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ABSTRACT

T he alloys of Potassium-Sodium are under s tudy as a
hoat transfer medium. Physical and chemical properties,
along with measurements of heat transfer coefficients on an
engineering scale, are bsing studied. This report is con-
cerned more with the description of apparatus and methods
than with measured results; however, preliminesry measurements
on density and viscosity are included.
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JNTRODUCTION

Authorization

The study on the physical and chemical properties of
Potassium Sodium Alloy was authorized by BuShips Project 990/L6.

Statement of Problem

1. The program of study presented and discussed with
personnel of the Bureau has been followed with respect to the
phases of problem being investigated by the Laboratory end con-
tracted to the }iine Safety Appliance Company 3ee App. A).

This report combines the results obtained by the two groups along
with other data pertinent to the program,

2. The Laboratory has designed and constructed apparatus
to messure some of the physical properties of alloys of potassium
and sodium. The propertles to be measured immediately were vis-
cosity, thermal conductivity, specific heat, and the determina-
tion of the 1iquid solid phase diagrar. Other properties such
as densities, heat transfer coefficlents and a study of the hand-
ling of the alloy are being conducted under a Laboratory contract
with the ¥ine Safety Appliances Cormipany of Pittsburgh, Pa. Cther
properties and characteristics which appear to deserve study
will be determined to the extent justified by the project. Cer-
tain of the unseen difficulties are belng solved. They are prob-
lems inherent in purification, transferring and malntaining the
alloy in suitably pure condition. The careful purification of
blanketing geses and transferring them in glass free from rubber
tubing has been necessary to maintain purity of the alloys. The
purification of the metals and alloys has been satisfactory for
the desired measurements only vhon the alloys were freshly dis-
tilled or stored with extrere care. Distillatiors so far have been
rade in glass; however, a distillation unit of metal is nearing
completion.

3, Thile results of work on the program 1s not as far
advanced as vas anticipated for this date, the status of ths
active measurcrments are reported in the following paragraphs.

PHYSICAL PROPLRTY I TEASURE: II'TTS

Alloy Samples

i. Seven {7) samples of alloy have been chosen as stand-
ards for the measurement of all physical properties and 200 pounds
of each has been made up by and stored at the ifine Safety Appli-
ances Company plant. The samples were chosen with respect to
the published phase diagram such that freezing points of the sam»
ples would essentially define the phase diagram itself. The com-
position of the samples is given below with their corresponding
numbers.



Sample Wt. $ K ¥t. % Wa

1 100 0
E 5 20
. 2 ?
: 5 27
7 0 100

Viscositz

5. Preliminary measurements on viscosity were reported
in NRL Report P-29E}; 1)l August 19L6 (App. B). The measurements
reported were for L3.3% potassium from 5.§°c to 600°C. The
viscosity in centipoises was 0,51l at 65.5° falling with temper-
atures at a decreasing rate to 0.256 at 600° with a slight rise
indicated between 600 and 700°C. These values were revorted
with & probable error of 2 10%. The accuracy cannot be claimed
as being any better at this date, but the indicated rise in the
viscosity above 600°C has not been substentiated.

6. The metal spparatus in use was described in the sbove
report. Measurement of viscosity of the 65% potassium alloy is
underway. In addition to the apparatus, a quartz Ostwald vis-
cometer has been constructed and is ready for calibration. The
distillation in glass indicates that pure alloy will present a
suitable meniscus in a transparent viscometer. It will be usu-
able on a few hundred degrees, 1f not over the full range.

Densitx

T« Thne density of the alloys were measured by MSA by
tho method of welghing a plumbebob in the ligquid alloys. This
method was previously used by Rinck for the determination of
density at elevated temperatures on sodium and potassium. The
denaities v cre measured cver a range from room tcmpersture to
700°C with constant and what appeared to be sctisfactory values
obtained only at the higher temperature range. From 350 to L50°C,
a point, depending on the composition, developed below which
reproducible values could not be obtained with the plumb-bob
method. For lower temperatures, a dllatometer was used which
goave reproducible values. However, in some cases the density
egainst temperature curves for the two methods do not have ex-
actly the samo slope. or the 50-50 mixture, the density varied
from 0.876 gn/ce at 100°C $o0 0,735 gm/ecc at 700°C, while sodium
varied from approximately 0.9l to approximately 0.775 of the
same tempcrature range. The density of potassium over the same
temperature range varied from apppoximately 0.82 to 0.67. The
report on density from IISA is enclosed as App. C.

Specific Heat

8 A metal Dewar flask apparatus has been constructed
of mild iron and stainless steel, The containing flask is of
mild iron with a nickel plate on the exterior and neek of thin
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stainless steel tube. The inside container is threcaded into

ths housing flask which has 2 nickel plated interior. The vacuum
space iz maintained at low pressure by continual pumping. The
hester, stirrer and thermocouple are placed in the flask through
thin stairlcss tubes which arc closely baffled through the ncck
gection to reduce convection from the metal surface,

9. Preliminary mcasurements hove indicated that ths
specific heat of the alloy can be calculated directly from the
specific heat of the elements and the coneentrations. The speci-
fic heat against temperature curves appears to follow a gradually
falling curve for the 113.37 K alloy indicating no sharp change
in the rolecular gtate of the alloy.

10. This unit hes shown satlsfactory resulis on prelim-
inary operation andé should furnish data on specific heat in a
relatively short time.

Thermal Conductivity

11. An appnaratus has been designed and constructsed which
in plan is similar to that used by Professor Bidwell of Lehigh
Pniversity, for the study of heat conduction in molten metals.

It is essentially a vertical cylinderical container with a heater
at the top of the sample and a heat well at the bottom. The
whole unit is raiscd to a constant temperature and then with
added heat in the top heater, an equilibrium is established, and
from the mcasure of the gradients in the sampls and insulation,
the hecat conductivity of the saxplec can be calculzted. This
rethod appcars to be more satisfactory for the alloys then others
vhich have becn reviewed and discussed, and is the opinion of
Profcssor Bidwell that the apparatus will give the desired ac-
curacy on measurcmonts Heasuremente will be made In the second
quartcr., It is plhnned to have Professor Bidwecll employed &s

a consultant on this phase of the problem. Eeasurcmcnts were
rade on thermal conductivity of 51.7% sodiurm, 48.34 potassium
alloy for the Argonne Laborutorv by the Baktellc Fi morial Insti-
tutc. Keasured results given in watts cm™° cm °C~- were 0,258

at 100°C to 0.28ly at 500°C. Copy of the report is enclosed as
App. D.

Liguid-Solic Phase Diagran

12. An impressive amount of work has been done on this
phase disgram and the later valucs appear to be in good accord,
Thur 1t may be necessary only to check a few compositions of
well purified metals iIn order to arrive at a satisfactory con-
clusion concerning the solld-liquid disgram, Apparatus has been
set-up iIn which the freezing point of the liquid will be deter-
mincd. In all preobability this phase of the problem can be
satisfactorily cleared up in a period of a month or two.

Vapor-Liquld Phase

1%3. During the work at this laboratory on the distillation
of potassium for the productlion of oxide, thc vapor liquid equie
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1librium for the alloys was of interest. The problem was sug-
gested to NDRC et the time, and Dr. G. B. Kistiakowsky ac Chiefl
Investizator studied the vapor liquid phase end published a
report of the measured values. A copy of this roport is en-
closed as App. E.

Terperatures at which Xa allovs "wet" metals.

1. A nickel crucible vhich could be maintained ct
elevated tempersturcs by sn integral heater was onclosed in a
glass flaslk wvhere the atmosphere could be controlled. Sarples
of netals could be raiscd and lovorcd into the alloy in the
erucible by neans of a glass shaft which rotated through a ground
glass joint end extended over the crucible. Samples, were con-
nected to the shaft by thin wire which was wound on or off the
shaft as the sample was raised or lowered, The moniscus between
the 2alloy and the metal was observed during the lowering of the
somple to determine at what tempersture the metal surface was
"ret™ by ths alloy. A doprossed meniscus was rccorded as not
"wetting" while a flat or raised meniscus at the metal was ro-
corded as ™retting”. The sirip metal samples were allowed to
submerge in the KNa alloy between dlpping tcsts to maintain them
at the temperature of ths linquid clloy. The results rccorded
for metals and alloys sare given below,

Sumrery of all conclusions on “wetting” tests

Fetal ' 30%K(by wt) L5<® 654K
Soft Tron 270°¢ (a) 275°C (c¢) 310sg
(B) 350
2959
Stainless 260° (a) 260° (e) 320°
Steel (b) 376°
290
Nichrone (v)3h0° (a) 270° 3ho°
320° (a) 275°
. 330° _
wickel (b)35Q° (a) 320° 3500
545 520°

(2) These tests were the first ones run, when mineral oil
was used and poesibly contaminated the metal gample,

(b) It was believed that the thermocouple was slightly in
erroyr during these tests,

(c) These two temperatures vere not actually reached; but

were approached closely enough to give a tatisfactory
prediction,

e



Hpet Transfer Coefficient

15. A fluicd film on a solid is the greatest cause of
resistance to heat flow from & moving fluid to the solid., A
reasurcrient of the resistance of hecat flor in a system can be
rede by a complete measurement of the temperatures in a vicin-
ity of hecat transfer boundaries or it may be determined indirect-
1y by calculetions. The ecuation for the calculations hgs been
derived by .SA end is given in App. F. The resistance to heat .
fiov of an individual film is depondent on two dimensionless
grouns; the Reynolds Hurmber and the Prandtl Number. The effects
0of the Rewvnolds Fumber are well knowvn, but the effects are un-
Imoym for verr low Prendtl HYumbers., The Prandtl numbers for
iz alloy are much lower than those for fluids normally used
for hcat transfer medium., The method described in App. F. is
designcd to isolate the Prandtl number factor.

CONCLUS ION

A study on the measurements of the properties is being
continued.



Program on the Study of Sodium Petassium Alloy

25 June 19L6

This program is planned to be carried out by Naval Re-

search Laboratory with some of the engineering features
and measurements subcontracted to Mine Safety Appliance
Company at Pittsburgh, Pa.

Physical Properties

L.

Bs
Ce

D.

E.

G-

H.

Solid-liquid phase cdisgram. - NRL: Apparatus is being
ssserbled to determine freezing points on the alloys

on hand and compositions to e made herse. This appears
necessary to check on the comwosition of sarples since
freezing points can be readily taken. - ISA: May also
collect some data,

Li~uid-Vepor phase diagram (no work planmed irmediately)

Snccific Heat apparatus heing constructed. No ISA work
planned.

Viscosity - KRL: Apparatus for »easurements in the plan-
ninz steage.

Thermal Conductivity - IIRL: Drawing of on apparatus
is urder vay. The liaq1 id thermel conductanco appara-
tus in cormon use must be redesizned for alloy.

Density - ¥SA: I3A-is making density measurerents on
the density of the slloys by the method of Rinck-i.c.,
reighing a metal nlumb-bob in the a2lloy over a2 range
of temperstures,

NRL haes planned to make some measurements on Censity in
glass over the lower nant ol the temperature range.

i'SA has recuested one or two of the glass bulbs we
planned on using. They will no doubt make measurements
in ther over a similar range.

Surfece Tension - NRL: No imrediate plans.

Electrical Conductivity - TRL: Empericals relation have
becen precsented botreen the electrical and thermal con-
ductivity., They wlll be exanined zand mcasurements made .
2% this time, only if they appear to be of value in per-
fecting heat conductivity data.

Yagnetic Susceptibility - HRL or KSA (I'o w rk »nlanned
imiediately)

Chemical Properties

A.

Goneral Reactlions

(1) With E>0 X¥RL: ¥ow under way; ESA: In small heat
Arklivia A



interchanger type models.

(2) Reaction W th halogenated compounds KRL
end organics (gasket materials) MSA

Deoxlidation and decarbonization of metals and alloys,
HRL snd ¥SA and Chicege. - Methods not yet planned at
HRL or MSA.

Argonne Laboratory at Chlczgo has sorme datas showing
carbon i: removed from steel by alloys, and that stain-
leas steel shows corrosion oprobably due to the oxygen
layer.

Organic reaction with alloy NRL with no definite plans
at present. Would be of interest orn problem of gaskets
for syster: 1f necessary.

Methods of Handling, Storing, Shipoing and Transfering.-
A, NEL will furnish vhet data is awvailable from the
worls here.

Contaminants of Potassiur Sodium Alloy -- Oxides Iitrides,
Sulfides, carbides, hydrides, carlonyl, bhydroxides.

¥RL plans sre for this work to be delayed to a little
later date or contricted out to a University.

Experimental heet transfer unit - ESA,
A. Construction
B, Operction %o verify resecnaprch information (1), (2), (3)
and (li):
(1) Determine heatiransfer coefficients
(a) Stationary
(o) Low Reynolds numbers
(c) High Reynolds numbers
{2) Ture bundle
(3) Pumps
(1
(

r) Valves and fittings
£) Life at 1200°F cnd et 1500°F

Corrosion and Erocsion:
A. Cerrozion
B. Srosion
C. Ilethods to minimize (&) and (B)

Continue on o rk in Chicago

AFPENDIX A
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ARSTRACT

An Ostwald type viscometer has been used to measure values of viscogity

on a potassium-sodium alloy which was 43. 4% potassium by weight, Vig-

cosity of the alloy at 72°C was 1,267 relative to water at the same
tempsrature. The values at higher temperatures were calculated from

the volumes of alloy flowing per second at those tempemtures, and the
constant determired for the apparatus at 72°C,
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INTRODUCTION

k., Authorization

: This project was authorized by BuShips Project Order No, 990/46
dated June 24, 19.6.

B, Statement of Problem

2, The project covers the library and laboratory research necessary
to arrive at satisfactory values for the physicel properties of Sodium

and Potassium alloys. The viscosity has been determined, on an alloy,

for 43..% K by weight, These values ars the basis of this preliminary

roport.

€, ¥nown Facts Bearing on the Problem

3. Absolute viscosities may be caleunlated from mecasurements made in
g mmber of different types of apparatus. The type of avparatus to be
vsed is determined to a great extent by the characteristics of the liguids
under study. For the alloys which are particularly reactive with moisture
end oxygen, completely closed viscometers are necessary. A4 preferred
mothod of getting absolute viscosity; that is the falling-ball method
with caleulations bascd on Stoke'!s Law would be somewhat difficult at
the high tempceratures in an opaquc viscometer. The more readily used
‘method is a variation of the Ostwalt viscomcter whore the amount of
alloy flowing in the capillary tube can be determined apainst time, At
the same tomperaturcs and under the same pressurc head, measurements
made on two fluids will give a viscosity mecasurement of one relative
to the other, TFater is customarily uscd as a reforence fluid and
then from the absolvte viscosity of water, the absolute viscosity of
the alloy at thc same temperaturc can be calcvlated. This is the
procedurc which has been followed in the measurcments tabulated at the
end of the report., The relative wiscosity has been ecaleulated from
the relation '

B 4ty

o = C‘.Q'bg

where ny and n, nre the viscosities of alloy and water respectively,

dp and dp the densities, t; and 1, the time required for cqual volume
of the fluids to flow, From the rclative viscosity multiplied by the
absolute viscosity of smtor at the same temperature, the absolute vis-
cosity of the metals is detormined at tﬁat tomperature, This walue

of the viscosity with the reclation n = 7 glves a value for the con-
stant k¥ for the apvarctus, n was the viscosity of the alloy and v

the volume of alloy flowing in unit time, In this preliminary study
the volue of k wns considored constant for the tomperature range. This
constant, =ith the wolunes determined at temperaturce interwals, wms

=



~used to caleulate the absolute viscosity over the temperature range
‘given,

¥ETHODS

‘A. Apparatus

b An apparatus consisting of two horizontal tanks connected by a
small capillary tube was conktructed so that an upper tank (#1 on plate
1) and the coil of the capillary tube vere enclosed in an electrically-
keated furnace. The other tank was placed on the platform of the dial
scales which gave contimious readings of the weight of that container.
The bottom or #? container was also conmected to #1 container by 1/4"
tubes through vhich the alloy could be forced from #2 to #1 container
with the aid of moderate gas pressure, The 1/4 tubing was sealed off
by a_cold trap at the point shown as #3 on plate #1, ;

%% The capillary and return tubes were of such length and flexi-
bility that weights of the order of 2 grams would cause a reflection
on the dial scales, The dimensions of the capillary tube were 0,238
cm, inside diameter and 629 cm. in length.

6. The gas used in the viscosity studies vas helium which had been
purified by passing it over peduced copper at 450°C and then through
reactivated charcoal at liquid nitrogen temperature,

R, Operation
7 From Plate 1, the operation of the unit was carried out as

follows: The alloy was run through the valve #4 into container #2
until avoroximately 900 grams had entered the container, Valve #4
vas then closed and helium pressure put on the #2 container through
tube #5 which forced some gas back through the capillary tube, but

at the same time exerted sufficient pressure on the alloy to cause it
to flow through the cold trap (#4) into container #1, When #2 was
nearly empty, as indicated bv the -scale reading, the pressure was re-
leased and the trap frozen in liquid nitrogen toc form a seal against
the return of the alloy by this route, The whole container and capil-
lary tube =ere brought to desirable temperature and, with a pressure
head adjusted to tbe desired value, the weight of the alloy which
flowed through the capillary into container #2 was determined apainst
time. The trap =as then thawed and the operation repeated at various
pressurcs and temperatures as desired.

EESULTS

8. Measurenents were made on water at 72°C with the pressure head
at 6.65 cm, of Hg, This gave 1,374 grams (1.407 cc) of water per

=



‘second, Measurcments were then made on the alloy over the temperature
range., At the same pressure head and from a curve of grams of alloy
per sccond against temperature, 1,110 grams of alloy flowed per second.
This gave 1.267 as a relative viscosity of the alloy at 72°C. This
value multiplied by 0,3952, the absolute viscosity of water, gives
0,501 as the absolute viscosity of the alloy at 720C. Then with the
constant determined as mentiored in paragraph 3, the absolute viscosity
was caluclated at several temperaturcs over the range from. 65.5°C to
700°C, The value for k vas calculated as 0.5611 and the results on the
viscosity are given in Tahle 1 and plotted on Plate 2. Along with this
curve, values for pure sodium and potassium arc given, These values
vore those published by ¥Y.S. Chione, Proc. Roy. Soc. London 4157,

264(1936) .



TABIE 1

Temperature °C

Volume cc/see

Viscosity centipoises

]
- $10% :

!
65.5 1.093 514
. 100 1.178 476
200 : 1.415 .397
300 1.645 <341
400 1,855 .303
500 | 2.046 274
600 i 2.193 .256
650 2.223 . 252
700 2,167 259
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ABSTRACT

Kaasuraments of the density of seven standard samples of
E-Fa alloys of various compositions were made and two density
vs temperature OC curves are shown for each of the seven samples,
Neasurements of density from the melting point up to about 200°C
were made using glass dilatomsters, and from 300 to 700°PC the
density values were calculated from a measurement of the buoyancy
of & copper plunger suspended ln the wvarious alloys. A series of
curves show the varistion of denslty with composition of alloy at
500 interwvals from 00C to 250°C and at 1000 intervals from 300°C
to 700°C, The 2500C curve data was exirapolated from the dila-
tometer data because 1t sesmed to it the density curvess for each
master sampls better than extrapolated buoyancy data.



INTRODUCTION
4, Authorizetion

This project was carried out under Task Order I of Contract
¥oori-146 dabted 25 Juns 1946,

B, Statement of Problem

Contract calls for ILaboratory Research necessary to arrive
et satisfactory values for the physlcal preoperties of sodium and
potassium alloys, The denslty has been determined on 7 standard
gamples of alloy, Thess values along with curves are supplied in
this report. Composition-denslty isothsrms permit the estimation
of thia density of any NaK alloy from mslting point to 700°C with
2 0.5% accuracye

(. Enown Facts Bearing on the Problem

Two common methods of measzuring the denslity of a homogeneous
liguid are: (a) the msasurement of the buoyant effect of liguid
alloy on a plungsr suspended in the alloy at different temperatures,
(b) The measurement of the volume of a mass of the liquid in a dila-
tometer as 1t changes with temperature. This density is calculated
from the equation @ = m ., Both methods were used at Mins Safety

v
Appliances Company, method (&) at high tempsrature and method (b)
at low temperaturs.

Two maln difficultles to be encountered are the procurement of
& zood uniform sample that 1s representative of the msster sample
in the standard sample pot, and the prevention of any exposure
wvhatsosver of the sample to oxygen or molsture during sampling and
welghing or during the experiment while readings are being taken,
It has already been demonstrated by Rinck that below 300 or 400°C
it 1s very difficult to determine density by measuring buoyancy
because of suriace tension and other phenomens that limit sensi-
tivity of the balance and prevent sufficient accuracy.

METHODS
4, Apparatus - High Temperature Meaaurements

An apgaratus as shown in Plate 1 consisting of a nickel tube
15" long 1" inside diameter which contained an alloy sample approxi-
mately & deep was snclosed in an electrically heated, well-insulated
furnace. The tubs was clossd at the top by a plug through which a
brass tube was inserted (equipped with a side arm for nitrogen flow)
and which permitted the passage of a plunger suspsnded by a nickel
wire attached to a glass thread. The balance was placed on a table
over the furnace, insulated against heat on the bottom. The suspen-
slon was made from the left hand pan down through a tiny hole
drilled through pan, balance, and tables, Power input to the furnace
vas regulated by a large rheostat. The temperatures were measured
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tbe Doitom od the sl Bwbe, cal e osdnan L by oide Y L
tohe et cpryeximiisly the Tewt of dhe 2iley. %he bwo Sempers-
tures were kept within 2°C in operatiom, and hoth wore calibrates
to rend correctly to within .25%C. Corrsct freezing poinis were
obtainsd with thuse thoprmocouplss on known samples; which Indi-
patss that lag in temperature was negligible. The niirogen was
purified by a hot copper furnace at about 400°C . a Callp towen
id & PO tower., A% end of sxperiments the allicy was silvsyy on
the surface after 10 o 15 hours.

] i

B, Opsration ~ High Temperature Msasurements

The plunger was welighed In alir to .0001 g. snd 1ts volume
telculated by welighling while suspsnded in distilled water. Using
density of water and ocpper from the handbook and coefficlent of
‘expanaion of copper by Aering % Davy {Phys. Sce¢. Z-47 P 337 {1935;
a value for the volume of the plunger et any temperature up Is
700°C could be caleuniated., This velus equels the volume of the
.alloy diaplaced. The weight o2 this diasplaced alloy was taken as
‘welght of plunger suspended in alr minus weight «f plunger suspends:?
in alloy. Corrsctions to welzght in vasuum were considered negligi-
ble, since brass welight? wore used,

{. Apparatus -~ Low Tomposrature Moasureamsants

#lass dilatometers uszsd by Mine BSafety Appllances Company
‘were twoe pyrex dilatometsrs asajibrated by Naval Hesearch Laboratory
.and checked by Mine Safsty Appliances Company. See Plate 2. They
-were cleaned carsfully and weighed aftsr each filling. ¥Hc appreci-
‘able change in callibration tock placs since grsat cars was
-sxercised in preventing damages to the glass during testing., Dila-
tometers were clamped in a minersl oil bath heated by brass
immersion heater with varlac regulatoer and stirred constantly.
Temperature was measured with thermcmeter calibrated by
UT. S. Burean of Standards end accurate tc 0.1°C. The bath variled
about 0.1°C at polints near the dilatometers. Keadings were teken
on heatling only becauss the alloy wots the glass rather easily and
prevents cocling and repetitlioen ¢f readings.

D, Operation -~ Low Temperature Measuremsnts

Dilatometers were weighed In air suspended by a gliass threagd,
and values were corrected to welghing in vacuc. Taey were flushed
with nitrogen fres from 02 and HoO. Alioy was Introduced through
a2 long capillary tube. Dilatcmeters were waighed agaln, the
difference giving welght of alley. Two samples of one alloy wars
run simultaneousiy and aa apalyeis made for XK content., Ths volumss
of the dilatometers wsre corrscted for thsrmal sxpansion using
cosfficient = 0.000025., (Gleass capilllaries were used for allcys
of low freezing point and copper caplllarles were used for sllnys
of high freszing point, i
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At low temperaturzs duplicaiisz runs were mads on master samples

?2, 3, 4. 5 and §; ont run wis mede on sample 1, and no runs were
made on sample 7. It was found that the alloys richer in potassium
.gonerally wetted the giass dilatometers above 150°C rather easlly
.with the slightest vibratlon and mede it Sifficult to get readings.
‘Results obtalned on sample 3, the sutectic, were higher than would
be expected if the density-composition curves were straight or
nearly so, indicating that there may be a maximum in the curves in
-this range of composition. Results on samples 4 and 6 were lower
than was expected and is believed toc be due to occluded air bubbles
in the dilatometer. Improved methods of filling the dilatometer
and increasing ths temperature rangs of avallable readings will
provide abundant daZa for ths next progress rsport, particularly on
those of the master samples for which present data seems in any way

ustifiable. Probably the density-~composition curves for C and
50°C should not be straight lines as shown on Plate 10,

At high temperatures it was found that allcys richer in
potassium permitteé more sensitivity in weighing the buoysncy of
the plunger, and thus better density values were obtained below
400°C in the case of XK or EK-rich alloys. The data on pzges 4 to 7
show the different runs as ths temperature incressed, and as it
docreased for each run as long as the balance showed sensitivity.

In the table bslow, , 1s the cosfficient of thermal expansion
calculated from the straizht line drawn from the dilatomster data
at low temperatures, and iz that for the buoyancy data at higher
temperatures. Density flgures for the temperature ranges above that
covered by the dilatometer data and below that coversd dby the
buoyancy data are cbtained from the extension of the straight lines
for each set of data until they intsrsect. ‘

Coefliclent of Cubical Expansion of Nak ALloys
' Vs Volls T)

Std.Spl. TC Range -x10% TO Rangs oX104 Ag:%;
1 M.P. to 380 3.149 380 to 70O . 3.542 98.8
2 M.P. to 330 3.204¢ 330 to 700 3.258 91,7
3 M.P. to 330 3,289 330 to TOO 3.219 78.6
& M.P, tc 220 2.868 220 to 700 3,199 65.9
S M.P. to 300 3.436 300 to 700 3.133 43.4
6 M.-P. to 300 3.051 400 to 700 3.144 29.4
7 Not run at lcw temp, 400 teo TO0 3,469 0.2




- AL T L i i 7 i £ e e =

Density DPate for Standard Sampls #1

7OG Density oG Density
Dilatometer Buoyancy
125 . 81350 493 <721
132 8120 550 «709
139.2 «8102 694 .676
147 .8082 693 876
160 -8048 573 .706
Buoyancy 544 s 713
312 2759 525 <718
558 757 495 724
372 - 751 482 .728
405 # TASZ 461 732
408 o T4Y 444 o737
455 T3 3908 744
496 721 388 750

Density Data for Standard Sample #2

Dilatomster Buoyancy
85.5 8254 340 .768
94,4 8271 342 <767

101.0 - 8255 341 767
108.0 -8239 388 +756
115.5 -8219 399 2752
123.0 »8200 483 T3S
131,.0 .8180 505 » 128
138,0 »83162 579 o713
144.0 .8138 o8l 714
151.%2 8128 627 .'704
156.0 .8116 871 +694
689 +680
115.6 - 8285 694 .89
123.0 .8234 €44 2701
131.0 .8215 606 709
138.0 -8197 565 +'720
144.0 -8183 532 726
151.,.2 +8164 484 739
157.6 . 8149 434 +T45
165.2 +8130 428 750
171.4 .8114 420 <751
178.5 28087
185,0 .8081
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Donsity Data Fopr Standard sSarple 3

oG Donsity ToC Donslty
Dilatometer Buoyancy
112.3 -8442 462 2760
122.0 28421 500 «780
127.5 +8404 535 - T40
135.2 .8385 5686 «734
142.3 .8368 5886 »728
149.0 .8349 620 o781
15%7.0 83528 644 «716
164.5 «8309 678 .709
171.1 ~B8293 680 <705
178.2 8274 700 =702
184.8 8269 700 -702
186.7 - 3288 689 2703
204.0 «B206 685 -708
Buoyancy 672 »T11
404 - 768 842 »718
476 «'756 616 725
515 « 747
S37 M 2 557 735
579 -T32 550 o737
614 724 463 =758
651 716 289 T75
658 o718 371 7178
641 «T17
683 o718

Density Data for Standard Sample #4

- Dilatometer Buoyancy
63,6 - 8656 510 . .
67.7 - 8646 577 2745
66,2 B850 672 721
72.0 »8635 633 736
78.1 .8615 534 .758
81.0 - 8609

86,0 -8595 586 2790
92.0 = 8578 465 2768
98.6 »85569 499 «762
106.5 .B543 562 o780
112,7 . 8542 607 « 740
120.0 8523 658 o728 .
126.8 ~-8505 709 L7190
161.8 - 8468 704 0719
169.1 . 8447 834 L758
175.8 . 8429 532 ,"763
181.7 «8410 528 2766
188.3 8381 429 o781

416 2783

LIBRARY
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Density Data for Standard Sample i#5

TOC Density TOC Density
Dilatomater Dilatometer
25.8 «9119 96,8 +8863
25.2 «2109 103.4 + 8848
28,7 9113 116,0 8827
49,8 « 2029 142.0 . B749
86,0 « 8937 148.8 8729
23,8 22083 1556.8 <8710
25,2 <9087 163.5 » 8689
48,8 « 9024 499 : - 7867
85.0 .8929 500 787
110.3 +8816 566 g
119.6 « 8795 559 T
127.2 « 8775 635 o1 DT
134.8 8756 632 -756
142,0 «87ES 699 742
148.8 <8717 7C0 o742
155,8 . 8698 582 ol 71
163.5 8680 508 » 788
172.0 5658 - 447 .802
95,9 « 8867 &81 813
350 820

Density Data for Standard Sample #6

Dilatomster Bu
57.1 « 037 468 qyanafézo
61,0 . 2026 466 +818
68,0 3007 ' 462 «819
73,0 8982 12 =799
B80D.6 «8871 582 - 785
87,7 « 58560 585 784
93,5 25033 891 + 780
878 2 T84
141.2 « 8908 634 R G e
145.0 - 8888 - B73 788
i56.8 . 8868 514 802
1656.0 8847 478 «811
17e.3 8829 435 «816
180.2 08804
188,0 28783
196.3 .8761
202.,5 -8745
206.2 <8733
212,0 oB7L7
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Denalty Peta 2oy Ctanderd Sanmple #7

TG Density
Buoyaney
96 -938 (Hackspill}
504 0838
540 .818
543 «817
595 - 803
665 »'786
712 o T78
650 T2
601 «801
562 =811
503 -881




NOTES
1 Flunger 1s pure nickel
plated copper
R N, is drred by Callr
ond (20, deoxidiged
by het caopper
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DETERVMINATION OF THE THERMAL CONDUCTIVITY OF
SODIUM~POTASSIUNK ALLOY AT EIEVATED TE:'PERATURES

Report prepared by: Herbert Deem
H, %. Russell

June 5, 1916

SUMIARY

The thermal conductivity of an allioy consisting of aborox-
imately 50 per cent sodium and 50 per cent potassium by welght
was determined over a temperature range of approximately 100°C

to 500°C. The thermal concductivity of the alloy in watts cm.
-1

°C was 0.258 at a mean temperature of 100°C. and 0.28h at a

mean temperature of 500°C. The thermal conductivity increased

1ihearly with temperaturs.

TTRCDUCTIOH

The use of =z soéium»potassium alloy as a coolant nakes
_some knowledge of its thermal conductivity at various termpera-
tures quite important. Mo such data were available, so a meas-
uriﬁg technicue was devised and suitable apparatus constructed.
It was desired to make thermal-conductivity measurements at vari-
ous temperatures to appfoximately 500°C. , and this requirement
restricted the methods available, An alloy of sodiuvm and petas;
sium 1s very active chemically, thus making important the choice
of container material and handling technigue,

The method selected and used for the determination of ther-

mal conductivity was essentially that developéd by the U. S.
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Bureau of Standards snd described in Research Papers RP(68 and
nP669. The method, in brief, consists of heatiné one end of a
sample, measuring its temperature gradiént, and deterrmining the
quantity of heat passing thrqugh it by ﬁéans of a heat flowmeter
conaiéting of a standard metal of Iknown conductivity at the cold
end. The sarple and standaré are surrounded by insulation .and
guard tube. “hen handling a licuid in such measurementes, it is
obviously necessary to provide & confining container and also
to provide for an unintefrupted heat flow into and out of the
container. Stainless steel (18-3) was used as a container as
its conductivity (approximately 0.20 watts cm.-l°cfl) is near
that of the liouid.

APPARATUS

Pigure 1 shows the apparatus used for thermal-conductivity
measurements 6f the alloy. The over~all dimensions of the
stainlegs-steel rod were 2 cm. in dismeter and 15 em. long to
conforrm to the U. S. Bureau of Standsrds methed. This rod was
macde in two pileces with an end of each hollowed to a depth of
1 er. with wall 0,005 inch thick. A small 1lip vas left on each
wall to facilit@te'joinins the pileces by meaﬁs of a stainless-
éteel veld. After welding the pieces together, an alloy contain-
er vas formed with dimensions 0.789 inch long and 0,777 inch in
diameter. The 0.005-inch walls represented 2;5 per cent of the
alloy cross-sectional area. A small hole, representing 1 per
cent of the alloy area, was drilled into the specimen chamber
for use in filling. A stalnless-steel tube was welded to the

top, which served &s an expansion reservoir, and a small section



~F
of stesl tubing permitted making a flame seal after the assembly
wvas filled with alloy.

Thermocouples of 36-gage chromel "P" and alumel wire
were inserted as shovn iIn Figure 1. Small pieces of stainless-
stecl tubing 0.020-inch 0.D., (hypnodermic needls stock), served
to hold the beads firmly at the bottom of holes drilled into the
stainless steel and Armece-iron standard. Locations of the ther-
mocouple holes were determined by means of a comparator micro-
scope.

A stainless steel-clad copper cylinder was tin-soldered
to the upper end of the assembly and served to introduce heat
from the furnace. The lower end of the assembly was tin-soldered
to an Armco-iron standard eylinder which, in turn, was scldered
to a water-cooled cap,

The furnace was designed according to U.S. Bureau of
Standards specifilcations, but was used in an inverted position
as shovn in Figure 1. 3By introducing heat at the top and with-
drawing it from the bottom, hcat transfer through the alloy by
convection will not occur, Three heating coils with individual
controls made vossible the introduction of the desired amount
of heat into the copper cylinder, and also control of the guard-
ring temperature. Large-capacliy storage batteries were used
to heat the furnace to secure constant heat input.

Temperatures were measured at 12 points, as shovm in
Bigure 1. They included 5 points on the stainless-steel assembly,
2 peints on the Armeo-~iron standard, znd 5 points on the guard
ring. I'illivolt thermocouple readings were made on a Type K

Leeds and Morthrup potentiormeter.
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FIGURE |. APPARATUS USED FOR THERMAL—CONDUCTIVITY
DETERMINATION OF SODIUM AND POTASSIUM ALLOY.
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FIGURE 2. CURVE (a) - THERMAL CONDUCTIVITY vs. MEAN

TEMPERATURE FOR SODIUM-POTASSIUM ALLOY.
COMPOSITION 51.7 % SODIUM, 48.3 % POTAS-
SIUM.

CURVE (b)- THERMAL—CONDUCTIVITY VALUES
FOR ALLOY OF COMPOSITION 63 % SODIUM |
37 % POTASSIUM. WORK BY HORNBECK .
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