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Petroleun pitch and senicoke have been used in
the speci-a1ty graphite area as high quali ty carbon
precursors for graphites and carbon f ibers. The
perfornance of these f inished materials depends on
the characterist ics of their start ing feedback
supply. However, in recent years the inpact due to
the shortage of petroleun, as well  as the improve-
nent of ref ining technology, forces one to look for
other alternative energy sources,such as coal and
o i1  sha les .  These na ter ia ls  w i l l  become j - rnpor tan t
in the next decade as they are inevitably to be
developed as substi tut ions for petroleun during the
interim period unti l  ul t imate energy sources, such
as Solar energy and fusion are technological ly de-
monstrated.

.  Coa l  and o i l  sha le ,  as  we l l  as  pe t ro leum,  a re
a l l  foss i l  fue1s .  The pa thways  o f  the i r  d iagenes is
and source naterials are entirely dif ferent. There-
fore, i t  is expected that there be dif ferences in
the structures of their asphalt ic (carboneceous)
bitumens. These bitunens are inportant in that
they are the precursors leading to the nesophase
forrnation under carbonization. Withi.n the nacro-
structure of bitunens, suff icient ernbryonic nenatic
crystals nay be the nucleus to control the meso-
phase.

Macrostructure of Asphalt ic Bitunen

Natural ly-occurring bitumen is not entirely
iso t rop ic  in  i t s  s t ruc tu re .  I t  i s  a  nesonorph ic
l iqu id ,  i .e . ,  nany  ind iv idua l l y -o r ien ted  c lus te rs
are suspended and randomly distr ibuted within
their lower nolecular weight hornologs. The indi-
v idua l l y  o r ien ted  c lus te rs  cons is t  o f  a  number  o f
p lanar  a romat ic  no lecu les  s tacked ver t i ca l l y  in
layers  due to  the f l -n  assoc ia t ion .  The s ide  sub-
st i tuents of these aromatic systems are zig-zag
chains due to the requirenent of succession of the
tetrahedronally-1ürked carbon atons. These chains
ac t  as  a  ' rshock  absorber ' r  in  a  sea o f  f loa t ing
r r i s  lands ,  ' r

F ig .  1  dep ic ts  the  genera l  nacros t ruc ture  o f
aspha l t i c  b i tumen (1) .  The assoc ip t ion  o f  the  n-
sys tens  ac tua l l y  g ives  in te r layer 'd is tance o f  ca .
3 .5  A  wh ich  y ie lds  (002)  peak  under  x - ray  d i f f rac-
t ion .  Th is  type  o f  assoc ia t ion  is  equ iva len t  to
the layered structure of graphite. which is termed
crys ta l l i te  (A) .  The z ig -zag cha in  can or ien t  in
a bundle-l ike fashion (B) dependi-nq on the tor-
sional angle when propagation of SP"-bonded orbital
takes  p lace .  These is land-1 ike  s tacks  are  te rmed
par t i c les  (C) .  Usua l ly  par t i c les  can fu t ther  asso-
c ia te  in to  mice l les  (D) ,  the  per i fe ra l  g roups  are
polar. There are a number of weak l inks (E) along
the chain configuration, sone of these are ether,
thioether or er./en hydrogen bonds, which can under-
take cleavage. There are imperfections in the
aromatic systens with di- or tr ivalent heteroatons
such as nitrogen, sulfur or oxygen. Clusters nay
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a lso  be  l inked e i ther  by  fo ld ing  the  cha ins- - in t ra -
c lus te r  (G) ;  o r  by  b r idg ing  th rough weak l inks- -
in te rc lus te r  (H) .  The res in  ( I )  i s  a  s ¡na l l  horno log
of  aspha l tene wh ich  is  la rger .and the  molecu la r
we igh t  i s  h igher .  S imp le  layer  (J )  o f  the  s tacked
c lus ters  can be  fo rned by  d isassoc ia t ion ,  p rov ided
tha t  cond i t ions  do  no t  favor  the  reassoc ia t ion .  pe-
troporphyrins (K) is a single layer containing
extended conjugation of pyrroles. The rnetal (L) can
be a  center  o f  coord ina t ion  fo r  seve¡a l  c lus te rs .

The schematic i l lustrat ion is useful for the
structural change during heat treatment. In general,
aromatici ty increases upon the application of heat.
The conversion of asphcltenes into carbenes and car-
benes into carboids is sr¡ch an exanple. The average
number of effect ivc layels ( lr le) increases from a va-
lue  o f  5  to  i t  la rger  va fue  o f  15 .  For  pe t ro leum
cokc  the  va lue  can ra ise  up  to  35  (2 ) .  Under  heat ,
nore hyrl |oaromatic structures can become aromatic.
l lencc  the  inc rease is  no t  on ly  a long the  z -ax is ,  bu t
a lso  an  an t ic ipa ted  growth  in  the  x ,  y -p lane,  tha t
is ,  an  inc rease in  layer  d ianeter .

Predict ion of Coal and Shale 0i l  as Mesophase Sources

The development of the oriented areas of no-
zaics and domains under carbonization is inportant.
The growth of such anisotropy during graphit izat ion
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i s  a lso  inpor tan t .  What  w i l l  be  d iscussed here  is
ihe consti tuents of dif ferent bitumens for this
rype o f  s tudy .  ' fhe  s tack ing  de fec ts  w i l l  be  caused
r ¡ '  the  ex ten t  o f  he teroa torns  as  we l l  as  ne ta ls .
Iab le  I  i s  a  b r ie f  summary  o f  the  cons t i tuents  i .n
pet ro leurn- ,  coa l - ,  and sha le -der ived  aspha l tenes .
the predoninant type of heteroatons is dif ferent in
i . a r i o u s  a s p h a l t e n e s ,  € . g . ,  i n  e a c h  m o l e c u l e  o f  p e -
t ro leunr -der ived  aspha l tene,  there  are  2  o r  3  su l fu r
3 tons ;  in  each o f  the  o i1  sha le -der ived  aspha l tene,
there are 2 or 3 nitrogen atons; and in each of
the  coa l -der ived  aspha l tene,  there  are  about  2  o r
5 oxygen atoms.

Iab le  I .  Compos i t ion  o f  D i f fe ren t  Aspha l tenes

s ta tes  ex is t  w i th  thc  b i tuminous  aromat ic  sheets
( 3 ) .  T h e  t h e r n a l  c x c i t ¿ r t i o n  i s  a t t r i b u t e d  t o  t h c
propagat ion  o f  Wann ier  exc i tons .  As  graph i t i za t ion
occurs ,  the  Wann ier  sp ins  ac t  as  indepen< len t  mob i lc
or  de loca l i zed  exc i tons .  ' l ' he  odd e lec t rons  cvcn-
tua l1y  become charge car r ie rs  and can bc  degcne-
r a t e d  t o  c e r t a i n  e x t e n t  a s  i n  a  m e t a l .  A l 1  t h o s e
depend on  the  .J -va lue  (s ing le t - t r ip le t  encrgy)  and
Ae (conduct ion  energy  gap)  o f  the  nesophase source
mater ia l .  ' fo  surnmar ize ,  i t  i s  no t  on ly  the  chemica l
composit ion of parent substances that deterrnines
mesophase growth, but the macrostructure of the pa-
ren t  source  mater ia l  a lso  p lays  an  inpor tan t  ro1e.
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Tab le  I I  l i s ts  d i f fe ren t  paraneters  as  mea-
sured by NMR and X-ray dif fract ion. The higher
aromat ic i t y  ( f ^ )  o f  coa l  and coa l -der ived  produc ts
may be irnportaftt  for the graphit izat ion process,
but the drawback nay be that coal is kata-condensed
sys tems.  The fac t  tha t  coa l -der ived  aspha l tene
has shorter substi tut ion (n) and lower extent of
subs t i tu t ion  (o )  may no t  be  the  most  des i rab le
parent substance. The longer chain and the exces-
s ive  anount  o f  subs t i tu t ion  may have the  I 'bu t t ress-

ing"  e f fec t  fo r  a romat iza t ion .Another  cons idera t ion
i s  t h a t  i n  t r a c e  n e t a l s ,  € . 9 . ,  a l k a l i  m e t a l  n a y
catalyze polycondensation. In this manner, the
pred ic t ion  o f  the  app l ica t ion  o f  sha le -der ived  as-
pha l tene to  nesophase. fo rmat ion  is  in  be tween tha t
o f  pe t ro leun-der ived  produc t  and tha t  o f  the  coa l -
der ived  produc t .

F ina l l y ,  the  sp in  cone l .a t ion  s tud ies  ind ica te
tha t  bo th  s ing le t - t r ip le t  t rans i t ions  and doub le t
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