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1. Introduction

The published data for the four physical properties:
clectrical cunductance, dewsily, viscosity, and surface tension
for molten mixed halide systems have been reviewed and
critically assessed, and the results, together with value judge-
ments, are reported herewith. The collection and evaluation
of molten salts data was undertaken as part of the NSRDS
program in 1965. The physical properties were limited to the
four most widely encountered in materials science and tech-
nology, viz., electrical cuiductance, viscusity, density, and
surface tension; and the scope of the systems to inorganic
compounds as “single-salt melts”, i.e., one-component
systems, and to binary mixtures of inorganic compounds.
For a systematic approach, an anion classification was used
to order the salts, and within each anion family an alphabeti-
cal order was followed for listing the salts by cationic con-
stituent. The molten salts data series thus falls naturaily into
nine parts, as summarized in table 1. The present publica-
tion is the seventh in this series [1-6]l , and completes the
recommendations for binary mixtures of molten halides.
The lterature embraced is current to June, 1977.

TaBre 1. NSRDS molten salts data series
(For single salts and their binary mixtures relative to the

data for electrical conductance, viscosity,
density and surface tension)

Motlten salts NSRDS recommendations ' Ref.
Vol.1(1968) | Single salts (x,n,0)% [11
Vol. 2(1969) | Single salts (v} [2]
Vol. 3(1972) l Binary mixtures: nitrates, nitrites [3]
Vol. 4,Pt. 1 Binary mixtures of fluorides [4]
(1974)
Vol. 4, Pt. 2 Binary mixtures of chlorides 51
(1976) .
Vol. 4,Pt. 3 Binary mixtures: bromides, jodides [61
(1977)
Vol. 4,Pt. 4 Binary mixtures: mixed halidesb
Vol.5,Pt. 1 Binary mixtures: anion families®
other than nitrates, nitrites, halides
Vol. 5, Pt. 2 Additional binary mixturest

Page
NaClKI. ..o 264
NaCl-Nal . . ... . 267
RhCIRbBY. ... . 269
AgBr-Agl. .. .. 272
CsBr-Csl . ... .. .. . . . ... .. 273
HeBro-Hgly, ..o oo oo 277
KBrKI ..o 278
NaBr-Nal. .. ... .. ... ... . . .. ... .. . ... .... 284
ShBra-Shlz ... .. 289

The organization of the narrative and tabular data sup-
porting the recommendations follows the style of the preced-
ing parts of the series. Observations concerning melt prepara-
tion and purification arc given, the temprerature-liquidus
phase diagram is included where possible. This material is
followed by a tabular summary of the investigations critically
examined (with temperature and concentration ranges, and
comments on cell materials and method ol calibration).
Table(s) of recommended numerical values complete the pre-
sentation. The preceding analysis was developed for cach of
the four propertics. Summary tables have been cunpiled to
provide a total overview of the investigations, and arc at the
end of the manuseript.

2. Symbols and Units

The symbols and units® for the four physical propertics
in this compilation are:
= specific conductance (ohm ™' em™!)
density (g cm™3)
viscosity (cp)
surface tension (dyn cm™').?
addition:
= activation energy (cal mol~!)
equivalent conductance (ohm™
= concentration (mol %)
= gas constant = 1.98717 cal mol 'K ™!
= temperature in kelvins, defined on the thermo-
dynamic scale by assigning 273.16 K to the triple
point of water (freezing point, 273.15 K = 0 °C)

H

1

n

1

em? cquiv -t )

HmOPEFII DR

3. Experimental Methods

Practical aspects of molten salts containment (materials)
and designs of experimental assemblies for measurements of
clectrical conductivity, viscosity, density, and surface tension
have been reviewed in the preceding parts of this series. A
summary is given in table I1. In table IIl, an analysis of the
use of the various techniques in the studies of mixed halides
is given.

“Single Salt Updates: Some of the NSRDS recommendations
advanced in 1968 and 1969 for single salt melts have been revised in
the sequels. See the single-salts updates in Volumes 3-5, respectively,
for information.

bPresent work. Submitted for publication, july, 1977.
“Work in progress.

! Numbers in brackets refer to literature references in section 8.

2For conversion to the SI system.

lohm™'em ! = 1x10°Q " 'm"!
lgem™? = 1x10"*Kgem™?
lep = 1x10*Nsm™?
ldynem™? = 1x10*Nm™*
1 cal mol~! = 4.184 Jmol™'.

3When 7 is treated as a free energy per unit area, it is given the

unit, erg cm™~?; this is dimensionally identical to dyn cm™*.

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979



128 JANZ, TOMKINS, AND ALLEN

The general principles for purification procedures and the
preparation of mixtures are those reviewed for the fluorides,
chlorides, bromides and iodides [4-6]. Additional details are
given for specific mixtures in section 3, this work.

TasLE II. Experimental techniques

Techniques Aspects reviewed and reference
v - Varioue poeeible methods and % application: This
series, Vol. 2, Part 2 [2].
K.O.KY Descriptions of experimental assemblies: This series,
Vol. 3 [3].
K,pMmY Practical aspects of studies with molten fluorides:
This series, Vol. 4, Part 1 [4].
.0M,Y Conductance: possible errors in measurements.
Viscosity: comparison of oscillational and capillary
techniques: This series, Vol. 4, Part 2 [5].
K Cafibration techniques in molten salts conductivity

measurements: This series, Vol. 4, Part 3 [6].

TaBLE HI. Percent application of techniques — mixed halide melts

Specific conductance

Method Percent application

Classical ac 95%

Other 5%
Density

Archimedean 66%

Pycnometric, dilatometric 17%

Bubble pressure 11%

Flotation : 6%
Viscosity

Capillary . 75%

Oscillational ; 25%

Surface tension

Maximum bubble pressure i 64%
Pin detachment X 27%
Wilhelmy slide plate Il 9%

4, Treatment of Data
4.1, Statistical Analysis

The statistical analysis was performed on the computer
facilities (IBM 360, PDP 15 and G.E. Mark Il Time Sharing
Unit) at Rensselaer Polytechnic Institute.

The density, specific conductance, viscosity and surface
tension values were recalculated by a one-dimensional analy-
sie wpng the method of least squares to establish equations

Andieating the variations of the physical quantities with tem-

3 Pigh: £amm, Hel, Dita, Vol. 8, No. 1, 1979

perature at the experimental composition. For density and
surface tension results, where five or more experimental
compositions and temperatures or temperature-dependent
equations were reported, the values were recalculated by a
two-dimensional analysis, using a stepwise multiple regres-
sion routine. In this way a physical property-temperature-
composition matrix was developed. Tabulated values given in
brackets indicate that the data base was minimal for statisti-
cal analysis, i.e., insufficient number of data points.

{a). One-Dimensional Analysis

The criterion for choosing the equation of best fit in the
one-dimensional analysis is the standard error of estimate
computed from the residuals and defined by

n
z 0.-1)
n-gq

where ¢ = the experimental value at each temperature,
7. = the value calculated from the least squares equation at
the same temperature as v, n = the number of experimental
data points, and g = the number of coefficients in the least
squares equation (2 for linear, 3 for quadratic). -

(b). Two-Dimensional Analysis
Computer Programs Used

Programs from the IBM Scientific Subroutine Package*
were used with the IBM 360/65 computer facility at Rens-
selaer. The routines consist of STPRG, CORRE, LOC, and
MSTR, the latter two being storage routines which have no
effect on the accuracy of the results. In addition the sub-
routine STOUT is used to print the results of each regression
step and the subroutine MATRIX is used for printing a
matrix of the final equation.

Statistical Procedure

The abbreviated Doolittle method® was used to select
the variables entering the regression and for calculation of
coefficients. The independent variable included in each step
of the analysis was selected by computing the reduction of
sums of squares of each variable. The variable causing the
largest reduction was added to the equation and deleted from
the table of sums of squares. The coefficients, intercept anc
statistical parameters for the new equation were computec
and printed. This procedure was repeated until the maximum
proportion of sums of squares to the total reduced was less
than a limit set by the programmer. The independent vari-

4System 360 Scientific Subroutine Package Programmers Manual;
IBM H20-0205-3, 1969.

5C. A. Bennet and N. L. Franklin, Statistical Analysis in Chemis-
try and the Chemieal Industry (John Wiley and Sons, 1954).
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"ables used in the initial selection were chosen from a gener-
alized procedure, which generated 30 combinations of the
input variables using: powers, reciprocals, logarithmic and
_exponential  quantities. It was found that the procedure
consistently selected the combination (T + C)® so that the
working program used nine independent variables. After the
final equation was produced, it was transferred to the
MATRIX routine, which calculates values at rounded com-
positions and temperatures within specified boundary condi-
tions. In the presentation of the matrix, due cognizance is
taken of the experimental range of the investigation and of
the phase relationships for the system so that values are
always “interpolated” rather than “‘extrapolated™. The final
step in the procedure involves the residual analysis, where
the deviations of the original values from those computed
. from the “best” equations are given.

Statistical Parameters

For each step in the regression analysis a summary of sig-
nificant stalistival - paramelors is given. Tist the suns of
squares reduced (S,), the proportion of S,/D, where D is
defined below, given by P, the cumulative S; given by Seym
and the cumulative proportion given by (Peu) are listed.
These quantities give an indication of the effect of each
variable in the final equation. The programmers limit on

P was always in the range 0.0001 <P < 0.001.

Standard Error of Estimate

The standard error in the estimated y values adjusted for
degrees of freedom is given by:

C D'.Scunl

s.e. =
n—qg-—1
where
D= I (.77
= .-
177 )
¥; = experimental values
¥ = average of all experimental values
g = the number of independent variables in the equations

As a general guide, about 68% of the results lie within the
standard error of estimate, 95% within twice this value and
approximately 99 percent within three times the value.’
. The standard error of estimate has been reported as a percent
in this study. Where this information was reported in the
literature as standard deviation, the preceding approach
was not possible and we refer to the published error esti-
mates of the original authors.

1. D. Sterling and S. V. Pollack, Introduction to Statistical Data
Processing (Prentice-Hall, 1968)

F Value for Analysis of Variance

This value is used to determine if a particular model is
acceptable”. Tables of F values indicate that values greater
than 2.0 are acceptable for the routine used here. In all cases
values of F were greater than 500 and in most cases, greater

than 1000. The F value is defined as:

S

cum/q

F={p_s_im—q-1)

where Scum, g, D, and n were defined earlier.

4.2. Value Judgements

The recommendations advanced in this work are based on
three criteria: (a) type and quantity of experimental data,
(b) experimental method used, and (c) an error analysis of
the reported results. The principles followed in selecting the
most reliable data were as follows: ‘

(a) Studies reporting either numerical data, results derived
from statistically. generated equations or data in the form of
temperature-dependent equations were preferred over graphi-
cal results, except in those cases where the graphical results
were based on a more complete investigation (i.e., wider
composition or temperature range). _ '

(b) The experimental aspects were examined, and the
preparation, purification, stability and analyses of the single
salts and binary melts were critically assessed. The reliability
of the measuring technique (determined from standard
“calibration” checks) was an important further
consideration. ‘

(c) The statistical parameters and percent departures as
discussed in sections 4.1 and 4.3, respectively, were con-
sidered. For systems where investigations had similar
quantity and quality of data, the results with superior
statistical parameters were selected.

For some systems more than one reference was used to
generate the recommendations. This was done to extend the
recommended values to the widest possible range of composi-
tion and temperature.

4.3. Physical Property Tables

Four types of tables are used to present information rela-
tive to the physical properties.

{a) Number of investigations. In such tables, the published
studies are analyzed with respect to:

® the investigations critically re-examined

® composition and temperature ranges

7H. Smith and N. R. Draper, Applicd Regression Analysis (John
Wiley and Sons, 1968)

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1978
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® o summary of experimental details such as cell material

and calibration method

¢ the minimum and maximum percent departures of the

data with respect to NSRDS recommendations [1,2,4,

5,0, this volume].
The notation (g) indicates the data were presented graphi-
cally. Otherwise it is to he assumed that the data were re-
ported in numerical or equation form. Footnotes to these
tables call attention to information of unusual importance
(technique, experimental uncertainty, etc.). A recommended
reference is always indicated by a bold-face reference num-
ber. In situations where the composition-temperature-
physical property data base is based on more than one
investigation, all references used to develop the value judge-
ments are listed in hold-face.

(b) Numerical values. Each table of values either contains
the equation from which the values were calculated with the
statistival parametors assuciated with it, ur it has a {votnole
stating how the values were obtained. Where the experimen-
tal data were published in graphical form only, the numerical
values were derived by interpolation.

(c) Percent departure. The percent departure has been
used to compare the results of different investigations with
either previous or current recommendations and has been
considered when evaluating a study for possible recom-
mendation.

The percent departure is given by

Percent departure =
(“compared value” — “recommended value”) - 100

(“recommended value™)

The recommended values are those in NSRDS-NBS 15 [1],
NSRDS-NBS 28 [2], references [4, S or 6] or given in the
present work. Only the maximum and minimum departures
of the data from the NSRDS reference data base are re-
ported. Percent departures are not given for data interpolated
from graphical presentations.

(d) Summary tables. In section 6, a series of summarizing
tables are developed to give information on the total number
of investigations, the studies selected for the best-value
recommendations, and related aspects of the work.

4.4. Phase Diagrams

Phase, diagrams, where available, are included with the
systems. It should be understood that these are not advanced
as critically evaluated recommendations. The liquidus curves
are used as houndary conditions in generating the matrix of
recommended values in the two-dimensional analysis so that
extrapolation into the solid state cannot occur. The literature
reference for a phase diagram is given with the diagram.

J. Phys. Chem, Ref. Data, Vol. 8, No. 1, 1979

5. Mixed Halide Systems

5.1. Fluoride-Chloride Systems

BaF,-BaCl,
H T T T
BaFz-BaCly
1200] .
%) J
o
°
2
2 1009 .
1
(0]
Q
S
v
|
]
800 | —
i
|
!
1 1 | ] |
0 20 40 60 80 100
BaCl, Bof,

Mol % BaF,

Fi6urEe 1. Temperature-composition phase diagram for BaF,-BaCl, .
W. Plato, Z. Phys. Chem., 58, 360 (1907).

Melt Preparation and Purification

Kuvakin and Klyakin [68] purified barium fluoride by
roasting the commercial product with a mixture of am-
monium fluoride and barium chloride. Similarly, barium
chloride was treated with ammonium chloride to volatilize
any impurities. The salts were fused before use.

Bukhalova and Yagub’yan [40] used recrystallized C. P.
chemicals. Fluoride salts were prepared by dissolving the
carbonates in hydrofluoric acid.

TABLE 1. Electrical conductance studies: BaF;-BaCl,

Investigations eritically re-examined

-
BaCl; | Temp.range
Ref. mol % \ (T) Comments
68 50-100 1273-1373 | Cell material: Pt
vessel; Pt electrodes;
frequency: 1000 Hz;

ealihration: maolten

| NaCl, KCl and NaF.

Deviations from previous NSRDS recommendations [1, p. 7]

BaCl, .
. Ref. mol % Min. departure Max. departure
|
68 100 ~13.19% (1355 K) [I -18.17% (1275 K)
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TaBLE 2. BaF;-BaCly: Specific conductance (ohm=!cm™')

TABLE 4. BaF;—BaCl,: Density (g cm‘3)

Mol percent BaCl, Mol % BaF, 1573K
T 50.0. 62.5 75.0 87.5 100 0 2,94
- 10 2,98
1275 1.457 1.106 1.035 1.268 1.784 20 3.03
1280 1.476 1.123 1.051 1.287 1.806 30 3.12
1285 1.495 1.139 1.067 1.305 1.829 40 3.22
1290 1,515 1.155 1.082 1.324 1.851 50 3.34
1300 1.553 1.188 1.113 1.361 1.892 60 3.46
1305 1.572 1.204 1.129 1.380 1.017 70 . 3.61
1310 1.591 1.220 1.145 1.398 1.940 80 3.74
1315 1.611 1.237 1.160 1.417 1.962 90 3.86
1320 1.630 1.253 1.176 1.436 1.984 100 3.94
1325 1.649 1.269 1.192 1.454 2.007 i
1330 1.669 1.285 1.207 1.473 2.029
1335 1.688 1.302 1.223 1.491 2.057 These values have been interpolated to three significant figures
1340 1.707 1.318 1.254 1.529 2.095 from the graphical presentation of Bukhalova and Yagub’yan
1350 1745 | 1351 | 1.270 | 1547 | 2118 (Archimedean method) [40]. ,
1355 "1.765 1.367 1.285 1.566 2.140
1360 | 1784 | 1383 | 1300 | 1585 | 2162 BaF,-KCl
1365 1.803 1.399 1.317 1.603 2.185
1370 1.823 1.416 1.332 1.622 2.207 ' T T T ] T T T
1300}— Bak-KCI .
Temperature-dependent equations
k=a+bT
: 3 Standard
Mol % BaCl, ; —a b-10 deviation
50 3452 3.850 0.017
62.5 3.045 3.256 0.006 1100
75 2949 3.125 0.008 S
875 3.484 3.727 0.009 [
100 3891 | 4453 0.008 °
R — - i ‘5-
S
These values are based on the werk of Kuvakin and Kiyakin 2
(classical ac technique) [68]. The data were reported in equation £
form. The standard deviations reported by the authors are given. F 900
TABLE 3. Density studies: BaF,—BaCl,
Investigations critically re.examined
|
BaCl, ' Temp. range
Ref. mol % () Comments 200l N
40 0-100 (g) 1573  : Platinum sphere; calibration: L ! I | ! ! B
volume of sphere determined o 20 40 60 80 100
using substances of known den- KCi BaF,

sity.

Mol % BaF,

F16URE 2. Temperature-composition phase diagram for BakF,-KCl.
E. 1. Banashek and A. G. Bergman, Dokl. Akad. Nauk SSSR, 57, 905
(1947).

Melt Preparation and Purification

Bukhalova and Yagub’yan [31] used C. P. potassium
chloride, recrystallized twice before use. Barium fluoride
was prepared by dissolving the chemically-pure carbonate in
hydrofluoric acid.

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979



132 JANZ, TOMKINS, AND ALLEN

TaBLE 5. Density studies: BaF,-KCl

Investigations critically re-examined

Ka Temp. range
Ref. mol % (1 Comments

31 | o100 : 1573 Platinum sphere; calibration:
i volume of sphere determined
; using substances of known

\\ density.

TaBLE 6. BaF2-KCl: Density (g cmhs)

Mol % BaF, 1573 K

0 1.20
10 1.50
20 1.80
30 2.06
40 2.34
50 2.62
60 2.92
70 3.14
80 3.40
90 3.68
100 3.96

These values have been interpolated to three significant figures
from the graphical presentation of Bukhalova and Yagub’yan
(Archimedean method) [31].

4, Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979

CsF-CsCl
Melt Preparation and Purification

References [85] and [65] (Smirnov et al.) give no infor-
mation on melt preparation and purification. For a descrip-
tion of Smirnov’s method of purifying LiCl, refer [5],
p- 1005. See also KF-KCl. In a recent publication [94],
Smirnov describes the preparation of alkali halide melts as
follows: The salts were recrystallized and dried for 24 k
during which time the temperature was raised gradually up
to melting. Because it hydrolyzes relatively readily, LiCl
was dehydrated under vacuum during 6 days, the tempera-
ture being increased very slowly to avoid caking of the salt.
When it was molten, dry HCl was bubbled through the melt:
for approximately 6 h. All salt mixtures with LiCl were pre-
pared in a similar way. Contact with quartz -was avoided to
prevent contamination of the melts by oxide.

Tante 7. Electrical conductance studies: CsF-CsCl

Investigations critically re-examined

CsCl * Temp. range
Ret. mol % (7 Comments
85 0-100 923.1183 | Pt electrodes; freq. range:
50.000 Hz.

Deviations from previous NSRDS recommendations [1, pp. 3,6]

Ref. n?sla% Min. departure Max. departure
85 100 0.06% (960K) | —5.49% (1070 K)
85 0 —1.58% (1010K) | —4.69%(1125K)




PROPERTIES OF MIXED HALIDE MELTS 133

TaBLE 8. CsF-CsCl: Specific conductance (ohm "1_ em™1)

T . Mol percent CsCl
100 88 75 63 50 : 37 25 12 0
930 1.160 :
940 1.184 ;
950 1.208 '
960 1.232 1.285 1.374 1.564 ; }
970 1.9255 1.307 1.306 . 1.580 1.885
980 1.279 1.329 - 1417 1.504 1.613 ' 1.763 1.915 2134
990 1.301 1.351. .1.439 1.526 1.637 : 1.790 1.945 2163 2456
1000 1.324 -1.373 1.461 - 1.548 1.661 1.816 T 1.975 2.191 2.488
1010 1346 | 1395 1.483 1.570 1684 | 184 2.004 . 2210 2.520
1020 1.368 1.416 1.505 1.592 1.707 1.867 2.033 2.247 2551
1030 1.390 1.438 1.527 1.613 1.730 ) 1.891 2.062 2.274 2.583
1040 1412 1.459 1.548 1.635 1.753 ! 1915 2.090 2.301 2.614
1050 1.433 1.480 1.570 1.657 1.775 ' 1.939 2.118 2.328 2.645
1060 1.454 1.501 1.592 1.678 1.797 : 1.963 2.145 2.355 2677
1070 1.475 1.522 1.614 1.699 1.819 1.985 - 2.172 2.381 2.708
1080 1.543 1.636 1.721 1.840 2.008 2.199 -2.407 2.739
1090 1.564 1.658 1.742 1.861 - 2.030 2.225 2.433 2990
1100 . 1.585 1.680 1.763 1.882. 2.051 2.251 2.459 2.801
1110 . 1.605 1.703 1.785 1.902 ) 2.072 2.276 2.484 2.832
1120 1.626 1.725 1.806 1.922 ' 2.093 2.301 2.509 2.863
1130 - 1.646 1.747 1.827 1.942 : 2113 2.326 2,534 2.893
1140 1.666 1.769 1.848 1961 1 2132 2.350 2.559 2924
1150 1.687 1.791 1.869 1.980 | 2152 2.374 2,583 2955
i160 1.707 1.813 1.999 . 2.170 2.398 2.607 2.985
1170 1.726 1.836 2.018 2.189 2421 2631 3.016
1180 1.858 2.207 3.046
1190 1.880
1200 ’ 1.903
1210 : 1.925
1220 1.948
1230 1.970 Al
1240 1.993 :
Temperature-dependent equations
k=a+bT + ¢T?
Mol % 3 6 Standard
Cs - b-10 °-10 deviation
0 1.055 3.918 0.375 i 0.006
12 1.853 : 5.286 ©1.242 ) 0.008
25 2.897 6.794 1.922 0.002
37 3.037 7.127 2.274 : 0.005
50 2.228 i 5.419 1.530 0.001
63 ’ 0.951 ' 2.811 ' 0.312 0.003
75 0.567 : 1.877 : -0.151 0.004
88 1.330 i 3.236 0.533 0.004
100 ) 2.271 ; 4.943 1.348 0.002

These values are based on the work of Smirnov, Shumav, Stepanav, Khokhlov and Noskevich (classical ac technique) [85].
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TaBLE 9. Density studies: CsF-CsCl

Deviations from previous NSRDS recommendations {1, pp. 3,5]

Investigations critically re-examined Ref CsCl | e departure Max. departure
y : mol % ’ )
CsCl Temp. range ‘

Ref. | ol% (n Comments 85 | 100 | 0.40% (940K) 0.53% (1070 K)
85 0 |-0.28%(1070K) | —0.39%(1010K)

85 0-100 923.1073 | Cell material: Pt sphere; calibra-

tion: molten KNO3.
TaBLE 10. CsF-CsCl: Density (g cm'a)
Mol percent CsCl
; T )

T 100 88 75 | 63 | 50 37 25 12 : 0
930 2.789 2.857 2.934 3.035 l 3.141 3.259 3.404 3.543 3.688
940 2779 2.846 2.924 3.023 | 3.129 3.247 3.391 3.529 3676
950 2.768 2.835 2913 3.011 3.117 3.235 3.378 3.515 3.663
960 2.758 2.825 2.902 2.999 : 3.105 3.223 3.364 3.502 3.651
970 2,747 2.813 2.891 2.988 I 3.093 3.211 3.351 3.489 3.639
980 2.737 2.803 2.881 2.970 3.081 3.199 3.338 3.475 3.627

1000 2.716 2.792 2.870 2.964 ’ 3.070 3.187 3.324 3.462 3.615
1010 2.705 2:770 2.848 2.941 : 3.046 3.163 3.298 3.435 3.591
1020 2695 2,759 2.837 2.929 3.034 3.151 3.285 3.422 3.579
1030 2.684 2.748 2.027 2.917 J.022 3.139 3.271 3.400 3.567
1040 2,673 2.737 2.816 2.905 3.011 3.126 3.258 3.395 3.555
1050 2,663 2.726 2.805 2.893 3.000 3.114 3.245 3.381 3.542
1060 2,652 2.715 2.794 2.882 2.987 3.102 3.231 3.368 3.530
1070 2.642 2.704 2.784 2.870 2,975 3.090 3.218 3.354 3.518
Temperature-dependent equations
p=a—bT
3 Standard
Mol % CsCl a b-10 deviation

0 4.8135 1.2105 0.0004

12 4.7942 1.3456 0.0006

25 4.6394 1.3283 0.0013

37 4.3801 1.2054 0.0008

50 4.2382 1.1803 0.0009

63 4.1302 1.1778 0.0009

75 3.9361 1.0770 0.0007

88 3.8766 1.0959 0.0008

100 3.7692 1.0536 0.6004

These values are based on the work of Smirnov, Shumov, Stepanov, Khokhlov, and Noskevich (Archimedean method) [85]. The following
equation, with concentration, C, in mole percent CsCl and temperature in K, has been derived from the preceding data: p = ¢ + 6T + ¢C* + dT(]

4 oTC? + fCT?, where a = 4.90268, b - 10% = _1.30079, o -

10%=2.54535,d - 10° = _2.71649, ¢ - 10% =1.50024, 7 - 10% = 1.42291, with »

maximum departure of 0.33% at 923 K and 75 mol % CsCl, and a standard error of estitnate of 0.002. This equation may be used to calculate
the density of CsF-CsCl melts at any given composition in the temperature range 923-1073 K.
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TasLe 11. Viscosity studies: CsF-CsCl

Investigations criticaily re-examined

CsCt -
Ref. mol % Temp. range
65. | 0100 | Seefootnote a.

Deviation from pfevious NSRDS recommendations [Vol. 4, Pt. 2]

L ocsa

Ref. 10l % Departure
65 ' 100 | -2.82%(1070K)

AThe temperature range was not given. The isotherm at 1070 K
{molar viscosity vs. composition) was reported and the values in the
following table were calculated from this set of data.

Tasre 12. CsF-CsCl: Viscosity (cp)

Mot % CsCl 1070K
0 . 1.304

12 1175

25 1.10g

37 1.06g

50 1.07,

63 1.07;

75 1.064

88 1.06,

100 » 1.034

These values are based on the work of Smirnov, Khokhlov and

Antonov (oscillating sphere method) [65] and the density data of
Swirnvy, Shumov, and Khokhlov [83]. The data were reported in
equation form and no estimate of error was given.

TapLe 13. CsF-CsCl: Molar viscosity (crg s mol ! )3

Temperature-dependent equations

log My = A +BIT
Mol % CsCl —-A B-

0 1.6660 1516
12 : 1.2178 1015
25 1.2219 1019
137 1.2308 1036
50 1.1422 970
63 1.1259 : 974
75 1.1731 : 1039
88 1.1666 1050
100 1.1743 1065

Kquations as reported by Smirnov, Khokhlov and Antonov [65]
(see footnote, table 11); of limited value since temperature lumts of
applicability and standard deviation were not reported.

Molar viscosity is defined by #(Mp~*), where M = X M+ XM,
and p, X;, X, are the density and mol fraction composition of the
molten mixture, with the units of  in poise.

KF-BaCl,
1 1 T [ 1 1 T I 1
1000}
g | 8sc
e |\
32 800——\?
o \ 780
a
€ Y
e L E |
650
600 . 1
L ] L ! L | L ] L
0 20 40 80 =1a] 100
KF Bt:Cl2

Mol % BoCl2

Ficure 3. Temperature-composition phase diagram for KF-Badl, .
E. 1. Banashek and A. G. Bergman, Dokl. Akad. Nauk SSSR, 57, 905
(1947).

Melt Preparation and Purification

Bukhalova and Yagub’yan [31] purified chemically pure
barium chloride by recrystallizing twice from agueous solu-
tion. Potassium fluoride was prepared by reacting chemically
pure potassium carbonate with hydrofluoric acid.

TABLE 14. Density studies: KF-BaCl,

Investigations critically re-examined

Ref.

i Ba‘C.l2 Temp. range
’ mol % (T Comments
31 ' 0-100 (g) 1573 Platinum sphere; calibration:

volume of sphere determined
using substances of known den-
sity.

TasLe 15. KF-BaCl, : Density (g em )

Mol % BaCl, T 1573
0 1.60
10 174
20 - 1.90
30 2.06
40 2.21
50 2.35
60 2.50
70 2.61
80 2.72
90 2.84
100 ; 2.93

| .
These values have been interpolated to three significant figures.

from the graphical presentation of Bukhalova and Yagub'yan
(Archimedean method) [31].
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KF-KCI torr) and then melted in a platinum crucible in. an atmo-
sphere of purified nitrogen.
200 ! ! ! T Narushkin, Patrov, and Chebotarev [87] used chemically
pure KF and KC! dried to constant weight at 100 — 150 °C.
The salts were then cooled in a desiccator and weighed in
800 Sintered corundum contuincrs il’l an argon ﬂtmOSP}ICrC-
Smirnov et al. [84] used high purity potassium ‘halides.
) Anhydrous KF was obtained by dehydrating KF-2H, 0. '
< 700
v
2
g TasLE 16. Electrical conductance studies: KF-KCl
)
o 600 - — -
g Investigations critically re-examined
’_ .
Kl Temp. range
500k i Ref. mol % 1 Comments
L ! ) ) 84 0-100 | 993-1293 Pt electrodes; freq. range 50,000
0 20 40 60 80 100 Hz.
KCI Mol % KF : KF Deviations from previous NSRDS recommendations {1, pp. 3,5}
F1GURE 4. Temperature-composition phase diagram for KF-KCl.
Ref. | K@ | Min. depa Max. depart
W. Plato, Z. Phys. Chem., 58, 364 (1907). el | mol % | 'in.departure ax. departure
Melt Preparation and Purification 84 100 —~0.11% (1065 K) —0.11% (1195 K)
84 0 —7.44% (1155 K) ~7.64% (1220 K)
Holm and Berge [60, 88] used reagent-grade KF and KCl
dried at 400 — 500 °C under moderate vacuum (0.1  0.01
TasLE 17. KF-K(: Specific conductance (ohm'1 cm '1)
T Mol percent KCl
100 88 75 63 50 37 12 0
1000 2.065 2.155
1010 2.099 2.187
1020 2.133 2.218
1030 2.067 2.166 2.249 2.340 2470
1040 2.094 2.199 2.280 2.373 2.502
1050 2121 2.231 2.309 2405 2.534
1060 2.200 2.147 2.262 2.339 2436 2.565
1070 2.227 2173 2.293 2.367 2467 2.596
1080 2.252 2.198 2.323 2.395 2.497 2.626
1090 2.277 2,223 2.352 2.395 2.497 2.620
1100 2.302 2.247 2.380 2.450 2.555 2.685
1110 2.326 2.270 2.408 2.476 2.583 2.713 3.013
1120 2.349 2.293 2.436 2.502 2,611 2.741 3.041
1130 2372 2316 2462 2527 2638 2.768 3.068
1140 2.394 2.338 2.489 2.552 2.664 2.795 3.095
1150 2415 2.359 2.514 2.576 2.690 2.821 3.122
1160 2.436 2.381 2.539 2.600 2.715 2.847 3.149 3.373
1170 2,457 2401 2.563 2.623 2.739 2.872 3.176 3.400
1180 2.476 2421 2.586 2.645 2.763 2.897 3.203 3.426
1190 2.495 2.440 2.609 2.667 2.786 2.921 3.229 3.453
1200 2.514 2.459 2.631 2.689 2.808 2.945 3.255 3481
1210 2,532 2478 2.653 - 2.709 2.830 2.968 3.282 3.509
1220 2.549 2.496 2.673 2.730 2.851 2.990 3.308 3.537
1230 2.566 2.513 2.694 2.749 2.872 3.012 3.334 3.565
1240 2.582 2.530 2.713 2.767 2.892 3.033 3.360 3.594
1250 2.597 2.546 2.732 3.054 3.386 3.623
1260 2.612 2.562 3.075 3.411 3.653
1270 2.626 2.577 3.094 3.437 3.682
1280 : 3.462
1290 3.488
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TasLE. 17. KF-KCl: Specific conductance (ohm=* ecm~* )—Continued

Temperature-dependent equations
k=a+bT +cT?

Mol % ; 3 Standard

Kdl ¢ b.10 . —e.10° deviation
0 © 2660 - _1.392 ~1.730 0.012
12 0.794 4.115 0.617 0.007
37 - 3.775 8.871 2.726 0.004
50 4.455 9.894 3.201 0.006
63 3.864 8.811 2.792 0.005
75 4.648 9.948 3.235 0.003
88 3.525 8.107 2.600 0.006

100 3.989 9.019 3.000

These values are based on the work of Smirnov, Shumev, Khokhlov, Stepanov, Noskevich and Antonenko (classical ac technique) [84].

Tabue 10, Domsily studics. KTF-KCl

Investigations critically re-examined

Ref.

Ka Tewp. range
mol % - Comments
84 | 0100 993.1253 |Pt ball; calibration: molten
KNO,.
60,88 150 1077.4,1136.4,/Pt-10% Rh sinker; calibration:

1190.0 water.

Deviations from previous NSRDS recommendations [1, pp. 3,5 and
this volume] :

Ref. nl](()?% Min. departure Max. departurc
84 100 0.35% (1140K) 0.38% (1020K)

60,88 50 —0.78% (1077.4K) —0.92% (1136.4 K)
84 0 0.36% (1150K) 191% (1250K)

J. Phys. Chem. Ref. Data, Vol. 8, No. 1. 1974



138 JANZ, TOMKINS, AND ALLEN
TasLe 19. KFKCl: Density (g em™)
T Mol percent KCl
100 88 75 63 50 37 12 0
1000 1.803
1010 1.617 1.797
1020 1.576 1.611 1.790
1030 1.570 1.605 1.784
1040 1.564 1.599 1.778
1050 1.558 1.593 1.772
1060 1.516 1.552 1.587 1.626 1.675 1.766
1070 1.510 1.546 1.581 1.619 1.669 1.760
1080 1.505 1.540 1.575 - 1.613 1.662 1.754
1090 1.499 1.534 1.569 1.607 1.656 1.748 1.856
1100 1.493 1.529 1.563 1.601 1.650 1.742 1.850
1120 1.481 1.517 1.551 1.589 1.638 1.729 1.836
1130 1.476 1.511 1.545 1.583 1.631 1.723 1.830
1140 1.470 1.505 1.539 1.577 1.625 1.717 1.823 .
1150 1.464 1.499 1.533 1.571 1.619 1.711 1.817 1.904
1160 1.458 1.493 1.527 1.565 1.613 1.810 1.898
1170 1.453 1.487 1.521 1.559 1.607 1.803 1.091
1180 1.447 1.515 1.552 1.601 1.797 1.884
1190 1.441 1.509 1.546 1.595 1.790 1.877
1200 1.503 1.540 1.588 1.783 1.871
1210 1.534 1.582 1.777 1.864
1220 1.528 1.576 1.770 1.857
1230 - 1.522 1.570 1.763 1.850
1240 1.516 1.564 1.844
1250 1.510 1.557 1.837
Temperature-dependent equations
p=a—>bT
Mol % KC1 a b.10° Shandard
0 2.6806 0.6750 0.0002
12 2.5800 0.6639 0.0005
37 2.4136 0.6109 0.0006
50 2.3296 0.6177 0.0003
63 2.2722 0.6100 0.0004
75 2.2187 0.5962 0.0004
88 2.1830 0.5950 0.0003
100 2.1300 0.5790 0.0010

These values are based on the work of Smirnov, Shumov, Stepanov, Khokhlov and Noskevich ( Archimedean method) [84].

TasLE 20. Surface tension studies: KF-KCl TasLg 21. KF-KCl: Surface tension (dyn em™)

Investigations critically re-examined Mol % KC1 1173 K

Ka Temp. range 10 92.3

Ref. mol % }()T) ® Comments 20 96.3
30 96.3

60 50 1073 Pt-10% Rh sinker; calibration: 40 99.6
water. 50 103.8

60 106.0

87 10-90 1173 Calibration: molten NaCl, KCl, 70 106.9
NaF, KF. 80 1101

90 114.7

The values in this table are those obtained experimentally by
Narushkin, Patrov and Chebotarev (modified maximum bubble
pressure method) [87].
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KF-NaCl TaBLE 23. KF-NaCl: Specific conduetance (ohm_l em™! )
900 T T
! I ! I L Mol percent NaCl
KF-NaCl
T 66.6 50 33.3
990 2.32 2.57
1000 241 2.70 2.69
1010 2.51 2.78 2.81
800 1020 2.59 2.86 2.93
1030 2.68 2.94 3.04
S 1040 2.77 3.02 314
= 1050 2.86 3.10 3.24
® 1060 2.94 318 3.34
- 1070 - 3.03 3.26 3.43
3 1080 331 3.33 3.52
‘E" 1090 3.19 3.40 3.60
o 1100 3.27 3.48 3.60
= 700 1110 3.35 3.55 3.76
1120 343 3.62 3.83
1130 3.51 3.69 3.89
1140 3.59 3.76 3.95
1150 3.66 3.83 4.01
1160 3.74 3.89 4.06
1170 3.81 3.96 4.11
1180 3.88 4.02 4.15
600 ] 1190 3.95 4.09 419
| ] { | 1200 4.02 4.15 4.23
. ' : —— ' 1210 4.09 4.21
(o] 20 40 60 80 100 1220 4.16 4.97
NeCl KF 1230 4.23 433
Mol % KF 1240 4.29
1250 4.36
FIGURE 5. Temperature-composition phase diagram for KF-NaCl. 1260 442
V. D. Polykov and S. L. Berul, Izv. Sekt. Fiz..Khim., Nal. Inst. Ob. 1270 4.49
Ncorg. Khim., Akad. Nauk SSSR, 22, 170 (1953). ’
Melt Preparation and Purification Temperature-dependent equations
k=a+bT +cT?
Ryschkewitsch [9] used chemically pure KF and NaCl,
and carried out the measurements under dry nitrogen. NaCl Standard
a b.10° c-10° error of
mol % .
estimate
TABLE 22. Electrical conductance studies: KF-NaCl 33.3 —31.6045 56488 —22.1904 4339
50 -11.3609 1.9723 — 5.6670 2.11%
Investigations critically re-examined 66.6 —-12.1839 2.0052 — 5.4536 2.32%

NaQ Temp. range
Ref. mol % (1

Comments

9 0,33,66,| 9831273
1002

Cell material: quartz cell or Pt
crucible; Pt electrodes; freq.
range: =6000 Hz; calibration:

| H,S0, solutions, saturated

Na(l solution, molten KNO,.

3Ryschkewitsch reported the specific conductance of single salt
melts graphically. The temperature measurements were accurate to

within 1 °C.

These values are based oﬁ the work of Ryschewitsch (classical ac

technique) [9].
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TABLE 24. Density studies: KF-NaCl

Investigations critically re-examined

KF Temp. range
Ref. mol % (1)
43 0-70(g) 1073

TaBLE 25. KF-NaCl: Molar volume (cm®) and density (g em™3)

Molar volume T

Density
Mol % KF (T=1073K) (T=1073K)

0 37.7 155
10 37.5 1.56
20 37.0 158
30 36.4 1.60
40 35.7 163
50 34.9 167
60 34.3 1.70
70 | 33.5 1.74

These values are based on the work of Markov and Prisyazhnyii
[43] (Archimedean method). The values were obtained by interpola-
tion of the graphically-presented results (mole volume), and sub-

sequent conversion of this data to densities in the conventional
manner.

LiF-LiClt

I L [ 1 [ T [ T
900} . . |
LiF-LiCl
o
<
4
2
£ 700
]
[~
£
Ll

500

0 20 40 60 80 100
LiF
Wt % Lici
F1GURE 6. Temperature-composition phase diagram for LiF-LiCl.

A.A. Rachvar, Tsvetn, Metall. 1, 508 (1930): Z. Anorg. Allg. Chem.
210, 183 (1933).
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Mett Preparation and Purification

Danielyan and Belyaev [52] used salts prepared from
chemically pure reagents dried at 150 °C for several hours.

Holm and Berge [60, 88] used reagent grade lithium
fluoride and lithium chloride dried at 400-500 °C under
moderate vacuum (0.1-0.01 torr) and then melted in a
platinum crucible under an atmosphere of purified nitrogen.

References [79] and [82] (Smirnov et al.) contain no
information on melt preparation. However, see CsF-CsCl.

TasLE 26. Electrical conductance studies: LiF-LiCl

Investigations critically re-examined

Ref. LiCl  Temp. range Comments

mol % (T)
52 | 60,69.5, | =788.1033 | Cell material: quartz capilary;
i 80, Pt disc-shaped electrodes; freq.
100 (g) range: 2000.20,000 Hz; calibra
tion: 0.1 MKC.
82 0-100 9331273 | Pt electrodes; freq. range:
50,000 Hz.

Deviations from previous NSRDS recommendations [1, pp. 3,4]

Ref. nll'(i)ﬂ% Min. departure I Max. departurc

82 100 0.00% (970K) —0.15% (1055 K)

82 0 ; 0.03%(1260K) —2.56% (1150 K)
|
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TasLE 27. LiF-LiCl: Specific conductance (chm ™! em ™ )

Mol percent LiCl

T 100 88 75 ‘ 63 50 37 25 12 [}
940 6.023 5.463 4.856 ) 4.610 4,741 ) 4915 5.391 5.912 6,704
960 - 6118 ! 5.566 4.973 4.743 . 4.880 5.081 5.556 6.081 6.895
980 . 6211 5.656 5.095 | 4.867 5.025 5.244 5.717 6.245 7077
1000 6.299 5.749 5.205 - 4.994 5.161 5.402 5.875 6.403 7.254
1020 . 6379 5.833 5.317 5.110 5.295 5.552 6.026 6.561 7421
1040 6.464 5.915 5.419 5.229 5.427 5.709 - 6.175 6.706 7.590
1060 6.541 5.996 E 5.527 5.345 5.556 5.856 6.321 6.860 7.755
1080 6.613 - 6.072 5.626 5.452 5.679 6.000 6.461 7.005 7917
1100 6.684 6.143 5.720 5.562 5.801 6.143 6.603 7.139 8.071
1120 - 6.749 6.213 5.816 5.665 5.917 6.282 6.738 7.283 8.218
1140 6811 6.282 5.903 5.763 6.035 6.421 6.867 7410 8.368
1160 6.875 6.342 5.992 5.864 6.147 6.547 6.999 7.539 8510
1180 6.931 6.401 6.072 5.959 6.253 6.677 7118 7.664 8.645
1200 6.981 6.455 6.155 6.048 6.357 6.805 7.241 7.788 8.784
1220 . 7.031 6.512 7.232 6.136 6.460 6.926 ! 7.357 7.900 8.914
1240 7.076 6.561 6.304 6.222 6.557 7.045 | 7471 8.021 9.042
1260 | 7120 6.608 6.374 6.037 . 6.651 7163 | 7.583 8.134 9.164

Temperature-dependent equation
k=a +bT +cT? +dT®

Mol % LiCl - b.107 1 —c.10° d.10*° Stand. error of est.

100 . 2.38328 1.30626 § 4.38178 0.022%
88 3.79487 1.53803 6.54756 7.08847 0.029%

75 453422 1.39024 ; 4.16275 0.031%

03 5.00117 1.40770 ; 3.99430 0.031%

50 445470 1.14329 0.812034 10.05267 0.024%

37 6.50401 " 1.59769 ‘ 4.07234 0.020%

25 6.35426 1.67159 448874 - 0.023%

12 6.13153 1.72097 4.67529 0.041%

0 6.62282 1.90497 517567 0.025%

These values are based on the work of Smirnov. Khokhlov. Stepanov. and Shumov (classical ac technique) [82]. These authors reported
equivalent conductivities in the form of semilogarithmic equations. The original data were converted to specific conductivities using the density
equations reported in the same paper.

‘TaBir 28. Density studies: LiF-LiCl

Investigations critically re-examined

. LiCl Temp. range
Ref. mol % (T) ~ Comments
60 50 982.2,1014.2,| Pt-10% Rh sinker; calibration:

1085.2 water.

82 0-100 933-1273 | Pt sphere; calibration: molten
) KNO3.

-Deviations from NSRDS recommendations [1, pp. 3, 4 and
. this volume ]

T
H

Ref. rxj;:lc‘l’/o Min. departure [ Max. departure

82 100 —0.03% (930K) —0.14% (1050 K)
60 50 0.33% (1085.2 K) 0.76% (982.2 K)
82 : 0 0.01% (1210K) 0.28% (1270 K)

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1978 _
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TaBLE 29. LiF-LiCl: Density (g cm'3)

Mol percent LiCl
T - -
100 88 B 63 50 37 25 12 0
940 1477 1.493 1517 1.548 1.588 1.640 j 1.699 1.768 1.877
960 1.468 1.485 1.508 : 1.540 1.579 1.631 ; 1.691 1.760 1.869
980 1.459 1.476 1.500 ! 1.531 11571 1.623 ‘ 1.682 1.751 1.860
1000 1.450 1.467 1.491 1.522 1.562 1.614 1.673 1.743 1.852
1020 1.441 1.458 1482 1.513 1.553 1.605 1.664 1735 1.844
1040 1.432 1.449 1.473 . 1.501 1.544 1.597 1.655 1.726 . 1.835
1060 1.423 1.441 1.465 1.496 1.536 1.588 1.646 1718 ;- 1.827
1080 1414 1.432 1456 1.487 1.527 1.579 1.637 1710 ! 1.819
1100 1.405 1.423 1.447 1.478 1.518 1.570 1.629 1.701 1.811
1120 1.306 1414 1439 1.469 1.509 1.562 1.620 1.693 1.802
1140 1.387 1.406 1.430 1.460 1.501 1.553 1.611 1.685 1.794
1160 1.379 1397 1421 1.452 1.492 1.544 1.602 1.676 1.786
1180 1.370 1.397 1421 1.452 1.492 1.544 1.602 1.676 1.786
1200 1.361 1.379 1.421 1.452 1.492 1.544 1.602 1.676 1.786
1220 1.352 1.371 1.395 1.425 1.466 1.518 1.575 1.651 1.761
1240 1.343 1.362 1.386 1416 1.457 1.509 1.567 1.643 1.753
1260 1.334 1.353 1.377 1.408 1.448 1.501 1.558 1.634 1.744
Temperature dependent equations
p=a—bT
. 3 Standard
Mol % LiCl a b.10 deviation

0 2.266 0.414 0.002

12 2.160 0.417 0.003

25 2.116 0.443 0.003

37 2.050 0.436 0.003

50 2.000 0.438 0.002

63 1.962 0.440 0.004

75 1.928 0.437 0.004

88 1.905 0.438 0.004

100 1.896 0.446 i 0.005

These values are based on the work of Smirnov, Khokhlov, Stepanov and Shumov (modified maximum bubble pressure method) [§2]. The
following equation, with concentration, C, in mole percent LiCl and temperature in K, has been derived from the preceding data: p =a + bC +cT +
dC% + eC3 + fTC? + gCT?, where a = 2.25621, b.10% = — 8.20475, c.10% = —4.09235, d.10° = 6.37250, .10 = —2.52846, £.10° = 8.73570,
g-10l - _5 11184, with a maximum departure of 0.54% at 933 K and 12.0 mol % LiCl, and a standard error of estimate of 0.004. This equa-
tion may be used 1o calculate the denstty of LIF-LICl melts at any given composition in the temperature range 933-1273 K.

TABLE 30. Surface tension studies: LiF-LiCl

Investigations critically re-examined

LiCl Temp. range :
Ref. mol % () Comments
88 50 1073 | Pt10% Rh sinker; calibration:
water.
79 0-88 920.1240 | Cell material: Mo crucible; cali-

i bration: molten NaCl.

Deviations from NSRDS recommendations [2, p. 55 and this volume]

Ref. n];l)lcl}’o Min. departure Max. departure
88 50 ~18.45% (1073 K)
79 0 1.70% (1170 K) 1.76% (1240 K)

J. Phys. Chem. Ref. Data, Vo!. 8, No. 1, 1979
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TaBLE 31. LiF-LiCl: Surface. tension (dyn cm™!)

Mol percent LiCl
T
88 75 63 50 ' 37 25 12 0
930 144.9
940 1441
950 143.2
960 1424 152.2
970 141.5 151.3 1621
980 140.7 150.5 161.2
990 139.8 149.7 160.3
1000 139.0 148.8 159.4
1010 138.1 147.9 158.5 |
1620 137.3 : 1473 157.6 j 171.3
1630 136.5 1471 1526 1 1713
1040 135.6 1454 155.8 f 169.4
1650 1348 144.5 154.9 168.5
1060 133.9 143.7 154.0 167.6 184.0
1070 133.1 142.8 153.1 165.8 183.0 200.8
1080 1323 142.0 152.1 164.9 182.1 199.8
1090 131.4 141.1 151.2 164.0 181.2 198.9 .
1100 130.6 140.3 150.3 103.1 180.3 L1979 2194 241.7
1110 129.7 1394. 149.4 162.1 179.3 197.0 218.5 240.7
1120 ) 138.6 1485 161.2 178.4 196.0 217.5 239.8
1130 137.7 147.6 160.3 1775 195.0 216.6 238.8
1140 136.9 146.7 159.4 176.6 394.1 215.0 237.8
1150 145.8 158.5 175.7 193.1 214.7 236.8
1160 157.6 174.7 192.2 213.7 235.8
1170 173.8 191.2 212.8 234.8
1180 ) 172.9 190.3 211.8 233.9
1190 172.0 189.3 210.9 2329
1200 . 188.3 209.9 231.9
1210 ‘ 209.0 230.9
1220 208.0 229.9
1230 228.9
1240 ; 227.9
Temperature-dependent equations
y=a+bT
Mol % LiCl a -b
0 350.2 0.0986
12 323.8 0.0949
25 303.3 0.0958
37 281.7 0.0922
50 264.4 0.0913
63 250.0 0.0906
75 234.1 0.0853
88 223.2 0.0842

These values are based on the work of Smirmov and Stepanov (maximum bubble pressure method) [79]. The following equation,
with concentration, C, in mole percent LiCl and temperature in K has heen derived from the greceding data: 4 =a + bTC + eC? + dCT? + oTC? +

, where a = 271.25732, b.10° = —2.89297, c.10% = —4.13850, d.10° = 1.04392, .10° = 7.27278, f-lO8 = ~-2.89297, with a maximum
departure of 0.37% at 1109 K and 88 mol % LiCl, and a standard error of estimate of 0.317. This equation may be used to calculate the surface
tension of LiF-LiCl melts at any given composition in the temperature range 929-1240 K.

J. Phys. Chem. Ref. Data, Vol. 8. No. 1. 1979
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NaF-BaCl,
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FiGURE 7. Temperature-composition phase diagram for NaF-BaQl,.

E. I. Banashek and A. G. Bergman, Dokl. Akad. Nauk SSSR, 56, 485
(1947).

Melt Preparation and Purification

Taniuchi [47] used best quality commercial reagents
dried at 110 °C and kept in a desiccator.

TaBLE 32. Electrical conductance studies: NaF-BaCl,

Investigations critically re-examined
]
|

BaCl, Temp. range !

Ref. mol % T

Comments
4
1123,1173, I Cell material: Pt crucible; Pt
1278 | electrodes; freq. range: 2500,
! 5000 and 10,000 Hz; calibra-
| I tion: 0.01N Kl solution.

47 | 0-100(g)?

Deviations from previous NSRDS recommendations [1, pp. 3,7]

TaBLg 33. NaF-BaCl,: Specific conductance (ohm'lcm"1 )

BaCl, 123K 173K 1273K
mol 5

0 513
10 3.67 3.87 417
20 292 316 343
30 2,74 298
40 248 2.70
50 2.54
60 2.44
70 2.34
80 2.30
90 2.24
100 218

These values have been interpolated to three significant figures
from the graphical presentation of Taniuchi (elassical ac technique)

1471.
NaF-NaCl
T T T T
1000} -
986 NaF -NaCl
900
5
L4
E]
°
@
[-%
£ 800
)_
700
L .
L | ! ] L | } |
0 20 40 60 80 100
NaF NaCl
Mol % NaCl

F1GURE 8. Temperature-composition phase diagram for NaF-NaCl.

| .
BaC12 .
Ref. \ mol % Min. departure
47| 100 4.44% (1273 K)
47 ' 0 0.46% (1273 K)

2Numerical values for purc components at 1273 K.

J. Phys. Chem. Ref. Data, Vo!. 8, No. 1, 1979

Argonne National Laboratory, ANL-7316, Galvanic Cells with Fused
Elccurolytes (1967).
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Melt Preparation and Purification

Ohta [63] dried Merck p.a. NaF and NaCl under a
vacuum of 10”2 torr at a temperature of 400 °C. The salts
were ‘then allowed to crystallize as the temperature was
slowly lowered. Imperfect crystals were discarded.

Narishkin, Patrov and Chebotarev [87] used chemically
pure NaF and NaCl dried to constant weight at 100-150 °C.
The salts were then cooled in a desiccator and weighed in
sintered corundum containers in an argon atmosphere.

TaABLE 34. Density studies: NaF-NaCl

Investigations critically re-examined

NaCl

Ref. m:I o Temp. range
41 0, 25, 50, 75, 100, 30, 50, 75 1173

66 1273

Comparisons with previous NSRDS recommendations
[1, pp. 3 and 4]

Ref. S:IC,,}O Depaﬁure

41 100 ~1.08% (1173 K)

66 0 —0.51% (1173 K)

TaBLE 35. NaF-Na(l: Density (g cm's)
Mol percent NaCl
T
100 75 50 30 25 0

1173 1.486 | 1.567 1.663 1.814 | 1.932
1273 -1.5006 | 1.6452 | 1.7160

The values at 1173 K in this table are those of Shieko, Perks and
Pozdnyokov (Archimedean method) [41]; those at 1273 K are from
Bukhalova, Shegurova and Yagub’yan (Archimedean method) {66].
The data of [4]] were reported in equation form; the experimental
values of [66] are given. Neither paper gives an error estimate.

TAni.E 36. Viscoeity etudies: NaF-NaCl

Investigations critically re-examined

NaCl Temp. range

Ref. mol % (T)

Comments

63 0-100 1273 Pt-10% Ir sphere; tungsten tor-

sion wire; calibration: water,
molten KNO3, NaCl, KCl.

TaBLE 37. NaF-NaCl: Viscosity (cp)

Mol % NaCl 1273K
0 1.420
22 1.185
40 0.990
60 0.863
81 0.76

These valucs arc thosc of Ohta (oscillating sphere method [63].
Ohta estimated the error in these measurements as £ 2.5%.

TasLE 38. Surface tension studies: NaF—NaCl

Investigations critically re-examined

Ref. NaCl Temp. range S s
mol % (T Calibration
87 10-90 1273 Sodium and potassium chlorides
and fluorides.

Tanre 39. NaF-NaCl: Surface tension (dyn em™)

Mol % NaCl 1273K
10 162.2
20 134.4
30 125.5
40 121.3
50 115.8
60 116.2
70 1113
80 1104
90 108.6

The values in this table are those reported by Narishkin, Patrov
and Chebotarev (maximum bubble pressure method) [87].

RbF-RbCI

T T T T T T T T T
o RbF-RbCI b

@
@)
@)

Temperature (°C)
[¢2]
o
o)

0 20 40 60 80 100
RbCI Mol % RbF RbF

F1cure 9. Temperature-composition phase diagram for RbF-Rb(l.
E. L. Banashek, Izv. Sekt. Fiz. Khim, Anal., Akad. Nauk SSSR, 20,
119 (1950).
Melt Preparation and Purification

Holm and Berge | 88] used reagent grade RbF and RbCL
The salts were dried at 400-500 °C under moderate vacuum
(0.1-0.01 torr) and then melted in a platinum crucible in an
atmosphere of purified N» . :

1. Phys Chem_ Ref. Data. Vaol. 8. No. 1. 1879
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TasLE 40. Surface tension studies: RbF-Rbh(Cl 5.2. Fluoride-Bromide Systems
Investigations critically re-examined CsF-CsBr
RbCl Temp. range . ies e
Ref. Mol % (T) Comments Melt Preparation and Purification
88 51 1073 Pt-10% Rh sinker; calibration: References [85] and [65], Smirnov et. al, give no infor-
water. mation as to melt purification. However, see CsF-CsCl.

‘TABLE 42. Electrical conductance studies: Csk-UsBr

Investigations critically re-examined

Ref. UsBr ‘Temp. range‘ C ts
TaBLE 41. RbF-RbCI: Surface tension (dyn em ™) mol % (T) ommen
Mol % RbCl 1073 K 85 0-100 923.1193 | Pt electrodes; frequency:
30,000 Hz.
51 95.1

Deviations from previous NSRDS recommendations [1, pp. 3, 15]

The value in this table is that reported by Berge and Holm (pin

detachment mothod) [06]- : Ref. n(\::;:% Min. departure Max. departure
85 100 ~0.10% (945K) —9.85% (1070 K)
85 0 ~1.58% (1010 K) —4.69% (1125 K)

TasLe 43. CsF-CsBr: Specific conductance (ohm ™! cm")

Mol percent CsBr
T :
100 88 75 63 50 37 25 12 0

930 0.867

940 0.884

950 0.901 0.903

960 0917 0.923 )

970 0933 0.944 1.137 1.263 1.424 2.006

980 0.949 0.963 1.154 1.282 1.445 1.701 2.033

990 0965 0.982 1075 1.171 1.301 1.465 1.725 2.060 2456 -
1000 0.980 1.001 1.091 1.187 1.319 1.485 1.750 2.087 2.488
1010 0.995 1.019 1.107 1.203 1.337 1.524 1.798 2.139 2.551
1020 1.010 1.037 1122 1.219 1.354 1505 1.774 2.139 2551
1030 1.025 - 1.053 1.137 1.235 1.371 1.543 1.821 2.164 2.583
1040 1.039 - 1.070 1.153 1.251 1.388 1.562 1.844 2.189 2614
1050 1.053 1.086 1.168 1.267 1.404 1.581 1.866 2.214 2645
1060 1.067 1101 © 1183 1.283 1.420 1.599 1.888 2.238 2.677
1070 1.081 1.116 1.197 1.298 1435 1.617 1.910 2.262 2.708
1080 1.094 1.313 1.212 1.313 1.450 1.635 1931 2.285 2.739
1090 1.144 1.226 1.328 1.464 1.652 1.952 2.308 2770
1100 1.157 1.241 1.343 1478 1.669 1.972 2.330 2.801
1110 1170 1.255 1.356 1492 1.686 1.992 2.352 2.832
1120 1.182 1.268 1.373 1.505 1.703 2.012 2.374 2.863
1130 1194 1.282 1.387 1.517 1.719 2.031 2.395 2.893
1140 1.205 1.296 1.401 1530 1.735 2.050 . 2415 2.924
1150 1.216 1.309 1.415 1.541 1.751 2.068 2.436 2.955
1160 1.226 1.323 1.429 1.553 1.766 2.086 2.455 2.985
1170 1.235 1.336 1443 1.564 1.781 2.104 2.475 3.016
1180 1.457 . 3.046
1190 1.471

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1978



Standa:d'-f

L
. 11055 . . ’3.0918: -0.375 -0.008
2,702 - 6.932 -2.143 0.004:
2.679 6.435: 2.006: : - 0:004
37 ; © 1993 4.962 1:484: - 0.005
- 50- 2:690- *6:205° 2.196 : . 0.004
763 1.225 3.185 0.773. -0.004:
5. :1:283- 3173 0.799 :0.002 -
88 - 3494 7.158. 2663 : '0.003.
100 1.791, . 4015 1244 : 0,002

va]ues are ‘based on the work of Smi_mt_)'v',ﬂmmov, Stepanov, Kho!ihlov and Noskevich ( .classiga‘lvadte(_:hniql.xe) [35] '

FT,I‘-‘R;LI.'.; 4.4.1 -ﬁéngiﬁ; xhlﬂ:i‘o-,'nf:.‘(‘.'sﬁ‘.f‘.gﬂr’. .

Inveshgatlons cnhcally rwxamned

L Cer Temp rznge : S
??ef . : _mol' % (T) Comme?m

85 f' : "'dlod-_-f .923.1073_ | Ptsphere; calibration:
i e moltén’ KN03

) Devmtlons from prevxous NSRDS reeommendatlons [1 ppP- 3, 15]

‘CsBr..

Mm departure

R mot 9 Mudepm
851 100 _0.03%(1'070 K) | 016% (930K) .
85| 0 |l0.28%(1070K) | —0.39%(1010K)
TaBLE 45. CsF-CaBr: Density (g.om ™) .
_Mo! ijercen_sz_Br _
100~ 88 . 75 63 " 50 37 | 25 12
3112 L 3154 | 3196 3242 | 3306 | 3379 | 3460 | 3587
3100 | 3141 | 3184_.|. 3220 | 3203 | 3367 |. 3456 3573
3087 | -3129 3171 | 3217 | 3280 -] 3354 .|. 3443 | 3560
_ 30t | 3116 3150 | 3208 | 3267 | 3341 | 3430 | 3547
3062 | 3104 3147 | 3192 |-3.255 | 3328 |- 3418 3.534
30507 | 3.091 s34 | 30w 3242 | 3316 | 3405 | ‘3521
3037 | - 3.019. 3121 3167 | - 3229 3308 | 3.392 3508
3025 |  3.066 3109 3154 '3.216 3.200 3.379 13495
3012 3.053 3097 | 3142 3.204 3277 | 3366 | 3.482
3000 | 3081 3.084 3129 | 8191 ‘| 3265 3353 . | 3.468
2987 | 3029 3.072° s117° | 3178 |- 3252 3340 | 3455
2975 | - 3016 | 3059 | 3104 | ‘3165 323 | 3327 | 3442
© 2962 | '3.008 30877 | 3002 | 3153 3227 .| 3315 3.420°
| 2950 2991 3034 .| 3079 3.140; 3214 | 3302 | " 3416
2087 2,978 3.022 3067 | . 3127 3201 | 3280 | 3.403

J.Phys: Chem. Ref. Data; Vol. 8; No.1, 1878’
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TaBLE 45. CsF-CsBr: Density (g cm™3 )—Continued

Temperature-dependent equations.

p=a—>bT
Mol % CsBr a b.10° Standard
deviation
0 4.8135 1.2105 0.0004
12 4.8084 1.3137 0.0007
25 4.6676 1.2885 0.0005
37 4.5614 1.2711 0.0006
50 4.4914 1.2749 0.0006
63 4.4032 1.2488 0.0008
75 4.3567 1.2476 0.0005
88 4.3178 1.2517 0.0006
100 ‘I 4.2716 1.2468 0.0005

These values are based on the work of Smirnov, Shumov, Stepanov, Khokhlov and Noskevich (Archimedean method) [85]. The following
equation, with concentration, C, in mole percent CsBr and temperature in K, has been derived from the preceding data: p =a + b7 + cC? +dTC +
eC® + fTC? + gCT?, where a = 4.86120, b.10° = —1.25435, ¢.10° = 5.15260, d-10° = —2.01680, e.10” = —1.94613, £.10° = 1.72902, £.10°
= 9.41693, with a maximum departure of 0.28% at 923 K and 12 mol % CsBr, and a standard error of estimate of 0.003. This equation may be
used to calculate the density of CsF-CsBr melts at any composition in the temperature range 923-1073 K.

TasLE 46. Viscosity studies: CsF-CsBr

TaBLE 48. CsF-CsBr: Molar viscosity (erg s mol~!)?

Investigations critically re-examined

Temperature-dependent equations

log » = A +B|T
Ref. CsBr . Temp. range
mol % () Mol % CsBr 1 —A B

652 0-100 | See footnote a. 0 1.6660 1516
25 1.3296 1202
3The temperature range was not given. A 1070 X isotherm (molar 37 1.2840 1168
viscosity versus composition) was reported and the values in the fol- 63 0.9267 8z
lowing table were calculated from these data. 75 " 09464 869
88 1.2039 985
100 1.0230 1031

TABLE 47. CsF-CsBr: Viscosity (¢p)

Mol % CsBr 1070K
0 1.304
25 1.22,
37 1175,
63 111,
75 112,
88 1.14,
100 1.20;

These values are based on the work of Smirnov, Khokhlov and
Antonov (oscillating sphere method) [65] and the density data of
Smirnov, Shumov and Khokhlov [83]. The data were reported in
equation form and no estimate of error was given.

J. Phys. Chom. Ref. Data, Vol. 8, No. 1, 1970

Equations as reported by Smirnov, Khokhlov and Antonov {65]
(see footnote, table 46); of limited value since temperature limits of
applicability and standard deviation were not reported.

3Molar viscosity is defined by n(Mp~') where M = X, M, + X, M,,
and p, X,, X,, are the density and mol fraction composition of the
molten mixture, with the units of n in poise.

KF-KBr

T T T T

800

Temperature (°C)

600

0 20 40 60 80 100
KBr Mot % KF KF

Figure 10. Temperature-composition phase diagram for KBr-KF.
N. S. Kumakow and J. B. Wrzesnewsky, Z. Anorg.- Chem. 74, 90
(1912).
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Melt Preparation and Purification Tasre 49. Electrical conductance studies: KF-KBr
Smirnov et al. [84] used high purity potassium halides. Investigations critically re-examined
Anhydrous KF was obtained by dehydrating KF-2H, 0. I KBe Temp. range
Ref. Commenis
mol % N ;
84 0-100 1003-1293 Pt electrodes; freq. range:
50,000 Hz.

Deviations from previous NSRDS recommendations [1, pp. 3;14]

, KB . ‘

Ref. mo]r% Min. departure Max departure
84 100 ~2.69% (1220 K) —4.92% (1100 K)
84 0 —7.44% (1155% K) —7.64% (1220 K)’

TaBLE 50, KF-KBr: Specific conductance (ohm'l em™! )

Mol percent KBr
T ' , v .
100 88 : 75 63 i 50 37 25 . 12" 0
1610 : ) 1.824
1020 1.708 ©1.845
1030 1.602 1.731 1.795 1.865
10490, 1625 | 1753 1.817 1.886 -
-1050° 1647 | L1775 © 1.838 1.906
1060 1669 ¢ 1.796 1.859 1.927 T 2167
1070 - 1691 1.817 1.879 1.947 » 2.188
1000 1.712 1.837 1.900 1.968 2.210
1090 1.733 1.856 1.919 1.988 2.231 2.397
1100 1.753 1.875 1.939 2.009 2,090 2.252 2423
1110 1.774 1.893 1.958 2.029 2.115 2.273 2.449 2.763
1120 . 1.794 1.911 1.977 2.050 2.140 2.294 2475 2.791
1130 1.814 1.928 1996 | 24071 2.165 2.315 2.500 2.820
1140 1.833 1.945 2.014 2.091 2.189 2.336 2.525 2.848
1150 1.852 1.961 2.032 2.112 2.212 2.357° 2.550 2.876
1160 ‘1871 1.976 2.050 2.133 2,235 2.378 2.575 2.904 3.37¢
1170 1.890 1.991 2.067 2.153 2.258 2.398 2.599 2.932 3.39¢
1180 1.908 2.006 2.084 | 2.174 2280 | 2419 2.622 2.960 3.426
1190 1926 2.019 2.101 2.195 2.301 2.439 . 2646 12987 3.453
1200 1944 | 2,033 2117 2.216 2.322 2 460 2.669 3.015 3.481
1210 1.961 2.045 2.133 2.237 2.343 2.480 2.692 3.042 3.509
1220 1.978 2.058 2149 2.258 2.363 2.501 2.714 3.069 3.537
1230 2.069 2.164 2.383 2.521 2.737 3.096 3.565
1240 2.080 2.179 2.402 25541 2.758 3.123 3.59¢
1250 : 2.091 2.194 2.420 2.561 2.780 3.150 3.622
1260 2.208 2.439 2.581 2.801 3.176 - 3.65¢
1270 Co ' 2.601 . 2.822 3.203 3.682
1280 | _ 3.229
1290 l 3.255
) Temperature-dependent equation
k=a+bT+cT?
]
Mol %KBr . — b.10° —c.10° Standard
: deviation
0 —2.660 -1.392 ~1.730 0.012
12 1.359 4.557 0.760 0.007
25 2.417 6.180 1.618 0.008
37 0.513 2.913 0.363. 0.006
50 3.699 . 7.953 2.446 0.005
63 0.112 1.796 -0.120 0.005
75 2.144 5.484 . 1.611 ' 0.004
88 3.559 8.021 2.801 0.005
100 2.343 5.395 © 1519 0.003

" These values are based on the work of Smirnov, Shumov, Khokhlov, Stepanov, Noskevich and Antonenko (classical ac technique) [84].
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TABLE 51. Density studies: KF-KBr

Investigations critically re-examined

KBr Temp. range
Ref. mol % (7 Comments
84 0-100 873-1253 | Pt ball; calibration: molten

KNO3;.

Deviations from previous NSRDS recommendations [1, pp. 3,14]

Ref. "l‘(olfl;/o Min. departure Max. departure
84 100 | 0.35%(1140K) 0.38% (1020 K)
84 0 | 0.36%(1150K) 1.91% (1250 K)

TanLe 52. KF-KBr: Density (g em ™)

Mol percent KBr
T
100 88 75 63 - 50 37 25 12 0

980 2.066

990 2.075 2.058
1000 2.068 2.051
1010 2133 2.060 2.043
1020 2.124 2.052 - 2.036
1030 2116 2.044 2.028
1040 2108 2.037 2.021 2.008
1050 2.099 2.029 2.013 2.001
1060 2.091 2.u21 2.000 1.993
1070 2.083 2.014 1.999 1.979
1080 2.074 2.040 2.021 2.006 1.991 1.979
1090 2.066 2.054 2.032 2.013 1.998 1.984 1971 1.957
1100 2.058 2.040 2.024 2.005 1.991 1.976 1.964 1.950
1110 2,049 2.038 2.016 1.997 1.983 1.969 1.957 i 1.943
1120 2.041 2.030 2.008 1.989 1975 1.961 1.95¢ 1.936
1130 2033 2.022 2,001 1.982 1.967 1.954 1.942 1.929
1140 2.024 2.013 1.993 1.974 1.960 1.935 1.922
1150 2.005 1.985 1.966 1.952 1.928 1.915 1.904
1160 1.997 1.977 1958 1.908 1.898
1170 1989 | 1.969 1.950 1.901 1.891
1180 1981 . 1.961 1.942 1.894 1.884
1190 1973 1.954 1.935 1.887 1.877
1200 1.964 1.946 1.927 : 1.880 1.871
1210 1.956 1.938 1.919 ; 1.864
1220 1.948 1.930 1911 1.857
1230 1.922 1.903 1.850
1240 1.895 1.844
1250 1.837
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T 52 KF-KBr: Density (g om™? )Continued

161

Temperature-dependent equations

p=a—bT
Mol % KBr a b.10° J Standard

0 2.6806 0.6750 : t 0.0002
12 27232 0.7030 ' 0.0003
25 2.7657 0.'7286 0.00_03
37 2.7956 0.7448 0.0004
50 2.8378 0.7702 0.0006
63 2.8691 0.7853 0.0005
75 2.8841 0.7819 0.000%
88 2.9464 0.8184 0.0004

L 2.9740 0.0009

100

- 0.8329

These values are based on the work of Smirnov, Shumov, Khokhlov, Stepanov, Noskevich and Antonenko (Archimedean method) [84].
~The following equation, with conceniration, C, inmole percent KBr and temperature in K, has been derived from the preceding data: p =a + bC +
cT? +dTC* + eT° + fCT*, where a = 247777, b,10° = 1.47828, ¢.10” = —6.83004, d.10° = 3.70657, e:101° = 2.17657, £.10'° = _5.69776,
with a maximum departure of 0.22% at 1083 K and 88 mol % KBr, and a standard error of estimate of 0.002. This equation may be used to cal-

culte the density of KF-KBr melts at any given composition in the temperature range 8731253 K.

LiF-LiBr Melt Preparation and Purification
LiF-LiBr
900U T ! ; ] References [ 79] and [ 82], Smirnov et al., contain no in-
formation on melt purification. However, see CsF-CsCl.

- 8oo} Liquid hl

‘ ' TaBLE 53. Electrical conductance studies: LiF-LiBr

{ LiBr Temp. range :
. .700F - Ref. mol % (T) Cf)mmentg
£ Liquid + i 82 0-100 873-1283 | Pt electrodes; freq. range:
<4 Solid Solution 50,000 Hz.
% 500 ' ' .
2 Deviations from previous NSRDS recommendations [1, pp. 3,14]
5 ‘ ,
g Ret. | iR Min. departur Max. d
: ef. mol % }m. ep. re ax. departure
500 L -
82 100 0.02% (915K) —2.08% (1020 K)
— ) 82 0 0.03% (1260K) * |  -2.56% (1150 K)
: Liquid $S+LiBr s} : '
400 : ) — .
[¢] 20 40 60 80 100
Ligr W% LiF LiF

FIGURE 11. Temperature-composition phase diagram for LiF-LiBr.

‘A. A. Botschwar, Z. Anorg. Allg. Chem. 210, 163 (1933).
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TaBLE 54. LiF-LiBr: Specific conductance (ohm"l cm‘l)

Mol percent LiBr
T
100 88 75 63 50 37 25 12 0
880 5.058 4.274 ! 3.415 3.158 3.076 3.075 4.009 4.600 6.131
900 5.139 4.357 3 3.511 ‘ 3.257 3197 3.223 4147 4.784 6.328
920 5.218 4.437 ! 3.605 3.353 3.315 3.370 4.281 4967 6.521
940 5.295 4514 3.696 . 3.447 3.432 .~ 3.516 4412 5.148 6.709
960 5.369 4.589 3.785 3.539 3.547 3.661 4.542 5.327 6.894
980 5.441 4660 3.871 3.620 3660 3.805 4668 5.503 7.074
1000 5.511 4.728 3.955 3.716 l 3.771 3.948 4.791 5.677 7.250
1020 5.578 4.794 4036 3.801 : 3.881 4.089 4911 5.849 7422
1040 5.642 4857 4116 . 3.884 3.989 4.228 5.029 6.018 7.590
1060 5.704 4918 4.192 3.965 4.094 4.366 5.143 6.183 7.754
1080 5.763 4.975 4.267 4.043 4.198 4.503 5.255 6.346 7914
1100 5.818 5.030 4.339 4.120 4.300 4.637 5.364 6.506 8.069
1120 5.871 5.082 4408 4194 4400 4.770 5.470 6.662 8.221
1140 5.920 H 5.133 4.475 4.266 4450 4.901 5.574 6.815 8.368
1160 5.966 5.180 4.540 4.335 4.593 5.029 5.674 6.964 - 8,511
1180 6.008 5.226 4.062 4.402 4.686 5.156 5.772 7.110 8.650
1200 6.046 5.268 4.662 4.468 4.777 5.280 5.866 I 7.252 8.785
1220 6.081 5.309 4.720 4.351 4.866 5.402 5.958 | 7.389 8.916
1240 6.122. 3.347 4.775 4.591 4.952 5.522 6.047 f 7.523 9.043
1260 6.138 5.383 4.828 4.650 5.036 5.639 6.133 : 7.652 9.166
1280 6.161 5.417 4879 4.706 5.118 5.753 6.217 i 7777 9.284
|
Temperaturc-dependent cquations
k=a+bT +cT? +dT°
o 13 : 3 " Standard Error
Mol % LiBr a .10 c-10 d.10° of estimate

100 1.35534 2.38932 4.26653 —2.52079 0.018%

88 —3.08073 13.2314 —6.39220 0.976343 0.021%

75 —3.24985 10.3448 -3.21006 0.077853 0.028%

63 —-3.37401 9.86628 —2.77621 0.038%

50 —3.16662 7.44947 0.388531 —0.941942 0.026%

37 —2.98903 4.88492 3.95182 —1.91644 0.033%

25 —4.85468 13.2030 —3.55740 0.023%

12 —-3.18689 6.09129 5.77301 -3.00310 0.11%
0 —6.61583 19.0245 —515839 0.023%

These values are based on the work of Smirnov, Khokhlov, Stepanov, and Shumov (classical ac technique) [82] and were calculated from the
reported values of equivalent conductivity and density.

TABLE 55. Density studies: LiF-LiBr

Investigations critically re-examined

LiBr Temp. range

Ref. mol % | (T

Comments

.

82 0-100 ©  873-1283 | Pt sphere; calibration: molten
: KNO3.

Deviations from previous NSRDS recommendations [1, pp. 3,14}

Ref. n];i?l':/n Min. departure Max. departure
82 100 —0.30% (1620 K) -0.47% (830K)
82 0 0.01% (1210 K) 0.31% (1280 K)
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TaBLE 56. LiF-LiBr: Density (g em ™)
Mol purcent LiBr
" o
100 88 75 63 50 37 25 12 0
2o 2481 2.442 2.384 2.333 2.980 2210 2138 2035 1.902
900 2.469 2.429 2.373 2.321 2.269 2.200 2128 2.026 1.893
920 2.456 2417 2.361 2.310 2.258 2.190 2.118 2.017 1.885
940 2.444 2,405 2.350 2.299 2.247 2.180 2.107 2.007 1.877
960 2.431 2.393 2.338 2.288 2.236 2.169 2.097 1.998 1.869
980 2419 2.380 2.327 2.277 2,225 2.159 2.087 1.989 1.860
1000 2.406 2.368 2.315 2.266 2.214 2.149 2.077 1.980 1.852
1020 2.393 2.356 2.303 2.255 2.203 2.139 2.067 1.971 1.844
1040 2.381 2.343 2.292 2.244 2,192 2.129 2.057 1.962 1.835
1060 2.368 2.331 2.280 2.233 2181 2118 2.046 1.952 1.827
1080 2.356 2.319 2.269 2.222 2,070 2.108 2.036 1.943 1.819
1100 2343 2.307 2.257 2.211 2,159 2.098 2.026 1935 1.811
1120 2.331 2.294 2.246 2.199 2,148 2.088 2,016 1.925 1.802
1140 2.318 2.282 2.234 2.188 2137 2.077 2.006 1.916 1.794
1060 2.305 2.270 2.223 2177 2126 2.067 1.995 1.907 1.786
1080 2.293 2.257 2211 2.166 2015 2.057 1.985 1.897 1.777
1200 2.280 2.245 2.199 2.155 2104 2.047 1.975 1.888 1.769
1220 2.268 2.223 2189 2.144 2.002 2.037 1.065 1.879 1.761
1240 2.255 2.220 2.176 2.133 2.082 2.026 1.955 1.870 1.753
1260 2.243 2.208 2.165 2.122 2,071 2.016 1.945 1.861 1.744
1280 2.230 2.196 2153 2111 2,000 2.006 1934 1.851 l 1.736
Temperature-dependent equations
p-a bl
. 3 Standard
Mol % LiBr a L0 deviation

0 2.266 0L 0.002

12 2.439 0.-459 0.004

25 2.586 1.509 0.004

37 2.660 0Lt 0.005

50 2.763 0.549 0.004

63 2.821 0.555 0.004

75 2.893 O57TR 0.004

88 2.983 0.015 0.005

100 3.034 0.628 0.004

These values are based on the work of Smimov, Khokhlov, Stepanov and Shumov (inodified maximum bubble pressure method) [82]. The
followin%equation, with concentration, C, in mole percent LiBr and temperature in K. has been derived from the preceding data: p =a + bC +
T + dC? + eC® + fTC* + gCT?, where a = 2.29126, b.10% = 117976, 10" 434200, 4.10° = ~9.40849, e:107 = 3.97207, £.10°
= 1.72173,,3;-10lo = -9.99427, with a maximum departure of 0.40% at 873 K and 0.0 mol % LiBr, and a standard error of estimate of 0.004.
This equation may be used to calculate the density of LiF.LiBr melts at any concentration in the temperature range 873-1283 K.

TaABLE 57. Surface tension studies: 1il-Lilir

Investigations critically re-examined

1
LiBr Temp. range . _—
Ref. mol % (1) Comments
79 0-100 884-1290 | Cell material: molybdenum
crucible; ealibration: mollen
NaCl.

Deviations from previous NSRDS recommendations |2, p. 55
P

Ref. I'IIIJ(,)lB:}o Min, departure Max. deparluic
79 0 1.70% (1170 X) 1.76% (1240 K)
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TasLE 58. LiF-LiBr: Surface tension (dyn cm™!)
Mol percent LiBr
T
100 88 75 63 50 37 25 12 0
890 123.7 142.0
900 123.0 130.9 141.2
910 1223 1301 140.5
920 121.6 129.4 139.7
930 120.9 128.7 138.9 150.5
940 120.2 1279 138.2 149.7
950 119.5 127.2 137.4 148.9
960 1189 126.5 136.6 1481 162.5
970 118.2 125.8 135.9 147.3 161.7
980 117.5 125.1 135.1 146.5 160.9
990 116.8 124.3 1344 145.7 160.1
1000 116.1 123.6 133.6 1449 159.3
1010 115.4 S 1229 1328 144.1 158.5
1020 114.7 1221 132.1 143.3 157.7 175.5
1030 114.0 121.4 1313 142.5 156.9 174.6
1040 1133 120.7 130.5 141.7 156.1 173.8
1050 112.6 120.0 129.8 140.9 155.3 1729
1060 1119 119.3 129.0 140.1 154.4 172.0
1070 111.3 118.5 128.3 139.3 153.¢ 171.2
1080 110.6 117.8 127.5 138.5 152.8 170.3 189.2
1090 1099 1171 126.7 137.7 152.0 169.5 188.3
1100 109.2 116.3 126.0 136.9 151.2 168.6 187.4 241.7
1110 108.5 115.6 125.2 136.1 150.4 167.7 186.5 211.2 240.7
1120 107.8 1149 1245 1353 149.6 166.9 185.6 210.2 239.8
1130 107.1 -114.2 134.5 148.8 166.0 184.7 209.2 238.8
1140 133.7 148.0 165.2 183.8 208.3 2378 -
1150 147.1 1643 182.9 207.3 236.8
1160 146.3 163.4 182.0 206.4 235.8
1170 145.5 162.6 181.1 205.4 234.8
1180 144.7 161.7 180.3 204.5 233.9
1190 1439 160.9 179.3 203.5 232.9
1200 143.1 - 160.0 178.5 202.6 231.9
1210 142.3 159.1 177.6 201.6 230.9
1220 158.3 176.7 200.7 229.9
1230 1574 175.8 199.7 228.9
1240 156.6 174.9 198.7 227.9
1250 155.7 174.0 197.8 226.9
1260 173.1 196.8 226.0
1270 172.2 195.9 225.0
1280 194.9 224.0
1290 ' 223.0
Temperature-dependent equations
y=a—bT
Mol % LiBr a b
0 350.2 0.0986
12 316.8 0.0952
25 286.1 0.0897
37 263.2 0.0860
50 240.3 0.0810
63 224.6 0.0797
75 209.8 0.0762
88 196.1 0.0725
100 185.2 0.0691

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [79]. The data were reported in equation
form. No error estimate was given.
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~5.3. Fluoride:lodide Systems: " . TasLx 59. Electrical conduetance studies: CsF-Cal
CsF-Csl o . Inves'hgmons cntleally re-examined 7
. e N e 3 Terp. range| - o
Melt Preparation and Purification ~'Ref.- mol% | (1) . ‘Commemz
“Neither [65] nor [85], Suiirnov et al., give information” . 85 | 0100 .| 9231183 | Pt electrodes; freq. range:
on nielt preparation. However, see CsF-CsCl. - ’ 50,000 Hz.: o

Deviations from previous NSRDS recommendations 1, pp. 3,20]

R I N -
. ,Ref. mol % Min. departure » _Ma.x, departure
.85 | 100 —0.54% (935K) | -12:04% (1070K)
85 | 8 | —158%(1910K) ~492% (115 K)

TasLe 60. CsF-Csl: Specific conductanee (oluﬂ"1 em™? )

Mol percent CsI ~~
" 100 88 - 75 . 03 50 37 | 12 | S0
0.707
- 0.784 . 0755 - 0.807 - -
0.747 - 0.769 0.821 0.895 - 1147 - |, 1.351
0.759 0.783 .. 0835 |- 0910 o 1.165 - 1.370
L0772 |0 0796 | 0848 0.926 - 1.031 1183 - - 1390 ]
. 0785 0.810: . 0.861 0.941 - 10470 1.200 (- 1.409 1.716 . 2.456
1 0.797". 0823. | 0874 0.956 - 1.062 1.219 1.428 1.738 - 2.488.
0.809 . 0836 0.887 0.971 1.077 1.236 1.447 1.760° . 2.520.
0.821 0.849 " 0900 . 0.985. 01002 | 1.253%° 1.466 1.782° 2.551
0.833 . 0.862 0912 1.000 - . 1107 1.270 1.485 1.804 2,583
0845 | 0975 - 0925 1.014 - 1212 1.286 . 1.503 1.825 2.614°
0.857 . 0838 | o937 | 1028 1135 1302 | 1522 1847 - | | 2645
0869 | * 0907 0.949 - 1.042 - 1149 1318 "1.541 1.868 2677
0.880 0913 - 0.962 1.055 1.163° | 1333 1.559 1.889 - 2708
- 0.926 - - 0974 1.069 - 1177 . 1.349 1.577 - 1910 - 2739
0.938 0.985 -1.082 1190 1.363 1.593 1.930. . :2.370:
0.951 0.997 1.095 -] - 1.203 1.378 1.613 1951 | - - 2.801
0.963 1.009 -1.107 - 1.216 . 1.392 1.631 1971 .| 2832
0975 1.021 1.120 -1.229 1.406 1.649 1.991 2.863
: ST 1132 - 1242 - 1.420 1.667 2011 | - 2893
1.144 1.254 1.433 1.685 2.031 2924
. 1.156 " 1.266 1.446 - 1.702 2:051 2.955
" 1.168 - 1278 | 1459 1.720 - 2071 2985
1179 - 1.290 - 1471 1.737 2090 - /3.0i6-
: ; 2.109: 3.046
1 . .

‘Temperature-dependent equations

Ck=a+bT+cT%
Mol % Csl —a 5.10° —¢.10° Standard
- T R . deviation
0 | L0555 | 3918 0.375 0.008
©12 -.1°1.331 | 3923 -! 0854 0.005
25 0990 | 2930 0.512 0.004
37 - |. 2026 | 4749 1.504 0.003
50 | 1512 -3.629 1.055 | 0.002
63 | 1586 |- 3.592° 1.050 . 0.001
75 1.057 2565 0.634 0.003
88 | 0987 2.296 0.486 0.004
100° 1.081 1 2523 0.645 0.001

’: These values are based on the v(brk of Smirnov, Shumov, Stepanov, Khokhlov and Noskevich (classical ac technique) [85].
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TaBLE 61. Density studies: CsF-Csl

Investigations eritically re-examined

Csl Temp. range
Ref. mol % (T) Comments
83 0-100 923-1073 | Pt sphere; calibration: molten
KNO3.

Deviations from previous NSRDS recommendations [1, pp. 3, 20]

Ref. m(fjl% Min. departure Max. departure
85 100 . 0.50% (1070 K) 0.94% (930K)
85 0 —0.28% (1070 K) -0.39% (1010 K)
TaBLE 62. CsF.CsI: Density (g cm"a)
Mol pereent Csl
T T I -
100 : 88 75 63 50 ! 37 X 25 12 0
930 3.170 3.185 3.219 3.250 3.295 3.363 3.461 3.577 3.688
940 3157 3172 3.206 3.237 3.282 3.350 3.448 3.563 3.676
950 3.144 . 3.160 3.193 3.224 3.269 3.337 3.435 3.550 3.663
960 3.131 3.147 3.180 3.211 3.257 3.324 3.422 3.537 3.651
970 3.118 3.135 3.167 3.198 3.244 3.311 3.409 3.524 3.639
980 3.105 3.122 3.154 3.185 3.231 3.298 3.396 ' 3.511 3.627
990 3.093 3.110 3.141 3.172 3.218 3.285 3.383 ' 3.498 3.615
1000 3.080 3.097 3.128 3.159 3.205 3.273 3.370 3.485 3.603
1010 3.067 3.085 3.115 3.146 : 3.192 3.260 3.357 3.472 3.591
1020 3.054 3.072 3.102 3.133 3.179 3.247 3.344 3.459 3.579
1030 3.041 3.060 3.089 3.120 3.166 3.234 3.331 3.445 3.567
1040 3.028 3.047 3.076 3.107 3.153 3.221 3.318 3.432 3.555
1059 3.015 3.035 3.063 3.094 3.140 3.208 3.305 3.419 3.542
1060 3.002 3.022 ! 3.049 3.081 13127 3.195 3.292 -3.406 3.530
1070 i 2989 3.010 J 3.036 3.068 3.114 3.182 3.279 3.393 3.518
]
Temperature-dependent equations
p=a—bT
3 Standard
Mol % Csl a b.10 deviation
0 4.8135 1.2105 0.0004
12 4.7959 1.3110 0.0008
25 46753 1.3052 0.0006
37 4.5627 1.2901 0.0006
50 4.4988 1.2940 0.0006
63 4.4598 1.3010 0.0006
75 44337 1.3058 0.0005
88 4.3478 1.2506 0.0006
100 4.3677 1.2880 0.0007

These values are based on the work of Smimov, Shumov, Stepanov, Khokhlov and Noskevich (Archimedean method) {85]. The following
equation, with concentration, C, in mole percent Csl and temperature in K, has been derived from the preceding data: p =a + 6T + eC? +dTC +
eC® + fTC? + gCT?, where = 4.85201, 5.10° = —1.24454, ¢.10° = 613518, d.10° = —2.09668, e.10" = —2.25767, 1.10° = 2.64349, £.10°
= 9,16775, with a maximum departure of 0.30% at 923 K and 37 mol % Csl, and a standard error of estimate of 0.004. This equation may be
used to calculate the density of CsF-Csl mells at any composition in the temperature range 923-1073 K. '
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.- TABLE 63. Viscosity studies: CsF-Csl KF-KI
- . 1000 —_— -
Investigations critically re-examined KF-KI
' Csl
Ref. 1 et Temp. range
65 | 0-100 | Seefootnotea. . i T

2The temperature range was nat givén. The isotherm at 1070 K
(molar viscosity vs. composition) was reported and the values in the
following table were calculated froin these data. 800

TasLE 64. CsF-Csl: Viscosity (ep)

e

Mol % Csl 1070K ®

=

g

0 o 1.30, 5

12 1.26, £

37 1.09, 2

50 103, 600
63 0.975
75 ‘ 0.998
88 ' - 1.03,
100 1.01, ] |

. These values were calculated from the data of Smirnov, Khokhlov
and Antonov (oscillating sphere method) [65], and the density data
of Smirnov, Shumov and Khokhlov [83]. The data were reported in
equation form and no estimate of error was given.

400 ) o ! I
[¢] 20 40 60 80 100
KF Mol %Ki ' Kl

TABLE 65. CsF-Csl: Molar viscosity (erg s mal~! )a Fiaure 12 Tempefature composition phase diagram for K‘F-KI‘ .

A. G. Bergman and F. P. Platonov. Izv. Sekt. Fiz. Khim. Anal. Inst.

Temperature-dependent equations Obshch. Neorg. Khim., Akad Nauk SSSR 11, 256 (1938).
. log = A+ BIT

" Mol % Csl T A B Meit Preparation and Purification
12 ' igggg ;2'172 Smirnov et al. {84] used high purity potassium iodide.
37 11203 1004 Anhydrous KF was prepared from the dihydrate.
50 1.0130 909 . -
63 » 11984 1041 TaBLE 66. Electrical conductance stm‘:hes. KFXKI
75 : 1.0525 1002 i
88 0.9 4‘6; 934 Investigations eritically rwxamined
100 0.9142 ! 918 a "
- - : Ref. 19% emp'Tr)ange Comments
" Equations as reported by Smimov et al. [65]. Of limited useful- mol e ( :
ness since the temperature ranges to which they pertain and standard .
deviation were not reported. ‘ 84 | 0-100 963-1313 ;’; eggt‘:)ﬁgges, freq. range:
Molar viscosity is defined by ®(Mp~* ) where M = X, M, + X, M,,

-and p, X,, X, are the density and mol fraction composition of the Deviations from previous NSRDS recommendations [1, pp. 3,19]
molten mixture, with the units of 7 in poise.

KI |
Ref. mol"ol Min. departure I Max. departure
|
84 100 | 0.02%(1045K) | 4.17% (965K)
84 0 | ~744% (1155K) | —7.64%(1220K)

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979
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TasLe 67. KF-KI: Specific conductance (ohm'l em™! )

Mol percent KI
T
100 88 75 63 50 37 25 12 ]
970 1.338 .
980 1.357 1.247 1.293
990 1.376 1.271 1.316
1000 1.394 1.295 1.338 1.374
1010 ~1412 1.318 1.360 1.398
1020 1.429 1.341 1.382 1.423
1030 1.447 1.364 1.404 1.447 1.574
1040 1.463 1.386 1.426 1471 1.598 1.708
. 1050 1.480 1407 1447 1.494 1.621 1.733
1060 1.496 1.429 1.469 1.517 1.644 1.757
1070 1.511 1.449 1.490 1.541 1.667 1.780
1080 1.527 1470 1512 1.563 1.689 1.804
1090 1.541 1.480 1.533 1.586 1.711 1.827
1100 1.556 1.509 1.554 1.609 1.732 1.850
1110 1.570 1.528 1.575 1.631 1.753 1.873 2343
1120 1.584 1.546 1.596 1.653 1.773 1.896 2165 2.580
1130 1.597 1.565 1.617 1.675 1.793 1.918 2.186 2.611
1140 1610 1.582 1.638 1.696 1.813 1.940 2.208 2.642
1150 1.622 1.599 1.658 1.718. 1.832 1.962 2:230 2.673
1160 1.635 1.616 1.679 1.739 1.851 1984 | 2251 2,703 3.373
1170 1.646 1.632 1.699 1.760 1.869 2.005 ( 2.273 2.733 3.399
1180 1.658 1.648 1.719 1.78% 1.888 2,026 ; 2.294 2.763 3.426
1190 1.663 1.739 1.801 1.905 2.047 & 2316 2.793 3.453
1200 1.678 1.759 1.923 2.068 2.337 2.823 3.481
1210 1.779 1.939 2.089 { 2.358 2.853 3.509
1220 1.799 1.956 2.109 2.380 2.883 3.637
1230 1.972 2129 3 2.401 2912 3.565
1240 1.987 2149 2422 2942 3.594
1250 2.003 2.168 2443 2971 3.623
1260 2.017 2.188 2.464 3.000 3.656
1270 2,032 2.207 2.485 3.029 3.682
1280 2.046 2.226 2.506 3.057
1290 : 2.244 2.527 3.086
1300 | 2.548 3.115
1310 1 2.569
Temperature-dependent equations
k=a+bT+cT?
Mol %Kl | —a 5.10° | —c.10 gz:‘.‘:;(‘)‘:
0 —2.660 -1.392 -1.730 0.012
12 1.762 4.660 0.699 0.007
25 0.588 2.740 0.252 0.006
37 2.087 4.863 1.167 0.004
50 3.021 6.534 2.012 0.006
63 2.198 4.685 1.113 0.004
75 1.420 3.300 0.542 0.004
88 3.306 6.838 2.237 0.004
100 2.355 5.685 1.936 0.002

These values are based on the work of Smirnov, Shumov, Khokhlov, Stepanov, Noskevich and Antonenko (classical ac technique) {84].

J. Phys. Cham. Raf. Data, Val. 8, Na. 1, 1970
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TaBLE 68. Density studies: KF-KI

1 KI Temp. range
Ref. mol % | () Comments

84 . 0-100 ! 1003-1253 | Pt ball; calibration: molten
KNO,.

| .
Deviations from previous NSRDS recommendation [1, pp. 3,19]

» Ref. m](fll % i Min. departure Max. departure
84 100 { 0.38% (1090 K) 0.45% (1005 K)
84 0 | 0.36% (1150 X) 191% (1250K)
TasLE 69. KF-KI: Density (g cm ™)
Mol percent KI
T - T ‘ .
100 88 i 75 63 50 37 25 12 0
1010 2405 .2.368 )
1020 2.395 2.359 2.236
1030 2.385 2.350 : 2.223
1040 2375 2.340 2.219 2172
1050 2.365 2.331 2.200 * 2.211 2,164
1060 2.356 2.322 2.281 2.203 2.156 2.106
1070 2346 2312 12.272 2.194 ! 2,148 2.098
1080 2.336 2.303 2.263 2.229 2186 2.140 2.091
- 1090 2.326 2204 . 2954 2220 2177 2132 2.083
1100 2,285 2.245 2.211 2.169 2124 2.075 2.013
1110 2.275 - 2236 2.203 2.161 2116 2.067 2.006
1120 2266 2.227 2.194 2152 2,108 2.060 1.999
1130. 2.257 2218 2.185 2.144 2.100 2052 - 1.991
-1140 2.209 2.176 2.136 2,092 2.044 1.984 -
1150 2.201 2.168 2127 2,084 2.036 1.977 1.904
1160 2192 2.159 2.076 2.029 1.970 1.898
1170 2.183 2.150 . 2,068 2.021 1.963 1.891
1180 2.141 2,060 2.013 1955 - 1.884
1190 2.052 2.005 1,948 1.877
1200 1.941 1.877
1210 1.933 1.864
1220 - 1.926 1.857
1230 1.850
1240 . ' A 1.844
1250 | . 1.867
Temperature-dependent equations
) p=a—>5bT
9 3 Standard
Mol % K1 - e b.10 deviation
¢ 2.6806 0.6750 0.0002
12 2.8122 0.7262 0.0005
25 2.9281 0.7754 0.0003
37 ’ 3.0044 0.8001 0.0004
50 3.0887 0.8359 0.0003
63 3.1716 0.8729 0.0004 .
75 3.2247 0.8905 0.0004
88 3.3108 0.9330 : 0.0003
100 3.3927 0.9782 '1 0.0005°

These values are based on the work of Smirnoy, Shumov, Stepanov, Khokhlov, Noskevich and Antonenko (Archimedean method) [84].
The following equation, with concentration, C, in mole percent KI and temperature in K, has been derived from the preceding data: p =a + bC
+eI? +dC* + eTC* + fT%, where a = 245700, 5.10° = 5.94014, ¢.107 = —6.01598, d.107 = 1.27720, e.10° = _3.21815, £.10'° = 1.62975,
with a maximum departure of 0.28% at 1143 K and 0.0 mol % K1, and a standard error of estimate of 0.002. This equation may be used to
calculate the density of KF-KI melts at any composition in the temperature range 1003-1253 K. - ’
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Melt Preparation and Purification

Johnson [303] used reagent-grade Lil purified by bub-
bling anhydrous HI through the molten salt to remove the
last traces of water. Single-crystal LiF was used without
further purification. .

Smirnov et al. [79,82] gave no details on melt preparation
and purification. However, see CsF-CsCl.

TasLE 70. Electrical conductance studies: LiF-Lil

Investigations critically re-examined

Lit Temp. range
mol % (T) Comments

89? |83.5,100 726-821 | Quartz capillary cell; Pt
electrodes; freq. range: 5000-
45,000 Hz; calibration: molten
salts.

400 82 0-100 758-1273 | Pt electrode; freq. range:
\ | T | L 50,000 Hz.
L?F 2o 40 60 80 Ilg? " Deviations from previous NSRDS recommendations [1, pp. 3, 19]
Mol % Lil i J
Ref. ol % Min. departure - Max, departure
Froure 13. Temperature-composition phase diagrams for LiF-LilL. mal
. . . 82 100 0.29% (875K) 0.40% (760K)
Argonne National Laboratory, ANL-7316, Galvanic Cells With Fused
Electrolytes (1967), 82 1] 0.03% (1260 K) ~2.56% (1150 K)
IReference [89] is the NSRDS data base for the specific conduc-
tance of molten lithivm iodide.
TasLE 71. LiF-Lil: Specific conductance (ohm'l cm _l)
Mol percent Lil
T
100 75 63 50 37 25 0
760 4.005 2.467 2.033 1.863 1.667 1.651 4871
780 4.103 2.559 2107 1.959 ] 1.775 1.763 5.090
80¢ 4.198 2.647 2178 2.054 | 1.884 1.876 5.305
820 4.292 2.733 2.247 2.148 | 1.993 1.990 3.519
840 4.379 2.817 2315 2.240 2103 2.103 5.724
860 4.463 2.900 2.380 2.332 2.212 2217 5.930
880 4.543 2.979 2.444 2422 2.322 2.331 6.132
900 4618 3.057 2.505 2511 2.430 ] 2.447 6.326
920 4.692 3.132 2.565 2.598 2.539 i 2.560 6.520
940 4.760 3.205 2.623 2683 2.646 2.673 6.710
960 4.827 3.275 2.679 2.768 2.753 2.787 6.896
980 4.889 3.343 2.733 2.850 2.859 2.898 7.073
1000 4.950 3.409 2.785 2931 2.963 3.009 7.254
1020 5.007 3.473 2.836 3.010 3.066 3.118 7421
1040 5.059 3.533 2.884 3.087 3.169 3.227 7.590
1060 5.109 3.593 2932 3.163 3.269 3.335 7.755
1080 5.157 3.649 2.975 3.237 3.369 3.441 7.917
1100 5.201 3.705 3.019 3:.307 3.466 3.545 8.071
1120 5.244 3.757 3.061 3.379 3.562 3.648 8.218
1140 5.285 3.808 3.100 3.447 3.657 3.751 8.368
1160 5.322 3.855 3.138 3.511 3.749 3.851 8.510
1180 [ 5.354 3.902 3.173 3.577 3.841 3.949 8.645
1200 5.387 3.945 3.210 3.639 3.930 4.045 8.784
1220 5.418 3.988 3.244 3.700 4.019 4.141 8.914
1240 5.443 4,030 3.274 4.103 4.103 4.235 9.042
1260 5.472 4.070 3.307 4.189 4.189 4.324 9.164
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TaBue 71. LiF-Lil: Specific conductance {ohm™! em™? )—Continued

1614

Temperature-dependent equations

k=a+bT +cT? +dT° +eT?

Mol % f ) Standard -
Lil - b10° c-10° —d-10° ge1012 error of
’ ‘ estimate
100 3.62727 16.0374 —9.24434 -1.78348 0.018%
75 297832 9.90818 —3.89050 —0.369061 0.027%
63 0.929985 2.02887 6.15144 6.08011 1.62537 0.025%
50 243833 6.03857 0.0362856 0.706150 . 0.027%
37 —0.667306 —7.30341 18.6039 11.31381 2.30892 0.018%
23 0.0814219 ~4.23728 134613 7.37307 1.23944 0.020%
0 6.30288 18.1177 —4.28362 0.281087 0.028%

" These values are based on the work of Smirnov, Khokhlov, Stepanov, and Shumov (clagsical ac technique) [82]. These authors reported

equivalent conductance. The data were converted to specific conductance using the density equations reported in the same paper.

TanrLe 72, Density studies: LiF-Lil

Investigations critically re-examined

Lil ) Temf). range
Ref. mol % ) Comments
82 ‘ 0-100 7851273 | Pt sphere; calibration: molten

KNO,.

Deviations from previous NSRDS recommendations {1, pp. 3, 19]

Lil

| .
Ref. - mol % Min. depu@re Max. departure
82 100 0.48 % (760 K) 0.40% (880K)
82 0 0.01% (1210 K) 0.27% (1270K)

J. Phys. Chem. Ref. Data, Val. R No_ 11979
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. TasLe 73. LiF-Lil: Density (g cm_a)

Mol percent Lil
T - - T
100 75 l 50 25 0
T
760 3.108 2925 | 2.745 2.486 1.951
780 3.089 2910 2.731 2474 1.943
800 3.071 2.894 2717 2.463 1.935
820 3.053 2.878 2.703 2.451 1.927
840 3.034 2.862 2.689 2.439 1.018
860 3.016 2.846 2.675 2.427 1.910
880 2.997 2.830 2.661 2.415 1.902
900 2.979 2.814 2.647 2.404 1.893
920 2.961 2.799 2.633 2.392 1.885
940 2.942 2.783 2.619 2.380 1.877
960 2.924 2.767 2.605 2.369 1.869
980 2.905 2.751 2.591 2.357 1.860
1000 2.887 2.735 2.577 2.345 1.852
1020 2.869 2.719 2.563 2.333 - 1.844
1040 2.850 2703 2.549 2.321 1.835
1060 2.832 2.687 2.535 2,310 1.827
1080 2813 2.671 2521 2.298 1.819
1100 2.095 2.656 2.507 2.286 1.811
1120 2.777 2.640 2.493 2.274 1.802
1140 2758 2.624 2.479 2.263 1.794
1160 2.740 2.608 2.465 2.251 1.786
1180 2.721 2.592 2.451 ! 2.239 1.777
1200 2.703 2.567 2437 ! 2,227 1.769
1220 2.685 . 2.560 2.423 i 2.216 1.761
1240 2.666 2.544 2.409 : 2.204 1.753 .
1260 2.648 2.520 2.395 i 2.192 1.744

Temperature-dependent equations

p=a-bT
Standard
; .102
Mol % Lil a b-10 deviation
0 2.266 0.414 0.002
25 2.933 0.588 0.004
50 3.275 0.698 0.005
75 3.529 0.794 0.005
100 3.807 0.920 0.005

These values are based on the work of Smirnov, Khokhlov, Stepanov and Shumov (modified maximum bubble pressure method) [82]. The
following equation, with concentration, C, in mole percent Lil and temperature in K, has been derived from the preceding data: p =a + bC +¢T +
dC* + eC® + fTC + gT?, where, a = 2.26901, 5+10? = 3.35030, c+10* = -4.15396, d-10* = -3.08415, ¢-10°
£+10® = 1.82021, with a maximum departure of 0.49% at 1258 K and 75 mol % Lil, and a standard error of estimate of 0.006. This equation
may be used to calculate the density of LiF-Lil melts at any concentration in the temperature range 758-1273 K.

TaBLE 74. Surface tension studies: LiF-Lil

Investigations critically re-examined

Lil Temp. range '
Ref. mol % (n Comments
79 0-100 870.1240 | Molybdenuin crucible; calibra-

tion: molten NaCl.

Deviations from previous NSRDS recommendations [2, p. 55]

Ref. ml:ll% Min. departure Max. departure
79 0 1.70% (1170 K) 1.76% (1240 K)

. Phys. Chem. Reof. Date, Vol. 8, No. 1, 1979

1.35819, £+10° = -

6.7312,
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TaBLE 75. LiF-Lil: Surface tension (dyn cm™)

Mo! percent Lil
T
100 75 50 25 1]
870 915
880 91.0
890 90.4 109.2
900 89.9 . 108.6
910 89.3 1079
920 88.7 107.3
930 88.1 106.7
940 87.6 ’ 106.1
950 87.0 105.5
960 86.5 104.9 1328
970 85.9 104.3 132.0
980 85.3 103.6 131.3
990 84.8 103.0 130.5
1000 84.2 102.4 129.8
1010 83.6 101.8 129.1
1020 83.1 101.2 128.3
1030 82.5 100.5 127.5
1040 81.9 99.9 120.8
1050 81.4 ’ 99.3 120.1
1060 80.8 98.7 125.3
1070 80.2 98.1 124.5 ’
1080 79.7 97.6 123.8 168.0
1090 791 96.8 123.1 167.1
1100 78.5 96.2 122.3 166.3 241.7
1110 121.0 165.4 240.7
1120 C1208 1645 239.8
1130 120.1 163.6 238.6
1140 119.3 162.7 237.8
1150 118.0 161.8 236.8
1160 117.8 160.9 235.8
1170 117.1 160.1 234.8
1180 159.2 233.9
1190 158.3 2329
1200 . 157.4 2319
1210 156.5 230.9
1220 155.7 229.9
1230 228.9
1240 227.9
Temperature-dependent equations
y=a-bT
Mol % Lil a b
0 350.2 0.0986
25 263.5 0.0884
50 204.7 00749
75 164.1 0.0017
100 140.7 00560
These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method 1791, ‘Fhe data were reported in equation

form and no error estimate was given. :

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979
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5.4. Chloride-Bromide Systems

AgCIl-AgBr

AgCl-AgBr

450

Temperature (°C)

400 -
L L I 1 I ] L l L
0 20 40 60 80 100
AgBr AgCl

Mol % AgCi

F16URE 14. Temperature-composition phase diagram for AgCl-AgBr.

K. Monkemeyer, Neues Jahrb. Mineral., Geol., Palantol., Beil.Band,
22,1, (1906).

Melt Preparation and Purification

Boardman et al. [12] used salts either of analytical grade
purity or obtained from reagents of that purity and recrystal-
lized. They prepared silver bromide from the nitrate and hy-
drobromic acid. Mixtures were prepared by melting weighed
quantities of fused silver chloride and silver bromide togeth-
er.

Harrap and Heymann [15] precipitated the silver halides
from aqueous solutions of A. R. AgNO; with the correspon-
ding hydrogen halide. The salts were dried by evaporating
the solution to dryness in the dark in the presence of excess
acid.

Brooks and Paul [67,70] used 99.8% B. D. H. AgCl dried
by heating under vacuum for three days at 150 °C, followed

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979

by treatment with a stream of freshly prepared dry HCI gas
while gradually raising the temperature to the melting point.
Similarly, 99.9% Research Inorganic Chemical Corporation
AgBr was dried by heating under vacuum for three days at
200 °C, followed by treatment with dry, freshly prepared
HBr for two hours while raising the temperature to the melt-
ing point. Dry nitrogen was bubbled through the melt for
two hours to remove all traces of HBr.

TaBLE 76. Electrical conductance studies: AgCl-AgBr

Investigations critically re-examined

AgBr Temp. range
Ref. mol % (N Comments
8 | 03050, 773 | Cell material: silica and quartz
70,100 U-tubes; Pt electrodes; calibra-
tion: 1N K solution.
152 0-100 713.873 Pt electrodes; freq. range:
=3000 Hz; calibration: 1N KCl
solution.

Deviations from previous NSRDS recommendations [1, pp. 10, 16]

Ref. ﬁi?;o Min. departure Max. departure
8 100 —3.3% (773 K)
8 0 —8.5% (773 K)
15 0 -2.4% (978 K) -2.6% (873 K)

3The mixtures in reference [15] were not heated above 600 °C
inasmuch as above that temperature the melts were observed to de-
compose with liberation of bromine. The data reported were taken
from smoothed curves drawn through the experimental points. The
deviation of these points from the conductivity curves was never
greater than 0.05%.
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TaBLE 77. AgCl-AgBr: Specific conductance (ol'lm—l cm'l)

Mol percent AgBr
T
100 80 60 40 20 -0
720 2.89 2.99 3.15 3.32 3.50 ‘
730 292 3.02 3.18 3.36 3.54 I 3.73
740 295 3.06 3.22 3.39 3.58 | 3.77
750 2.97 3.09 3.25 3.42 3.62 . 3.81
760 2.99 3.13 3.28 3.46 3.66 | 3.85
770 3.02 3.16 3.30 3.49 3.70 i 3.89
780 3.04 3.18 3.33 3.52 3.73 3.92
790 3.06 3.21 3.36 3.55 3.76 ’ 3.96
800 3.08 3.24 3.38 3.58 3.80 3.99
810 3.10 3.26 3.41 3.61 3.83 | 4.02
820 3.12 3.28 3.43 3.63 3.86 | 4.06
830 3.14 3.30 3.46 3.66 3.88 E 4.09
840 3.16 3.32 3.47 3.69 3.91 412
850 3.17 3.34 3.50 3.71 3.93 ! 3.15
860 3.19 3.35 3.52 3.73 3.96 | 418
870 3.21 3.37 3.54 3.76 3.98 ; 4.21
880 | 4.24
890 ‘ 4.26
900 | 4.29
910 : 4.31
920 i 4.34
930 ,! 4.36
940 ' 4.38
950 l 4.41
960 ; 4.43
970 I 4.45
Temperature-dependent equations
k=a+bT +cT?
Standard
Mol % —a 5102 —c-10°¢ error of
AgBr ) .
estimate
0 1.4332 1.0160 4.2248 0.15%
20 3.1339 14217 6.9438 0.15%
40 1.3888 0.9546 4.1725 0.18%
. 60 1.5896 0.9896 4.5987 0.17%
80 4.2603 1.6284 8.6401 0.32%
160 1.2864 0.8886 4.2800 0.10%

The values in this table are based on the work of Harrap and Heymann (classieal ac technique) [15].

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979
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TABLE 78. Density studies: AgCl-AgBr

Investigations critically re-examined

Ref. AgBr Temp. range

mol % (T) Comments

12* 0,227, 693-903 | Silica glass dilatometer; calibra-
40.3,65.8 ‘ tion: molten AgNQ,.
100, l

calibration: water.

67,70 | 50,100 l 760.1037 | Pt bob, ‘Pt suspension wire;

Deviations from previous NSRDS recommendations {1, pp. 10, 16)

Ref. rﬁng :/o Min. departure Max, departure
12 0 —0.82% (760 K) ~1.0% (900 K )
67,70 100 0.00% (930 K) 0.06% {720 K)

4Roardman et al. [12] applied earrections for the shape of the
meniscus, buoyancy and the expansion of the silica dilatometer.

TaBLE 79. AgCl-AgBr: Density (g em™?)

Mol percent AgBr

T

100 65.8 : 40.3 ii 22.7 0
700 5.375 5.200 !
710 5.365 5.189
720 5.561 5.354 5.178 5.040
730 . 5.551 5343 5.166 5.030
740 5.540 5.333 5.155 5.019
750 5.530 5.322 5144 5.008
760 5.520 5.311 5.133 4.997 4.804
770 5.509 5.300 5.122 4.986 4.795
780 5.499 5.290 5.110 4.976 - 4.786
790 5.488 5.279 5.099 4.965 4.776
800 5.478 5.268 5.088 4.954 4767
810 5.468 5.258 5.077 4.943 4.757
820 5.457 5.247 5.066 4.932 4.748
830 5.447 5.236 5.054 4.922 4.739
840 5.436 5.226 5.042 4911 9.729
850 5.426 5.215 5.032 4.900 4.720
860 5.416 5.021 4.710
870 5.405 4.701
880 4.692
890 4.682
900 | 2,673

Temperature-dependent equations

p=a-bT
Mol % AgBr a 5-10*
0 5.519 0.94
22.7 5.818 1.08
40.3 5.984 1.12
65.8 6.124 1.07
100 ! 6.310 | 1.04

The values in this table are based on the work of Boardman, Dorman and Heymann (dilatometric method) [12]. These authors estimated the
maximum error to be +0.15%. The following equation, with concentration, C, in mole percent AgCl and temperature in K, has been derived from the
preceding data: p = a +bT +cC? + dTC +eTC?, where ¢ = 6.32998, b.10° = -1.06497, ¢+10° = -1.44515, d-10° = -1.44609, ¢-10° = 9.21738,
with a maximum percent departure of 0.14% at 863.2 K and 59.7 mol % AgCl, and a standard error of estimate of 0.002. This equation may be
used to calculate the density of AgCl-AgBr melts at any concentration in the temperature range 693-903 K.

J. Phys. Chem. Ref. Data, Vol. 8, No. 1, 1979
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TaBLE 80. Viscosity studies: AgCl-AgBr

Investigations critically re-examined

¥ AgBr Temp. range :
Ref. mol % | el Comments
15 | 0100 713.873 | Cell material: B.T.H.C14 glass;
calibration: molten KNO,.
37 | 0100 773 | Asfor [15]. and see also [11].

2Reference [13] is the NSRDS reference data base for the visco-
sity of pure molten AgCl and of pure molten AgBr. The data reported
by the authors were obtaincd from smoothcd curvcs through the cx-
perimental points. The deviation of these points from the curves was
never greater than 1.5%.

Tasie 81. AgCl-AgBr: Viscosity (cp)

: Mol percent AgBi
T :
' 100.0 20.0 i 60.0 40.0 26.8 0.0
720 , 3:30 3.05 2.92 2.70 2.53
730 3.20 2.96 2.82 2.62 2.47 2.29
740 311 2.87 2.74 255 2.41 2.24
750 3.03 2.78 : 2.66 247 : 2.35 219
760 294 - 2.70 : 258 2.40 229 2.14
770 2.86 263 2.51 2.33 2.23 - 2.09
780 _ 2.79 | 2.55 2.44 227 218 2.05
790 | 2.72 : 2.48 2.37 2.20 2.12 2.00
800 2.65 | 2.42 2.31 214 2.07 1.96
810 2.58 | 2.36 2.25 2.08 2.02 191
820 2.52 : 2.30 219 2.02 -1.97 - 1.87
830 2.47 225 214 1.96 1.92 1.83
840 242 2:21 210 190 1.88 1.79
- 850 £ 2.37 <217 2.05 1.85 1.84 1.75
860 2.33 i 213 2.02 1.80 1.79 1.7
870 2.29 | 210 1.99 1.75 1.76 1:67
880 ' | : 1.64
890 'j 1.61
900 l i 158
o160 | ; 1.53
920 | i 152
930 | ; 1.49
940 : : 1.47
950 : 145
960 1.43
970 ‘ : 141

Temperature-dependent equations
. n=a+bT+cT? +dT°

) ' Standard
Mol % AgBr a be10® c-10° d-10° error of
estimate

0 3.1508 8.7420 -2.1890 11367 0.46%

26.8 5.9550 2.6085 -1.8307 1.1219 - 0.55%

40 7.0068 2.1679 ~2.0421 1.2629 0.1 3%

60 9.3546 1.4645 -2.9122 2.0346 0.27%

80 9.6253 © 3.3292 -3.4298 2.3594 0.30%

100 15.4159 -18.7388 -0.4743 1.0270 0.31%

These values are based on the work of Harrap and Heymann (capillary method) [15].
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TaBLE 82. Surface tension studies: AgCl-AgBr

Investigations critically re-examined

AgBr Temp. range
Ref. mol % (1 Comments
762 | 0100(g) | 773,883 | Cell material: capillary of

B.T.H.-C46 glass; melt con-
tained in a tube of B.T.H.-
C14 glass; calibration: water;

3Boardman, Palmer and Heymann [76] calibrated their apparatus
before and after each experiment and found the calibration repro-
ducible to within 0.3%. The maximum error was estimated to be

*1.0%.
TaBLE 83. AgCl-AgBr: Surface tension (dyn cm'l)
Mol percent

AgBr 773K 883 K

0 176.0 171.0

10 1729 168.3

20 169.6 165.5

30 166.6 162.9

40 163.8 160.4

50 161.0 158.1

60 158.7 156.0

70 156.5 - 154.0

80 154.6 152.4

920 153.2 151.2

100 1521 150.2

These values have been interpolated to four significant figures
from the graphical presentation of Boardman, Palmer and Heymann
(maximum hubble pressure method) [76].

AgCl-AlBr,
J P | ! I ! | !
AgCl-AiBrs
300# -
B
4
S
s 200+ -1
; o o
(=3
E
2
{e]¢] 'J
1 | ] ! ' I 1 J )
(o} 20 40 60 80 100
AlBry Mol % AgCl AgCl

F1curE 15. Temperature-composition phase diagram for

AgCl-AlBr,.

V. A. Plotnikov and U. I. Shartsman, Zap. Inst. Khim., Akad. Nauk
SSSR, 4, 222 (1937); Zh. Fiz.-Khim. 12, 120 (1938).
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Melt Preparation and Purification

Reference [35] containg no information on melt prepara-

tion.

TasLE 84. Electrical conductance studies: AgCl-AlBr,

Investigations critically re-examined

A.lBl’3
Ref. mol % Temp. range
35 73 80 373443

TaBLE 85. AgCl-AlBr, : Specific conductance (ohm"lcm—l)

r Mol % AlBrs
73.8
373.2 0.0107
378.2 0.0116
383.2 0.0121
388.2 0.0136
393.2 0.0148
308.2 0.0161
403.2 0.0168
408.2 0.0178
413.2 0.0190
418.2 0.0214
4232 0.0242
438.2 0.0296
443.2 0.0322

These values are based on the work of Mez:hennii (classical ac

technique) [35].



