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ABSTRACT 

The alloys of Potassium-Sodium are under study as a 
beat transfer medittt1. Physical and chemical properties, 
along with reensurements of heat transfer coefficients on an 
engineering scale, are beinB studied. This r~port is con­
cerned more wit~ the description of apparatus and methods 
than with measured results; however, preliminary measurements 
on density and visc~sity are included. 
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INTRODUCT IOU 

Authorization 

The study on the physical and chemical properties of 
Potassium Sodium Alloy ~as authorized by BUShips Project 990/46. 

statement of Problem 

1. The program of study presented and discussed with 
personnel of the rureau has been followed with respect to the 
phases of problem being investigated by the Laboratory nrrd con­
tracted to the lline sarety Appliance Company 3ee App. A). 
This report corebines the results obtained by the tvJO groups along 
wtth other data pertinent to the program. 

2 . The Laboratory has designed and constructed apparatus 
to oeasure some of the physical properties of alloys of potassimn 
and sodium. The properties to be measured bnmediately were vis­
cosity, thermal conductivity, specific heat, and the determina­
tion of the liquid solid phase diagran. Other properties such 
as densities , heat transfer coefficients and a study of the hand­
l ing of the al loy are bein-g conducted under a. Laboratory contract 
with the ~ine Safety Appliances Company of Pittsburgh, Pa. Other 
properties and characteristics which appear to desorve study 
~111 be deterr.1ined to the extent justified by the project . Cer­
tain of the unseen difficulties are being solved. They are prob­
lems inherent in purification, transferring and maintaining the 
alloy 1n suitably pure condition. The careful purification of 
blanketing gases and transferring them in glass free from r ubber 
tu'bing has been necessary to mai."'ltain purity of the alloys . The 
purification of tho metals and alloys has been satisfact ory for 
the desired measuro~cnts only ~hon the alloys were freshly dis­
tilled or stored ~1th extrene care. Distillntioraso far have been 
~nde in glass; howovor, a distillntion unit of metal is nearing 
completion. 

3. ':.'hi le results of l'!Ork on the program is not as far 
advanced as ~~s anticipotod for this date, the status of the 
active mcnsur0?1ents are reported in the following paragraphs. 

PHYSICAL PROPERTY !-J~ASURE:::EI'.TS 

Alloy Samples 

4- Seven (7) srunples of alloy have been chosen as stand­
ards for the measurement of all physical properties and 200 pounds 
of each has been ma·de up by nnd stored at the rane Safet y Appli­
ances Company plant. The srunples r,ere chosen ~1th respect to 
the published phase diagram such that freezing points of the srun~ 
ples would essentially define the phas~ diagram itsolf. The com­
position of the samples i s given below with their corresponding 
numbers. 



Sample Wt.% K Wt. '1, Na. 

l 100 0 
2 ~6 7 

l 20 
66 3i 

t 44 t1 ~3 
7 0 100 

Viscositz 

5. Preliminary ~easurements on viscosity ~ere reported 
in URL Report P-29}1, lh August 19t6 (AJ;?p. B). The measure?!l.ents 
reported were for 43.3~ potassiW!l·from 65.~°C to 600°C . The 
viscos 1ty in centipoiees was O. 514 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 reported 
wi t~ a probable error of* 10~. The accuracy cannot be claimed 
as being any better at this date, but the indicated rise 1n the 
viscosity above 6oo0 c ha.a not been substantiated. 

6. The metal apparatus in use was described in the above 
report. Ueasurement or viscosity or the 65% potassium alloy 1s 
u..~derway. In addition to the apparatus, a quartz Ostwald vis­
cometer has been constructed and is ready for calibration. The 
dietillation 1n glass indicates that pure alloy will present a 
suitable meniscus in a traneparent viscometer. It will be usu­
nble on a few hundred degrees ., if not over the full range. 

Density 

7. The density of the alloys were measured by MBA by 
tho method of weighing a plumb.bob 1n the liquid alloys. This 
nethod v,as previouely m:?ed by Rinck for the dotermi..'lation o:f 
density at elovated te~peratures on sodium and potnssi~. The 
densities \7 ere measured over a range from roo:rn temperature to 
700°c with constant and what nppenred to be sctisfactory values 
obtained only at the higher tc~pera.ture rango. From 350 to l,.50°c, 
u point, depending on the composition, developed bolow which 
reproducible values could not be obtained with the plumb-bob 
r.ethod. For lower te:rnperatUI'.CS, · o. dilatometer was used ,7hich 
gave reproducible values. However, 1n some ca~os the dcnsit7 
ceninst temperature cu~~es for the two :methods do not . have ex­
actly th~ srur.o elope. For tho 50-50 ~ixture, the density varied 
from 0.876 gro/cc at 100°C to 0.738 gm/cc at 700°c, while sodium 
varied from approximo.tely 0.94 to approximately 0.775 of the 
same temperature rnnge. The density of potnssium ovo·r the same 
tenporature range vo.r1ed fror.l npp:ztoxicntely 0.82 to 0. 67. The 
report on density rrom USA is enclosed as App. c. 

Spec if 1c Heat 

8. A metal Dewar flask apparatus hes been constructed 
of mild il'On and stainless s tecl,. The containing flo.sk is of 
~i ld iron with a nickel plate on the exterior and neck of thin 



stainless steel tube. The ineide container is threaded into 
thB nousing flask which has a nlckol plated interior, Tho vacuum 
space is maintained at lo\? pressure by continual pumping. The 
heater, stirrer and thomocouplc ~re placed in the flask through 
thin stainloss tub~s which arc closely baffled through tho nc~k 
section to reduce convection fro~ the ~etal surface. 

9. PrelmL"'lary mcasurer:ients have indicated that the 
specific h~at of the alloy can be calculated directly from t~e 
specific h0at of the elemonts and the concontrations. Tho speci­
fic heat agcinst tenperature curves appGars to follow a grndually 
falli~g curve for t~c h3. 3~ K o.lloy indicating no sharp ch.snge 
1n tho reoloculnr ft5te of the alloy. · 

10. This unit has shown satisfactory results on prelim­
inary operation and should furnish data on specific heat in a 
relatively short time , 

Thern,..al Conductivity 

11. An apparntus has been designed and constructed which 
in plan is similar to that used by Professor Bidwel l of Lehigh 
University, for the study of heat conduction in mol ten metals. 
rt is essentially a vertical cylinderical container wi th a heater 
at the top of the s~ple and a hont well nt the bottom. The 
whole unit is raised to a constant temp<;rature and then v.rith 
added he~t L~ the top houtcr, an equilibrium is established, and 
fro~ the ~ensure of the grndionts in the sample and insulation, 
the heat conductivity of tho sareplc con be calculated. This 
r.£thod appears to bo t10ro satisfactory for the alloys tho.n others 
~hie~ have been rovic~ed end discussed, and is the opinion of 
Professor B:l.d•,7cll tho.t tho appuratus \'!ill givo the desired nc­
curo.cy on mcneure:l!!onts . llcasnreI!'.'cnte \"1111 be made in tho second 
qucrtor. It ~s plc.nncd to have Professor Bidwell o~ployed ns 
a consultant on this phnse of the proble~. ~casurcrr.cnts were 
r.11do on t hormnl conductivity or 51.7% sodium, 48.3t potnssium 
nlloy for tho Argonne Lo.borG.tory by the Bn~te!lc l".~:morinl Insti­
tute. !~ensured rosul ts given 1n watts cm- cm 0 c- were 0.258 
nt 10O°C to 0.28!1,. nt 500°c. Copy of the report is enclosed as 
App, D. 

Liquid-Solie Phnso Diagran 
_ S I $ 4 

12. An improssive nnount of ~ork hos been done on this 
phase diagram and the lntor valuos appear to be in good accord. 
Thu~ it nuy be necessary only to chock a few co~positi ons of 
well purified ~~tnls in ordor to nrrive nt a satisfoctory con­
clusion concerning th~ solid-liquid d1ugra~, Apparatus has boon 
set-up in .-1hich the freezing point of tho liquid will bo deter­
mL~Gd. In all probsbility this phase of the problem can be 
satisfactorily cleared up in o period of a month or two. 

ya?or-Liguid Phase 

13. During the work at this laboratory on the distillation 
of potassi'urn for the production of oxide, tho vapor l i ~uid cqui~ 



libriUI:1 for the alloys was of interest. Tho problem was sug­
gested to UDRC at the time, end Dr. G. B. Kist 1akPi7sk7 ne Ch1o:f 
Invcstirntor studied the ,raper liquid phase nnd published a 
report of tho ~eusured values . A copy of this roport is en­
closed ns App. E. 

Tecperntures at w~ich Ima alloys "wet" metals. 

14. A nickel crucible which could be maintained ct 
elevated temperatures by an integral heater wns onclosed 1n a 
i;lass flas!r where the atmosphero could bo cont:rolled. Sn!!!ples 
of nctals could bo raiecd !md lo~orc<l into the alloy in the 
cruciblo by r.1ec.ns of a glass shaft '.".'hich rotated through o grou."'ld 
glnss joint ruid extended over tho crucible. Samples~~ore con­
nected to the shaft by thin wire which was wound on or off the 
shaft as the samplo was raisod or lowered, Tho meniscus between 
th~ alloy end the metal was obsorved during the lo~ering of tho 
snreplc to dotcrmine at what ter.:.,craturc the mote.l surface was 
"uet" by tho alloy. A doprossed meniscus was recorded as not 
"rret ting" while a flat or rnisod meniscus nt the metal was ro­
cordod a~ "-,_.,etting". The strip metal srur:ples 'ilere a.llo~ed to 
submerge 1n the KNa alloy between dipping toste to maintain. them 
nt the te~p0rature of the li~uid clloy. T~e results recorded 
for ~etnls and alloys are given be~ow. 

S_umroa.ry of all conclusions on "wettinei" tests 
I I I 

r-.!etal ' 30%K(by wt) 45%K 65%K 

Soft Iron 270°c (e.) 275°c (c) 310•Q 
(b) 330° 

295• 
Stainless 260° {a) 260° (c) 320° 

Stoel (p) "37('}0 
290 

Nichrome (b)340° {a) 2700 3l!.0° 
320° (a) 275° 

;300 

!'!'1ckel (b)3[9° (a} 320° 350° 
3 5° 320° 

(a) These tests were the first ones ru..~, when mineral oil 
was used and poesibly co~ta~inated the metal srur.ple. 

{b) It r.as believed that the thercocou.ple was slightly in 
error during these te~te. 

(c) These two temperatures r-ere not actually reached; but 
ware approoched closely enough to give a satisfactory 
prediction. 
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~t Transfer Coefficient 

15. A flule film on a soli~ is the greatest cause of 
resistance to beat flow fron a moving fluid to the solid. A 
r.:eo.s uror:cnt of the resista.."1.ce of h£:at flov: in a syete!!! ClL.'1. be 
ude by a. conplete r.,_easurer,~e~t of the temperatures in a vicin­
it~ of hcnt transfer boundaries or it mav be detero.ined inliroct­
ir'oy c~lculutions. Tho eouation for the calculation~ ~s bean 
c.crived b-._:r :.~SJ\ end is given in A::ip . P. The reslsta.nce t o :icnt 
flo\-:- of a.n incUviduol t'ilm is de:,cnde:it on two diMens:ionless 
erou·:->s; the Reynolds Uur:ber and tho Prandtl :;umber. T:!:lc effects 
of tho Revnoltls r:rumber are well lmov:n, but the effec ts uro u..'1-
1:nor:rn for· very loT! Pr!).ndtl !!tm';)crs . The Prandtl numb e r s for 
~!a alloy ore reuch lo~er t:ian those for fluids noI'?!lally used 
for ~cat transfer ~odi~. The ncthod described ln App. F. is 
designed to isolate the Pra~dtl number factor . 

COl!CLUS ron 

A· study on t:ie ~easurenents of the properties i s being 
continued. 
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Program on the Study o.f Socl1:um P-otassium. All.ey 
25 June 1946 

This program is pla.-med to be carried out by Naval ae­
search Laboratory with some of the engineering features 
and :neasurements subcontzta.cted to !!L--ie Safety Appliance 
Coripany s.t Ptttsburgh, Po.. 

Physical Properties 

A. Solid-liquid phase die.graI:i. - NRL: Appara1;us is being 
asse~bled to deteri~:lne freezing points on the alloys 
on hand and compoeltions to ~e ~..ade here. This.appears 
nsceaeory to check on tho com~osition or ~a~ples since 
freezing pointe can be readily taken. - mA: ~ay also 
collect some deta, 

B. Lir,uid-Vt.por phase diogra.'1 (no -r:ork plan."led 1!'.Ir~ediately} 

c. Z::;,ccific Heat apparatus be ins constructed. no ?5SA :;:ork 
plo.."lned. 

D. Viscosity - NRL: Apparatus for ~easure~ents 1n th~ p lan­
nL'l~ ste.e;e. 

E. T'!.lo:::'!.ial Con.!uct:ivity - HRL: DraV1ing or o..."l. o.;?p~ratus 
is UP-&er v.·o.y. The lieµ iC t:!lc:rt!c.l conductc.nco oppars.­
tus 1n cot?rr.on use :!lust be rodesizned for o.lloy. 

F. Dc:1sity - ?IBA: ?.SA • is r:l!lking density rieaeurerents on 
the de~sity of t~e clloys by the method of· Rinck-1.o., 
~eighi~c a motnl plul:lb-bob 1n t~e ~lloy over & rnngo 
of te~perc.tur~G. 

G. 

H. 

T .... 

NRL has vlanned to make so~e ~easurerrepte on donsity in 
glass over the lower 9e~t o~ tht tc~~erature range. 
1-'.SA has reoueeted one or t~o of the tlass bulbs ~e 
plan.nod on ·usinc . Thay ~111 no doubt make ccasurem~nts 
L~ ther- over n sir.tilar ·range. 

Surf~ce Tension - NRL: No imr.e~inte plans. 

Electr ical Conlluctivity - 4;HL: Ernpericnls r6lation havo 
been nrcscmtec. bot~·een the elcctrici:l and thcrir.al con­
duct i v i ty. They ,-rill be exar:11ncd o.nd mcasurere.ents l?'.3.de 
et- this time, onl-y- if t:1ey nppca.r to be o:f value in ·per~ 
fect1ng heo.t conc:.,ctivity dntn. 

:!:~£;Uct5c su~ceptibility - ;-rnL or r.:.SA {r~o ro rk ,1cmn0d 
1J:11;-;.~di::1tE;ly) 

Chemical Properties 

A. Gonernl Reactions 

(1} W-i tb. R20 NRL: !Io,., under r.ny; }:SA: In smJi.ll:he~'t. . 

..A.;r l-'l:.~~ .u~ A 



(2) Reaction ·Q th halogenated compou."lds lrnL 
and organics {gasket r.mterials) 133A 

Deoxidation and decarbonizat~on of ~otnls and alloys. 
IRL c.nd !IBA D.nd Chicago. - ~cthods not yet planned at 
l!IRL or MBA~ 

Argonne Laboratory at Chiccgo has sor:e date showing 
carbon 1~ remove<"! from steel by alloys,. ond that stain­
less steel shows corrosion probably due to the oxygen 
layer. 

Organic reaction with alloy llRL r,1th no definite plans 
at present. ~ouJ.d be of interest on problem of gaskets 
tor syeter. if necessary. 

ID3thods of Handling, Storjng, Sh1pp1."lg and Transfer1ng. -
lafiA. NIU.. will furnish ~hat data is available from t h~ 
wrk hore . 

Contaninants of Potassiw:: Sodium l♦lloy -- Oxides I!itri0.oi, 
Sulfides , carbides, hyGrides, carlonyl, hydroxides. 

NRL plans nrc for this ,1ork to be c!elayod·' to o little 
later date or contrr.ctecl out to a University. 

Exper!mental heat transf~r unit - KSA, 

A. Construction 
.B. Operction to verify roscr..rch info~atlon (1), (2)., (3) 

and { 4 ): 

(1) Determine he"S.t '...rnnsfer coef:fic ients 

(a) Stationary 
(b) Lo~ .Reynolds numbers 
(c) High Reynolds numbers 

{2) Tu.be 1Jundle 
(:S) Pumps 
( l.r.) Valves and fittings 
(5) Life ut 1200°F and at 1500°F 

Corrosion and Erosion: 

A. Corrosion 
B. Bros j_on 
C. :.:othods t o mil'.lil!!ize (A) and {B) 

ContL.'"'lue on ':0 rk in Chico.go 

.Al?:PENDlX A 
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ABSTRACT 

An Ost"'8ld type vi~cometer has been used to measure vaJ.ues· of visco~ity 
on a potassiu,n-sodi~ alloy which was 43.1$ p:,tassiutll by wei~t. 11i iJ­
cosity of ~ al loy at 7-z:>C 111as l.267 relative to ,mter at the saipe 
temperature. The values ii,t higher temperatures were calculated from 
the "tTOlumes of alloy flo'l":i.ng per seCQnd at those temperatures, and the 
constant netennined. fe,r the apparatus at 720G, 
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INTRODUCTION 

' • Authori. za tion 

l. Tois project was authorized by BuShips Project Order No. 990/46 
e:ted June ?4, 1946. 

f . Statement of Problem 

'-• The project covers the library and laboratory research necessary 
to arrive at satisfactory values for the physical properties of Sodium 
~ . Potassium alloys • . The viscosity has been determined, on an alloy, 
for 41./$ K by weight. These values are the l:asis of this preliminary 
reoort. 

C. fnown Facts Bearing on the Pro bl.em 

3. Absolute visco·si ties may be calculated from measurements made in 
a number of rlif'ferent t:vpcs of apnaratus. The type of anparatus to be 
used is determined to a g-reat extent by the characteristics of' the liquids 
uttler study. For tho alloys mich arc :particularly reactive with moisture 
ann oxy,zen, completely closed viscometers are necessary. A preferred 
method of getting absolute viscosity; that is the falling-call method 
-1th calc11li:ttions oosod on ~toke' s Law would be somewhat dif ficult at 
the high temoe:ratures in an opaque viscometer. The more :readily used 
methoo is a variation of the Ostwal t viscometer whore the amount of 
alloy nowing in the canillary tubo can be determined npninst time. At 
tho same temperatures and under tho srunc pressure bca.d, measurements 
made on two fluids will give a viscosity measurement of one rclntivo 
to the other. ·water is customarily used as a reference fluid and 
t ocn frol!I the absol~tc viscosity of wntcr, the absolute viscosity or 
t he alloy nt the so.me tcmpero.ture cnn be calculated. This is the 
nrocedurc which hns boon followed in the mcnsurcmcnts tnbul.o.ted at the 
end of the report. The rclntivc ~riscosity ht,s been cn.lcu.lnted from 
t he relrition · 

n1 d1t1 
:. 

n:., ~2t2 

where n1 nrrl n2 n.rc the viscosi tics of :ll.loy nnd ro tcr respectively, 
a1 nrxf a_, the densities, t:I. nnd t 7 tho time rcquirf:!d for oqunl volUJ!lC 
of the nuids to flow. Frol!l the rclntivc viscosity multiplied by the 
nbsolutc viscosity of 'l'!ntor n.t .the Snl!IC tcnperature, the absol ute vis­
cosity of too T!\C-tnls is dcterninod at tW1t tcT!lporoturc. This vnluo 
of the viscosity rith the relation n = V gives a vnluc for the con­
stant k for the apoo.rctus. n '\'re.S tho viscosity of the ~loy and v 
t bP. volUT!le of alloy fiowing in unit time. In this prolirnino.ry study 
t he vnJ.uc of k ~s considered constant for tho tcmpcro.ture ronge. This 
constant, "'.i. th tho volunes determined n t toopero turo intorvnls, ms 

-1-



::~sed to calculate the absolute viscosity over the .temperature range . 
:. given. 

t-'ETOODS 

A. A;pparatus 

4. An apparatus consisting of two horizontal tanks connected by a 
small capillary tube was constructed so that an upper tank (#1 on plate 
1) and the coil of the capillary tube r.ere enclosed in an electrically­
hee.ted furnace. The other tank was placed on the platform. of' the dial 
scales which gave continuous readings of the weight of that container. 
The oottom or #'? container was also connected to #1. container by 1/ 4" 
tubes through '9fuich the alloy could be forced .from # 2 to #1 container 
with the aid of moderate ~s pressure. The 1/4 tubing m.s sealed off 
by a _ cold trap at tre point sho\'Jll as #.3 ori plate #1. 

5. The cal)i llary and return tubes were of such length and fiexi­
bili ty that weights of the order of 2 grams would cause a reflection 
on the dial scales. The dimensions of the capillary tube ~re 0,238 
Cll. inside die.meter and 6'9 cm. in length~ 

6. The gas used in the viscosity studies vas helium which had been. 
purified by passing it over reduced copper at 450°c and then through 
r£activated charcoal at liquid nitrogen temperature ,. · 

'fl. Operation 

7. From Plate l, the operation of the unit was camed out as 
follows: The alloy was run through the valve #4 into container #'?. 
until auoroximateiy 900 grams had entered the container. Valve #4 
-,ias then closed and helium pressure pit on the #2 container through 
tube #5 which forced some gas ba:ck 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 by the -scale reading, the pressure was re­
leased and the trap frozen in liquid nitrogen to form a seal against 
the return of the alloy by this route. The whole container am capil­
lary tube "!8re brought to desirable teml)E)rature and, 'l'Tith a pressure 
head ad.iust.ed to too desired ·value, the weight of the alloy 'll'lbich 
no~d through the capillary into container #2 .-as determined a~inst 
time. The trap "'as toon tha>ICd and the opera~ion repeated at various 
pressures and temperatures as desired. 

REST.JI, '.I'S 

8. 'Measurements '!"Ore made on ""a:ter at 7-PC mth the pressure head 
at 6.65 cm. of Rg. This gave 1 • .374 grams (1~4CI'/ cc) of water per 

-2-



;second~ ~Keasure100nts were then made on the alloy over the temperature · 
ranp:e . At the same pressure head and from a curve of grams of alloy · 
per second against temperature, 1.110 grams of a.lloy nowed per second. 
This gave 1 . 267 as a relative viscosity of tho alloy at 7'2°c . This 
value multiplied by 0.3952, the absolute viscosity of '!'18.ter, gives 
0.501 as ·the absolute viscosity of the alloy at 7':?!>C. Then 1'11'.i.th the 
constant determined· as mentioned in iaragraph 3, the absolute viscosity 
was calu.elated at several temperatures over the range from. 65.5°C to 
700°C. The vo.l.uc f'or k -ms calculated as 0.56ll and the results on the 
viscosity are given in Table 1 and plotted on Plate 2. Along m.th this 
curve, vnluos for pure sooium and potassium arc given~ These values 
~re those published by T. S. Chionf-1', Pree. Roy. Soc. London Al57, 
?64(1936). 



TABIE 1 

'l'ewpera ture OC Volume cc/sec •7iscosity centipoieee 
fl0% 

65.5 1.093 . 514 

100 1.178 . 476 

:,00 1.415 .397 

300 1.645 .f .341 
l 

400 1 .855 t . 303 l 

500 2.046 I . Z74 
I 

600 2.193 . 256 

650 2.223 • .252 

700 2. 167 
J 

. 259 
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ABS'rRAGT 

Measure ments of t he density of seven standard samples ox 
XwNa a l loys 0£ various compo8it1ons were me.de and t wo density 
va temperature oo ourves are shown for each of the seven sampleso 
Measurements of density from the melting point up to about 200°c 
were ma.de using glass di latometera , and from SOO to 700°0 the 
density values were calculated .from a meaeurement of the buoyancy 
or a copper plunger suepended in t he vari ous alloyse A ser ies o~ 
curves show the variation of density with composition of alloy a t 
500 interval s from ooc t o 250oC and a t 100° intervale from 300oc 
to 700°Co The 25000 curve data was extrapo1ateo .f:rom the dila­
tomet-er data because it seemed to fit the density curves for each 
master sample be t t er than ext~apolat&d buoyancy datao 



A. Authorizat ion 

This project wa.a carried out under· Task Order I of Contract 
16or1•146 dated 26 June 19460 

B. Statement of Prob lem 

Contr act calls for Laborator y Research necessar7 to arrive 
at satisfactory value~ for t he physical properties o~ sodium and 
potassium alloys. The density hae been determin~d on 7 s tandard 
samples of alloyo These values a long with curves are supplied 1n 
this report. Composition-density i sotherms permit the estination 
of this density of any NaK alloy fl-om melting point t o '7oo0 c with 
t 0. 5% accuracyo 

Co Known Facts Bear ing on the Problem 

Two common methods of measuring the ~ens1cy or a homogeneouo 
liquid a.re: (a} the rneas~ement of the buoyant ef£ect of 11qu1d 
alloy on a plunger suspended 1n the alloy at different temperatureso 
(b) The measuremen t of t he volume of a mass 0£ the l iquid 1n a d1la­
tometer as it changes with temperatureo This densi ty is oa.lculated 
from the equation d ~ mo Both methods were used at Min~ Safety -v-
Appl1ances Company, method (a) at high temperature and m0thod (b) 
at low temperatur9o 

Two ma.in dirf1culties to be encountered are the procurement o~ 
a good uniform sa.mpl~ that is r epresentative 0£ the maeter sample 
1n the standal.'d sampl ~ pot. and the prevention or any exposure 
whatsoever of the sample to oxygen or moisture during sampling and 
weighing or during the experiment while readi ngs are being ta~no 
It has alr eady been demonstrated by Rinck that below 300 or 400°c 
it is very di.f.ficult to determine density by measuring buoyaney 
becauee of surface tension and othe~ pheno:m&na that limit sena1-
t1v1ty o~ th~ bald!lce and prevent su~ficient accuraey. 

r-iIETHODS 

A. Apparatus - High Temperature Measurements 

An apl?8-ratus as shown 1n Plate 1 consist ing of a nickel tube 
15n long 1 inside diameter mich contained an alloy sample approxi­
mately 5tt deep was enclosed in an electrically heat&dg well- insulated 
furnace. The tube was closed at the top by a plug through which a. 
brass tuba was inserted {equi pped with a side arm fo~ nitrogen flow) 
and which permitted the passage or a plunger suspended by a n i ckel 
wire attached to a giaas t hread. The balance 1111.s placed on a table 
over the furnace. insulated against heat on the bottom. The suspen• 
s1on was ma.de from t he l~ft hand pan down through a tiny hole 
drilled through pan, balance , and table. Power input to the furnace 
was r egulat~d by a la~ge rheostato The temperature s were measure d 
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tm-ea we:re k~pt r.::.thln 2"C 1n op$r'1-tiont ar,d t-oth wcr-e cal lbrate~ 
to !'end co:-I"f:lct:'.'.;.' to w1thtn .,.z5co~ Co:rrt:ot troez1r>-t1 po1!lt1' \'fflre 
obtained ,.,1th t h 10so thorr:tncoup:'.etJ on lmcwn. s&mplv~, wh1oh inc!1 .... 
ce.tes that lag !n tcmt',}era ture ~as negl 1gible e Thts ni t,roz~n was 
purified by a hot copper furnace at abO'lt 4oo0c,, a CaCT1n towo>." 
tnd a P?.()5 tower " At end of e.xpe1 .. 1ment!' the alley was s:!.lve1...,- on 
the sur?~ce a~ter 10 to 15 hoursc 

B. Operation ., Rig..'1 Temperature Measure~en-ts 

The plunger ~as weighed in air to 90001 go and its volume 
caiculat•d by weighing while susp~nded 1.t: distilled water~ Using 
density of water and ecpper from the r...andbook and co~ff1c1ent of 

,expansion of cop~,er by Hering & Davy (Phys o Sc¢,. Z-4? P 337 {19:35 ) 
a value for tho volwn~ cf the plunger at any t cmp~raturl"• ti..p tf'. 
7oo0 c could lie o.tlcuJ.~todo This value ~quals the v·olrum, cf: the 
alloy d1splaoed ~ The weight o~ this d isplaced all67 was talren as 
weight of plunger suspended in air mint:.s weigb't. tc.f' phmg~.r sunpenct~-:~ 
1n allo,-c. Correct1ono to weight in va~u.um were conoide1•ca negligl-~­
ble, since bra£s veightg wore u.sed~ 

Glass ailatcmeters used by Mine sarety Appliances Company 
· •ere two pyre.x dilatomet~r~ ,,a.L1brated by Naval Research Labo?"ato:r9 
and checked by Mine Safety Appl1a.nc~s Co:mpa.nye See Plate 2 o They 
were cleane~ carefully and weighed after each filling. No appreal0 

: able change in calibration took place since gr~at care was 
· exercised 1n preventing damage to the glass during testingo Dil&­
tometers were clamped in a mineral oil bath heated by bra&s 
1mmers1on heater with var1ac regulatcr and stirred ~onstantly0 

Temperature was measured with therm~meter calibrated by 
Uo S., Bureau of Standarde e.nd accurate tc 0~1°a ., The bath varied 
about Ocl°C at points near the d1latometerse Readings were t~ken 
on heating onl7 because the all~y wotu the glass rather easily and 
prevents cooling and ~epet1ticn c~ readingso 

DQ Operation - Low T&mperature Measurements 

D1latometers wer~ weighed 1n air suspended by a glass t hread, 
and value, were corrected. to weighing 1n vacuo, 'l"aey were flushed 
with nitrogen free t'rom 02 and H20o Alloy wa~ introduced tlu-ough 
a long capillary tu~e~ Dilatom~ters were w91ghed again~ the 
d1tt'erence giving weight o~ .alloy.. 'I-wo samples or one allo1' w«tr-a 
run simultaneously ana an analysis made for K contento The volumes 
of the dilatometers n~e corrected for thermal expansion usi ng 
coett1e1ent ~ 0~0000250 Olass capillaries were ~sed tor allvya 
of lciw freezing point and copper e·apillar1es were used for allo1i, 
ct h1gh freezing po1nto 



• At law t,.,m9ern..tur-~s cl:193 :lcr.;. t~ l .. ._ms wer~ .::ae':J en :manter :;ampl~s 
r2. 5, 4.,, 6 ana 6; one run W9.S rm.de on 68.n!ple l~ and no 1•uns wers 
~m.de on sample 7.. It waa .found th.at the alloys richer 1n potassium 
'.generally wetted the glass dilatorueters above 1so0 c rather easily 
:.with the slightest vibration and n.le it o1ff1eult to get readings, 
;ftesults obtained on sample 3, th1!1 eutectic, were higher than would 
be expected it the density-composition curveE were straight or 
.nearly so., 1na1cat1ng that · there ma.~ be a :ma%1mum 1n tho curvea 1n 
this range or eomposition. Results on samples 4 and 6 wero lower 
than was expected and is believed to be due to occluded air bubbles 
1n the d11atometer. Improved methods of f'1111ng the dilatometer 
and increasing th-' tempel'ature ~nge of available readings wlll 
provide abundant data tor the next progress r-aport , pai-t1cularly on 
those of the master samples for which present data seems in any way 
un1ust1flable • .Probably the dens1ty-compoa1t1on curves for O and 
50tic should not be straight lines as shown on Plate lOo 

At high temperature2 it was found that al.le-ye richer 1n 
potassium permitted more sensitivity 1n weighing the buoys.ney of 
the plunger. and thus 'better density values were obtained below 
40000 1n the ease of K or K-rioh al!.oyn., The data on ps.ges 4 tc 7 
show the different runs an the temperature 1ncre&eed~ and aa it 
decreased tor each run a« long as the balance ffhowed sensitiv1tyo 

In the table below. i is the ooeff1c1ent of thermal expansion 
calculated from tht!> straight line drawn from the dilatometer data 
at low temperaturea_. and 1a that tor the buoyancy data at higher 
temperaturea. Density figures ror the temperature range above that 
covered by the dilatometer data and below that covered by the 
bttoyaney data are obtained from tho extension of the straight lines 
tor oach set or data u.nt11 they intersecto 

Std.,Splo 

l 

2 

3 

4 

5 

6 

.,., 

coettlclent or CuE!cal Expansion ot Nak All079 
V -t'!3 Vo(l ~ T) 

-.no4 -eno4 TO Range T0 Range ... 

r.t.P . te-i 380 3 .,149 380 to 700 3c542 

MoPo to 330 3 .. 204 330 to '700 30258 

M,, P,. to 330 3,,289 330 to 700 3.219 

M, Po tc 220 2.968 220 to 700 30199 

.M.P. to 300 3"'436 300 to 700 3.133 

MoPo to 300 3.,051 400 to 700 ~0144 

Not run at lcw temp., 400 to 700 3.4.69 

Anal.., 
'ISis 

K 

98.8 

91 .. 7 

7806 

65.,9 

43o4 

29o4 

Oo2 



Density Dat~ ror Standara Sample #1 

T0 o Density 
Dilatometer 

Toe Dens 1 ty 
Buoyancy 

125 ~8130 4:93 .,721 
132 .-.8120 560 .709 
139. 2 .8102 694 o6'76 
147 08082 693 .6'76 
160 .. 8048 5'73 .706 

Buoyancy 
312 0769 

544 .713 
525 .. 718 

358 0757 495 .724 
072 0751 482 .728 
405 o?43 461 .'732 
409 • '741 444 .. '737 
455 o'132 398 0744 
496 .'721 388 .750 

Density Data fo~ Standard Sample #2 

Diln. tome ter 
85o5 08294 
94.4 "8271 

101.0 08255 
108. 0 .. 8239 
11505 .,8219 
123~0 ,.8200 
13100 .8180 
13800 08162 
144.0 .8138 
151.,2 .,8129 
156.0 . 8116 

115.5 
123. 0 
131.0 
138.0 
144"0 
151.2 
157.6 
165. 2 
1'71 .. 4 
17805 
185.,0 

08265 
.,8234 
.8215 
.. 8197 
08183 
. 8164 
.8149 
.8130 
.8114 
'~ 809'7 
.8081 

, ___________ _ 

Buoyancy 
340 0769 
342 .. 767 
341 .'76'7 
388 .756 
399 o'752 
483 0733 
506 .,728 
579 .713 
581 .714 
627 0704 
571 .694 
689 . 690 
694 ~689 
644 0701 
606 .,'709 
565 .. 720 
532 .. 726 
484 .,739 
434 .,745 
428 .750 
420 0 '151 



Toe Density 
Dilatometer 

11203 .. $442 
122.0 .8421 
127.5 .8404 
135.2 .8385 
142.3 .8366 

TOC J>.,nn1ty 
Buoyancy 

462 .. 760 
500 . 750 
5~5 .'740 
566 . 7M 
595 . 728 

149.0 .8349 620 .;'721 
157.0 c8S28 
164.5 .8309 

644 . '716 
678 .. 709 

17101 .,8293 690 ~705 
l76o2 -.82'74 
184 .. 8 -~8259 
196 o 7 c• 8225 
204.0 .. 8206 

.,00 ~702 
700 0702 
699 ~703 
685 0708 

Bu.o,ney 
4:04 .,768 
476 0756 

672 't711 
642 --'118 
616 ,..725 

515 .747 
537 0739 55'1 .'735 
579 0732 550 .737 
614 .724: 
651 .716 
658 0715 
641 • 71?' 

465 0758 
389 .. 775 
371 .779 

693 0719 

Density Ila.ta for Standard Sample #4 

D1latome-tel" 
6:506 
67,,7 
66.2 
'12o0 
79 .. l 
81.0 
8600 
92· .. o 
98.6 

10605 
l.12.,7 
120.0 
126 .. 8 
161 .. 8 
16901 
17508 
181 .. 7 
168.,3 

08656 
n8646 
.,8650 
.. 8635 
.. 8615 
,.8609 
08596 
118578 
t,8559 
"8543 
.8542 
,.8523 
<'-8505 
08468 
-.. 8447 
08429 
08410 
.. 8391 

Buoyan~,-
510. .760 
577 1>745 
672 .721 
633 o'736 
534 r.758 

396 .. 790 
465 o'768 
499 .762 
562 ,.'750 
60'1 .'740 
658 0728 . 
709 ,.,719 
tt04 . ~719 
634 ,.738 
532 :.'163 
528 ·.,766 
429 0781 
416 \J783 

UBRARY 
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Densit7 Data tor Standard Sample #5 

,roe Density 
Dilatometer 

23.8 
25.2 
26.7 
49.8 
86 . 0 
23.,8 
25o2 
26. 7 
49.8 
85.0 

11003 
11906 
127.2 
134.,5 
142. 0 
148. 8 
155.8 
163 .. 5 
1'72o0 
95. 9 

.9119 

.9109 

.9113 

.9029 

.893'7 
-.9083 
.9087 
.9082 
. 9024 
~8929 
.8816 
.8795 
. 87'"15 
.8756 
. 8735 
~8717 
.8698 
.8680 
.8658 
.8867 

TOC Density 
Dila tometer 

9608 .8863 
103.4 .8848 
110.0 .8827 
142.0 .8749 
14808 08729 
166.8 . 8710 
163.5 .8689 

Buoyancy 
499 · .,7867 
500 .. 787 
566 .771 
559 • 7'71 
6S5 .757 
632 0756 
699 .742 
700 .742 
582 .'7'71 
508 .788 
44'7 .802 
381 . 813 
350 .820 

Density Data ~or Standard Sample #6 

Dila tome ter 
57.1 . 9037 
61~0 .9026 
68 . 0 09007 
'73. 0 . 8992 
80 ~6 ~89'71 
8'7.7 . 8960 
93.5 .8933 

141 .2 
149. 0 
156.·8 
165. 0 
172~3 
180.2 
188. 0 
196.3 
202.5 
206.2 
212.0 

.8~09 
08888 
~8868 
08847 
~8829 
08804 
.8783 
. 8'161 
. 8'746 
~8733 
08717 

Buoya.no7 
468 · .a20 
466 .818 
462 .819 
512 .799 
582 o'185 
585 . 784 
691 . 760 
678 .764 
634 o7'l3 
5'13 .'788 
514 0802 
478 .811 
435 . 816 
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rec Density 
Buoyancy 

(Ifacksplll) 96 0938 
504 0838 
540 0818 
543 .817 
595 080~ 
666 .786 
712 .'7'18 
650 .792 
601 .801 
552 o8ll 
505 .,821 
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The thermal conductivity of an alloy c onsisting of nPvr ox­

;tmately 50 per cent sodium and 50 per cent potass i um by vre ight 

v:as determined over a temperature r ange of appr oximately 100°C 
. -2 

to 500°c. The thernal concluc-tivity 0f the all oy in watts err .• 
-1 

°C was 0.258 at a rr.ean temperature of 100°C. and 0.284 at a 

mean temperature of 500°c. The thernal conductivity increased 

linearly with te~perature. 

Il-:T RCDUCT ION 

The use of a soditu'!l-potassium alloy as a coolant nakes 

. sor.le lmo,.-,.ledr,e of its thermal co;1d.uctivity at various tcJ.'!lPera­

tures quite i~portant. Uo such data were available, soar.leas­

ur ing technique was devised and suitable apparatus constructed. 

It •:ms cies ired to rr.ake thermal-conduct i vit-y measurements at vari­

ous temperlttures to approxL":latcly 500°c., and this requirement 

restricted the methods available. An alloy of sodium and potas­

siura is very active _chem:ically, thu.s mi3-king important the choice 

of container material and handling technique ~ 

The method selected and used for the dete_rmination of ther­

mal conductivi ty wa~ essentially thpt developed by the U. s . 



Bureau of Standards and described in Research Papers RP668 and 

nP669. T:1.e method, in brief, consists· of heating one end of a 

sample , reeasurj~g it~ te~perature gradient , and deterr: ininc t he 

quai.1tity of heat passing through it by means of a heat f l owmeter 

consisting of a atandurd metal of lmown conductivity at the cold 

end. The sa1-1plf! and standard. are surrounded by insula tion .and 

guard tube. : .nen handljng a li(l'Uid in such measurenent~ , it is 

obviously neceesary to provide a confinine container and also 

to provide for an uni nterrupted heat flow into and out of the 

contuiner. Stainless steel {18-8) was used as a container as 
· - 1 -1 

its conductivity (approxu~ately 0.20 watts cm. 0 c ) is near 

that of the lio.uid. 

APPARATUS 

Figure 1 shows the apparatus used for t~ernal-conductivity 

measurements of the alloy. The over-all dimensions of the 

stainless -steel rod ":ere 2 cm. in diameter and 15 cm. long to 

conforn t o the u. s. Bureau of Sta.-ridards met"lod. This rod was 

~ade in t~o pieces ~i th on end of each hollowed to a depth of 

l en . with vrsll o. 005 inch thick. A small lip v·as left· on each 

wall to facilitate joininc the pieces by nea.ns of a stainless­

steel r eld. After we ldine the pieces toc:ether, an alloy contain­

e7 ~as f ormed with di?r.ensions 0.789 inch long and 0,777 inch L.~ 

diameter. The 0.005-inch ~alls represented 2 . 5 per cent of the 

alloy cross- sect ional area. A s~all hole, representing 1 per 

cent of the a lloy area , was drill ed into the specilllen chamber 

for use in fill ing. A stainless-steel tube was welded to the 

top, which served e.s an expansion ;reservoir, and a .small section 



- 3-

of s t eel t Ubin~ permitted making a £lame seal nfter the assembly 

r.as f illed with alloy. 

Thcrnocouples of 36-gage chror1el "P '! and alumel wire 

r:·are inserted as sho-:m in Figure 1. Smal l pieces of stainless­

ste0l tubi ng 0.020- inc~ O.D., (hy~odormic needle etock), ser ved 

to hold the beads firmly at the bottom or holes drilled into the 

stainless eteel and A~e-1ron s tandar d. Locations of the ther­

mocouple holes were determined by means of a comparator ~icro­

scope. 

A s te.inlees steel- clad copper cylinder was t in-soldered 

to t he upper end of the assembly and served to introduce beat 

from the f urnace. The lower end of the assembly ~as tin-soldered 

to an Arr.,co-iron standard cylinder ~hjch, in turn, ~as Doldered 

too water -cooled cap. 

The f urnace was designed according to U. S. Bureau of 

Standards specif1cat:ion.s, but was used in an inverted poe ition 

aa shorm in F iOlre l. Dy introducL"'1.g hec.t e.t the top and wit h ­

drawi n_g :i t . fror.1 the bottom, heat transfer throue-.,h the alloy by 

convection v:-111 not occur. Three heating coils ,.,1th individual 

controls made possible the introductio~ of the desired amount 

of heat i n to t he copper cylinder~ and also control of the guard­

ring temper ature . Large-capacity storage batteries we re used 

to heat the f urnace to secure constant heat input . 

Ternperaturee ,:;ere :rn.es.sured at 12 points, a a Sho\".'!l 1n 

B1gure lo They included 5 points on the sta:inless-steel. aesembly, 

2 points on t he Ar~co- iron standard, and 5 points on t he guard 

:ring . 1.~i.l l ivolt thew.ocouple readings ,:ere me.de on a Type IC 

Leeds a.nd )Torthrup po t ent 1or.ieter. 
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FIGURE I. APPARATUS USED FOR THERMAL-CONDUCTIVITY 
DETERMINATION Of SODIUM AND POTASSIUM ALLOY. 
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F l GURE 2. CURVE (a) - THERMAL CONDUCTIVITY vs. MEAN 

TEMPERATURE FOR SODIUM-POTASSI UM AL LOY. 
COMPOSITION 5 1. 7 % SODI UM , 48. 3 % POTAS ­
SIUM. 

CURVE (b) - THERMAL-CONDUCTIVITY VAL UES 
FOR AL LOY OF COMPOSITION 63 % SODIUM , 
3 7 % POTASSIUM. WORK BY HORNBECK. 
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