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Resul ts  a re  shown of the rma l  diffusivity measu remen t s  and of the rmal  conductivity ca lcula-  
t ions per ta ining to monolithic specimens  of TiC0.94, CbC0.77, and TiN0.94 produced by chemi-  
cal  precipi ta t ion  f rom a gas phase ,  and cover ing the t empera tu re  range f rom 1500 to 2200- 
2400~ 

Titanium carbide,  columbium carbide,  and t i tanium nitr ide c rys ta l l i ze  into the NaCl- form lattice [i] 
and become solid r e f r a c t o r y  compounds with melt ing points 3150, 3480, and 2950~ respect ively .  Their  

h i g h  melt ing points make them suitable as hea t - r e s i s t an t  mate r ia l s  for  special  applications. It would be of 
in te res t ,  the re fo re ,  to examine the i r  thermophys ica l  p rope r t i e s ,  espec ia l ly  thei r  the rmal  diffusivity and 
conductivity, at high t empera tu res .  Publ ished tes t  data on the the rmal  conductivity of TiC, CbC, and TiN 
[2, 3,4] r e f e r  to ma te r i a l s  produced by powder -meta l lu rgy  p r o c e s s e s  and having some res idual  porosi ty .  
In this study we were concerned  with the the rmal  diffusivity and conductivity of titanium, monoearbide,  
eolumbium moaocarbide ,  and t i tanium nitr ide which had been produced by the method of chemical  p rec ip i t a -  
tion f r om a gas phase [5]. 

The resu l t s  of chemica l  and x - r a y  analysis  are  given in Table 1. 

No change in the chemica l  composit ion during the rma l  diffusivity measuremen t s  was noted in TiC 
and CbC specimens  up to 2400 ~ and in TiN specimens up to 2200~ 

An intensi ty  analysis  of diffraction peaks on d i f f rac tograms of specimens has revea led  the existence 
of a definite growth texture  with the predominant  or ienta t ion pa ra l l e l  to the precipi ta t ion surface (normal 
to the d i rec t ion of heat flow during the rma l  diffusivity measurements )  in the crys ta l lographic  (100) plane. 
The specimen density measu red  by hydrosta t ic  weighing was 4.87 g / c m  3 for  TiC, 7.15 g / c m  3 for  NbC, and 
5.37 g /e ra  3 for  TiN -- close to the i r  theore t ica l  densi t ies  [1] -- and indicated an a lmost  zero  poros i ty  of 
the specimens.  

In o r de r  to s t r e s s  re l ieve  the specimens,  TiC and CbC were annealed under  vacuum at 2200~ and 
TiN at  1500~ for  1 h. 

TABLE i .  

Material 

TiC 
NbC 
TiN 

Phys icochemica l  Charac te r i s t i c s  of TiC, CbC, and TiN 

Chemical composition, %(weight) 

metal 
total 
carbon 

79,52 18,84 
90,97 9,02 
76,14 0,15 

=ormula Lattice per: 
nitrogen . oxygen ;omposition iod, ,~ 

0,10 [ 0 , 4 6  TiCo,945No,oo4 [4,327 • 0,001 
0,05 -- NbCo,77 4,446• 

20,88 TiNo.93s Co, ooa 4,237 4- 0,001 
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Fig. 1. T h e r m a l  diffusivity a (m2/sec) as  a function of the t e m p e r a t u r e  T (~ 
fo r  spec imens  of pyro ly t ic  TiC (1), CbC (2), TiN (3). 

Fig. 2. T h e r m a l  conductivity X (W/re.  ~ as  a function of the t e m p e r a t u r e  T (~ 
fo r  pyro ly t i c  TiC (test) (1), CbC (test) (2), TiN (test) (3), TiC accord ing  to [2] (4), 
CbC accord ing  to [4] (5), TiN accord ing  to [3] (6). 

The TiC and CbC spec imens  had a c o a r s e - c r y s t a l l i n e  co lumnar  dendri t ic  m i c r o s t r u c t u r e ,  with the 
axes  of the co lumnar  c r y s t a l s  or iented  n o r m a l l y  to the p rec ip i ta t ion  sur face .  The TiN spec imens  had a 
s i m i l a r  m i c r o s t r u c t u r e ,  but without dendri tes .  The e l ec t r i c a l  r e s i s t i v i t y  of the TiC, CbC, and TiN tes t  
spec imens  at  r o o m  t e m p e r a t u r e  was 22;0, 130, and 2 0 # ~ .  cm respec t ive ly .  

The t he rma l  diffusivity was m e a s u r e d  by the phase -ang le  method [6], name ly  by the phase  difference 
between a pe r iod ica l ly  vary ing  t he rm a l  flux and resu l t ing  t e m p e r a t u r e  f luctuations a t  the opposite sur face  
of a f iat  spec imen  ( 0.25- 0.30 m m  thick). A sloe c imen was heate d uncle r a vacuum of about 10 _5 m m  Hg by e lec t ron  
bombardmen t  f r o m  a flat  and sp i ra l  tungsten cathode 4-6 m m  away f r o m  that spec imen  se rv ing  as  the anode. 
An a l te rna t ing  component  of power  was produced by modulat ion of the anode voltage with a model  ZG-10 
audio osc i l la tor .  The phase  shift  between the a l t e rna t ing  components  of power  and t e m p e r a t u r e  r e spec t i ve ly  
was m e a s u r e d  with a model  F2-1 phase  me te r .  The anode voltage was modulated at  a 112 Hz frequency.  
The spec imen  t e m p e r a t u r e  was m e a s u r e d  with a model  OMP-043 opt ical  m i e r o p y r o m e t e r .  The e m i s s i v i t y  
of the spec imens  was found to be approx ima te ly  ek = 0.70 for  TiC, 0.75 for  CbC, and 0.60 for  TiN at  the 
wavelength k = 0.65 gm. 

The tes t  appara tus  used for  these m e a s u r e m e n t s  di f fered only s l ight ly f r o m  that desc r ibed  in [6]. The 
e r r o r  of t he rma l  diffusivity m e a s u r e m e n t s  did not exceed  5%. 

The t he rm a l  d i f fus iv i tya  as  a function of the t e m p e r a t u r e  is  shown in Fig. 1. Using the publ ished 
data in [3] on the specif ic  heat  c of TiC, CbC, and TiN at  high t e m p e r a t u r e s ,  and a s suming  that this p r o p e r t y  
does not depend on the spec imen s t ruc ture ,  we have calcula ted  the t he rma l  conductivi ty ~ of pyro ly t ic  TiC, 
CbC, and TiN accord ing  to the well known re la t ion  k = ac7  and as  a function of the t e m p e r a t u r e  (Fig. 2). 
Fo r  compar i son ,  in Fig. 2 a re  also shown e a r l i e r  publ ished ([2-4]) values  of t he rma l  conductivi ty of m e t a l -  
c e r a m i c  spec imens .  

The t h e r m a l  diffusivi ty and conductivity of TiC and CbC a re  much lower  than those of TiN, l a rge ly  
because  the e l ec t r i c a l  conductivity of ca rb ides  is  lower  than that of n i t r ides  and, cor respondingly ,  the 
e lec t ron  t he rma l  conductivi ty of ca rb ides  is  lower  than that of n i t r ides ,  while the i r  lat t ice t h e r m a l  eon-  
duct ivi t i t ies  a re  comparab le  [7]. The d i f fe rences  between the t e m p e r a t u r e  c h a r a c t e r i s t i c s  of pyro ly t ic  
TiC, CbC, and TiN with approx ima te ly  equal lat t ice components  of t h e r m a l  conductivity can be explained 
phenomenologica l ly  by an apprec iab le  difference in the i r  res idua l  e l e c t r i c a l  r e s i s t ance ,  the lat t ice a f fec t -  
ing the t e m p e r a t u r e  dependence of the e lec t ron  t h e r m a l  conductivi ty [8]. It has been shown e a r l i e r  that 
the t he rma l  conductivity of pyro ly t i c  z i rcon ium carbide  i n c r e a s e s  with r i s ing  t e m p e r a t u r e  [9], as  in the 
case  of TiC and CbC, while the t he rm a l  conductivi ty of pyro ly t ic  z i rcon ium ni t r ide d e c r e a s e s  with r i s ing  
t e m p e r a t u r e  above 1500~ [10], as  in the case  of TiN. 
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