
The resul ts  obta ined by heat- t reatment  of  th in
ca rbon  f i lms  a re  somewha t  con fus ing  (1 )  s i nce  i t  can -
no t  be  c lea r l y  demons t ra ted  i f  t hese  f i lms  a re  g ra -
ph i t i zab le  o r  no t .  The  fo l l ow ing  da ta  we re  ob ta ' i ned
by  h igh  reso lu t i on  e lec t ron  m ic roscopy  (EM)  s tudy .
The  th in  ca rbon  f i lms  were  depos i t ed  unde r  vacuum
upon a NaCl  c leavage.  They were then removed f rom
NaCl  and  l a i d  on  ca rbon  suppo r t i ng  gn ids  ( t hese
g r i d s  a r e  m a d e  b y  h e a t i n g  a  c e l l u l o s e  t i s s u e  a t
3000 'C ) .  They  were  then  p rog ress i ve l y  hea t - t r ea ted
f rom 1000"C  uo  to  3000 'C  i n  a  cove red  c ruc ib le  i n
an argon f low.  Carbon f i lms deposi ted at  room tem-
perature are amorphous and correspond to a random
ne twork  mode l  (2 ) .  0n  t he  con t ra ry ,  when  hea t - t r ea -
ted,  they become turbostrat ic  carbons.

SAD pa t te rns  show tha t  t he  t h in  ca rbon  f i lms
a re  p rog ress i ve l y  g raph i t j zab le .  Above  2000"C  the
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hk . lmper  and  sha rpe r  as
HTT  i nc reases ,  i n  a  way  s im i l a r  t o  any  o the r  so f t
ca rbon  ( f i g .  a ) .  L¿  c rys ta l l i t e  d ' i ame te r  has  been
measu red  by  us ing  bo th  10  and  11  da rk  f i e l d  images .
The  N  number  o f  pa ra l l e l  l aye rs  has  been  measu red ,
c lose  to  t he  ca rbon  f i lm  b reaks ,  s i nce  these  b rea -
kages  cause  fo ld ing  and  thus  00 .2  sca t te red  beams  to
appea r .  N  has  been  deduced  f rom 00 .2  DF  images ,  SAD
pa t te rns  and  00 .2  I  a t t i  ce  f r i nges .

A t  1000 'C  a l l  t he  EM techn iques  show the  f i lm
to  be  fo rmed"by  s tacks  2  t o  3  l aye rs  t h i ck  and  sma l -
l e r  t h a n  1 0  A  i n  d i a m e t e r  ( 3 ) .  L a t t i c e  i m a g ' i n g  a n d
SAD pa t te rn  as  we l1 ,  show a  h igh  deg ree  o f  p re fe r red
or i  entat j  on ,  therefore,  each e1 ementary carbon 1 ayer
s tack  i s  t i l t ed  and  tw i s ted  a t  r andom towards  i t s
ne ighbou r ,  0n1y  ve ry  sma11  changes  occu r  be fo re
1250'C.  Between 1250'  and i850'  N increases very
qu i ck l y  and  th i s  g row th  i s  on l y  l im i t ed  by  t he  th i ck -
n e s s  o f  t h e  f i l m .  0 0 . 2  D F " i m a g e s  s h o w  t h a t  t h e  s m a l l
b r i g h t  d o t s  l e s s  t h a n  1 0  A  ( f i g .  1 )  w h i c h  a r e  l o c a -
ted  on  the  fo lds  a re  p rog ress i ve l y  rep laced  by  bands
o f  equa l  t h i ckness  r i ch  i n  j n tense  B ragg  f r i nges
( f i g .  2 ) .  O v e r  1 8 5 0 ' C  w h a t e v e r  t h e  H T T ,  t h e  0 0 . 2  D F
images  a lways  show such  s ' i ng1e  o r  mu l t i p l e  bands
( s i n g l e  f o l d  o r  r o l l e d  f i l m ) .  T h e  b a n d s  w h i c h  a p p a -
r e n t l y  l o o k  s i n g l e  b u t  j n  f a c t  i n c l u d e  m a n y  f o l d s
a re  ve ry  common .  Th i s  phenomenon  can  be  eas i l y  ex -
p l a i n e d  i n  c o n s i d e r i n g  S A D  p a t t e r n s .  A t  2 4 9 0 " C  f o r
i n s t a n c e  ( f i g .  a ) ,  a s  a t  a n y  o t h e r  h i g h  H T T ,  t h e  f r e e
su r faces  wh ich  l im i t  bo th  f aces  o f  t he  f o lds  l ead  to
obse rve  i n  SAD pa t te rns  many  subs id ia ry  max ima  ( f i g .
5 )  o n  b o t h  s i d e s  o f  t h e  m a i n  0 0 . 2  r e f l e c t i o n  ( o r
0 0 . 4 ) .  T h e i r  p e r i o d  a l l o w s  t h e  m é a s u r e m e n t  o f  t h e
d i f f r ac t i ng  doma in  t h i ckness  ;  t h i s  t h j ckness  can
a l s o  b e  e v a l u a t e d  i n  c o n s i d e r i n g  t h e  0 0 . 1  r e f l e c t i o n
w id th .  I n  f i g .  5  i t  i s  app rox ima te l y  80  A .  The  a r r cws
in  f i g .  2  i ¡ d i ca te  a  reg ign  where  the  measu red  th i ck -
n e s s  i s  4 0  A  i n  A  a n d  8 0  A  i n  B .  I f  c o m p a r e d  t o  f i g .
3  ( l a t f i c e  f r i n g e s ) " t h e  N  n u m b e r  o f  f r i n g e s  i s  1 2
( =  4 0  A )  o r  2 4  ( 8 0  A ) .  J h e  r e a l  t h i c k n e s s  o f  t h e
ca rbon  f i lm  i s  t hus  40  A  bu t  t he  two  pa r t s  o f  t he
fo ld  a re  pa ra11e1  enough  to  i nduce  i n te r fe rences
be tween  the  sca t te red  beams  o f  two  c rys ta l l i t es
( s p a t i a l  c o h e r e n c e ) ,  t h u s  l e a d i n g  t o  d o u b l e  t h e
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v a l u e s .  N o t i c e a b l y ,  i n  t h e  B  r e g i o n  o f  f i g .  3 ,  n o -
th ing  i nd i ca tes  whe re  i n  t he  f r i nges  the  bounda ry
between the two f i lms can be.  Between two exper i -  o
men ts  t he  rea l  f i lm  th i ckness  va r i es  f r om 25  to  50  A
a t  t he  mos t ,  N ¡¿ ¡  t hus  va r i es  f r om 7  to  15  a t  o r
above  1850"C .

1 1  D F  i m a g e s  ( f i g .  6 ) ,  i f  H T T  <  2 4 0 0 ' C ,  s h o w
hexagona l  doma ins  con ta in ing  mo i  ré  f r i nges .  Th i s
obv ious l y  shows  tha t  2  o r  3  c r ys ta l l j t es  a t  l eas t
a re  supe r imposed  i ns ide  the  f i lm .  The  rea l  Ls  t h i ck -
ness  canno t  t hus  be  re la ted  to  t he  N  number  o f  pa -
r a l l e l  p l a n e s  ( e q u a l  t o  t h e  f i l m  t h i c k n e s s )  a n d  i s
sma l l e r .  I t  i s  on l y  a t  2490"  and  above  ( f i g .  6 )  t ha t
doma ins  w i thou t  any  mo i ré  f r i nges  become more  and
more  numerous  and  l ook  homogeneous l y  b r i gh t  o r  ou t
o f  con t ras t .  A t  3000"C  a l l  o f  t hem a re  b r i gh t  o r
o u t  o f  c o n t r a s t .  A n d  t h u s  L c  =  N  =  f i l m  t h j c k n e s s .
These  DF  images  a l so  l ead  to  t he  measu remen t  o f  t he
L¿  c rys ta l  I  i t e  d i  ame te r ,  p l o t t ed  i n  f i g .  7  ve rsus
HTT.

SAD pa t te rns  show tha t  t h j n  f i lms  a re  g raph i -
t i z a b l e .  L ¿  v a l u e s  c a n  b e  p r e c i s e l y  m e a s u r e d  i n
h i g h l y  h e a t - t r e a t e d  t h i n  f i l m s  ( o r  t h i n  p a r t i c l e s )
ow ing  to  DF  images  when  o the r  d j f f r ac t i on  t echn i -  o
ques  canno t  succeed .  Th in  f i lms  L¿  reach  3000 -5000A .
The  N  number  o f  pa ra11e l  l aye rs  i s  p rec i se l y  measu -
red  by  SAD,  DF  and  l a t t i ce  f r i nges  and  can  be  re la -
t e d  b o t h  t o  f i l m  ( o r  p a r t i c l e )  t h i c k n e s s  a n d  t o  L 6
v a l u e .  I n  t h i n  c a r b o n  f j l m s ,  N m a x  i s  e q u a l  t o  t h e
f i lm  th i ckness  and  Lq  rema ins  sma l l e r  be low  3000"C .
A t  t h i s  t empera tu re  a  un ique  c rys ta l l i l e  ex tends
o v e r  t h e  w h o l e  f j l m  t h i c k n e s s  ( 2 5 - 5 0  A )  w h i c h  j s
demons t ra ted  by  t he  l ack  o f  mo i ré  f r i nges .  The  g
g r a p h i t i z a t i o n  v a l u e  i s  t h u s  o n e .

( 1 )  I . S .  M c  L i n t o c k  a n d  J . C .  0 r r .  I n  C h e m i s t r y  a n d
Phys i  cs  o f  Ca rbon  I I ,  243  (  1973 )  ,  P .  L .  t , l a l  ke r ,
P .A .  Th rower  ed .  De -R-ke r  N .Y .

( 2 )  A .  0 b e r l  j n ,  M .  0 b e r 1  i n  a n d  M .  M a u b o i s  ,  P h  i  l .
¡ ¡ as .  9 ,  833  (1975 )  .

( 3 )  A .  O b e r l i n ,  G .  T e r r i é r e  a n d  J . L .  B o u l m i e r ,
T a n s o  ( J a p a n )  9 9 ,  2 9  a n d  8 3 ,  1 5 3  ( 1 9 7 5 ) .

1000 2000 oc
F i  gure  7 .

t ) )



HTT2m0'C

a

r00cA
|#

HTT2340'C

HTT2490"C

t000410004

Figure 6

Fipire 5

;l¡r'
h  k , l

ll
t ; i i

\t
l

j
s

,il

¡
jJ
IJ
s¡
j
t
{'.
r l

i
i
I
I
I
I

Figure 4

4 2 3


