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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 is the f irs t i s sue of a s e r i e s of abs t r ac t bullet ins covering 
cur ren t l i t e ra ture on liquid m e t a l s , which a r e being p repa red 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 me ta l s 
has led to an increas ing amount of l i t e r a tu re in the field. Mine Safety 
Appliances Co. , as a pioneer in liquid me ta l s technology, feels that 
other in te res ted companies could benefit from a cu r ren t and up- to-da te 
abs t rac t bibliography on liquid me ta l s l i t e r a t u r e . 

These bulletins will be i ssued at approximately monthly in t e rva l s , 
depending upon the volume of l i t e r a tu re to be covered. Exist ing ab­
s t r ac t s will be used unless they a r e not adequate with respec t to the 
subject scope. 

In teres ted pa r t i e s may be placed on the mai l ing list by writ ing to 
Mine Safety Appliances Co. , Technical Information Officer, Cal le ry , P a . 

Eugene P . Meekly 
Technical Information Officer 



1 
Liquid Metals . P a r t IV. The Wetting of Zinc by Liquid Sodium: The Significance 
of Cr i t ica l Wetting Tempera tu re 
Addison, C. C. et al 
J. Chem. Soc. 1956, 1454-61. 

The wetting of metal l ic zinc by liquid sodium has been studied by measu remen t 
of contact angles under ranges of t ime and tempet-ature. Elec t ropol ished zinc s u r ­
faces show a cr i t ica l wetting t empera tu re near 160°, and chemical react ion between 
sodium and the zinc phosphate film deposited during electropolishing is shown to be 
responsible for th is . No cr i t ica l wetting t empera tu re is observed for abraded zinc 
p la tes . Rates and mechanisms of wetting a r e d iscussed from the point of view of 
diffusion through surface films of zinc phosphate and zinc oxide and the formation 
of the intermagnet ic compound Zn^sNa. The condition of the surface of zinc after 
wetting by sodium has been studied microscopica l ly . 

2 
Alplaus A t m o s p h e r i c - P r e s s u r e Sodium Still 
Baldwin, E. E. 
U. S. A. E. C. KAPL-337, 29pp. (1950) (Declassified Nov. , 1955). 

Resul ts of metal lographic examination of an 18-8 s ta in less s t ee l , a tmospher i c -
pressut-e Na st i l l , operated for a total of 55 days and with about 230 hours at 1600°F. , 
a r e repor ted . Two f i res occur red at the inlet argon- l ine connect ions. A sponge-
like plug was found in the portion of the inlet line which projec ted below the surface 
of the liquid Na. This was at t r ibuted to local ized oxygen contamination of the Na 
and resul t ing attack of s ta inless s tee l . It was also concluded that liquid Na at 1600°F. 
produces 'negl igible attack on 18-8 s ta in less s teel . 

3 
Treat ing Valves for Handling Molten Calcium 
Banus, Mario D. (To Metal Hydrides Inc.) 
U. S. 2,740,'730, April 3 . 1956. 

Stainless s teel valves handling molten Ca tend to freeze together . This freezing 
can be overcome by heating ei ther the plugs or the sea ts of the valves in molten Ca 
at 1000° for 24 hours to diffuse Ca into thei r surface and then cleaning with HNO3. 
Heating at a higher t empera tu re co r rodes the va lves . 

4 
An Ion-Sieve Reagent for Ces ium-Alka l i -Meta l Separat ions 
B a r r e r , R. M. and D. C. Sammon 
J. Chem. Soc. 1956, 675-82. 

The use of Ag analcite as an ion-s ieve reagent for separa t ions of Na, K, and Rb 
from Cs has been studied. The remova l of Na and K from mix tu res with Cs (all as 
chlorides) occur red quantitatively, and readi ly at about 100°, according to the ^ ^ 
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equation MCI + xAgA(s) •—>_ AgCl(s) + MAg/3j._i)Ax(8) where A denotes the anionic 
f ramework of analcite and M is Na or K. In the removal of Na, no Cs en te red the Ag 
analcite and the method is suitable for quantitative ana lys i s . In the C-Cs separa t ion , 
a phase change occurs involving a minor r e a r r a n g e m e n t of the Ag analci te to the K 
analcite (leucite) s t ruc tu re , a l i t t le Cs may be incorpora ted during the p r o c e s s : a 
cor rec t ion is thus needed in quantitative ana lys i s , but this method is available for 
the removal of K from Cs"*", The Rb-Cs separa t ion is m o r e difficult and r equ i r e s 
the use of MeOH (or EtOH) as solvent; again a l i t t le Cs may be incorpora ted during 
the phase change owing to modification of the Ag analci te f ramework to the Rb anal ­
cite one: the method may be useful in ce r ta in c i r cums tances for pur i f ica t ions . 
H exchange was observed when solutions of CsCl , tetramethylammoTiiuin b romide , 
o r te t rae thylammonium iodide were t r ea t ed with Ag analc i te : H2O + MX + 
xAgA(s) '—^> AgX(s) + HAg/jj-i)Ax(s) + MOH. By using the iodide this exchange 
was followed up to 60% completion. It can only p roceed when the c ry s t a l ac t s as a 
sieve or s emi -pe rmeab le membrane towards the cations in solution and when the ion 
displaced is proport ioned as an insoluble compound. 

5 
Cohesive Energy oi Po tass ium 
Berman , Sam et al 
Phys . Rev. im, 1467-8 (1956). 

The cel lular method was applied to a calculation of the cohesive energy of 
metal l ic K. The c rys ta l potential was taken from a se l f -consis tent field with ex­
change for the K ion. An approximate exchange in teract ion between the valence 
and the core e lec t rons was included. The cohesive energy was 18. 5 or 19. 3 c a l . / 
mo le , depending on whether P i n e s ' o r Wigner ' s express ion for the cor re la t ion 
energy was used. The effective m a s s was a s sumed to be 86% of the f r ee -e lec t ron 
m a s s . The exper imental value was 22.6 c a l . / m o l e . 

6 
Use of Zirconium in Liquid Sodium Sys tems 
Bowman, F . E., and D. D. Cubicciotti 
A. I. Ch. E . J . 2, 173-6 (1956). 

The a t t rac t ive nuclear p rope r t i e s of z i rconium make it a highly des i rab le core 
m a t e r i a l for sodium-cooled r e a c t o r s . The elevated t e m p e r a t u r e s t rength , while 
low, is sufficient for cer ta in appl icat ions. Development of higher s t rength alloys is 
underway. Sodium in itself i s completely compatible with z i rconium; however , the 
nonmetall ic contaminants , namely oxygen, hydrogen and ni t rogen, can effect se r ious 
damage. The p r i m a r y problem in the use of z i rconium in a sodium sys tem, then, 
l ies in controlling these innpurities in the sodium. 

7 
Pur i ty Control in Sodium Cooled Reac tor Sys tems 
Bruggeman, War ren H. 
A. I. Ch. E. J . 2, 153-6 (1956) 

Recent advances in puri ty control in sodium sys t ems a r e covered. Emphas i s 
is placed on re su l t s from the prototype S . I .R . sys tem as well as other unpublished 
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data. Included a r e chemical and nuclear activation analyses of sodium, fi l tration 
data, and details and operation of cold t r a p s and plugging ind ica tors . 

8 
Oxidation Charac te r i s t i c s of the Alkali Meta l s . I. Oxidation Rate of Sodium Be­
tween -79 and 48°C. 
Cathcar t , J. V., L. L. Hall and G. P . Smith 
Oak Ridge National Laboratory Contract W-7405-eng-26, June 14, 1956 ORNL-2054 
lOp. 

The oxidation of sodium was m e a s u r e d at 5 t e m p e r a t u r e s : -79 , -20 , 25, 35, and 
48°C. The react ion ra te in dry O2 was found to be smal l , and the oxide fi lms were 
highly protect ive . A slight i nc rease in the oxidation ra t e at 48°C occur red after 
25,000 to 30,000 minutes of oxidation. No explanation has been found for this 
phenomenon. 

9 
Small Liquid Metal Fue l Reactor Sys tems 
Chernick, Jack 
Nuc. Sci. Eng. J., 135-55 (1956). 

The nuclear p roper t i e s and potent ia l i t ies of smal l liquid me ta l fueled r eac to r s 
(LMFR) a r e presented . Plutonium is d i scussed as an a l te rna te fuel to uran ium i so ­
topes , lead as a l ternate c a r r i e r to b ismuth , and beryl l ium as a l t e rna te modera to r 
to graphi te . Breeding potential i t ies of U and Pu^^^ fueled liquid me ta l sys tems a r e 
d iscussed. 

It is shown that non-breeder co re s can be reduced to about 1 to 4 ft. in d iamete r , 
depending on fuel concentration and core and ref lec tor composi t ions . Internal v e r s u s 
external cooling and internal v e r s u s ex terna l moderat ion of the sma l l LMFR a re 
compared. Internally modera ted r e a c t o r s have a m o r e complex core but r equ i re 
l ess fissionable m a t e r i a l . F o r LMFR c o re s external ly modera t ed by graphi te , the 
c r i t i ca l m a s s requ i rements a r e found to be re la t ively constant over a wide range 
of fuel concentrat ions with a xninimTim of about 10 kg for U^^ fuel. F o r sma l l 
LMFR c o r e s , heat t r ans fe r r a the r than heat t r a n s p o r t is the only bar to ext remely 
high specific power in power applications and to high neutron flux in r e s e a r c h appl i ­
cat ions . External ly cooled r e a c t o r s , coupled to conventional heat exchangers r equ i re 
a la rge external holdup of the liquid m e t a l , thus putting a p r e m i u m on low fuel con­

cent ra t ions . Internal ly cooled LMFR ' s with a graphite (or beryl l ium) modera to r 
and heat exchanger requi re advances in p re sen t technology. Sodium is an a t t rac t ive 
coolant for an internally cooled, external ly modera ted vers ion of the LMFR with 
s l u r r y type fuel e lements . 

It is pointed out that , for r e s e a r c h appl icat ions , the flux level achievable in a 
theirmal r eac to r with a fixed power output has about reached i ts p rac t i ca l l imit . This 
is not the situation for in termedia te energy r e a c t o r s . In p a r t i c u l a r , i t is shown that 
an in termediate energy LMFR can achieve an average core flux of 10^5 neu t rons /cm^-
sec at 10 Mw power output. Final ly , in tegra l expe r imen t s and neutron c r o s s sections 
needed for f i rm es t imates of the convers ion ra t ions and c r i t i ca l m a s s requ i rements 
of LMFR s y s t e m s , especial ly for weakly modera ted s y s t e m s , a r e d iscussed . 
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10 
Sodium-Rubidium Alloys 
Menke, John R. 
Clinton National Lab. , Oak Ridge, Tennessee . CNL-5 
Contract W-35-058-eng-71 , Declassif ied Dec. 21 , 1955. 8pp. 

Attention is d i rec ted to the liquid meta l alloy sys tems Na-Rb as coolants for 
p i les , especial ly t he rma l p i les . The repor ted thernnal neutron absorpt ion sect ions 
of Rb a re significantly lower than those for K. Phys ica l constants a r e collected 
from the l i t e r a tu re which indicate macroscop ic physical p r o p e r t i e s s i m i l a r to the 
Na-K al loys. Investigation of the t e r n a r y sys t em Na-Rb-K is suggested. 

11 
An Explanation of the Effect of Added Metals on the Distr ibut ion of R a r e Ea r th s 
Between Liquid Bismuth and KCl-LiCl . 
Cubiccoitt i , D., North American Aviation, I n c . , Downey, California 
Contract A T - l l - G E N - 8 . Dec lass . November 9, 1955. 10pp. 

An explanation is proposed of exper imenta l r e su l t s obtained on the distr ibution 
of r a r e ear ths between liquid Bi and molten LiCl-KCl . It is shown that the m a s s -
action law predic t ions of the dis tr ibut ion ag ree with exper imenta l obse rva t ions , if 
it is assumed that the equil ibrium governing the distr ibution is the pa r t i a l reduction 
of the LiCl by the r a r e ear th meta l . The dis t r ibut ion of the r a r e ea r th is affected 
by added meta l s inasmuch as they affect the equi l ibr ium. 

12 
The Effects of Contamination by Vanadium and Sodium Compounds on the Ai r -
Corros ion of Stainless Steel 
Cunningham, G. W. and Antoine de S. Brasunas 
Corros ion _12, 389-405 (1956). 

The acce lera t ion of high t e m p e r a t u r e co r ros ive at tack of heat r e s i s t a n c e alloys 
caused by the p re sence of vanadium compounds is well es tabl i shed . The p r o g r e s s i v e 
addition of sodium sulfate to the vanadium contaminant indicates that the mos t 
cor ros ive mix ture is approximately 20% sodium sulfate-80% vanadium pentoxide. 
The survey of the melt ing t e m p e r a t u r e s of va r ious vana.dium pentoxide-sodium 
sulfate mix tures shows no di rect co r re la t ion of c o r r o s i v e behavior . The re appears 
to be a s trong indication, however, that unusually high oxygen solubil i ty in the molten 
contaminant containing 20% sodiuna sulfate may be respons ib le for i ts unusually high 
co r ro s ivenes s . This inakes it poss ib le to postulate a m o r e sa t i s fac tory theory of the 
mechan i sm of co r ros ive attack -which need not involve a solid phase in the react ion 
in te rphase . Addition of carbon oxide, s t ron t ium oxide, and carbon were pa r t i cu la r ly 
effective in reducing the intensity of the at tack. The effectiveness of carbon is r e s ­
t r ic ted to short t ime in tervals during which it became oxidized. 
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16 
The Thermodynamics of Reducibili ty of F i s s i on Produc t Oxides by Sodium and 
Other Elements 
Epstein, Leo F . and Joanne Nigriny 
Knolls Atomic Power Labora tory , Schenectady, N. Y. 
Contract W-3 l -109-Eng-52 . Apr i l 27, 1948. Dec las . Nov. 3 , 1953. M E M O - L F E - 1 . 

Thermodynamic data on the free energ ies of formation of 58 oxides from the 
constituent elements a r e computed at 25, 500 and 1000°C. Reducibil i ty by Na, 
H2, and C a r e shown in tabular fo rm. The application of these computations to 
the depletion of liquid Na in pile designs using UO2 fuel and liquid Na coolant in 
sealed units is d iscussed, and it i s concluded that , if the kinet ics of the react ion 
a r e favorable, only 7% of the Na will be lost by conversion to Na20 after 10% 
burn-up in a sys tem initially containing one a tom of Na per molecule of UO2. 

17 
Boride P a r t s Res i s t Molten Zinc 
Evans , R. M. 
Mater ia l s & Methods 43, No. 6, 132-3 (1956). 

F e boride containing 16 and 24% B, 85 C r bor ide-15 F e , 85 Cr bor ide-15 Co, 
90 mn boride-10 F e , and 80 Cr bor ide-15 Co-5% Ni s in tered compacts were 
completely res i s tan t to molten Zn at 1100°F in lab t e s t s . 

18 
Improved Method for Cleaning Mercu ry 
Fuschi l lo , N. 
Rev. Sci. Inst. 27, 410-11(1956), 

A method is descr ibed which removes impur i t i e s such as z inc, lead and copper 
and alkali meta l s by means of atomizat ion through a thin walled soft rubber hose . 
The fine droplets of m e r c u r y pas s into a 10% ni t r ic acid solution. Air rapidly 
sucked into the sys tem through a cotton dust fi l ter c r e a t e s a turbulence which improves 
the oxidation of the impur i t i es . Details of construct ion and d iag ram of the appara tus 
a r e shown. 

19 
Effect of Gas Entra inment on the Hea t -T rans f e r C h a r a c t e r i s t i c s of Liquid Mercury 
Hoffman, B. et a l 
U. S, A. E, C. BNL-2446, 21-34 (1955), 

Low hea t - t r ans fe r coefficients in nonw^etted sys tems have been a t t r ibuted to 
random local detachments of liquid m e t a l from the tube wall . Photographs of the 
detachment effect on a glass tube were taken when l inea r veloci ty and p r e s s u r e were 
varying on m e r c u r y flowing pas t the tube. I t could be seen that the number of de­
tachments could not be reduced by a change in p r e s s u r e . The poss ib i l i ty of gas 
entrainment in the m e r c u r y was invest igated by filling the m e r c u r y r e s e r v o i r 
slightly above the inlet level; this e l iminates the sp lash effect. Detachments under 
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this condition were only observed at v e r y low p r e s s u r e s and ex t r eme ly low 
flow r a t e s . A housing filled with m e r c u r y was fitted around the pump shaft 
to prevent any a i r being sucked in the s t r e a m at the base of the shaft of the 
pump. Hea t - t r ans fe r studies were then c a r r i e d out under conditions of non-
wetting, at s tat ic p r e s s u r e s from 10 in. of Hg vacuum to 140 lb . p e r sq . in. 
gage. No re la t ionship was found to exist between the s ta t ic p r e s s u r e s and the 
hea t - t r ans f e r coefficients. Cor robora t ive t e s t s indicate that m e r c u r y i s 
capable of entraining significant quanti t ies of gas ; as much as 12% change in 
density was found for ae ra t ed m e r c u r y . The gas en t ra inment may be the cause 
of var ia t ions in the r e s u l t s of different inves t iga t ions . Tes t s run on a t h e r m a l 
cel l designed to m e a s u r e quantitatively the effect of en t ra inment on hea t -
t r ans fe r coefficients gave smooth cu rves only under wett ing condi t ions , with 
nonaerated m e r c u r y . Since it is not feasible complete ly to e l iminate the en­
t ra inment of gases by liquid me ta l s in mos t s y s t e m s , it is bel ieved that recen t 
data obtained a r e t ru ly r ep resen ta t ive of what can be expected f rom a sys t em 
employing liquid m e t a l s to t r ans fe r energy by sens ib le heat exchange. 

20 
Solubility of Hydrogen in Molten Aluminum, Lead and Zinc 
Hoffman, Wilhelm and Jurgen Maatsch 
Z. Metallkunde 47, 89-95 (1956). 

A method is desc r ibed for de te rmin ing the solubil i ty of gases in me ta l s to 
0 .01 ml . /lOO g. me t a l . The method was checked by use of the solubil i ty of H in 
molten Ni and Al. At 518. 7° the solubili ty of H in Ni was 4. 74 + 0. 26 ml . / lOO 
g. The solubility of H was 0. 62 + 0. 03 m l . /lOO g. in t ech . grade Al at 680. 7* 
and 0. 99 + 0. 04 ml . / lOO g. in superpur i ty Al at 678. 6 ° . The r e su l t s ag reed 
with values obta ined by other me thods . The solubili ty of H in mol ten P b at 
606. 5° was l e s s than the l imit of accu racy of m e a s u r e m e n t . An in i t ia l consum­
ption of H was a t t r ibuted to the reduct ion of PbO impur i ty . Negligible solubil i ty 
of H and N in molten Zn was found. 

21 
H i g h - P r e s s u r e Loop Design for Studies of React ions Between Heated Metals and 
H igh -Tempera tu re Water 
Kauli tz , D. C. and J . E. Minor 
U. S. A. E. C. R e s e a r c h and Develop. Rept . HW-38876, 21pp. (1955). 

A h i g h - p r e s s u r e loop has been cons t ruc ted which p e r m i t s h i g h - t e m p e r a t u r e 
water to be brought into contact with a me ta l spec imen hea ted well above the 
water t emp. 

22 
The rma l Conductivity of Alkali Solutions 
Kharbanda, Om. P . 
Ind. Chemis t 32, No. 375, 157-166 (1956). 

Riedel r epor ted data on the t h e r m a l conductivity of aqueous solut ions of sodium 
and po tass ium hydroxides over a wide t e m p e r a t u r e and concent ra t ion range . The 
data was tabulated at in terva ls of 10% and 10°C in t e m p e r a t u r e . Kharbanda us ing 
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40 
Conceptual Design for Internally Cooled Liquid-Meta l -Fuel Reactor (LMFR) 
Teitel , Robert J. 
Nucleonics J_4, No. 4, 72-7 (1956). 

A var iant of the l iquid-metal-fuel r eac to r idea is suggested for a 500-megawatt 
reac tor in which cooling and breeding both a r e accomplished simultaneously with 
one liquid meta l s t r eam containing an in te rmeta l l ic d ispers ion of ThaBig in liquid 
Bi. The use of radiogenic Pb , having a t he rma l neutron c r o s s - s e c t i o n of only about 
half that of regular Pb , to supplement s c a r c e Bi is suggested as a novel way to 
increase the power produced per lb, of available Bi. The suggested fuel sys tem 
is a d ispers ion of 1. 77 wt. % USns in a liquid containing Bi 56. 2, Sn 6- 0, and 
Pb 3 7 . 8 % . 

41 
Liquid Metal Extract ion for P roces s ing of Spent Fue l 
Voigt, A. F . et al 
A. I. Ch. E. J . 2, 169-73 (1956). 

Plutonium and the fission products can be removed from i r r ad ia t ed uranium 
by l iquid-metal extraction by use of another meta l immisc ib le with uran ium. 
Metals studied have been s i lver , c e r ium and lanthanum. Plutonium removal by 
si lver is high. 

42 
Determinat ion of Diffusivities in Liquid Metal by Means of Tempera tu re -Grad ien t 
Zone Meltiag 
Wernick, J. H. 
J. Chem. Phys . 25, 47-9 (1956). 

Diffusivities of liquid alloys of Ge-Al , Ge-Au, and Si-Al have been measu red 
by a new technique called t empera tu r e -g rad i en t zone mel t ing. The technique 
involves passing extremely thin molten zoaes through a solid c rys t a l by means of 
a t empera tu re gradient. P r e l i m i n a r y values of the diffusivities fall in the lO-S 
cm^/sec range at t empera tu res of 530"C to 700°C. 

- 1 3 -




