
POWDER METALLURGICAL MATERIALS) PARTS, AND COATINGS 

SE LF-PROPAGATING HIGH-TEMPERATURE 

SYNTHESIS OF TITANIUM NITRIDES UNDER 

HIGH NITROGEN PRESSURES 

I. P. Borovinskaya and V. E. Loryan UDC 546;621.762 

In r ecen t  y e a r s  the se l f -p ropaga t ing  h i g h - t e m p e r a t u r e  synthes is  (SHS) p r o c e s s  has found extensive  ap-  
pl icat ion for  the product ion of va r ious  r e f r a c t o r y  inorganic compounds [1]. The p r o c e s s ,  as  is well  knoum, is 
b a s e d  on the uti l ization for  syntheses of the in ternal  energy  r e s o u r c e s  of r eac t ing  s y s t e m s ,  so that no specia l  
heat ing devices  a r e  r equ i red ,  and can r ead i ly  be  combined with h i g h - p r e s s u r e  p r o c e s s e s .  In [2, 3] s tudies 
we re  made  of the effect  of  high p r e s s u r e s  on the format ion  of products  in SHS p r o c e s s e s  occur r ing  in the 
z i r c o n i u m - n i t r o g e n  sys tem.  The object  of the work  desc r ibed  below was to invest igate  the conditions of 
fo rmat ion  of n i t r ides  and ni t rogen solid solut ions during the combust ion of porous  meta l l i c  t i tanium spec i -  
mens  in n i t rogen gas at  p r e s s u r e s  l>N2 = 5-4500 arm. 

E x p e r i m e n t s  we re  conducted with PTS t i tan ium powder and " e x t r a  pure"  ni t rogen (containing not m o r e  
than 0.001% oxygen}. Specimens  of 10-,  20- ,  and 3 0 - r a m  d i ame te r s  we re  p r e s s e d  to r e la t ive  densi t ies  A = 
0.5-0.77. For  quenching combust ion products ,  in a n u m b e r  of expe r imen t s  the p r e s s u r e  in the r e a c t o r  was 
rap id ly  r e l e a s e d ,  and the r e a c t o r  was evacuated.  After  combust ion some spec imens  were  vacuum-annea led  
for  4-8 in an SShVL 062/25 furnace  at  a t e m p e r a t u r e  of 700~ The combust ion products  obtained were  ana -  
lyzed for  n i t rogen and t i tanium by s tandard  methods  [5]. 

Accord ing  to l i t e r a tu r e  data, the following phases  may  be p re sen t  in the t i t a n i u m - n i t r o g e n  sys tem:  an 
sol id solution of n i t rogen in t i tanium,  having a composi t ion  ranging f rom Ti to TIN0.25; m a t e r i a l s  of c o m -  

pos i t ions  ranging  f r o m  TIN0.25 to TiN0.4s contain an e phase  together  with a n i t r ide  or  an ~ solid solution; 
m a t e r i a l s  ranging in composi t ion f rom TIN0.45 to TiN0.~8 contain cubic t i tanium ni t r ide  [4]. 

The m a x i m u m  calcula ted  adiabat ic  t e m p e r a t u r e  of  combust ion in the t i t a n i u m - n i t r o g e n  s y s t e m  with the 
fo rmat ion  of a n i t r ide  but without i ts  d issocia t ion  is ~4900~ Although the r ea l  t e m p e r a t u r e  of  combust ion 
in this s y s t e m  is lower  than the m a x i m u m  adiabat ic  t e m p e r a t u r e ,  during combust ion s in ter ing  and par t i a l  
me l t ing  of the reac t ion  m a s s  take place ,  h inder ing f i l t ra t ion of n i t rogen toward  the combustion front. Tn the 
e a r l i e r  inves t igat ions  r e p o r t e d  in the l i t e r a tu r e  it  p roved  poss ib le  to obtain approx imate ly  s t e i ch iomet r i c  
n i t r ides  by reducing  the intensi ty  of combust ion  through the use of iner t  additions. S ingle-phase  nonsto ichio-  
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Fig. 1. Var ia t ion  of depth of n i t r id ing  of spec imens  [m = (% 
N/ AN) / (  % M e / A M e )  ] with ni t rogen p r e s s u r e  (log PN2): 1} A = 
0.6; 2) A = 0.77. 

Fig. 2. Var ia t ion  of depth of n i t r id ing of spec imens  (m) with ni= 
t rogen p r e s s u r e  (log ~ 2  ) and amount of n i t r ide  addition: 1) 
without addition; 2) 5; 3) 15; 4) 30; 5) 40 ( s ta r t ing  mix tu re  was 
burnt  in packing m a t e r i a l )  ; 6) 50% of addition. 
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T A B L E  1 

Exp. 
No. 

Chem. 
compositior 

Lattice parameters of 
a solid solm. 

C 

Latt. param. 
of nitrides Conditiomof 

preparation 

N z pres- ] tel. density 
sure. atm 1 

1 TiNo,o8 . . . .  5 0,5 
2 TiNo, n 2,934 4,734 - -  10 0,77 
3 TiNo, 19 2,969 4,765 - -  40 0,77 
4 TIN0,24 2,981 4,805 --  80 0,77 
5 TiNo,32 2.988 4,810 --  200 0,77 
6 TiNo,15 --  - -  - -  10 0,6 
7 TiNo,26 2,986 4,807 --  80 0,6 
8 TIN0,27 2,987 4,809 --  I00 0,6 
9 TiNo, 5 --  -- 4,218 100O 0,6 

10 TiNo,57 - -  - -  4,219 1500 0,6 
11 TiNo,59 - -  -- 4,221 2000 0,6 
12 TiNo.66 - -  - -  4,224 3000 0,6 
13 TiN0.78 --  - -  4,227 4500 0,6 
14" TiNo, 9 --  - -  4,231 1000 --  
15 TiNo,94 --  - -  4,233 3000 
16 TIN0,99 - -  --  4.234 4000 --  

*In t h e  p r e p a r a t i o n  of  n i t r i d e s  in e x p e r i m e n t s  14-16 ,  t he  s t a r t i n g  
m e t a l  w a s  d i l u t ed  b y  40-50% by  we igh t  wi th  t i t a n i u m  n i t r i d e  o f  
c o m p o s i t i o n  TIN0.94. 

m e t r i c  n i t - r ides  and a s o l i d  s o l u t i o n s  c o u l d  no t  b e  ob ta ined .  In t h e  p r e s e n t  w o r k  s o l u t i o n s  of  n i t r o g e n  in t i t a n -  
i um r a n g i n g  in c o m p o s i t i o n  f r o m  TIN0.08 to  TIN0. ~ a n d  n o n s t o i c h i o m e t r i e  n i t r i d e s  r a n g i n g  in c o m p o s i t i o n  
f r o m  TIN0. 5 to  Ti_N0.99 w e r e  p r e p a r e d  b y  s y n t h e s i s .  Some  c h a r a c t e r i s t i c s  of  the  c o m b u s t i o n  p r o d u c t s  o b -  
t a i n e d  a r e  g iven  in T a b l e  1. 

A s  can  b e  s e e n  f r o m  T a b l e  1 and  F ig .  1,* s i n g l e - p h a s e  s o l i d  s o l u t i o n s  can  b e  o b t a i n e d  on s p e c i m e n s  
w i th  a r e l a t i v e  d e n s i t y  A = 0.77 a t  p r e s s u r e s  PN2 = 10-200 a r m  and  on s p e c i m e n s  wi th  a r e l a t i v e  d e n s i t y  
A = 0.6 at  p r e s s u r e s  PN 2 = 10-100 a rm.  In ou r  w o r k  s o m e  unusua l  c o m b u s t i o n  p h e n o m e n a  w e r e  o b s e r v e d .  In 
e x p e r i m e n t s  wi th  A -- 0.77 c o m b u s t i o n  o c c u r r e d  in a s i n g l e  s t a g e ,  wi thou t  t h e  ' Y e c o m b u s t i o n "  s t a g e  c h a r a c t e r -  
i s t i c  of  the  m a j o r i t y  of  m e t a l - n i t r o g e n  s y s t e m s  and  which  i s  l i n k e d  wi th  a d d i t i o n a l  v o l u m e  n i t r a t i o n  of  s p e c i -  
m e n s  h e a t e d  up b y  the  c o m b u s t i o n  f ron t .  S i m i l a r  s i n g l e - s t a g e  p r o c e s s e s  w e r e  o b s e r v e d  d u r i n g  the  c o m b u s -  
t ion  of  s p e c i m e n s  wi th  a r e l a t i v e  d e n s i t y  A = 0.6 at  a p r e s s u r e  PN2 = 60 a tm.  A l l  s p e c i m e n s  wi th  A = 0.77 
w e r e  n o n p o r o u s ,  wi th  a m e t a l l i c  l u s t e r ,  and  unchanged  in s h a p e  and s i z e .  S p e c i m e n s  wi th  A = 0 . 5 - 0 . 6 . b u r n t  
a t  PN~ = 60 a rm ,  too ,  w e r e  n o n p o r o u s  and h a d  a m e t a l l i c  l u s t e r ,  bu t  w e r e  s l i g h t l y  c h a n g e d  in shape .  D u r i n g  
c o m b u s t i o n  a t  up to PN2 = 60 a r m  s p e c i m e n s  wi th  a r e l a t i v e  d e n s i t y  A = 0 .5 -0 .6  r e m a i n e d  p o r o u s ,  and  cou ld  
con t inue  to  b u r n ,  w i th  t h e  f o r m a t i o n  of  h e t e r o g e n e o u s  p r o d u c t s .  A r a p i d  r e l e a s e  o f  p r e s s u r e  and  r e m o v a l  of  
n i t r o g e n  f r o m  the  r e a c t i o n  v o l u m e  e n a b l e d  c o m b u s t i o n  p r o d u c t s  to  b e  o b t a i n e d  a t  v a r i o u s  p r e s s u r e s  wi thou t  
t he  r e e o m b u s t i o n  s t age .  

I m m e d i a t e l y  a f t e r  t h e  p a s s a g e  of  t he  c o m b u s t i o n  f ron t ,  h o w e v e r ,  p r e s s u r e  w a s  r e l e a s e d  and the  r e a c t i o n  
v o l u m e  e v a c u a t e d ,  w h i c h  p r a c t i c a l l y  r u l e d  out  the  p o s s i b i l i t y  of  a d d i t i o n a l  v o l u m e  n i t r a t i o n  o c c u r r i n g  a f t e r  t h e  
p a s s a g e  of  the  f ron t .  On t h e  r e s u l t a n t  s p e c i m e n s  cou ld  c l e a r l y  b e  s e e n  two z o n e s :  a 1 . 5 -  to  2 - m m - t h i c k  s u r -  
f a c e  l a y e r ,  which ,  a c c o r d i n g  to  the  r e s u l t s  of  c h e m i c a l  and  x - r a y  p h a s e  a n a l y s e s ,  c o n s i s t e d  of  a n o n s t o i c h i o -  
m e t r i c  n i t r i d e ,  and  a c e n t r a l  p a r t  c o n s i s t i n g  of  an a s o l i d  so lu t ion .  The  f o r m a t i o n  of  the  s u r f a c e  n i t r i d e  l a y e r  
w a s  a r e s u l t  of  r e c o m b u s t i o n  o c c u r r i n g  d u r i n g  the  p a s s a g e  of  the  f ron t ,  and  c o u l d  n o t  be  p r e v e n t e d ,  b e c a u s e  
d u r i n g  c o m b u s t i o n  the  s p e c i m e n  d id  no t  m e l t ,  bu t  r e m a i n e d  p o r o u s .  T h e  on ly  p r o d u c t  in t h i s  c a s e  w a s  a m o l -  
t en  ~ s o l i d  so lu t i on  of  n i t r o g e n  in t i t a n i u m .  The  l o w e s t  n i t r o g e n  con ten t  a t t a i n e d  d u r i n g  c o m b u s t i o n  w a s  2.55 
wt.%, c o r r e s p o n d i n g  to the  c o m p o s i t i o n  TIN0.08. 

The  u p p e r  l i m i t  of  t he  h o m o g e n e i t y  r a n g e  o f  t he  ~ s o l i d  so lu t i on  of n i t r o g e n  in t i t a n i u m  w a s  found to 
c o r r e s p o n d  to t he  c o m p o s i t i o n  TIN0. ~.  T h i s  v a l u e  i s  s l i g h t l y  h i g h e r  than  t h o s e  r e p o r t e d  in t he  l i t e r a t u r e .  I n -  
v e s t i g a t i o n s  r e v e a l e d  tha t  t he  a s o l i d  s o l u t i o n s  of  c o m p o s i t i o n s  h i g h e r  than  TIN0.27 o b t a i n e d  in t h i s  w o r k  
w e r e  u n s t a b l e .  D u r i n g  v a c u u m  a n n e a l i n g  fo r  4 - 8  h a t  a t e m p e r a t u r e  of  700~ t h e y  d e c o m p o s e d  wi th  the  f o r m a -  

*In F i g .  1 t he  r a n g e s  o f  t he  d i f f e r e n t  p h a s e s  a r e  shown for  /x = 0.77. 
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t ion of an -~ sol id  solution of a lower  composi t ion  and the e phase.  It is in te res t ing  to note that  the e phase  
had n e v e r  be fo r e  been detec ted  in combust ion products .  

Ra i s ing  the p r e s s u r e  f r o m  200 to 1100 arm for  spec imens  with A = 0.77 and f rom 100 to 1000 a tm for  
spec imens  with A = 0.6 led to the fo rmat ion  of two-phase  products  (Fig. 1) consis t ing of ~ solid solutions 
and t i tanium n i t r ides  of  va ry ing  composi t ions .  The n i t rogen content of the two-phase  zone products  ranged  
f r o m  8.5 to 12.95%. Rais ing  the ni t rogen p r e s s u r e  st i l l  fur ther ,  f rom 1100 to 4500 arm at 5 = 0.77 and f rom 
1000 to 4500 arm at A = 0.6, brought  about the appearance  of s ing le -phase  nons te i ch iomet r i c  cubic n i t r ides  
(Fig.  1). The chemica l  composi t ions  and la t t ice  p a r a m e t e r s  of n i t r ides  of va r ious  composi t ions  obtained in 
th is  work  a r e  given in Table  1. 

In h i g h - p r e s s u r e  synthes is  e x p e r i m e n t s  the highest  n i t rogen concentrat ion that  could be at tained in 
products  was  18.45 wt.%, co r respond ing  to the composi t ion  TIN0.78. The reason  why the use of such high n i -  
t rogen  p r e s s u r e s  in synthes is  did not b r ing  about the fo rmat ion  of n i t r ides  of s t e i ch iomet r i c  composi t ion was 
that  it caused  pa r t i a l  mel t ing  of the reac t ion  produc ts ,  which p reven ted  ni t rogen f r o m  pene t ra t ing  the s p e c i -  
mens .  A s i m i l a r  si tuation has  been o b s e r v e d  in the n i t ra t ion of z i rcon ium [3]. In the p r e sen t  work  n i t r ides  
of higher  deg ree s  of  n i t ra t ion w e r e  obtained in combust ion expe r imen t s  with mix tu r e s  of t i tanium and a t i tan-  
ium n i t r ide  (not m o r e  than 50 wt.%). 

The va r ia t ion  of the composi t ion of  reac t ion  products  with p r e s s u r e  for  m i x t u r e s  of  va r ious  degrees  of  
dilution is depicted in Fig. 2. Ni t r ide  spec imens  of composi t ions  ranging f r o m  TIN0. 9 to TiN0.gs we re  found 
to be  tms in te red  homogeneous  p roduc t s  which had re ta ined  the i r  or ig ina l  shape. Unlike that of spec imens  
burn t  without dilution, the a i t r id ing  of these  spec imens  o c c u r r e d  through a so l id -phase  mechan i sm.  At lower 
diluent contents  (5, 15, and 30 wt.%) s in t e r ed  p roduc t s  with a meta l l i c  lus te r  were  obtained. 

C O N C L U S I O N S  

E x p e r i m e n t s  on the h i g h - p r e s s u r e  combust ion of me ta l  spec imens  in ni t rogen yie lded a solid solutions 
of  n i t rogen in t i tanium of va r ious  compos i t ions  lying within the homogenei ty  range  and nons to ich iomet r ic  
t i tanium n i t r ides  ranging  in composi t ion f r o m  TIN0. 5 to TiN0.~9. 
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