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R6sum6 - Des mesures  d e  f r o t t e m e n t  i n t 6 r i e u r  o n t  6 t h  r 6 a l i s 6 e s  s u r  d i v e r s  
c a r b u r e s  f r i t t e s  3 b a s e  d e  WC-Co. Ces  m a t 6 r i a u x  p r e s e n t e n t  un s p e c t r e  c a r a c -  
t 6 r i s t i q u e  compos6 p r i n c i p a l e m e n t  d 'un  p i c  a p p a r a i s s a n t  d a n s  un domaine d e  
t e m p e r a t u r e  06 l a  p l a s t i c i t 6  d e  l a  p h a s e  Co commence 3 j o u e r  un r 6 1 e  non 
n k g l i g e a b l e  s u r  l e s  p r o p r i 6 t 6 s  mkcaniques.  

A b s t r a c t  - I n t e r n a l  f r i c t i o n  measurements  have  been per formed on d i v e r s e  
t y p e s  o f  WC-Co s i n t e r e d  c a r b i d e s .  These  m a t e r i a l s  e x h i b i t  a  c h a r a c t e r i s t i c  
i n t e r n a l  f r i c t i o n  s p e c t r u m  which is main ly  composed o f  a  peak l o c a t e d  i n  a 
t e m p e r a t u r e  r a n g e  where t h e  p l a s t i c i t y  o f  t h e  Co p h a s e  s t a r t s  t o  p l a y  a 
s e n s i t i v e  r o l e  on t h e  m e c h a n i c a l  p r o p e r t i e s .  

I .  INTRODUCTION 

The WC-Co c o m p o s i t e  a l l o y s  a r e  s i n t e r e d  c a r b i d e s  which e x h i b i t  r e m a r k a b l e  me- 
c h a n i c a l  p r o p e r t i e s  [ I ]  ( h i g h  v a l u e s  o f  h a r d n e s s  and  e l a s t i c  modulus,  good wear 
r e s i s t a n c e ) ,  and a r e  c o n s e q u e n t l y  w e l l  s u i t e d  f o r  c u t t i n g  t o o l s .  Dur ing  machin ing ,  
t h e  c u t t i n g  t o o l s  a r e  e f f e c t i v e l y  s u b j e c t e d  t o  s t r o n g  m e c h a n i c a l  and  c h e m i c a l  
s o l i c i t a t i o n s ,  which l i m i t  t h e i r  " l i f e  time". I n  o r d e r  t o  i n c r e a s e  t h i s  " l i f e  
time", many s e m i - e m p i r i c a l  deve lopments ,  b a s e d  f o r  i n s t a n c e  on t h e  a d d i t i o n s  o f  
a l l o y i n g  e l e m e n t s  h a v e  l e d  t o  t h e  c o m m e r c i a l i z a t i o n  o f  d i v e r s e  t y p e s  o f  WC-Co 
b a s e d  h a r d m e t a l s  121. From t h e  tests o f  s u c h  m a t e r i a l s  i t  a p p e a r s  t h a t  t o u g h n e s s  
p l a y  a n  i m p o r t a n t  r o l e  o n  t h e  " l i f e  t ime"  o f  t h e  t o o l s  [3]. I t  is t h e n  i m p o r t a n t  t o  
h a v e  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  f u n d a m e n t a l  mechanisms, which a r e  r e s p o n s i b l e  
f o r  t h e  m e c h a n i c a l  p r o p e r t i e s ,  more p r e c i s e l y  t h e  t o u g h n e s s ,  o f  t h e s e  m a t e r i a l s .  

The aim o f  t h e  p r e s e n t  r e s e a r c h  is t o  s t u d y  t h e s e  mechanisms by means o f  i n t e r n a l  
f r i c t i o n  measurements.  I n t e r n a l  f r i c t i o n  is a t e c h n i q u e  well s u i t e d  t o  t h e  s t u d y  o f  
t h e  m i c r o p l a s t i c  phenomena which t a k e  p l a c e  i n  t h e  h a r d  and  b r i t t l e  m a t e r i a l s .  
E f f e c t i v e l y  t h e  r a n g e  o f  a m p l i t u d e s  i n v e s t i g a t e d  by i n t e r n a l  f r i c t i o n  measurements 
c o r r e s p o n d s  w e l l  t o  t h e  domain o f  p l a s t i c  d e f o r m a t i o n  which is r e a s o n a b l e  f o r  
u s i n g  s u c h  m a t e r i a l s .  

I n  t h e  p r e s e n t  p a p e r ,  t h e  i n t e r n a l  f r i c t i o n  s p e c t r u m  o f  WC-Co is p r e s e n t e d  and used  
t o  p u t  i n  e v i d e n c e  t h e  p r i m o r d i a l  r o l e  p l a y e d  by t h e  c o b a l t  b i n d e r  p h a s e  i n  t h e  
m e c h a n i c a l  b e h a v i o u r  o f  h a r d m e t a l s .  

11. EXPERIMENTAL DATA 

Spec imens  o f  WC-Co ( 5 ,  1 1  and  2 3  wtECo) have  been  s i n t e r e d  u n d e r  t h e  s h a p e  o f  b a r s  
o f  1 1 0  x 20 x 2.5 mm by STELLRAM S.A., Nyon, S w i t z e r l a n d .  From t h e s e  b a r s ,  s h e e t s  
o f  0.2 x 2.5 x 110  mm3 have  been c u t  by e l e c t r o e r o s i o n ,  and mounted i n  a c l a s s i c a l  
t o r s i o n a l  pendulum. The measurements h a v e  been per formed a t  low f r e q u e n c y  from room 
t e m p e r a t u r e  up t o  1000 OC u n d e r  vacuum (- T o r r s ) .  I n t e r n a l  f r i c t i o n  is deduced  
f rom t h e  wave form a n a l y s i s  o f  t h e  f r e e  decay  s i g n a l  [4]. 

*STELLRAM S.A. ,  R o u t e  de l l E t r a z ,  CH-1260 N y o n ,  S w i t z e r l a n d  
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111. RESULTS 

WC-Co hardmetals e x h i b i t  a c h a r a c t e r i s t i c  i n t e r n a l  f r i c t i o n  spectrum. F igure  1 
shows a r e s u l t  obtained i n  WC-11LCo. From room temperature up t.0 600 K, t h e  
i n t e r n a l  f r i c t i o n  i s  weak and constant.  From 600 K, i t  increases ex o n e n t i a l l y  w i t h  
the  temperature and Lhe l e v e l  o f  damping can be r a t h e r  h igh  (lo-') a t  - 1000 K. 
Superimposed t o  t h i s  exponent ia l  increase, one can observe an i n t e r n a l  f r i c t i o n  
peak a t  - 800 K ( f o r  a frequency o f  0.6 Hz). This  peak i s  a r e l a x a t i o n  peak, 
because i t  s h i f t s  i n  temperature when t h e  frequency i s  changed. The deduced 
a c t i v a t i o n  energy i s  - 2.7 eV and the  broadening f a c t o r  " 2.5. 

Measurements have a l s o  been performed on specimens which con ta in  5 wtL and 23 
wtLCo. The r e s u l t s  a re  compared t o  the  precedent one on f i g u r e  2. The i n t e r n a l  
f r i c t i o n ,  peak and exponent ia l  background, increases w i t h  the  Co concentrat ion. I n  
addi t ion,  the  r e l a x a t i o n  peak s h i f t s  towards lower temperatures. 

WC + 11% Co ; as r e c e i v e d  
Epr  - l .E-6 1K/mln; C 2  

-Q"* 1 ma F ( H ~ )  Fig: 1 : I n t e r n a l  f r i c t i o n  and 

These r e s u l t s  tend  t o  show t h a t  the  i n t e r n a l  f r i c t i o n  o f  WC-Co i s  associated w i t h  
mechanisms which take  p lace i n  the  Co b inder  phase. This  idea  i s  s t i l l  supported by 
the r e s u l t s  obtained i n  WC-Co hardmetals, which have been doped w i t h  a l l o y i n g  

Fig. 2 : E f f e c t s  o f  the  Co con- 
WC + Co; stand. Gr.moy. ;  6h:lBBBK 

EP. - 5 . ~ - 6  2Klmlni KJ t e n t  on t h e  i n t e r n a l  f r i c t i o n  
o f  WC-Co. 

- 7 6  oscillations frequency o f  a 
WC-11LCo specimen as a f u n c t i o n  
o f  t h e  temperature. 
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elements as C r  o r  Ru (Fig. 3). I t  i s  known [ z ]  t h a t  C r  and Ru change the  p r o p e r t i e s  
o f  t h e  Co b inder  phase o f  WC-Co. On the  other  hand, they p lay  an important r o l e  on 
t h e  l i m i t a t i o n  o f  the g r a i n  growth dur ing  s i n t e r i n g .  

With respect t o  t h e  i n t e r n a l  f r i c t i o n  o f  pure WC-IILCo, the  add i t i ons  o f  Ru o r  Cr 
s h i f t  the curves towards h igher  temperatures. Moreover, i n  the  case o f  WC-1176Co 
w i t h  add i t i ons  o f  C r ,  t h e  i n t e r n a l  f r i c t i o n  i s  lower. 

The th ree  curves o f  f i g u r e  3, have been obtained a f t e r  the  same thermal treatment: 
12 hours anneal ing a t  1000 K. But, i n  the  case o f  the  hardmetal doped w i t h  Cr, a 
great  evo lu t ion  o f  the i n t e r n a l  f r i c t i o n  has been observed dur ing  anneal ing ( f i g .  
4). A t  t h e  f i r s t  run i n  temperature, the  i n t e r n a l  f r i c t i o n  peak i s  r a t h e r  high. 
Dur ing anneal ings a t  1000 K, the peak and t h e  i n t e r n a l  f r i c t i o n  background de- 
crease. Simultaneously, one can observe an increase o f  the frequency o r  o f  the  
e l a s t i c  modulus. This  behaviour can g i v e  an account f o r  an evo lu t ion  o f  the  micro- 
s t r u c t u r e  which was no t  a t  the  e q u i l i b r i u m  a f t e r  s i n t e r i n g .  

Fig. 3 : I n t e r n a l  f r i c t i o n  spectrum o f  Fig. 4 : E f f e c t s  o f  annealings a t  1000 K 
a) WC-11LCo on t h e  i n t e r n a l  f r i c t i o n  o f  
b) WC-11LCo + Ru WC-11LCo - 1.5LCr. 
c )  WC-IlkCo + Cr a) as received 

b)  annealed 6 h r s  a t  1000 K 
c )  annealed 12 h r s  a t  1000 K 
d) annealed 24 h r s  a t  1000 K 

I V .  DISCUSSION 

The i n t e r n a l  f r i c t i o n  peak observed a t  low frequency i n  WC-Co i s  loca ted  i n  the  
same temperature range than the  increase o f  the  c r i t i c a l  s t ress  i n t e n s i t y  f a c t o r  
KIC measured by H. S i  Mohand and G. Fantozz i  [5, 61. These authors have i n t e r -  
p re ted  t h e i r  r e s u l t s  as fo l lowing.  From room temperature up t o  600 OC, the  m a t e r i a l  
i s  b r i t t l e  and f r a c t u r e  i s  due t o  t h e  propagation o f  cracks from c r i t i c a l  defects. 
I n  t h i s  temperature range, KI! i s  then constant. From 600 OC t o  800 OC, the  
m a t e r i a l  present some p l a s t i c i t y  due t o  an increase o f  d u c t i b i l i t y  o f  the  Co 
phase. An increase o f  KIC i s  then observed. 

The measurements o f  S i  Mohand and Fantozz i  have been performed i n  WC-6LCo. By the  
comparison o f  t h e i r  r e s u l t s  w i t h  t h e  i n t e r n a l  f r i c t i o n  o f  WC-576Co ( f i g .  21, one 
remarks t h a t  the c r i t i c a l  temperature o f  600 O C  (873 K )  i s  the  temperature o f  the  
peak. Then, by t a k i n g  i n t o  account the  above i n t e r p r e t a t i o n ,  i t  i s  poss ib le  t o  
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conclude t h a t  t h e  peak i s  c e r t a i n l y  associated w i t h  a k i n d  o f  " b r i t t l e - d u c t i l e "  
t r a n s i t i o n  o'f t h e  mate r ia l .  

Now, t h e  appearance o f  p l a s t i c i t y  i n  the  b inder  phase can c e r t a i n l y  be due t o  an 
increase o f  the  d i s l o c a t i o n s  m o b i l i t y .  

I n  t h e  Co phase, many f o r e i g n  atoms a re  i n  so lu t ion ,  which are suscept ib le  t o  
i n t e r a c t  w i t h  the  d is loca t ions ,  g i v i n g  r i s e  t o  pinning, depinning, o r  drag i n g  
phenomena. As a mat ter  o f  fac t ,  t h e  d i f f u s i o n  energy o f  W i n  Co i s  2.95 eV/at 771. 
This  va lue i s  very c lose by the  a c t i v a t i o n  energy (- 2.7 eV) o f  the  i n t e r n a l  
f r i c t i o n  peak. I t  i s  then poss ib le  t o  assume t h a t  the  peak i s  due t o  a mechanism o f  
i n t e r a c t i o n  between d i s l o c a t i o n s  and s o l u t e  atoms i n  the  Co phase. I n  such a model, 
the  i n t e r n a l  f r i c t i o n  depends on t h e  d i s l o c a t i o n  loops leng th  and on t h e  concentra- 
t i o n  o f  so lu te  atoms. The d i s l o c a t i o n  loops l e n g t h  can a c t  on t h e  he igh t  and the 
p o s i t i o n  i n  temperature o f  the  peak. On f i g u r e  2, smal ler  loops lengths i n  WC-5LCo 
g ive  r i s e  t o  a smal ler  peak loca ted  a t  h igher  temperature than i n  WC-11LCo. The 
reduc t ion  o f  the d i s l o c a t i o n  loops leng th  can be due t o  t h e  decrease o f  the  mean 
f r e e  path o f  the  Co phase w i t h  t h e  Co content. On the  other  hand, the decrease of 
the peak dur ing anneal ing o f  WC-11XCo w i t h  add i t i ons  o f  C r  ( f i g .  4)  can be due t o  
the  decrease o f  the  concentrat ion o f  s o l u t e  atoms by a p r e c i p i t a t i o n  process. 

I n  any case, the i n t e r n a l  f r i c t ? o n  increase i n  t h e  temperature range o f  the  peak i s  
c e r t a i n l y ,  associated w i t h  the  mechanical p roper t ies  o f  the mater ia ls .  For  
instance, the  a d d i t i o n  o f  Ru t o  WC-Co, which increases the t ransverse rup tu re  
s t reng th  121, g ives  r i s e  t o  a s h i f t  o f  the  curves towards h igher  temperatures. 
Na tu ra l l y ,  i t  must be s t i l l  prec ised i f  these e f f e c t s  are due t o  a g r a i n  ref inement 
process o r  t o  t h e  hardening o f  t h e  Co phase. As a mat ter  o f  fac t ,  t h e  mechanical 
p roper t ies  o f  t h e  b inder  phase a re  o f  pr ime importance i n  many t h e o r e t i c a l  con- 
s ide ra t ions  o f  t h e  rup tu re  mechanics [8]. 

V. CONCLUSIONS 

WC-Co composite a l l o y s  e x h i b i t  a c h a r a c t e r i s t i c  i n t e r n a l  f r i c t i o n  spectrum main ly  
composed o f  a r e l a x a t i o n  peak superimposed t o  an exponent ia l  increase o f  the back- 
ground. The peak i s  loca ted  i n  t h e  same temperature range than t h e  increase o f  
toughness observed by other  authors 15, 61, and a t t r i b u t e d  t o  the  increase o f  
d u c t i l i t y  o f  the  Co binder phase. I n t e r n a l  f r i c t i o n  seems then t o  be a technique 
w e l l  s u i t e d  t o  the  study o f  t h e  microscopic mechanisms which are responsib le  f o r  
the  m i c r o p l a s t i c i t y  o f  hardmetals. 
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