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N O T I C E 

This and subsequent Liquid Metals Technology Abstract Bulletins 

will be issued without covers and printed on punched paper so that 

they may be inserted in suitable binders. A binder will accompany 

the next issue. 



M I N E S A F E T Y A P P L I A N C E S C O M P A N Y 

TECHNICAL INFORMATION DIVISION 

LIQUID METALS TECHNOLOGY ABSTRACT BULLETIN 

This i s the second i s sue of a s e r i e s of abs t rac t bulletins covering 
cu r ren t l i t e r a tu re on liquid m e t a l s , which a r e being p repared by the 
Technical Information Division as a se rv ice to industry. 

The quickening pace of r e s e a r c h and development in liquid meta l s 
has led to an increas ing amount of l i t e ra tu re in the field. Mine Safety 
Appliances Co. , as a pioneer in liquid me ta l s technology, feels that 
other in t e re s t ed companies could benefit from a cur ren t and up- to-da te 
abs t r ac t bibliography on liquid me ta l s l i t e r a tu r e . 

These bulletins will be i s sued at approximately monthly in te rva l s , 
depending upon the volume of l i t e r a tu re to be covered. Existing ab ­
s t r a c t s will be used unless they a r e not adequate with r e spec t to the 
subject scope. 

In te res ted pa r t i e s may be placed on the mail ing l is t by writ ing to 
Mine Safety Appliances Co. , Technical Information Officer, Cal lery , Pa . 

Eugene P . Meekly 
Technical Information Officer 
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1 
Liquid Metal as Heat T rans fe r Media 
Anonymous 
Nuc. Eng. J_, 238-40 (1956). 

Many p r o c e s s e s which have been developed specifically for atomic energy 
applicat ions will be taken over and fur ther developed by other indus t r i es . The 
extension of the use of NaK as a heat t r ans fe r miedium to conventional chemical 
engineering fields can lead to considerable advances in the overal l technology, 
t ' o s s ib le applications of NaK as a heat t r ans fe r medium a r e summar ized and the 
p r i m a r y e lements of a NaK heat t r ans fe r sys tem a r e briefly descr ibed. Diagrams 
a r e given showing the detai l of a cold t r ap used for purifying NaK and per fo r ­
mance data of a F r a z e r - N a s k EM induction pump. The advantages and disad­
vantages of double skin heat exchangers a r e d iscussed and the problems inherent 
in a single skin heat exchanger a r e mentioned. Basic safety precaut ions to be 
followed in the use of NaK a r e outlined. 

2 
Elec t romagnet ic Pumps for Liquid Metals 
Anonymous 
Metal lurgia 53 , 277-8 (1956). June. 

Severa l types of e lec t romagnet ic pumps a r e descr ibed for use with liquid 
Tnetals of high and low densi ty , v i scos i ty and res i s t iv i ty . 

3 
E l ec t r i c a l Conductivity of Germanium-Si l icon Alloys in the Liquid State 
Ablova, M. S. and Elpa t ' evskaya , O. D. and Regel , A. R. 
Zhur. Tekh. F i z . 26, 1366-8 (1956). 

Samples containing 100, 9 2 . 8 , 85 .6 , 78 .4 and 51 .4 mole % Ge were inves t i ­
gated. The gas ^ E i n c r e a s e s f rom 0 to 50% Si and then r emains s ta t ionary. 
There is a maximum of conductivity in the liquid state (f^ and a maximum change 
in conductivity (J^ / o i ~ a-t 50% Si. In the systenci Na-K this inc rease in the dif­
ference of conductivit ies has a min imum at 50% K. 

4 
KAPL-P-1512 
An Evaluation of the Sodium-Water Reaction in Heat Trans fe r Systems 
A d a m s , D. D. , G. J. Barenborg and W. W. Kendall 
Knolls Atomic Power Labora to ry , Schenectady, N. Y. Contract W-3 l -109-Eng-52 
32p. (1956). 

A review of sodium-water reac t ion exper iments forms a bas i s for est imating 
the effects of chemical reac t ion resu l t ing from potential leakage. System design 
recommendat ions to min imize the effects of leakage a r e also presented . 

5 
A Report on the Cal ibrat ion of Two Eight-Inch Magnetic F lowmete r s - Mark 1-2 and 
Mark II 
Ast ley , Eugene R. 
Genera l E lec t r i c Company, Nov. 10, 1954. 3 lp . (R54GL303). 

Methods of cal ibrat ion w e r e explained for verif icat ion of the theore t ica l p e r ­
formance of 8-in. nnagnetic f lowmeters used in other than ideal entry conditions. 
The f lowmeter should have a cal ibrat ion accuracy within +3% of the full scale of 
3400 ga l /min . 
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6 
BNL-395 
Static Cor ros ion Behavior of Mater ia l s in Bismuth and Uranium-Bismuth Solution at 
550"'C 
Atherton, J. E- > O. F . K a m m e r e r , C. J. Klamut and J . Sadofsky 
Brookhaven National Lab. , Upton, N. Y. , Aug. 1954. lOp. (LMFR-9). 

It has been shown that the in te rmedia te C r s tee ls cor rode in Bi or U-Bi 
solut ions. The addition of smal l amounts of Mg and Zr to the Bi makes this cor ros ion 
negligible. A Zr n i t r ide layer has been identified on the surface of inhibited static 
samples . 

7 
Calculation of Developed P r e s s u r e and Fluid Power in Linear Polyphase Induction 
Liquid Metal P u m p s . 
Baker , R. S. , Mine Safety Appliances Co. , Cal le ry ,Penna . Technical Report No. 48 
Contract NObs-65426. 67p. March 24, 1956 

The following fac tors which affect the pe r fo rmance of l inear polyphase induction 
liquid meta l pumps a r e d i scussed: frequency of the power source ; speed of the t r a v e l ­
ing field; e l ec t r i ca l power l o s se s due to harmonic lo s ses of the t ravel ing magnetic 
field; and "end effects" due to the s ta t ionary fields at each end of the pump. F o r m u l a s 
a r e given for calculat ing the p r e s s u r e developed in liquid meta l , by the action of a 
t ravel ing magnet ic field in a l inear polyphase induction pump, and the e lec t r ica l power 
loss in the liquid me ta l caused by the t ravel ing field. Equations for obtaining max-
iinum shut-off p r e s s u r e by varying pump dimensions a r e also presented . An example 
of the application of these equations to pump design is included. 

8 
Removal of Ent ra ined Gas F r o m a Sodium System 
B a r k e r , K. R. and J . W. Mauste l le r 
Mine Safety Appliances Comipany, Cal le ry , Penna . Technical Report No. 50 
Contract NObs-65426. 14p. July 12, 1956. 

An efficient method for remova l of entrained gas in a Na sys tem s imi l a r to the 
S2G p r i m a r y coolant s y s t e m is descr ibed . A study of the behavior of a i r - w a t e r 
mix tu res in a g lass loop showed how gas moved through the sys tem and gave a be t te r 
understanding of two-phase flow. Air could be held up at var ious points depending 
on the velocity: down- s t r eam end of upper horizontal run at 0. 25 fps, in the ve r t i ca l 
downward leg at 0. 25 to 0. 50 fps, and a t the bottom of the ve r t i ca l downward run at 
0. 50 fps. Ent ra ined gas in the Na sys tem caused e r r a t i c flowmeter and pump p e r ­
formance and flow^ stoppage at low ve loc i t ies . An expansion tank located above the 
loop will remove gas a t any flow condition grea t enough to t r an spo r t gas to the vent. 
If it is n e c e s s a r y to t r a n s p o r t gas downward to the expansion tank a minimum velocity 
mus t be exceeded. This was found to be between 1. 5 and 2, 3 fps in a 1 in. line 6 ft. 
long. Gas r emova l r a t e i s a function of velocity in the expansion tank l ine, but is 
independent of the main loop velocity. Entra ined gas can be removed if liquid v e ­
loci t ies a r e kept above 2 f t / sec and a n o r m a l separa to r is used in a by-pass l ine. 
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9 
Nitrogen Containing Two P e r c e n t Oxygen as a Sodium System Cover Gas 
Batut i s , E. F . , J . W. Mauste l le r and C. A. Palladino 
Mine Safety Appliances Co. , Ca l l e ry , P a . , Technical Report No. 49 
Contract NObs-65426. 22p. Apri l 10, 1956. 

Nitrogen containing 2 vol . % O2 is not recommended as a cover gas for sodium 
s y s t e m s . Nitr iding was genera l throughout the loop that was tes ted and plugged gas 
and drain l ines were a lso found. 

10 
NAA-SR-Memo-557 
Compatibil i ty of Sodium and Var ious Mate r i a l s of In te res t in Reactor Construction 
Bowman, F . E . 
North Amer ican Aviation, Inc. , Downey, Calif. Jan. 5, 1953. Decl. June 6, 1956 

Available data re la t ive to the compatibil i ty of Na and var ious ma te r i a l s of in te res t 
in r eac to r construct ion a r e summar i zed . 

11 
NAA-SR-Memo-1115 
The Investigation of the Effects of Sodium on SRE Core Mater ia l s 
Bowman, F . E. 
North Amer i can Aviation, I n c . , Downey, Calif. Oct. 4 , 1954. Decl. June 6, 1956. 5p. 

An exper imenta l p r o g r a m to invest igate sodium effects at elevated t empe ra tu r e s 
on Zr in o rde r to es tabl ish the feasibil i ty of using Zr in a sodium sys tem at t e m ­
p e r a t u r e s above 1000°F was proposed and outlined. 

12 
F i l t e r with F rac t iona l Crys ta l l iza t ion Means 
Bruggeman, W. H. and B. G. Voorhees (to U. S. Atomic Energy Comm.ission) 
U. S. Pa ten t No. 2 ,745 ,552 , May 15, 1956. 

A co ld- t rap- type f i l ter has been used to remove NazO c rys t a l s from a molten 
sodium heat exchanger sys t em. Oxygen enter ing such a sys tem through leaks will 
combine with Na to form NagO which will deposit in coo le r port ions of the sys tem 
and choke the flow. This f i l te r ins ta l led in a by-pass will remove the NajO and 
other solid impur i t i e s that may be p r e s e n t in the molten sodium. The by-passed 
s t r e a m i s cooled to 400°,then to 350'"F in the f i l ter , at which t e m p e r a t u r e the c rys ta l s 
a r e formed and then forced through s tee l wool which collects and holds the c rys ta l s 
and other impur i t i e s . The Na is then rehea ted to sys tem t empe ra tu r e uti l izing the 
heat ex t rac ted in the cooling s teps . The holdup t ime requi red for Na passage is 5 
minutes and the capacity is 7500 I b s / h r . The cooling surfaces must be periodical ly 
cleaned of deposi ts and the s tee l wool renewed as needed. 
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13 
KAPL-P-1511 
Recleaning Sodium Heat Trans fe r Sys tems 
Bruggeman, W. H. , H. F . Karnes and F . C. Hanny 
Knolls Atomic Power Labora to ry , Schenectady, N. Y. 
Contract W - 3 l - 1 0 9 - E n g - 5 2 . 31p. (1956). 

Both s t eam and alcohol a r e useful techniques for the removal of sodium res idues 
from piping sy s t ems and components . The pr incipal disadvantage of s team rec lean­
ing is the possibi l i ty of high t e m p e r a t u r e excurs ions due to the low heat capacity of 
the s t eam. Tes ts have been conducted in which these t empera tu re r i s e s a r e minimized 
by dilution of the s t eam with an iner t gas . This humid gas technique is recommended 
for rec leaning operat ions where the use of s t eam would be preferable to alcohol and 
where local o v e r - t e m p e r a t u r e could resu l t in sys tem equipment damage. 

14 
The Decomposition of Sodium Amalgam 
Ca l i s t ru , Constantin et a l 
Acad. r ep . populare Romine (lasi) , Studii c e r c e t a r i st i int . 5, No. l / 2 , 189-96 (1954). 

Conditions were invest igated in which external e lec t r ic c u r r e n t w^as applied to 
the g raph i t e -Na-ama lgam local ce l l s to decompose the l a t t e r . The decomposition 
speed of Na amalgam could be doubled. The external e lec t r ic cu r ren t was useful 
only w^hen the cu r r en t , through each graphite e lect rode, was below^ r\J 0. 700 amp. 
The th ickness of the ama lgam layer on the e lectrode could not exceed 5 m m . This 
method pe rmi t t ed the uti l izat ion of a sma l l e r amount of Hg and a higher concentra­
tion of NaOH in the indus t r ia l c e l l s , even with external e lec t r ic energy. If the 
initial cu r r en t on each e lec t rode and the amalgam layer thickness did not exceed 
a p r ede t e rmined value , for the decomposi t ion of Na amalgam by the conventional 
effect of graphi te , the speed was an inver se function of the init ial potential difference 
between graphi te and ama lgam. It was proposed that this potential difference could 
be diminished by lowering the graphite in amalgam more than is usual at p resen t . 

15 
Kinetic Decomposit ion of Sodium Amalgana in Solutions of Sodium Hydroxide 
Ca l i s t ru , Constantin et a l 
Acad. r ep . populare Romine ( lasi) , Studii c e r c e t a r i , s t i int . 5, No. l / 2 , 197-213 (1954). 

The average speed of decomposi t ion of Na amalgam was va r i ab le , but it occu r red 
unexpectedly during degradat ion. This phenomenon was observed during the decomi-
posit ion of ama lgam by H2O or diluted and concentrated solutions of NaOH at 25-50° in 
a cel l - insoluble e lec t rode I NaOH solution I amalgam, ( shor t -c i r cu i t caused by the con­
ta iner as in the decomposit ion of the same unit in d i rec t sho r t - c i r cu i t , where the in­
soluble e lec t rode was placed in the amalgam) . The variation was graphically t r aced 
as a function of t i m e - a m a l g a m 1 NaOH solution.! insoluble e lect rode (as short circuit) 
with a m m e t e r . The decomptjsition speed could be promoted general ly , if, in some 
c a s e s , the exis tence of a per iod was cons idered when the amalgam preponderant ly 
decomposed at the faster r a t e , independent of the insoluble e lec t rode . The factors 
which promoted the H overvoltage dec reased at the insoluble e lectrode and facili tated 
the decomposit ion speed during the mos t active per iod of the p r o c e s s . On the base 
of the modification per iods of decomposit ion speed, amalgam and NaOH solution c i r ­
culation could be concurrent or counter cur ren t . After the abrupt decrease in the de-



composit ion speed, the Na sediment could be linked to the amalgam layer , thereby 
decreas ing i t s ini t ial th ickness which, in tu rn , general ly could shorten the final 
decomposit ion t ime . SiC and graphi te were used as insoluble e lec t rodes . A pa r t i a l 
o r total substi tution of the graphi te by si l icon carbide inc reased the decomposit ion 
speed of the ama lgam, but in case of substi tution the t ime var ia t ions in the speed 
of decomposit ion had to be cons idered as well as the thickness of the amalgam layer . 

16 
Behavior of Na-24 and Mo-99 a s Water Contaminants Leaking from a 550 F , 2000 Ps ig 
Systena. 
Campana, R. J. and J. W. Maus te l l e r 
Mine Safety Appliances Co. , Ca l l e ry , Penna . , Technical Report No. 46 
Cont rac t NObs-65426. 22p. F e b r u a r y 15, 1956 

The behavior of Na^* and Mo99 in water leaking from a 550"F, 2000 psig sys tem 
into a 4000 cu. ft. enc losure has been studied over a range of 1 to 100 Iph leak ra t e s 
Leakage s i tes used were 7 and 10 mi l holes in lagged and ba re pipe, gaskets between 
f langes , valve glands and a valve seat . Air act ivi t ies always reached a maximum 
level in r v 5 hours of leakage , with 85% of the activi ty c a r r i e d in dry pa r t i c l e s of 
0 . 4 to 0. 7 m i c r o n s , and essen t ia l ly none assoc ia ted with water . The l e s s soluble 
M o " gave a i r act ivi t ies rw 10 t i m e s higher than Na^*, Na2* a i r act ivi t ies were lower 
than Mo99 ac t iv i t i es . Ranges were < 0 . 5 to 90 / » ^ c N a ^ / m l with 0. 5 /u c / m l con­
cent ra t ion in the leaking wa te r . Mo99 a i r ac t iv i t ies ranged from 3 to 800 ^/^ c / m l 
at the same w^ater activity. The NBS max imum pe rmi s s ib l e activity level for Na 
(2 /x.yw c /ml) was genera l ly exceeded but that for Mo^^ (2000 M*xc/ml) was never ex­
ceeded. Insulation or valve packing at tenuated the a i r act ivi t ies assoc ia ted with ba re 
leaks by factors of 30 to 5, and extended sur faces a t the leak s i tes also resu l t ed in 
reduced air ac t iv i t i e s . Relat ive humidity had no discernible effect on a i r activity 
unti l 100% was exceeded, when p rec ip i t a t ed moi s tu re swept activi ty f rom the a i r . 
Fa l l - ou t coefficients af ter leakage va r i ed from. 0. 1 to 0. 8 /hr . 

17 
P R - P - 2 8 
Atomic Energy of Canada Ltd. Chalk River P ro jec t , Chalk River , Ontario 
P h y s i c s Division P r o g r e s s Repor t for October 1 to December 31 , 1955, 
88p. (AECL-282). 

. . . Relative in tens i t ies of the Y' r ays from the p decay of Nazs a r e tabulated. . . 

18 
A Survey of T h r e e Heat Exchanger s for a Liquid Metal Fue l Reac tor 
Cla rk , M. 
U. S. Atomic Energy Commiss ion BNL-178, 85pp. (1952). Dec lass . Nov. 24, 1955. 

The conventional " tubu la r hea t exchanger" cooling sys tem is coinpared with a 
novel " sp ray heat exchanger" sys tem for a nuclear power-producing r eac to r that 
u s e s a liquid U-Bi alloy as a fue l -p r imary coolant m ix tu re . The tubular heat ex­
changer sys tem is examined with " t h e r m a l pumping", i. e. p r i m a r y coolant c i rcu la tes 
by reason of density difference in hot and cold legs , and with " the rmal pumping" 
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were considered to d iscuss the cha rac t e r i s t i c s of meta l s and alloys showing a high 
cor ros ion r e s i s t a n c e to liquid m e t a l s . The exper imental evidence indicated that 
iner t sys tems have a difference of at least 50 in the Hildebrand solubility p a r a m e t e r s 
of the 2 components . The ra te of at tack by solution of the solid in the liquid was 
considered in detai l for the f irs t t ime . F ive possible p roces se s for the attack of 
a liquid meta l on a solid meta l were presen ted . 200 re fe rences . 

24 
Mefal Foam 
Elliott , John C. 
U. S. 2 ,751 ,289 . June 19, 1956 

A s t rong, light meta l alloy having smal l , gas-fi l led, closed cells is produced 
by grinding a ga s - fonn ing solid or a meta l hydr ide , such as ZrHg or TiH2, in a 
molten mietal, such as Mg, Al, and their a l loys , bringing the mixture to a t empera tu re 
and for a t ime sufficient to decompose the gas fo rmer , and cooling the composition 
to the solid s ta te before the foam has diss ipated. 

25 
Density and Surface Tension of Liquid Titanium 
Elyutin, V. P . and M. Maurakh 
Izvest. Akad. N a u k S . S . S . R . Otdel. Tekh. Nauk No. 4, 129-31 (1956). Apri l 
(In Russian) 

To de termine the surface tension of liquid Ti t es t s a r e made lifting the liquid 
through a capi l lary tube. The apparatus is descr ibed. A sample containing 98.7% 
Ti, 0. 1% F e , 0 .2% Si, 0. 1% Ca, and 0 .5% Mg was used. The mean density of 
Ti with 0. 6 to 0. 8% of carbon at the melt ing point was 4. 11 + 0. 08 g/cm^. To cal ­
culate the surface tension g was taken as 980 cm/sec^ , crucible d iameter was 3.5 
cm, and the tension was taken as g 980 cm/ sec^ , crucible d iameter was 3. 5 cm and the 
density of liquid meta l 4. 11 g/cm^. The mean value of the surface tension of Ti at 
c rys ta l l iza t ion t e m p e r a t u r e was 1510 + 19 dynes / cm. Resul ts of the experiment in­
dicated the suitabil i ty of the method and appara tus for testing the surface tension 
of Ti, Ti a l loys , or any other high-mel t ing point, chemical ly active meta l . 

26 
Sodium-Aluminum Equi l ibr ia in Cryol i te-Alumina Melts 
Fe in le ib , M o r r i s and Be rna rd P o r t e r (Kaiser Aluminum and Chemical Corp. , 
P e r m a n e n t e , California 
J. E lec t rochem. Soc. 103, 231-6 (1956) Apr i l . 

A qualitative and quantitative study of sodium-aluminum equilibria in cryol i te-
alumina me l t s was undertaken to shed more light on the cathode react ions in the 
aluminum cel l . Measuremen t s were made in alumina crucibles from 940° to 1010°C. 
Lead was used as an auxi l iary sodium "s ink" . Resul ts show that , while aluminum 
is m o r e noble than sodium thei r deposition potentials a r e not far apar t (of the o rder of 
0. 1 to 0. 2 v), and that , under the non-equi l ibr ium conditions existing in an industr ial 
cel l , soine sodium may be codeposited with aluminum at the cathode. 



27 
Turbulent F r e e Convection Heat Trans fe r Rates in a Horizontal Pipe 
F r a z e r , J . P . and D. J . Oakley 
Knolls Atomic Power Labora tory , Schenectady, N. Y. 
Contract W - 3 l - 1 0 9 - E n g - 5 2 . F e b r u a r y 28, 1956. KAPL-1494 

Heat t r ans fe r r a t e s a r e r epor t ed for turbulent free convection in a finite length 
of horizontal pipe containing Na. Heat is added at one end and removed at the other . 
A genera l ized equation w^hich c o r r e l a t e s the data is proposed giving the rat io of heat 
t r ans fe r with turbulent convection to that based on pure conduction in t e r m s of the 
L / D r a t i o , P r and t l number , Grashoff number and Reynold's number . The solution 
is extended to inclined pipe with one or both ends open to p lenums. 

28 
Product ion of High-Pur i ty Metallic Calc ium. X. Evaluation of Refining Metallic 
Calcium by T h e r m a l Reduction and Vacuum Distillation 
Fuj i ta , Eiichi 
Repts . Govt. Chem, Ind. R e s e a r c h Inst . , Tokyo 49, 233-6 (1954). 

The two refining methods were compared in detai l . 

29 
Isotope Separat ion by Cur ren t Pas s ing Through a Liquid Metal 
Gennes , P i e r r e G. de 
J . phys. rad ium 17, 343-6 (1956). 

Analysis of ion-e lec t ron col l is ions in a liquid meta l , containing 2 i so topes , prove 
that the l ighter isotope has a higher c r o s s section than does the heavier one. Hence 
the l ighter isotope is c a r r i e d by the e lec t rons toward the p la te . The quantitative 
computation of the isotope separa t ion a s s u m e s a s known the number of free e lec t rons 
in the liquid me ta l , the ra t io of diffusion and viscosi ty coefficients, and the mean 
osci l lat ion frequency of an ion, without consider ing the e l ec t ron-mass . The computed 
resu l t is half as l a rge a s the exper imenta l measu remen t s by Nief and Roth for Ga. 
The d iscrepancy is a sc r ibed to the choice of the per turbing potent ial , the a s sumed 
free flight t ime of e l ec t rons , the inde termina te ra t io of diffusion and viscos i ty 
coefficients, and the nonharmonic c h a r a c t e r of the ion vibrat ion, 

30 
Recovery of Sodium and Calcium Metals f rom Electrolyt ic Sludge 
Gruber , B e r n a r d A, Emanuel Gordon, and Rober t A. J e rma in 
U. S. 2 ,735 ,668 . F e b r u a r y 21, 1956. 

A normal ly he rme t i ca l ly sealed appara tus i s descr ibed for separa te ly r e ­
covering Na and Ca m e t a l s by dist i l lat ion f rom electrolyt ic sludges obtained as a 
by-product in the e lectrolyt ic production of Na meta l . The appara tus is adapted 
for use in a continuous or semicontinuous operat ion. 

31 
The Isotope Effect of a Direct E lec t r i c Cur ren t Through Liquid and Solid Metals 
Haeffner, E . , Th. Sjoborg. and S. Lindhe 
Z. Naturforsch . 11a, 71-5 (1956). January 

The isotope separa t ion effect of a d i rec t e lec t r ic cur ren t in a liquid me ta l is 
demons t ra ted by pass ing a cuirrent through m e r c u r y , which is enclosed in a cap­
i l la ry tube. The second par t of the paper deals with an at tempt of establishing an 
isotope effect when a d i rec t cu r r en t is p a s s e d through a uranium wi re . 



^ 

10 
32 
The Use of Sodium and Sod ium-Potass ium Alloy as a Heat Transfe r Medium. P a r t I 
Hall , W. and T. I. M. Crofts 
Atomic Eng. and Technol. ]_> 167-72 (1956). 

Applications of liquid me ta l s in heat t r ans fe r problems a r e discussed. Some 
c i rcu i t s a r e descr ibed . Forced-convec t ion hea t - t r ans fe r with liquid meta l s is 
d i scussed . 

33 
The Use of Sodium and Sodiumi-Potassium Alloy as a Heat Transfe r Mediunn. P a r t II 
Hall , W. B. and T. I. M. Crofts 
Atomic Eng. and Technol. 7, 189-93 (1956). 

Applications of liquid me ta l s in heat t r ans fe r a r e d iscussed. Operating Na and 
Na-K c i rcu i t s a r e descr ibed . Data on forced-convection hea t - t r ans fe r with liquid 
me ta l s a r e given, along with recen t r e su l t s concerning cavitation in NaK eutectic 
flowing through a const r ic t ion in a pipe. 

34 
UCRL-1094 
The Effect of Gases on the Wetting of Steels by Liquid Bismuth 
Heckman, R. A. 
California Univ. , Berkely Radiation Labora tory 
Contract W-7405-eng-48. January 17, 1951. Decl. January 27, 1956. 

The effect of a i r , Nz, He, A, and a mix tu re of twenty volume percent of Hg in 
A on the wetting of a s t a in less s tee l (Type 446), a 2% C r - l / 2 % Mo s tee l , and a plain 
carbon type s tee l by liquid Bi was invest igated. I r r e ve r s ib l e wetting may be obtained 
by preheat ing the s teel to 1500°F in an He a tmosphere and then immers ing into 
molten Bi at 1000°F. Revers ib le wetting (i. e. , de-wetting takes place) may be ob­
tained by preheat ing the s tee l to 1500°F in an A a tmosphere and then immers ing into 
liquid Bi. 

35 
Velocity of Evaporat ion of Liquid P o t a s s i u m Amalgam 
Heitmann, G. and O. Knacke 
Z. physik. Chem. 7, 225-35 (1956). 

By aid of the Knudsen dropping method the evaporation coefficient of Hg in liquid 
K ama lgam a t room t e m p e r a t u r e was determined; it is oC = 1. It is shown theoret ical ly 
that this resu l t can be genera l ized , the evaporation coefficient being approximately 1 
for the evaporat ion of most mixed phases . The connection between diffusion^ and phase 
t rans i t ion is d i scussed theore t ica l ly by aid of the heat conductivity equation. 

36 
Use of Numer ica l Analysis in the Trans i en t Solution of Two-Dimensional Hea t -Trans fe r 
P r o b l e m s with Natura l and F o r c e d Convection 
Hel lman, S. K. et al 
T r a n s . Am. Soc. Mech. E n g r s . 78 ,̂ 1155-61 (1956). 

In o r d e r to de te rmine t h e r m a l s t r e s s e s in a nuc lear r e a c t o r during power build-up 
and decay, it is n e c e s s a r y to der ive a method of evaluating the t rans ien t t empera tu re 
involved. An analys is of a 2-dimensional meta l l ic s t ruc tu re containing many flow 
channels is p resen ted . Cooling is accomplished through natura l and forced convection. 

L J 
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Heat generat ion and conduction a r e cons idered as functions of t ime and 2-space 
v a r i a b l e s , while the l aminar motions of the liquid meta l a r e expressed by means 
of t r ans ien t 1-dimensional f low-ra te equations, der ived from E u l e r ' s equation. 
The sy s t em is se t up as a t h e r m a l network so that the resul t ing finite difference 
equations can be solved by a digital computer . 

37 
The W-K c< Diffraction P a t t e r n of Liquid Antimony 
Hendus, H. and H. Muller 
Z. Naturforsch . 10a, 254-5 (1955. 

The W-K c< diffraction pa t t e rn of liquid Sb was obtained at 645°. The pe r iods , 
d, which were calculated, ag ree Well with the ones for amorphous Sb. Some of those 
that a r e p re sen t in the l a t t e r , however , a r e miss ing in the liquid. The distr ibution 
of a toms in the 2 s t r u c t u r e s , t he re fo re , nnust differ. 

38 
Waves in a Heavy, Viscous , Incompress ib l e , E lec t r ica l ly Conducting Fluid of 
Var iable Density, in t he -P re sence of a Magnetic F ie ld . 
Hide, R. 
P r o c . Roy. Soc. (London) A233, 376-96(1955) . December 29. (AERE) 

The equi l ibr ium of a hor izonta l layer of a heavy incompress ib le fluid of var iab le 
density f„ in the v e r t i c a l d i rect ion is stable or unstable according as (£g,/dz (z being 
the upw^ard ve r t i ca l is everywhere negative or is anywhere posi t ive . In the unstable 
c a s e , the ra te n at which the sys t em depar t s from equil ibr ium depends on the total 
wave number k of the ini t ial d i s tu rbance , and t h e r e i s , in genera l , one mode 
c h a r a c t e r i z e d by n ^ a-nd k^^ which grows m o r e rapidly than any other . In the stable 
c a s e , af ter an ini t ial d is turbance the equi l ibr ium may be r e s t o r e d ei ther per iodical ly 
or aper iodica l ly , depending on the values of k. The periodic type of motion gives 
r i s e to horizontal ly propagated 'gravi ty waves ' . The influence of v iscos i ty and hydro-
magnet ic forces on the hydrodynamical motion produced by a sma l l dis turbance of the 
equi l ibr ium situation is examined. The appropr ia te per turbat ion theory is developed 
ini t ia l ly for any density field ^^ (z) and kinemat ica l v i scos i ty V (z) for a fluid of con­
stant e l ec t r i ca l conductivity c~ e . m . u . and magnet ic permeabi l i ty k in the p re sence 
of a uniform magnet ic field of s t rength HQ in the direct ion of gravity, acce lera t ion g. 
The solution is exp res sed in the fo rm of in t eg ra l s , and is shown to be charac te r i zed 
by a var ia t iona l p r inc ip le . Based on the var ia t ional pr inciple an approximate solution 
is obtained for the special case of a fluid of finite depth d s t rat i f ied according to the 
law ^^ = ^1 exp (pt=), and for which \> is constant. It i s shown that if n and k a r e 
m e a s u r e d in suitable un i t s , they a r e re la ted by an equation involving three dimension-
l e s s p a r a m e t e r s : R= {'tfirs/Zd'VjJ, S = {VfTs/ZdV^) and B = (g P dy^r^s^V^j^), where 
^ = (4'Trker)" , V^. + )kHo/4'7r (* i ) , and s i s an integer involved in the descr ipt ion of 

the veloci ty field. Explicit solutions may be obtained in 3 c a s e s , namely, (a) R-Voo, 
(b) = O, (c) R = O. Only cases (b) and (c) a r e considered. 

39 
Surface Tension of Aluminum and i t s Al loys 
Karol 'kov , A. M. 
Izves t . Akad. N a u k S . S . S . R . , Otdel Tekh. Nauk 1956, No. 2, 35-42. 

The sur face tension of pu re a luminum was found in t e s t s of 99. 99% aluminum, 
kept covered with a mol ten flux connposed of LiCl and KCl, to be 860 + 20 dynes / cm. 
Lithium, c lacium, magnes ium, ant imony, t in, lead and bismuth lower the aluminum 

J 
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surface tension great ly . The lowering is g r ea t e r , the lower is the difference in atomic 
volumes of the meta l added and the solvent (Al). The effect is g rea tes t with additions 
capable of forming l ayered sy s t ems in the liquid s ta te . This p roper ty is. ve ry im.-
por tant in production of powdered me ta l and with liquid me ta l s a r e used as heat c a r r i e r s . 
The surface tension was m e a s u r e d f rom the maximum p r e s s u r e of an a i r bubble forced 
out of a quar tz tube dipped into mol ten aluminuin to 700-740°, with the flxix covering 
the a luminum surface , with outside d iamete r of 0.013 cm. ave rage , and an average wall 
th ickness of 0. 034 cm. Thinner and thicker cap i l la r ies than 0.48 and 0. 2 cm. give 
inaccura te r e s u l t s . 

40 
CT-3726 
Effect of Sod ium-Potass ium Alloy on Various Mater ia l s at Elevated Tempera tu re s 
Kelman, LeRoy R. 
Argonne National Labora to ry , Lemont , Illinois 
Contract W - 3 l - 1 0 9 - E n g - 3 8 . Dec. 1, 1946. Decl. Dec. 20, 1955. 26p. 

The co r ros ive effects of Na-K alloys w e r e investigated at tenaperatures up to 
800°C. Uranium, Th, Be, and Nb showed ext remely good re s i s t ance to pure Na-K 
alloy. The p resence of O in the Na-K alloy appeared to effect the cor ros ion res i s tance 
of these m e t a l s . P u r e F e and low carbon s tee ls showed good res i s t ance to Na-K alloys 
and appeared to be suitable m e t a l s for the construction of equipment to handle Na-K 
where s t r u c t u r a l s t rength and a i r co r ros ion res i s t ance at elevated t empe ra tu r e s a r e 
not n e c e s s a r y . The p r e s e n c e of Cr and h igh-Cr alloys appeared to great ly acce le ra te 
the r a t e of at tack of s tee l by Na-K al loy. Nickel and high-Ni alloys showed ext remely 
good r e s i s t ance to Na-K alloy. Type 302 s ta in less s tee l showed i r r e g u l a r co r ros ion 
when tes ted in Na-K alloy. In genera l , Cu and its a l loys ,C, Si, Ag, and P t were found 
to be extensively a t tacked by Na-K. 

41 
Two Inch Stop Valve Tes t s with Sodium 
Kennedy, G. E. and E. C. King 
Mine Safety Appliances Company, Ca l le ry , Penna. 
Contrac t NObs-65426. Memo Repor t 107, March 5, 1956 

The in tegr i ty of the bellow-s of the 2 inch stop valve on the S2G drain sys tem 
was de te rmined during freezing and thawing of sodium following a dump operat ion 
into the hold tanks . The valve was so posit ioned that a min imum of sodium should 
be held up in it . The tes t was run th ree t imes to de termine whether subsequent 
freezing and thawing of the res idua l sodium would cause fai lure of the bellows. 
The valve per formed sa t i s fac tor i ly . 

42 
ORNL-360 
A Discuss ion of Liquid Metals a s P i l e Coolants 
Ki tzes , A.. S. 
Contract W-7405-eng-26. August 10, 1949. Decl. Jan . 5 , 1956. 41p. 

C r i t e r i a given for evaluating liquid meta l coolants a r e cor ros ion , nuclear p r o ­
p e r t i e s , avail ibil i ty and cos t , radiat ion stabi l i ty, hea t - t r ans fe r p rope r t i e s , and 
heal th h a z a r d s . Lithium, Na, NaK, P b - B i and Ga were cons idered as the liquid 
me ta l s m o s t suitable to be studied a s coolants . 

J 
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43 
The Thermodynamic P r o p e r t i e s of the Moderately Dilute Liquid Solutions of Copper , 
Silver and Gold in Thal l ium, Lead and Bismuth 
Kleppa, O. J . 
J . P h y s . Chem. 60, 446-52 (1956). 

Some new m e a s u r e m e n t s a r e r epor t ed . Most of the exper iments were made at 
450°, although a few runs were a lso made at 350°. The heats of formation of the 
in te rmeta l l i c phases AuzPb and AujEi were determined at 350° by dissolving the 
alloys in pure liquid Pb and Bi. Some new observat ions were also repor ted on the 
solubility of solid Ag in liquid Th, P b , and Bi at t e m p e r a t u r e s up to 500°. The new 
heat data were compared with e a r l i e r data from ca lo r ime t ry and from e . m . f. in­
ves t iga t ions , and with thermodynamic data derived from the equil ibrium phase 
d i a g r a m s . In o rde r to facil i tate th is cor re la t ion an analyt ical method was proposed 
which in ce r ta in cases will p e r m i t a der ivat ion of important f r ee -energy , heat , and 
entropy data f rom phase d iag ram information alone. A s u m m a r y was p resen ted of 
a l l avai lable thermodynamic data for the modera te ly dilute solutions of Cu, Ag, and 
Au in Th, P b , and Bi. 

44 
Heat Exchange to a Flowing Vapor-Liquid Mixture in Horizontal Tubes 
Korneev, M. I. and B. N. Puganov 
T e p l o e n e r g e t i k a ^ , No. 6, 39-44 (1956). 

An exper imenta l investigation was made where mix tures of Mg, Hg (liquid), and 
Hg (vapor) and H20-a i r we re led through hor izontal p ipes . It was found that the 
coefficient of heat exchange through the wall depends on the amount of heat , the 
inner d iamete r of the tubes , and the ra te of flow of liquid and vapor . The flow ra te 
at which equi l ibr ium in heat exchange is es tabl ished depends on the heat , tube 
d iamete r , and ra t e of flow of vapor . It was found that the bes t r e su l t s were obtained 
if the vapor flowed 2-4 m . / s e c . Two empi r i ca l formulas a r e p resen ted , one for the 
Mg, Hg; the other for a s t e a m - a i r miixture. If the tubes a r e inclined, the maximum 
pe rmi s s ib l e r a t e of flow of the liquid mus t be decreased . 

45 
Elec t ron Spin Resonance in Metals and Metal -Ammonia Solutions 
Levy, R. A. 
Phys . Rev. 102, 31-7 (1956). 

E l ec t ron - sp in - r e sonance m e a s u r e m e n t s were nriade at 300 M c . / s e c . on frozen 
meta l NH3 solut ions, liquid metal-NHg solut ions, and liquid m e t a l s . The exper iments 
on frozen solutions have shown that the me ta l i s prec ip i ta ted out in smal l pa r t i c l e s . 
Nuc lea r resonance exper iments have co r robora ted this finding. The frozen solutions 
a r e used as a convenient source of sma l l p a r t i c l e s , and observat ions were made of 
relaxat ion t imes inlSfeiLi, K, and C s . Resonances in the liquid NH3 solutions of Li 
Na, K, Rb, C s , and Ca, and also in a solution of Li in MeNHj were observed. The 
data a r e consis tent with the theore t i ca l model of Kraus . Bulk meta l resonances were 
observed to t e m p e r a t u r e s above the m . p s . on Li and Na. The re su l t s of Na c o r r o ­
borate the Ell iot t theory of re laxat ion, and the Li resu l t s indicate r e s i s t i v i t y -de ­
pendent re laxat ion t ime.No resonance was observed in bulk K, Rb, or Cs , c a r r i e d to 
t e m p e r a t u r e s above the i r naelting points . 
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46 
AECD-3925 
Exper imen ta l Breede r P ro jec t Repor t for the P e r i o d March 1, 1945 through 
January 31 , 1950. 
L ich tenberger , H. V. , Argonne National Labora tory , Lemont, Illinois 
Contract W - 3 l - e n g - 3 8 . March 13, 1950. Decl. with deletions Dec. 14, 1955. 3 lp . 

This r epor t covers the s ta tus of EBR const ruct ions; m e a s u r e m e n t s of Co**, N a ^ , 
and f i ss ion-product - y - r a y at tenuation in concre te ; examination of NaK-filled 
fuel rods and ball check rods for t e m p e r a t u r e distr ibution and NaK evaporation; 
examination of var ious EBR component mock-ups after operat ion; hea t - t r ans fe r 
c h a r a c t e r i s t i c s of ve r t i ca l composi te tube (NaK-HzO) fal l ing-fi lm-type s team 
genera tor and water hea te r ; t e s t s of a rotat ing liquid sea l for a liquid meta l pump 
with a totally enclosed motor ; and an exper iment on the effects of pile i r rad ia t ion 
on a U slug i m m e r s e d in NaK. 

47 
In tera tomic Potent ia l Funct ions of Sodium and Po ta s s ium 
Ling, Rufus C. 
J . Chem. P h y s . 25, No. 4, 609-13 (1956). 

The liquid s t ruc tu re theory of Born and Green is used to in te rpre t X- ray 
diffraction m e a s u r e m e n t s on liquid sodium and potassiunn to find an effective 
in te ra tomic potential function for p a i r s of sodium and pa i r s of potass ium a toms . 
This potential function p red ic t s approximate ly the c o r r e c t binding energy for solid 
sodium and po tass ium, and when r e i n s e r t e d in the x - r a y formulas predic ts sca t ter ing 
curves at higher t e m p e r a t u r e s which a r e in good agreement with exper iments . 

48 
X-Ray Scat ter ing by Liquid Metal Alloys (A Kinetic Approach) 
Ling, R. C. 
J . Chem. Phys . 25, No. 4 , 614-616 (1956). 

The Born -Green theory of l iquids i s extended to the case of liquid mix tures and 
a formula for the x - r a y sca t te r ing by such liquids is developed. The formula is 
used to calculate the x - r a y sca t t e r ing by a liquid sodium-potass ium alloy, and fair 
ag reemen t with the exper imenta l sca t te r ing is found. 

49 
The Wetting P r o p e r t i e s of Solid Oxides and Carbides by Liquid Metals 
Livey, D. T. and P . Mur ray 
P l ansee P r o c . 1955, 375-404 (Pub. 1956)(ln English) 

By using a Pt-wound hor izonta l furnace, the contact angles between liquid meta l s 
and solid r e f rac to ry oxides and ca rb ides were m e a s u r e d photographically in vacuo 
and A. Nonreact ive ox ide-meta l sys t ems show nonw^etting p rope r t i e s for me ta l s 
of higher atomic number , such as Cu, Bi, P b , and Sn. This is assumed to be due to 
the domination of the oxide surface by the large O anions and the result ing e l ec t ro ­
negative surface; repuls ion thus occu r s between the negative e lectron cloud of any 
nonreact ive meta l and the oxide sur face . This in terpre ta t ion is supported by the 
ready wetting of oxides by me ta l s of low^ atomic number , such as MgO, exhibit a 
higher contact angle with a given m e t a l than those with a ra t io c loser to unity 
(e. g. , CdO). The contact angle of Ag on MgO, CdO, ZnO, and ThOj is 90° and r e ­
mains invar iant with t e m p e r a t u r e and t ime . The surface energy of UO2 is es t imated 
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from the exper imenta l data as 510 e r g s . / s q . cm. at 1050°. The contact angle of 
Cu-Al alloys on UO2 exhibits a max imum at the composition CujAl at 1100°. The 
carb ides a r e , in genera l , m o r e readi ly wetted than the oxides. The relat ion be­
tween contact angle and radius ra t io pe rmi t s the est imat ion of the surface energies 
of Z rC , UC, TiC, TaC, and VC; the es t imated values a r e , 1100", 800 + 250, 1000 + 
300, 1190 + 350, 1290 + 390, and 1675 + 500 e r g s . / s q . cm. , respect ively . F o r oxides 
and ca rb ides , the contact angles a r e lower in vacuo than in A. The work of adhesion 
is g rea te s t for ca rb ides of high surface energy such as TiC, TaC, VC and WC be­
cause of the i r be t te r wetting p r o p e r t i e s . 

50 
T e m p e r a t u r e Dependence of the Isotopic Effects on P a s s a g e of Curren t in Molten 
Indium Metal 
Lodding, Alex, Arnold Lunden and Hans von Ubisch 
Z. Naturforsch. U a , 139-42(1956) . F e b r u a r y . (In German) 

At var ious t e m p e r a t u r e s d i rec t cu r ren t was conducted through a capi l lary tube 
of molten In whereby In'^^ was concentra ted on the cathode and In^'^ on the anode. 
This so-called Haeffner effect showed a distinct functional relat ionship with t e m p e r a t u r e . 
The i nc r ea se of the m a s s effect /U (10"^ at 210°; 6 x 10"^ at 820°C) with t em­
p e r a t u r e was of the theore t i ca l predict ion of o rde r of magnitude. 

51 
The Isotopic Effect of P a s s a g e of Curren t in Molten Po ta s s ium 
Lunden, Arnold et al 
Z. Naturforsch . 10a, 924-6 (1955). December (In German) . 

Direct cu r ren t of 2900 A / c m density was passed through a 40-cm-long capi l lary 
tube w^ith molten K for 14. 8 days and K*̂  was formed on the cathode and K^̂  on the 
anode. The separa t ion factor between the anode and cathode was 1. 12, and the m a s s 
effect of U ^ 9 x 1 0 ' * . 

52 
Heat T rans fe r in Liquid Metals 
Lykoudis, Paul S. 
Univ. Microfi lms (Ann Arbor , Mich . ) , Publ . No. 16478, 200pp. 

Disser ta t ion Abs t r . 16_, 936 (1956). 

53 
Selection of Canning Mate r i a l s for Reac to r s Cooled by Sodium/Potass ium and Carbon 
Dioxide. 
Mcintosh, A. B. and K. Q. Bagley 
U. S. Atomic Energy Authority (Industrial Group), Calcheth, Lanes . England). 
J . Inst . Metals 84, 251-70(1956) . March . 

Theore t ica l considera t ions and exper imenta l invest igations indicate such meta l s 
as bery l l ium, zirconiunn, niobium, vanadium, tungsten, and molybdenum will be 
used for canning m a t e r i a l s provides difficulties in extract ion and fabrications can be 
overcome . 
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54 
The Decay of P o t a s s i u m 40 
McNair , A. et al (Univ. of Glasgow, Scotland). 
Phil Mag. (8) J_, 199-211 (1956), F e b r u a r y . 

The decay of K*" has been re inves t igated and values of the branching ra t io , 
defined as the ra t io of gamma or e lec t ron capture to beta t r ans i t ions , have been 
determined by two methods , giving the values 0. 124 + 0. 002 and 0. 121 + 0. 004 
respect ive ly . The absolute beta and gamma decay r a t e s and the half life have 
been measu red , the value of the l a t t e r being 1. 28 + 0. 02 = 10' y e a r s . A fresh 
determinat ion of the gamnaa energy is descr ibed , and evidence as to the mode of 
decay is d iscussed . Final ly , the r e su l t s a r e given of exper iments on the reflection 
of e lec t rons by solid source suppor ts . 

55 
Liquid Ammonia as a Solvent. XII. An Investigation of Metal-Ammonia Systems 
by Means of Their Vapor P r e s s u r e s 
Marsha l l , Phi l ip R. and Her sche l Hunt 
J . Phys . Chem. 6^, 732-8 (1956). 

The vapor p r e s s u r e s of binary sys tems of Ca, Sr , Ba, Li , and Na with NH3 
were determined a s a function of concentrat ion and t empera tu r e . The compounds 
of Ca, Sr , and Ba in equi l ibr ium with the me ta l contained nonintegral values of 
the NHs/metal ra t io of 5 .67 , 4 . 8 9 , and 7.49 respect ively at - 6 3 . 8 ° . The act ivi t ies 
of the NH3 and the re la t ive activi ty coefficients of the meta l s were calculated for 
the Li and Na solutions and compared with one another and to the corresponding 
values for K and Cs solutions calculated from l i t e ra tu re data. The re la t ive 
lowering of the fugacity was de termined for each of the alkali meta l solutions 
and compared with one another and with the ideal curves for 1-1 e lect rolytes 
and nonelec t ro ly tes . The r e su l t s were considered inconsistent with the uni-univalent 
electrolyt ic hypothesis genera l ly given for more dilute solutions. 

56 
Lead-Sodium Alloy for Tet rae thyl lead Manufacture 
Mattison, Edwin L, 
U. S. 2 ,744,126. May 1, 1956. 

A s t r e a m of mol ten Pb-Na alloy containing 9-9-10. 1 wt. % Na is passed through 
an orifice in a quenching chamber . The resul t ing s l u r r y contains 2-4 p a r t s of EtCl 
per pa r t of the alloy which forms a br ight , solid par t i c le of a uniform size up to 
8-mesh . A well-defined induction per iod varying from 0. 5 minutes at 90° to 20 
minutes at 13° exis ts before the react ion between the alloy and the EtCl occu r s . 
During this per iod , the alloy is separa ted from the EtCl or the s lu r ry is t r a n s f e r r e d 
to a r eac to r in continuous operat ion for the manufacture of Et4Pb. 

57 
Third Fluid Tube Sheet Hazard Tes t 
Milich, W. , E. A. Schultz, E. C. King and R. E. Lee 
Mine Safety Appliances Company, Cal le ry , Penna. 
Contract NObs-65426. Memo Report 101. December 25, 1955. 9p. 

Tes ts were made to de te rmine the extent of the hazard in event of tube failure 
between water and th i rd fluid NaK in an evapora tor . Three tes t s were made s im­
ulating as closely as poss ib le a th i rd fluid NaK-to-water break at the tube sheet . 
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The t es t s were run in a hor izontal and 30 pitch ei ther way, forcing the 200"F water 
into the 700"F NaK under 200 psig driving p r e s s u r e . There was no immedia te 
haza rd or react ion of explosive violence during the runs . At the t ime of rupturing 
the disc between the NaK and water , the p r e s s u r e s on both sides equalized a lmost 
instantly and continued to hold for some t ime . 

58 
Corros ion of Low Alloy Steel in Hot NaK 
W. Milich ^nd E, C. King 
Mine Safety Appliances Company, Cal le ry , Penna. 
Contract NObs-65426. Memo Report 109. March 30, 1956. 

Considerat ion is being given to the use of low alloy s tee ls due to the difficulties 
encountered in the use of type 347 s ta in less s teel for s t eam generating equipment. 
As a p r e l i m i n a r y exper iment , to check the cor ros ion of such s teels by liquid me ta l s , 
a type 304 s ta in less s tee l loop was rev i sed to accomodate a section of 1 in. OD tubing 
composed of 2 l / 4 % C r - 1 % Mo s tee l . NaK (56 wt. % K) at 850°F was c i rculated at 
approximate ly 8 f t / s e c , through this tubing for four months . Four sinall samples 
( l / 4 in. weighed sect ions of the tubing) placed in an i n - s t r e a m expansion tank were 
removed after 1 , 2 , 3 and 4 months i m m e r s i o n t ime and showed penetrat ion of 0. 19, 
0 .09 , 0. 07 and 0. 06 m i l s / y r . respec t ive ly . The section of tes t tubing showed no 
detectable weight loss after the 4 month per iod. With the t empera tu re of the NaK 
at 850°F the oxygen content was found to be 0. 032 wt. % Oz- All r esu l t s of the t e s t s 
run i so thermal ly at 850°F indicated a ra te of at tack less than one m i l / y r . 

59 
Y -Radiation of Sodium-25 
Nahmias , M. E. and T. Yuasa 
J . phys. rad ium £ 7 , 373-4 (1956). 

Study of anomal ies re la ted to magic numbers led the w r i t e r s to new exper imenta l 
r e s e a r c h of Y - r a y s emit ted by Na^s, because some inaccurac ies could have been in­
t roduced to previous exper iments by the p r e sence of Y - r a y s from Mg27. Tes ts 
within the energy range of 270 e. kv. to 1. 6 m. e. v. showed 3 y - l ines of Na25: 
370 + 10 e .kv. ; 580 + 10 e .kv . , and 975 + 10 e .kv. , with intensi t ies of 1. 8:1:0. 74 
respec t ive ly . Strong intensi ty a sc r ibed by Maeder and Staehelin to the 3rd Y -l ine 
could be due to in te r fe rence of the 1. 01-m. e. v. line of Mg^', possibly produced by 
Mg^(n, v ) near the be ta t ron t a rge t . 

60 
AECD-4009 
National Bureau of Standards P r o g r e s s Report to the Atomic Energy Commiss ion 
July 1, 1950 to September 30, 1950. Decl. Jan. 12, 1956. 3lpp. (NBS-P-28). 

P r o g r e s s is r epor t ed on the . . . heat capaci t ies of Na-K alloys . . . 

61 
Diffusion in Molten Meta ls . I. Diffusion Coefficient of Tin in the Lead-Tin System. 
Niwa, Kichizo et al 
Nippon-Kinzoku-Gakkai-Shi (J. Japan Inst. Metals) 18, 271-3 (1954). 

Diffusion coefficients of Sn in molten P b were m e a s u r e d in the t empera tu re 
range from 450° to 600°. Since the concentrat ion of Sn was chosen at a comparat ively 
dilute value in the p re sen t invest igation, the coefficients were es t imated as constants 
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independent of the concentrat ion. Thus , D = 0.0012 exp(-5, 9 0 0 / R T ) s q . c m . / s e c . 
was obtained. This resu l t showed that cations of Sn diffused in the molten Pb-Sn 
(Sn 10%) solution, because the activation energy of diffusion was of the same o rde r 
as in the nonmetal l ic solut ions. Final ly , the theoret ica l value of diffusion 
coefficient, which was calculated roughly by the atomist ic theory of diffusion based 
upon the intuitive free volume model in liquid, was compared with exper imenta l 
r e s u l t s . 

62 
Determinat ion of the Mean F r e e Pa th of Conduction Elec t rons in Po ta s s ium 
Nossek, R. 
Z. Physik JL42, 321-33 (1955). 

K a toms were condensed on a cooled (90°K) glass surface and the e lec t r ica l cond. 
m e a s u r e d as a function of layer th ickness . By assuning no e lec t ron loss by r e ­
flection at boundary su r faces the mean free path of the conduction e lec t rons in K 
at 273°K was de te rmined as 360 + 20 A. , by using the theory of Fuchs and Chambers . 
The exponential decline of the e l ec t r i ca l r e s i s t ance in the thickness region up to a 
monolayer was in t e rp re t ed by the assumption of is lands whose conductivity was 
affected by a tunnel effect. The t empe ra tu r e coefficient of the l ayers was always 
posit ive and va r i ed between 2. 5 and 6 x 10"^ per degree . 

63 
Self-Diffusion in Liquid Galliunn 
Pet i t , Jean and No r m a n H. Nacht r ieb 
J . Chem. P h y s . 24, 1027-8 (1956). 

Self-diffusion in liquid Ga at a tmospher i c p r e s s u r e is descr ibed by the equation: 

D = 1. 07 X 10""^ exp ( -1122/RT) s q . c m . / s e c . 

At 30° the effect of p r e s s u r e on the ra te of self-diffusion i s : log D = - 4 . 7793 -
9.529 X 10~'^P ( k g . / s q . c m . ) . The act ivat ion volume at this t empera tu re is 0.55 c c . / 
g. -a tom. Although the Stokes-Eins te in rad ius ag rees well with the ionic radius of 
Ga , the t e m p e r a t u r e coefficients of v iscos i ty and diffusivity differ somewhat. 

64 
Mine Safety Appliances Company, Cal le ry , Penna. P r o g r e s s Report No. 33 for 
F e b r a u r y and Marc h 1956. W. J. Posey , ed. 
Contract NObs-65426. Apri l 9, 1956. 

P r o g r e s s is r epor t ed on the t e s t s made on models of the S2G s team gene ra to r s . 
Modifications of a 1000-kw tes t unit were made to pe rmi t adequate test ing of the 
3000-kw g e n e r a t o r s . The cyclic t e s t p r o g r a m for the S2G is outlined. Typical Na 
flow data a r e given for the cyclic tes t ing of the S2G evapora tor . The operat ional 
h i s tory of this evapora tor i s a lso d i scussed . P r o g r e s s is a l so repor ted on r e s e a r c h 
pertaining to liquid m e t a l sys t em components , including fundamental heat t ransfe r 
studies and component development and tes t ing. Diagrams a r e given of the s t eam 
genera to rs and tube jo in ts . Operat ing c ha ra c t e r i s t i c s of the liquid meta l sys tem 
a r e tabulated. The abili ty of t rans i t ion welds to withstand the rapid t empera tu re 
changes anticipated during scrann conditions was studied. The suitability of s ta in­
l e s s s tee l bellows for use in 8-in. S2G sodium valves was also studied. Resul ts a r e 
given of 14 runs to de te rmine the min imum velocity neces sa ry to remove entrained 
gas by forcing it downward through the 5 l /2 - f t ve r t i ca l leg for separat ion in the 
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lower expansion tank. The ni t r iding of me ta l s in Na is a lso d iscussed . The weight 
l o s s e s of Be spec imens in 900°FNa a r e shown. A study was made of the cha rac t e r i s t i c s 
of wa te r -NaK leaks and applicable seal ing methods . Data a r e given on the cor ros ion 
ra t e of C r - M o s tee l samples in NaK. It was found that the solubility of Oj in NaK 
is dependent on K concentra t ion. A study was made of radiat ion haza rds a r i s ing 
from hole and valve gland leaks in a s imula ted , contaminated H2O cooling sys tem, 
of a nuc lear r e a c t o r . A schemat ic d i ag ram is given of an inpile loop for test ing 
proposed r e a c t o r organic m o d e r a t o r - c o o l a n t s . Operat ional data for the loop con­
taining isopropyl diphenyl a r e included. Tes t s were made to de termine the extent 
of the h a z a r d resu l t ing from mixing hot diphenyl and H2O. 

65 
Mine Safety Appliances Company, Ca l le ry , Penna. P r o g r e s s Report No. 34 for 
April and May 1956. W. J. P o s e y , ed. 
Cont rac t NObs-65426, June 11, 1956. 77p. 

Test ing of the 3 Mw s team genera to r and leak plugging exper iments were con­
tinued. The development of liquid me ta l sys t em components (high t e m p e r a t u r e 
p r e s s u r e gage and Na-hea ted evapora tor) w^as outlined. The nitr iding of s ta in less 
s tee l , tool s t ee l , and Be in Na w^ith N2 cover gas was studied. The co r ros ive 
p r o p e r t i e s , heat t r a n s f e r , and stabi l i ty of isopropyl biphenyl under neutron i r rad ia t ion 
were invest igated; heat t r ans fe r p r o p e r t i e s of biphenyl were also studied. 

66 
Wate r -Reac t ive Alloy 
Pfefferkor , Otto, T. 
U. S. 2 ,731 ,342 . January 17, 1956. 

An alloy >vhich r e a c t s with w^ater to produce energy is composed of Al, Li , and 
Na or K. A p r e f e r r e d composi t ion having a high heat of react ion and a low melting 
point (near 350°F) is Li 74, Al 21 and Na 5%. The alloys a r e useful in the field of 
hydropropuls ion, in compact s t e a m g e n e r a t o r s , e tc . 

67 
A E R E - M / R - 1 8 8 9 
F i s s i o n - P r o d u c t Concentra t ions and Poisoning in a Homogeneous Reactor with 
Chemical P r o c e s s i n g , March 10, 1956. 51p. 
P o r t e r , W.H. L. , Gt. Bri t . Atomic Energy R e s e a r c h Es tab . , Harwel l , B e r k s , Eng. 

Tables and graphs a r e p r e s e n t e d giving the s teady-s ta te f ission product con­
cent ra t ions and total capture c r o s s sect ions in the core of a homogeneous r eac to r 
for var ious r a t e s of chemica l p roces s ing . The r e su l t s a r e as genera l as poss ib le , 
otherw^ise they a r e detailed for the specified sys tem of a liquid meta l homogeneous 
r e a c t o r based on U dissolved in Bi. E s t i m a t e s a r e a lso given of the ra te of p r o ­
duction of ine r t gases in the main c i rcu i t . The t rans ien t condition when the reac to r 
i s f i r s t s t a r t ed up is not cons idered . 
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79 
A E R E - M / T R - 3 5 

Inhibition of Liquid-Metal Cor ros ion 
Taylor , J , W. 
Gt. Br i t . Atomic Energy R e s e a r c h Es tab l i shment , Harwel l , Be rks , England 
F e b r u a r y 10, 1956. 9p. ( M S W P - N / 1 9 ) . 

F r o m a considera t ion of the common mechan i sms of liquid meta l cor ros ion , 
additions to liquid m e t a l s which inhibit co r ros ion a r e classif ied as scavenging or 
d i f fus ion-barr ie r types . Des i rable c h a r a c t e r i s t i c s of both c l a s s e s of inhibitor 
a r e d i scussed and poss ible l imi ta t ions to the z i rconium ni t r ide inhibitor , p r o ­
posed for liquid me ta l fuelled sys t ems based on bismuth, a r e considered. Sug­
gest ions a r e made for overcoming such l imita t ions and it is recommended that 
surface l aye r s of the me ta l s molybdenum, tanta lum, niobium and possibly 
be ry l l ium be t es ted as a l te rna t ive inhibi tors of the d i f fus ion-barr ier type. 

80 
Inhibition of Liquid-Metal Cor ros ion 
Taylor , J . W. 
Atomic Energy R e s e a r c h Es tab l i shment (Gt. B r i t . ) MTN ^ 5 , 7 pp. (1956). 

The use of a Zr n i t r ide b a r r i e r inhibitor for Bi-U mel t in Fe channels is 
d i scussed . 

81 
Conceptual Design for In ternal ly Cooled LMFR 
Tei te l , Rober t J. (Brookhaven Nat ' l . Lab . , Upton, N. Y. ) 
Nucleonics J ^ , No. 4, 72-7 (1956). Apr i l . 

A conceptual design is given of the in ternal ly cooled, liquid meta l fuel r eac to r 
which includes b r e e d e r and coolant functions in one s t r e a m . The design 
c h a r a c t e r i s t i c s a r e a lso tabulated. S ing le -pass graphite heat exchangers were 
used in the design, and core s ize and the Bi - to -C rat io were de termined by hea t -
t r a n s f e r r e q u i r e m e n t s . Fue l p roces s ing sys t ems and the b reeder -coo lan t 
sy s t em a r e a l so desc r ibed in some detai l . 

82 
Repor t No, 1 on 1000 KW System 
Tidbal l , R. A , , F . L, Mangold and S, N, Tower 
Mine Safety Appliances Company, Ca l l e ry , Penna . 
Memo Repor t No. 49. October 15, 1953. I4p. 

The 1000-kw heat t r a n s f e r sys t em -was designed to t e s t pilot plant s ize liquid 
me ta l sy s t em components at t e m p e r a t u r e s to 1400°F. The t e s t p r o g r a m was di ­
vided into p h a s e s : t r a n s f e r r i n g heat to a i r and t r ans fe r r ing heat to boiling wa te r . 
Two liquid m e t a l sys te ins to prevent exposing the tubes of the liquid meta l hea te r 
to full s t eam p r e s s u r e in event of a fai lure of the s team generat ing equipment were 
used. The a i r cooled sys t em is shown schemat ica l ly . The NaK w^as c i rcu la ted 
by a r o t a r y magnet pump, through a f lowmeter into the NaK hea te r . The d ischarge 
f rom the hea t e r was piped to the tube side of the in te rmedia te heat exchanger , and 
re tu rned to the pump. Sodium was c i rcu la ted by a DC conduction pump, through the 
f lowmeter , the shel l side of the in te rmed ia te heat exchanger , a swing check valve 
to the sodiuin cooler . Discharge of the sodium cooler pas sed through a stop valve . 



89 
KAPL-M-WW-2 
The rma l S t r e s s in a Bery l l ium Washer 
Witzig, W a r r e n F . and Will iam A. Riemen 
Knolls Atomic Power Lab. , Schenectady, N. Y. 
Contract W-31-109-eng-52 . J u l y l , 1949. Dec. Feb . 8, 1956. 17p. 

T h e r m a l s t r e s s was produced by a l a rge rad ia l heat flux in a Be washer 
i m m e r s e d in a NaK alloy. After 7, 000 cycles of the rmal s t r e s s , the washer 
maintained i ts pr inciple d imensions , but fl^eloped smal l rad ia l c r a c k s . There 
was a 2 mg . wt. gain despite obvious cor ros ion . 

4 90 
• In termeta l l ic Compounds Between Lithium and Lead. II. The Crys ta l St ructure 
^ of LigPbj 

Zalkin, A. and W. J. Ramsey and D. H. Templeton 
J. P h y s . Chem. 60, No. 9, 1275-1277 (1956). 

The compound LigPb3 has been c h a r a c t e r i z e d by a single c rys ta l and powder 
x - r a y diffra,ction data. It is monocl inic , space group C 2 / m , with a = 8. 240, 
b = 4. 757, c = 11.03 A. , /^ = 104° 25 ' , and Z = 2. There is a body centered 
cubic pseudocel l with a = 3. 364 A. and containing two a toms . The s t ruc tu re 
consis ts of o rde red substi tution in these s i tes in such a way that one- th i rd of =» 
the Pb a toms have 8 Li neighbors each and two-thirds have one P b and 7 Li 
neighbors each. 


