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INTERFACES BETWEEN Sic AND METALS 

M. BACKHAUS-RICOULT 

Laboratoire de Physique des Matgriaux, CNRS, 1, Place A. Briand, 
F-92190 Meudon. France 

Resume - Une e tude des r e a c t i o n s  chimiques se p rodu i san t  aux i n t e r f a c e s  e n t r e  metal  
e t  ca rbu re  de s i l i c i u m  a e t e  e f f e c t u e e  pour  d i v e r s  metaux (Fe, N i ,  C r )  e t  l e u r s  
a l l i a g e s .  Les chemins de r e a c t i o n ,  l e s  c i n e t i q u e s  de r e a c t i o n ,  l a  morphologie 
macroscopique e t  l a  m i c r o s t r u c t u r e  de l a  couche de r e a c t i o n  o n t  e t 6  determines. Un 
model e  a  e t 6  deve l  opp6 pour  exp l  i q u e r  l ' i n f l u e n c e  de chaque composant metal  l i que su r  
l a  compos i t ion  e t  l a  s t r u c t u r e  de l a  couche de r e a c t i o n .  

A b s t r a c t  - Chemical r e a c t i o n s  occu r i ng  a t  m e t a l - s i l i c o n  ca rb ide  i n t e r f a c e s  have been 
i n v e s t i g a t e d  f o r  d i f f e r e n t  me ta l s  (Fe, N i ,  Cr)  and t h e i r  a l l o y s .  React ion  paths,  
r e a c t i o n  k i n e t i c s ,  macroscopic morphology and m i c r o s t r u c t u r e  o f  t h e  p roduc t  sca le  
have been determined. A model has been developed t o  e x p l a i n  t h e  i n f l u e n c e  o f  each 
metal  component on t h e  compos i t ion  and s t r u c t u r e  o f  t h e  p roduc t  sca le .  

1 - INTRODUCTION 

S i l i c o n  ca rb ide  can be j o i n e d  by d i f f u s i o n  we ld ing  under vacuum a t  h i g h  temperature.  
Chemical r e a c t i o n s  occur  a t  t h e  meta l -ceramic  i n t e r f a c e .  Not o n l y  d i f f u s i o n  zones, bu t  new 
products  such as v a r i o u s  s i l i c i d e s ,  ca rb ides  and/or f r e e  carbon have been observed i n  t h e  
i n t e r f a c e  r e g i o n  /1,2,3/. Only few fundamental s t u d i e s  can be found i n  t h e  l i t e r a t u r e ,  f o r  
which t h e  r e a c t i o n  p roduc ts  ( s t r u c t u r e  and compos i t ion)  and t h e  r e a c t i o n  k i n e t i c s  have been 
determined. Resu l t s  on t h e  p o s s i b l e  p roduc ts  and t h e  k i n e t i c s  f o r  t h e  r e a c t i o n  of pure  
n i c k e l  o r  pure  i r o n  w i t h  s i l i c o n  ca rb ide  a re  g i v e n  i n  /4/, b u t  no d e t a i l s  on t h e  
m i c r o s t r u c t u r e  a r e  mentioned. More compl ica ted a l l o y s  a re  s t u d i e d  i n  /l/, t h e  m i c r o s t r u c t u r e  
has been analysed and seems t o  be ve ry  complex. To eva lua te  t h e  i n f l u e n c e  o f  t h e  d i f f e r e n t  
metal1 i c  compounds i n  s t e e l  - s i l  i c o n  ca rb ide  compounds we have per formed c a r e f u l  exper iments 
w i t h  pure  me ta l s  (Fe, N i ) ,  b i n a r y  a l l o y s  (Fe-Ni, Fe-Cr, N i -C r )  and f i n a l l y  t e r n a r y  a l l o y s  o r  
commercial s t e e l  (Fe-Ni -Cr)  . To o b t a i n  d e t a i l e d  i n f o r m a t i o n  on t h e  i n t e r f a c e  r e g i o n  we have 
determined the .comp le te  r e a c t i o n  pa th  w i t h  a l l  r e a c t i o n  p roduc ts  and d i f f u s i o n  zones, as 
w e l l  as t h e  macroscopic morphology and t h e  m i c r o s t r u c t u r e  o f  t h e  p roduc t  sca le .  

2 - EXPERIMENTAL PROCEDURE 

Var ious a l l o y s (  Fe.,5Ni.25, Fe.,Ni-, , Fe.,,Ni.,, , Fe.,,Cr. ,,, FeNiCr) were prepared by 
m e l t i n g  powder m i x t u r e s  o f  pu re  m a t e r i a l s  ob ta ined  f rom Johnson Matthey (99.999).  I h e  
homogeneity o f  t h e  c y l i n d e r s  a f t e r  annea l ing  was c o n t r o l l e d  by microprobe ana l ys i s .  i h e  
a l l o y  and pure  meta l  (Fe, N i )  c y l i n d e r s  were sawn i n t o  approx imate ly  8 mm d iameter ,  2-3 mm 
t h i c k  d i s k s .  These d i s k s  were then p o l i s h e d  w i t h  100 g r i t  S i c  paper,  f o l l o w e d  by diamond 
paste  down t o  2  m. The d i s k s  were f i n a l l y  c leaned i n  acetone. P o l y c r y s t a l l  i n e  s i l i c o n  
ca rb ide  w i t h  sma l l  i m p u r i t y  con ten t  ( f r om Ceramique e t  Composite) h o t  pressed pure  s i l i c o n  
ca rb ide  and s i l i c o n e  c a r b i d e  s i n g l e  c r y s t a l s  were c u t  i n t o  p l a t e l e t s  and f i n e - p 0 1  ished w i t h  
2 wn diamond pas te  on a  p01 i s h i n g  wheel. D i f f u s i o n  coup les  were formed by p r e s s i n g  ceramic 
p l a t e l e t  and meta l  d i s k  a g a i n s t  each o t h e r  w i t h  t h e  h e l p  o f  a  g r a p h i t e  s p r i n g  i n  a  g r a p h i t e  
h o l d e r  t o  improve i n t e r f a c i a l  con tac t .  The r e a c t i o n  temperature  was measured by a  
thermocouple l o c a t e d  near t h e  r e a c t i o n  sandwich. The r e a c t i o n s  were r u n  under i n e r t  argon 
atmosphere i n  a  g r a p h i t e  fu rnace a t  1223 K f o r  1 t o  100 hours.  A t  t h e  end o f  t h i s  pe r i od ,  
t h e  samples were quenched w i t h i n  a  few minutes t o  room temperature,  c u t  p e r p e n d i c u l a r l y  t o  
t h e  i n i t i a l  i n t e r f a c e  and p o l i s h e d  by s tandard  me ta l l og raph i c  techn iques.  The po l i shed -c ross  
sec t i ons  were i n v e s t i g a t e d  by o p t i c a l  and scanning e l e c t r o n  microscopy. Concent ra t ion  
p r o f i l e s  o f  S i ,  C, Fe, N i  o r  Cr were measured w i t h  an e l e c t r o n  microprobe.  The compos i t ion  
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and the  s t r u c t u r e  o f  t h e  phases were a lso determined by X-ray d i f f r a c t i o n .  Thin f o i l s  were 
prepared by f u r t h e r  p o l i s h i n g  W l o w e d  by i o n  m i l l i n g  w i t h  Ar a t  5 KeV. The t h i n  areas o f  
the samples were inves t iga ted  by t ransmission e l e c t r o n  microscopy (Jeol 2000 FX) t o  ob ta in  
d e t a i l  S on the  microst ructure.  

Si 7icon carbide-iron 
At 950°C, a th in ,  very i r r e g u l a r  r e a c t i o n  l a y e r  could be detected, which cons is ts  o f  a 
s i l  icon enriched a - i r o n  m a t r i x  w i t h  embedded f i b r o u s  g raph i te  p a r t i c l e s  (Fig. l). The 
reac t ion  l a y e r  th ickness var ies  s t r o n g l y  over the  whole i n t e r f a c e  and does n o t  increase 
sys temat i ca l l y  w i t h  t ime : r e a c t i o n  times o f  2 hours as we l l  as 100 hours y i e l d  a s i m i l a r  
product scale th ickness o f  about 10 m. A f t e r  react ion,  systematic crack ing a t  the 
metal/product scale i n t e r f a c e  was observed, whereas t h e  S i  C-product scale i n t e r f a c e  remained 
uncracked. The t o t a l  r e a c t i o n  path i s  schematical ly represented i n  the  quaternary Fe-Ni-Si-C 
phase diagram i n  Fig.2. 

Fig.1 - Backscattered scanning e l e c t r o n  micrograph of the  r e a c t i o n  l a y e r  f o r  t h e  r e a c t i o n  of 
i r o n  w i t h  s i l i c o n  carb ide a t  1223 K. 

S i T= 950°C 

Fig.2 - Reaction paths f o r  the  s o l i d  s t a t e  reac t ions  between s i l i c o n  carb ide and d i f f e r e n t  
(Fe,Ni) a l l o y s  p l o t t e d  i n t o  the quaternary Fe-Ni-Si-C phase diagram f o r  1223 K. 
(The r e a c t i o n  path i s  c o n s t i t u t e d  by a l l  the  d i f f e r e n t  compositions, which occur i n  the 
reac t ion  sandwich. Therefore i t  represents a t ime- less d i f f u s i o n  p r o f i l e  i n  the f o u r  
dimensional space o f  the  phase diagram). 



Silicon carbide-nickel 
At 950°C, the reaction zone between nickel and silicon carbide is well organized in form of 
bands of constant thickness (approximately 10 m) (Fig.3). Precipitate-free bands alternate 
with bands of the same matrix phase containing a high density of very small (- 1 m) 
graphite particles. The matrix composition varies from Ni2S on the Sic side, through Ni,Si2, 
to Ni,Si, where this last composition forms only a precipitate-free zone next to the 
diffusion zone of the Y-nickel . The Y-phase is enriched in carbon and silicon. The total 
reaction layer thickness has been measured for various reaction times and has been found to 
grow with a, with a parabolic rate constant k = 1.25.10-7cm2/s. No cracking of the 
interface has been detected : cracks due to residual stresses during cooling occurs always 
within the ceramic. 

Fig . 3  - Backscattered scanning electron micrograph of the reaction layer for the reaction of 
nickel with silicon carbide at 1223 K. 

Silicon carbide- (iron, nickel, chromium) a1 loys 
The morphology and composition of the product scale resulting from the reaction between 
silicon carbide and (iron, nickel) a1 loys always show similarities with those described 
above for pure metals. The strong regular banding of nickel -rich (Fe,Ni),Si (or (Fe,Ni)Si) 
and (Fe,Ni),Si (or (Fe,Ni)Si) + C, which is still visible for Fe-,,NI.,, evolves into a 
less regular structure for Fe-,,Ni.,, , where the bands are less organized and are already 
followed by a random distribution of precipitates near the metal side of the product scale. 
Finally, for Fe.,,Ni.,, only a thin zone of these silicide bands can be detected; the major 
part of the product scale consists of T-phase or silicon enriched a-Fe phase as matrix 
material with randomly distributed carbon precipitates. Transmission electron microscopy 
investigations of the product scale have proved, that the carbon precipitates have a fibrous 
character and consist of bundles of very well aligned turbostratic carbon. Energy dispersive 
X-ray microanal ysis in a scanning transmission electron microscope did not show any special 
segregation of impurities in the precipitate interfaces. The matrix grains have a size close 
to or less than 1 m. In the case of the reaction couple Sic-Fe.,,Ni.,, a coexistence of a- 
and T-phase together with carbon has been detected. For the cubic m-phase (a = 5.75 A) 
ordering of the lattice (half lattice spacing) occurs in the [l001 direction axis often only 
slightly misoriented, the slight tilt around the [Ill] axis or the twinning can be results 
of the diffusion controlled product scale growth. 

An addition of chromium to the alloy does not influence the typical scale morphology, which 
is given by the iron and nickel content, but yields in addition a zone with chromium carbide 
precipitates on the metal side of the product scale (Fig.5,6). Different chromium carbides 
have been observed in coexistence in this precipitate region. 
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TABLE 1 

1 + carbon 

Table 1: I d e n t i f i c a t i o n  of the  d i f f e r e n t  phases formed w i t h i n  the product scale 
dur ing  t h e  reac t ion  between s i l i c o n  carb ide and i ron -n icke l  a l l o y s  

Fig.4 - B r i g h t  f i e l d  image of a carbon p r e c i p i t a t e  i n  a r - m a t r i x  ( reac t ion  couple 
Fe ,,Ni.,,-Sic , 1223 K, 4 h) w i t h  corresponding d i f f r a c t i o n  p a t t e r n  and h igh  r e s o l u t i o n  
image. 
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tr/ ~ r e c i p i t a t e s  o f  

d i f f e r e n t  Cr-carbides 
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F ig .5  - Backscattered scanning e lec t ron  micrograph o f  the r e a c t i o n  l a y e r  f o r  the  reac t ions  
of a)  (Fe.50Ni .So ) - S ic  , b) (Fe,82Cr ) - S ic  , c )  (Ni C r  ) - S ic  and d)  s tee l  H800- 

.l8 -82 .l8 
Si  C. 
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3 - CONCLUSION 

The morphology features o f  the product scale f o r  reac t ions  between S ic  and (Fe,Ni ,Cr) a l l o y s  
can be described as r e s u l t i n g  o f  the present metal-components. I r o n  y i e l d s  a broad region o f  
a- reg ion o r  T-phase w i t h  randomly d i s t r i b u t e d  carbon p r e c i p i t a t e s  on the  metal s ide o f  the 
reac t ion  l a y e r .  The presence o f  n i c k e l  r e s u l t s  i n  a banded zone near t h e  Sic  in te r face ,  
bands o f  n i c k e l - r i c h  s i l i c i d e  a l t e r n a t e  w i t h  carbon p r e c i p i t a t e  r i c h  bands o f  t h e  same 
s i l i c i d e .  Chromium f i n a l l y  p r e c i p i t a t e s  a t  the  border o f  the m e t a l l i c  i n t e r d i f f u s i o n  zone i n  
form o f  i t s  var ious carbides. 
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