '.I.U()~ 4647:1 
70 8.138 4702.8 
55 8.188 4649.4 
30 7.617 4652.4 
10 7.891 4':;':;':; • .5 

0 8.072 4507.8 

These values are based on the data of Farmakovskaya and Brovkina 
(damped oscillation); data in equation form; precisions not estimated 
[201). The results for LiCIO. (above) have been advanced elsewhere in 
this series [8] as the. recommended viscosity data base for the salt. A 
comparison of the results for LiN03 with the recommended viscosity 
data base as given following Table 779. 

LiN03 - LiOH 

LiOH- liN a! 
600' 

500" 

200°r-------~::::o:::::::::::::.-__ -1 

20 40 60 80 
LiQH 

Mol. % LiNO! 

l'Il;lIIU' 99. Phase diagram for LiN03 - LiOH. 

1)"tll from: G. G. Drogenov, Dok!. Akad. Nauk SSSR, 78, 699 (1951); 
'hid If~, 1()~ (1<)53) 

.r, ""'fit, Ghvl'n. n(~f. Data, Vol. 12, No.3, 1993 

Melt Preparation and Purification 

Very little information reported for melt preparation 
and purification by Kruglov and Kochergin [204, 234]; 
LiN03 (m. pt. 254°C) was recrystallized and dried before 
use; LiOH (m. pt. 472°C) was dehydrated from the fluid 
(molten) state. The concentration of the LiOH was less 
than 0.2-0.3%. Campbell and Williams [209] further d,ried 
reagent grade lithium nitrate before use. All mixtures 
were made up in a drybox. 

TABLE 794. Electrical conductance studies: 
LiN03 - LiOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

209 

LiOH (K) 

7.6 405-451 see: LiN03-LiCIO, 

TABLE 795. LiN03 LiOH: Specific conductance 
(ohm-1cm- l ) 

Mol peroent LiOH 

T(K) 
7.6 

410 
i 
I 0.116 

420 

I 

0.138 

430 0.162 

440 0.188 

Temperature-dependent equation 
K 0.4421 3.7749 x 10-3T + 7.2653 x 1O-6p 

Standard error of estimate 0.97% 

I 

J 

These values are based on the data of Campbell and Williams (classical 
ac method) [209]. 

Ref. 

209 

! 204 

1 

TABLE 796. Density studies: LiNO, - LiOH 

lnvc:.tigationa c:ritionlly examined 

Mol % Temp. rangel Comments 
LiOH (K) 

0--7.6 405-451 see: LiN03-LiCI03 

0--100 483-823 Archimedean technique; 
Pt sphere; CO2-free 

' I 
and moisture-free 
air atmosphere 

TABLE 797, LlNO) LIOH: Density (g "rrc') 

Mol percent LiOH 

410 2.037 

420 2.029 

430 2.021 
440 2.013 

Temperature-dependent equatlon 
p = 2.3681 - 0.8065 x IO-J T 

Standard error of estimate = 0.01 % 

I 
i 

These values are based on the data of Campbell and Williams 
(dilatometric method) [209]. 
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TABLE 798. Additional LiNO) - UOH Compositions: 

T(K) 

I 

480 
510 
630 
690 

Mo)% 

LiOH 

100 
90 
80 
73 
65 
53 
45 
43 
40.5 
30 
20 
0 

Density (g cm-J
) 

Mol percent LiOH 

73 43 
I 

40.5 

1.694 1.687 
1.678 1.675 

1.427 1.616 1.629 
1.405 1.585 1.606 

Temperature-dependent equations 
p = a + bT 

I 
20 

1.750 
1.685 
1.652 

I a I -b x 103 I Trange (K) 

1.718 0.457 748-823 
1.524 0.151 693-723 
1.691 0.310 653-693 
1.662 0.373 613-693 
1.878 0.504 573-693 
1.919 0.515 523-693 
1.929 0.495 483-693 
1.943 0.519 483-693 
1.870 0.382 483-693 
1.993 0.521 483-693 
2.026 0.542 503-693 
2.028 0.521 533-693 

These values are based on the data of Kruglov, Kochergin, and 
Poluyanova (Archimedean technique); data in equation form; preCISIOns 
not estimated [204]. Comparisons of the results (above) for LiNO) with 
the values reported earlier in this series, show that the densities are in 
close agreement (-1%) with the recommended data base [1]; densities 
for UOH have not been reported previous to [204]. 

Li Ct04 NaCI04 
248 0 ,...."!""-"""!~-.... .,....,...-~~-'"I"'""'I"--. 4710 

FIGURE 100. Phase diagram for LiNO, NaCIO,. 

Data from: 1. A. Brovk.ina, S. 1. Selivanova and A. A. Farmakovskaya, 
deposited document VINITI No. 2723-71 (Moscow, 1971). 

The LiNO)-NaCIO, system is shown as a diagonal in the field of the 
quaternary reciprocal salt system: UNO), NaNO), UCIO" NaC10,. 
Inspection shows the binary to be a continuous series of solid solutions. 

Melt Preparation and Purification 

Brovkina et al. [205] used extra pure grade materials. 
The salts were recrystallized and dried under vacuum. 

TABLE 799. Electrical conductance studies: 
LiNO) - NaClO, 

Investiflations critically examin"cl 

Ref. Mol % Temp. range Comments 
NaCI04 (K) 

205, 0--70 500--700 see: KNG3-LiCIO, 
215 

TABLE 800. LiNG, - NaCtO,: Specific conductance 
(ohm-Icm-I) 

Mol percent NaCtO. 
1{K) 

500 
520 
540 
620 
680 

70 

50 
33 
20 
10 
0 

70 50 33 20 

0.495 0.546 
0.572 0.632 

0.571 0.653 0.721 
0.858 0.892 1.008 1.106 
1.100 1.157 1.306 1.426 

Temperature-rlependent equations 
k: = a + bT + c'P 

1.6493 4.0434 
0.6141 0.6123 
0.4328 -0.0974 
0.6408 0.5257 
1.0125 1.8337 
1.0908 1.9855 

10 

0.711 
0.808 
1.219 
1.551 

2.9297 
3.9043 
3.6967 
2.8470 
3.1530 

These values are based on the data of Brovk.ina, Farmakovskaya and 
Khokhlov (classical ac method); data in equation form; precisions not 
estimated [205]. For LiNG3, the above results are -2% higher than the 
recommended conductance data base for LiNO) [I). 

TABLE 801. Density studies: LiNO) NaClG, 

Investigations critically examined 

Ref. I. Mol % I'Temp. range 
NaCIO. (K) 

Comments 

205 i 0-70 483-683 see: KNOr LiCl04 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 802. LiNOl NaClO.: Density (g cm-l ) 

Mol percent NaClO4 
T(K) 

70 50 33 20 10 

480 1.934 
500 1.922 1.866 
520 1.911 1.854 1.825 
540 1.964 1.899 1.842 1.813 
620 1.988 1.916 1.853 1.795 1.764 
680 1.946 1.880 1.818 L7/'iO 17" 

, 

Temperature-dependent equations 
p a + bT 

70 2.4197 0.6963 
SO 2.2906 0.6041 
33 2.2107 0.5772 
20 2.1599 0.5881 
10 2.1470 0.6183 
0 1.9892 U.4:lJ7 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
nnt e.tim..t .. il [2n!l) For LiNO,. the above results are virtually in e"act 
accord (-0.3%) with the recommended density data base [I]. 

TABLE 803. Viscosity studies: LiNO) NaC104 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaClO. (K) 

205 0-70 500-710 see: KNOl -LiCI04 

TABLE 804. LiNO) - NaC104: Viscosity (cp) 

Mol percent NaClO. 
T(K) 

t I I I 70 55 33 10 

500 7.63 
540 5.53 5.50 5.34 
660 2.74 2.68 2.61 2.53 
680 2.50 2.44 2.37 2.29 

Temperature-dependent equations 
'!j A exp [EIRTJ 

Mol percent 

I I NaCIO. A X)02 E 

70 11.160 

I 

4200 
55 10.340 4271 
33 9.914 4390 
10 8.760 

I 
4410 

() 8.D70 4508 
--.- I 

These val lies are based on the data of Brovkina, Farmakovskaya and 
K lInkhln" (oscillational method); data in equation form; precisions not 
",.tllllated IlOSI. For the recommended viscosity data base for LiNO" 
'.( ... l'o'nnH'llb following Table 779; the above results are -4% higher 
I h!HI I he ! Cl.:orTllllcndcd data set. 

.1 "hy", Cl"·fl1. Ror. Data, Vol. 12, No.3, 1983 

Melt Preparation and Purification 

Booth and Vinyard [45] used reagent grade chemicals 
which were dried at lIO°C. 

InvestigatiDns critically examined 

Ref. Mol percent Temp. range Comments 
NH4H2P04 (K) 

45 3.5-51.1 413-449 "Veridia" tube 
dilatDmeter; 
calibration: Hg 

Mol percent NH.H 2PO. 
T(K) 

I 
51.1 H.O 33.9 18.8 10.9 

420 ! 1.495 1.472 
440 1.567 1.543 1.525 ! 1.482 1.458 . 
450 1.564 1.539 1.520 11.476 1.452 

Temperature-dependent equations 
p a + bT 

Mol % standard 
NH4H2PO. a -b x 103 error of 

estimate 

51.1 1.7002 0.3024 0.02% 
41.0 1.7216 0.4053 0.00% 
33.9 1.7278 0.4612 0.02% 
27.3 1.7327 

I 
0.5141 0.02% 

18.8 1.7495 ) 0.6069 0.04% 
10.9 1.7629 

i 

0.6920 0.03% 
7.2 1.7815 0.7611 0.02% 
3.5 1.7695 0.7611 0.02% 

These values are based on the data of Booth and Vinyard (dilatometric 
method) [45]. 

TABLI.807. Viscosity studi .. ., NH.NO, - NH.H,PO. 

Investigations critically examined 

Ref. Mol percent I Temp. range Comments 
NH.H2P04 (K) 

45 3.5-51.07 

I 

403-453 glass viscometer; 
calibration: 
silicone fluid 



PROPERTIES OF MOLTEN SALTS 783 

Mol percent NH4H2P04 

Tl:K) i 
51.1 41.0 33.9 i 18.8 10.9 

420 110.8 7.71 
440 26.5 18.8 14.4 8.58 6.29 
450 22.4 16.2 12.6 7.72 5.72 

Temperature-dependent equations 
"7 - A cxp [EIRTJ 

Mol % , standard 
NH4H2P04 A E , error of 

\ 
" 

p~tjm{:lte-

51.1 0.01235 6709 0.52% 
41.0 0.02255 5879 0.07% 
33.9 0.03360 5300 0.10% 
27.3 0.03181 5138 1.43% 
18.8 0.07306 4167 0.39% 
10.9 0.08893 3724 0.84% 
7.2 0.08488 3658 0.53% 
3.5 0.1867 2875 0.54% 

These values are based on the data of Booth and Vinyard (capillary 
technique) [45J. 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [34] used reagent 
gnult: :salt:s. No other information was given. 

TABLE 809. Surface tension studies: NaNO, - KC,H,O, 

Investigations critically examined 

Ref. I Mol% Temp. range Comments 
KC2H30 2 (K) 

34 0-50, 588 see: NaF-NaN03 

and 100 

TABLE 810. NaN03 - KC,HP2: Surface tension (dyn em-') 

Mol percent 
KC,HP2 588 K 

100 42..0 

" 

50 51.5 
25 62.7 
10 83.6 
5 94.9 
2 106.4 
I 110.4 

These are the experimental data reported by Semenchenko and 
Shikhobalova (maximum bubble pressure method) [34]. 

Melt Preparation and Purification 

Semenchenko and Shikhobalova [34] used reagent 
grade salts. No other information was given. 

TABLE 811. Surface tension studies: NaN0 3 KC3HsO, 

Investigations critically examined 

TABLE 812. NaN03 KC)Hs02: Surface tension (dyn em-I) 

Mol percent 
KC3Hs02 588 K 

100 25.6 
50 35.7 
25 41.7 
10 54.8 
5 70.3 
2 86.1 
1 97.86 

These are the experimental data reported by Semenchenko and 
Shikhobalova (maximum bubble pre •• ure method) [34]. 

400" 

NaNOa - K2Cr 207 

25 
Mol% 

FIGURE 101. Phase diagram for NaN03 - K 2Cc,07' 
Data from: A. D. Palkin and I. M. Bokhovkin, Tr. Voronezhsk. Gos. 
Univ., 9(3), 10 (1937). 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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Melt Preparation and Purification 

Markov and Prisyazbnyi [206] recrystallized reagent 
grade salts from distilled water. 

TABLE 813. Density studies: NaNO) - K2Crp, 

Ref. 

206 

Investigations critically ellamined 

Mol % I Temp. range Comments 
K.Cr.O, (K) 

0-100 

I 

693 quartz sphere; 
calibration H2O 

Mol percent 
K2CrZO, 693K 

100 2.30 
90 2.26 
60 2.13 
30 1.99 
10 1.91 
0 1.86 

Composition-<iependent equation 
p 1.8612 + 0.4422 x 1O-2C 

[C Mol % K2Crp,l 
Tbese values are based on the data of Markov and Prisyazhnyi 
(Archirnedean technique); data in graphical form; precision not 
estimated [206]. The densities at 693 K for K2Crp, and NaNO) from 
the recommended data bases [1] are, respectively, 2.27 and (1.83). The 
hlll"I j,; an extrapolated value. 

NaN03 - KCI04 

Melt Preparation and Purification 

Brovkina et al. [205] used exua pure grade materials. 
The salts were recrystallized and dried under vacuum. 

TABLE 815. Electrical conductance studies: 
NaNO) - KCI04 

Investigations critically examined 

Ref. Mol % Temp. range Comments I 

KCI04 (K) 

205 0-40 533-683 see: KNO)-LiCIO, 

• J. PhYII. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 816. NaNO) - KCI04: Specific conductance 
(ohm-'cm- I) 

Mol percent KCIO. 
T(K) 

540 
560 
640 
680 

40 22 

0.599 
0.672 

0.772 0.965 
0.899 J.112 

Temperature-dependent equations 
" = 0 + bT 

10 

0.763 
1.086 
1.247 

Mol percent 

I I 
KCIO, -0 b 11 10) 

40 1.2636 3.1799 
22 1.3782 3.6619 
10 1.4932 4.0297 
0 1.4911 4.2486 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokholov (classical ac method); data in equation form; precisions not 
estimated [205J. The results for NaNO) are virtually in ellact agreement 
«0.1%) with the recommended conductance data base [I]. 

TABLE 817. Density studies: NaNO) - KClO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KClO. (K) 

20S 0-40 533-693 see: KN03-LiCIO. 

TABLE 818. NaN03 - KClO.:Density (g cm-) 

Mol percent KCI04 

T(K) 

540 
560 
640 
680 

40 
22 
IO 
o 

40 22 

1.969 
1.956 

1.919 1.902 
1.889 1.875 

Temperllture-dependent equations 

p = 0 + bT 

2.3974 
2.3322 
2.3093 
2.3206 

10 

1.933 
1.879 
1.852 

0.7478 
0.6720 
0.6719 
0.7151 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
not estimated [lOS]. The results for NaNO) are essentially in exact 
agreement ( < 0.1 %) with the recommended density data base [1 J • 
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TABLE 819. Viscosity studies: NaNOl - KCI04 

Investigations critically examined 

Ref. Comments 

205 I 0-50 ! 540-710 I 

TABLE 820. NaNO) - KCl04: Viscosity (cp) 

Mol percent KClO. 
T(K) 

50 40 22 10 

540 5.29 4.71 
580 3.97 3.59 3.29 

i 
600 3.66 3.49 3.18 2.93 
660 2.58 2.49 2.30 2.14 
700 2.11 2.05 1.91 1.80 

Temperature-dependent equations 
"IJ A exp[E/Rll 

Mol percent 

I I KCIO. A x I<Y E 

50 7.757 4595 
40 a.34{i 4452 

22 9.095 4236 
10 9.615 4072 
0 8.070 4508 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (oscillational method); data in equation form; precisions not 
estimated [20S]. The results for NaN03 are 20-30% higher than the 
recommended vi!ICo~ity data ha.'Ie (1]. 

NaNOs - LiCI04 

Phase diagram: See Fig. 100. The NaNOr LiCI04 system 
is shown as a diagonal in the field of the quaternary 
reciprocal salt system; LiN03• NaN03• LiCI04• NaCI04• 

Melt Preparation and Purification 

Brovkina et al. [205] used extra pure grade materials. 
The salts were recrystallized and dried under vacuum. 

TABLE 821. Electrical conductance studies: 
NaNOi LiCI04 

Investigations critically examined 

Ref. I Mol % ITemp. rangel Comments 

205. 
215 

LiCIO. (K) 

I 0-100 I 473-693 I 

TABLE 822. NaNO) - LiClO.: Specific conductance 
(ohm-'cm-') 

1\K) 

480 
520 
S40 
560 
600 
640 
1'i80 

Mol % 
LiClO. 

100 
90 
78 
60 
28 
10 
0 

Mol percent LiCI0. 

90 78 60 28 

0.488 0.409 
0.736 0.649 0.552 
0.835 0.734 0.644 0.62& 

0.935 0.821 0.733 0.706 
1.133 1.003 0.912 0.870 
1.332 1.195 1.091 1.044 
1.'1'\1 UQ7 1.26Q 1.22R 

Temperature-dependent equations 
Ie = a + bT+ cP 

I -a 
I 

b x 10l 

I 
1.9358 5.3385 
1.8464 4.9662 
0.6427 0.8082 
1.7708 4.4710 
0.5060 0.3623 
1.649' 4.380' 
1.4911 4.2486 

10 

0.804 
0.979 
1.154 
1.329 

ex 106 

3.2230 

3.2175 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (cla:wskal ac method), data in equation form; pccci~ioll' not 
estimated [205]. For NaNOl • the results are in exact agreement with the 
recommended data base [I). whereas the results for LiCl04 are 
uniformly -15% higher than the recommended conductance data base 
for this salt [8). 

TABLE 823. Density studies: NaN03 - LiCIO. 

Investigations critically examined 

I Mol % I Temp. rangel 
LiCIO. (K) 

Comments Ref. 

205 I 0-100 I 473-693 I 

J. Phys. Chern. Ref. Data. Vol. 12, No.3, 1983 
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TABLE 824. NaNO, - LiClO,! Density (g cm-» 

Mol percent LiClO4 

T(K) 
90 78 60 28 10 

470 2.039 
500 2.019 1.960 
530 2.005 2.000 1.980 1.941 
560 1.987 1.980 1.960 1.922 1.917 
680 1.916 1.903 ! 1.882 1.847 1.834 

Temperature-dependent equations 
p = a + bT 

:Mol percent 

I 
I 1.ir.l0. a -bx 10) 
: 

100 2.3185 0.5772 
90 2.3192 0.5931 
78 2.3439 0.6490 
60 2.3276 0.6560 
28 2.2753 0.6305 
10 2.3028 0.6890 
0 2.3206 0.7151 

I 
i 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (Archimedean technique); data in equation form; precisions 
not estimated [205]. The results for LiCl04 and NaN03 are virtually in 
e"""t """ord (_. < 0.1 %) with the respective recommended data b •• ",. 
[I]. 

TABLE 825. Viscosity studies: NaNO) - LiCIO, 

Investigations critically examined 

Ref. Mol % !Temp. range I Comments 
LiCI04 (K) 

205 0-100 500-710 
I 

see: KN03-LiClO, 

TABLE 826. NaNO, - LiCI04: Viscosity (cp) 

Mol percent LiClO4 

T(K) 
90 78 60 28 

500 8.30 6.77 
520 7.57 7.01 5.75 
540 6.44 5.99 5.69 4.94 
580 4.83 4.53 4.31 3.77 
680 2.72 2.59 2.49 2.21 
700 2.27 2.02 

Temperature-dependent equations 
7j = A exp [E/R11 

Mol percent 

I I LiCIO. A x 102 

100 

I 

9.436 
90 9.817 
78 10.21 
60 I 10.16 
28 I 9.824 I 
10 I 9.091 
0 

! 
9.139 

E 

4666 
4490 
4370 
4320 
4205 
4160 
4037 

10 

3.36 
1.98 
1.81 

These values are based on the data of Brovkina, Farmakovskaya and 
Khokhlov (oscillational method); data in equation form; precisions not 
estimated [205]. The results for LiCIO, have been advanced elsewhere 
in this series [8J as the recommended viscosity data base for this salt; for 
NaNO), the results are in close agreement (-2%) with the 
recommended data base [I J. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

NaN03 - NaCI03 

250 

20 

Mol% 

FIGURE 102. Phase diagram for NaNO) - NaCIO). 

100 
NaCI03 

Data from: F. P. Platonov, Dokl. Nauchn. Konf. Mosk. Sel'sko. Akad. 
Timir. 1,72 (1948). 

Melt Preparation and Purification 

Campbell and Van der Kouwe [216] used reagent 
grade salts exhaustively dried 130"C. 

Ref. 

217, 
216 

T AtiLt:. 827. Electrical cUlluu"l.<tm;" ~tudicO; 
NaN03 - NaClO) 

Investigations critically examined 

Mol % Temp. range Comments 
NaCIO) (K) 

38-100 514-587 see: LiNO,-LiC103 
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TABLE 828. NaNOJ - NaCIOJ: Specific conductance 
(ohm-Icm-I) 

T(K) 

520 
540 
550 
560 

Mol % 
NaCIOJ 

100 
72.7 
51.5 
38.9 

Mol percent NaCI03 

72.1 51.5 

0.340 I 0.414 
0.414 0.490 
0.451 0.528 
0.488 

Temperature--<iependent equations 
K = a + bT 

-a b It 103 

1.3799 3.1717 
1.5860 3.7038 
1.5462 3.1104 
1.7092 4.1530 

38.9 

0.450 
0.533 
0.575 

standard 
error of 
estimate 

0.15% 
0.18% 
0.29% 
0.15% 

These values are based on the data of Van der Kouwe (classical ac 
method) [217]. The results for NaCI03 have been advanced elsewhere 
in this series as the recommended data set for this salt [8]. 

TABLE 829. Density studies: NaNOJ - NaCIO) 

Investigations critically exaniined 

Ref. Mol % Temp. range Comments I 

NaCIOJ (K) 

218, 38-100 511-561 see: LiNOJ-LiCIO) 
217 

TABLE 830. NaNOJ - NaCI03: Density (g cm-J
) 

Mol percent NaCI03 

T(K) 
72.7 51.5 38.9 

510 2.087 2.051 
520 2.079 2.048 2.027 
540 2.061 2.031 2.010 
560 2.043 2.013 1.993 

Temperature-dependent equations 
p a + bT 

Mol % standard 
NaCI03 a -b x IOJ error of 

estimate 

100 2.5747 I 0.8827 0.01% 
72.7 2.5362 0.8800 0.02% 
51.5 2.5091 0.8811 0.02% 
38.9 2.4198 0.8100 0.01% 

These values are based on the data of Van der Kouwe (dilatometric 
method) [2]7]. The results for NaCIO) have been advanced elsewhere 
in this series as the recommended data set for this salt [8]. 

TABLE 831. Viscosity studies: NaN0J - NaCl03 

Investigations critically eltamined 

Ref. I Mol % ITemp. rangel Comments 

218, 
217 

NaCI03 (K) 

138- 100 I 511-561 1 

TABLE 832. NaN03 - NaCI03: Viscosity (cp) 

Mol percent NaCI03 

T(K) 
72.7 51.5 38.9 

510 6.61 7.6:' 
520 7.67 6.84 6.24 
530 6.86 6.15 5.66 
540 6.16 5.55 5.16 

. 'i'i(} 5.55 5.03 4.71 
560 5.02 4.57 4.32 

Temperature-dependent equations 

'" "" A exp [E/Rl1 

Mol % standard 
NaCIOl A x IcY E error of 

estimate 

100 2.439 6001.3 0.29% 
72.7 2.054 6119.9 0.32% 
51.5 2.385 5848.0 0.62% 
36.9 3.660 !l3W.3 0.28% 

These 'values are based on the data of Van der Kouwe (capillary 
technique) [217]. The results for NaCI03 have been advanced elsewhere 
in this series as the recommended data set for this saIt (8]. 

TABLE 833. Surface tension studies: NaNOJ - NaCIOl 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaCIOJ (K) 

218, 38-100 510--559 see: LiN03-LiCI03 

217 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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TABLE 834. NaNO) - NaCIO): Surface tension (dyn em-I) 

Mol percent NaCIO) 
T(K) 

I I I 
72.7 51.5 38.9 

510 103.39 
520 97.65 102.76 105.91 
550 95.67 100.86 104.05 
560 100.22 

Temperature-dependent equatiolls 

'Y a + bT 

Mol % standard 
NaCIO, a -b" 103 error of 

estimate 

100 130.49 73.91 0.05% 
72.7 131.94 65.94 0.06% 
51.5 135.72 63.39 0.05% 
38.9 138.13 61.97 0.04% 

These values are based on the data of Van der Kouwe (capillary risc 
techmque) [Z17J. The results for NaCI03 have been advanced elsewhere 
in this series as the recommended data set for this salt [8]. 

NaN03 - NaCI04 

o 20 40 60 80 100 
NaN03 

Mol % NoCI04 

NaCI04 

FIGURE 103. Phase diagram for NaNO) NaCI04• 

Data from: L A. Rrovkina. S. L S .. liv"nova ann A. A. FltMnaknv.kaYH, 
Russ. J. Inorg. Chem. 16(1), 133 (1971). 

Melt Preparation and Purification 

Farmakovskaya et al. [199] used extra pure grade 
materials. The salts were recrystallized and dried under 
vacuum. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

TABLE 835. Electrical conductance studies: 
NaNO) - NaCIO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaCI04 (K) 

199 0-60 673 discussion article 

198 complete paper 
<lcpu.ill::u with VINITI 

TABLE 836. NaNO) - NaCl04: Specific conductance 
(ohm-10m-I) 

Mol percent 
NaClO4 673 K 

60 1.14 
40 I.I7 
20 1.24 
10 1.28 

Composition-dependent equation 
I( = 1.341 0.612 x 1O-2C + 0.456 X lO-4ca 

[C = Mol % NaCIO.) 
The specific conductance values (above) were calculated from molar 
conductance data interpolated from Farmakovskaya et al. [199] and 
density data from Brovkina et a!. [200). 

TABLE 837. Density studies: NaNO) - NaClO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaCI04 (K) 

200 0-70 500-673 Pt ball 

TABLE 838. NaNO) NaCl04: Density (g cm-3) 

Mol percent NaClO. 
T(K) 

I 70 4S 38.5 20 10 

500 2.041 
:: 

540 2.032 2.014 1.968 
580 2.004 1.987 1.942 1.926 
660 1.987 1.949 1.933 1.892 1.874 
670 1.980 1.942 1.926 1.885 1.868 

Temperature-dependent equations 
p a + bT 

Mol percent 

I 
I NaCI04 a I -b x 103 

I 

70 2.464 
I 

0.723 
45 2.405 0.691 
38.5 2.376 0.671 
20 2.310 0.634 
10 2.303 0.650 
0 2.310 0.700 

These values are based on the data of Brovkina, Selivanova and 
Farmakovskaya (Archimedean technique); data in equation form; 
precisions not estimated [200]. For NaNO), the results, above, and the 
recommended data base [lJ are in exact accord. 
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TABLE 839. Viscosity studies: NaN03 - NaCI04 

Investigations critically examined 

Ref. Mol % Temp. range Comments 

NaCIO. (K) 

199 0-60 673 discussion article 
201 0-70 530-710 see: KNOl-KCI04 

217 38.9-100 510-560 

TABLE 840. NaNOl NaCIO.: Viscosity (cp) 

Mol percent NaCIO. 
1(11..) 

70 45 38.5 20 

530 4.93 
570 3.86 3.72 3.54 
590 3.40 3.28 3.13 
670 2.45 2.20 2.14 2.06 
700 2.14 1.92 1.87 1.80 

Temperature-dependent equations 
7j = A exp [E/R1J 

Mol percent 

I I NaCIO. A x 1& E 

70 9.587 

I 
4317.2 

45 8.937 4265.5 
38.5 9.085 4206.0 
20 9.332 4118.7 
10 9.425 4051.2 
0 9.151 4035.6 

10 

2.98 
1.98 
1.73 

These values are based on the data of Farmakovskaya and Brovkina 
(damped oscillation); data in equation form; precisions not estimated 
[201J. For NaN03 the results (above) are in close accord (-2%) with 
the recommended viscosity data set for this salt [IJ. 

o 20 40 60 
NaNOa 

Mol % No2Mo04 

FIGURE 104. Phase diagram for NaN03 - Na2MoO •. 

Data from: G. K. Shurdumov and T. N. Khokhonova. Rlloo. J. Tnorg 
Chem., 15(3), 429 (1970). 

Melt Preparation and Purification 

For . the method of melt preparation used by 
Khokhonova et aI. [219], see: KN03-K2Mo04• 

TABLE 841. Electrical conductance studies: 
NaNU3 - Na,MoO. 

Investigations critically examined 

1 Mol % 1 Temp. rangel 
Na,MoO. (K) 

Comments Ref. 

220 
221 

\ 0-100 (573-1073 \ no information given 

TABLE 842. NaNO) NazMo04: Specific conductance 
(ohm-'cm-1

) 

Mol percent NazMoO. 
nK) 

70 50 20 8 3.2 

I 

620 0.97 1.07 
780 1.23 1.51 1.65 
820 1.03 1.38 1.65 
860 1.16 1.53 1.79 
900 1.12 1.29 1.67 
940 1.24 1.43 LR? 

980 1.37 1.56 
1020 1.49 1.70 

Temperature-ciependent equations 
I(" a + bT 

Mol percent 

I I NazMo04 -a bx 1~ 

100 2.122 3.319 
70 1.718 3.148 
50 1.722 3.352 
20 1.636 3.679 

8 1.137 3.399 
3.2 !.l85 3.633 
0 1.157 3.766 

These values are based on the data of Kbokhonova, Shurdumov and 
Pro1senko (classical ac method); data in graphical form; precisions not 
estimated [220, 221J. For NaMoO, and NaNO" the results are in close 
accord (~l%, and --2%, respectively) with the re=ulIu"m.lo:d 
conductance data sets for these two salts [n 

J. Phys. Chem. Ref. Data, Vol. 12. No.3, 1983 
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TABLE 843. Density studies: NaN03 - NalMo04 

Ref. 

T(K) 

730 
810 
lI:>O 

890 
930 
970 

1050 
1090 

Investigations critically examined 

80 

2.76 
2.74 
2.72 
2.66 
2.66 

Comments 

Au bob suspended 
from Pt wire. 

Mol percent Nal Mo04 

60 40 20 

2.17 
2.41 2.13 

2.61 2.39 2.10 

2.59 2.37 2.08 
2.57 2.35 2.06 
2.S5 2.33 
2.50 2.29 
2.48 

Temperature-dependent equations 
p = n + bT + r~ 

Mol% I 
Na2MoD4 • a I 

-b x 10; I ex 106 

100 2.900 I -0.412 -0.49 
90 3.413 0.632 
80 3.229 0.519 
70 2.830 -0.116 -0.32 
60 2.918 0.216 -0.17 
50 3.054 0.754 0.13 
40 2.693 0.257 -0.12 
30 2.750 0.566 
25 2..~4U U.9T/ 0.2:5 

20 2.637 0.715 0.10 
15 2.526 0.579 
10 2.437 0.568 
4 2.384 0.639 
0 2.400 0.976 0.25 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [219}. For Na2Mo04 and NaND3' the results are in close 
accord (- 2% and 1 % respectively) with the recommended data sets 
for these two salts [I]. 
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NaN03 - NaOH 

o 

320 318-

NaN03 -NaOH 

25 50 75 
NoOH 

Mol% NaNO'5 
FIGURE 105. Phase diagram for NaNO) NaDH. 

100 
NctJ~ 

Data from: A. G. Bergman, and N. A. Reshetnikov, Izv. Sekt. Fiz. 
Khim. Anal. Inst. Dbshch. Neorg. Khim. Akad. Nauk SSSR, 25, 212 
(1954). 

Melt Preparation and Purification 

Kruglov and Polyanova [234] gave the following 
information: NaN03 (m.p. 30S°C) was recrystallized and 
dried under vacuum at lOO·C; NaOH (m.p. 31S°C) was 
dehydrated for a prolonged time in the molten state 
under vacuum. The carbonate concentration in the 
hydroxide was <0.2%. 

TABLE 845. Density studies: NaND3 NaDH 

1 nV".ligations critically examined 

Ref. Mol % I Temp. range Comments 
NaOH (K) 

, 

Archimedean technique; 204, 
(}-IOO I 553-823 

234 Pt sphere; CO2-free 
and moisture-free air. 
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TABLE 846. NaN03 - NaOH Density (g cm-)) 

T(K) 

560 
590 
680 
740 

Mol % 
N"OH 

100 
90 
82 
75 
66 
63 
55 
SO 
40 
28 
10 
0 

Mol percent NaOH 

82 I 66 50 28 

1.785 1.755 1.823 1.846 
1.767 1.741 1.802 1.828 
1.714 1.697 1.742 1.774 
1.679 1.668 1.701 1.738 

Temperature dependent equations 

p = a + bT 

10 

1.873 
1.813 
1.773 

I a I -h x 103 I Trange (K) 

2.159 0.604 598-823 
2.187 0.673 573-753 
2.115 0.589 553-753 
1.972 00418 553-753 
2.028 0.487 553-753 
2.176 0.688 553-753 
2.111 0.562 553-753 
2.200 0.674 553-753 
2.183 0.605 553-753 
2.182 0.600 553-753 
2.268 0.669 573-753 
2.116 0.729 .583-7.53 

I 

I 

These values- are based on the data of Krugloy, Kochergin, and 
Poluyanova (Archimedean technique); data in equation form; precisions 
not estimated [204.2341. Comparisons of the data for NaOH and NaNO, 
with the values recommended in this series, show that the results above 
for NaNO) are uniformly lower (-10%) than the recommended data 
base [1]; the results for NaOH (above), by contrast, are virtually in 
exact agreement with the recommended data base [IJ. 

./ 
/ 

/ 

/" 
/' 

-./ 

Melt Preparation and Purification 

No information' on melt preparation was civen in the 
study by Bogorodskavo {38]. 

TABLE 847. Electrical conductance studies: 
NaNO) - Na2S04 

Investigations critically examined 

Ref. 

I 

Mol % I TcmCK)anscl Commcnta 
N~S04 

38 1.03-4.78 621-636 Pt disk electrodes; 
h"."vy WllU cap;n"ry 
cells 

TABLE 848. NaNO, - Na.,SO.: Specific conductance 
(ohm-Icm-I) 

n:K) 

620 
630 
640 

Mol % 
N~S04 

4.78 
2.86 
1.03 

Mol percent Na2S04 

4.78 
1 

2.86 

1.034 

I 

1.074 
1.080 1.115 
1.12<1 1.l~(I 

Temperature-dependent equations 
K = a + bT+ cT 

-a b x loJ ex 106 

1.8280 4.6157 
0.0612 ~.4622 3.6978 
1.3836 4.0211 

1.03 

1.109 
1.150 
1.190 

standard 
error of 
estimate 

0.04% 
0.04% 
0.04% 

These values are based on the data of Bogorodskavo (classical ac 
method) [38J. 

o 20 40 60 
NaN03 

FIGURE 106. Phase diagram for NaNO) - Na2SO,. FIGURE 107. Phase diagram for NaNO) Na2WO,. 

Pata from. M. Amlldori, Atti ''''"'' """,,0.1. Li"""i, SCL. II, 22, 334 D"ta frum: O. K. Shuruumuv "nd T. N. Khuliliulluvll, Ru ... J. Inur~. 
(1913). Chem., 15(3), 429 (1970). 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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Melt Preparation and Purification 

Khokhonova et aI. [220] used C.P. grade sodium 
tungstate twice recrystallized and dried carefully. A 
melting point of 698.0±0.3"C was reported and the 
tungstate content was given as 78.01 %. The NaN03 was 
recrystallized from reaient arade material and dried 
under vacuum. 

TABLE 849. Electrical conductance studies: 
NaNO] - NIlz WO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NIlzWO (K) 

220 o 100 760-1100 no information given 

TABLE 850. NaN03 - NalW04: Specific conductance 
(ohm-1cm- l) 

T(K) 

780 
870 

930 
1020 
1050 

Mol % 
Na2WO. 

100 
70 
50 
20 

8 
3 
0 

Mol percent Na2W04 

70 50 

1.24 

1.13 1.43 
1.47 1.74 
1.58 

Temperature-dependent equations 
K = a + bT+ cT-

i 
I -a I b x IcY I , 

I 

0.255 -0.022 
2.364 3.756 

-0.113 -0.404 
1.765 3.898 

I 
2.(Xl4 4.489 
3.163 9.093 
1.216 3.835 

8 

1.50 
1.90 

ex 106 

1.26 

1.96 

3.68 

I 

\ 

nK) 

790 
830 
870 
950 

1070 
1110 

Mol % 

Na2WO. 

100 
90 
SO 
70 
60 
50 
40 
30 
25 
20 
15 
10 
5 
2 
0 

Mol percent NIlz WO. 

80 60 40 

3.00 
3.41 2.97 

3.84 3.42 2.92 
3.75 3.34 2.85 
3.72 3.31 

Temperature-dependent equations 
p = a + bT + cT-

I a I -b x 103 
I 

5.828 2.920 
4.729 0.814 
4.534 0.734 
4.296 0.705 
3.813 0.199 
4.051 1.182 
3.532 0.642 
3.141 0.397 
3.062 0.608 
2.565 -0.187 
2.626 0.301 
2.237 -0.195 
2.772 1.481 
2.357 0.628 
2.484 1.102 

20 

2.43 
2.40 
2.48 
2.33 

-c x 106 I 
-1.06 

0.23 
-0.28 

0.14 

0.46 
0.19 
0.48 

-0.55 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [220, 221]. For Na2WD .. the results are -6% higher than 
the recommended data set [1]; for NaND3' the agreement with the 
recommended data set [1] is better (-1.5%). 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (classical ae method); data in graphical form; precisions not (OC) 
estimated [220J, The results for Na2W04 and NaND, are in close 
agreement (-2% and -1 %, respectively) with the recommended data 
sets for these two salts [I]. 

TABLE 851. Density studies: NaND3 - Na2WD. 

Investi~ations critically examined 

Ref. Mol % Temp. range Comments 
NazWD (K) 

220, 0-100 780-1123 Au sphere suspended 
221 by a Pt wire; 

estimated uncertainty, 
0.3-0.5% 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

I 

I 

o 20 40 60 
KN~ 

Mol%K2Mo~ 

FIGURE 108. Phase diagram for KN02 - K2Mo04• 

Data from: G. K. Shurdunov and T. N: Khokhonova, Russ. J. Inorg. 
Chern .. 15(3).429(1970). 
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,Melt Preparation and Purification 

For the method of melt preparation used hy 
Khokhonova et al. [203J, see: KN03 - K2Mo04• 

TABLE 853. Density studies: KN02 - K2MoO. 

Investigations critically examined 

Ref. Comments 

203 I 0-20 \723-'1100\ 

Mol percent K2Mo04 

T(K) 
20 14 8 4 

720 1.812 1.742 
780 1.873 1.775 1.709 
810 1.851 1.756 1.693 
840 1.921 1.829 1.738 1.676 
900 1.873 1.786 1.701 1.643 
960 1.825 1.742 1.664 
990 1.801 1.721. 

1020 1.777 1.699 

Temperature-dependent equations 
.p a + bT 

Mol percent 

I \ 
K2Mo04 a -b x 1<Y 

20 2.5949 0.8020 
18 2.5531 0.7888 
14 2.4371 0.7236 
10 2.3083 0.6432 
8 2.2564 0;6173 
6 2.1966 0.5847 
4 2.1357 0.5470 
0 2.0239 0.4824 

These values are based on the data of Khokhonova.. Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [203]. In the range of overlapping temperatures (700-
750 K) the results for KN03 (above) and the recommended data set for 
this salt differ by -1 %. 

Melt Preparation and Purification 

For the method of melt preparation used by 
Khokhonova et al. [203], see: KN03 - K2Mo04• 

Investigations critically examined 

Ref. Com:metits ' 

203 
1 0-20 1

723
-

1100 
1 

Au bob suspended 
from PI wire. 

Mol perCent KiWO. 
T(K) 

20 16 8 4 

720 1.903 1.791 
840 2.057 1:834 1.726 
900 2.131 2.016 L799 ' 1.693 
930 2.108 1.996 1.782 

1020 2.038 1.934 1.730 

Temperature-dependent equations 
p =a.-+ b1' 

Mol percent .l I -bx 10> K2WO. ' a 

20 ' 2.8301 0.7767 
18 2.6902 0.6851 
16 2.6331 0.6854 
14 2.5639 0.6690 
12 2.4M7 0.6194 
8 2.3195 0.5780 
6 2.2565 0.5683 
4 2.1814 0.5427 
0 1.9811 0.4354 

These values are based on the data of Khokhonova,'Shurdumov and 
Protsenko (Archimedean technique); data-in graphical form; precisions 
not estimated [203]_ In the range of overlapping temperatures (700-
750 K), the results for KN02 (above) and the· recommended data set [1] 
differ by -1 %. 

o 20 40 60 80 100 
NaN02 

Mol % No2Mo04 
N02Mo~ 

FIGURE 109. Phase diagram for NaN02 - N~MoO~. 

Data from: G. K. Shurdumov and T. N. Khokhonova, Russ. J. lnorg. 
Chern., 15(3),429 (1970). 

J. Phys.Chem. Ref. Data, Vol • .-12, No~ 3, 1983 
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Melt Preparation and Purification 

For the method of melt preparation used by 
Khokhonova et aJ. [219], see: KN03 - K2Mo04• 

TABLE 857. Electrical conductance studies: 
NaNO! - NazMoO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na2Mou. (K.) 

220 0-100 590-1170 no information given 

TABLE g:5g. NaN02 Na2MoO.: SpecIfiC conauctance 
(ohm-Icm-I) 

T(K) 

590 
630 
750 
790 
870 
910 
990 

1030 

100 
70 
50 
20 

8 
3.2 
0 

Mol percent Na2MoO. 

70 50 20 8 

1.46 
1.43 1.95 
1.59 2.11 

1.07 1.27 1.89 2.44 
1.21 1.39 2.04 
1.48 1.65 
1.61 

Temperature-dependent equations 
f( = a + bT 

2.127 
1.838 
1.506 
1.415 
1.127 
1.317 
1.420 

----c--- --

3.2 

1.42 
1.60 
2.16 

3.320 
3.348 
3.186 
3.799 
4.101 
4.633 
4.982 

Mol percent N~MoO. 
TtK) 

80 60 40 20 

760 2.11 
800 2.09 
840 2.36 2.07 
880 2.55 2.34 2.05 
920 2.71 2.53 2.32 2.03 
960 2.69 2.51 2.30 2.01 

1040 2.65 2.47 2.26 
1120 2.61 2.44 

Temperature-dependent equations 
p a + bT 

Mol percent 

I I N~MoO. a -b x 10' 

100 3.439 0.617 
90 3.230 0.480 
80 3.153 0.484 
70 3.041 0.4'7 
60 2.952 0.460 
SO 2.870 0.476 
40 2.767 0.487 
20 2.658 0.506 
25 2.601 

I 
0.530 

20 2.517 0.532 
16 2.446 I 0.533 
1? ::UR1 I n_~47 

8 2.301 0.531 
3.5 2.187 0.503 
0 2.022 0.393 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (Archimedean technique); data in graphical form; precisions 
not estimated [219]. For NazMoO., the results differ from the 
recommended data set [I] by -2% (higher); for NaN02 the results 
dltter by - I % {hIgher). 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (classical ac method); data in graphical form; precisions not 
estimated [220]. For Na2MoO. the results are -2% higher than the (Oe) 
recommended d"to set [1]; for N"NO, the result. llre - -4% higher [1). 

TABLE 859. Density studies: NaNOz Na2MoO. 

InVestigations critically examined 

Ref. Mol % Temp. range Comments 
Na2MoO. (K) 

219 0-100 620-1120 see: NaN03-Na2MoO. 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, 1983 

o 20 40 60 
NcN02 

Mol % No2W04 

FIGURE 110. Phase diagram for NaNO, - Na,WO •. 

Data from: G. K. Shurdumov and T. N. Khokhonova, Russ. J. Inorg. 
Chem., II (3),429 (1970). 
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Melt Preparation and Purification 

For the method of melt preparation used 
Khokhonova et al. [220], see: NaN03-NazW04• 

, 

TABLE 861. Electrical conductance studies: 
NaNOz - NazWO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na,WO (K) 

220 0-100 620-1170 110 information given 

TABLE 862. NaN02 - Na2WO,: Specific conductance 
(ohm-Icm- I ) 

Mol percent Na2WO, 
T(K) . 

70 50 20 8 

740 

I 
1.74 

780 1.39 1.90 
860 1.26 1.76 2.22 
900 1.41 1.93 
940 i.12 1.55 2.10 

1020 1.40 L84 

Temperature-dependent equations 
K "" a + bT+ c'J'l 

Mol % 

I I I Na2WO, -a bxlcY -c x 106 

100 0.2254 -0.0218 -1.26 
70 2.175 3.501 
50 1.817 3.583 
20 3.535 7.888 2.01 
8 1.217 3.992 
3 2.281 7.814 2.59 
0 2.665 8.611 2.63 

by 

These values are based on the data of Khokhonova, Shurdumov and 
Protsenko (cIno.iew Qe method); data in graphical form, precision. not 

estimated [220]. The results for Na, WOo are -6% higher than the 
recommended data set [1]; for NaNOz the results are -2% higher than 
the recommended data set [1]. 

TABLE 863. Density studies: NaN02 - Na,WO. 

Investigations critically examined 

Ref.' I Mol % JTemp. ran, gel , 
Na,WO ,(K), 

Comments 

ZZl I 0-100 I 620-1120 I 

T(K.) 

750 
790 
830 
870 

910 " 
1070 
1110 

Mol percent Na,WO. 

80 60 40 

2.96 
3.41 2.94 

3.77 3.39 2.93 
3.70 3.31 2.86 
3.68 3.29 

Temperature-<iependent equations 
P =Q +bT 

Mol percent 

20 

2.46 
2.43 
2.41 
2.38 
2.36 

Na2WO, I a I -b x IcY 

100 

I 
4487 o~'n 

90 4.242 0.371 
80 4.147 0.417 
70 I 3.999 0.463 
60 3.858 0.510 
50 3.570 0.452 
40 3.327 0.440 
30 3.167 0.565 
25 3.062 0.612 
20 2.911 0.607 
16 2.895 0.740 
12 2.690 0.674 
8 2.480 0.727 
2 2.218 0.548 
0 2.038 0.424 

These values are based on the data of Khokhonova, Shurdumov and 
Protscnko (Archimedcan tc;chniquc); d"ta in gcaphi"alfocm; pn:IOj"i01l3 

not estimated [221]. For NazWO., the results are -2% higher than the 
recommended data set [1]; for NaNOz, the correspondence is closer 
(-0.8%) [1]. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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Metaphosphate - Other 

TABLE 865. Data Status 

System Phase Electrical 
Diagram Conductance 

KPOl-K3PO. 
-K.P20 7 

LiPOl-Li,PO. 
-Li.PP7 

N"PO,-Li"SO. 
-NazB.07 
-NalPO. 
-Na'PZ0 7 X X 
-Na,SO, 
-RbzSO. 
-UOzSO. 

Na'P207-Na2S0. 

KP03 - K3P04 

Melt Preparation and Purification 

Kochergin and Khanzhina [222] used reagent grade 
material~. No other information was: given. 

I 

i 

TABLE 866. Density studies: KPOl - K3PO. 

Investi~ations critically examined 

Ref. Mol % Temp.~;angel Comments 
K,PO. (K) 

222 0-25.5 1023-1173 I -
i 

Mol percent KlPO. 
~K) 

I I I 25.5 20 15 11 
._--

1020 2.161 2.175 
1080 2.179 2.163 2.146 2.148 
1140 2.152 2.145 2.127 2.128 
1160 2.145 2.139 2.120 2.124 

Temperature-dependent equations 
p = a + bT + cT' 

Mol % 
I 

·1 1 
K3PO. I a b x 103 

25.5 i 4.3712 -3.5303 
22.S 

i 
4.2122 -3.2756 

20 1.9854 0.6044 
18 I 3.2153 -1.5805 
15 1.8393 0.8512 
11 3.8433 -2.7492 
9 2.9461 -1.0934 
6 3.0867 -1.3442 
3 2.0918 0.4381 
0 1.4349 1.6179 

I 6 

2.153 
2.125 
2.100 
2.093 

ex 10· 

1.389 
1.285 

-0.407 
0.350 

-0.525 
1.092 
0.323 
0.420 

-0.382 
-0.925 

These values are based on the data of Kochergin and Khanzhina 
(Archimedean technique); data in graphical form; precisions not 
estimated [222]. The densities above for pure KPOJ [222] are in close 
accord (-0.5%) with the recommended density data base [8]. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

Density Viscosity Surface 
Tension 

X 
I X 

X I 
X 
X X 

X 
X 
X X X 
X X X 

X X 
X X 

X 

KP03 - K4P20 7 

Melt preparation and Purification 

Kochergin and Khanzhina [222] used reagent grade 
materials. No other information was given. 

TABLE 868. Density studies: KP03 K.PP7 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
K4PZ0 7 (K) 

222 0-30 1073-1223 -

Mol percent K4P207 
1l:K) 

29.7 24.8 20.0 15.0 9.8 

1070 2.165 2.163 2.155 2.147 2.142 
1130 2.148 2.143 2.13"5 2.128 2.125 
1210 2.126 2.117 2.107 2.102 2.102 
1220 2.123 2.113 2.104 2.099 2.099 

Temperature-dependent equations 
p a + bT 

29.7 2.4645 0.2801 
24.8 2.5136 0.3281 
2U.U 2.S1H!i U.3401 
15.0 2.4847 0.3160 
9.8 2.4435 0.2820 
5.0 2.4514 0.2961 
0 2.6338 0.4822 

These values are based on the data of Kochergin and Khanzhina 
(Archimedean technique); data in graphical form; precisions not 
estimated [222J. The densities for pure KPO l (above) are in close 
accord with the recommended density data base [8]. 
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Melt Preparation and Purification 

Kochergin and Khanzhina [2221 used reagent grade 
materials. No other information was given. 

TABLE 870. Density studies: LiPO) -:- Li3PO. 

Investi.gations critically examined 

Ref. Mol % Temp. range Conunents 
Li)PO. (K) 

222 0-3Q 1073,1173 

30 2.145 
20 2.167 2.142 
10 2.161 2.135 

Composition-dependent equations 
p =0+ bC+cC 

[t: = Mol % Ll)J:'U.J 

T(K) I a I b x loJ I -c X 106 

1073 1 2.1418 

I 
2.6104 

I 
68.149 

1173 2.1230 1.4524 23.944 

These values are based on the. data of Kochergin and Khanzhina 
(Archimedean technique); data in graphical form; precisions not 
estimated (222J. 

Melt Preparation and Purification 

Kochergin and Khanzhina [222] used reagent grade 
materials. No other information WIlS given. 

TABLE 872. Density studies: LiPO) L4PzO, 

Investigations critically examined 

Mol percent Li.PZ0 7 

JUC.) 
34.3 24.4 15.0 9.5 

... 

1020 2.176. 2.170 
1080 2.157 2.157. 2.150 2.150 
1120 2.145 2.148 2.139 2.139 
1180 2.126 2.122 2.122 
124{} 2.107 2.105 2.105 

34.3 
24".4 
15.0 
9;5 
o 

Temperature-depetident equations 
p = 0 + liT . 

2.4990 
2.3941 
2.4579 
2.4537 
2.2432 

0.3165 
0.2200 
0.2849 
0.2812 
0.1102 

TI,,,,,,, vlilucs ..rt: bl1lit:<l Ull tht:· <.lata of Kocbt:['gID ana· Kblinzhlna 
(Archimedean technique); data in grapbical f9rm; preeisi9nsn9t 
estimated [222J. The densitieS· for pure LIPOj· (abOve) are uniformly 
higher (-5-10%) than the recommended d~ity data base 18J. 

Melt Preparation and Purification 

Owens and Mayer .. [223] prepared the melts from 
reagent grade materials. The lithium sulfate was prepared 
by dehydrating Li2S04.H20 in a muffle furnace at 4OO·C. 
The NaP03 was prepared by heating reagent grade 
NaH2P04 at 520·C for 1 week. Analysis of the product 
by the zinc oxide method· indicated a water content of 
less than 0.2 wt%. 

TABLE 874. Density studies: NaPO) LiZS04 

Ref. Mol % Temp. range I Comments 
Li2S04 (K) 

223 (}..SO 763-973 \ Pt conical-sbaped bob 

J. Phys. Chern. Ref. Data, Vol. 12, No.3, -1983 
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TABLE 875. NaPO; - Li2SO.: Density (g cm-) 

T(K) 

760 
800 
840 
860 
940 
960 

Mol percent Li2SO. 

50 35 

2.229 2.262 
2.213 2.244 

2.226 

"" 

Temperature-dependent equations 
p = a + bT 

Mol per""nt 

10 

2.289 
2.271 
2.262 
2.226 
2.217 

Li,S04 
I 

a I -b x 10) 

50 2.547 0.418 
35 2.606 0.452 
10 2.647 0.448 
0 2.691 0.459 

These values are based on the data of Owens and Mayer (Archimedean 
technique); data in equation form; precisions not estimated (223). The 
densities for 100% NaPO) (above) were advanced elsewhere in this 
series as the recommended data set [8). 

I 

TABLE 876. Surface tension studies: NaPO) - Li2SO. 

Ref. 

223 

Investigations critically examined 

Mol % Temp. range Comments 
LilS04 (K) 

0-10 

10 
o 

773-1103 Pt-iridium ring with 
Pt counterweight on 
torsion arm; correction 
for thermal expansion 

TABLE 877. NaPO) Li,S04: 
Surface tension (dyn em-I) 

Mol percent Li,SO. 
T(K) 

I 10 
I 

780 197.3 
800 196.6 
900 193.1 
980 190.3 

Temperature-dependent equations 
i' a + bT 

224.8 
228.7 

35.2 
39.8 

i 

These values are based on the data of Owens and Mayer (ring 
detachment method); data in equation form; precisions not estimated 
[223]. The surface tension values for NaPO) (0% Li2SO.) have been 
advanced elsewhere in this series [8) as the recommended data base. 
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Melt Preparation and Purification 

Bergman et al. [57] used reagent grade salts to prepare 
the melts. No other information was given. 

TABLE 878. Viscosity studies: NaPO) - Nal BP7 

Investieations critically .... "mined 

Ref. Equiv. % Temp. rangel Comments 
NaPO) (K) 

57 0-100 1223 calibration: water; 
estimated uncertainty: 
2 4% 

TABLE 879. NaPO) Na2B40 7: Viscosity (cp) 

100 119.4 
90 92.3 
70 1.51.5 
40 213.5 
10 173.8 
0 170.7 

Composition-dependent equations 
'fJ a + bC + cCZ + dC' 

[C Equiv. % NaPO)) 

3172.8 

These values are based on the data of Bergman, Gasanaliev, Trunin and 
Kolesnikov (oscillational method); data in graphical form; precisions 
nm estimated [57J. At :JU eqUlv. 'Yo, a sharp inflexion is reported in the 
viscosity-composition isotherm. For NaPO), the value above is 
virtually in exact agreement with results of the recommended data set 
extrapolated to 1223.K [1]. 

Melt Preparation and Purification 

Kochergin and Khanzhina [222] used reagent grade 
salts. No other information was given. 

TABLE 880. Density studies: NaPO) - Na3PO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na)PO. (K) 

222 0-25 973-1123 -
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T(K.) 

980 
lOoo 
1060 
1120 

Mol % 
Na,PO. 

25 
20 
15 
1O 
7.5 
5 
2.5 
0 

Mol percent Na3PO. 

20 I 15 10 

2.268 2.259 2.246 
2.263 2.252 2.238 
2.245 2.231 2.217 
2.219 2.210 2.198 

Temperature-dependent equations 
p = a + bT+ cT-

I (7 I b T 103 

I 
1.6762 1.4503 
1.5503 1.6773 
2.6063 -0.3540 
2.9748 -1.0946 
3.2937 -1.7035 
2.0451 0.6888 
2.5785 -0.3401 
2.5806 i -0.3641 

5 

2.257 
2.252 
2.233 
2.212 

,." 106 

-0.835 
-0.964 

0.358 
0.654 

-0.482 

These valueS are based on the data of Kochergin and Khanzhina 
(Archimedean technique); data in graphical form; precisions not 
estimated [ZZZ]. rOJ" pure NaP03 (i.e., 0 lllo1% N"3PO.) till" den.ity 

results are in close agreement ('-0.5%) with the recommended NaP03 

density data base [8]. 

1000 

800 

600 

20 40 60 SO 

Mol% 

FIGURE Ill. Phase diagram for NaPO, - Na.P20,. 

Data from: N. Parravano and G. Calcagni, Z. anorg. Chem. 65, 1 
(1910). 

Melt Preparation and Purification 

Hubble and Copeland [224] used reagent grade NaPO, 
and Na4P20 7.)()H20. The Na4Pz07.JoH20 was dehydrated 
as completely as possible by heating in a porcelain dish 
for about 2 hours. This sample as well as the ~aP03 was 
oven-dried at l30·C for an additional 72 hours. The 
samples were cooled in a Drierite desiccator before being 
used. Kochergin and Khanzhina [222] used reagent grade 
materials. No further details were given. No information 
on melt preparation was given in the study by Postnikov 
et al. [225]. " 

Ref. 

224 

TABLE 882. Electrical conductance studies, 
NaPO, - Na.P20 7 

Investigations critically examined 

Mol ratio Temp. range I 
N~O/P,05 (K) Comments 

1.16-1.48 833-1140 Vycor cell; 
calibration: 
molten NaNO; 

In' [ZZ4], the .odiwn pulyphlJt;pha,,, ill"lt i..;uJ1lpo:;itioJl" were el<pr<:..scd 

as Na20/P205 ratios; for the ratio N~O/P205 = 2.0, the composition is 
Na'P20,. 

TABLE 883. Specific conductance (ohm-'cm-'): 

T(K) 

840 
900 
980 

1000 
1080 
1100 
1140 

Mm_1 
N32O/PPs 

1.16 
1.28 
1.45 
1.48 

NaP03 - Na4P20, 

Na20/P205 (mol ratio) 

1.l6 1.28 1.45 

0.372 
0.532 0.547 0.616 
0.788 0.808 0.909 

0.878 0.988 
1.l79 1.329 

1.420 

Temperature-<iependent equations 
/( = a + bT + c'P 

a -b x IcY ex 106 

0.3576 2.567 3.068 
-0.1757 1.4587 2.5124 
-0.0598 1.927 2.975 

0.3882 3.0964 3.737 

I 1.48 

I 

1.029 
1.403 
1.504 
1.715 

standard 
error of 
estimate 

0.28% 
0.36% 
0.40% 
0.25% 

These values are based on the data of Hubble and Copeland (classical 
ac method) [224]. 

TABLE 884. Density studies: NaP03 - Na,P,O, 

Investigations critically examined 

Ref. Mol % Temp. range! Comments 
; 

Na.P,O, (K) 

222 0-30 993-1123 I -

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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:nK) 

1000 
1040 
1080 
1120 

Mol % 
Na,P2O, 

30 
25 
20 
15 
10 
5 
0 

Mol percent Na.P201 
-- -- ~--~ 

30 20 

2.289 2.260 
2.274 2.245 
2.260 2.230 
2.247 2.215 

Temperature-dependent equations 
p = a + bT+ ere 

I a I -b x leY I 
3.0166 1.0677 
2.6349 0.3683 
2.6324 0.3723 
2.6075 0.3480 
2.6293 0.3633 
4.7304 4.3247 
3.7700 2.5699 

10 

2.266 
2.251 
2.237 
2.222 

ex 106 

0.340 

1.856 
1.022 

These values are based on the data of Kochergin and Khanzhina 
(Archimedean technique); data in graphical form; precisions not 
estimated [222); The density results for NaPO; (i.e., 0% Na.P20,) agree 
closely (-0.5%) with the recommended NaPO, density data base [8}. 

TABLE 886. Viscosity studies: NaPO; - Na,P20, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Na.P20 7 (K) 

225 G-100 87G-1370 immersed Pt sphere 
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T{K) 

870 
950 
990 

1110 
1230 
1270 
1310 

Mol % 
Na,P2O, 

100 
68.5 
53.5 
30.~ 

27.7 
23.9 
20.4 
14.1 

11.3 
6.3 
4.1 
0 

Mol percent Na,P2O, 

53.5 27.7 20.4 14.1 

3.36 
2.21 2.39 
1.74 1.90 

0.66 0.78 0.86 
0.38 0.42 
0.34 0.38 
0.31 

Temperature-dependent equations 
1J = a + bT + ere + or) 

a -b x leY ex 106 -d X 109 

2.454 2.777 0.86 
0.648 0.244 -0.05 
4.299 5.388 1.79 
7.~34 10.245 3.62 

12.682 18.765 7.15 
80.774 197.222 162.12 44.60 
34.731- 55.926 22.83 
34.319 54.239 21.71 

4.1 

4.01 
1.74 

standard 
error of 
estimate 

3.01% 
0.42% 
0.48% 
1.70% 
3.44% 

14.09% 
14.36% 
14.03% 

not analyzed - typographical error in paper 
79.683 126.553 50.81 

I 
9.31% 

141.654 299.149 209.46 48.21 4.52% 
exponential equation (see below) 2.46% 

These values are based on the data of Postnikov, Frenkel and Melnikov 
(rotational method) [225]. For pure NaP03 (Le., 0% Na,P20,), the 
temperature-dependent equation is 71 = 1.6063x1O-3 exp(16222/R1) for 
101G-1290 K. Comparison of the viscosities in the region of temperature 
overlap, shows that the results in [225] are -6% higher than the 
recommended NaPO; viscosity data base [8]. Viscosity results for pure 
Na,P20, have also been reported by Collis, Van Wazer, and Metcalf, 
over the same tc::rnpenllurc:: ri1ll~C:: (1300-1350 K), (JotatiolJ,,1 method) 

[237]. The data sets from these two investigations of Na2P ,0, are 
virtually in exact accord (-±0.5%). 

TABLE ggg. Surface tension studies: NaPO) - Na4P 20, 

Ref. 

226 

Investigations critically examined 

1 

Mol ratio I Temp. range 1 Comments 
Na,O/PPs i (K) 

see remarkS after 
Table 839 
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:me) 

850 
910 
970 

1000 
1060 
1090 
1120 
1140 

Mol ratio 
Na20IP2()S 

1.16 
1.28 
1.45 
1.48 

TABLE 889. NaP0l - Na4P207: 
Surface tenSion (dyn cm- l ) .. 

N~O!P20S (mol ratio) 

].16 1.28 1.45 

215.4 
205.0 213.1 224.7 
202.7 210.8 222.4 

209.7 221.3 
207.4 219.0 

217:8 

TempeNltnr,,,,-rl"p,,nn,,,nt equations 

'Y =,a + bT 

a -b x loJ 

2~9:5 37.93 
247.6 37.89 
'259.2 37.95 
261.1 37.84 

1.48 

22;3.3 
221.0 
219.9 
218.7 
218.0 

sta!ldard 
error of 
estimate 

0;01% 
0.01% 
0.01% 
0.01% 

The surface tension data for molten sodium phosphate were extended 
from the meto.ph08phatc to pyrophosphate compoliitioll WlW!:I ill" rill!!! 
detachment technique and special platinum equipment, by Callis, Van 
Wazer, and, Metcalf. [238]. The", accuracies in the .experimental 
measurements [238] were cited, as - ±0.8%. A. CQ,mposit!on-dependent 
and temperat.nre-d"f'enOE'nte.qnlltion, 'l.dvUlcec\ in [237], was used by 
Hubble and Copeland [226] to calculate the surface tensions reported in 
Table 830 

Melt Preparation and Purification 

Owens and' Mayer [223] used reagent grade materials. 
The NaPO:; was prepared by heating reagent grade 
NaH2P04 at 520·C for 1 week. Analysis of the product 
by the zinc, oxide method indicated a water content of 
less than 0.2 wt%. The Na2S04 was used without further 
treatment. Bergman eta!; [57] used reagent grade salts. 
No other information was given. 

TABLE 890. Density studies: NaP03 - Na2S0.· 

Investigations critically e""miuc,", 

, 

Ref. /MOI% Temp. range Comments 
Na2SO. (K) 

223 j 0-25 803-1083 Pt conical shaped 
bob; correction for 

I 

thermal expansion 
of Pt. 

Mol percent N~SO. 
1tK) 

25 12.5 8 4 2 

800 2.324 
830 2.303 '2.309 
860 2.289 2.295 2.295 
890 2.267 2.275 2.281 2.280 
950 2.230 2.240 2.247 2.251 2.252 

1070 2.175 2.185 2.190 2.192 2.195 

Temperature-dependent equations 
P Q + bT 

Mol percent 

I I ?oi~S04 a -b x loJ 

25 2.662. 0.455 
12.5 2.674 0.457 
8 2.696, 0.473 
4 2.716 ,0.490 
2 2.705 0.477 
1 2.693 ,0.165 
Q 2.6906 0.459 

These values are based on the data of Oweris and Mayer (A.rchimedean 
technique); data. in equation form; precisions not estimated [223]. The 
density results for P~e NaP03 (above) have been advanced earlier, in 
this series, as the recOinmended data set I8]. 

Investigations critically examined 

57 , 0-100 I 1173 .! estimated uncertainty: 
112,-40/0 ' 

Equiv. percent 
N~SO. 1173K 

100 7.62 
90.5 5.71 
80.2 3.81 
72.2 2.38 
60.9 5.24 
51.0 6.67 
39.4 '11.91 
29.6 18.10 
19.8 30.95 
10.1 71.91 
0 (180.2) 

These values were interpolated from the graphical data of Bergman, 
Gasanaliev, Trunin and Kolesnikov (oscillational method) [57). The 
data could not be fitted to a simple equation. For N~S04' the viscosity 
measurements reported by Tanutrov et aI. (oscillational method) [2381. 
are gi";en by: '1/ = 14.8 X 10-2 exp(999O/R1) for 1240-1460 K (accuracy 
estimate: -±25%). The value at 1173 K (above table) agrees with the 
results of Tanutrov within these error limits. The value for NaP03 

(182.0) appears to be an extrapolated value; from the recommended 
data base for NaPOJ [1], the viscosity at 1173 K is 126 (±30) cpo 

J. Phys. Chem. Ref. Data, Vol. 12, No. 3,1983 
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TABLE 894. Surface tension studies: NaPO, - Na,SO. 

Ref. 

223 

Investigations critically examined 

Mol % Temp. range Comments 
Na,SO. (K) 

0-25 883-1143 rt-iridium ring modified 

with Pt counterweight in 
torsion arm; 
correction for thermal 
expan.ion of Pt. 

TABU 895 N"PO, - N".SO., 
Surface tension (dyn em-I) 

Mol percent Na,SO. 
T(K) 

880 
910 
940 

1030 
1060 
1120 

25 12.5 

199.3 
201.6 197.7 
196.3 192.9 
194.6 

i 
191.1 

Temperature-dependent equations 
l' = a + bT 

Molpefc"ul 

1 

194.0 
192.9 
191.7 
188.1 

Na2S0. I a I -b x 103 

25 256.17 58.1 
12.5 247.9 53.4 

1 228.8 39.5 
0 228.7 39.8 

I 

These values are based on the data of Owens and Mayer (ring 
detachment method); data in equation form; precisions not estimated 
[223J. The results for pure NaPO" (i.e., 0% Na2SO.) have been 
advanced elsewhere in this series as the recommended surface tension 
data set for NaPO, [2). 

Melt Preparation and Purification 

For the method used by Owens and Mayer [223J to 
prepare NaP03, see: NaP03-Na2S04• The Rb2S04 was 
reagent grade and used without further purification. 

TABLE 896. Density studies: NaPO, - Rb2SO, 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
Rb2SO. (K) 

223 0~25 773-1073 see: NaPOrNa2S04 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

TABLE 897. NaPO, - Rb1SO,,: Density (g cm-~ 

Mol percent Rb2SO. 
T(K) 

25 12.5 

780 2.560 2.461 
870 2.512 2.417 
960 2.464 2.373 

1050 2.417 2.330 

Temperature-dependent equations 

p = a + bT 

Mol percent 

I I Rb,SO. a -b x 103 

25 2.973 0.530 
12.5 2.840 0.486 
0 2.6906 0.4592 

These values are based on the data of Owens and Mayer (Archimedean 
technique); data in equation form; precisions not estimated (223). The 
results above for 100% NaPO, (0% Rb2SO.) have been advanced 
elsewhere in this series as the recommended density data base for 
NaPO, [8). 

1 

TABLE 898. Surface tension studies: NaP03 Rb2SO. 

Ref. 

223 

Investigations critically examined 

Mol % Temp. range Comments 
Rb2SO. (K) 

0-25 793-1083 see: NaPO,-Li2SO. 

T(K) 

810 
870 
960 

1050 
1080 

TABLE 899. NaPO, - Rb1SO.: 
Surface tension (dyn em-I) 

Mol percent Rb 2SO, 

25 

166.1 
162.9 
158.1 
153.4 

i 

Temperature-dependent equations 
'Y = a + bT 

12.5 

173.2 
168.9 
164.7 
163.3 

Mol percent 

I I Rb2SO. a -b x 10' 

25 209.0 53.0 
12.5 214.05 47.0 
0 228.7 39.8 

I 

These values are based on the data of Owens and Mayer (ring 
detachment method); data in equation form; precisions not estimated 
[223]. The results for NaPO, (0% Rb2SO.) have been advanced 
elsewhere In this series [~J as the recommended surface tensiun dall1 
base for NaPO). 
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Melt Preparation and Purification 

For the method . used by Owens and Mayer [223] to 
prepare NaP03• see: NaP03-Na2S04• TheU02S04 was 
prepared by dehydrating reagent grade U02S04.3H20 in 
a muffiefurnace at 400°C. 

. TABLE 900. Density studies: NaPO) - VOzSO. 

Investigations critically examinee! 

Ref. Mol % Temp. range Comments 
V02SO. (K) 

223 0-12.5 . 803-1023 see: NaPO)-Na2S04 

Mol percent VOZS04 

T(K) 
12.5 10 7 3 2 

800 2.436 
830 2.580 2.421 2.372 
860 2.775 2.671 2.565 2.407 2.358 
950 . 2.727 2.625 2.520 2.362 2.318 
980 

1010 
2.711 2.505 2.347 
2.695 2.490 2.332 

Temperature-dependent equations 
p = a + bT 

12.5 ·3.234 
10 3.105 
7 2.997 
3 2.832 
2 2.745 
1 2.705 
0 2.6906 

2.305 
2.291 

0.534 
0.505 
0.502 
0.495 
0.449 
0.447 
0.4592 

These values are based on the data of Owens and Mayer (Archimedean 
technique); data in.equation form; precisions not estimated [223]. The 
results above for NaPO) (0% VOISO.) have been advanced elsewhere 
in this serle. [8] "".the recommended data base for NaPO," 

TABLE 902 .. Surface tension studies: NaPO) V02S04 

Investigations critically examined 

Ref. 

I 
Mol % ITemp. range I Comments 
U02S04 (K) 

223 I 0-12.5 1933-1103 
1 

see: NaP03-Li2SO. 

TABLE 903. NaP03 - VOZS04: 

Surface tension (dyn em-I) 

Mol percent U02S04 

7{K) 
12.5 

930 212.1 
970 204.8 

1010 197.6 
1030 194.0 

Tempero.ture dependent equo.tioDs 

These values are based on the data of Owens 'and Mayer (ring 
detachment method); data in equation form; preCisions not estimated 
[223]. The results above for NaPO) (0% VOzSO.) have been advanced 
elsewhere in this series as the recommended surface tension data base 
for NaP03 [8]. 

Na"Pz0 1 ~ NazSO" 

Melt Preparation and Purification 

Bergman et aI. [57] used reagent grade materials. No 
other information was given. 

TABLE 904. 

Ref. Equiv. % Temp. range Comments 
Na2S04 (K) 

57 30-100 1273 estimated uri certainty; 
2-4% 

Equiv. percent 
NaiS04 1273 K 

100 5.0 
90 5.9 
80 7_1 
70 8.4 
60 9.4 
50 11.7 
30 15.6 

Composition-dependent equation 
1) = 22.987 - 27.32 x 1O-2C + 9.30 1I 10'·<:4 

[C = Equiv. % N~S041 
These values are based on the data of Bergman, GlISlInllliev, Trunill And 
Kolesnikov (oscillational method); data in graphical form; precillion not 
estimated [57]. The viscosity value for 100% N~S04 (above) appeaJ'li 
low from the data of Tanutrov et al. [239], the value at 1273 K is 7.7S 
(±2) cpo (see also: comments following Table 893, this work). 

J. Phys. Cham. Ref. Data, Vol. 12, No.3, 1983 
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Sulfate - Other 

TABLE 906. Data Status 

System Phase Electrical 
Diagram Conductance 

K1SO.-K1WO. X X 
LizSO.-KzWO. X 

1100°'.----------------...., 

100d' 

900 

FIGURE 112. Phase diagram for KzSO. - KzWO •. 

Data from: M. Amadori, Atti reale accad. Lincei, Sez. I, 22,610 (1913). 

Melt Preparation and Purification 

K vist and Trolle [227] further dried reagent grade salts 
before use. 

TABLE 907. Electrical conductance studies: 
KoSO, - K,WO, 

Investigations critically examined 

I 
Ref. Mol % Temp. range Comments 

I KzWO. (K) I 

227 50 1202-1265 quartz cell; I 
Pt electrodes; i 

frequency: I-10Hz. 
, 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

Density Viscosity Surface 
Tension 

TABLE 908. KzSO. - KzWO.: Specific conductance 
(ohm-tcm-I) 

T(K) 

1200 
1220 
1240 
11.60 

50 

1.337 
1.381 
1.424 
1.468 

Temperature-liependent equation 
K = -1.2876 + 0.2187 x lO-zT 

Swmlanl enUl uf e.limate 0.20% 
These values are based on the data of Kvist and TroHe (classical ac 
method) [227]. 

Melt Preparation and Purification 

K vist and Trolle [227] further dried reagent grade salts 
before use. 

TABLE 909. Electrical conductance studies: 
LizSO. - KlWO. 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
KzWO. (K) 

227 50 1083-1246 see: KzSO.-KzWO. 

TABLE 910. LiZS04 - KzWO.: Specific conductance 
(ohm-Icm-t) 

The data were extrapolated to 1080 K. 
Temperature-liependent equation 

K = -4.2017 + 0.67306 x lO-zT - 0.17265 x 10-51' 
Standard error of estimate = 0.20% 

These values are based on the data of Kvist and TroHe (classical ac 
method) [227]. 
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Mol% 

Melt· Preparation and' Purification' 

Kvisf aria TroIleT227] further dried reageriigi-ade salts 
before. use. . . 

TABLE·911. Electrical conductance studies} . 
Li2SO. - LiZW04 

Inv~tigations critically examined 

Ref. '1 ~ol %ITemp• ransel· . 
.LlzWO.. . (K) . 

Comment.;· 

227 I 50 1919-1180 ·'1 

TABLE 912. Li2S04 :- Ll2W04:Specificconductan:~ 
, (ohm,lcm-I). . 

Mol Percent L12W04 
1\l() 

.50'·. 

920 1.721 
10to 2:237 
1100 2.703 
1180 '3.074 

"" 

Temperature-dependent equation
Ie = ~A555 + 0.01176T"- 0;3122 x to-5T 

Standard error of estimate:: 0.13%' 

.., 

-- . 

Data from: A. G. Bergman. A. I. Ki.lnv., "tid V T. Pogyp"iko, Zh. Th_ values are based on the data. of Kvist IUld TroOe 
Osbshch. Khim. 24,1722, (1954). [227) imd KviSt [228} (classical ac method). 

Perchlorate/Chlorate - Ot,he,r . 

TABLB 913. Data StatUS 

LICI03 ..; LlOH 

Melt Preparation and .. Purification 

Campbell· and Williams [209] prepared the lithium 
chlorate by mixing equimolar proportions of barium 
chlorate and lithium sulfate. The precipitated barium 
sulfate was fIltered off and the clear solution titrated 
alterna.tely with solutions oflithiwll :sulfate and ofbariulU 
chlorate until all excess over stoichiometric proportions 
was removed. The solution was then concentrated by 
vacuum distillation at about 60·. When the solution had 
attained a concentration· of lithium chlorate of about 
90%, it was cooled in an ice' bath until crystals of lithium 
chlorate separated out. The crystals were removed by 
flItration and stored over sulfuric acid for 2-3 weeks. 
When the salt was sufficiently dryit was ground to a fine 

powder in a dry box. Final drying was carried out· under 
vacuum. 

Reagent grade lithium hydroxide waS dried before use .. 
The mixture of lithium chlorate. and lithium hydroxide 
was made up in a dry box, melted and ftltered through a 
coarse fllter and then transferred to the cell. 

TABLE 914. Electrical conductance studies: 
LiCIOJ - LiOH 

Investigations critically examined 

Ref. ,Mol % Temp. range Comments 
LiOH (K) 

209 0-7.6 403-443 Pyrex cell; Pt 
electrodes; frequency 
range: 1-10 KHz; 
calibration: aq. KCI. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 
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lAIlLE 915. LiCI03 - LiOH: Specific conductance 
(ohm-1cm- l ) 

7.6 
o 

Mol percent LiOH 
T(K) 

7.6 

410 0.116 
420 0.138 
430 0.162 
440 0.188 

Temperature-dependent equatIOns 

0.4421 
--0.9548 

3.775 
-2.639 

7.265 

Standard error of estimate = 0.97% 
These values are based on the data of Campbell and Williams (classical 
ac method) (209). The results for UCIO, (0% LiOH) have been 
advanced elsewhere in this series as the recommended conduct»n"" 
data base for UCIO) [1). 

Ref. 

209 

TABLE 916. Density studies: UClO) - UOH 

Investigations critically examined 

I Mol % I Temp. range I 
UOH (K) 

I 0-7.6 I 403-443 I 

Comments 

Pyrex dilatometer; 
calibration: Hg 

TABLE 917. LiCIO,- LiOH: Density (g cm-') 

Mol percent LiOH 
T(K) 

7.6 

410 2.037 
420 2.029 
430 2.021 
440 2.013 

Temperature-llependent equations 
p a+bT 

Mol percent 

I I T.iOH n -bx 1& 

7.6 

I 
2.3681 

I 
0.8065 

0 2.3936 0.7570 

Standard error of estimate = 0.01 % 
These values are based on the data of Campbell and Williams 
(dilatometric method) (209). The results for LiCIO) (0% LiOH) have 
been advanced elsewhere in this series III as the recommended density 
data base for UCIO,. 

Miscellaneous 

TABLE 918. Data Status 

KCHOZ-KCzH 30 Z 

Na3AsO.-NaOH 
Na3SbO.-NaOH 
NazSips-PbSi03 

UF-BeFz-ThF. 
-ZrF. 
-ZrF4-UF 

Melt Preparation and Purification 

x 

Leonesi et al. [229] used reagent grade salts which 
were dried carefully under vacuum at 120°C. 

J. Phys. Chem. Ref. Data, Vol. 12, No.3, 1983 

Ref. 

229 

X 
X 
X 

x 
X 
X 
X 

TABLE 919. Electrical conductance studies: 
KCHOz - KC2H,02 

Investigations critically examined 

Mol % Temp. range Comments 
KCzH 30 2 (K) 

0-100 580-600 Pyrex cell: Pt 
electrodes; frequency: 
2000 Hz; calibration: 
molten NaN03, KNOl 
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TABLE 920. KCH02 - K~HP2: Specific conductance 
(ohm-1cm- l ) 

Mol percent K~HlO2 
T(K.) 

50 25 13 7 

580 0.304 0.384 0.433 0.463 
590 0.326 0.410 0.460 0.491 
600 0.349 0.435 0.487 0.519 

Temperature-dependent equation. 
K = a + bT 

Mol % standard 

K~HlO2 -a bx 10l error of 
estimate 

100 0.8487 1.800 : 0.00% 
50 1.0005 2.249 0.09% 
25 1.0944 2.549 0.07% 
13 1.1326 2.699 0.00% 
7 1.1603 2.799 0.00% 
0 1.2087 2.949 0.05% 

These values are based on the data of Leonesi, Berchiesi and Cingolani 
(classical ac method) [229]. 

Melt Preparation and Purification 

Urazov et a1. [230] used reagent grade salts as starting 
materials. The sodium hydroxide was first fused in the 
outer cylinder of the viscometer before adding the 
sodium arsenate. Chemical analysis of the melts was 
undertaken. 

TABLE 921. Viscosity studies: Na,AsO, - NaOH 

Investigations critically examined 

Ref. Mol % Temp. range Comments 
NaOH (K) 

230 31.0-60.9 650-770 two concentric 
cylinders with hemi-
spherical bases 

TABLE 922. Na)As04 NaOH: Viscosity (cp) 

Mol percent NaOH 
T(K) 

I 
48.9 39.4 

650 8.54 

I 

730 2.04 13.48 
750 1.86 7.85 
770 4.69 

For two "nml'o~jtion., ginSI" data points, only, Were reported, i.e.: 60.9 
mol % NaOH (1.44 P, 653 K); 31.0 mol % NaOH (6.03 P, 773 K). 

Temperature-dependent equations 
'I) a + bT + ere 

Mol % standard 
NaOH a -b x loJ ex 106 error of 

estimate 

48.9 403.845 1077.35 721.83 15.56% 
39.4 1916.538 4870.05 3100.17 0.56% 

These values are based on the data of Urazov, Lovchikov and Lipshits 
(o""illational method) [230]. 

Melt Preparation and Purification 

For the method of melt preparation used by Urazov et 
aI. [230], see: Naj As04-NaOH. 

TABLE 923. Viscosity studies: 

Investigations critically examined 

Ref. I Mol % Temp. range Comments 
NaOH (K) 

230 i 46-68 650-750 see: Na)AsOcNaOH 

TABLE 924. Na)Sb04 NaOH: Viscosity (cp) 

Mol percent NaOH 
T(K) 

68 62 56 50 46 

650 10.3 15.8 23.5 32.6 37.1 
700 8.5 12.7 19.2 27.S 32.6 
740 6.0 9.3 14.5 22.1 27.3 
750 5.2 8.3 13.1 20.5 25.7 

Temperature-dependent equations 
'1 l/ + bT + cT' 

Mol % standard 
I NaOH -II bx x 10' error of 

estimate 

68 I 104.15 372.5 302.3 I J.03% j I 

62 57.15 274.5 249.6 
I 

0.54% 
56 85.00 401.4 360.7 

I 

2.391}h 
50 84.28 440.2 400.6 1.96l}') 
46 129m 575.8 492.6 1.04% 

These values are based on the data of Urazov, Lovchikov and Lipshits 
(oscillational method) [230]. 
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Melt Preparation and Purification 

No information on melt preparation was given in the 
study by Trifonov [231]. 

TABLE 925. Viscosity studies: 

Investigations critically examined 

I Mo~ % I Temp. range I 
PbSI03 (K) 

Comments Ref. 

231 1 0-100 1663-1163 j 

Mol percent PbSiOJ 

T(K) 

I I I 80 60 40 20 

390 
The results of the measurements 
by Pospelov and Ev.trnpev [2331 
are cited in the review by Trifonov 
[231) in the form of a log '1/ 
vs. composition graph. The information 
given therein is insufficient for 
critical analysis. The publication 
of Pospelov and Evstropev (233J 
could not be retrieved through 
normal interlibrary loan channels. 

800 

LiF - BeF~ - ThF. 

Melt Preparation and Purification 

Cantor [74] purified LiF by recrystallizing from slowly 
cooled melts. Thorium tetrafluoride was recrystallized in 
a graphite crucible by slowly heating the commercial, 
anhydrous product to melting under a He atmosphere. 
The BeF 2 was purified by sublimation. 

TABLE 927. Density studies: LiF - BeF2 ThF4 

Investigations critically exantined 

Ref. Mol percent Temp. range Comments 
LiF:BeF2:ThF. (K) 

Pt bob, melt 
as in contained in 

74 Table 928 800-1010 cylindrical Ni 
vessel; 
calibration: HP 

J. Phys. Cham. Ref. Data, Vol. 12, No.3, 1983 

Mol percent LiF:BeF2:ThF. 
T(K) 

70.1:23.9:6.0 70.0:18.0:12.0 70.0:15.0:15.0 

800 3.400 
830 2.738 3.376 3.651 
980 2.637 3.255 3.508 

1010 3.230 3.480 

Temperature-depenrlent equation. 

p = a + bT 

Mol percent 

I I LiF:BeF2:ThF. a 

70.1:23.9:6.0 3.295 
70.0: 18.0: 12.0 4.044 
70.0: 15.0: 15.0 4.439 

-bx 103 

0.671 
0.805 
0.950 

These values are based on the data of Cantor (dilatometric method); 
data in equation form; precisions not estimated (74). 

TAIILb 929. Viscosity studies: 

Ref. 

74 

Investigations critically examined 

Mol percent TeUljJ. , .... ,g" Comments 
LiF:BeF2:ThF4 (K) 

as in lnconel rotating 
Table 930 800-1010 spindle; 

calibration: Hp 

TABLE 930. LiF BeF: ThF.: Viscosity (cp) 

Mol percent LiF:BeF2:ThF4 

T(K) 
72.7:15.7:11.6 70_1,23.9,6.0 

800 15.74 
840 14.18 12.13 
900 10.25 8.57 
920 9.29 
940 8.45 

Temperature-dependent equations 
'7j = A exp [E/RTJ 

Mol percent 

I I LiF:BeF::ThF. A E 

72.7:15.7:11.6 

I 
0.10910 

I 
8125 

70.1:23.9:6.0 0.06625 8697 

These valUe!; aTe h".eel on the data of Cantor (osoilllltiono.l method)j 
data in equation form; precisions not estimated [74]. 

Melt Preparation and Purification 

For the method of melt preparation used by Cantor 
[74], see: LiF-BeF2-ThF4• The ZrF4 was sublimed and 
dried under vacuum. 
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TABLE 931. , Density studies: LiF- BeFz - ZrF ... 

Ref. 

74 

Investigations critica1lyexamined 

' Mol perceililTemP~ ~ange Comments 
LiF:BeFz:ZrF. (K) 

64.7:30.1:5.2 I 7w.:.960 see: LiF-BeFz-ThF. 

Mol percent LiF:BeFz:ZrF. 
$) 

64.7:30.1:5.2 

720 2.281 
810 2.229 
900 2:177, 
960 2.142 

Temperature-dependent equation 
p ~ 2.697 - O:S78x!(y-3T 

., 

These values are based on the data of Cantor (dilatometric method); 
data in equation form; precisions not estimated [74]. 

UF - BeF2 -2rF .. - UF .. 

Melt' PreparatIon and Purification 

,For the method of melt preparation used by Cantor 
[74] see: LiFBeFrThF ... TheZrF .. was sublimed and 
dried under vacuum. 

TABLE 933. Density stu4ii:s: LiF- BeF, - ZrF. - UF. 

Ref. 

74 

Investigations critically exiunined 

Mol percent Temp. range Comments 
LiF:BeF2:ZI"F4:UF. (K) 

' 64.79:29.96:4.99:G.26 790-1030 see: 
LiP BeFz ThF. 

Mol percent 
LiF:BeF~:ZrF.:UF4 

1{K) , 

64.79:29.96:4.99:0.26 

790 2.243 
850 2.209 
910 2,176 

1000 2.125 
1030 2.108 

Temperature:-<iependent equation 
p == 2.687 - 0562 x l<tlT 

The:se va1u~ ace based on the: data of Cantor (dilatometric method); 

data in equation form; precisions not estimated [74]. 

9. 'Salt Systems: Cross ,Index 

In the following table, the letters in parentheses refer 
to the section in the·manuscriptwhereinformation on the 
system is to be found. ' 

Soli 
AgBr 
AgCI 
AgCIO] 
AgI 
AgNO] 
AgzS 
Ag2Se 
Ag2Te 
AlF", 
AlP! 

BaF2 

BaO 
BeF2 

"sYstems 
(A) -AgN03; .,.Ag2Te; 
(A) .,.AgN03i -Ag.S; -Ag,Se; -Ag,Te 
(C) I,;iN()J-' " _ 
(A) :"AgN03;-Ag2~;-Ag,Te 
(A) AgCl-; AgBr-;HgBr2-; Agl-; Hg12-

CA) A~-; AgI- ' 
(A)' AgCI-,', . 
(A) AgCl-; Agsr-; AgI-:- . 
(A) -Na]AIF6 ' 
(A) CaP • .:.; NaF-
(B)-KlA1F6i -Li~F& -Ll,COl; -N~A1F6 

-Na3AlF.SiO~ 
(A) -NaN0l ; -Li,sO.; -NalAlF&-N~AlF6 

BaP
2
,' " 

(A) -CaSiOl ; -NB3AlF6; BaCl-N83A1F. 
(A) C8F,-
CA) -NS3A1F6 
(C) • LiF-ThF~; LiF-ZrF.; LiF-ZrF.-UF. 
(B) ':'K~~OT; -KP03i -Na,B.OTi -NaPO, 
(A) NaGI __ ;NaF- ' 

, .(B) -CszCOl; -K2B.01; -K2COl; -Li1OOl; 

-N~~ -Na,B.01; -Na,CO,; -NaPOl; 

-Rb,C03 

, (B) CaO-; Fe,Ol-: SiO,-
(A) -CaMoO~; ~O; 
(A) UCI-; LiCI-KCI-
(A) ,,-Al,Oli -BaO;,-:-CaO; -CaSi03; -MgO; 

(A) 
(A) 
(B) 
(C) 

.,.NIly\lJ'6i -N";J:l.07i -SiOz; -TiOz; 
-V.O,; -Zt01 

CaC12-

CaSb,O. (B) 

CaCI.-; CaF2-; NaF
-Ole,; -SiD. 
Na,COl-NaOH
Sb,O)-

CaSb,0 6 (B) 
Ca.Sba0 23 (B) 
CaSiOl (A) 
(CHJ.NCIO .. (A) 
CoBrl (A) 
CeCI, (A) 
CsBr (A) 
esCl (A) 
Cs,COl (B) 
~SO. (A) 
CuC! (A) 
CU2S (A) 
FeCI., (A) 
Fe,O) (B) 
FeS ,(A) 
HgBrl (A) 

HgCI1 

HgII 
Hg(N0J, 
HgO 
HgS 
HgS°4 

HgSe, 
HgTe 
K)AlF6 
KBF. 
KBOz 

(A) 
(A) 
(A) 
(A) 
(A) 

-(A) 
(A) 
(A) 
(B) 
(A) 
(C) 

S~Ol-
Sb10)-
BaF2-; CaF2-; KF-; LiF-; MgFl"'; NaF-
HgBr,- ' , 

-KNOl 

-KNOl 
-ZnSO. 
-Cs:rSO.; -Li"SO. 
B20l - ' 

cSCl
-CuzS 
Cuci
-Fe~ 
-GaCz;: :'Li2C03 
F~l~-

-AgNOl ; -(CHJ.NClO.; -HgO; 
-Hg(NO~2i -HgS; -HgSe; -HgSO.i -HgTe; 
-TI,SO.; , 
-TIN03 
-AgNOl; - TIN03 
HgBr1-

HgBr1-

HgBr2':' 

HgBr1-

HgBr,-
HgBr2-
Al,O,-
KF-
-KP03 
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Salt Systems Salt Systems 

K2B.07 (B) BP3-; BiPJ-; NiO-; PbO- LilPO. (C) LiPO,-
KDr (A) -KN03i -N"2S0.; -ZnSO. Li4Pz07 (e) LiP03-
KCHOz (C) -K<;H30 Z LizSO. (A) BaClz-; CsCI-; KCl-; NaCI-; RbCl-
KCzH30 2 (C) KCHOz-; NaNO,-; (C) KZCOl-; -K1WO.; -Li1WO.; NaPOl-
KC,Hs0 2 (C) NaNOJ- Li2WO. (B) wol -

Kel (A) -K,CO,; -KNO,; -KPO,; -K,PO.; (C) Li,SO.-
-K4P20 7; -K2SO.; -Na2B.O,; -K2ZrF.; MgClz (A) -MgO 
-LiZCO,; -LiNOl ; -LizSO.; -NazCO,; MgF2 (A) -CaSiO,; -Na3A1F6 

-NaNOJ; -Na2S0.; -NH.N03; -ZnSO. MgO (A) CaF2-; MgCI2-
NaCI-Na2SO.; LiCI-CaCrO. MoO, (B) -K2MoO.; -LizMoO.; -Na2MoO. 

KCIO. (C) KNOl-; LiN03-; NaN03- NaAIF. (A) NaF-
KZCO, (A) KCI-; LiF-; NaCl-; LiCI- NaJAlF6 (A) AlFl-; BaCI2-; BaCI2-BaFz; BaF2-; 

(B) BP3- BeF2-; CaF2-; LiF-; MgF2-; NaCi-; 
(C) -KOH; -Li2SO., -KOH-CaO; -KOH-KCl, NaF-

-KOH-K2SiOl (B) AIPJ-' AlP,-Si02, BP,-; SiOz-
KZCrP7 (C) KNO,-; NaNO,- Na,AsO. (C) -NaOH 
KF (A) -CaSiO" -KBF.; -KP03; -K2SiF6; NaBF. (A) NaF-

-K2ZrF.; -Li2C03; -Na2B.o, NaBOz (C) -NaPO, 
KI (A) -Na2S0.; -ZnSO. Na2B.O, (A) CaF2-; KC1-; KF-; LiCl-; NaCl-; NaF-; 
K2MoO. (B) MoO,- ZrF.-

(C) KNOl -; KN02- (B) BP3-; Bi20 l-; NiO-; PbO-; WOl -

KNOz (C) -K2MoO.; -K1WO. (C) -K2ZrF6; NaPOJ-
KN03 (A) CoBr2-; KBr-; KCl-; LICI-; TIBr-; NaBr (A) -K2SO.; -Na2CrO. 

llCI-; CoClz- NaCI (A) -BPJ; -KzCO,; -KzSO.; -KzTiF6, 
(C) -KCIO.; -KZCr207; -K2MoO.; -KOH; -KzZrF6; -LizSO.; -Na,AlF6; -Na2B.o, 

-K2WO.; -LiClO.; -NaClO.; -NaZCrp,; -Na2CO); -NaNO); -Nap; -NaOH; 
Kp (B) -Zn(PO,)z -NaPOl ; -Na.PZO,; -Na2SO.; -NazTiF.; 
KOH (C) K2CO,-;KN03-; KZCO,-CaO; KzCOJ-KCI; -Na,ZrF6; -Na2SO.-K2SO.; -KCl-Na2SO. 

KzCO)-KzSiOJ NaZC03-NaOH 
KPO, (A) KCl-; KF- NaCIOl (C) NaNO l -

(9) Bi,O,-; NiO-; PbO-; \VO,_; ZnO- NaCIO. (C) KNO,-; LiNO,-; NaNO,-
(C) KB02-; -KlPO.; -K.PP7; NaZCOl (A) KCl-; NaCl-

K,PO. (A) KCl- (B) BP3-; 
(C) KPOI - (C) -NaOH; -NaOH-CaO; -NaOH-NaCI; -NaOH· 

K,P,O, (A) KCl- Na,SiO,; 
(C) KPOl- Na2CrO. (A) NaBr-

K2SiF. (A) KF- Na2CrZO, (C) KNO,-
K2SO. (A) KCl-; NaBr-; NaCi-; NaCI-Na2S04-; NaF (A) -AlPJ; B20 ,; -CaO; -CaSiO,; -NaAlF. 

RbCI- -Na,A1F6; -NaBF.; -NazB.O,; -NaNOl ; 

(C) -K2WO.; Li,CO,- -NaPO,; -NazZrF6; 
K2TaF, (B) Ta2OS- Nal (A) -NaNO,; -Na,SO. 
K2TiF. (A) NaCI- Na2MoO. (B) MoOr 

(B) Ti02- (C) NaNO,-; NaNO,-
KYO, (B) Y,Os- NaNO, (C) -Na,MoO.; -Na,W04 

K,WO. (B) War NaN03 (A) BaCJ,-; KCl-; LiCl-; NaCl-; NaF-; 
(C) KN03-; KN02-; K,SO.-; Li,SO.- Nal-; PbCI,-; llCI-

K,ZrF6 (A) KCI-; KF-; NaCl- (C) -KC2HP,; -KC3HsO,; -KClO.; -K,Crp, 
(C) Na2B.07- -Liel04> -NaeI03; -NaelO., -N"lMoO. 

LilAIF6 (B) AIPr -NaOH; -Na, W04; -Na,S04; 
LiCI (A) -Li,CO); -CaCrO.; -K,CO,; -LiClO.; Nap (A) NaCl-

-LiNO); -Na2B.O,; -KN03; -KCl-CaCrO. (B) -Zn(pO,)2 
NoN03 NoOH (A) NaCl-

LiClO) (C) LiN03-; LiOH- (C) Na]AsO.-; Na,CO,-; Na,C03-NaCl; 
LiClO. (A) LiCl- Na,C03-CaO: Na2CO,-Na,SiO,; NaNO]-; 

(C) KNO,-; LiNOr ; NaNOl- Na,Sb04-

Li2COl (A) KCl-; KF-; LiCI- NaPO, (A) NaCl-; NaF-
(B) AI20 ,-; Bp)-; Fep,-; Li,O-; Si02-; (B) B,03-; BiP,-; NaBO,-; NiO-; PbO-; 

1120r W03-; ZnO-
(C) -K2SO.; -LiOH (C) -Li2SO.; -Na2B.07; -Na,PO.; -Na.P2O, 

LiF (A) -CaSiO,; -K,CO,; -LiPO,; -NaJAlF6 -Na,SO.; -Rb,SO.; -V02SO. 

(C) -.BeF2-ThF.; -BeF,-ZrF4; -BeF,-ZrF4 Na3P04 (C) NaPO l -

Up. Na.P,07 (A) NaCl-
Li,MoO. (B) MoOl - (B) WO,-
LiNO] (A) KCI-; LiCl- (C) NaPO,-; -Na,S04 

(C) -AgCI03; -KCIO.; -LiCIOl; -LiClO.; Na,SbO. (C) -NaOH 
-LiOH; -NaClO. Na2SO. (A) KBr-; KCl-; KI-; NaCl-; NaI-; RbCl-; 

LiP (B) -LiZCOl NaCI-K2SO.; NaCI-KCl-

LiOH (C) Li,CO,-; LiCIO,-; LiNO,- (C) NaN03-; NaP03-; Na.Pp, 

LiP03 (A) LiF- Na,ISiU3 (C) Na,COl-NaoH 

(C) -Li,P04; -Li.PP7 Na,Si,Os (C) -PbSiO, 
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Salt Systems 

NaVO) , 
Na2WO. 

(A) 
(B) 
(8) 
(8) 
(C) 
(A) 
(A) 
(C) 

(NH4)HzP04 (C) 
NiO, (B) 
PbClz (A) 
PbF, (A) 
PbMoO. (8) 
PbO (A), 

(8) 

PbS (A) 
PbSiO) (C) 
RbCI (A) 
Rb2CO) (8) 
Rb,SO. (A) 

(C) 
, Sb,O) (B) 

Si02 (A) 
(8) 

Ta,O, (B) 
ThF., (C) 
TiO, (A) 

(8) 
TIBr (A) 
TICI (A) 
TINO) (A) 
TI20) , '(B) 
TI2SO. (A) 
up. (C) 
U02SO. (C) 
V 20 S (A) 

(B) 
WO) (BJ 

ZnO (B) 
Zn(pO), (B) 
ZnSO. (A) 

ZrF. (A) 
(C) 

zrO, (A) 

NaCI
TiOr 
V 2o, 
War 

, NaNOr ; NaN02-

NaCI-;NaF-
, KCI
-(NH.)HzPO. 

, -NH.NOl 
,..K,B.07: -KPO,: -Na,B.07: -NaPO, 
-NaNO); ~PbS 
-PbO 
PbO
PbF,~ 
-K2B.07; -KPO); -Na2B40 7; -NaPO); 
-PbMoO. 
PbCI,
NazSi20 S-

-K2SO.; -Li2SO.; -Na2SO.; -Rb2SO. 
B20)-

, RbCI
NaPO)-
-caSb,O.; -CaSb,O.; -ea.Sb,021 

" CaF2-

Alp)-Na)A1F6-; -Ca<;; Cao-; -Li,CO) 
-Na)A1F6 

-lC,TaF" 
LiF-BeF2~ 

CaFz-
-K2TiF6; ~Na2TiF6 
-KNO, 

, '-KNO;; -NaNO); -ZnS04 

HgCI,-; HgJ2-
-Li,C03 

HgBrz-
• LiF-BeF,-ZrF.
NaPO j -

CaF2~ 

-KVOl;~NaVO) 
-.!U'U); -K.2WU.; .,.Li,WO.; -Na,B.07; 

-NaPO); -Na.P20 7; -Na2WO. 
-KP03; -NaPO); -Zn(POl)l 
K,O-; Nap-; ZnO-
CsDr-; KDr-; KCI-; KI-; TlCI
.,.NazBP7 
LiF-BeFz-; LiF-BeF,-UP. ~ 

c3F,-
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