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The pape r  gives the r e su l t s  of an exper imenta l  de terminat ion of the e l ec t r i ca l  r e s i s t iv i ty  of 
some binary al loys of bismuth and tin, as  well as the the rmal  conductivity and e l ec t r i ca l  
r e s i s t iv i ty  of bismuth, tin, and a euteet ic  bismuth-- t in  alloy. It descr ibes  the design of the 
apparatus  used for  measur ing  the e l ec t r i ca l  r e s i s t iv i ty  by the contact  method. The e r r o r  of 
the measu remen t s  was • 1.5% for  the e l ec t r i ca l  r e s i s t iv i ty  and +10% for  the thermal  conduc- 
tivity. 

Liquid-meta l  coolants are  coming into more  and more  widespread use in var ious  branches  of industry,  
and there fore  there  has been a considerable  growth of in te res t  in the study of the p ro p e r t i e s  of metals  and 
al loys in the molten state. 

We measu red  the e l ec t r i ca l  r e s i s t iv i ty  of five binary al loys of the bismuth-- t in  sys tem,  as well as the 
e l ec t r i ca l  r e s i s t iv i ty  and the rmal  conductivity of bismuth, tin, and a eutect ic  bismuth-- t in  alloy. 

The specimens were p r e p a r e d  by simple melt ing of bismuth with tin in an argon a tmosphere  with 

Fig. 1. Diagram of the apparatus  used for  
measur ing  e l ec t r i ca l  r e s i s t iv i ty  by the con - 
tact  method: 1 ) spec imen ;  2 ) fu rnace ;  3) 
vacuum chamber ;  4) base plate;  5) t he rmo-  
couple leads. 
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Elec t r ica l  res is t iv i ty  as a function of t empera -  
ture: 1) 99.35 Bi; 2} 89.08 Bi-10.92 Sn; 3) 80.5 Bi-  
19.4 Sn; 4) 59.20 Bi-40.80 Sn; 5) 20.54 Bi-79.46 Sn; 
6) 10.47 Bi-89.5 Sn; 7) 99.999 Sn. p is  measured  in 
~2-m; t is  measured  in ~ 

continuous mixing. While the containers  were being filled, a number  of specimens were taken for  chemical  
analysis.  After the containers  were filled, they were sealed with an a r g o n - a r c  weld. 

Before the measurements  the filled containers  were kept at  a temperature  of 800~ for  1 h for  the 
e l ec t r i ca l - r e s i s t i v i t y  measurements  and at 500~ for  4 h for  the thermal  conductivity measurements .  

According to the resu l t s  of the chemical  analysis ,  the composition of the investigated alloys and the 
original  mater ia l s  was the following: 99.35 Bi; 89.08 Bi-10.92 Sn; 80.51 Bi-19.4 Sn; 59.20 Bi-40.80 Sn; 
20.54 Bi-79.46 Sn; 10.47 Bi--89.5 Sn; 99.999 Sn. 

To measure  the coefficient of thermal  conductivity, we used the s ta t ionary method of longitudinal 
heat flux. The method used for  measur ing  the coefficient of thermal  conductivity has been descr ibed in 
detail in [1]; this is  one of the var iants  of the c lass ica l  p lane- layer  method, which is most  suitable for  
the measuremen t  of the thermal  conductivity of liquids. 

The heat flux in the specimen was directed downward, and therefore  no convective flows were crea ted  
in the liquid. We used a sys tem of hea ters  (side and end heaters)  which made it possible to reduce the heat 
losses  to 1-5% of the total heater  power,  and the use of monitoring thermocouples  made it possible to take 
these losses  into account. 

The e lec t r ica l  res is t iv i ty  was measured  by the contact method, on the basis  of which we designed and 
constructed an apparatus which was convenient to work with and simple to service.  A d iagram of the ap-  
paratus  used for  measur ing  the e lec t r ica l  r es i s t iv i ty  is shown in Fig. 1. 

Through the base plate 4, using vacuum packing, we passed a set  of water -cooled  conductors ,  wires  
for  passing a d i rec t  cur ren t  through the specimen,  and leads for  the thermocouples.  The furnace 2 was 
made of two coaxially placed pipes 350 mm in length, with d iameters  of 30 and 20 mm and a wall thickness 
of 1 mm. The mate r ia l  of the pipes was 1Khl8N10T stainless steel. The furnace was connected to an 
OSU-20/0.5 t r a n s f o r m e r  whose p r i m a r y  voltage was regulated by an AOSK-25/0.5 t r ans former .  Specially 
conducted measurements  showed that in the cent ra l  par t  of the furnace the tempera ture  field did not va ry  
with distance, and it was in this par t  of the furnace that we placed the container holding the specimen. The 
container was a pipe made of 1Khl8N10T steel, sealed on both sides;  i ts d iameter  was 6 mm, with a wall 
thickness of 0.2 mm and a length of 100 ram, and it was approximately  t h r ee -qua r t e r s  full of the mater ia l  
under investigation. 

All the measurements  were conducted in a vacuum at about 10 -3 mm Hg. The design of the apparatus 
made it  possible to make measurements  in an ine r t -gas  a tmosphere .  The calculation of the e lec t r ica l  
res i s t iv i ty  was ca r r i ed  out according to Ohm's  law by means of the formula  

uS S 
P It S c p c 

where the t e rm (S/Se)Pc is  used to take account of the measuremen t  e r r o r  introduced by the container.  
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Fig. 3. I s o t h e r m  showing e l e c t r i c a l  r e s i s t i v i t y  v e r s u s  composi t ion:  1) r e s i s t i v i t y  as  a 
function of compos i t ion  f o r ' t  = 350~ 2) r e s idua l  r e s i s t i v i t y  as  a function of composi t ion.  
p is  m e a s u r e d  in ~2-m; the Sn is  shown as  % by weight. 

Fig. 4. T h e r m a l  conduct ivi ty and Loren tz  number  as  functions of t e m p e r a t u r e  fo r  bismuth,  
tin, and the b i smuth- - t in  eutect ie:  1) 99.999 Sn; 2) 59.20 Bi-40.80 Sn; 3) 99.35 Bi. ~ is  
m e a s u r e d  in W / m .  deg; L is  m e a s u r e d  in (V/deg)2; t i s  m e a s u r e  in ~ 

The e f fec t  of conta iner  widening was taken into account  when we ca lcula ted  the e r r o r  in t roduced by the 
geome t r i c  d imens ions  of the spec imen.  

The m a x i m u m  re la t ive  e r r o r  of the r e s i s t i v i t y  m e a s u r e m e n t  was +1.5%. 

The r e s u l t s  of the r e s i s t i v i t y  m e a s u r e m e n t s  a re  shown in Fig. 2. In the case  of pure  bismuth,  the 
t e m p e r a t u r e  coeff ic ient  of e l e c t r i c a l  r e s i s t i v i t y  changes at  about 900~ while in pure  tin the e l e c t r i c a l  
r e s i s t i v i t y  is  d i rec t ly  p ropor t iona l  to the t e m p e r a t u r e  in the ent i re  range  of t e m p e r a t u r e s  inves t igated,  
and no bends a re  seen in the r e s i s t i v i t y - v e r s u s - t e m p e r a t u r e  curve.  

The e l e c t r i c a l  r e s i s t i v i t y  of the b ina ry  a l loys  of this s y s t e m  l ies  in a range  between the r e s i s t i v i t y  of 
b i smuth  and that of tin. 

The r e s i s t i v i t y - - compos i t i on  i s o t h e r m s  a re  shown in Fig. 3. The r e s i s t i v i t y - - c o m p o s i t i o n i s o t h e r m h a s  
a bend a t  the 20% Sn point (in the solid S ta~  this is  the l imi t  of solubil i ty of tin in b i smuth  [2]). 

All of the a l loys  inves t iga ted  have a posi t ive  t e m p e r a t u r e  coeff icient  of e l ec t r i c a l  r es i s t iv i ty .  We c a r -  
r ied  out an ana lys i s  of the res idua l  liquid r e s i s t iv i ty ,  which is  c h a r a c t e r i z e d  by the sca t t e r ing  of conduct iv-  
ity e l ec t rons  as a r e su l t  of the absence  of long- range  o r d e r  in the liquid. The i s o t h e r m  showing res idua l  
r e s i s t i v i t y  v e r s u s  composi t ion  has  the same  c h a r a c t e r  as  the i s o t h e r m  showing r e s i s t i v i t y  v e r s u s  compo-  
sit ion at  a t e m p e r a t u r e  of 350~ The r e s u l t s  of the r e s i s t i v i t y  m e a s u r e m e n t s  a re  in good a g r e e m e n t  with 
the r e s u l t s  of [3]. 

The t h e r m a l  conductivi ty of bismuth,  tin, and the b i smuth- - t in  eutect ic  is  shown in Fig. 4. Fo r  pure  
tin, accord ing  to the r e su l t s  of our  m e a s u r e m e n t s ,  the t e m p e r a t u r e  does not affect  the t h e r m a l  conductivi ty 
in the 300-500~ range.  In b ismuth  there  is  a subs tant ia l  change in the s h o r t - r a n g e  o r d e r  when the meta l  
mel t s ;  the coordinat ion num ber  i n c r e a s e s  f r o m  3 to 7-8 [4], and the conductivi ty a f t e r  mel t ing  has a p u r e -  
me ta l  c h a r a c t e r .  

The t h e r m a l  conductivi ty of b ismuth  i n c r e a s e s  slowly with t e m p e r a t u r e .  The t he rma l  conductivi ty of 
the eutect ic  a l loy has a pos i t ive  t e m p e r a t u r e  coefficient ,  like that of a l loys  in the solid state.  The value 
of the t h e r m a l  conductivi ty was found to be close to the value obtained in [5]. 

On the bas i s  of the m e a s u r e d  values  of e l e c t r i c a l  r e s i s t i v i t y  and t h e r m a l  conductivity,  we calcula ted 
the Loren tz  num ber  for  pure  bismuth,  pure  tin, and the b ismuth- - t in  eutect ic .  It  follows f r o m  the e x p e r i -  
menta l  r e su l t s  that the Lo rea t z  number  has  a negat ive t e m p e r a t u r e  coeff icient  (see Fig. 4). As the t e m -  
p e r a t u r e  i n c r e a s e s ,  the value of the Loren tz  number  approaches  the theore t ica l  value for  a degenera te  
e l ec t ron  gas ,  2 . 4 . 1 0  -8 (V/deg) 2. 

In [6, 7] it i s  p roposed  that ce r t a in  p r o p e r t i e s  of liquid me ta l s  should be desc r ibed  by the exp re s s ions  
used fo r  the solid state.  Since in the case  of bismuth,  mel t ing  is  accompanied  by a cons iderable  des t ruc t ion  
of the homeopola r  bonds [8], which a re  r ep laced  by meta l l i c  bonds, i t  follows that  we can extend both to 
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bismuth and to bismuth-based alloys certain conclusions derived from the electron theory of metals which 
are commonly used for describing processes  taking place in metals and alloys in the solid state; in using 
these, we divided the total thermal conductivity into atomic and electronic parts.  It was found that the main 
role in the heat- t ransfer  process  is played by the electronic part, 

The atomic thermal conductivity of bismuth, tin, and the bismuth--tin eutectic in the molten state 
has a negative temperature coefficient; its absolute value is a fraction of 1% of the total thermal conduc- 
tivity and is clearly too small to explain the behavior of the Lorentz number. 

A complete theoretical solution of tMs problem for liquid melts has not yet been found. Qualitatively, 
the negative temperature coefficient of the Lorentz number can be explained on the basis of phonon-liquid 
scattering of the conductivity electrons,  as proposed by A. I. Gubanov [7]. Since the arrangement of the 
ions becomes more i r regular  as the temperature increases,  the role of phonon-liquid scattering of e lectrons 
is increased, and this leads to an increase in the inelastic scattering of conductivity electrons,  with a de- 
crease  in the Lorentz number. 

P, PC 
U 

S, Sc 
I 
l 

N O T A T I O N  

are the electr ic  resis t ivi ty of specimen and container, respectively; 
is the voltage drop across  the measuring section; 
are the cross-sect ional  area of specimen and container, respectively; 
is the current  passing through the specimen; 
is the length of measuring section. 
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