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S. M. KAPELNER AND R. E. CLEARY

Electrical Resistivity and Calculated Thermal Conductivities

1. method*.
2.

metal systems.
3-

thermal conductivity 3.

*LM

(1)
- resistance of calibrated r* * ~‘
- resistance of the liquid metal.

resistivity data to calculate the 
J same temperature range.

•s'?
-\SS
«LM

Utlx'.-lng electrical 1 
. s liquid metal through the

ALJCALI METAL PHYSICAL PROPERTIES PROGRAM 
PRATT & WITNEY AIRCRAFT-CANEL*

• ^T Rss
Rss - Rt

- resistance of tube full of liquid
- resistance of calibrated stainless steel tube

. for^-d under Atomic Energy Contract AT( 3O-l)-2Td9

”* a k*>ovn current through a calibrated su;r.-
----- --------w-----------and Ecaaurir.g

Wel^e^al^t^€ti °[hUi’! ^lbe’ equlpaeat is

•®tals In the gas phase.  
-alkali vapor la the working fluid.

1 are under way to study the solubility of noble
watting characteristics of these liquid metals with structural

electromagnetic flowmeters for alkali 

Study of microscopic properties of metals.

£Ue '.o the corrosive 
■ materials, f “ 
~jta.--.red directly. '

--- J“T •t‘lolM2 -1"1 »et“1 »«•>“•- 

a.“ cont“tnln« th« liquid metal at con. Cant ten,rera?ure
th potential drop across a well-defined length of the tube. Th la eculnment <- 
shown schematically in Fix 1 •«**- - - equ.^-sent is
for parallel resistors, —-----------------

' e favorable combination of physical properties such as heat capacity, visco '-v 
rtrica.1 resistivity, thermal conductivity and high temperature liquid rar.rerkke 
.*1 n.-tals. In principle, among the best heat transfer fluids available fc- t-sa 

in nuclear reactor and other esoteric powerplant systems. Unfortunate"y mZav <-*•

..med f-r some time in extending the physical properties data of alkali lie 'd 
uct^ls x.« the high temperature region. A supplemental program Is being Initiated 
-O » -idy some of the properties of alkali metals In the gas phone. Tn’s ir 'c- -<«n
la required for deigning .yat.,as where the .Uu.ll vapor 1. the working riuli. to ’

- “e.“lub?“‘?.of "oble in
materials.

’’V?* '.of ‘■he haa kqqn U>e aea.urenent ot the electrical reelatlvlc o-
the alka.x .etale (1J. tol. property 1. laportant for .everal rea.ons:

In • calgnlng engineering loops heated by I^R

Calibration of
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The resistivity la inxnedlately obtained from equation (2)

fiLM A 
L 

the resistivity of the liquid metal 
the cror.s-scctlonal area of the liquid metal 
the length of veil-dellncd liquid metal column

Die electric current through the tube was obtained fr^-« a s lx volt lead 
battery, r« arranged to give a th.ee cell In parallel-two volt battery, 
va dete --...cd by measuring the potential across 
ulster cal-bmted to an accuracy of ♦ 1 x lO-t/ 
ally In i 2.

C LM

e

L

store ;e 
-he c .r.-er.t

a Weston shunt type O.vOl oiur re
ohm. Die circuit is shown sen .-*t:c-

Flgure U presents graphically the resistivity of all the alkali metals for C.X-. ~.-:*ca 
and includes fiuK alloy (*»6 weight percent potassium determined by chemical analysis). 
Die resistivity of the alloy is higher than either sodium or potassium at ar.y temp
era tore. Dlls behavior may be expected when we consider the addition of either ele
ment as a foreign Impurity in the regular lattice structure of the other. Among the 
alkali elements themselves, with the exception of lithium, the resistivity is pro
portional to the atomic number throughout the temperature range. Another significant 
point, is the comparison of the small temperature effect on lithium resistivity com
pered to the large positive effect on the other alkali metals through the temperature 
range inves t igated.

A Least squares fit of the experimental data to a power series was obtained fcr each 
system and is shown in Fig 3, where Q Is in microhm-centimeters and t is in degrees 
centigrade. Kucimum deviations of the equations fres the experimental points are: 
lithium O.y percent; sodium 1.0 percent, potassium 2.3 percent, rubidium 3.6 percent; 
NaK (M> weight percent potassium) 1.9 percent.

All tube loading was pcrl'orcad In a dry box under an atmosphere of purified <x.t ,n.
t~ final welding, the tube was evacuated to O. 1 Ibrr or less ns a precuutlo.. .-y 

-.«uwre to taf.'cuard against build-up of pressure In the closed system. A point 
worthy of roancst is that the tube containing liquid metal had to be :*e. _«.-d ar., aela 
at a temp.-ature of at least 1OOOF for a period of one hour to insure complect vetting 
of the inner walls of the container by the alkali Liquid. Ibta have been Obtained 
fOr (to 8650), sodium (to 8530), potassium (to 76UC), rubidium (to 752u) end
TluK-“' (to 85>C). Measurements were taken going up and coming down In temperat-re in 
order to .nsure reproducibility and to check for any possible effects of corr—;lt . 
fro— the inner walla of the container. In all cases the temperatures where r<—i -C.v- 
ity measurements were made were held constant to plus or minus 1 degree centigrade or 
leso.
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the electrical resistivity dau.

Solubility of Helium in Lithltan

2.

H>rk is under way at our laboratory to extend i’
ll thlua to 1315C and to measure cesium to BjOC.

Ibe extreme.y low solubility of this 
extremely d .fflcult.

The extreme chemical reactivity of alkali metals requires that they be covere w •- 
the noble gases for preasuring and for transferring between containers One 1* --
cerned that the gas equilibrated liquid metal in a polythermal circuit voulc t“cc.x- 
super saturated with respect to dissolved gas In the reactor core region one the 
resulting bubble formation cause a perturbation of heat transfer and reactor cc.ro 
properties. Consequently as part of the Pratt & Whitney Alrcraft-CAKEL liquid • L 
program, the solubilities of some noble gases In the alkali metals are being deter- 
r^ued *e first phase of this prognrn, the solubility of helium lr. lithium between 
05C ar.d b OC has been completed.

" ’•* c*Ve-t projects Itself into the thermal conductlvj ty of lithium which, 
4.-.. .-. in ;ig 5 Increases with temperature while the other alkali metals Indic.te 
a negative ther.nl conductivity temperature slope. Lhc therm.*! conductivity 
lithium w z calculated using an average Lorenz miUxrr obtained fron our resistivity 
r.ieaGureae;.'s in conjunction with the preliminary thermal conductivity values 
i-lnr at L.L. The thermal conductivity of rubidium was calculated unlng the ti •- 
wretical Lorenz number with our electrical resistivity dnta. Fig 6 indicate- -re 
discrepancy In reported values of the thermal conductivity of lithium ax a function 
of temperature. Recent values reported by Rudnev (2) indicate an even greater 
positive -Lope than we have predicted.

Ot.e experlantal point la at a relatively high pressure, 3 atmospheres, 
deviation- .rem Henry's Law may be attributed to non-lden1;ty.

system makes a precision measurement

schematic arrangement of the system Is shown In Fig ?. Helium at the de. 1.-. c 
pressure was bubbled through lithium maintained at constant temperature for u* r'od 
long enough to obtain saturation. After saturation and after allowing time tt ul;- 
charge any possible entrained bubbles, approximately naif the lithium (measures accu
rate.Ly mean- oi a movable probe) was tr<u»sferrea to the second vessel which u .s 
maintained at 2<«OC and contained a known quantity of argon. Uie dissolved helium was 

-_trJPPC<1 recirculating the argon through an inert gas sealed diaphragm pump.
o»X*’h WVM ^^ter concentrating “^Uu^^rp^l^^wT^ aliture1"*^*

’U?uld nitrogen temperature cryogenic charcoal trap which absorbed the argon.
d.t. for th. solubility or h.ll« in

1*L preusure conditions investigated. Fig 9 presents a
Ti °‘ U1C dnLA «8 * function of reciprocal temperature. T..c

slope of the c 4 rve yields a heat of solution of about 1*200 cal/mole which car. U c-- 
helll^lr^MF^^M3? cal/mole for helium In ftiF-ZrFU and li of BCOO cal/.-31e :-r

UF-KF-WaF found by Crimes and co-vorkera (3). Fig IO shows the solubility 
or helium US a function of pressure. If the system obeyed Henry’s Lew this she- - 
yield a strulgnt Line passing through the origin. Although the agreement is r.c: 
bZ on J ** Ob<?yed ’ deviation may be explained
by or.t or botn «»f the following reasons:

ther.nl
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■1 Vlrcoslty

■Setting Character! a tica

to measure the vapor pressure of

tl.e

KOT 
C (L*E)

ju* w)«{ulAr fllcplacemcnt of the bob wire suspension, 
tersau, thl~ la

KnewIng various constants of r* 
-- Our first project with this   
contact angles between lithium and columblus-1

the pressure due to
—---- --------- ► ar will

proper mancoaet*. r or 
determined inltl»lly.

... . .41 irn to these programs, Pratt & Whitney Al rcraf t-CAKiX, is 
d* ler.-.lr. ill »n of several other necessary properties of the alkali 
th . r ither In the equipment check out stage or are under cons traction 
thervfo.-e ’-ill only be outlined briefly.

and end effect corrections have been xtaxe with 
j however, have revealed 

system which are being corrected.

• ..cosities
• torsion constant
• angular dlGplacenscnt
• period of rotation
- constant of system (a function of the geometry)
- depth of immersion of the cylindrical bob
- end effect connection

wording on tho 
metals. Al< of 

i • fib

A schematic of the apparatus which will be ujed 
alkali metals to 16$OC Is shown In Fig 13.

-hen temperature equilibrium Is established In the capsule f 
liquid metal will be tr»«n xl tted through the llquld’xaetal l‘ne

■* . ?? “xraaurln« an equlv..: t ..rgon prernure on the
neloe gauge. .he vapor pressure of a 1 talus to lRx»C will be

given depths In the liquid. ItoJw^^io^owS ^^Zqu^entTL^^e-als 
tCraOn ^-^ulated. Our first project wlth^blJ^u l^nV '

reccdln® contact angles between lithium and coluxblux-1

..-~t rogran consists in determining the viscosities of all the alkali Ceu.. 
az.a eutectic 1 -K alloy (78 weight percent potassium). In Fig 11 the rotating cup 
equipment Is chown schematically. .hen the cup, loaded with liquid is rotate V; 
ccnstint topeed, a shearing force proportional to the viscosity of the liquid iauses 

l^cpresscd in sathecatical

Ibra Ion constants have been measured, < * —
five organic liquids. Prellnlnary attempts with lltnlum 
some minor difficulties with the

re
 y
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«*-tpc»r s 1 ty

• ■<or

apparatus to attempt to ncasure the. a
t'a‘*s* under co~tr“«io«>- jm. «wru^ In "•'•-■ •
- caseatlally a aMlflcation of tfte Victor Keyer -. A ‘ ah^-71 1.-. ,..t.
U^ruturc alkali aetal .yat«xa . L adapted to vor4 Tor .

z a VO Pe studied will be *-ubldlua to C7OC.
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SCHEMATIC VIEW OF ELEC TRICAL resistivity
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ELECTRIG/aL RESi

LITHIUM
*

SODIUM

POTASSIUM

RUBIDIUM

NaK-46

IVITY OF 
ALKALI METALS

/» = l7.2O+5.24XIO‘2t-4.46XIO“5t2+2.28X IO'8t 3 
(181.4-864.4 *C)

X>=5.9O+3.70 X IO'2t-9.36XIO-7t2 + 2.29 XIO’8t3 
(98.0-852.8°C)

/» = 10.32 + 5.30 X IO"2t + 1.56 X IO-312 + 3.14 x |O-8t3 
(79.4-764.2*0

/>= 19.52 + 7.89 X IO-2f ♦ 1.30 X lO-Sf2 + 5.44 XIO~8t3 
(39.2-751.7*0

/> = 29 55 + 5.GGX IO‘2I-2.22 XIO-5t2+4 .VOX IO-®I“ 
(21.1-854.6*0 

o

*

6

< -
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■ -
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*.SOLUBILITY OF RARE GASES IN LIQUID METALS
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SOLUBILITY OF He IN LITHIUM
I

AT 760.0°C

*

SOLUBILITY OF He IN LITHIUM 
AT 2.38 ATM

TEMPERATURE, °C
648.8
760.0
871. I

PRESSURE, ATM
1.23
2.38
3.06

K(MOLES/LITER)X IO7
4.31

I I. 19
16.22

K(MOLES/LITER-ATM) X IO7
3.8 + 1.4
4.7 + 0.5
5.7 + 0.6
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! IELIUM AT 2.38 ATM
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APPARATUS
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AI OR DENSITY APPARATUS
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