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~ 6 s u m 6  - Sur deux nuances  de ckramiques de t y p e  SiYAlON, 
ob tenues  p a r  f r i t t a g e  n a t u r e l ,  il e s t  montr6 1 1 i n t 6 r E t ,  pour  
a m h l i o r e r  l a  r k s i s t a n c e  au f l u a g e ,  de  t r a i t e m e n t s  thermiques  
en l i t  de poudre s o u s  atmosph6re d ' a z o t e .  

A b s t r a c t  - For  two b a t c h e s  of  p r e s s u r e l e s s  s i n t e r e d  SiYAlON 
ceramics ,  i t  is  demonstra ted t h a t  t h e  c r e e p  r e s i s t a n c e  may be 
improved by u s i n g  powder bed h e a t  t r e a t m e n t s  i n  n i t r o g e n  
atmosphere.  

I - I N T R O D U C T I O N  

It is  now w e l l  e s t a b l i s h e d  t h a t  t h e  h i g h  t empera tu re  behav iour  of 
n i t r o g e n  ce ramics  is l i n k e d  t o  t h e  p r o p e r t i e s  of  t h e  r e s i d u a l  
i n t e r g r a n u l a r  phas.e, i . e . ,  t o  t h e  n a t u r e  and q u a n t i t y  o f  d e n s i f i c a t i o n  
a i d s  and t o  t h e  m e t a l l i c  i m p u r i t i e s  i n  t h e  r a w  m a t e r i a l s .  T h i s  
i n t e r g r a n u l a r  phase may be modif ied by p o s t - s i n t e r i n g  h e a t  t r e a t m e n t  
i n  o x i d i z i n g  o r  n e u t r a l  a tmospheres  /l/. These p o s s i b i l i t i e s  have been 
i l l u s t r a t e d  by t h e  s t u d y  of  t h e  c r e e p  behav iour  of  two SiYAlON 
m a t e r i a l s  w i t h  t h e  same nominal ccmpos i t ion ,  b u t  w i t h  a d i f f e r e n t  
i m p u r i t y  c o n t e n t  (Ca,  F e ) .  

I1 - MATERIALS 

Two b a t c h e s  of  samples ( ~ 3  and N5) were p repared  from s i l i c o n ,  
aluminium and y t t r i a  powders. The nominal composi t ion i s  t h e  same, 
excep t  f o r  t h e  p u r i t y  of t h e  s i l i c o n  powder (Tab le  1 ) .  The powders a r e  
mixed i n  a l c o o h o l ,  d r i e d ,  then  n i t r i d e d  d u r i n g  a  70 hour  thermal  
c y c l e .  The r e a c t i o n  k i n e t i c s  a r e  c o n t r o l l e d  by n i t r o g e n  consumption 
/ 2 / .  The b r i c k s  a r e  c rushed  and f i n e l y  ground ( g  < 2  p m ) .  A f t e r  
shap ing ,  t h e  samples  a r e  d e n s i f i e d  by p r e s s u r e l e s s  s i n t e r i n g  a t  1 7 0 0 ° C  
i n  n i t r o g e n  t o  95% t h e o r e t i c a l  d e n s i t y .  

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19861103

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19861103


Cl -674  JOURNAL DE PHYSIQUE 

Powder 
PURITY w t  % ___-_-_______---_-_---------------------- 

C a  1 Fe 1 A l  

0 ,02 - 0 ,14  1 0 , 48  - 0 ,58  1 0,02 - 0,15  
_ - _ - _ _ _ _ _ _ _ _ _ ) _ _ _ _ _ - - - - - - - - I - - - - - - - - - - - - -  
n .d .  - 0 ,02  1 0 , 3 5  - 0 ,48  1 0,07 - 0 ,08  

_-_-_-_______(_____--------I------------- 
n.d [ 50 ppm [ n.d. 

_-_---_-_-___I_-_-_--------l------------- 
43 ppm l 2000 ppm ! 

I l I 
Table 1 : Impuri ty  conten t  of t h e  powders. 

i - A s  s i n t e r e d  m a t e r i a l s  c o n s i s t  i n  R 
'Si5.6A10.400.4N7.6 as the 

major phase,  wi th  a  small amount of y t t r i um s i l i c a t e  ( B  Y S i  0  ) and a 
r a t h e r  l a r g e  quan t i t y  of g l a s s y  phase ( F i g .  1 ) .  N o  y t t r i u $  a?uxinium 
ga rne t  ha s  been de t ec t ed  e i t h e r  i n  N3 o r  N5 m a t e r i a l s .  

ii - Af te r  hea t - t rea tment  i n  a i r  (48 h - 1350°C), microana lys i s  
(E.D.A.X.) r e v e a l s  a  migra t ion  of calcium and y t t r i um which 
concent ra te  i n  t he  oxide s c a l e  a t  t he  e x t e r n a l  i n t e r f a c e .  T.E.M. 
micrographs show a p a r t i a l  m i c r o c r y s t a l l i z a t i o n  of t he  g l a s s y  phase 
pockets  (F ig .  2 ) .  

P ig .  1 : T.E.M. micrographs of a s - s in t e r ed  m a t e r i a l .  
a  - b r i g h t  f i e l d ,  b  - dark f i e l d  and a s soc i a t ed  d i f f r a c t i o n  
p a t t e r n .  

iii - Heat- t reatmegts  have a l s o  been performed i n  a  powder bed. 
The ba r s  ( 4  X 4  X 25 mm ) a r e  embedded i n  s i l i c o n  n i t r i d e  powder 
( p u r i t y  99 .9%)  and t r e a t e d  i n  n i t r ogeh  f o r  100 hours  a t  temperatures  
between 1150 and 1300°C. A complete r e c r y s t a l l i z a t i o n  of  t h e  g l a s sy  
phase is  evidenced by l a c k  of any a l t e r a t i o n  under t he  e l e c t r o n  beam 
dur ing  TEM i n v e s t i g a t i o n  ( f i g .  3 ) .  X-Ray d i f f r a c t i o n  p a t t e r n s  show an 
i nc rea se  i n  Y Si207 and t he  appearance of A1Y03 and of new phases 
which have no$ y e t  been i d e n t i f i e d .  No outward diffusion of y t t r i um 
was de t ec t ed  by EDAX microanalyses  of t he  sample su r f ace .  



a b 

Fig.  2 : T.E.M.  micrographs of a  sample ox id ized  48 h a t  1350°C. 
a  - dark f i e l d ,  b  - s p o t t e d  r i n g s  i n  t he  d i f f r a c t i o n  p a t t e r n .  

Fig.  3  : T.E.M. micrograph of a  sample hea t - t r ea t ed  i n  a  powder bed. 

111 - CREEP 

The 3-point bending c reep  t e s t s  i n  a i r  a r e  performed between 1100 and 
1250°C a t  s t r e s s e s  ranging from 70 t o  165 MPa. The s t r e s s  and s t r a i n  
a t  t he  outermost f i b r e  a r e  c a l c u l a t e d  under e l a s t i c  theory  
assumptions. This  approximation is  j u s t i f i e d  by t he  low va lue  of t he  
measured d e f l e c t i o n  and t he  newtonian behaviour  of t h e  flow i n  t he  
s t a t i o n a r y  s t age  / 3 / .  Typical  c r eep  curves a r e  shown i n  f i g u r e  4. 
Af t e r  a  r ap id  decrease at t he  beginning,  t he  c reep  r a t e  cont inues  t o  
diminish s lowly.  A t r u e  s teady  s t a t e  is reached only a f t e r  s eve ra l  
hundred hours .  A t e r t i a r y  c reep  has  never been observed under our  
experimental  cond i t i ons .  

i - Creep of t h e  a s - s in t e r ed  N ma te r i a l  has  been s tud i ed  us ing  n t he  phenomenological r e l a t i o n  ; = A ~ S )  o exp - E/RT where E is  the  
c reep  r a t e  a t  t he  o u t e r  t e n s i l e  f i b r e ,  t h e  maximum t e n s i l e  s t r e s s ,  n 
t he  s t r e s s  exponent,  E t h e  apparent  a c t i v a t i o n  energy,  R t he  Boltzmann 
c o n s t a n t ,  T t h e  abso lu te  temperature and A ( S )  a  f a c t o r  depending on 
t he  mic ros t ruc tu re .  

Determination of n ,  through s t r e s s - s t e p s  experiments ,  shows a  l i n e a r  
and r e v e r s i b l e  v a r i a t i o n  of I n  C ve r sus  I n  U f o r  t imes  g r e a t e r  than 
340 hours  ( f i g .  5 ) .  During t he  long preceeding per iod  when the  creep 
r a t e  is  slowly decreas ing ,  t he  mic ros t ruc tu re  changes due t o  t he  
ox ida t i on  and t he  decrease i n  quan t i t y  of t he  i n t e r g r a n u l a r  g l a s sy  
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Fig. 4 : Creep curves at 1150°C and 120 MPa for N3-samples and 120O0C- 
240 MPa for N -samples. 5 1 - as sintered N 2 - as sintered N 
2 - preoxidized N ~ '  (48 h - 1350°C) 5 

3 N -samples heat-treated in a powder bed at 
4 - 1?50°c ; 5 - 12OO0C ; 6 - 125OoC ; 7 - 13OO0C. 

phase (fig. 6). This oxidation leads to an outward migration of 
yttrium and calcium /4/. Studies of the oxidation behaviour have 
allowed us to link the onset of the stationary stage with an 
intergranular oxidation completed in the bulk of the samples. At this 
stage, the evolution of the microstructure is achieved ; the 
contribution of the viscoelastic effects to the creep rate becomes 
negligeable ; the only remaining mechanism is a diffusional one 
(n = 1, E = 780 kJ/mol). This mechanism corresponds to a solution- 
migration-precipitation process induced by chemical potential 
gradients which arise from the buttressing of adjacent grains on 
ledges along grain-boundaries. 

ii - N5 material shows a similar behaviour with a better 
resistance (fig. 4). The steady stage is reached more rapidly. The 
lower calcium and iron contents increase the refractoriness of the 
glassy phase. 

iii - For N3 pre-oxidized samples also, the stationary stage is 
observed for shorter times than in as-sintered N3 samples, but the 
steady creep rate is higher (fig. 4). After creep test, no 
noticeable microstructural changes have been observed, which means 
that the microstructure has been stabilized by the oxidation 
treatment. A consequence of the partial microcrystallization of the 
glassy phase pockets may be that the solution-migration-precipitation 
process can now occur at buttressing points between crytallites. This 
possibility of matter flow between silicate crystallites through the 
oxidized residual glassy hhase might explain a higher value for the 
creep rate in the steady-state creep. 



Fig.  5 

f 

\- a- 2Oilnm 

F ig .  6 

Fig.  5 : Creep r a t e  a t  1150°C ve r sus  s t r e s s  f o r  a s - s in t e r ed  N -samples. - 3 

Fig.  6 : T.E.M. micrograph o f  N -sample a f t e r  creep.  
3 

i . v  - Af te r  t rea tment  i n  a  powder bed a t  1150°C, t he  behaviour  is  
s i m i l a r  t o  t h a t  of t he  a s - s in t e r ed  m a t e r i a l ,  but  improves wi th  
i nc r ea s ing  hea t  t rea tment  temperature.  I n  t h e  case  of a  sample h e a t  
t r e a t e d  a t  1250°C, t he  s teady  s t a t e  c reep  r a t e  is  lower and t he  s t r a i n  
is  t h r e e  t imes l e s s  than  i n  t he  case  of t he  a s - s in t e r ed  m a t e r i a l ,  a l l  
e l s e  be ing  equa l .  This  improvement i s  a sc r ibed  t o  t he  c r y s t a l l i z a t i o n  
lead ing  t o  t he  almost complete disappearance of t h e  v i t r o u s  phase. The 
powder bed p r o t e c t s  t he  samples from any decomposition and f o r  
r e a c t i o n  wi th  oxygen t r a c e s  i n  t he  atmosphere. 

I V  - CONCLUSION 

This  s tudy demonstrates  t h a t  t he  d i f f e r e n c e  i n  behaviour  between t he  
two SiYAlON m a t e r i a l s ,  N3 and N 5 ,  of t he  same nominal composition, is  
r e l a t e d  t o  t h e i r  d i f f e r e n t  calcium impuri ty  con t en t s  ; i r o n  does not  
seem t o  p l ay  any r o l e .  Thermal t rea tments  e i t h e r  i n  ox id i z ing  o r  
n e u t r a l  atmospheres, l e ad  t o  t he  c r y s t a l l i z a t i o n ,  more o r  l e s s  
complete,  of t he  secondary g l a s s y  phase. I n  ox id i z ing  environments,  
su r f ace  p i t t i n g  l i m i t s  t h e  du ra t i on  of t he  t rea tment ,  whereas i n  t he  
case  of t he  powder bed technique ,  t he  samples a r e  p ro t ec t ed  from 
su r f ace  degrada t ion  and reach t h e  s t a b l e  thermodynamical s t a t e  
cha rac t e r i zed  by t he  e l im ina t i on  of t he  t r a n s i e n t  g l a s s y  phase. 

For t h i s  SiYAlON ceramic,  h e a t  t r e a tmen t s  i n  n i t r ogen  us ing  a  powder 
bed induce a marked improvement i n  t he  c reep  r e s i s t a n c e .  
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