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THERMODYNAMIC INVESTIGATION OF ALKALI METAL MIXTURES

Most of the effort during the nine months since the start of the research

contract has involved the designing, construction, and testing of the experimental

apparatus; and the acquisition of commercial equipment and supplies.

The basic commercial equipment has been purchased and pound-lot

quantities of alkali metals of the special quality required have been obtained.

The experimental work centers around ein inert atmosphere glove box that was

built by Vacuum Atmospheres   Corp.      This unit, complete  with  a gas purifica -

tion train,  has been installed and outfitted. , Thirty-five pounds of reactor -

grade sodium and two pounds of high purity rubidium were purchased with

contract funds, and ten pounds of high purity potassium and two pounds of

high purity cesium were purchased with Brigham Young Univetsity funds.

Considerable effort has gone into the design and construction of the

experimental apparatus. The details are summarized below:

Phase Equilibria Studies: A freezing point apparatus similar in

1

design to others used successfully in this laboratory with molecular liquids

was -constructed. The freezing point of pure s 6dium metal was determined

in this apparatus and agrees exactly with the value of 370.98 d.02)IK given
2

by Hultgren, et al. When sodium-potassium mixtures were put into the
I -

apparatus, however, it was not possible to obtain the freezing points with

the desired accuracy.  The. vertical stroke of the stirrer carried solid

metal up the sides of the freezing point tube and deposited it out of contact

with the liquid solution. The corresponding change in composition changed

the melting point of the remaining solution. A reliable value for the eutectic
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in this system was obtained, however. The value is more than a degree

3
higher than the accepted literature value, pointing up the need for a

re -investigation of this system.

A new freezing point apparatus has now been designed and constructed.

Circular stirring is used instead of vertical stirring.  The new apparatus

has been installed in the glove box so that it forms part of an integrated

system in which samples can be prepared and the freezing points determined

without removing the sample from the glove box. In constructing the

apparatus, the top viewport on the glove box was removed and replaced

with a metal plate. A variable speed motor is suspended from this plate

inside the glove box. This motor is attached through a worm gear to a

vertically mounted stainless steel stirrer tube. The fluted bottom end of

this stirrer extends to the bottom of a vacuum jacketed glass freezing point

cell which contains the sample. Rotation of the tube then stirs the sample.

The freezing point cell fits inside a cooling chamber consisti·ng of a double

walled cylindrical can.  Vent and fill tubes from the can pass through the

top metal plate so coolant can be put in the can without contaminating the

atmosphere in the glove box. Temperatures are measured with a Leeds

and Northrup platinum resistance thermometer in conjunction with a L&N

high precision recording Mueller bridge. The thermometer passes through

the top metal plate,  down the center of the stirrer,  and into a glass tube

attached to the bottom of the freezing point apparatus.  Both the thermometer

and the fill and vent tubes for the coolant can are sealed to the top plate with

vacuum 0 -ring couDlings  so both thermometer and coolant container  can be

moved vertically inside the glove box.
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We have now started making freezing point measurements on the

sodium-potassium system with this apparatus. These measurements have

shown that. the problems of the earlier apparatus have been successfully

eliminated.

Heats of Mixing Measurements: A calorimeter for making heats of

mixing measurements has been designed. Components of the apparatus

are now b-eing constructed and checked out.

Briefly, the calorimeter consists of a mixing vessel in a constant

tempe rature environment. The mixing vessel has an upper and lower  com-

partment separated by a copper foil diaphragm. Mixing is accomplished

by externally manipulating a stirrer to pierce the foil diaphragm and mix

the liquids in the two compartments. Ternperature changes on mixing are

measured with a L&N platinum resistance thermometer which extends into

the center of the mixing vessel. This thermometer will also be used as a

resistance heater to electrically calibrate the calorinneter.

A constant temperature environment is maintained around the mixing

vessel by placing it inside concentric and very rnassive cylindrical containers;

Which are in turn placed inside a temperature controlled oven. The space

inside the outer container is evacuited-to,high vacuum. This effectively

isolates the inner container and the mixing vessel and keeps the inner

container at constant temperature.

Up to the present time, detailed drawings of the entire apparatus

have been made and the mixing vessel is now being constructed.  The

components of the vacuum system have been acquired and this system is

now being assembled. The temperature regulated oven has been purchased,

modified, and put into operation.

3
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ADDENDUM

Since this report was written, we have obtained experimental data

which indicate that we may have found a second intermetallic compound in

the sodium-potassium system, probably NaK. Cooling a 50 mole% Na-K

mixture gives a eutectic halt which can be made to convert to a different

eutectic at a slightly higher temperature. Warming of this mixture gives

what is apparently a meritectic halt about 2 degrees above the eutectic.

Unless care is taken to make sure the eutectic conversion occurs, the

meritectic halt is not observed.  We are proceeding with the additional

measurements around this 1:1 mole ratio composition which are necessary

to verify the existence of this compound.
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