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We present the results obtained from the measurement of the thermal 
conductivity exhibited by the silicides of various metals. 

E a r l i e r  we inves t iga ted  some of the quant i ta t ive  
r e l a t i onsh ips  govern ing  the e l ec t rophys iea l  p r o p e r t i e s  
[1-6]  and the t he rma l  expans ion  [7] of the s i l i c ides  
of t r a n s i t i o n  me ta l s  in connec t ion  with the i r  c r y s t a l  
s t r u c t u r e  and chemica l  composi t ion .  The data avai l -  
able in the l i t e r a t u r e  on the t h e r m a l  conduct ivi ty  of 
s i l i c ides  are  ex t r eme ly  l imi ted  and deal  only with a 
few individual  s i l i c ide  phases  [8]. E a r l i e r ,  we m e a -  
su red  the t h e r m a l  conduct iv i ty  of molybdenum s i l i c ides  
[9] and the al loys of i somorph ic  d i s i l i c ides  of mo lyb -  
denum and rhen ium [10] as a funct ion of s t r u c t u r e  and 
composi t ion .  

In this study we have m e a s u r e d  the t h e r m a l  con-  
duct iv i t ies  for a n u m b e r  of the s i l i c ides  of t r a n s i t i o n  
m e t a l s  by means  of a s t e ady - s t a t e  heat flow, which 
is a p a r t i c u l a r  va r i an t  of the method [11]. The tes t  
spec imen  is c lamped between a copper cooling device 
and a c y l i n d e r - - a l s o  made  of copper- -wi th  a hea te r  
winding;  exce l len t  t h e r m a l  contact  is a s s u r e d  by a 
l ow-me l t i ng  i n d i u m - g a l l i u m  alloy. The t e m p e r a t u r e  
d i f fe rence  ac ros s  the s p e c i m e n  was m e a s u r e d  by 
means  of c h r o m e l - e o p e l  the rmocouples  s tamped into 
thin copper  disks  in eontact  with the spec imen .  The 
magni tude  of the heat  flow was m e a s u r e d  by means  
of i n d i u m - a n t i m o n i d e  p la tes  whose t h e r m a l  conduct ivi ty  
was known p r e c i s e l y ,  and for which the t h e r m a l  emf 
and the t e m p e r a t u r e  di f ference was m e a s u r e d  by 
m e a n s  of c h r o m e l - c o p e l  the rmocoup les .  The convec-  
t ion heat  l o s ses  were  reduced by housing the sys t em 
in a vacuum j a r  evacuated to a r e s idua l  p r e s s u r e  of 
10 -2 ram. The average  spec imen  t e m p e r a t u r e  dur ing  
the m e a s u r e m e n t s  was ~40 ~ C, as a r e su l t  of which 
we were  able to neglect  the r ad ia t ion  heat l o s ses  f r o m  
the side su r f ace s  of the spec imens .  It was e s t ab l i shed  
e x p e r i m e n t a l l y  that with a spec imen  height of 8 mm 
or  l e s s ,  this  has l i t t le  effect  on the r e s u l t s .  Control  
m e a s u r e m e n t s  on m a t e r i a l s  with known t h e r m a l  con-  
duct ivi ty  d e m o n s t r a t e d  that the e r r o r  in the m e a s u r e -  
ment  of the t h e r m a l  conduct ivi ty  over  the in t e rva l  of 
magni tudes  es tab l i shed  in this study did not exceed 
5-7%. 

The s i l i c ides  were  p r e p a r e d  in the f o r m  of powders  
by d i rec t  syn thes i s  f rom powders  of the me ta l s  and 
s i l i con  [12], and the compacted spec imens  were  p r e -  
pa red  for the m e a s u r e m e n t  by hot p r e s s i n g  [13, 14]. 
It was revea led  through x-ray  phase ana lys i s  that all  
of the tes t  spec imens  were  of the s i ng l e -phase  var ie ty ;  

the i r  s t r u c t u r e s  and la t t ice  pe r iods  co r responded  to 
the known s i l ic ide  s t r u c t u r e s  of the given chemica l  
composi t ion .  Chemica l  ana lys i s  revea led  that the spec-  
imens  produced here  co r responded  in composi t ion  to 
that  p red ic ted  by ca lcula t ion .  The effect of the r e s idua l  
poros i ty  on the t h e r m a l  conduct ivi ty  was taken into con-  
s i de r a t i on  with the f a m i l i a r  re la t ionsh ip  

x0 =Xp(1 --P), 

where  ~0 and Up are ,  r e spec t ive ly ,  the t h e r m a l  con-  
duct iv i t ies  of the spec imens  without and with pores  
and P is the poros i ty  (in f rac t ions  of unity) [15]. 

These  r e su l t s  are  p r e se n t e d  in the table .  Using the 
data on the e l ec t r i c a l  conduct ivi ty  of the s i l i e ides  
[ 1 , 4 , 5 ,  16, 17] der ived  e a r l i e r  with these same  spec i -  
m e n s ,  we calcula ted the cont r ibut ion  of the conduc-  
t ivi ty e l ec t rons  to the e l ec t r i ca l  conduct ivi ty (~el) on 
the bas i s  of the W i e d e m a n n - F r a n z  law 

~,~1 -~ L o T 

(where ~ is the e l ec t r i c a l  conductivi ty) ,  with c o n s i d e r a -  
t ion of the e las t ic  s ca t t e r ing  of the c u r r e n t  c a r r i e r s  
which co r r e sponds  to a Lorentz  n u m b e r  of L = 2.45 �9 
�9 10 -8 W. ~ / d e g  2 [18]. The la t t ice  cont r ibut ion  to the 
t h e r m a l  conduct ivi ty  ~<1 was evaluated as the d i f ference  
between the m e a s u r e d  values  of the t he r ma l  conduc- 
t ivi ty  and the e l ec t ron  cont r ibut ion:  

NI ~ X 0 - - ~ e l .  

E a r l i e r  we cons ide red  [1 ,2 ,4]  the quant i ta t ive r e l a -  
t ionships  governing the change in the e l ec t r i ca l  con-  
duct ivi ty  and, consequent ly ,  in the e l ec t ron  con t r ibu -  
t ion to the t he r ma l  conduct ivi ty  of the s i l i c ides  as a 
funct ion of the i r  composi t ion  and c r y s t a l l i ne  s t ruc tu r e ,  
as well  as in connect ion  with the e l ec t ron  s t ruc tu r e .  
The theory  of the la t t ice  t he r ma l  conduct ivi ty of sol ids  
has not been  suff ic ient ly  developed,  and the exis t ing  
quant i ta t ive  r e l a t ionsh ips  between the la t t ice  t he rma l  
conduct iv i ty  and the p a r a m e t e r s  assoc ia ted  with the 
na tu re  and s t reng th  of the in t e ra tomic  in t e rac t ion  
p e r t a i n  p r i m a r i l y  to c r y s t a l s  with cubic s y m m e t r y  
and a compara t ive ly  s imple  s t ruc tu r e .  It therefore  
becomes  difficult  to under take  a detai led c o n s i d e r a -  
t i o n - n o  m a t t e r  how s l ight- -of  the data on the la t t ice  
cont r ibu t ion  to the t h e r m a l  conductivi ty of the s i l i c ides  
which, with r a r e  except ions ,  exhibit  r a t h e r  complex 
he t e rodesmie  s t r u c t u r e s  with a s y m m e t r y  lower than 
the cubic [3,19]. However,  it should be noted that 
among the va r ious  succes s ive  phases  in the m e t a l -  
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L a t t i c e  t h e r m a l  c o n d u c t i v i t y  of  s i t i c i d e s  o f  t r a n s i t i o n  

m e t a l s  v e r s u s  t h e i r  f o r m u l a  c o m p o s i t i o n :  1) m o l y b -  

d e n u m  s i l i c i d e s ;  2) i r o n  s i l i c i d e s ;  3) v a n a d i u m  s i l i -  

c i d e s ;  4) m a n g a n e s e  s i l i c i d e s ;  5) c h r o m e  s i l i c i d e s ;  

6) t a n t a l u m  s i l i c i d e s ;  7) t i t a n i u m  s i l i c i d e s .  

silicon systems it is the phases within the average 

range of compositions (see figure) with relatively 

similar contents of metal and silicon that exhibit the 
smallest lattice thermal conductivity. One might sup- 

pose that this is due to the effect of the crystalline 

structure, since it is precisely the silicides of transi- 
tion metals of such composition that are characterized 

by the most clearly defined heterodesmie structure in 
which we find chains of metal-metal and silicon-silicon 

bonds in addition to metal-silicon bonds, each with 
different force constants and, consequently, with dif- 
ferent oscillation frequencies. We can therefore antic- 
ipate the most substantial contribution for these phases 

from the phonon-phonon scattering and, consequently, 

a reduction in the lattice thermal conducitivity. 
We know that the lattice thermal conducitivity is 

reduced for many elements and compounds when the 
average atomic weight is increased ([11], page 347). 

However, the results (see table) show that this rule 
is not followed in the case of silicides. Thus, for 

example, for a comparatively large number of disili- 
cides (MeSi2) of the metals from group !v-VI--which, 

although of diverse structures, are similar in the way 

the metal and silicon atoms are packed [19]--we note 
a tendency toward an increase in the lattice thermal 

conductivity with an increase in the atomic number of 
the metal component in the period and in the group. 
ff we bear in mind that in substances with a covalen- 

metal bond the contribution of the lattice oscillations 

to the thermal conductivity should be greater with an 

increase in the relative fraction of the localized elec- 

trons in the directed bonds relative to the collective 
electrons, the observed change in the lattice thermal 
conduetivitity of the disilicides as a function of the 
position of the metals in the periodic system can be 
explained if we proceed from the hypothesis proposed 
by Samsonov [20] to the effect that the statistiealweight 

of the stable localized dS-electron configurations par- 
ticipating in the chemical bond increases with an in- 

crease in the total number of d-electrons and in the 
main quantum number of the d-shell. 

Table 

Measured Electron and Lattice Thermal 

Conductivity for the Silicides of  Transi- 

tion Metals (at a temperature of ~40 ~ C) 

Si l ic ide  T h e r m a l  c o n d u c t i v i t y ,  W / m .  deg.  

phase  • O.meas  • el ~,1 

TisSiz 26.8 21.8 5.0 
TiSi 16.8 10,7 6.1 
TiSi~ 45.9 42.5 3.4 

VsSi 13.0 3.5 10.5 
V~Si3 11.4 6.3 5.1 
VSi 2 11.9 9.9 2.0 

CrsSi 33.6 20.5 13. I 
Cr6Si3 10.9 9.0 1.9 
CrSi I 1.9 5,3 6,6 
CrSi2 10,6 0.8 9 .8  

Mn~Si 14.0 4, 5 9,5 
Mn~Sia 6 .7  2, 8 3.9 
MnSi 9,4 3,8 6.6 
binSit,s 8.5 I. 5 7.0 

FesSi 17.0 5.5 11.5 
FeSi 10.2 2.7  7.5 
FeSi 2 11.6 0.2 I I . r  

CosSi 13.0 5.6 7.4 
CoSi 20.7 8.4 12.3 
CoSi~, 15.1 10,3 4.8 

NisSi 18.2 7.7 I0.5 
NiSi~ 10.3 6.5 3 8  

Zr~Si3 8.7 5.1 3.6 
ZrSi2 15.6 9.5 6.1 

NbSi2 19.1 15.6 3.5 i 

Ta4Si 9.0 4. I 4.9 
TarSi 8.3 5.3 3.0 
Ta,Sia 9.9 6.7 3.2 
TaSi= 21.9 15.6 6.3 

MosSi 39.6 33.4 6.2 
Mo~Si 3 19.5 15.7 3.8 
MoSi 2 51.8 33.3 18.5 

WSi~ 46.6 28.3 * I8.3 

ReSi 23.4 1.0 22,4 
ReSi~ 19,2 0 19.2 

LaSi2 13.7 3. I 10.6 
�9 C_,eSi 2 16.4 3,6 12.8 

PrSi2 17.6 1.8 15.8 
GdSix.6 6.0 - -  - -  

BaSi S !0.0 ~ 0  10.0 

�9 T a k e n  f r o m  a = 3 .77  - 10 ~- s  �9 cm  -I m e a s u r e d  in t h i s  s t u d y ,  

An analogous trend (toward a change in ~he lattice 

thermalconductivity) is shown by the isomorphous 
disilicides of the rare-earth metals. 
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