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Introduction

The crystal defects known as rotat ional dis-
cl inations are rarelFrnetals and cerarnics because
the strong curvatures of a discl inated crystal involve
in to le rab le  la t t i ce  s t ra ins  l l ,Z l .  However ,  d isc l i -
nations are cornrnon in l iquid crystals because the
absence o f  c rys ta l l ine  reg is t ry  be tween ad jacent  par -
al lel  rnolecules al lows 1ocal displacernent and arnple
relaxatign in latt ice strain [2].  Discl ination struc-
tures ar$ prorninent features of coke and graphite
because I larnel lar l iquid crystal,  the carbor¡aceous
mesophase, forrns in the f inal stages of l iquid-phese
c a r b o n i z a t i o n  [ 3 , 4 ] .

Sorne bas ic  aspec ts  o f  d isc l ina t ions  in  the  car -
bonaceous rnesophase were  d iscussed a t  the  Baden-
Baden Conference [5 ] .  The d is t inc t i ve  fea ture  o f
carbonaceous rnesophase is  the  p la te - I i ke  a rorna t ic
rnolecule, which serves as the basic bui lding block
of the larnel lar l iquid crystal in contrast to the rod-
l ike rnolecules of nernatic l iquid crystals. Four
types of l ine wedge discl inations cornrnonly found in
the rnesophase as well  as coke and graphite are
sketched schernatical ly in Fig. l .  The discl inations
are topological discontinuit ies that result frorn the
stacking of layer-rnolecules to forrn larnel lae which
retain sorne freedorn to bend and twist as they trace
out a larnel l i forrn or Mdbius rnorphology.

The Forrnation of Discl ination Structures

In  the  pyro lys is  o f  a  g raph i t i zab le  p recursor ,
the rnesophase appears init ial ly as spherules with
the  rnorpho logy  f i rs t  de f ined by  Brooks  and Tay lo r [6 ] .
See F ig .  2 .  The rnesophase layers  de f ine  doub ly
curved sur faces  (except  fo r  the  equator ia l  p lane)
wh ich  in te rsec t  the  spher ica l  phase boundary  a t  o r
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Fig. 2. Layer orientat ion in rnesophase
spherule

near  90o.  As  pyro lys is  p roceeds,  these spheru les
grow and coalesce to forrn bulk rnesophase with i ts
characterist ic larnel l i forrn morphology. The dis-
cl inations found in fresñ undeforrned rnesophase are
thus cornplex three-dirnensional structures that re-
sult  frorn the repeated formation of rnult ipLe con-
nec t ions  be tween coa lesc ing  spheru les .

Many mesophases are suff iciently f luid, at
leas t  in  the  ear ly  s tages  a f te r  p rec ip i ta t ion  and co-
alescence, to be readi ly deforrned by the percolat ion
of gas bubbles or by rnechanical deforrnation [7].
Such deforrnations produce the f ine f ibrous of larnel-
lar rnicroconsti tuents which are the hal lrnark of the
need le  cokes .  These rn ic rocons t i tuents  o f fe r  good
subjects for detai led study of discl ination structures
because knowledge o f  the  pre fer red  or ien ta t ion  o f
rnesophase lamel lae  re la t i ve  to  a  se lec ted  c ross-
section can rnarkedly sirnpl i fy interpretat ion of the
po lar ized- l igh t  response on  the  po l i shed sec t ion .

Discl inations in the Larnel lar Microconsti tuent

The discl ination structures in the deforrned
rn ic rocons t i tuents  genera l l y  occur  a t  a  sca le  jus t
reso lvab le  by  po la r ized- l igh t  rn ic roscopy .  The
carbonaceous rnesophase as  we l l  as  i t s  heat - t rea ted
foss i l s ,  coke and graph i te ,  a re  un iax ia l  negat ive
crystals dernonstrat ing rnaxirnurn ref lect ivi t ies when
the l ine of polarization is paral lel to the larnel lae and
rninirnurn ref lect ivi t ies when this l ine is perpendicular
to fhe lamellae [8].  By varying the polarlzing con-
dit ions, inforrnation can be obtained on the detai ls of
di s cl ination structure.

The f ine larnel lar rnorphology [7] occurs in the
walls of bubbles forrned by the escape of volat i le
gases. The larnel lar rrr icroconsti tuent in such a
bubble wal1 is i l lustrated in Fig. 3 for three con-
d i t ions  o f  po la r iza t ion :  (a )  c rossed po la rs ,  w i th  the
larnel lae at 45o relat ive to the l ine of polarization to
obtain rnaxirnurn contraet; (b) polarizer only, with
the l ine of polarization perpendicular to the larnel lae;
and (c) polarizer only, with the l ine of polarization

l nFig. 1. Line wedge discl inations found
coke and graph i te  [3 ,5 ]
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(a )  Crossed po la rs  (b )  Po la r izer  hor , i zon ta l  (c )  Po la r izer  ver t i ca l

Fig. 3. Larnel lar rnicroconsti tuent of a bubble wall  in a decant oi l  pyrolyzed to 5O0oC

paral lel to the larnel lae. Inspection of these rnicro-
graphs wil l  show that sorne l ines of Fig. 3b, rnarked
D,  d isappear  when the  po la r izer  i s  ro ta ted  by  90"
and that rnost of the rernaining non-disappearing l ines
can be  reso lved as  doub le ts  by  c rossed po la r izers .

These observa t ions  are  cons is ten t  w i th  the
structure sketched in Fig. 4. Each l ine of Fig. 3b
corresponds to a fold. I f  the plane of section is
nearly paral lel with the top of the fold, the l ine wil l
disappear when the polarizer is paral lel to the fold
and the  l ine  observed by  c rossed po la rs  w i l l  no t  be
resolvable to a doublet. In this case, the fold ter-
minates in a twist discl ination ( indicated by T in
F ig .  3 ) ;  the  d isc l ina t ion  core  is  ske tched as  a  r ibbon
rather than a l ine to account for the apparent radi i
of rnost folds (of the o¡der of 0. 5 rnicron). I f  the
plane of section intersects the fold at a higher angle,
the l ine wil l  not disappear upon rotat ion of the polar-
izer and can usually be resolved to a doublet under
crossed po la rs .  In  th is  case,  the  l ine  is  te rmina ted
by  l ine  wedge d isc l ina t ions  o f  s t rength  *n  (c f .  F ig .  1 ) ,
and the specif ic type of wedge discl ination can be re-
solved by noting the direct ion of movernent of an ex-
t inct ion contour when the l ine of polarization is
rotated.

It  rnay be noted that two l ines, rnarked P, of
F ig .  3  a re  par t ia l l y  d isappear ing ,  i .  e . ,  one segrnent
disappears when the polarizer is rotated while the
rernaining segrnents can be resolved to doublets
under  c rossed po la rs .  Th is  response i rnp l ies  tha t
the  ro ta t ion  vec tor  o f  the  fo ld  var ies ,  i .  € . ,  the  edge
of the fold is not straight but curved with only a
l irnited segrnent running nearly paral lel to the plane
of section. Thus the double curvature of rnesophase
layers ,  wh ich  rnay  be  regarded as  nor rna l  fo r  coarse
undeforrned rnesophase, can be retained to sorne de-
gree in highly deforrned rnicroconsti tuents. Frorn
the viewpoint of graphit izabi l i ty, the process of de-
wrinkl ing such doubly curved layers to attain graph-
i t i c  in te r layer  reg is t ry  rnus t  necessar i l y  invo lve
rnass transfer by dif fusion within the layers.
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Fig. 4. Twist discl ination of rotat ion rr norrnal
to discl ination l ine
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