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RBsumB : Le f r o t t e m e n t  i n t B r i e u r  d e s  f o n t e s  g r i s e s  e s t  dQ au mouvement d e s  
d i s l o c a t i o n s  dans  l a  phase  g r a p h i t e  e t  aux i n t e r a c t i o n s  d e  c e l l e s - c i  avec  
les impuretBs i n t e r c a l a i r e s .  Le d6veloppement d e  f o n t e s  g r i s e s  B f o r t e  
c a p a c i t 6  d 'amor t i ssement  r e q u i e r t  a l o r s  d e s  s t r u c t u r e s  31 g r a p h i t e  lamel- 
l a i r e  Bventuellement dope en i m p u r e t e s  i n t e r c a l a i r e s .  

A b s t r a c t  : I n t e r n a l  f r i c t i o n  i n  g r e y  c a s t  i r o n  is due t o  t h e  movement o f  
t h e  d i s l o c a t i o n s  i n  t h e  g r a p h i t e  phase  and t o  t h e i r  i n t e r a c t i o n s  w i t h  t h e  
i n t e r c a l a t e d  i m p u r i t i e s .  The development o f  g r e y  c a s t  i r o n  which e x h i b i t s  a  
h i g h  damping c a p a c i t y ,  r e q u i r e s  t h e n  l a m e l l a r  g r a p h i t e  p h a s e  p o s s i b l y  doped 
w i t h  i n t e r c a l a t e d  i m p u r i t i e s .  

I. INTRODUCTION 

Grey c a s t  i r o n  can be c o n s i d e r e d  a s  a  two phase  m a t e r i a l  composed of  a  m a t r i x  
c o n t a i n i n g  g r a p h i t e  p r e c i p i t a t e s .  I n  o r d e r  t o  p u t  i n  e v i d e n c e  t h e  c o n t r i b u t i o n  o f  
e a c h  p h a s e  t o  t h e  damping c a p a c i t y  and t o  t h e  mechanica l  p r o p e r t i e s ,  i n t e r n a l  f r i c -  
t i o n  measurements had been performed on  numerous specimen o f  g r e y  c a s t  i r o n  d i f -  
f e r i n g  from one a n o t h e r  i n  t h e  morphology o f  t h e  g r a p h i t e  p r e c i p i t a t e s  [ I ,  2 ,  31.  

The o b t a i n e d  r e s u l t s  have shown t h a t  g r e y  c a s t  i r o n  e x h i b i t s  a  t y p i c a l  i n t e r n a l  
f r i c t i o n  spec t rum ( f i g .  1 )  and t h a t  t h i s  spec t rum p r e s e n t s  t h e  same c h a r a c t e r i s t i c s  
a s  t h e  one  observed  i n  p u r e  g r a p h i t e .  I t  h a s  been t h e n  conc luded  t h a t  t h e  damping 
c a p a c i t y  o f  g r e y  c a s t  i r o n  is due  t o  i n t e r n a l  f r i c t i o n  mechanisms which t a k e  p l a c e  
i n  t h e  g r a p h i t e  p r e c i p i t a t e s .  

I n  a d d i t i o n ,  t h e  n a t u r e  o f  t h e  m a t r i x  ( p e r l i t i c  o r  f e r r i t i c )  d o e s n ' t  a l t e r  t h e  
i n t e r n a l  f r i c t i o n  b u t  h a s  a  s e n s i t i v e  i n f l u e n c e  on t h e  v a l u e  o f  t h e  e l a s t i c  modulus 
[ 4 ] .  I t  is t h e n  p o s s i b l e  t o  o p t i m i z e  t h e  morphology o f  t h e  two phases  i n  o r d e r  t o  
d e v e l o p  new t y p e s  o f  g rey  c a s t  i r o n ,  which p r e s e n t  s i m u l t a n e o u s l y  a  h i g h  damping 
c a p a c i t y  and good mechanica l  p r o p e r t i e s  [2]. 

The  fundamental  parameters  which must be t a k e n  i n t o  a c c o u n t  f o r  t h i s  o p t i m i z a t i o n ,  
can  be o b t a i n e d  from i n t e r n a l  f r i c t i o n  measurements i n  g r a p h i t e .  The aim o f  t h e  
p r e s e n t  paper  is t o  p r e s e n t  t h e s e  mechanisms. 

11. INTERNAL FRICTION SPECTRUM 

The main c h a r a c t e r i s t i c  o f  t h e  i n t e r n a l  f r i c t i o n  spec t rum o f  grey  c a s t  i r o n  ( o r  o f  
g r a p h i t e )  is a  r a p i d  i n c r e a s e  o f  t h e  i n t e r n a l  f r i c t i o n  between 180 K and 250 K 
( f i g .  1) .  A t  h i g h e r  t e m p e r a t u r e s  t h e  i n t e r n a l  f r i c t i o n  is n e a r l y  c o n s t a n t .  I n  
a d d ~ t i o n  one c a n  o b s e r v e  a n  anomalous change o f  s l o p e  ( a t  " 180 K )  i n  t h e  d e c r e a s e  
o f  t h e  v i b r a t i o n a l  f requency .  
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1: I n t e r n a l  f r i c t i o n  spectrum o f :  Fig. 2: I n t e r n a l  f r i c t i o n  o f  grey 
'*y cas t  i r o n  cas t  i r o n  measured i n  th ree  frequency 
b) g raph i te  ranges: 1 Hz, 5 kHz, 50 kHz. 
c )  whi te  i r o n  

Measurements have been performed a t  d i f f e r e n t  frequencies (1 Hz, 5 kHz, 50 kHz) 
( f i g .  2 ) .  As no s h i f t  i n  temperature o f  the  curves i s  observed, t h e  i n t e r n a l  
f r i c t i o n  increase i s  n o t  due t o  an a n e l a s t i c  r e l a x a t i o n  mechanism, b u t  i s  r a t h e r  
bound t o  a t ransformat ion of g raph i te  a t  - 200 K. Moreover, i t  has been shown [3]  
that ,  i n  t h e  low frequency range, i n t e r n a l  f r i c t i o n  o f  grey cast i r o n  i s  very 
s e n s i t i v e  t o  the  heat ing o r  coo l ing  rates.  Th is  behaviour i s  s i m i l a r  t o  the  one 
observed i n  the  case o f  the phase t r a n s i t i o n s  [5]. 

But, on t h e  other  hand, e l e c t r i c a l  r e s t i s t i v i t y ,  ca lo r imet ry  and X-rays measure- 
ments have no t  revealed any phase t ransformat ion o f  g raph i te  i n  t h i s  temperature 
range [6]. 

Graphi te  presents long  d i s l o c a t i o n s  loops on the  basal planes o f  t h e  hexagonal 
s t r u c t u r e  [7]. By means o f  t e n s i l e  t e s t s  performed i n  a transmission e l e c t r o n  
microscope, i t  has been poss ib le  t o  pu t  i n  evidence t h a t  these d i s l o c a t i o n s  are 
mobi le a t  room temperature and immobile a t  100 K. Th is  behaviour can g i v e  an 
account f o r  the  increase o f  t h e  i n t e r n a l  f r i c t i o n  between 180 and 250 K. A t  these 
temperatures, a mod i f i ca t ion  of g raph i te  cou ld  ac t  on the m o b i l i t y  o f  the d i s l o -  
cat ions. 

111. MODEL 

I n t e r n a l  f r i c t i o n  o f  grey cast i r o n  i s  assumed t o  be due t o  the  movements o f  t h e  
d i s l o c a t i o n s  on t h e  basal  planes o f  the g raph i te  p rec ip i ta tes .  I n  t h e  low frequency 
range, t h e  i n t e r n a l  f r i c t i o n  doesn't  depend on t h e  frequency g i v i n g  an account f o r  
movements o f  h y s t e r e t i c  type [6]. 

For t h i s  reason, a supplementary fo rce  Fr,  due t o  a s o l i d  f r i c t i o n ,  i s  in t roduced 
i n  t h e  c l a s s i c a l  equation o f  t h e  motion o f  the d is loca t ion :  

where the  other  terms a re  c l a s s i c a l :  u = mean displacement o f  the d is loca t ion ,  B: = 
viscous force, Ku = r e s t o r i n g  force, ub = app l ied  force. 



Equation ( I ) ,  which presents a d i s c o n t i n u i t y  a t  ; = 0, can be solved approximately 
by us ing the complex formulat ion. 

The f o l l o w i n g  expressions are der ived f o r  the i n t e r n a l  f r i c t i o n  4-1 and the modulus 
defect  AE/E: 

w i t h  A = d is loca t ions  density,  b = Burgers vector,  Ju = unrelaxed compliance, H = 
Fr/uo (uo = v i b r a t i o n  ampli tude o f  the d is loca t ion ) .  

Expressions (2) can g ive  an account f o r  the  r e s u l t s  obtained a t  300 K a t  d i f f e r e n t  
frequencies ( f i g .  3). I n  the low frequency range, wB << H, the  i n t e r n a l  f r i c t i o n  i s  
frequency independent. At  h igh  frequency, wB > H, an increase o f  the  i n t e r n a l  
f r i c t i o n  w i t h  the frequency i s  observed. 

1 Using equations (21, the  simultaneous evo lu t ion  o f  Q- and AE/E a t  " 180 K ( f i g .  1 ) 
can on ly  be explained by a drop o f  the  r e s t o r i n g  fo rce  Ku. I n  t h e  s t r i n g  model, the  
d iminut ion o f  K can be due e i t h e r  t o  a decrease o f  the  d i s l o c a t i o n  l i n e  tens ion  y 
o r  t o  an increase o f  the  mean d i s l o c a t i o n s  loops leng th  1 (K = 12 y/12). 

I n  t h i s  l a t t e r  case, i t  can be assumed t h a t  the  d is loca t ions  are pinned by i m -  
p u r i t i e s  a t  low temperature and 1 i s  consequently small. The increase o f  the  
i n t e r n a l  f r i c t i o n  and the  decrease o f  the  e l a s t i c  modulus a t  - 180 K are due t o  the 
breakaway o f  the d i s l o c a t i o n s  from t h e i r  p inn ing  p o i n t s  g i v i n g  r i s e  t o  an increase 
o f  1. 

I n  order t o  check t h i s  model, some specimen o f  g raph i te  have been doped w i t h  i n t e r -  
ca la ted  impur i t i es ,  as f o r  example H2S04 molecules. 

The obtained r e s u l t s  a re  conclusive ( f i g .  4, curves 1 and 2): t h e  i n t e r c a l a t i o n  o f  
i m p u r i t i e s  i n  g raph i te  increases the  ampli tude o f  the  v a r i a t i o n  o f  the  i n t e r n a l  
f r i c t i o n  between 180 and 250 K. 

G R A P H I T E  
( Q-'.looo /'> 

F ig. 3: I n t e r n a l  f r i c t i o n  o f  grey cast  Fig. 4: Mod i f i ca t ions  o f  the  i n t e r n a l  
I r o n  as a f u n c t i o n  o f  the  frequency. f r i c t l o n  o f  g raph i te  (1) by i n t e r c a l a t i o n  

o f  HzS04 ( 2 )  and NH03 (3)  molecules. 
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At low temperature, the  e l a s t i c  modulus i s  increased by the  i n t e r c a l a t e d  
impur i t i es ;  which, on the  other  hand, c e r t a i n l y  p i n  the  d is locat ions.  

As a f u n c t i o n  o f  temperature, the  d is tance c between the  basal  planes o f  g raph i te  
increases. A t  - 180 K, t h i s  d is tance i s  great  enough t o  a l low the  breakaway o f  the  
d i s l o c a t i o n s  from the  i n t e r c a l a t e d  impur i t i es .  A t  room temperature, t h e  
d i s l o c a t i o n s  can move bu t  they f e e l  the  e f f e c t s  o f  the  i m p u r i t i e s  as a s o l i d  
f r i c t i o n  force. I n  expression (21, H i s  then c e r t a i n l y  a func t ion  o f  the  
concentrat ion o f  these impur i t i es .  

The c r i t i c a l  temperature o f  breakaway depends on t h e  s i z e  o f  the  i n t e r c a l a t e d  
molecules. E f f e c t i v e l y ,  same specimens have been doped w i t h  HN03 molecules, the  
s i z e  o f  which i s  smal ler  than t h a t  o f  H2S04 molecules [8]. I n  accordance w i t h  our  
i n t e r p r e t a t i o n ,  the  c r i t i c a l  temperature o f  breakaway i s  lower ( f i g .  4, curve 3 ) .  

I V .  CONCLUSIONS 

I n t e r n a l  f r i c t i o n  o f  grey cast  i r o n  i s  due t o  t h e  movements o f  the d i s l o c a t i o n s  i n  
the g r a p h i t e  phase. Two parameters p l a y  an important r o l e  f o r  the damping capacity:  
the  leng th  1 o f  the  d is loca t ions  loops and t h e  f r i c t i o n  c o e f f i c i e n t  H. 

Long d i s l o c a t i o n s  loops are favoured by g rea t  lame l la r  g raph i te  p rec ip i ta tes .  
Na tu ra l l y ,  the  s i z e  o f  these lamel lae must be opt imized so t h a t  the  increase o f  
damping doesn't  g i ve  r i s e  t o  a g rea t  decrease o f  the mechanical resistance. 

The f r i c t i o n  c o e f f i c i e n t  H depends c e r t a i n l y  on t h e  nature and concentrat ion o f  t h e  
i n t e r c a l a t e d  i m p u r i t i e s  i n  graphi te .  Graphite o f  h igh  p u r i t y  e x h i b i t s  a  low l e v e l  
i n t e r n a l  f r i c t i o n .  

F i n a l l y ,  i t  can be shown t h a t  depending on t h e  o r i e n t a t i o n  o f  the  lamel lae o f  
graphi te ,  t h e  damping capaci ty  o f  grey cas t  i r o n  can be inc luded between 5 t o  70 L 
o f  the  i n t e r n a l  f r i c t i o n  l e v e l  o f  graphite. 
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