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I n t r oduc t  i on

I t  i s  an  i n t e res t i ng  aspec t  o f  f o rma t i on  o f
syn the t i c  g raph i t es  t ha t  t he i r  s t r uc tu re  i s  c l ose l y
dependent upon the chemical  composiEion of  the
pa ren t  p i t ch  subs tance  and  t he  cond i t i ons  o f
ca rbon i za t i on .  G raph i t es  w i t h  a  w ide  range  o f
phys i ca l  p rope r t i es  can  t hus  be  f ab r i ca ted ,  posses -
s i ng  op t i ca l  t exEu res  rang ing  f r om l a rge  doma ins
of  needle-cokes to the smal l  f ine mozaics (<5 Um)
o f  t he  so -ca l l ed  i so t r op i c  g raph i t es .  Me ta l l u rg i -
cal  and foundry cokes contain anisotropic components,
usua l l y  moza i c  (<1  Um)  and  some  f l ow - t ype  (Re f .  1 ) .
Those  d i f f e rences ,  chem ica l ,  s t r uc tu ra l  o r  phys i ca l ,
i n  t he  f o rma t i on  o f  nema t i c  l i qu i d  c r ys ta l s  and
the propert ies of  subsequent rnesophase, which
inf luence the s ize and coalescence behaviour of
mesophase  requ i r e  f u r t he r  i nves t i ga t i on .  Once
Ehe  mesophase  i s  r ecogn i zab le  i t  i s  no t  suscep t i b l e
to chemical  analysis (being an aromat ic polyner ic
substance) and structural  analyses may be more
rerdarding.  Two exper imental  approaches have there-
f o re  been  adop ted ,  i . e .  quan t i t a t i ve  r e f l ec tance
microscopy and phase-contrast  e lectron microscopy
to  image  mo lecu la r  cons t i t uenEs .

The Exper imental  Approach

Carbons have been prepared f rom A2OO Ashland
pe t ro l eum p i t ch ,  D l l 2  coa l - ex t r ac t ,  O rg reave  coa l -
t a r  p i t ch ,  G i l son i t e  p i cch -and  po l yv i ny l  ch l o r i de
by  ca rbon i z i ng  a r  5  K  m in - r  t o  1100  K  unde r  n i t r ogen ,
and then under argon to 13OO, 15OO, 17OO, 2OOO and
23OO K. Resul tant  carbons r . rere mounted in resin
and pol ished surfaces prepared,  Carbons f rom the
pe t ro l eum and  coa l - t a r  p i t ch  possessed  op t i ca l
textures of  isochromat ic domains,  wi th the carbons
f rom the  D112  coa l - ex t r ac t  possess ing  l a rge  moza i cs
(10  Um)  and  f r om the  G i l son i t e  p i t ch  sma l I  moza i cs
(<5  Um) .  The re  was ,  acco rd i ng l y ,  ava i l ab l e  a
se r i es  o f  ca rbons ,  o f  í nc reas ing  s i ze  o f  op t i ca l
t ex tu re ,  p repa red  by  i den t i ca l  r ne thods .

Quant i tat ive lefTectance microscopg: The percent-
age  o f  l i gh t  ( o f  g i ven  wave leng th )  r e f l ec ted  f r om
po l i shed  su r f aces  o f  ca rbon  i s  a  f unc t i on  o f  t he
r e f r a c t i v e  i n d e x  ' n ' ,  d e n s í t y ,  a n d  t h e  o r i e n t a t i o n ,
s i ze  and  pe r f ec t i oñ  o f  t he  cons t i t uen t  an i so t rop i c
un i t s  o r  mo lecu les .  Co rn fo rd  and  Marsh  (Re f .  2 )
d i scuss  t he  use  o f  quan t i t a t i ve  r e f l ec t i on  measu re -
men ts  f r om su r f aces  o f  ca rbons .  Th i s  me thod  may
the re fo re  be  capab le  o f  d i s t i ngu i sh ing  aspec t s  o f
1ame11a r  mo lecu la r  compos i t i on  and  pe r f ec t i on  o f
s t ack i ng  w i t h i n  t he  ca rbons  o f  d i f f e ren t  op t i ca l
t e x t u r e s .

High-tesoTution efectron microscopg: This techn-
i que  i s  capab le  o f  r eso l v i ng  Ehe  l ame l l a r  s t r uc tu re
of  these carbons by f r ínge- imaging.  The rnagni f i -
cat ion involved are so high and the sample examined
so  sma l l  t ha t  a  c r i r i c i sm  o f  t he  me thod  i s  EhaE  a
non-representat ive port ion of  Ehe sample may have

b e e n  e x a m i n e d -  T o  o v e r c o m e  t h i s  c r i t i c i s m ,  u s e
i s  made  o f  a  m i c ro -man ipu la to r  whe reby  a  m i c ro *
cu l t i ng  t oo l  i s  ope ra ted  i n  con junc t i on  w i t h  an
op t i ca l  m i c roscope  and  ca rbon  f r om a  cha rac te r i zed
reg ion  o f  Ehe  op t i ca l  EexEu re  i s  r emoved  f o r  m i c ro -
scop i c  i nves t i ga t i on ,  us i ng  a  JEOL  1OOC e lec t . r on
m r c r o s c o p e .

Obj  ec t  ives

The  ove ra l l  pu rpose  o f  t h i s  s t udy  i s  Eo  f u r t he r
ou r  unde rs tand ing  o f  t hese  f ac to r s  wh i ch  i n f l uence
the  v i scos i t y  o f  t he  mesophase .  Th i s  i s  because
v i scos i t y  i n f l uences  t he  ab i l i t y  o f  t he  mesophase
to  coa lesce  ( f o r rna t i on  o f  d i sc l i na t i ons )  o r  t o
f o rm  sma l l  moza i cs  w i t hou t  coa lescence  (un less
res t r i c t ed  t o  bounda ry  s i t ua t i ons ) ,  t he  moza i cs
be ing  f used  g ron th  un i t s  o f  nesophase .  I n  t he
carbons of  h igher HTT i t  may be possib le to image
some  o f  t he  d i sc l i na t i ons  p red i c t ed  by  t üh i t e  and
Z iu rne r  (Re f .  3 )  f r om  ana l yses  o f  op t i ca l  m i c ro -
g raphs .

D i f f e rences  í n  v i s cos i t y  may  be  assoc ia ted
with chemical  bonding beEween (across) the Lamel lar
mo lecu les ,  o r  t o  non -1ame11a r  mo lecu les .  D i r ec t .
imaging of  the molecules and a ref lectance analysis
shou ld  g i ve  r e l evan t  i n f o rma t i on .  An  ana l ys i s  o f
X - ray  d i f f r ac t i on  s tud ies  o f  Moch ida  e r  a l .  (Re f .  4 )
i nd i ca tes  no  c l ose  co r re l a t i on  o f  co (óñ7 f ,  Lc (oo2 )
w i t h  s i ze  o f  op r i ca l  t ex tu re .

D i s  cuss ion

I n  q u a n t i c a t i v e  r e f l e c t i v i t y  s r u d i e s ,  i n t e r e s t
is  wi th rnaximum and minimum ref lect iv i t íes f rom
se lec ted  a reas  o f  Ehe  su r f ace .  Us ing  bo th  a i r  and
o i l  ob j ec t i ves  one  i s  t hen  i n  a  pos i t i on  Eo  ca l cu l aLe
oEhe r  op t i ca l  pa rame te rs  such  as  b i r e f l ecEance  and
abso rpE i ve  i ndex .  To  ob ta i n  t he  max imum re f l ec t i -
v i t i e s  one  has  t o  scan  t he  spec i r nen  d i l i gen t l y .
Max imum re f l ec t í v i c i es  occu r  e i t he r  f r om  basa l  p l ane
su r f aces  ( t hese  a re  essen t i a l l y  i so t r op i c ,  exh i . b i t i ng
no minimum on roEat ion of  the specimen stage of  the
m ic roscope )  o r  when  t he  po la r i zed  l i gh t  i s  pa ra l l e l
t o  t he  basa l  p l anes  ( r oEa t i on  t h rough  9Oo  w i l l  chen
revea l  t he  m in imum re f l ec t i v i t y ) .

I t  is  found that  maximum ref lect . iv i tes in a i r
con t i nue  t o  r i se  w i t h  i nc reas ing  HTT  t o  abou t  15OO K .
The ref lect iv i ty  f rom the A20O Ashland petro leum
cokes  appea rs  t o  l eve l  o f f  w i t h  HTT  aE  abou t  3O-312 .
The  re f l ec t i v i t y  o f  cokes  f r om D l12  coa l - ex r rac t .  i s
s t i 1 l  r i s i n g  a r  3 3 . 5 2  ( H T T  2 O O O  K ) ,  w i r h  t h e  G i l s o r i t e
cokes  show ing  re f l ec t i v i t i e s  wh i ch  f a l l  f r om  abou t
332 (HTT 1500 K) to abouc 282 (HrT 2OOO K).  The
re f l ec t i v i t i e s  o f  ca rbons  f r om po l yv i ny l ch l o r i de
(PVC) also shor^r  th is maximum. This maximum may
have  seve ra l  o r i g i ns .  IE  cou ld  be  due  t o  t he
developmenE of  micro- f izzvres whereby the amount
o f  ca rbon  unde r  t he  spo r  o f  l i gh t  o f  t he  re f l ec tance
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mic roscope  d im in i shes  as  Ehe  m ic ro - c racks  w iden .

A  second  exp lana t i on  i s  t ha t ,  a t  a  ce r t a i n  s t age

o f  t he  g raph i t i za t i on  p rocess ,  t he  1ame11a r

cons t i t uen t  mo lecu les  become  s t r a i ned  and  de fo rmed

by  c ross - l i n kage  and  bond -sho r t en ing  mechan i sms .

Th i s  z i g - zag  s t r uc tu re  o f  mo lecu les  has  ac tua l l v

been  recogn i zed  i n  phase -con t ras t  f r i nge - imag ing

i n  t h e  e l e c t r o n  m i c r o s c o p e  ( R e f .  5 ) .  A  r h i r d

exp lana r i on  i s  t ha t  an  adso rp t i on  edge  i s  mov ing

in to  t he  cokes  o f  i nc reas ing  HTT  and  re f l ec t i v i t i e s

w i l l  be  mod i f i ed  by  s i gn i f i can t  changes  i n  e l ec t r on i c

abso rp t i on  p rocesses  w i t h i n  t he  l a t t i ce  o f  t he
g raph i t e .  A  f ou r t h  exp lana t i on  i s  essen t i a l l y

an exper imental  ar tefact  ,  namely that  some form

o f  p re fe ren t i a l  a l i gnmen t  i s  occu r r i ng  i n  t he  res i n

b locks  so  t hac  t r ue  max imum va lues  a re  no t  be ing

l o c a L e d .

Howeve r ,  on  t he  ev i dence  so  f a r  ava i l ab l e  i t

wou ld  appea r  t ha t  r e f l ec t i v i t i e s  f r om po l i shed

su r f aces  o f  ca rbons  a re  no l -  c l ose l y  dependen t  upon

the  op t i ca l  Eex tu re .  Th i s  imp l i es  t ha t  op t i ca l

t ex tu re  i s  essen t i a l l y  a  mac ro  phenomenon  and  t ha t

t he  s t r uc tu re  o f  i nd i v i dua l  cons t i t uen t  l ame l l a r
mo lecu les  i s  a  f unc t i on  o f  t he  chem isE ry  o f  py ro l ys i s

and  g row th  o f  t he  l ame l l ae  w i t h  i t s  i nc l us i on  o f

he te roa toms ,  s i ng le  and  mu l t i p l e  vacanc ies  e t c .

The  h i gh - reso lu t i on  e l ecE ron  m ic rog raphs  show

the  t r ans i t i on  f r om the  sma11  1ame11ae ,  app rox i -

ma te l y  i n  pa ra l l e l  s rack i ng  and  cha rac te r i s t i c
pe rhaps  o f  s t r uc tu re  i n  mesophase ,  t o  t he  g raph i t i c

c r ys ta l l i ces  o f  t he  samp les  o f  h i ghes t  HTT .  The

de ta i l  can  bes t  be  assessed  by  i nspec t i on  o f  t he

many  ava i l ab l e  m i c rog raphs  wh i ch  w i l l  be  ava i l ab l e

a t  t he  Con fe rence .

Re fe rences

1 .  P a t r i c k  J . I ^ I . ,  R e y n o l d s  M . J .  a n d  S h a w  F . H . ,

F u e l ,  L o n d o n ,  5 2 ,  1 9 8  ( 1 9 7 3 ) .

2.  Cornf  ord C. and l ' larsh H. ,
Ca rbon  r76 .  Deu t sche  Ke ram ische  Gese l l s cha f t ,
p p .  2 9 8 - 3 0 1  ( I 9 7 6 ) .

3 .  W h i t e  J . L .  a n d  Z i m m e r  J . E . ,

" S u r f a c e  a n d  D e f e c t  P r o p e r t i e s  o f  S o l i d s , "

C h e m .  S o c .  L o n d o n ,  5 ,  p p .  1 6 - 3 5  ( 1 9 7 6 ) .

4 .  M o c h i d a  e t  á I  .  ,
F u e l ,  L o n d o n , 5 6 ,  p p . 4 9 - 5 6  ( L 9 7 7 ) .

5 .  Ma rsh  H .  and  C raw fo rd  D .
U n p u b l i s h e d  r e s u l t s .

Acknowledgement

We express our appreciaEion to the European

Coa l  and  S tee l  Commun i t y  f o r  f i nanc ia l  suPpo r t .

2 0 8


