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THE ELECTRICAL RESISTIVITY O F  MOLTEN AND SOLID 
. . . . 

THORIUM-MAGNESIUM EUTECTIC 
. . 

Douglas M. Provow and Ray W. F i she r  

ABSTRACT 

,The  e lec t r ica l  . res is t ivi ty  proper t ies  of polycrystalline 39 w/o 

thorium-magnesium eutectic a r e  reported for the solid f rom room 

tempera ture  to i t s  melting..point of 589°C and as .a ' l iqu id  f rom i t s  

melting point to 900°C. The e lec t r ica l  resis t ivi ty  of this  eutect ic  

a t  the melting point was 69, 5 microhm-cent imeters ;  it decreased  

to a value of 64.8 microhm-cent imeters  a t  900°C. 

Tantalum tubing was used t o  contain the alloy in the m,olten. 

state.  

INTRODUCTION 
- .  

Considerable interest  has  been shown in'atomic breede'r r eac to r s  

which produce m o r e  usable nuclear fuel than is expended. Eight o r  

m o r e  r eac to r s  of this  type have been completed o r  a r e  under construc- 

tion in the United States,  Great  Bri ta in and the USSR. Thes'e r eac to r s  

utilize thorium a s  a solid meta l  o r  as c'ompounds in an  aqueous s lur ry .  

Advances have been recently completed in the pyrometal lurgical  

separat ions and studies on molten meta l  components. One of the low 

melting alloy eutectics,  thorium-magnesium, was found to have .suitable 

proper t ies  for  t h e  cirkulation of the blanket mater ia l .  



I t  is important  t o  know the e l ec t r i ca l  res is t ivi ty  of the me ta l  

a l loys  used in t hese  s y s t e m s  .in o r d e r  t&..( l)  calculate the flow 

through e lec t romagnet ic  pumps .and (2) de te rmine  the cha rac t e r -  
, 

i s t i c s  of a heating t r a n s f o r m e r  which i s  a loop containing molten 

al loys .  

F o r  the  above r easons ,  th i s  work was undertaken to obtain the 

e l ec t r i ca l  res i s t iv i ty  f o r  thor ium-magnesium eutect ic  which will 

be c i rcu la ted  a s  a molten liquid in  a c losed  sys tem.  

SAMPLE PREPARATION 

The l i t e r a tu re  values  f o r  the alloy composit ion of thoriurn- 

magnes ium eutect ic  va ry  f rom - 35 w/o thor ium as repor ted  by 

Jones  and Naah. to  42 w/o by Yarnamoto and Rosloker ,  and 

38- 39 w/o by Pe te r son .  The mel t ing points repor ted  by these  

groups  a r e  596, 582 and  588"C, respect ively.  

The thor ium m e t a l  used for the alloy in the p r e s e n t  work was 

p r e p a r e d  at the Ames  Labora tory  and the magnesium wqs obtained 

f r o m  the New England Lime Company and double dis t i l led at Arnes. 

The ana lyses  f o r  t hese  m a t e r i a l s  a r e  l i s ted  in Table I. .Turnings 

f r o m  these  m e t a l s  were  blended, compres sed  into br iquet tes  and 

heated in a tantalum cruc ib le  by the use of an  induction coil.  The  

m e t a l s  w e r e  heated to  5 0 0 " ~  under vacuum a t  which t ime  a rgon  was 

admit ted and  the heating continued to  7 0 0 ° C .  The furnace was main- 

ta ined a t  t h i s  t empera tu re  f o r  4 h r  and allowed to cool. 

A micrograph  of t h i s  m a t e r i a l  is shown in Fig. 1. 
. . 
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Table I y, - . .  
I+ 

r' A 7-<~:Fq@g'j# 
~ n a r y s i  a of Metals used in Preparing the Eutectic dz;Bp,* ;; m;, -,P 

' . L  
?/&& 

Irnpuritie s Thorium Magnesium' 

Nitrogen 84 PPm 50 PPm 

Carbon 250 200 

Beryllium 110 N. D. 

Iron 8 0 10 

Calcium N. D. Trace 

Oxygen 750 100 

Nickel N. D. N. D. 

Zinc N. D. N. D. 

Aluminum N. D. N. D. 

Manganese N. D. N. D. 

N. D. (Not Detected) 



Fig. 1 - 39 w/o Thorium-Magnesium Eutectic, 



EQUIPMENT AND EXPERIMENTAL PROCEDURES 

All of the e lec t r ica l  measurements  a t  high tempera tures  were  

conducted in the vacuum system described by Fullhart  and F i she r .  
5 

The electr ical  c i rcui t  used is shown in Fig. 2. This c i rcu i t  p rovides '  

a means of cu r ren t  r eve r sa l  between potential measurements  and 

minimizes one of the chief sources  of e r r o r  caused by Seebeck effects 

6 
a s  stated by Lark-Horovitz and Johnson. 

A tempera ture  dif.£erence of 3 ° C  a t  9 2 5 ° C  was observed a c r o s s  

the sample f rom the center  to  the ends. Two p~atinum/13% rhodium. 

thermocouples were used to  obtain the p rope r  average for  the temper-  

a ture  of the sample.  The resis t ivi ty  system was standardized using 

, platinum wire and the tempera ture  was maintained by a n  automatic 

Beck 'program control ler  which maintained a tempera ture  *0. 2570 of 

' full scale .  

A Ribicon potentiometer capable of being r ead  to one microvol t ,  

was used for  potential measurements .  A cur ren t  of 0. 075 amp o r  l e s s  

was utilized to keep the heating effect of the cu r ren t  a t  a negligible 

level. 

THORIUM-MAGNESIUM SOLID 

The alloy of 39 w/o thorium-magnesium was mil led to a r e c -  

tangular ba r  having a c r o s s  section o.£ approximately 0. 070 in. The 

final dimensions were  obtained a t  room tempera ture  by means  of a 
' 

traveling microscope and a comparison mic romete r  capable of accu- 

racy  to *0.00005 in. 
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Fig .  2 - Potentiometric Circuit f o r  WIeasuring Resistance. 



Tantalum wire (20 mil)  was used for  cur rent  and potential leads 

which were  spot welded to the sample in a helium atmosphere.  The 

distance between leads was determined f r o m  the wire  cen te r s  as 

6 
described by Lark-Horovitz and Johnson. 

The e lec t r ica l  resis t ivi ty  of ' these b a r s  is shown in Fig. 3. The 

data  were obtained f o r the alloy contained in tantalum. It should be 

noted that magnesium was volatilized from the solid bare  beginning 

at 400°C. 

THORIUM- MAGNESIUM LIQUID 

Magnesium and thorium reac t  readily with most  container m a -  

t e r i a l s  and gases ,  a t  and above the melting poirit of the eutectic. .The 

vapor p r e s s u r e  of m a g n e n u m  is one m m  at 62 1 'C. Because of these  

1 . .  
factors  and the cor ros ion .  res i s tance  a s  determined previously,  .i tanta- 

lum was chosen for  the container mater ia l .  

Tantalum tubing o.f special  purity was o rde red  f rom Kawccki . 

' Chemical Company fo r  this work. The analysis  o.f t h i s  ma te r i a l  is 

shown in  Table 11. The electr ical  resistivity of the tubing without the 

, alloy sample was determined for  the tempera tures  and vacuum con- 

-5 
ditions used. I t  was found that even in a vacuum of 10 m m  mercury  

a t  tempera tures  of'800- 1000°C tantalum absorbs  oxygen and conse- 

quently the e lec t r ica l  resistivity of the tubing changes. Variations 

f rom 14 to 17. 4 microhom-cent imeters  have been observed in tantalum 

when measured  a t  room tempera ture .  The change in impuri t ies  f rom 

the original ma te r i a l  to  the oxidized ma te r i a l  a f te r  four cycles  of heating 

to  900°C in a vacuum of 1 x m m  m e r c u r y  i s  shown in 'l'abie 11. This 
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Fig. 3 - Electrical Resistivity .of 39 w/3 ~ h o r i & n - ~ a ~ n e s i - m .  Eutectic. 



Table I1 a 

Impurities in Tantalum Tubing 

As After Four- Buns 
Irnpuritie s Procured in Vacuum 

150 ppm 740ppm . ' Oxygen 

Carbon 5 0 

Nitrogen 

Hydrogen 

Niobium 

Iron 

Titanium 

Silicon 

Aluminum 

Other 



8 
absorption o'f oxygen on tantalum has  a l so  been observed by Andrews. 

.The tantalum surface  did not change appearance even though in some 

o.f the experiments  tantalum was heated through four cycles  during 

which measuremen t s  were  taken. 

The 39. 1 w/o thorium-magnesium eutectic sample was placed in . . 

tantalum tubing 'and sealed under a par t ia l ' a tmosphere  of h'elium. The 

c i r r e n t  and potential leads  were  spot welded to  the tantalum.. The . 

sample  was heated to  700°C, cooled to 10OQC, and '  reheated to  above 

the melting point before data were  taken. 

During the t e s t ' r u n  the sample was heated to 920°C and cooled to  

' 100°C. The sample was measured  again to check the reproducibility 

of the data. F o r  'each point obtained the sample was heated until the 

sys tem was a t  a steady s tate  before data  were  taken. The res i s tance  

' .  . values obtained f r o m  one cu r ren t  direction were  averaged with those '' 

obtained by revers ing  the current .  

The res i s tance  of the thorium-magnesium was calculated by 

subtracting the res i s tance  6.f the tantalum a t  tempera ture  from the 

total  res i s tance  shown in the following equation: 

RA was used to calculate the values for  The s tandard equation p = - L 

both solid and liquid eutectic, where L i s the distance in cent imeters  

measured  between pqtential ' lead cen te r s  and A i s the c r o s s  sectional 

a r e a  in  square  cent imeters  determined f rom measurements  of the inside 

d iameter  of the tantalum tubes. 



SUMMARY AND 'CONCLUSION 

The e lec t r ica l  resis t ivi ty  of solid 39 w/o thorium-magnesium 

was ,determined between room tempera ture  and 400°C. Two rec -  

tangular ba r s  o.f 70 and 67 m i l  c r o s s  section were  used to obtain 

these' data. The alloys had a high magnesium vapor p r e s s u r e  above 

400°C. The resis t ivi ty  of the alloy increased  quite sharply above 

this  point; therefore,  only the resis t ivi ty  values in tantalum were  

used, and a r e  shown in Fig. 3. 

The e lec t r ica l  resis t ivi ty  of the molten 39 w/o thorium-mag- 

nesium alloy was determined between 589°C ( i ts  melting point) and 

900°C. A sealed tantalum tube was used to  contain the alloy as well 

a s  the magnesium vapor. The r e su l t s  of the solid alloy in tantalum 

agreed  well with the resu l t s  f rom the solid bars .  The resis t ivi ty  

decreased  as the temperature '  increased,  s imi l a r  to that .for molten 

9 magnesium as reported by Freedman.  

It should be noted that tantalum tubing will absorb  oxygen at 

-5 
these tempera tures ,  even in a vacuum o.f 10 m m  mercury ,  leading 

tochanges  in resis t ivi ty  of a s  much as four  microhm-cent imeters .  

ACKNOWLEDGMENT 

The authors  'with to  thank Dr.  David Pe te r son  for  the preparat ion 

of the alloy and Mr.  Charles  B. Ful lhar t  for  the use of much o.f the 

equip~rienl. 



REFERENCES 

F i s h e r ,  R. W. and Fullhart ,  C. B. , Feasibil i ty Studies on Molten 

Metal Reactor  Components, ISC- 1020, Rev. (1958). 

Jones,  A. and Nash, R. ' R. , Magnesium Alloy Research ,  WADC ' 

Report  53- 113 (October 1953). 

' Yarnarnoto. A. S . ,  Klimek, E .  J . ,  and Rostoker,  W. ,  The 

rt. 

Constitutional and Aging Charac ter i s t ics  of Magnesium- Thorium 

and Magnesium-Thorium Terna ry  Alloys, WADC Report  56-41 1 (1'957). 

Pe terson ,  D . ,  Unpublished Data (1962). 

Ful lhar t ,  C. B. and F i she r ,  R. W. , Elec t r ica l  Resistivity of Molten 

Metal Reactor Components, ISC- 1039 (1958). 

6 Lark-Horovitz,  K. and Johnson, V. A . ,  Methods of Experimental  

Phys ic s  (Academic ' P r e s s ,  New York and London, 1959) Vol. 6, 

part B. 

' ~ o f ' t n e s r ,  R. L. . A Vapor P r e s s u r e  Char t  for  Metale,  NAA-SK- 132 

8 . .  Andrew., M. R . ,  J. Am. Chem. Soc. - 54, 1845-1854 (1932). 

Freedmad,  J. F. , J. Chem. Phys.  - 34, 769-80 (1961). 




