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ABSTRACT

The status of active physical and chemical property measure-
ments on sodium-potassium alloys at this Laboratory and all
measured results obtained since the preceding Quarterly Report
are presented. Certain studies of a long-term nature - including
those on specific heat, thermal conductivity, surface tension, and
contaminants (the latter by radioactive tracers) - are continuing,
but there is little to report at this time.

The modified specific heat apparatus, however, was used to
measure the specific heat up to 450°C of the alloy containing
46 weight percent potassium, and these results are reported.
Measurements of magnetic susceptibility were made at the Uni-
versity of Kansas under an ONR contract and are included. The
study of wetting with regard to temperature and surface conditions
was recently resumed.

PROBLEM STATUS

This is an interim report on this problem; work is continuing.

AUTHORIZATION

This problem was initiated in June 1946 upon the request of
Bureau of Ships. The new NRL Problem Number assigned 1 July
1948 was C11-02R (BuShips Proj. 990/46).

STATEMENT OF PROBLEM

To investigate the physical and chemical properties of liquid
metals..... The investigation to date has been principally con-
cerned with the alkali metals.
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PHYSICAL PROPERTY MEASUREMENTS
Magnetic Susceptibility

Magnetic susceptibility measurements were made under ONR contract at the University
of Kansas. Susceptibilities were determined by the Guoy method for the pure metals and
two alloys at 25° C. The completed work as furnished by the University is transcribed in
this report as the letter on page 2 and the table on page 3. The measured values, consider-
ing the stated accuracy, would seem to corroborate those obtained by previous investigators.
They give uniform paramagnetic values over the composition range.

The sample tubes were filled and furnished by this Laboratory. Each metal sample
was distilled under high-vacuum from a nickel still as prescribed previously.' A portion
of each sample was removed for analysis by the usual method.

Mixed chlorides from the four samples were examined spectrographically for magnetic
impurities. No trace of iron, nickel, manganese, cobalt, or chromium was found.

Specific Heat

The heat content of 46 weight percent potassium alloy was determined by the drop
method over the range 100°C to 450°C. This data indicated the specific heat of the alloy
to be 0.30 g-cal/gm from 100° to 230°C and 0.26 g-cal/gm from 270° to 450°C. These
results are believed untrustworthy because of absorbed hydrogen in the electrolytic iron
buckets used as containers for the alloy. The heat capacity apparatus is being redesigned,
and in the future buckets freed from hydrogen by vacuum-induction heating will be used.

Surface Tension

Recent measurements of surface tension by the maximum-bubble-pressure method
have verified those previously reported only in order of magnitude. By substituting a
capillary with a knife-edge tip, the measurements were found to be reproducible at any
time and temperature to within one or two percent, but with any change in temperature or
lapse of time the results were still erratic. As with other properties, sodium and the

! Ewing, C. T., R. S. Hartman, and H. B. Atkinson, Jr., NRL Report C-3152, “Quarterly
Progress Report No. 4 on the Measurement of the Physical and Chemical Properties of
the Sodium-Potassium Alloys,” (Unclassified), July 1947.



Department of Chemistry

THE UNIVERSITY OF KANSAS
Lawrence

Mr. R. R. Miller
Chemistry Division

Naval Research Laboratory
Washington 20, D. C.

Subject: Measurement of Magnetic Susceptibilities requested by ONR.

References: ONR letter EXOS:ONR:N425:FS:ly
NR 052 036 - N6 ori-164 T. O. I
dated Jan 28, 1948
NRL letter 3230-118/48 ep dated July 14, 1948

The requested magnetic susceptibilities of the metals and alloys have
been measured. The results are shown in the accompanying table.

The samples arrived in good condition. The sample tubes were well
made and fit our balance all right. The slight amount of metal trapped in
the top of a tube caused no trouble, for with fillings deeper than 7 cm. the
surface is out of range of the effective magnetic field. Therefore slight
differences in depth have no effect on the measurements.

We assumed that all the sample tubes had the same diameter and also
that all had the same “blank susceptibility” as the two empty tubes.

Measurements were made with a magneticfield strength of 6800 gausses.
The Aw for these samples was of the order of a few milligrams, a rather
small value to be detected with an analytical balance.

The values reported here agree, within experimental limits, with values
reported by Bohm and Klemm (Z. anorg. allgem. Chemie, 243, 69, (1839)).

We will be glad to make further measurements on these alloys but will
be unable to do so until after the 15th of September. Should you want these
samples returned, let us know in your next letter,

cc Dr. L. W, Butz Respectfully,
Chemistry Branch
Office of Naval Research
Navy Department Joseph Thompson
Washington 25, D. C.

cc Commanding Officer William H. Schechter
Office of Naval Research
Chicago Branch office
844 N. Rush Street Jacob Kleinberg
Chicago 11, I11,

August 13, 1948
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Magnetic Susceptibilities of Sodium, Potassium, and Their Alloys

e e -
Volume Gram Atomic Mean
Susceptibility | Susceptibility | Susceptibility | Atomic
Tube | Contents Density (cgs units) (cgs units) (cgs units) Weight
I. | 100% Na .97 67x10°° 69x10°° 15.9x 10°° 23.0
II. | 100% Na .97 .68 x 10-° J0x 10°° 16.1 x 10~° 23.0
III. 99.9% K .86 .48 x 10-° .56 x 107° 21.9x 10°° 39.1
1V. 99.9% K .86 49x107° 57 x10™° 22.3x10°° 39.1
¥. 45.4% K 91 58 x 107" .64 x 10-° 18.1 x 10°° 28.3
VI. 45.4% K 91 .60 x 10-° B8 x 107 189 x 107 28.3
VII. 78.4% K .87 52x10°° .60 x 10°° 19.7x10™° 32.9
Vil 78.4% K .87 52 x 10°° .60 x 10-° 19.7x 10°° 32.9
Notes: 1. Temperature = 25°C.
2, Estimated precision: + 5%
3. Densities of the pure metals were obtained from the Chemical

Rubber Handbook. Densities of the alloys were obtained from

NRL charts.
4. Mean atomic weights of alloys were calculated as follows:

100

wth K wt%h Na
W1 -2

Mean at. wt, =

high-sodium alloys are more erratic. It seems pointless to report additional values until
more is learned regarding the peculiar behavior of the metals. The glass capillary is to
be replaced by metal to study further the possibility of wetting phenomenon at the tip. I
high temperature values become useful in the correlation of other properties, an all-metal
type apparatus will be assembled.

Thermal Conductivity

The thermal conductivity measurements are being delayed pending delivery of neces-
sary instruments and materials. The final apparatus will be essentially as described in
the preceding report.

Wetting Temperatures

Previous wetting tests® were of a nonconclusive nature and were discontinued. This
situation resulted from unknowns in surface conditions and possible misinterpretation of

* Ewing, C. T., and R. R. Miller, NRL Report P-3010, “Quarterly Progress Report No. 1 -
Sodium-Potassium Alloys,” (Unclassified), 30 September 1946; Ewing, C. T., R. S. Hartman,
and H. B. Atkinson, Jr., NRL Report C-3105, “Quarterly Progress Report No. 3 - Sodium-
Potassium Alloys,” (Unclassified), April 1947,
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data due to the reducing action of the alkali metals (on the surface oxides of the sample
piece).

The method now employed is somewhat different from that previously described. In
the present experiments, several drops of the desired metal are forced from a glass
ampule onto the horizontal surface of a prepared test piece. Provision is made for heating
(under high vacuum or under an inert atmosphere) the test piece and for recording the
temperature. The height of each drop relative to the surface of the test piece can be ob-
served visually as the temperature is raised, and conclusions as to wetting are drawn
therefrom. Exacting precautions are prescribed to insure surface conditions of the liquid
metals and of the metal test piece. The apparatus is also designed for the reduction when
desired of surface oxides on the test piece using hydrogen under induction heat. By varying
the condition of the surface of the test piece, it is hoped that the present experiments will
distinguish between wetting and reduction.

Association

The eccentric behavior of the liquid metals on the high-sodium side led to speculation
in a former report® as to the persistence of compounds above the melting point. Such be-
havior is now believed to be caused by the association or aggregation of sodium atoms in
the liquid state. Conceivably, a similar interpretation of data might result from the
presence of impurities or from compounds, but neither seems likely. The physical prop-
erties of the metals (surface tension, viscosity, density, etc.) indicate association with
apparent molecular weight for pure sodium of approximately 35 at 100°C. Disassociation
to monatomic sodium possibly takes place as the temperature is raised to the boiling point,
This association, if such it is, would undoubtedly be accompanied by low energy changes,
and further knowledge can best be gained through the effect of the molecular sodium on
physical properties. At the present time the association factor is a convenient explanation
and any conclusion drawn or applications made should take this into consideration.

Recent Literature of Interest

The compressibilities of the alkali metals were measured by P. W. Bridgman® at
pressures of 1 to 100,000 Kg/cm® (14.22 to 1,422,000 lbs /in?). If one assumes compres-
sibility to be linear between the two pressures given, then the compressibility coefficients
for certain alkali metals referred to unit volume at 14.22 Ibs/in? are: for K, 3= 0.3515 x
10~ % for Na, 8 = 0.2770 x 10~%; and for Li, 8 = 0.2306 x 10-°. With these coefficients
the compressed volume (V,) at any pressure (P,) relative to unit volume at 14.22 lbs in?
can be estimated from the equation

v,=v, [1-8, - 14.22)]

when 1T is the applied pressure in pounds per square inch.

® Ewing, C. T., R. S. Hartman, and H. B. Atkinson, Jr., NRL Report -C—3152, “Quarterly
Progress Report No. 4 ... Sodium-Potassium Alloys” (Restricted), July 1947

* Bridgman, P. W., Proc. Am, Acad. Arts, Sci., 76, 55-70, (1948)

PRN C- BOBBE-1-27-49-200



