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" Abstlacc. In the production of carbon artefacts wtrere a binder

pi tch is  carbonized wi th gr is t  coke part ic les i t  is  inevi table
that  the pi tch wi l l  enter  the porosi ty and surface roughness of
gr is t  coke.  The ef fect  of  porosi ty on scructure of  b inder coke
is investigated by co-carbonizing pitches with wood charcoal con-
ta in ing pores of  2 un to -150 um dia.  Coke formed in porosi ty -40 un
dia. can have a structure si¡nilar to thac of mesophase carbon
f ibres.  PorosiEy can cause segregat ion of  pr inary QI in coat-
tar pitch and can reduce the size of optical texture of binder

'coke.  These ef fects can increase strength wi th in ar tefacts.

Introduction

Carbon artefacts.  These consist  of  part ic les of

@ogether by bridges oi bioder coke
(usual .1y a coal- tar  p i tch coke).  The binder p i tches
are generally highly aronatic and eontain spheres
<l  um in d ianeter ,  known as pr inary QI ( f ) .  Calc i -
ned gr is t  coke and coal- tar  p i tch are mixed at
temperatures above the sof tening point  of  the binder
pi tch,  moulded or  extruded, and the green ar tefact
baked at  850-1200oC to carbonize the binder p i tch.

In ar tefactq bonding at  inter faces between the
binder-coke br idges and gr is t  coke part ic les nust
be scrong and is probably mechanical racher than
chernicaL.  Dur ing mix ing,  b inder p i tch penetrates
into surface porosi ty of  the gr is t  coke such that  on
baking the grist coke and binder coke are incer-
locked. The van der ! {aal fs d isperaion forces
contr ibute to bonding.

Opt ical  texture.  Carbon artefacts thus consist  of
grist coke and binder coke nhich are both anieo-
t ropic carbons.  Polar ized l ight  microecopy of  pol-
ished surfaces is  a powerfu l  tool  for  d ist inguishing
graphi t izable (anisotropic)  f rom non-graphi t izable
( isorropic)  carbon (2) .  The long-range ¡nolecular
order in anisotropic carbons can be quantified in
terms of optical texture. The larger the average
size of  areas in shich paral1el  ¡nolecules are
al igned in the sane di rect ion ( isochronat ic uni ts)
t t re larger is  the opt ical  texture.

Mesophase. Grist coke and binder coke are both
produced v ia the nesophase (3) .  l leat ing a picch
resul ts in an increase in average nolecular  s ize
and aromaticity. Eventually, at about 1000 amu,
stacking of  molecules surface to surface becomes
energet ical ly  favourable.  AnisoCropic grol r th uni ts
of  d iscot ic  nemat ic l iquid crystals grow vi th in the
f lu id pí tch.  These anisotropic uni ts (nesophase

spheres) gro¡r at the e:cpense of the isotropíc pitch
and eventually contact each other. Mesophase
spheres consist ing of  re lat ively react ive molecules
have a higher v iscosi ty due to cross- l inkage between

molecules and r¡ i l l  not  coalesce.  The resul tant
coke wi l l  have a sual l  opt ical  texture.  Mesophase
spheres consist i r ig of  less react ive nolecules
coalesce on contact and nolecular re-ordering takes
place.  Eventual ly  a sol id semicoke is  formed.

The gr is t  coke used to make carbon ar tefacts
is produced by th is mechanism as a bul l i 'batch process
in the industr ia l  delayed coker.  The format ion of
binder coke f rom binder p i tch in the ar tefact
di f fers s igni f icant ly  however f rom delayed coking
in that  the carbonizat ion of  b inder p i tch does not
occur " in bulk" .  Binder p i tch is  carbonized dur ing
baking in the porosi ty between gr ist  coke part ic les
and in the surface roughness of grist coke. The
dimensions are in metreg for the delayed coker and
in un (10-6m) for  ar tefacts.  I t  is  c l r ta in that
chig restr ic t ion in volume af fects the structure of
resuLtant binder coke. It is knomr that mesophase
has a tendency to stack paral le l  to surfaces.  This
effect can dominate during carbonization within
snal l  volunes.  I t  is  considered that  pí tch enters
poree in gr is t  coke >-5 pm diaureter .  Also the
dynauric motion of nesophase is reduced in snall
volumes compared with the "in bulk" material
( tonnage  quanc i t i es ) .

Object ives.  There is  a need for  a speci f ic  study
of  carbonizat ion in porosi ty.  The ain of  th ie
paper is  to dete¡mine che ef fect  that  porosi ty has
on the structure of  p i tch coke resul t ing f ron pi tch
carbonized wi th in porosi ty.

Exper imental .  The rnodel  macroporosi ty of  wood
iharcoal, prepared by heating Aldenrood to 900-C
under n i t rogen, contains pores of  s izes,  approxi-
mately 2-150 un dia.  and 10 to 1000 um depth.

Fourteen pitches lrere co-carbonize{ with char-
coal cut into blocks approximately 3 m3. Nine coat-
tar  p i tches were used, contain ing 8-25 wtZ of
pr inary QI.  F ive petro leum pi tches were used, con-
ta i f r ing 0.1-3 Lr tZ of  pr inary QI.

0.5 g of  charcoal^and 3 g of  p i tch were heated
in an autocteve to 500-C, 0.2 MPa pressure,  then
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heated ín a hórieontar tube furnace under nitrogen
to 900oC, 0,5 h soak.  The charcoal  ¡ ras pol ishei
and examined using polar ized l ight  n icroscopy to
reveal  opt ical  textures.

Results. The coke material forned in the pores of
ñffiá'rcoal exhibited two phenomena. Firsrly,
pores contain p i tch coke wi th a character is t i l -
or ientat ion (obtained f rom the colour analysis of  the
opt ical  texrure)  indicar ing rhar rhe consr i l ; ; " ;
la¡nel lae of  the pi rch coke were al Ígned parar le l  to
the wal ls  of  the charcoar pore in a-c i rcrmrferent ia l
or  onion- l ike structure,  in t ransverse crogs-sect ion,
Figure L.  Such or ientat ion can be seen for  both
coal- tar  and petro leurn pi tch coke in pores of
dianeters >-40 Un. No pr inary QI is  seen wi t t ¡ in
these structures.

F igu re  1 .  Pos i t i on  A .  ,  20  t ,pore conráining pirch coke,i th-.. .-
c i rcumf  erent ia l  s t ructure.

Secondly,  i t  is  considered that  segregat ion or
enrichment of prinary Qr occurred in thi có-carbon-
izat ions of  coat- tar  p i tch and charcoal  (not  wi th
petro leum pi tch),  wi th in the pores or  at  the edges
of the pores,  Figure 2.  This seeue to be analoious
to what is  referred to as industr ia l  pr inary QI
fi lter-cake. r,nren viewed in the optical ,iároscope

i t  is  seen that  a l l  pores in the avai lable s ize
range can contain th is co-carbonizat ion mixture of
prirnary Qr and pitch to give binder coke of nosaic
(<10 um) opt ical  texture or  isotropic coke.  There
appears to have been enrichment by QI at the char_
coal  surface and in the porosi ty.

Discussion.  In charcoal  pores belor¡  a certa in
ñ;Gñ'um dianeter)  cokl  r ¡ i th lamel lae paral le l
to the pore wal ls  are forured.  A s imi lar  e i fecc
¡ras found by Atkinson (4) r¡ho carbonized petroleum
and coal- tar  p i tches and a coal-extract  on a hor_
stage at tached to a polar ized l ight  microscope in
the presence of  f rat  netal  t ransnission eleci ron
microscopy (TEM) 

-gr ids.  The gr ids acred 
""  " -" , . rpp-ort  for  coalesced mesophase and imposed in i t ia l

a l Ígnnenr of  lanel lae paral le l  ro ihe gr id wal ls .
In the 240 and 120 un grids rhe dynamif rnocion of
the uesophase removed this alignment. In the 60
and 45 un grids the arignnent rras maintained inco
Ehe resul tant  carbon.

Of some relevance to th is study is  the real i_
sat ion that  the structure of  the coke in charcoal
porosi ty is  s in i lar  to Ehat of  mesophase carbon
f ibres r¡ i th a c i rcumferent ia l  arrangement of
l ame l lae  (5 ) .  The  b inder  coke  in  pó ros i r y  w i l l
have the onion type cross-sect ion" l  

" t r , r " lure,  
as

wel l  as rhe lengrh (deprh) of  porosiry in wniáfr  i r
has flowed. Carbon fibres have a high strength and
are used as re inforc ing agents in appt icat ions re_
quir ing st i f fness.  This study suggests that  when a
binder p i rch is  co-carbonized r¡ i rh-a gr is t  coke
contain ing porosi ty <50 pur d ianeter  tñen the pi rch
wi l l  enter  th is porosi ty and resul tant  mesoptrase
r¡ i l ' l  a l ign i tsel f  rerat ive to the wa1Ls.  Accordin-
gly in carbon artefacts a nechanism exists whereby
a natural  re inforcement is  created of  b inder_coke
f ib res  w i th in  the  g r i s t  coke  pa r t i c les .  I . ¡ i t h  re -
gard to the second observat ion,  segregat ion of
pr inary QI at  pore entrances to forn á " f i l t . r_

.cake" has been observed by Ti l lu lanns (6)  .  Co-
carbonizat ion of  p i tch r¡ i rh th is f i l ter-cake
produces a strong ( tough) coke of  mosaics or  of
isotropic carbon (7) .  Thus the binder coke at  the
entrances to pores or  in surface roughness can be
stronger than the bulk of  rhe binder-coke br idge at
the posi t ion of  the inter face.  Strength increlses
w i th  dec reas ing  s i ze  o f  op r i ca l  cex tu ie  (g ) .

Conclusions.  The structure of  coke resul t ing f ron
Fitch-érrb'Aized in porosiry ¿irters from coke
resulting frorn piteh carbonized in bulk. C.i¡or,=
izat ion of  p i tch in pores of  d ianeter  <-40 ¡rn g ives
coke a circt¡¡nferentiar carbon-fibre like struciure.
This oay act as a natural reinforcement for carbon
artefacts.  porogi ty can segregate pr imary QI such
tha t  a  " f i l t e r - cake"  i s  p roducád .  i t i s  rnáy ' resu l t
in a stronger layer of  cóke ar  rhe f i l . ler  

"oteTgr istcoke  in te r face .
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Figure 2 .  Pos i t ion B.
pore cont;ininc QI and
Pos i r i on  D .
QI f i l ter lcake.
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