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In te rmeta l l i c  compounds a r e  used in producing ca ta lys t s ;  in producing hea t - r e s i s t an t ,  superconduct -  
ing, magnet ic ,  and cutting m a t e r i a l s ;  and in alloying s t ee l s  and a l loys .  An e x t r e m e l y  s imple  and economi-  
cal method has recent ly  been  developed fo r  producing these  compounds;  this is the method of " s e l f - p r o p a -  
gating h i g h - t e m p e r a t u r e  fusion" or  " c o m b u s t i o n - r e g i m e  fusion" [1, 2]. The influence of var ious  fac tors  
(the po ros i ty  of the br ique ts ,  the d i spe r s ion  of the components ,  and the degree  of dilution) onthe combust ion 
r e g i m e  and ra te  has been  studied [3, 4]. 

Here  w e  r epo r t  data on the influence of the concentra t ion of the or iginal  r eac t an t s  in a mix tu re  of 
different  meta l  powders  on the phase  compos i t ion  of the products  and on the combust ion  ra te .  This  i n fo rma-  
tion is v e r y  impor tan t  fo r  developing an op t imum technology fo r  producing in te rmeta l l i c  compounds and 
m a t e r i a l s  based  on such compounds by means  of se l f -p ropaga t ing  h igh - t empe ra tu r e  fusion. 

Fo r  the expe r imen t s  we used m i x t u r e s  of powdered a luminum (type ASD-1 or  ASD-4) and powdered 
nickel  ( f ine-grained type PNK-2),  f r o m  which we p r e s s e d  cyl indr ica l  s amples  1 cm in d i ame te r  and 1.5-2 
cm long with an initial poros i ty  of 4070. The combust ion ra te  was de te rmined  by the method of [3, 4]. The 
composi t ion  of the combust ion p roduc t s  was studied by x - r a y  diffraction,  x - r a y  spec t ra l ,  and me ta l l o -  
graphic  methods .  The composi t ion  of the gases  adsorbed  on the powder  p a r t i c l e s  was de te rmined  through 
a m a s s - s p e b t r o g r a p h i c  analys is  (through the use  of an IPDO-1 omega t ron  p a r t i a l - p r e s s u r e  gauge and an 
RMO-4s  omega t ron  tube). The m a s s  s p e c t r a  we re  recorded  under  l inea r -hea t ing  conditions (the ra te  of 
change of the t e m p e r a t u r e  was 7-10 deg/min)  ove r  the t e m p e r a t u r e  range 20-600~ for  the powders  of the 
s epa ra t e  components  and ove r  the r a n g e  20-550~ for  the powders  of the mix tu re s .  

F igure  1 shows the combust ion  ra t e  as a function of the mix tu r e  composi t ion.  At the composi t ion  
N i - 1 3 . 5  wt. % A1 (the s to ich iomet ry  of the Ni~A1 phase) ,  the combust ion ra te  begins to i nc rea se  with in- 
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Fig. 1. Combust ion ra t e  as a function of the m i x -  
tu re  composi t ion.  1) Mixture of Ni (type PNK-2,  
fine grained) and A1 (ASD-4); 2) mix tu re  of Ni 
(PN]~, 63/~) and A1 (ASD-1). I) NiA13; II)Ni2A13; 
III) NiA1; IV) Ni~A1. 

c reas ing  a luminum content in the initial mix ture .  
The ra te  reaches  a m a x i m u m  for  the composi t ion  
Ni-31o5 wt. %A1 (the s to ich iomet ry  of the com-  
pound NiA1). As the a luminum concentra t ion is 
r a i sed  fur ther ,  to 58 wt. % (the s to ich iomet ry  of 
the compound NiAla), the combust ion ra te  d e c r e a s e s .  
Composi t ions  n e a r  the compound NiA1 undergo 
combust ion in the s t e ady - s t a t e  reg ime,  while the 
mix tu r e s  n e a r  NiaA1 and NiA13 undergo combust ion 
in the pulsat ing r eg ime  (in some  cases ,  these  s a m -  
ples  do not undergo combust ion  complete ly) .  For  
all  the mix tu r e s  the combust ion  ra te  is higher,  
the s m a l l e r  the s ize  of the pa r t i c l e s  in the mix ture .  

Data on the composi t ion  of the combust ion 
products  a r e  given in Table  1 and Fig. 2; this  
f igure  shows intensi ty cu rves  of the radia t ion by 
the nickel in the combust ion p roduc t s .  Shown for  
compar i son  in Fig. 3a is  the s t ruc tu re  of the o r ig -  
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TABLE 1 

Weight percent of 
A1 in original mix- 
ture with Ni 

13,3 (NizA1) 

15 
20 
23~5 
31,5 (NiAI) 
36 
42,5 (Ni2A13) 

50 
58 

Combustion 
regime 

.Pulsating 

)> 

Steady state 

)) 

Pulsating 

Phase composition ofcom- 
J bustion products accord- 
[ing to 
Ix-ray dif- x-ray spectral 
fraction analysis 
ianalysis 
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NiAI 
NiAI 

Ni2AI~q-NiA1 
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Fig. 2. Emiss ion  spectrum of nickel  NiK a in the c o m -  
bust ion p roduc t s .  F ine-gra ined  type PNK-2 Ni, type 
ASD-4 AI. I) Ni3AI; If) NiAh Ill) Ni2AI 3. 

Fig. 3. Pho tomic rog raphs  of su r f aces ,  a: Original  m a t e -  
r ia l .  1) Ni; 2) A1 (150 x). b: Ni--13.5 wt. 70 A1 sample  
a f t e r  combust ion  (500 • ). c: N i -42 .5  wt. 70 A1 a f t e r  c o m -  
bust ion.  1) Ni2A13; 2) NiA1 (500 x). d: N i - 5 8  wt. 70 A1 
a f t e r  combust ion.  1) NiA13; 2) Ni2A13 (500 • 

inal s amp le  (the br ight  pa r t i c l e s  a r e  nickel  pa r t i c l e s ,  surrounded by aluminum).  The s ing le -phase  in te r -  
meta l l i c  compounds a r e  synthesized in the combust ion  of the mix tu re s  with composi t ions  cor responding  to 
the homogeneous region of the nickel  monoaluminide  (curve 2 in Fig. 2; Ni--31.5 wt. 70 A1) [6]. Polyphase  
combust ion  p roduc t s  f o r m  for  the o ther  compos i t ions .  For  example ,  in the combust ion of the composi t ion 
N i - 1 3 . 5  wt. 70 A1 (the s to ich iomet ry  of Ni3A1), it is p r i m a r i l y  the Ni3A1 phase  (cubic la t t ice ,  a= 3.550 A) 
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Fig. 4. Mass  s p e c t r o g r a m  
obtained during heating of 
nickel  powder .  
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Fig. 5. Mass  s p e c t r o g r a m  
obtained during heating of 
annealed powdered m i x t u r e  
N i - 3 1 . 5  wt. % A1. 1) CO2; 
2) CO; 3) I-I20. 

which fo rms ,  according to the x - r a y  diffract ion ana lys i s .  However,  the 
x - r a y  spec t r a l  ana lys is  (curve 1 in Fig. 2) shows that the Ni3A1 is ac -  
companied by NiA1 and by nickel which is not reac ted .  According to the 
meta l lograph ic  data (Fig. 3b), the combust ion products  have a homoge-  
neous s t r u c t u r e  and consis t  p r i m a r i l y  of the Ni3A1 phase .  

In the combust ion  of the composi t ion N i - 4 2 . 5  wt. % A1 (s toichiom- 
e t ry  of Ni2A13), the product  cons is t s  of a mix tu re  of the Ni2A13 and NiA1 
phases  (curve 3 in Fig. 2). We see  two phases  which a re  quite different  
in color :  the g r a y i s h - b l u e  Ni2A13 phase  and the bright ,  na r row NiA1 veins 
(Fig. 3c). The combust ion  product  of the composi t ion N i - 5 8  wt. % A1 
(the s to i ch iomet ry  of NiA13) is a two-phase  product  and cons is t s  of a mix -  
tu re  of the phases  NiA13 and Ni2A13, according  to data f r o m  the x - r a y  
spec t ra l ,  diffract ion,  and meta l lograph ic  analys is  (Fig. 3d). 

The phase  composi t ion  of the combust ion products  depends on the 
s ize  of the reac tan t  p a r t i c l e s .  Fo r  example ,  the combust ion products  of 
the composi t ion  N i -31 . 5  wt. % A1 (the s to ich iomet ry  of NiA1), a mix tu re  
of a luminum and nickel powders  with a pa r t i c l e  s ize  of 50-63 #, is a two- 
phase  product ,  consis t ing of NiA1 and Ni2A13. We know that impur i t i es  
adsorbed  on the su r f aces  of powder  pa r t i c l e s  affect  the reac t ion  kinet ics .  
We t h e r e f o r e  studied the influence of an annealing, which cleans the s u r -  
face,  on the combust ion  ra te  and composi t ion  of the evolved gases .  

When the nickel powder  ( f ine-grained type PNK-2) in the s ta te  
furnished was heated, we obse rved  th ree  peaks  in the m / e  distr ibution,  
cor responding  to m a s s e s  of 44 (CO2, Fig. 4, cu rve  1), 28 (CO, Fig. 4, 
cu rve  2), and 18 (H20, Fig. 4, cu rve  3). When we annealed the type ASD-1 
a luminum powder ,  we obse rved  only a single peak,  cor responding  to a 
m a s s  of 18 (H20). Much m o r e  wa te r  is adsorbed  on the nickel powder  
than on the a luminum powder .  These  data ag ree  with the resu l t s  of a 
m a s s - s p e c t r o m e t r i c  ana lys i s  of the pr inc ipa l  ca rbona te  of nickel [7]. The 
evolution of CO 2 was ver i f ied  with the help of the qual i ta t ive react ion  

CO~+Ba (Ol-l) 2 ~ BaCOa~+H20. 

Analys is  of the m a s s  s p e c t r o g r a m  revea l s  that the heating of the composi t ion  N i - 3 1 . 5  wt. % A1 r e -  
sults  in the evolution of the s a m e  gaseous  p roduc t s  as  a r e  obse rved  during the annealing of the pure  pow- 
de r s .  At 550~ an intense exo the rmic  reac t ion  begins in the mix tu re  of nickel  and a luminum powders  
(the t e m p e r a t u r e  r i s e s  ve ry  rapidly  to 1200-1300~ due to the fo rmat ion  of in te rmeta l l i c  compounds [8]. 
Although the re  is an accompanying i n c r e a s e  in gas evolution, t he re  is no change in the composi t ion of the 

p roduc ts .  

To de t e rmine  how the gases  adsorbed  on the pa r t i c l e s  affect  the combust ion  ra te ,  we c a r r i e d  out a 
s t e p - b y - s t e p  annealing of nickel  powder  in a vacuum of 10 -3 t o r r  (T = 200~ t = 2 h; T = 300~ t =3h; T = 
400~ t = 3 h; T = 500~ t = 2 h; T = 600~ t = 1 h). An annealing of this  type reduces  the amount of adsorbed  
gas .  All t h ree  peaks  shr ink cons ide rab ly  (Fig. 5). Immed ia t e ly  a f t e r  the annealing of the powders  or  the 
mix tu re  of powders ,  we p r e p a r e d  the s a m p l e s  and burned them in the bomb.  The combust ion  ra te  of the 
compos i t ion  Ni--31.5 wt. % A1 fo rmed  f r o m  powders  p r e p a r e d  by the p r o c e d u r e  outlined above or  f r o m  a 
mix tu re  of powders  annealed in a vacuum of 10 ~3 t o r r  at 400~ for  5 h is 10.5 • c m / s e c .  The combus-  
t ion ra te  of this composi t ion  p r e p a r e d  f r o m  a mix tu re  of powders  in the s ta te  furnished is  9.5 �9 0.5 cm/sec .  

Accordingly,  heat  t r e a t m e n t  of the powders  in vacuum i n c r e a s e s  the combust ion ra te  sl ightly.  

The authors  thank V. L. Shcherinskii ,  A. V. Lepinskikh,  and L. V. Sholokhova for  par t ic ipa t ing  in 

these  expe r imen t s .  
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