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LAWS AND MECHANISM OF DIFFUSIONAL SURFACE 

BURNING OF METALS 

A. N. Pityulin, V. A. Shcherbakov, 
I. P. Borovinskaya, and A. G. Merzhanov 

As shown in [1], burning metal powders in a nitrogen medium is an effective means of obtaining the high- 
melting nitrides widely used in modern technology. Accordingly, the study of the combustion mechanism of 
metal-gas systems is of considerable interest .  The laws of diffusional metal combustion were first  studied 
in [2, 3]. On the basis of the experimental data obtained certain ideas about the combustion mechanism were 
formulated. The limit regime of diffusional surface burning, in which gas is supplied to the combustion front 
solely through the ends of the specimen, and the lateral  surface is impermeable,  was subjected to a detailed 
theoretical  study in [ 4-6].  

In the present  research  diffusional surface burning regimes were studied experimentally. This not only 
made possible a comparison with the theoretical results but also provided more detailed information about the 
combustion mechanism. 

From the methodological standpoint, the system tanta lum-ni t rogen proved the most  convenient to Investi- 
gate. Tantalum is easily pressed,  the specimens remain permeable after  passage of the combustion wave, etc. 
Moreover,  it is a multiphase system and, as shown in [7], the combustion products may be ~ -Ta2N, hexagonal 
e -TaN,  oreubic  5-TAN. This gives it additional scientific and practical interest .  

E x p e r i m e n t a l  M e t h o d  

In the experiments we used >99% pure tantalum powder with a particle size < 10 ~m, andhigh-puri tyni-  
trogen containing < 0.001% oxygen. The tantalum powder was pressed into quartz tubes or  cylinders 4-20 cm 
long, about 1 cm in diameter,  andwith awall  thickness -<0.05 cm. The relative density of the pressings (A) was 
kept constant and equal to 0.2. The nitrogen was supplied either only through the starting tantalum powder 
toward the combustion front or  only through the combustion products. A ser ies  of experiments was performed 
on specimens open at both ends. In the f i rs t  case,  to eliminate the supply of nitrogen through the combustion 
products,  we used tubes with a flange at the top, to which an ebonite cap with electrodes for initiating combus- 
tion was tightly fitted. In the second case we used quartz cylinders. 

The nitrogen pressure  was varied from 20 to 3000 atm. At low pressures  (up to 100 atm) the experiments 
were car r ied  out in a constant-pressure bomb [8], at high pressures  in a high-pressure  apparatus designed at 
the Institute of Chemical Physics of the Academy of Sciences of the USSR. The specimens were mounted ve r -  
tically inthe bomb; combustion was initiated at the top of the specimen. 

The combustion temperature Was varied by introducing a certain amount of end product into the starting 
tantalum powder. The burning rate was recorded with an FB-11 photoreeorder and by the burning wire method 
[9]. The nitrogen content of the combustion products was determined by the Kjeldahlmethod, and for the x - r ay  
phase analysis we used a DRON-2.0 apparatus. 

E x p e r i m e n t a l  R e s u l t s  
Nitrogen How Counter to Combustion Front. In this case propagation of the combustion wave through 

specimens 4 cm long was observed only at pN 2 -> 20 atm, andthrough specimens 20 cm long only at pN2~ 60 
atm. At nitrogen pressures  up to 100 atm the combustion process could be observed through the bomb glasses 
and the burning pattern was as follows: Initiation of the reaction was followed by the appearance of a faintly 
luminescent combustion front whose velocity and brightness increased as the open end of the specimen was 
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Fig~ 1. Burning rate vs distance to open end of specimen (/sp = 20 cm, pN 2 = 60 arm). 

Fig. 2. Average burning rate vs nitrogen pressure, i) Counterflow of gas; 2) gas supplied through 
combustion products. 

Fig. 3o Extent of reaction vs distance to open end of specimen (/sp ='20 cm). I) pN2 = 60 arm; If) 
p,,T = 500 atm. Phase composition of products: 1-2) 5,TaNcub; 2-3) e-TaNhex, 7-Ta2Nhex, solid 
solution of N 2 in Ta; 3-4) T-Ta2Nhex, solid solution of N2 in Tao 

approached .  When the front  r eached  the bottom of the spec imen  the re  was a f lash ,  then a second b r igh t e r  com-  
bustion front  appea red ,  t r ave l ing  m o r e  s lowly in the opposi te  d i rec t ion.  After  t r ave l ing  0.5-1 cm it d i sappeared .  

A typical  g raph  of burning ra t e  vs the d is tance  to the open end is r ep roduced  in Fig. 1. This cu rve  was 
obtained for  spec imens  20 cm long; for  Shor ter  s p e c i m e n s ,  as follows f rom the f igure ,  the unsteadiness  of the 
propagat ion  veloci ty  was l e s s  sha rp ly  expres sed .  

As the p r e s s u r e  i n c r e a s e s ,  combust ion becomes  m o r e  intense.  The ave rage  burning r a t e*  i n c r e a s e s ,  
r each ing  a m a x i m u m  {about 2 c m / s e c )  at  500 a t m ,  then begins to d e c r e a s e .  The p r e s s u r e  dependence of the 
a v e r a g e  burning ra t e  is shown in Fig. 2. At PN2_>500 atm the burning ra t e  m a y  be a s sumed  to be s teady,  a I -  
though in ce r t a in  pa r t s  of  the spec imens  it va r i ed  somewhat .  

We c a r r i e d  out chemica l  and x - r a y  phase  ana lyses  of s amples  taken at var ious  d i s tances  f rom the open 
end of the burnt  spec imens .  A typical  plot of  n i t rogen content  vs d is tance  to the open end is r eproduced  in 
Fig. 3. C lea r ly ,  as this d i s tance  d e c r e a s e s ,  the n i t rogen content ,  l ike the burning r a t e ,  i n c r e a s e s .  In the l ayer  
where  the r e v e r s e  front  s topped,  the extent of  reac t ion  i n c r e a s e s  sharp ly  to c o m p l e t e . t  

The x - r a y  phase  ana lys i s  showed that  in the f i r s t  combust ion  front  7 -Ta2Nhex and a solid solution of n i -  
t rogen in tanta lum a r e  fo rmed .  As the d is tance  between the front  and the open end d e c r e a s e s ,  the amount  of  
3 '-Ta2Nhex i n c r e a s e s ,  and the amount  of solid solution of n i t rogen in tanta lum d e c r e a s e s .  In the l aye r  where  
the r e v e r s e  front  s topped,  the combust ion product  is t h r e e - p h a s e ;  e lTaNhex  was also detected.  The next l aye r  
is ac tua l ly  s i ng l e -phase ,  containing only 6-TaNcu b. 

As the p r e s s u r e  i n c r e a s e s ,  the fo rm of  the re la t ion  between ni t rogen content and the d i s tance  to the open 
end r e m a i n s  qual i ta t ively  the s a m e ,  although the a v e r a g e  amount  of n i t rogen in the combust ion products  fo rmed  
in the f i r s t  and second fronts  i n c r e a s e s .  Only at  pN 2 _> 500 a tm does the extent of  reac t ion  (complete) r e m a i n  
constant  along the length of the spec imen ,  and the combust ion  product  is s ing le -phase ,  only 6-TaNcub being d e -  
tec ted  {Fig. 3). 

Nitrogen Supplied through Combustion Products .  The combust ion behavior  of  tanta lum p r e s s e d  into cy l in-  
de r s  d i f fe rs  e ssen t i a l ly  f rom that  obs e rved  when the n i t rogen flows counter  to the combust ion  front .  In this 
ca se  we obse rved  only one br ight  combust ion f ront ,  which t r ave l ed  increas ing ly  slowly through the spec imen .  
At a spec imen  length of 4 cm the f ront  did not r each  the bottom of the spec imen  even a t  pN 2 = 100 arm.  In this 
ca se  the ave r age  burning r a t e  on an initial  sect ion of about 0.5 cm did not exceed 1-2 m m / s e c ,  but as the p r e s -  
s u r e  r o s e  it i nc reased  substant ia l ly .  At pN 2 ~500 atm spec imens  20 cm long burned to the end, the burning 
ra t e  being s teady and coinciding with the burning ra t e  of  spec imens  open at the "cold" end (Fig. 2). 

# 
Uav = l / t ,  where  I is the spec imen  length,  t is the t i m e  taken by the combust ion front  to t r ave l  through the 

spec imen .  
t To be spec i f ic ,  we shall  a s s u m e  that the reac t ion  is comple te  when the combust ion products  a r e  e - T a N h e x  
and 5-TaNcu b. 
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Fig. 4. Extent of reaction vs distance to open end of specimen. 
I) l ~  = 4 c m , p ~ T  + 100atm; II) l ~ = 2 0 c m ,  PN. = 500atm. 
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Phase compositidn of products: 1-2~ 6-TaNcub; ~-3) ~-TaNhe x, 
T-Ta2Nhex, solid solution of N2 in Ta; 3-4) T-Ta2Nhex, solid 
solution of N z in Ta; 4-5) solid solution of N9 In Ta. 

Fig. 5. Extent of reaction vs distance to bottom of specimen 
(/sp = 4 cm, pN2 = 60 atm). l:hase composition of products: 
1-2; 5-6) 5-TaNcub; 2-3, 5-4) e-TaNhex,  T-Ta2Nhex, solid 
solution of N 2 in Ta; 3-4) T-Ta2Hhex, solid solution of N~ in 
Ta. 

The profile of nitrogen concentration in the end products is shown in Fig. 4. It is noteworthy that, a l -  
though the visible combustion front stopped af ter  about 1 cm, the tantalum-nitrogen reaction continued over a 
much grea ter  distance (about 3 cm). Complete reaction was achieved only up to  the point at which the visible 
front stopped, beyond t h i s a s t h e  distance to  the open end increased the nitrogen content fell smoothly to zero.  

The phase composition of samples taken at different distances from the open end was also different. Up 
to the point at which the visible front disappeared the s t ructure  of the samples was single-phase (5-TaNcub); 
this was followed by a three-phase  region (T-Ta2Nhe x, e-TaN and solid solution of nitrogen in tantalum) and 
then by a fairly extensive region containing T -Ta2N and solid solution of nitrogen in tantalum. Next came a 
region with ni t rogen- tanta lum solid solution of variable composition and pure unburnt tantalum. 

At p~ ~- 500 atm the extent of reaction does not depend on the distance to the open end, and the product 
is single-please (5-TaNcu b only). 

nitrogen Supplied through Starting Material and through End Product. The experiments were performed 
on short (4 cm) and long (20 cm) specimens. In the short specimens,  after  initiation of the reaction, a com-  
bustion front appeared and began to travel  downwards with acceleration. However, this was immediately fol- 
lowed by the appearance of a second front which also traveled downwards, but with deceleration. When the f irs t  
front reached the bottom of the specimen, a r e v e r s e  front appeared. The second front and the reverse  front,  
af ter  traveling about 1 cm, died out. The nitrogen concentration profile of the burnt specimens is  reproduced 
in Fig. 5. Clearly, at the ends of the specimen the reaction is complete; in the middle the nitrogen concen- 
t rat ion is low, only T-Ta2_Nhe x and a solid solution of N 2 in Ta being present .  

A comparison of Figs. 3 and 5 reveals that in principle the combustion of specimens open at both ends 
is the same as that of specimens open at the "cold" end, since the second front that develops at the top acts as 
a "plug" preventing nitrogen from reaching the layers  where the reaction is incomplete until the end product 
5-TaNcu b is formed there.  

Fig. 6. Motion picture record of the front splitting effect 
(/sp = 20 cm, pN 2 = 60 at-m). 
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Fig. 7. Extent of  reac t ion  vs dilution with a mix tu re  of T-Ta2Nhe x and a 
solid solution of N 2 in Ta (/sp = 4 cm,  pN 2 = 60 atm).  Phase  composi t ion  
of p roduc t s :  1-2) T-Ta2Nhex,  solid solution of N 2 in Ta; 2-3) e -TaNhex ,  
T -Ta2Nhex, solid solution of N 2 in Ta. 

Fig. 8. Calculated p r e s s u r e  dependence of the poss ib le  extent  of  reac t ion  
due to pore  n i t rogen alone.  

By inc reas ing  the length of the tube to 20 c m ,  it is poss ib le  to obse rve  a combust ion p r o c e s s  s i m i l a r  to 
that when the ni t rogen is supplied only through the combust ion products ,  s ince the obs tac les  to the diffusion of 
ni t rogen counter  to the combust ion front  a r e  cons iderab le .  In this case  we obse rve  only one combust ion front  
which t r ave l s  with dece le ra t ion  and,  a f t e r  t r ave l ing  about 1 c m ,  s tops .  However ,  in ce r t a in  conditions it is not 
quenched and it is poss ib le  to o b s e r v e  a spl i t t ing effect  (PN2 > - 60 aim).  From the br ight  p r i m a r y  front  t he re  
e m e r g e s  a dull f ront  of  T-Ta2Nhex format ion  which descends  at  an acce l e ra t ing  r a t e .  This occu r s  because  the 
counterf low of n i t rogen is suff icient  to ensure  se l f -p ropaga t ion .  The spl i t t ing of the combust ion f ront  is i l -  
l u s t r a t ed  in Fig. 6. 

Effect of Diluting the Tantalum with End Product .  In synthesiz ing h igh-mel t ing  compounds ,  to reduce  the 
combust ion t e m p e r a t u r e ,  end products  a r e  introduced into the s ta r t ing  mix tu re .  W e d e c i d e d  to invest igate  the 
m e c h a n i s m  of action of this addit ive under our  expe r imen ta l  condit ions,  using spec imens  4 cm long with open 
ends. Into the s t a r t ing  tanta lum powder we introduced a m ix tu r e  of T-Ta2Nhex and solid solution of ni t rogen 
in tan ta lum,  as fo rmed  during the pas sage  of the f i r s t  combust ion f ront ,  and, m o r e o v e r ,  6-TaNcu b. The weight 
of  addit ive va r i ed  f rom 0 to 30%. 

The dependence of the n i t rogen content of s amples  taken f rom the middle  of the burnt spec imens  on the 
amount  of m i x t u r e  (T-Ta2Nhex and N2/Ta  solid solution) introduced is shown in Fig. 7 {the amount  of n i t rogen 
introduced with the addit ive has been deducted f rom the total  amount  of  ni t rogen in the samples ) .  Clear ly ,  as 
the amount  of addit ive i n c r e a s e s  so does the extent of reac t ion .  The phase  compos i t ion  of the products  a l so  
v a r i e s .  Whereas  for  sma l l  amounts  of addit ive the products  we re  two-phase  (only T-Ta2Nhe x and solid solution 
of ni t rogen in tanta lum),  at  30% addit ive ~-TaNhex was a lso  detected.  It should be noted that in thi.,~ case  no 
second front  is obse rved .  

Adding 5-TaNcu b also led to an i nc rea se  in the extent of  r eac t ion ,  6-TaNcu b going ove r  into e - T a N h e  x 
in the combust ion front.  The a v e r a g e  burning ra t e  d e c r e a s e d  substant ia l ly  with i nc r ea se  in the amount  of addi -  
t ive.  Thus adding end products  not only reduces  the combust ion  t e m p e r a t u r e  but a l so  leads to a si~mifieant in-  
c r e a s e  in the extent of reac t ion  in the front  and,  m o r e o v e r ,  to a change in the phase  composi t ion  of the products .  

Freezing of  End Products  in Liquid Argon. This was done in o r d e r  to s tudy the p r o c e s s e s  taking place 
d i r ec t ly  in the combust ion wave.  Both spec imens  p r e s s e d  into cyl inders  (nitrogen supplied through combust ion 
products  only) and spec imens  open at both ends were  used; the reac t ions  were  f rozen in liquid argon e i ther  
before  the front  had stopped (first case)  o r  before  it had reached  the bottom of the spec imen  (second case) .  
Chemical  and x - r a y  phase  ana lyses  of the f rozen combust ion products  in the cy l inders  gave r e su l t s  that coin-  
cided a l m o s t  comple te ly  with those reproduced  in Fig. 4. 

Analys is  of the f rozen combust ion  p roduc t s  of  tanta lum p r e s s e d  into tubes showed that n e a r  the a r r e s t e d  
combust ion front in a l aye r  about 3 m m  thick only a solid solution of n i t rogen in tantalum of a v e r a g e  c o m p o s i -  
tion TAN~0.04 was p resen t .  In the combust ion front  the re  is a sha rp  i nc r ea se  in the extent  of  reac t ion  and the 
product  becomes  two-phase  (T-Ta2Nhe x and solid solution of ni t rogen in tanta lum were  detected) .  Then the r e -  
sults  comple te ly  coincide with those  reproduced  in Fig. 5 (right side of curve) .  
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It was cons ide red  espec ia l ly  impor tan t  to be able to f r eeze  the spec imens  at high ni t rogen p r e s s u r e s .  
However ,  s ince  the tubes were  20 cm long and the reac t ion  space  l imi ted ,  f reez ing  in liquid argon was i m p r a c -  
t ica l ;  accordingly  the  combust ion  f ront  was a r r e s t e d  by producing a sharp  fall  in p r e s s u r e .  The expe r imen t s  
w e r e  c a r r i e d  out at  pN 2 ~ 500 a tm.  

As a r e su l t  of the sharp  p r e s s u r e  drop in the pores  of  the spec imen  and the r e a c t o r ,  unburnt tantalum 
powder  was e jected f rom the tube. Analyses  of the burnt  pa r t  (sintered) showed that the combust ion product  
was s ing le -phase  (5-TaNcub),  and the n i t rogen content of s amp le s  taken at d i f ferent  d is tances  f rom the a r r e s t e d  
f ront  was the s a m e ,  which coincides  with the r e su l t s  of the ana lys i s  of unfrozen spec imens .  

D i s c u s s i o n  o f  t h e  R e s u l t s  

As follows f r o m  [2-6], the laws of combust ion  depend essen t ia l ly  on the amount  of  n i t rogen in the spec imen  
po res .  At low ni t rogen p r e s s u r e s  t he r e  is not enough gas  in the pores  to suppor t  se l f -p ropaga t ing  combust ion.  
Accordingly ,  it m u s t  be supplied to the combust ion  zone hydrodynamica l ly ,  by diffusion through the po res  as a 
r e su l t  of  the p r e s s u r e  d rop  c r ea t ed  by the absorp t ion  of  n i t rogen in the front.  

As the p r e s s u r e  i n c r e a s e s ,  so does the amount  of n i t rogen in the po re s ,  and it m a y  become sufficient  to 
support  combust ion.  In Fig. 8 we have  plotted the ca lcula ted  p r e s s u r e  dependence of the poss ib le  extent of  r e -  
act ion due to po re  n i t rogen alone for  a t e m p e r a t u r e  of  298~ and a spec imen  re l a t ive  densi ty  A = 0.2 in a c c o r d -  
ance  with the data of  [10, 11]. A c o m p a r i s o n  of Figs. 3 and 8 r e v e a l s  that  at low p r e s s u r e s  the extent  of r e a c -  
t ion is  g r e a t e r  than that  poss ib le  accord ing  to the calculat ions and hence that  in this ca se  too ni t rogen is sup-  
pl ied to the r eac t i on  zone by diffusion. 

It is  c l e a r  f r o m  Figs.  1 and 3 that  when n i t rogen is supplied only through the unburnt pa r t  of the spec imen  
the burning r a t e  and the extent of reac t ion  depend essen t i a l ly  on the d is tance  to the open e n d .  This  is because  
as  the d is tance  d e c r e a s e s  the obs tac les  to the diffusion of  ni t rogen a r e  reduced and the r a t e  of supply of ni t rogen 
to the front  i n c r e a s e s ,  leading to an i n c r e a s e  in the extent of reac t ion  and hence to heat  r e l e a s e  and a f a s t e r  
burning r a t e .  Thus ,  the  r a t e  of diffusion of n i t rogen through the unburnt pa r t  of the spec imen  l imi t s  the c o m -  
bust ion wave propagat ion  p r o c e s s .  

The extent  of  reac t ion  in the  combust ion  f ront  is low (Fig. 3), but introducing tanta lum ni t r ide  into t h e  
s ta r t ing  powder leads  to a cons ide rab le  i n c r e a s e  in the  n i t rogen content of the products  (Fig. 7), and at 30% con-  
cen t ra t ion  s  x ,  the end product  of combus t ion ,  is a l r eady  beginning to be fo rmed in the combust ion front.  
Since introducing n i t r ide  should not  affect  the diffusion p r o p e r t i e s  of the s p e c i m e n s ,  this r e su l t  can be i n t e r -  
p re ted  as  follows. When an iner t  addi t ive is introduced,  par t  of  the heat  is expended on heating it to the c o m -  
bust ion t e m p e r a t u r e .  The burning ra te  fa l l s ,  but the extent of  reac t ion  i n c r e a s e s  and the additional heat  r e l e a s e  
makes  up for  the heat  l o s s e s .  

This  r e su l t  is in good a g r e e m e n t  with the data of [4-6] and con f i rms  the detected combust ion r e g i m e s  with 
incomple te  and comple te  r eac t ion ,  a s  well  as  the absence  of co l lapse  of combust ion  due to heat  l o s se s  in the 

incomple te  reac t ion  r eg ime .  

As shown in [6], when n i t rogen is supplied through the combust ion products  the convers ion  of m e t a l  to 
n i t r ide  in the combust ion  f ront  m u s t  a lways  be comple te .  Phys ica l ly ,  this is because  gas will not b e  supplied 
to the combust ion front  until the reac t ion  behind the front  c e a s e s ,  which is poss ib le  only when convers ion  is 
comple te ,  s ince  the p r e s s u r e  behind the combust ion  f ront  Pk > 0. (The condition for  cessa t ion  of the reac t ion  is 
Pk (1 - i n k )  = 0.) It is c l ea r  f rom Fig. 4 that  up to the point at  which the v i s ib le  combust ion front  stops the ex -  
tent  of  reac t ion  is comple te ,  but ahead of the combust ion  f ront  a pa r t i a l  r eac t ion  is a l so  obse rved ,  apparen t ly  
due to n i t rogen in the po re s  of the s t a r t ing  m e ta l .  

In this case  the a v e r a g e  burning r a t e  is subs tant ia l ly  lower  than for  a counterf low of ni t rogen.  This is 
a t t r ibu tab le  to a cons ide rab le  d e c r e a s e  in the densi ty of the gas  supplied to the combust ion  zone s ince it p a s s e s  
through pores  hea ted  to the combust ion  t e m p e r a t u r e .  If  the r a t e  of  supply of  n i t rogen is s ignif icant ly  reduced ,  
the hea t  r e l e a s e d  is insuff icient  to cove r  the heat  l o s s e s  and t h e r e f o r e  the me ta l  c e a s e s  to burn.  

The combust ion  of nonmelt ing porous  me ta l  spec imens  is accompanied  by a subs tant ia l  i n c r e a s e  in the 
deg ree  of n i t r idat ion a f t e r  p a s s a g e  of  the combust ion wave [2, 3, 7]. In our  expe r imen t s  a f te rburn ing  o c c u r r e d  
only at  low p r e s s u r e s  and in the p r e s e n c e  of a counterf low of n i t rogen and was e x p r e s s e d  in the fo rm of second 
and r e v e r s e  f ronts  which fo rm ed  when convers ion  in the combust ion zone was incomple te .  

I nc rea sed  p r e s s u r e  sha rp ly  i n c r e a s e s  the n i t rogen content of  the p o r e s ,  which leads  to an i nc r ea se  in the 
extent  of  reac t ion  in the front  and hence in the burning ra t e  (Fig. 2). At pN 2 ~- 500 a im the combust ion r eg ime  
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becomes  kinetic. The rate of nitrogen supply ceases to limit the combustion wave propagation velocity and 
the nitrogen in the pores is sufficient for complete combustion, so that the conditions of nitrogen supply do not 
affect the burning laws. In this case the burning rate is steady, which is consistent with the data of [6]. The 
decrease  in burning rate with further increase in pressure  is evidently associated with increased heat losses.  

At low pressures  the phased nature of the tantalum -n i t rogen  reaction is clearly expressed. As freezing 
showed, in the heating zone the nitrogen dissolves in the tantalum to form a solid solution. This phase is exo- 
thermic,  but the heat released does not exceed 2 kcal/mole [12]; accordingly the reaction cannot travel inde- 
pendently through the specimen in the form of a combustion wave. The propagation of this phase is controlled 
by the heat flows from the combustion zone in which the highly exothermic reaction of 2/-TazNhe x fi)rmation 
takes place, with an enthalpy of formation Att~98 = -65 .2  ~-0.9 kcal /mole  [13]. The third, also exothermic phase 
involves the formation of e-TaNhex in the afterburning wave in accordance with the equation [13] 

Ta~N ~- i/2N~= 2TaN~- 55.4 kcal]mole; 

accordingly the afterburning front is character ized by intense hmainosity. In the afterburning zone a fourth 
phase is also observed - t h e  endothermic transition from e-TaNhe x to 6-TaNcu b, the heat of transition being 
Q = 5~ kcal/mole [13]. This phase occurs because 6-TaNcub is thermodynamically stable only at the high 
temperature  developed during combustion and at elevated pressure  [14]. Upon slow cooling of the specimens 
(annealing) 6-TaNcu b should go over into hexagonal e-TaN, but in the experiments this transition was not ob- 
served,  evidently owing to the rapid cooling that actually occurred in the freezing process.  

Thus, in the diffusion regime the tantalum-ni t rogen reaction takes place in four successive phases, the 
same sequence being observed when the nitrogen is supplied through the unburnt part of the specimen and when 
it is supplied through the combustion products (t~gSo 3 and 4). 

In conclusion we note that the experimental data on the laws of diffusion burning are  in good agreement 
with the theoretical results  of [4-6]. Moreover,  the method employed makes it possible not only to avoid the 
difficulties associated with studying the combustion mechanism of specimens with an exposed lateral surface 
but also, given suitable conditions, to isolate the nitride 2/-Ta2Nhex, which extends the range of compounds ob- 
tainable by the self-propagating high-temperature  synthesis (SI-IS) method. 
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