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Solid-Liquid Phase Equilibrium in the
                                  Sodium-Cesium Alloy System

By J. Bevan Ott, J. Rex Goates, and Dee E. Oyler
Department of Chemistry, Brigham Young University, Provo, Utah

Thermal methods were used to determine with high precision the solid-

liquid phase equilibria diagram for the sodium-cesium system.  The results

differ greatly from those of earlier workers, especially near the eutectic
0

composition, where differences in melting points as large as 35 K occur.

Identification of the phases involved in the peritectic halt was not conclu-

sive, but does support the proposal that the peritectic results from the

formation of an Na2Cs intermetallic compound by a very sluggish reaction.

Two previous investigations have been made of the freezing points of

sodium-cesium alloys in order to determine the solid-liquid phase diagram

1.2
for the system.

' The measurements were made a number of years ago without

1
E. Rinck, Compt. rend., 1934, 199, 1217.

2C. Goria, Gazz. chim. ital., 1935, 65, 1226.

the advantages of precision resistance thermometry, high purity metals, and

adequate inert atmosphere facilities.  As might be expected, the two sets of

data  are   in poor agreement. Freezing point differences as large   as   30'C   and  a

difference in eutectic composition of 5 mole % exist between the two sets of

data.  Both Rinckl and Goria2 observed an invariant point at about 265'K on

the sodium rich side of the diagram.  This they attributed to the formation

of a peritectically melting Na2Cs intermetallic compound.  The reaction

apparently is very sluggish since the eutectic halt was still observed in

alloys  with  less   than 10 mole- %  Cs.     X-ray measurements3 failed  to  show  the
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existence of the compound, presumably because of the small amount of it

38. Bohm and W. Klemm, Z. anorg. Chem., 1939, 243, 69.

which was formed in the sample that was studied.

The techniques now available for making freezing point measurement are

at least an order of magnitude better than was reported by any of the

previous investigators.  In addition, improved techniques now available for

annealing the sample for long periods of time improve the chances for forming

intermetallic compounds.  As part of our extensive study of alkali metal

mixtures, we felt it was worthwhile to re-examine the complete phase diagram

for this system.

EXPERIMENTAL

Chemicals

High purity (99.9% minimum) cesium was obtained from the Kawecki Chemical

Company.  Batch analysis by Kawecki Chemical indicated 0.049 mole % Rb,

0.010 mole %K,0.025 mole % Na,with negligible amounts of other elements.

Oxygen analysis was not available.  However, calculations of the change in

melting point with fraction melted indicated less than 0.01% oxygen.  The

cesium is considered to be better than 99.9% pure.

Reactor grade sodium obtained from the U. S. Industrial Chemical Company

was used in making the alloys.  The sodium is the same as was used in previous

4work on the Na-Rb system,  where it was shown that the impurities were limited

4J. R. Goates, J. B. Ott, and C. C. Hsu, Trans. Faraday Soc., 1970, 66, 25.

to < 0.05 mole % total.

6:
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Preparation of Samples

Samples were prepared in a Vacuum Atmospheres Corporation argon glove

box.   Oxygen and water vapor concentrations were kept at  < 1 ppm by circu-    s

lating the argon through a purification train.  Under these conditions, the

Na-Cs alloy sample showed no oxide formation after several hours in the box

and  showed  only a slight oxide layer  when  left for several  days.
I.         1,

.

Samples were prepared in the box by weighing the sodium and cesium on   '

a top-loading Mettler P-160 single pan balance (0.001 g accuracy).  The      t:

metals were weighed into a nickel crucible and melted to form a homogeneous.·

liquid mixture, which was then transferred into the freezing point apparatus.

To conserve cesium, some samples were prepared in a similar manner by dilutiont1      .1.

of an alloy sample of known composition with sodium or cesium.

Apparatus

1.

Two different time-temperature devices were used in making the measure-

5'
ments.  The general designs of both devices have been described previously.

5J. B. Ott, J. R. Goates, D. R. Anderson, and H. T. Hall, Jr., Trans
Faraday Soc., 1969, 65, 2870.

Very briefly, the apparatus in which the time-temperature cooling curves

were obtained consists of a doubly jacketed stainless steel sample tube.

Coolant (usually liquid nitrogen) circulating through the outer jacket

and a heater tape woubd around the outer jacket provide the temperature

variability needed to obtain cooling and warming curves.  The inner jacket

can be evacuated to insulate the sample.  Provision is also made to introduce

helium as a heat exchange gas into this chamber.  The rate of cooling or

warming of the sample,is controlled by varying the pressure of the heat

exchange gas, by varying the type of circulating coolant, or by varying the
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heater current.  Rotary stirring is accomplished by driving a stainless

steel stirrer tube with a variable speed motor through a worm gear.  Tem-

peratures were measured with a Leeds and Northrup platinum resistance thermo-

meter in combination with a Leeds and Northrup high precision recorder.  The

thermometer passes down through the center of the stirrer and into a thermo-

meter well, which is centered at the bottom of the sample tube such that

the sensing portion of the thermometer is surrounded by the alloy sample.

This entire apparatus is suspended inside the argon glove box so that all

operations from preparation of the sample to freezing point measurement are

made with minimal chance of contamination of the metals with oxide.  The

platinum resistance thermonieter was calibrated by Leeds and Northrup Co.

at the ice, steam, sulphur, and oxygen points.  The calibration was checked

by us at the ice point (273.150'K), the mercury freezing point (234.29'K),

0
and the sodium sulfate decahydrate transition temperature (305.534 K) before,

during, and at the conclusion of the measurements. In all cases, the values

obtained agreed with the calibration to within 0.01'K.  We estimate our

temperature scale to be accurate to within 0.02'K over the range of the experi-

mental measurements.

The second apparatus is in essence a cryogenic calorimeter.  A stainless

steel sample vessel (volume = 75 ml) is suspended inside a massive aluminum

cylindrical block, which, in turn, is fitted with a heater and a thermocou
ple

to provide temperature control of the surroundings of the sample vessel.  
The

block is encased in a stainless steel jacket, which is in turn suspended in

a 5 ft Dewar.  The sample vessel and block are thermally insulated from 
the

surroundings and from one another by evacuating the jacket.  Temperatures
 in

the sample chamber are measured with a Leeds and Northrup low temperature

(type 8164) platinum resistance thermometer which is sealed in a tube alon
g

the cylindrical axis of the sample -chamber. This thermometer (1626895) was



-5-

calibrated by the National Bureau of Standards at sixteen temperatures over

the range 10-400'K.

A heater is wound around the sample chamber in this second apparatus.

A wide range of warming rates can be obtained by controlling the rate at

which electrical energy is fed into this heater.  Because of the precise

temperature control that was possible, this apparatus was used principally

to thermally-cycle very slowly and to anneal an alloy sample within narrow

temperature ranges, making possible optimum conditions · for the formation  of

the intermetallic compound.

RESULTS AND DISCUSSION

Melting Points
C

Melting points were determined over the entire composition range from

time-temperature cooling and warming curves.  The results are summarized in

Table 1 and Figure 1.  The data are considered accurate to within f 0.2'K.

The eutectic point occurs at 241.32 1 0.10'K and 0.791 mole fraction

cesium.  A peritectic halt was observed at 265.25 + 0.20'K and 0.704 mole

fraction cesium.

1
A comparison of our results with those of Rinck  and those of Goria,2

shows that the data are all in reasonably good agreement at compositions

below 0.3 mole fraction cesium.  At this composition however, the different

sets of data start to diverge.  Differences become very large at compositions

2
around the eutectic value.  Compared with the present study, Goria's  values

are as much as 27' low to the left of the eutectic and 35' high to the right

of the eutectic (see Figure 1).  The data of Rinck are more extensive and in

better agreement with the present work.  His data on the cesium-rich side of

the diagram are on the average within 2' of our values.  Excessive scatter in

.'
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Table 1 - Melting Points

Sodium-Cesium System

mole mole · mole

fraction Temperature fraction Temperature fraction Temperature

cesium         'K          cesium          K          cesium        IK

0.000 371.05 .4989 323.44 .7789 243.78

.0506 357.86 .5496 312.42 (.791)b 241.32

.1022 352.88 .6018 297.94 .7985 243.00

.2001 349.08 .6584 279.08 .8393 253.49

.2501 347.51 (.704)
a 265.25 .8959 269.35

.3327 344.13 .7131 262.68 .9422 283.27

.4276 334.66 .7447 --3.58 1.0000 301.59

a, peritectic point, b, eutectic point

his experimental points in this region, however, make some of his data

differ from ours by as much as 50.

At the eutectic composition, the values of Goria2 and Rinckl are 9

and 4 mole % lower, respectively, than the present study.  The eutectic

temperature determined by Goria2 is 40 higher, and the value by Rinckl is

2' higher than the present study.  Agreement on the peritectic temperature

is within 10.

Peritectic Compound Formation

Both Rinckl and Goria2 attributed the peritectic halt to the formation

I of a Na2Cs intermetallic compound, although no data were given to support

the 2:1 composition of the compound.  We found the formation of the peri-

tectic, as observed by the earlier investigators, to be indeed-a sluggish



29

-7-

reaction.  Considerable effort was expended in an attempt to get complete

conversion of alloy mixture to intermetallic compound.  The temperature in

the conventional freezing point apparatus could not be varied slowly enough

to achieve equilibrium in the samples.  In fact, the halt wah observed at

all compositions to the left of the peritectic point.  As a result, we

turned to the calorimetric apparatus where precise temperature control and

slow annealing were possible.  This procedure gave excellent, highly repro-

ducible peritectic halts.  Three different samples with compositions corre-

sponding to 0.25 (3:1), 0.33 (2:1) and 0.50 (1:1) mole fractions Cs were

placed in the apparatus.  The samples were cycled and annealed at tempera-

tures between the peritectic and eutectic halts for periods of time as

long as three weeks.  In all three cases, the results were similar.  Initially,

a reaction occurred as evidenced by the shortening of the eutectic halt and

lengthening of the peritectic halt.  After about 100 hours of annealing,

however, the process slowed to the point that no further measurable change

in the relative lengths of the halts was observed.  In all three cases,

considerable eutectic remained, even after the conversion had apparently

ceased.  Estimates, based on the relative lengths of halts, indicate that

no more than 70% conversion from the eutectic alloy to compound was achieved.

In an attempt to overcome the difficulties of obtaining equilibrium in

bulk samples, we next worked with a thin film system, where the length of

diffusion path of reacting components could be greatly reduced.  A thin

film of liquid alloy (2:1 composition) was smeared onto a piece of nickel

foil.  A thermocouple, spot welded to the nickel foil, measured the

temperature of the sample.  Time-temperature warming curves were obtained

for the sample after annealing for periods of time ranging from 5 minutes
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to 6 hours.  We were again unsuccessful in getting complete conversion to

compound as evidencedby the persistence of a eutectic halt.

Our failure to completely anneal away the eutectic halt in either the

calorimetric or thin film studies prevents us from unequivocally establishing

the formula of the compound.  However, the peritectic halt in the calori-

metric study, extrapolated to the length it would have at zero eutectic

halt (complete conversion to compound) and normalized to the same sample

size is longest for the 2:1 composition.  This gives support to the

supposition by Rinckl and Goria2 that the halt is a peritectic resulting

from the formation of solid Na2Cs.  We are convinced that an approach other

than thermal measurements  wi.1.1 be requi.red to fully establish the composition

of the compound.

The authors gratefully acknowledge the support given this project by

the United States Atomic Energy Commision under contract # AT (11-1)-1707.

The help of H. T. Hall, Jr. with some of the freezing point measurements is
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Fig. 1--Solid-liquid phase diagram for the sodium-cesium

system.


