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Measurements of c r y o l i t i o e l e c t r o l y t e 
freezing points in the quaternary system Na3AlF6 -
A1F3 - CaF2 - A1203 were conducted in order to 
r e s o l v e some of t h e a p p a r e n t d i s c r e p a n c i e s 
reported by previous i n v e s t i g a t o r s . Rather than 
i n v e s t i g a t i n g j u s t t h e b o u n d a r i e s of t h e 
quaternary system, a l a r g e number of t e s t s were 
conducted in the " in t e r io r " of the defined system. 
This was done so tha t the r e s u l t s could be used to 
evaluate the freezing po in t of t r a d i t i o n a l bath 
chemistr ies . The f r eez ing p o i n t s of s y n t h e t i c 
e l ec t ro ly te samples were combined with accepted 
l i t e r a t u r e va lues f o r s e v e r a l of t h e b i n a r y 
boundaries to create a t o t a l data se t covering the 
experimental range of 0 - 22ί excess A1F3 (CR = 
NaF/AlF3 weight r a t i o = 1.50 to 0 . 9 0 ) , 0 - 1 2 ? 
CaF 2 , and 0 - 5% A 1 2 0 3 . F i v e p l a n e s ( o n e 
component held constant) in the experimental space 
were examined and f i t t e d with i s o p l e t h s for the 
e l ec t ro ly te l iquidus temperature. From the shape 
of the isopleths and using the complete da ta s e t , 
a s i n g l e model for p r e d i c t i n g f r e e z i n g p o i n t 
temperatures was developed to cover the e n t i r e 
experimental range for the Na3AlF6 - A1F3 - CaF2 -
A1203 e l ec t ro ly t e chemistry system. 

INTRODUCTION 

In our work of evaluating various e l ec t ro ly te 
chemistr ies , we have found i t use fu l t o develop 
models for many of the propert ies assoc ia ted with 
c r y o l i t i c e l e c t r o l y t e s . One of t h e s e p r o p e r t i e s 
i s t h e f r e e z i n g p o i n t of t h e b a t h . I t i s 
necessary to know the l iquidus tempera ture of an 
e lec t ro ly te so that the aluminum e l ec t ro lys i s ce l l 
can be o p e r a t e d a t t h e p r o p e r t e m p e r a t u r e . 
Indus t r ia l pract ice has found that operating ce l l s 
10 to 15°C higher than the l i q u i d u s or f r eez ing 
temperature i s des i rab le . Temperatures lower than 
th i s value can cause operational problems such as 
mucking or excessive ledge bu i ld ing while h igher 
temperatures lead to a loss in current e f f i c i e n c y 
due to an enhanced back r e a c t i o n of aluminum 
oxidation. 

A number of i n v e s t i g a t o r s have l ooked a t 
port ions of the c r y o l i t e - A1F3 - CaF2 - A1203 
system. Typically, t h i s has been an invest igat ion 
of a binary system such as Na3AlF6 - A1203 (Foster 
(1) , P h i l l i p s , et a l . (2) ) ; Na3AlFe - A1F3 (Foster 
(3) , Fenerty and Hollingshead ( 4 ) ) ; or Na3AlF6 -
CaF2 (Holm (5) , Fenerty and Hollingshead ( 4 ) ) . A 
few invest igat ions were of ternary systems such as 

Na3AlFe - A1F3 - A1203 (Fos t e r ( 6 ) , Fener ty and 
Hol l ingshead (4 ) ) or Na 3 AlF 6 - CaF2 - A1 2 0 3 
(Fenerty and Hollingshead ( 4 ) ) . While t h i s work 
d e l i n e a t e s t h e boundary c o n d i t i o n s of t h i s 
four-component system, i t does not provide de ta i l s 
on the i n t e r a c t i o n s o c c u r r i n g when a l l four 
components are present as in c l a s s i c a l c r y o l i t i c 
baths used in aluminum e l e c t r o l y s i s . The research 
group of Lee, L e i , Xu, and Brown (7) examined 
selected points within the Na3AlF6 - A1F3 - CaF2 -
A1 2 0 3 s y s t e m . The r e s u l t s of a l l of t h e 
previously mentioned s tudies have been presen ted 
as phase d iagrams. Phase diagrams do not lend 
t h e m s e l v e s e a s i l y t o mode l d e v e l o p m e n t 
app l i ca t ions a l though equa t ions can be der ived 
which express these r e l a t ionsh ips . 

A few authors have presented multicomponent 
models for l iquidus temperatures of e l e c t r o l y t e s , 
but most of the models have c e r t a i n l i m i t a t i o n s . 
Dewing (8) presented a regress ion a n a l y s i s model 
based p r i m a r i l y on l i t e r a t u r e d a t a and t h e 
assumption that small amounts of most a d d i t i v e s 
(except NaF and A1F3) w i l l lower the l i q u i d u s 
temperature l i nea r ly . This model does not account 
for any in terac t ions that might occur. Young and 
Loutfy (9) presented a l inear model for l i q u i d u s 
temperature for the Na3AlF6 - A1F3 - CaF2 A1203 
LiF system. Their regression model was based on a 
l imited number of da ta p o i n t s and was l i n e a r in 
c r y o l i t e r a t i o , a f a c t n o t o b s e r v e d 
experimentally. B u l l a r d and P r z y b y c i e n ( 1 0 ) 
presented a l iquidus temperature model s i m i l a r to 
Dewing's model. L i t e r a t u r e va lues were used to 
modify and extend Dewing's e q u a t i o n . The new 
mode l was c o m p a r e d a g a i n s t 36 m e a s u r e d 
compositions. The model i n c l u d e d f i r s t o r d e r 
terms for A1203, CaF2I LiF, and MgF2, and higher 
order terms for excess A1F3 and A1203. Tabereaux 
(11) p resen ted a model with probably t h e most 
extensive coverage of a wide range of e l e c t r o l y t e 
compositions to d a t e . However, in an e f f o r t to 
l i n e a r i z e the da ta over the wide v a r i a t i o n in 
c ryo l i t e r a t i o or excess aluminum f luor ide , he was 
forced to develop four separate equations to cover 
the range. This makes use of the model somewhat 
cumbersome. Also, upon subsequent review i t was 
observed that some of the exper imenta l da ta was 
i l l -posed causing the regress ion equa t ions to be 
l ess sens i t ive to independent changes of s i n g l e 
components. 
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The goal of t h i s s t u d y was t o d e v e l o p a 

s i n g l e model to cover the e n t i r e e x p e r i m e n t a l 
region common to c l a s s i ca l bath chemistry, Na3AlF6 
- A1F3 - CaF2 - A1 2 0 3 . For t h i s s t u d y , t h i s 
reg ion was def ined as 0 - 22? excess aluminum 
fluoride (NaF/AlF3 weight r a t i o = 1.5 to 0 . 9 0 ) , 0 
- 12% calcium f l u o r i d e , and 0 - 5% a l u m i n a . 
Alumina values were kept to 5% or l e s s to avoid 
s o l u b i l i t y problems a t h igher excess aluminum 
f l u o r i d e c o n c e n t r a t i o n s . T h i s r e g i o n of 
experimentation i s presented visual ly in F igure 1 
as a three dimensional space. At the o r i g i n i s a 
pure c r y o l i t e , Na3AlF6. Excess aluminum f l u o r i d e 
i s denoted by the distance out from the o r i g i n on 
the x-ax is . S i m i l a r l y , the calcium f l u o r i d e i s 
a s s i g n e d t o t h e y - a x i s , and t h e a l u m i n a i s 
assigned to the z - a x i s . A b inary phase diagram 
would be charac ter ized as a s i n g l e l i n e in t h i s 
s p a c e , w h i l e a t e r n a r y phase d iagram would 
r e p r e s e n t a p l a n e on t h e f i g u r e . However, 
operational c r y o l i t i c e l ec t ro ly tes would be found 
in the " in t e r io r " of t h i s space where l i t t l e or no 
work has been done. 

A1203 

sei 
^νχ 1 

4 X^> 

II 

l^m^ms^kMW§M), 
s ^ ^ ^ ^ - ^ ^ ^ ^ 

{^Α^$^^ 0 X 

Cryolite 

Figure 1 · Experimental space of the Na3AlF6 -
A1F3 - CaF2 - A1203 system as s t ud i ed in t h i s 
paper and the five experimental planes. 

To develop a model, data i s needed. We used 
two sources for our model data: 

1 . Liquidus temperatures of e l ec t ro ly t e s in the 
i n t e r io r experimental space were determined 
experimentally. The exper imental procedure 
wi l l be discussed below. 

2. Phase diagrams from l i t e r a t u r e sources were 
carefully examined, and checked a g a i n s t our 
experimental r e s u l t s for c o n s i s t e n c y . The 
data of Foster (6) for the Na3AlF6 - A1F3 -
A1203 system was used up to the 20% excess 
A1F3 and 5% A1203 point to define the Na3AlF6 
- A1F3 - A1203 p lane of the e x p e r i m e n t a l 
space. 

EXPERIMENTAL PROCEDURE 

The c o m p o s i t i o n s f o r w h i c h l i q u i d u s 
temperature measurements were measured were c a r e -
fully planned in advance to de r ive the maximum 
s e n s i t i v i t y for the coeff ic ients of each component 
and to allow easy examinat ion of the r e s u l t s in 
order to derive an equa t ion of the proper form. 
In addit ion to the Na3AlF6 - A1F3 - A1203 p l ane , 
four other planes were i n v e s t i g a t e d : Na3AlF6 -
CaF2 - A1203, Na3AlF6 - A1F3 - A1203 - H% CaF2, 
Na3AlF$ - A1F3 - CaF2 - 2% A1203 , and Na3AlFe -
A1F3 - CaF2 - 3% A1203. These planes are shown in 
Figure 1. Each of these planes was def ined by a 
number of t e s t s conducted on synthet ic e lec t ro ly te 

samples. Chemica l s from Cerac I n c o r p o r a t e d 
(Milwaukee, Wisconsin) claiming +9956 p u r i t y were 
used. However, a l l m a t e r i a l s were analyzed for 
exact composition f i r s t . A computer program was 
used to solve five simultaneous equations based on 
mass balances to determine the exact weight of 
each component t o add t o g e t t h e d e s i r e d 
e lec t ro ly te composition. A number of the samples 
were l a t e r checked by chemical analysis and found 
to be wi th in the e x p e r i m e n t a l l i m i t s of t h e 
a n a l y t i c a l t e c h n i q u e s u s e d t o d e f i n e t h e 
composition. 

The d i f f e r e n t i a l t h e r m a l a n a l y s i s (DTA) 
technique used to determine l iquidus temperatures 
from cool ing curves has a l r eady been d i scussed 
(11) so only the major de t a i l s wi l l be given here. 
A schematic of the hea t i ng s e c t i o n of the DTA 
apparatus i s shown in Figure 2. A twin c o n t a i n e r 
graphite crucible was used for measuring f r e e z i n g 
points of the e l e c t r o l y t e s . A 20 gram sample of 
the s y n t h e t i c e l e c t r o l y t e was mixed and t hen 
melted in a graphi te c r u c i b l e by a 17 kVA Lepel 
induction furnace. A major portion of the molten 
e l e c t r o l y t e was t h e n poured i n t o t h e sample 
chamber of the twin chambered g r a p h i t e c r u c i b l e . 
The en t i r e crucible arrangement was heated in the 
induction furnace to approximately 50°C over the 
e lec t ro ly te melting temperature. At t h i s p o i n t , 
the power was switched off and the thermocouples 
were i n s e r t e d i n t o the sample and the a lumina 
reference. As t h e a s sembly c o o l e d , t h e two 
thermocouples mainta ined the same t e m p e r a t u r e 
u n t i l t h e e l e c t r o l y t e began t o f r e e z e and 
experienced a thermal a r r e s t . This point was very 
easi ly ident i f ied on the X-Y plot generated by the 
thermocouples. The l iquidus temperature was read 
from a d i g i t a l thermometer as the a r r e s t occurred. 
Reproducibility of l iquidus tempera ture was +_1 °C 
between s e p a r a t e l y mixed samples of t h e same 
composition. B e f o r e t e s t i n g e a c h g r o u p of 
samples, the DTA system was checked by determining 
freezing points of reagent grade LiF and NaF. If 
these measured values were not a c c u r a t e t o *λ°0, 
t h e sys t em was checked f o r m e c h a n i c a l and 
e l e c t r i c a l fau l t s and then corrected. 

RESULTS AND DISCUSSION 

A t o t a l of 89 experiments were performed in 
the " in te r io r " of the experimental space . Also, 
35 data points from Fos t e r ' s work (6) were used to 
def ine the Na3AlF6 - A1F3 - A1203 p l a n e . The 
en t i re space was defined by a t o t a l of 124 p o i n t s 
s p e c i f i e d by c o m p o s i t i o n a n d l i q u i d u s 
temperatures. As previously mentioned, the data 
was l a i d out by p lanes as shown in F i g u r e 1. 
Figure 3 shows the da ta for the p lane Na3AlF6-
A1F3 - CaF2 - 3% A1 2 0 3 . In t h i s f i g u r e , t h e 
or igin i s 97% Na3AlF6 and 3% A1203. The x-axis i s 
s t i l l the aluminum f l u o r i d e c o n c e n t r a t i o n while 
the other a x i s i s the calcium f l u o r i d e concen-
t r a t i o n . Each square r e p r e s e n t s one s y n t h e t i c 
e l e c t r o l y t e sample w i t h 3% a lumina and t h e 
corresponding amounts of A1F3 and CaF2. P r in t ed 
a longs ide of each e l e c t r o l y t e sample i s t h e 
corresponding l iquidus temperature. 
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TOP VIEW 

CRUCIBLE 

are shown in F igure 4. Cus tomar i ly , a t e r n a r y 
p l o t such a s t h i s would be p r e s e n t e d in an 
equi la te ra l t r i ang le layout, but for t h i s p o r t i o n 
of the presentat ion, we wil l keep the r e c t i l i n e a r 
layout to avoid confusion with the e a r l i e r format. 
Using t h i s con tour ing t e c h n i q u e e n h a n c e s t h e 
researchers ' a b i l i t y to observe the r e l a t i o n s h i p s 
occurring between va r ious independent v a r i a b l e s 
and the measured l iquidus values. For example, in 
Figure 4 i t can be seen that l iquidus tempera ture 
i s not a l inear function of the CaF2 conten t and 
the excess A1F3 content. I t appears tha t a c ross 
product term p r o b a b l y e x i s t s . T h i s s o r t of 
contouring was done for each of the exper imenta l 
p l a n e s t o h e l p v i s u a l i z e t h e r e l a t i o n s h i p s 
occurring. 

SIDE VIEW 
~ry THERMOCOUPLES 

Figure 2 · Furnace and c r u c i b l e design for the 
d i f f e ren t i a l thermal analysis equipment. 
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Figure 4 · Experimental data for the Na3AlF6 -
A1F3 - CaF2 - 3% A1203 plane and the liquidus 
isopleths based on the Kriging technique. 

In reviewing the data used in the previous 
paper (11), the freezing point determination tests 
were run at constant additions, but with 
increasing excess A1F3. It was observed that most 
of the curves generated in this manner had a very 
strong relationship to the fundamental Na3AlF6 -
A1F3 curve. In general, the curves were displaced 
to a lower temperature at 0% excess aluminum 
fluoride (CR=1.5), but if the curves were 
extrapolated in the excess A1F3 direction, they 
seemed to intersect at approximately the same 
location. Based on this observation, we felt that 
if the fundamental Na3AlF6 - A1F3 curve could be 
accurately described, then the deviations from 
this line due to the various additions could be 
more easily characterized. 

Figure 3 · Experimental data for the Na3AlF6 -
A1F3 - CaF2 " 3% A1203 plane. 

A contouring computer program was used to 
draw in isopleths of the liquidus temperatures. 
This program uses a Kriging technique (12) which 
takes into account all data points within a 
specified radius to draw smooth lines through the 
grid system. All data points within the radius 
are weighed by their distance from the calculated 
grid point in the Kriging calculation, con-
sequently an erroneous data point will skew a 
nearby isopleth, but have a very minor effect on 
distant ones. The data of the previous figure and 
the calculated isopleths for liquidus temperatures 

According to Foster, the liquidus temperature 
curve for the Na3AlF6 - A1F3 system begins at 
1009°C for pure cryolite (0? excess aluminum 
fluoride) and then decreases 269°C to 740°C at the 
peritectic. This curved line can be approximated 
by a cosine function of the form: 

T = 740 + 269C0S [A(% AlF3)]
n (1) 

where A and n a re equa t ion c o n s t a n t s . At 0% 
excess A1F3, the func t ion would equal 1009°C. 
Using Fos t e r ' s data, the constants were determined 
by a regression equation to be A = 3.262 and n -
0.4871. The fundamental curve was defined as: 
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T = 740 + 269cos [3.262(? A1F3)]°-4871 (2) 

The second step in constructing a liquidus 
temperature model was to develop an equation for 
the deviation of liquidus temperatures for samples 
with added constituents from that of the 
fundamental curve. The deviation was defined as: 

ÄTDev (% A1F3, ίΑ1203, % CaF2) = 

TE x p ($A1F3, *A1203, *CaF2) - T F u n d (%A1F3)(3) 

A multiple linear regression was performed on the 
data set containing the 124 experimental points. 
As a first attempt, only a linear combination of 
CaF2 and A1203 was used. The regression was on 
the equation: 

ΔΤηβν = b,(*CaF2)
 + b2(iAl203) (1) 

This l inear combination proved unsa t i s f ac to ry , so 
various combinations of cross products composed of 
each of the a d d i t i v e s were t r i e d . The b e s t 
combination of t e r m s , b o t h l i n e a r and c r o s s 
products was determined to be: 

ΔΤ Dev = - 5.0271(*A1203) - 2.7056(?CaF2) 

- 0.3717(!iAl203)1/2(icaF2) 

- 0.006H6(%Al203)1/2(iAlF3)2 

+ 0.9580(iCaF2)1/2($AlF3) 

- 0.1199(iCaF2)(iAl203)1/2(iAlF3) (5) 

A l l of t h e s e t e r m s w e r e d e t e r m i n e d t o be 
s t a t i s t i c a l l y s i g n i f i c a n t . The m u l t i p l e 
cor re la t ion coeff icient ( r 2 ) was ca lcula ted to be 
0.9720 or 97.2% of t h e d e v i a t i o n from t h e 
fundamental curve due to various components could 
be accounted for by t h i s regression equation. 

Equation (5) i s combined with Equation (2) to 
yield the f ina l equation for l iquidus tempera ture 
The equation i s : 

T = 740 - 5.0271 (ίΑ1203) - 2.7056.(?CaF2) 

- 0.3717(ίΑ1203) 1/2( i C a F 2) 

- 0.00646(?A1203) 1/2($A1F3)2 

+ 0.9580(iCaF2)1/2(<{AlF3) 

- 0.1199(!iCaF2)(iAl203)1/2( i A lF3) 

+ 269οο3[3.262(ίΑ1Γ3)]°·4871 (6) 

The cross product terms were added to handle 
the in te rac t ions between compounds added t o the 
e l e c t r o l y t e . For instance, in F igure 3 wi th the 
raw experimental data for l iquidus temperature and 
in Figure 4 with l iquidus tempera ture i s o p l e t h s , 
i t can be observed t h a t the a d d i t i o n of CaF2 
changes the shape of the fundamental Na3AlF6 -
A1F3 curve. At 2% CaF2, the l iquidus tempera ture 
s t a r t s a t 984°C a t 0% excess A1F3, r i s e s t o 986°C 
at 4 . 3 Ϊ , and then drops down a g a i n . A c r o s s 
product term would obvious ly be needed in t h i s 
case. Each of the cross product terms was added 
only when i t would s ign i f i can t ly improve the f i t 
of the model to the data . 

The l inear terms for CaF2 and A1203 a r e in 
general agreement with o the r i n v e s t i g a t o r s . At 
low concentrations of these components and a t the 
c ryo l i t e composition, only the l i n e a r terms w i l l 
be s ign i f i can t . For CaF2, our l i n e a r term has a 
value of - 2 . 7 0 6 ° C / i added w h i l e B u l l a r d and 
Przybycien found -2.962, and Dewing found - 2 . 8 5 3 . 
The Lee, Lei, Xu, and Brown l iquidus equat ion (7) 
found a l inear term of +4.059°C/i and had a second 
order term of -1.167°C/(% added)z . Undoubtedly, 
t h i s p o s i t i v e t e rm was i n t r o d u c e d i n t o t h e 
r e g r e s s i o n due t o t h e r a n g e over which t h e 
regression was done. Another factor c o n t r i b u t i n g 
to t h i s c o e f f i c i e n t ' s v a l u e may be t h a t no 
uncoupled data was used in the r e g r e s s i o n . Lee, 
Lei, Xu, and Browns' equation i s valid only in the 
range 3.8 to 11.2 $CaF2. A similar comparison for 
A1203 finds our l inear term equa l ing -5.027°C/)E 
added while Bullard and Przybycien found - 5 . 4 7 1 , 
Dewing found -6.646, and Lee, L e i , Xu, and Brown 
found - 5 . 3 3 . Dewing inc luded a second o r d e r 
alumina term while the others did not . 

L i q u i d u s i s o p l e t h s b a s e d on t h e model 
(Equation (6)) are shown in F igure 5 along with 
t h e e x p e r i m e n t a l d a t a f o r t h e same p l a n e 
previously shown. The shape of the curves i s very 
similar to those based d i r e c t l y on the da ta and 
the Kriging technique. The model produces curves 
which are smoother. In general , the contours seem 
to correspond with the data points well . 

The mean sum of s q u a r e of t h e e r r o r be tween 
experimental values and model va lues i s 2.56°C. 
This i s not much higher than the e x p e r i m e n t a l 
error of the measuring system. 

Figure 5 · Experimental data for Na3AlF6 - A1F3 -
CaF2 - 3JA1203 plane and the l i q u i d u s i s o p l e t h s 
based on the regression model. 
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Like Bullard and Przybyeien , we found t h a t 
nei ther our experimental data nor our model agreed 
with Lee, Lei, Xu, and Brown's work. We did f ind 
that the general shape of the l i q u i d u s i s o p l e t h s 
agreed with the shape proposed by Lee, L e i , Xu, 
and Brown though not with as an extreme hump in 
the l iquidus l ine as they had determined. In the 
current s t udy , a t low excess A1F3 and moderate 
amounts of C a F 2 , t h e c h a n g e i n l i q u i d u s 
temperature i s very small and only s l i gh t ly humped 
as aluminum fluoride content i s increased. 

Bullard and Przybyeien base t h e i r l i q u i d u s 
temperature on the l a s t peak seen in a h e a t i n g 
curve from a DTA measurement s i n c e t h e y were 
unable t o r e p r o d u c i b l y measure t h e l i q u i d u s 
t e m p e r a t u r e i n t h e c o o l i n g mode d u e t o 
supercooling of the sample. They also noted t h a t 
changing the heating r a t e caused the second peak 
to s h i f t s l i g h t l y . They s y n t h e s i z e d t h r e e 
e l ec t ro ly te samples and compared t h e i r l i q u i d u s 
t empera ture r e s u l t s with those of Fener ty and 
Hol l ingshead ( 4 ) , and Fos t e r ( 6 ) . They found 
agreement of l iquidus temperatures within s e v e r a l 
degrees. Using our model on the same e l e c t r o l y t e 
compositions gives agreement to l i t e r a t u r e va lues 
within 0.5 degrees. All these synthesized samples 
contained l e s s than 5% A1F3. In comparing our 
model with Bullard and Przybyeien ' s exper imenta l 
r e s u l t s , the agreement i s good to approximately 6% 
A1F3. From t h a t p o i n t o n , t h e i r l i q u i d u s 
temperatures a l l become c o n s i s t e n t l y low whether 
compared w i t h o u r mode l or w i t h s i m i l a r 
experimental data. I t may be in t h i s r eg ion of 
h igher excess aluminum f l u o r i d e t h a t u s i n g a 
h e a t i n g c u r v e t o d e t e r m i n e t h e l i q u i d u s 
temperature of a complex polyphase e l ec t ro ly te may 
not be appropriate and t h i s might account for the 
discrepancy. The t h r e e m o d e l s a n d t h e i r 
experimental ranges a r e shown in F igure 6 a long 
with a set of l iquidus curves for each model. 

A comparison of measured and c a l c u l a t e d 
l iquidus temperatures for indus t r i a l e l e c t r o l y t e s 
i s presented in Table I . Since the baths con ta in 
small amounts of l i t h i u m f l u o r i d e and magnesium 
f luor ide , and the derived model does not inc lude 
the i r e f fec t s , an assumption of l i n e a r behavior 
with r e s p e c t to t h e i r e f f e c t on dep res s ing the 
l iquidus temperature has been assumed. The l inear 
values r e p o r t e d by Bul la rd and Przybyeien (10) 
were used . They a re -4 .6°C/$ MgF2 added and 
-9.2°C/% LiF a d d e d . The m e a s u r e d l i q u i d u s 
temperatures are s l i g h t l y lower than c a l c u l a t e d 
values in a l l cases . The systematic e r ro r may be 
due to the use of Bullard and P r z y b y e i e n ' s terms 
or may be r e l a t e d t o a s m a l l e r r o r i n t h e 
synthesis of the or ig ina l e l ec t ro ly te samples from 
which the model was derived. 

CONCLUSIONS 

Research work has e x t e n d e d t h e s t u d y of 
l iquidus temperatures from the binary and t e r n a r y 
boundaries i n t o the i n t e r i o r of the c r y o l i t e -
AIF3 - CaF2 - A1203 s y s t e m . C l a s s i c a l b a t h 
c h e m i s t r i e s can now be e v a l u a t e d in t e r m s of 
l i q u i d u s t empera tu re by a s i n g l e ma themat i ca l 
expressions as given by Equation (6) . 

A. Lee, L e i , Xu, and Brown 

X AIF3 

B. B u l l a r d and Przybye ien 

Figure 6 · Comparison of liquidus isopleths based 
on three different models in the 97% Na3AlF6 - 3 
A1203 plane. The experimental range from which 
each model was derived is shown in cross hatching. 

Table I. Comparison of Measured and Calculated 
Liquidus Temperatures for Industrial Electrolytes 

Electrolyte 
% % % % % Liquidus Temperatures 

A1F3 A1203 CaF2 LiF MgF2 Measured Calculated 

2.7 

3.2 

3.0 

3.5 

1.7 

5.5 

6.2 

6.7 

4.8 

2.9 

4.2 

1.7 

6.9 

3.7 

5.5 

6.8 

7.9 

7.9 

7.7 

7.3 

3.3 

3.2 

3.2 

3.1 

0.4 

0.4 

0.4 

0.4 

1.6 

1.6 

1.5 

1.3 

0.6 

0.6 

0.5 

0.5 

2.5 

2.6 

2.6 

2.2 

947 

955 

952 

949 

931 

947 

936 

931 

950.3 

962.4 

955.2 

953.1 

932.7 

949.8 

938.9 

934.5 
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