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It was noted earlier [i] that in systems TaC-ZrC and TaC-HfC there are alloys with a melting 
point of about 4000~ which exceeds the melting point of the individual carbides. Later investigations [2, 
3] demonstrated the presence of anomalies of the physical properties (including the melting point) for the 
composition 4TaC, IHfC and in the system ZrC-HfC. The authors [2, 3] emphasize, of course, that the 
determination of the melting point in their investigation was of a preliminary nature. Other works appeared 
[4-7] that were devoted to a study of the evaluation, thermal expansion, and the emissivity in these systems. 

It was of interest to reproduce the data of works [1-3] on the melting points in systems ZrC-HfC, 
TaC-ZrC, and TaC-HfC. For the investigation we selected the same compositions which, according to 
earlier data, demonstrated the highest melting points. The carbides were prepared by reducing the oxides 
of the metals in a vacuum (10 -3 rnm Hg) at a temperature up to 2000~ To create a closer contact during 
reduction the charge was pressed under a pressure up to 200 dkN/cm 2, which was also used in works [2, 
3]. From the thus prepared powders specimens were fabricated by the hot pressing method (T-2200~ 
7-15 rain, P-200 dkN/cm2), which were then additionally annealed at a temperature of 2500~ for 1 h. The 
porosity of the specimens did not exceed 5%. X-ray structural* and microstructural analyses of the 
samples showed that they were single-phase (Table i). The values of the lattice parameters of the carbides 
and their solid solutions generally agreed nicely with the data in the literature (for example, [2~ 3]). 

The melting point was measured by the Pirani-Alterum method on specimens measuring 3 • 4 • 15 
mm heated by passage of a current. The size of the hole for recording melting was selecting in conformity 
with recommendations in [7, 8] and was 0.3-0.4 in diameter and 2 mm deep. We used an OMP-054 micro- 
pyrometer. The e~.periments were carried out in a medium of thoroughly scrubbed helium. Testing of the 
device and determination of the correction for radiation absorption by the peephole was accomplished by 
measuring the melting points of pure refractory metals (tungsten, molybdenum, tantalum). Table 2 gives 
the results of determing the melting point of the investigated compositions. 

We see from the table data that the composition 8TaC �9 IZrC and 4TaC �9 IHfC are characterized by 
high melting points (3890 and 3990~ respectively) which exceed the melting points of the individual car- 
bides. Thus, the data in [1-3] for these systems are confirmed. In system ZrC--HfC we did not note the 
maximum that was detected in works [2, 3]; in contrast, the melting point of the alloys proved to be lower 
than that of the carbides of zirconium and hafnium. It has been suggested that this drop of the melting 
point in the aforementioned alloys can be due to some specimens of the system ZrC-HfC containing appre- 
ciable quantities of free carbon (Table I), and this leads to the formation of the euteetic (Zr~ Hf) C +C. 
An investigation of the structures of the middle part of the specimens after melting revealed the presence 
of euteetic segregations (Fig. i, a); for other alloys only pure grain boundaries were observed (Fig. I, b), 
or, sometimes, boundary segregations (Fig. I, c) whose chemical and phase composition could not be de- 
termined. However, later determinations of the melting point in specimens of the system ZrC-HfC not 
containing free carbon (within the limits of sensitivity of chemical analysis) confirmed its low value in 
these alloys. 

Table 2 shows the change in the content of bound carbon and of the lattice parameter in the middle 
part of the specimens after determining the melting point. As we see from these results, the content of 
bound carbon appreciably decreases. Analyses also showed that the content of the metallic components 

�9 Copper and cobalt radiation (RKU-86 camera) was used. 
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M i c r o s t r u e t u r e s  of c a r b i de  a l loys  a f t e r  d e t e r m i n g  m e l t i n g  
po in t s :  a) 4 Z r C - 1 H f C ;  b) 4TaC--1HfC;  c) 8 T a C - 1 Z r C .  

T A B L E  1. 
Hot P r e s s i n g  and Annea l ing )  

Specimen 

ZrC 
HfC 
TaC 
lZrC-- 1HfC 
3ZrC--2HfC 
4ZrC-- 1 HfC 

same 
2TaC--IZrC 
4TaC-- 1ZrC 
8TaC-- 1ZrC 
3TaC-- 1HfC 
4TaC-- 1H fC 
5TaC--1HfC 

C h e m i c a l  C o m p o s i t i o n  of Inves t iga t ed  S p e c i m e n s  (After 

Chemical composition, mass. % 

Ctota 1Cfree Cbound Ta Hf 

9 ,8 
e 

2/,0 
13,0 
12,0 

i0,2 <0,051i0,2 - 
6,1 <0,051 6,1 
6,1 <0,051 6,1 9~,1 

10,5 1,8 8,7 
9,9 0,24] 9,66 

10,0 0,181 9,82 
9,o <o,o51 9,oo 
5,9 0,1215,78 77,7 
6,7 0,051 ~6,65 85,1 
6,7 0,05 6,65 88,2 
5,3 0,131 5,17 72,8 
6,4 0,141 6,26 80,6 
5,6 0,15/ 5,45 82,5 

1 

Zr 

;8,3 

7,0 
9,2 
5,2 

N 

0,001 
0,001 
0,00! 
0,23 0 19 
0,13 0 ~3 
0,:5 0 10 

0,05 0 )8 
0,05 0 39 
0,17 0 10 
0,43 0 10 
0,51 0 15 
0,47 0 32 

*Not d e t e r m i n e d .  

Stoichiometric 

o I formula 

Zr~o,88 
HfCo,~ 
raCo,9~ 
(Zr, Hf)Cl,o6 
(Zr, Hf)CI,n 
.Tr, Hf)Co,99 
~r, Hf)Co,9: 
ra, Zr)Co,7~ 
ra, Zr)Co,~8 
ra, Zr)Cl,o2 
ra, H[)C o. s3 
Ta, Hf)Cl,oo 
Ta, Hf)Co,ss 

T A B L E  2. Me l t i ng  P o i n t  a t  Change of Chemica l  Compos i t i on  When 

D e t e r m i n i n g  Mel t i ng  Po in t  

Interval of 
Composition measured tem- 

peratures, ~ 

3460--3490 
3700--3760 
3830--3880 
2930--3030 
3140--3180 
3150--3220 
3180--3220 
3760--3830 
3810--3840 
3880--3930 
3820--3920 
3970--4010 
3940--3960 

~E] < S  

5 3470 
5 3750 
5 384o 
8 2980 
6 3150 
8 3200 
4 3200 
5 3800 
5 3830 

ll 3890 
4 3890 
4 399o 
5 3950 

Zl'Co,ss 
HfCo,97 
TaCo,�s 
1ZrC--HfC 
3ZrC--HfC 
4ZrC--1HfC 
4ZrC--1HfC* 
2TaC-- 1ZrC 
4TaC-- 1ZrC 
8TaC--IZrC 
3TaC-- 1HfC 
4TaC--IHfC 
5TaC--1HfC 

�9 Cb~ I 4, A 
Before After Before After 
melt- melt-lmelt-1 melt- 
ing ing ~ing iing 

0,2 
6,0 
6,1 
8,7 
9,66 
9,82 
9,00 
5,8 
6,65 
6,35 
5,17 
6,45 
5,45 

9,1 4,6891 4,695 
5,8 4,6401 4,639 
5,7 4,454 4,444 
7,5 4,663 4,664 
7,7 4,670 4,669 
9,1 4,683 4,684 

5,3 4,522 4,524 
5,3 4,495 4,492 
5,9 4,470 4,466 
5,05 4,486 4,483 
3,54 4,473 4,468 
5,05 4,473 4,472 

*Results were obtained on specimens not containing free carbon. 

~Not determined. 

a f t e r  d e t e r m i n i n g  the m e l t i n g  poin t  d e c r e a s e s  a p p r e c i a b l y  m o r e  s lowly  or  even  r e m a i n s  cons tan t ,  and in  
s o m e  c a s e s  i n c r e a s e s .  Hence  we can  s ta te  when d e t e r m i n i n g  the m e l t i n g  poin t  of c a r b i d e s  and t h e i r  
a l loys  t he r e  is  p r e f e r e n t i a l  e v a p o r a t i o n  of c a r b o n  and a change of s t o i c h i o m e t r y .  Thus ,  the c a r b i d e s  of 
z i r c o n i u m  and  t a n t a l u m  changed  s t o i e h i o m e t r y  f r o m  ZrC0,s8 and TaC0.97 to ZrC0.78 and TaC0.93. Th i s  is 
a l so  i nd i ca t ed  by  the change of the l a t t i ce  p a r a m e t e r ,  which co inc ides  with the r e s u l t s  of i nve s t i ga t i ng  the 
dependence  of the l a t t i ce  p a r a m e t e r  on the s t o i c h i o m e t r y  of ziz conjure ,  ha fn ium,  and t a n t a l u m  c a r b i d e s  
[9-11].  F o r  the m o s t  r e f r a c t o r y  compos i t i ons  we can  c o n s i d e r  that  the change of s t o i c h i o m e t r y  o c c u r r e d  

f r o m  (Ta0.8Hf0.2)C0.88 to (Tao.sHf0.2)C0.80 and  f r o m  (Ta0.89Zr0.11)C0.98 to (Ta0.89Zr0.11)C0.u. 
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It  is known :from r e s u l t s  of de t e rmin ing  the mel t ing  points in the region of homogenei ty  of ZrC,  HfC, 
and TaC that  m a x i m u m  t e m p e r a t u r e s  pe r t a i n  to nons to ich iomet r ic  carb ides :  ZrC0.8-0.9, Trap =3410- 
3435~ [9]; HfC0. 9, Trap =3820~ [10]; TaC0. 8, Tmp=4000~ [12]. 

The apprec iab le  deca rbu r i za t ion  which we noted in the s y s t e m s  T a C - Z r C  and T a C - H f C  and the 
r e su l t s  of works  [9, 10, 12] give us grounds to a s sume  that the high mel t ings  points  for  composi t ions  
4TaC �9 1HfC and 8TaC �9 1ZrC which we and o ther  authors  [1-3] e l ic i ted,  a re  a consequence of a shif t  in 
s t o i c h i o m e t r y  dur ing the exper imen t .  Z i rconium and hafnium p robab ly  have an effect  only on intensifying 
the evapora t ion  of carbon,  which leads ,  in a cco rd  with the data [12], to a r i s e  of the mel t ing  point in c o m -  
pa r i son  with that  for  the s to i ch iome t r i c  carbide  of tantalum. 

In works [2, 3] the high mel t ing  points for  al loy TaC a re  re la ted  to the fo rmat ion  of a s table  con-  
f igura t ion d 5 in t he  me ta l l i c  subla t t ice .  Owing to the demons t r a t ed  apprec iab le  deca rbur i za t ion  of ca rb ides  
and the shif t  of s t o i ch i om e t ry  toward  composi t ions  cor responding  to the highest  mel t ing  point,  the ideas in 
[3] cannot be accep ted  uncondit ionally.  We also emphas i ze  that in the me ta l l i c  sy s t em T a - H f  no anomal ies  
were  noted for  t a n t a l u m - r i c h  a l loys*  [13]. 

Our suggest ion concerning the poss ib le  cause of the high mel t ing  points for  al loys 4TaC �9 1HfC and 
8TaC �9 1ZrC is in need of an additional expe r imen ta l  conf i rmat ion,  in pa r t i cu l a r ,  a m o r e  thorough study 
of the r egu la r i t i e s  of ca rbon  evapora t ion  at  p r eme l t i ng  t e m p e r a t u r e s .  
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  jou rna l .  Some or  all  o f  this  peri-  

odical  l i terature m a y  we l l  be ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the cover - to -  
<:over E n g l i s h  t r a n s l a t i o n s  appe a r s  at the back o f  the f i r s t  i s s u e  of  t h i s  year .  

*we can indicate that the mixing energies in systems ZrC-HfC [14] and TaC--HfC [15], which were esti- 
mated in the works by studying the short-range order and the phase diagrams, are, generally speaking, 
small: 1.5 kcal/mole for Zr-HfC and 0.3 kcal/mole for TaC-HfC. This indicates a slight deviation of 
these systems from ideal solid solutions. 

67 


