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Abstract  

The electrical resistance of molten lead chloride was measured under controlled Cooling 
of the melt to its complete freezing. At the very beginning of the melt solidification 
unexpected changes in resistance were observed and their dependence  on the melt 
temperature history was studied. 

INTRODUCTION 

The  electrical conduc tance  of mol t en  salts results f rom the exis tence of 
mobi le  ions in an electric field appl ied to the system unde r  considera t ion.  
F r o m  the analysis of its changes  with t e m p e r a t u r e  (or  o the r  pa r ame te r ) ,  an 
es t imat ion  of  the processes  taking place in mol ten  salts can be made ,  in a 
global  sense. 

Mol ten  PbC12 has been  s tudied  b y  var ious methods ,  but  the var ious 
opin ions  on its s t ructure  have not  been  defined explicitly. Accord ing  to 
U m e t s u  et al. [1] mol ten  PbCi2 behaves  as an ionic liquid with small  
associat ing ability. Bar ta  et al. [2] have expla ined the s t rong t e n d e n c y  of the 
mel t  towards  supercool ing  by the fo rmat ion  of  complexes  based  on 
(PbCI . )  z- and (PbCI6) 4-. Lan t r a tov  and Moiseeva  [3] have conc luded  f rom 
m e a s u r e m e n t s  of electrical conduct ivi ty  that  au tocomplexes  Pb(PbCI4) are 
p resen t  in the mel t  a t  t e m p e r a t u r e s  below 585°C. In cont ras t  to ref. 3, 
Maron i  [4] has obse rved  no R a m a n  b a n d s  in pure  PbCI2 re la ted  to the  
complex.  HoWever,  complex  an ions  s u c h  as (PbCI,I),"-" (n = 3, 4, 6) have 
been  found  in the system KCI-PbCI2  [3-7].  

This pape r  deals  w i t h  t h e  s t u d y  of mol ten  lead c h l o r i d e  by e lec t r ica l  
res is tance measu remen t s .  O u r  a im is to present  t h e  results  of those 
m e a s u r e m e n t s  p e r f o r m e d  at t e m p e r a t u r e s  close to the mel t ing  point  of 
PbCI2 and dur ing  its solidification, We  assume the existence of  complexes  i n  
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the mel t  so in order to better  unders tand the processes of their formation,  the 
influence of homogenizat ion t empera tu re  and time, and the cooling rate,  on 
the resistance was studied in detail. 

E X P E R I M E N T A L  

The electrical resistance of mol ten PbClz was measured  in a special 
closed quartz  cell having a suitably large cell constant.  The cell consists of a 
quartz tube 12 mm in inside d iameter  and two carbon electrodes in narrow 
quartz  tubes. The surface area of the electrodes equals 7 m m  2, the distance 
be tween them being mainta ined at 60 mm. The electrodes are connected to 
an external electric circuit with plat inum wires. The t empera tu re  of  the melt  
within the  ceil was measured  with a thermocouple  placed in a quartz  
protect ion tube and localized in close proximity to the electrodes.  Such a 
configuration makes  it possible to check the melt  t empera ture  along the 
whole length of the cell at any m o m e n t  during the resistance measurements .  
All measurements  of electrical resistance were per formed in the same cell 
at a f requency of 10 kHz  and a voltage of 1 V. 

F o r  the measurements ,  lead chloride and silver chloride (specially 
purified by zone refining) were used. The cell contained about  60 g PbClz 
and its free space was filled with a protective a tmosphere .  The closed cell 
was placed in a vertical furnace a n d  heated  to the homogenizat ion 
tempera ture ;  after a certain (defined) t ime the melt  was cooled at a 
• p ro g ram m ed  rate. The t empera tu re  gradient  along the whole measured  
zone was smaller  than 0.5 K. The electrical resistance and the t empera tu re  
were recorded simultaneously every 5 s. The measurements  were taken in 
the t empera ture  range 100 K above and 20 K below the freezing point,  at 
cooling rates o f  1 ,2 ,5  and 10K h -~. The orientat ion measurements  were 
pe r fo rmed  at rates of 20, 30 and 60 K h -~. 

R E S U L T S  " 

The tempera ture  dependence  of the resistance of mol ten PbClz 
(measured  from 585°C to the full freezing of the melt)  is shown in Fig. 1. 
The m e l t w a s  tempered  for 30 min at 585°C and then cooled at a rate of 
1 0 K h ,  ~. l t c a n  be seen that the resistance increases very slowly (about  
0.25 ~ pe r  10 K) as t empera ture  decreases down  to the t empera tu re  of 489°C. 
A t  this t empera ture  a quick rise in the resistance, indicating the beginning 
of the freezing of the melt,  is apparent .  At  the same moment ,  a step change 
in the tempera ture  to the value of  496.4°C (melt  undercooling being 7.4 K) 
takes place and the t e m p e r a t u r e  then remains unchanged during the 
comple te  solidification of the melt  (about  10 rain). Af te r  the initial increase,  
the resistance decreases by about  1.7 ~ and then rises quickly to the value 
of 1 0 0 0 ~  corresponding to the resistance of  solid lead chloride. The 
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Fig. 1. The temperature dependence of the resistance of molten PbC|2 at cooling rate of 
10 K h-': a, the resistance changes at freezing. 

d e p e n d e n c e s  of  resistance and temperature  on t ime for this measurement  
are shown in Fig. 2. 

The  shapes  of  the resistance curves obta ined  give a true picture of  the 
changes  in the electrical resistance during the processes  taking place during 
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Fig. 3. D e p e n d e n c e  o f  res i s tance  R and  t e m p e r a t u r e  T on  t ime  at  coo l ing  ra te  of  10 K h -! 
(R,  &; T. IX) and  1 K h -I (R,  l l ;  T ,  O).  

the solidification of mol t en  PbCI2. In the  case of the  cooling ra te  studies,  the 
mel ts  were  hea t ed  and t e m p e r e d  at a t e m p e r a t u r e  of 510-515°C.  W h e n  the 
cooling ra tes  are h igher  than  20 K h -1 the mel t  solidifies in a very  shor t  t ime 
and on ly  a m o n o t o n i c  rise in res is tance  can be regis tered.  A t  lower  cool ing 
ra tes  the pe r iod  of solidification is longer  and the r e s i s t a n c e  changes  
b e c o m e  m o r e  easily obse rvab le  and can be recorded .  T h e  t ime d e p e n d e n c e  
of the res is tance and t e m p e r a t u r e  at cool ing ra tes  of  1 and  1 0 K h  -1 are 
shown in Fig. 3. In bo th  cases the  res is tances  increase  at  the beginning of  
f reezing and t h e y  reach app rox ima te ly  the same m a x i m u m  value.  The  
subsequen t  res is tance d rop  is several  t imes larger  at the  cooling ra te  of 
1 K h - '  than  at the cooling ra te  of  1 0 K h - t ;  the t e m p e r a t u r e  curves  show 
the same undercool ing .  

T h e  influence of  the p reced ing  homogen iza t i on  t e m p e r a t u r e  on the 
shape  of the resis tance curves at f reezing was s tud ied  at a cool ing ra te  of  
10 K h -~. Th e  most  significant change  in res is tance occurs when  the mel t  has 

b e e n  previous ly  annea led  at  a t e m p e r a t u r e  of  530°C for 1 0 r a i n .  The  
abso lu te  magn i tude  of  the  res is tance is also inf luenced by  the homogen iza -  
t i o n  t e m p e r a t u r e .  The  res is tance at 500oc in the mel t  t e m p e r e d  at  600°C is 
a lways •smaller than  in that  t e m p e r e d  at a t e m p e r a t u r e  of  515°C. 

T h e  d e p e n d e n c e  of  the. magn i t ude  of  undercoo l ing  on the expe r imen ta l  
c o n d i t i o n s  (i .e.  homogen iza t ion  t e m p e r a t u r e  and •cooling ra te )  was  also 
r e c o r d e d .  W h e n  cooling the mel t  f rom the homogen iza t i on  t e m p e r a t u r e  o f  
515°C . at ra tes  ranging be tween  of  1 and  1 0 K  h - '  the  undercoo l ing  is 
app rox ima te ly  t he  same i n  a l l  eases (4.5 K). W h e n  t h e m e l t  is cooled a t  
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Fig. 4. The dependence  of the undercooling on the homogenization temperature at cooling 
rate o f l 0 K h - t  ( . . . .  ) a n d 6 0 K h - t  ( ). 

60 K h - '  the undercooling iz 1 i.6 K. The dependence of the undercooling 
on the homogenization temperature  at cooling rates of 10 and 60 K h -I is 
shown in Fig. 4. The undercooling increases with the homogenization 
temperature .  In the same way a larger value of undercooling is reached by 
cooling for a shorter period. 

The shape of the resistance curve and the resistance drop during freezing 
depend on the magnitude of undercooling. At  smaller undercooling (4.5 K) ,  
the magnitude of the resistance drop is large, in contrast to the higher 
undercooling (more than 10 K) when a drop in resistance is not observed. 

To compare the results obtained in molten PbClz the resistance of molten 
AgCI (in which no associating ability is expected) was measured. In this 
case the melt does not reach an undercooling and the resistance increases 
without any drops. 

DISCUSSION AND CONCLUSIONS 

Our measu remen t s  show that there are no significant changes i n t h e  
resistance of molten PbCi2 during cooling from 600°C down to its melting 
point. In all experiments performed, the melt reaches undercooling a n d  the 
beginning of solidification is connected with a resis tance increase and a 
tempera ture  jump to freezing point. However,  during the solidification a 
resistance drop is observed at slow cooling rates.  Our results show that 
both the resistance and the magnitude of undercooling i n  freezing molten 
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PbCl2 depend very sensitively on the melt 's temperature history. This 
dependence: of the undercooling confirms that PbCI2 must exhibit some 
definite associating p rope r ty ( fo rma t ion  of complex anions, clusters or 
associates). 

In the literature no reference has been found to conductivity measure- 
ments of molten salts both in close proximity to the liquidus temperature 
and at freezing, so our results for PbCl2 can be compared only with our 
results for AgC1. ( A  long time ago Bloom [8] reported some changes in 
conductivity in the molten system KCI-CdCla, but these occurred 30-40 K 
above the liquidus line.) 

Comparing the shape of the resistance curve of molten PbCl2 with that of 
AgCl w e  can deduce that the resistance drop • and undercooling are 
connected with the assumed existence of complex anions (clusters, 
associates). This  means that the drop in resistance of molten PbCl2 at 
freezing could be caused either by the decomposition of complex particles 
or by the solution of undercritical nuclei due to the melting heat released 
during the temperature jump. However,  the explanation of the phenome- 
non observed at the freezing of molten PbCla needs further experiments, 
especially on materials with known structures. Of course, the use of other 
methods would be advantageous. 
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