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The r e su l t s  a r e  given of m e a s u r e m e n t s  of the specif ic  heat ,  t he rma l  diffusivity and t he rma l  
conductivity of liquid lanthanum, p r ae sodymium and dysp ros ium over  the t e m p e r a t u r e  range  
1200-2000~ The changes of these p a r a m e t e r s  on mel t ing  a r e  d iscussed.  

The r a r e - e a r t h  m e t a l s ,  nowadays,  a re  finding an ever -widen ing  appl icat ion in many fields of new 
technology and, because  of this,  the need has a r i s e n  for  an a l l - round study of thei r  p roper t i e s .  

In o r d e r  to invest igate  the se t  of t he rma l  p r o p e r t i e s  ( thermal  diffusivi ty,  specif ic  heat  and t h e rma l  
conductivity),  the method of rad ia l  t e m p e r a t u r e  waves  [1] was used in this work.  The sample  being studied 
was  a comple te ly  cy l indr ica l  cel l  with liquid me ta l ,  which was p r epa red  f rom two thin-walled (~0.1 ram) 
tanta lum tubes with d i a m e t e r s  ~6 and ~14 ram. The bot tom and cove r  of the cel l  was made of tantalum 
sheet ,  ~1.5 m m  thickness ,  and welded to the tube by e l e c t r o n - b e a m  welding. The height of the cel l  was  
-~70 m m .  The cel l  was  filled with beads of the m a t e r i a l  being studied to a height of ~10 m m ,  a l te rnat ing  
with baff les  of tantalum foil. The sur face  of the cavi ty  was subjected to per iodic  H-shaped heating by e l e c -  
t ron bombardmen t  and the t e m p e r a t u r e  fluctuations of the surrounding sur face  were  r eco rded  by a non- 
contact  method (by luminosi ty  osci l lat ions) .  The t he rma l  diffusivity was found by the c h a r a c t e r i s t i c  t ime 
de te rmined  by c o m p a r i s o n  of the per iodic  curves  of the change of t e m p e r a t u r e  with a known s y s t e m  geo-  
me t ry .  In o rde r  to de te rmine  the specif ic  heat  and the rma l  conductivity,  data f rom these same curves  
we re  used, taking account  of the absolute value of the intensi ty and t e m p e r a t u r e  changes.  

The a r r a n g e m e n t  is descr ibed  in detai l  in [1]. The dist inct ive feature  of these recen t  expe r imen t s  
is the moni tor ing  of the quali ty of filling of the working cel l  of the m e a s u r e m e n t  device by means  of 7-  
defec toscopy [2]. 

In o rde r  to solve the o ther  p rocedura l  p rob lem - the possible  effect  of convective in termixing,  a new 
ve r s ion  of the m e a s u r e m e n t  p rocedure  was adopted: the method of ex terna l  heating of the same  sample  by 
e lec t ron  bombardment .  This  ve r s ion  was  used for  the set t ing up of control  expe r imen t s  with liquid Sn 8nd 
Rb. The a g r e e m e n t  of the r e su l t s  of the expe r imen t s  with ex te rna l  and in ternal  heating conf i rms  the ab -  
sence  of any signif icant  role  of convection,  due to a t e m p e r a t u r e  gradient  being constant ly compared  b e -  
tween the inside and outside su r face  of the sample  for  the usual m e a s u r e m e n t  [2, 3]. The random m e a s u r e -  
men t  e r r o r  for  the t he rm a l  diffusivity amounts  to 3 to 4% and 4% for  the specif ic  heat. The sys temat ic  
e r r o r  amounts to 4% for  the t he rma l  diffusivity and 5% for  the specif ic  heat. 

The resu l t s  of the invest igat ion for  the p rope r t i e s  of La, P r ,  and Dy plotted below r e f e r  to s amples  
with the following composi t ion:  La 99.56 (Ce 2 .10-2;  P r  10-2; Nd 3 .10-2;  Sm 10-2; Fe 3.10-2; Ca 10-2; Cu 
1.6- 10-2; Cd 10-2); P r  99.76; Dy 99.9 (Hg 4- 10-2; Ho 2.5.10-2;  Y 2.5" 10-2; Er  10-2; (F, Ce, Cu, Ca).  10-2). 

Up to two or th ree  samples  of d i f ferent  length were  invest igated for each substance.  In calculat ing 
the m o l a r  speci f ic  heats  of P r  and La, the densi ty  data f rom [4] were  used. Expe r imen t a lda t a  on the t h e r m a l  
p r o p e r t i e s  of P r  and Dy a re  shown in Figs.  1 and 2. The mel t ing  point is shown by the ve r t i ca l  dashed 
line. 
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Fig. 1. The rm a l  p r o p e r t i e s  of p r a e s o d y m i u m ,  2t, W / m . d e g ;  T, ~ 

Fig. 2. Specific heat  of unit volume and the rma l  diffusivity of dyspros ium in the solid and liquid s ta tes .  

Fig. 3. T h e r m a l  p r o p e r t i e s  of liquid lanthanum. 

The t e m p e r a t u r e  dependence of the specif ic  heat  and the rma l  diffusivity a r e  descr ibed  by the fol low- 
ing interpolat ion fo rmulas :  

Cl,pr := 10.44 - -  1.187.10 -a T, 

apt = 0.0188 !-0.0903.10-3T 

(over the t e m p e r a t u r e  range 1210-2000~ 

(CpT)Dy :.: 0.314 i 0.14"10 -3T, 

aDy = 0.082 -] 0,003.10 -~ T, 

(for Dy, the specif ic  heat  p e r  unit volume is plotted,  in view of the absence  of density data (1200-1680~ �9 

(Cl(~)Dy = 0.9693 - -  0.2669- 10 .3 T, 

aDy = 0.078 -t- 0,0046.10-3T (1700 - -  2000 oK), 

cal cal cm 2 
Ct" g-aim, ~  (C~,7), deg.cm3 , a, sec--' T, :K. 

The m e a n - s q u a r e  deviation of the expe r imen ta l  points f rom the smoothed values  amounts  to ~3.5% 
for  Cp and 2.5% for  a. 

In Figs.  i and 3, one expe r imen ta l  point in the solid s tate  is plotted for  Cp and a. 

In Fig. 3, we show the averaged  data for  liquid lanthanum f rom our  m e a s u r e m e n t s  [3] and those of 
Atal la  [8]. 

F o r  La, P r ,  and Dy, re la t ive ly  la rge  values  of Cp (12-9 c a l / g - a t o m - d e g K }  a re  cha rac t e r i s t i c .  We 
obse rved  this a lso  for  Nd and Ce [1] and Spedding a lso  observed  it for  Sin, Nd, and Ce [6]. Spedding e x -  
plained this by the ro le  of the specif ic  heat  of the inner  e lec t rons  added to the specif ic  heat  of the sys t em of 
ions and the specif ic  heat  of the conductivity e lec t rons .  The magnitude of the sudden change of specif ic  
heat  on mel t ing  is insignif icant  for  La,  P r ,  and Dy and is found to be within the l imi ts  of m e a s u r e m e n t  
e r r o r .  

The impor tan t  resu l t  of this work  is  the sma l l  change of t he rma l  diffusivity and t he rma l  conductivity 
obse rved  for  al l  three  of the r a r e - e a r t h  e lements  studied. This  may  be due to some o ther  expe r imen ta l  
fact  - to the sma l lnes s  of the change of specif ic  e l ec t r i ca l  r e s i s t ance .  The la t te r  follows f rom our  data 
for  these e lements  and a lso  for  Nd, Ce [3] and f rom the l i t e ra tu re  data for  La,  Ce, P r ,  and Nd [7, 8]. 

The re la t ion  between the s m a l l n e s s  of the t he rma l  diffusivity and the t he rma l  conductivity on mel t ing  
on the one hand, and the e l ec t r i ca l  conductivity on the o ther  hand, will  be understood if the approx imate  
prac t icab i l i ty  of the W i e d e r m a n n -  Franz  law is taken into account;  this explains the p redominance  of 
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e lec t ron  t h e r m a l  conductivity over  the m o l e c u l a r  t he rma l  conductivity.  F igures  1 and 3 can s e rve  to show 
the degree  of fulf i l lment  of the W i e d e r m a n n - F r a n z  law for  the liquid phase;  he re ,  data obtained f rom a 
calcula t ion by the W i e d e r m a n n - F r a n z  law a re  shown by a dashed line. (We did not do this for  Dy, as  the 
r e su l t s  for  the liquid phase  were  a s s um ed  to be p r e l i m i n a r y ,  because  signs of in terac t ion  between the 
liquid m e t a l  and the m a t e r i a l  of the ampoule  were  detected in the exper iment) .  

The s m a l l n e s s  of the change of e l ec t r i c a l  conductivity according  to Hegel '  [7] is explained by the large 
role  of the s - d  in teract ion,  which is the pr inc ipa l  m e c h a n i s m  for  e lec t ron  sca t t e r ing  in both phases .  

However ,  another  approach  is poss ib le  to the explanation of this fact .  As follows f rom a number  of 
pape r s  [9-11], the t e m p e r a t u r e  dependence of the e l ec t r i c a l  conductivity and a lso  the change of e l ec t r i ca l  
conductivi ty on mel t ing ,  is de te rmined  in the f i r s t  place by the behav ior  of the specif ic  volume of the 
meta l .  F r o m  this point of view, the sma l lnes s  of the change of r e s i s t a n c e  on mel t ing  should be re la ted  
with the sma l lnes s  of the change of density.  Unfortunately,  there  a r e  no data in the l i t e ra tu re  concerning 
the change of densi ty of the ra re - -ea r th  e l emen t s  on melting.  Only the unique data of [12] for  Ce conf i rm 
our  hypothesis  (with Ce, the change of densi ty  is less  by an o r d e r  of magnitude than with r a r e - e a r t h  meta l s  
studied by us). We a s s u m e  that i t  would be very  des i r ab le  to undertake a p ro jec t  to m e a s u r e  the changes 
of densi ty  of a number  of r a r e - e a r t h  me ta l s  on heating. 
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