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Carbon  ab i  l  i  t y  t o  g raph i  t  i  ze  f i  r s t  depends  on
i t s  p recu rso r  chemjca l  compos i t i on  (hyd rogen  o r
oxygen  r i ch )  t hen  on  expe r imen ta l  py ro l ys i s  cond i -
t i o n s :  r e t i c u l a t i o n  b y  a i r ,  f o l i  n s t a n c e ,  w h i c h
c h a n g e s  c a r b o n  p r o p e r t i e s ,  i s  t e c h n o l o g i c a l l y  i m p o r -
t a n t .  T h e  p r e s e n t  w o r k  c o n s i d e r s  c o n t r o l l e d  p y r o l y s i s
o f  t w o  m a t e r i a l s  I  A  m a t e r j a l  i s  r e l a t i v e l y  h y d r o g e n
r i ch  and  oxygen  pooF lsJo ropo l  l en in  H /C  I , 56  O /C  

-

0 ,34 ) ,  B  ma te r i a l  i s  hyd rogen  poo r  and  oxygen  r r ' ch
( l i g n i t e  H / C  I , I 2  0 / C  0 , 4 4 ) .  F o r  b o t h  s a m p l e s  1 4 0  m g
have  been  packed  i n  a  cove red  g raph i t e  c ruc ib le  and
hea t - t r ea ted  j n  a  N2  f l ow  a t  4o lmn .  D i f f e ren t i a l
t he rma l  ana l ys i s  (DTA)  was  pe r fo rmed  du r i ng  hea t -
t r ea tmen t ,  Samp les  co r respond ing  to  va ¡ i ous  rep resen -
ta t i ve  po in t s  o f  t he  DTA cu rve  were  sub jec ted  to
rap id  quench ing  unde r  i ne r t  gas  ou t  o f  t he  f u rnace .
They  have  been  used  fo r  we igh t  l oss  measu remen ts
( l ^ l l ) ,  chemica l  ana l ys i s ,  i n f ra  red  spec t rome t r y  ( lR )
e lec t ron -sp in  resonance  (ESR)  and  e lec t ron  m ic roscopy
( E M )  s t u d i e s .  C a r b o n i z a t i o n  p a t h s  o f  A  ( d a s h e d  l i n e )
a n d  B  ( f u 1 l  l i n e )  m a t e r j a l s  a r e  r e p r e s e n t e d  i n  t h e
Van  K reve len  pa t te rns  o f  f i g .  I  (U /C  a tom ic  ra t . i  o  . i  s
p lo t t ed  ve rsus  0 /C  a tom ic  ra t i o ) .  The  co r respond ing
we igh t  l osses  ( l . l l )  and  ra tes  o f  t l l L  (DWL)  as  we l l  as
DTA cu rves  a re  respec t i ve l y  rep resen ted  i n  f i g .  Z ,  3
a n d  4 .

V i s u a l  o b s e r v a t i o n  a s  w e l l  a s  o p t i c a l  a n d
s c a n n i n g  m i c r o s c o p y  s t u d i e s  s h o w  t h a t  s p o r o p o l  l e n i n
( A  m a t e r i a l )  m e l t s  a t  4 3 6 "  C  ( p o i n t  n . 3 )  w h j l e  B
m a t e r i a l  ( l i g n i t e )  r e m a i n s  p o w d e r e d .  T h e  l a r g e
d i f f use  exo the rm ic  peak  i n  t he  DTA cu rve  o f  Á  f o l l o -
wed  by  an  exo the rm ic  p la teau  and  the  two  d i f f use
peaks  o f  B  co r respond  to  t a r  depa r tu re .  Fo r  B  they
a re  sh i f t ed  t oward  the  l ower  HTT  and  the  f . i r s t  max i -
mum in  DTA co inc ide  w i th  t he  max imum ra te  o f  t a r
depa r tu re  (peak  i n  DWL cu rve ) .  0n  t he  con t ra ry  f o r  A' i t  i s  t h e  b e g i n n i n g  o f  t h e  D T A  p l a t e a u  w h i c h  c o i n -
c ides  w ' i  t h  D t ^ l L  cu rve  peak  (a f t e r  me l t i ng ) .  Max imum l ^ l l
f o r  A  ma ten ia l  i s  much  h ighe r  t han  fo r  B  (80  % as
compared  to  60  %) .

Numbered  samp les  on  DTA cu rve  were  s tud ied  . i n
d a r k - f i e l d  ( D F )  h i g h  r e s o l u t i o n  E M .  T h e  i n c i d e n t  b e a m
i s  p r o g r e s s i v e l y  t i l t e d  r e l a t ' i v e 1 y  t o  a  s m q l l  o b j e c -
t i v e  a p e r t u r e  s e t  p a r a x i a l  ( d i a m e t e r  0 , 1 8  Á - l  ,  A i r y
d i sc  d iame te r  -  7  A )  and  the  op t i ca l  image  i s  obse i -
v e d  d u r i n g  t i l t i n g  ( 1 , 2 ) .  B r i g h t  d o t s  a p p e a r  o n  a
da rk - f i e l d  wheneve r  a  hk l  sca t te red  beam passes
t h r o u g h  t h e  a g e r t u r e .  I n  a l l  s a m p l e s ,  b r i g h t  d o t s
l e s s  t h a n  1 0  A  i n  s i z e  a p p e a r  o n l y  w h e n  0 ó . 2 ,  1 0  a n d
1 i  beams  o f  t u rbos t ra t i c  ca rbons  a re  app rox ima te l y
pa rax ia l  and  thus  pass  th rough  the  ape r tu re .  These
do ts  have  been  ve r i f i ed  t o  be  rea l  ob jec t s  i n  us ing
th rough - focus  se r i es  and  van ious  ape r tu res  (3 ) .
S t a c k s  o f  a r o m a t i c  m o l e c u l e s  c o n t a i n i n g  2  o r  3  l a y e r s
a n d  l e s s  t h a n  1 0  a r o m a t i c  r i n g s  t h u s  b e c o m e  o b v i o u s .

I f  t h e  0 0 . 2  b e a m  i s  o n l y  u s e d  f o r  D F  i m a g i n g ,
the  ca rbon  l aye r  s tacks  wh i ch  appea r  as  b r i gh t  do ts
a r e  t h o s e  s i t u a t e d  e d g e - o n  o n  t h e  s u p p o r t i n g  f i l m .
Fo r  A  ma te r i a l  a l l  samp les  hea t - t r ea ted  be1ow 460 .  C
(num5-áréE-TFoñ 1 to 5 on DTA curve)  show br ight  dots
h o m o g e n e o u s l y  d i s t r i b u t e d  i n  t h e  p a r t i c l e s .  S i n c e
they  a re  d j s tn ibu ted  as  such ,  t he  s tacks  a re  t hus  a t
random in  t he  ma te r i a l .  I n  t he  no  6  samp le  co r res -
p o n d i n g  t o  t h e  D T A  p l a t e a u  a t  4 f r 0 ' C  t h e  b r . i g h t  d o t s
g a t h e r  i n  c l u s t e r s  a b o u t  1 . C 0 0  A  j n  s . i z e  ( f i g .  5 ) .
Fo r  p roduc ing  c lus te rs ,  ca rbon  l aye rs  o f  ne ighbou r i ng
s t a c k s  h a v e  t o  1 a y  p a r a l l e l .  A  m o l e c u l a r  o r i e n t a t j o n
has  thus  been  deve loped  i n  reg i f f i
s i z e .  M i s o r i e n t a t j o n  o f  t h e  c a r b o n  l a y e r  s t a c k s  c a n
b e  d e s c r j b e d  b y  e v a l u a t i n g  f i r s t  t h e i r  a z i m u t a l
d i s o r d e r  ( t w j s t ) ,  t h e n  t h e i r  d e v i a t j o n  f r o m  t h e
B r a g g  a n g l e  ( t j l t ) .  T w i s t  i s  a p p r o x i m a t e d  t o  t h e
00 .2  r j ng  po r t i on  i n te rsec ted  by  t he  ape r tu re  i e  40o .
T i l t  i s  e v a l u a t e d  b y  u s i n g  a  g o n i o m e t e r  s t a g e  i e
+  3 0 o .  F o r  H T T  h i g h é r  t n a ñ  4 O ó .  C  s i z e  o f  t ñ e  s t a c k s
and  ex ten t  o f  t he  mo lecu la r  o r i en ta t i on  rema in
cons tan t .  The re fo re  b r i gh t  do t  c l us te r  con t ras t  . i n -
c r e a s e s .  S i n c e  n e i t h e r  t w i s t  n o r  t i l t  c h a n q e s  t h e
con t ras t  imp rovemen t  shou ld  be  due  to  a  dec rease  i n
l a y e r  d i s t o r s i o n s .  I t  i s  p r o b a b l y  r e l a t e d  t o  t h e
p rog ress i ve  d i sappea rance  o f  non  a roma t i c  mo lecu les
l i n k e d  t o  t h e  l a y e r s .  F o r  B  m a t e r i a l  a l l  t h e  s a m p l e s
can  be  cons ide red  ¿s  con taTñ ing  a ro rna t i c  l aye r  s tacks
d i s t r j b u t e d  a t  r a n d c m  ( i t  i s  o n l y  a b o v e  1 . 0 0 0 .  C .
that Very smáTl-TTü!-ters of bright dots occur. the
m o l e c u l a r  o r i e n t a t i o n  e x t e n t  i s  i n  t h i s  c a s e  s m a l l e r
t h a n  5 0 "  A ) .

T h e  A  m a t e r i a l  ( s p o r o p o l  I e n i n )  n a s  b e e n
t rea ted  5h  t t - -ZO i fT - i n  a i r  l r e t i cu lá t j on ) .  The
c r r r ves  i n  do t ted  I  i ne  j n  f  i g . - I - t o? -Espec t i ve l y
rep resen t  i t s  ca rbon i za t i on  pa th ,  WL ,  DWL and  DTA.
I t  ' i s  no t ' i ceab le  t ha t  re t i cu la ted  A  samp le  i s  t hen
abso lu te l y  comparab le  t o  B  :  ca rbon i za t i on  pa th  i s
s l i g h t l y  l o l e r  a n d  w e i g h t  l o s s  a s  w e l l .  T h e  t w o  d . i f -
f use  DTA peaks  a re  reduced  to  one  and . i t  i s  sh j f t ed
toward  the  l ow  HTT .  Mo lecU la r  o r i en ta t . i  on  cha rac te -
r i s t i c  o f . A  s a m p l e  ( 1 0 0 0  Á  i n  s i z e )  d i s a p p e a r s  a n d
the  ma te r i a l  does  no t  me l t .

A  ma te r i a l  i s  ex t reme ly  sens i t i ve  t o  expe r i -
men ta l  cond i t j ons .  Fo r  i ns tance ,  i f  a  ve ry  sma l l
amoun t  o f  spo ropo i l en in  (<  10  mg)  i s  hea ted  j n  an
open  c ruc ib le  (a )  unde r  a  n i t r ogen  gas  f l ow  the  ma-
te r i a l  does  no t  me l t  an {  t he  mo lecu la r  o r i en ta t i on
a l m o s t  d i s a p p e a r  ( <  5 0  A  i n  e x t e n t ) .

These  da ta  can  be  co r re la ted  to  IR  spec t ra  (5 )
ob ta ined  on  a l l  t he  samp les  i nd j ca ted  by  a  rep resen -
ta t i ve  po in t  on  | ^ l L  cu rves  ( f i g .  Z ) .  Fo r  A  ma tá r i a l
hea ted  i n  a  cove red  c ruc ib le  (dashed  l i ne  DTA cu rve )
mo lecu la r  o r i en ta t i on  occu rence  co inc ides  w i th  t he
ex t remum o f  a roma t i c  CH g roups ,  a f t e r  0H ,  ca rbony l
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and carboxyl  groups have pract ica l ly  d isappeared and
¡ i ren a l iphat ic  CH groups have reached a low value.-h is  

occurs s l ight ly  before the maximum sp' in  concen-
: ra t i on  as  measu red  by  ESR (6 ,7 ) .B  ma te r i a l  i s  qu i t e
di f ferent  f rom A:  0H groups are more numerou's  in  B
and üre i r  number decreases very s1ow1y dur ing heat-
: reatment .  Al iphat ic  CH groups are less numerous and
:hei r  number decreases faster  whi le  aromat ic  CH are
¡oth much less numerous and more stable when heat-
: reated.  New groups C-O-C not  present  in  A mater ia l
cccur  in  B and remain remarkably s table for  a HTT as
t i gh  as  600 'C .  Re t i cu la t i on  o f  A  ma te r i a l  o r  even
¡eat- t reatment  of  A in  an open cruc ib le changes the
amount  of  var ious groups so as to increase 0H groups
and to decrease a l iphat ' ic  CH groups and aromat ic  CH
groups.

Chars issued f rom A or  B mater ia ls  may be con-
s ide red  as  bu i l t - up  o f  a  f ew  a roma t i c  r i nqs  mo lecu -
les (4-10 r ings)  p i tea up by 2 or  3.  They are connec-
ted by non aromat ic  s t ructures.  I f  the la t ter  are
n a i n l y  a l i p h a t i c  t a r  y i e l d  j s  I a r g e .  F i r s t  m e l t i n g
then occurence of  a local  molecular  or ientat ion are
favoured.  They are a lso favoured by a1l  the factors
xh i ch  l ead  to  t a r  r e ten t i on .  Mo lecu la r  o r i en ta t i on
occurs af ter  mel t ing when the rate of  tar  departure
i s  max imum p roduc ing  a  max imum o f  mob i l i t y  o f  t he
a roma t i c  mo lecu le  s tacks .  Mo lecu la r  o r i en ta t i on  i s
reduced or  inh ib i ted when oxygen content  increases
and when tar  percentage decreases which corresponds
to a l inkage between stacks of  aromat ic  molecules.
This can be re lated to the C-0-C groups which appear
i n  B  ma te r i a l .  F ina l l y  re t i cu la t i on  mechan i sm shou ld
be f i rs t  re lated to a combinat ion of  oxygen and a l i -
phat ic  carbon groups (8)  which produce water  and is
responsib le for  0H increase and a l iphat ic  CH decrea-
se in  IR spectra.  Then mel t ing and consequent ly  mo-
lecu la r  o r i en ta t j on  shou ld  be  i nh ib i t ed  by  f i nkage
due to C-0-C bonding developing in  A mater ia l  a f ter
reti cul ati on .
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