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I  ntroduct i  on )

-  S9T..  type of_pitches such as pVC pitch, petro_'eum p i tch  or  coa l  ta r  p i tch  wh ich  becbme gúabh i_
: izable carbon at high temperature, generaÍ ly forms
nesophase during the heat treatment ót qOO-q-SO.C an¿
:ne mechanism of i ts formation was studied by many
.c l l .ep  wh ich_was.we l l  rev iewed by  Books_Tay io r l  ) -0 r "
rq l t€¿ / .  So  fa r  i t . i s  tac . i t l y  recogn ized genera l l y
:nat mesophase consists of large pol icondenied
: romat ic .compounds or ien t ing  near ly  in  para l le l  each
l ther  and s t i l l  remain ing  as  l iqu iá  s ta te .  In  most
: f  the cases this view may be true but i t  was not
-ret chemical iy conf irmed.

This report  pursued the change of chemical
s t ruc tu re  o f  3 .S-d imethy lpheno l - fo rmaldehyde res in
lur ing i ts heat treatment,  which shows mesopnase5ormation as f ine mosaic structure at 430"C, and
est imated the chemical structure of mesophaie.

I  txperimental  s )

The resin has been prepared from l : l  mol rat io
cf-3.S-dimethylphenol and formaldehyde (36% uqr"órs
so lu t ion)  us ing  1Oml  o f  ammonia  (237 aqüeous so lu_
t ]o l l  pg l^ t -mo l -o f  pheno l  .as  ca ta lys t  and reac t ing
at 90-98'C for 3 hours under ni trogen atmosphere.-
Then i t  was cured at . |30-. |40.C 

on ó. i l  bath for l0
nours .

-  Th is  sample  was carbon ized w i th  3 'C/min  and
evolving^gases were analysed by gaschromatography
every 20"C-employing act ive cháróoal for C0"and ó02
and molecular sieve 5A for another gases. l rJater wás
decomposed by zinc metal heated at 400.C and pro_
duced hydroggp
was analysedJ/.  E
The amount  o f  , i9 . l  Gas  evo lu t ion  curves

NMR was measured in D-pyr idine employing TMS as ref_
erence. .Mesophase was. observed by micróscope usingpo lar ized  l igh t  w i th  the  magn i t i cá t ion  o t  2b0 t ime i .

( R e s u l t s  a n d  d i s c u s s i o n )

Ihq  gas  evo lu t ion  dur ing  carbon iza t ion  js  i l l us_
t ra ted  i l  I jS . l  in  the  d i f fe ien t ia t  curve  (m1 vo lumé
or  mg we igh t  o f  evo lved gases /1gr  sample / lóC) .  A l l
the amount is corrected ior the- loss bf iow ñole_
cular weight substance under the assumption that thelow molecular weight substance has the same elemen_
ta l  compos i t ion  as  the  or . ig ina l  sample .
. .  First ly dewater react ion start i  f rom 200oC,
then methane evolves from 300'C making f i rst  peát at
about 450"C and second peak at about 520oC. From
400"C second dewater reáct ion starts añ¿ a l i t t le
later hydrogen begins to evolve reaching to maximum
at about 700"C. Third dewater starts f iom 600"C
making a maximum at about 750.C. Evolut ion of C0
makes the maxima at 450oC, 600.C and 7S0"C.
._ ,^T!9 decreas' ing curve of 0H absorpt ion intensity
l !  l t - (  spectrum shows two steps divided at about
350'C (f ig.z) which correspoirds very wel l  to the
evolut ion gurve of water.  

'Moreoveithe 
absorpt ion

at l200cm-t which means diphenyl ether type oxygen
shows a  max imum at  about  350oC-( f ig .3 ) .  

-F rom 
iñese

resu' l ts i t  is conc' luded that thd f í rs i  dewater reac_
t ion should be dewater from two 0H groups leaving
ether  l inkages .
. .  Thg f i rst  peak of demethanat ion ma.y result  f romtne evotut i0n of methane from two neigh-bouring
methyl  groups,forming naphthene r ing 6etween two
benzene nuclei ,  because phenol- formáldehyde res. in
which has not methyl  groups shows a peak of demetha_
l l l r9n at. the temperature exaci ly corresponding to
the second demethanat ion peak of 3.S_dimethylpñeno1_d i s t i l  l e d  l o w

molecular  ¡ l ls f
weight sub-
stance was
obtained from
the di f ference
of weight de-
crease meas-
ured by ther-
mobalance and
the weight of
evolved gases
analysed by
gaschromato-
grapny men-
t ioned above.

The in-
frared spectra
was measured
by KBr pel 1 et
with the sam-
p le  concen-
trat ion of
a b o u t  l % .

F ig .2  Change o f  0H absorp t ion
at 3400 cm-l
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formaldehyde res in3)
The  samp le  ca roón i zed  a t  400 "C  can  d j sso l ve

in to  py r i d i ne  up  to  92 ,2% and  i t s  mo lecu la r  we igh t
measured by VPO was 

. l380.  
Structura l  ind ices of

t h i s  so lub le  pa r t  ca l cu la ted  f rom NMR cha r t  a re
s h o w n  j n  t a b l e  l .  I n  t h i s  c a l c u l a t j o n  t h e  f o l l o w i n g
procedure was taken.  Namely one- th i rd of  oxygen is
ca l cu la ted  as  0H  g roup  ( f r om f i g .2 )  and  the  o the rs
ether  type between two benzene nucle i .  The number
of  hydrogen subst i tu ted as methylene br idges were
co r rec ted  as  t o  t he  po l ymer i c  t ype  o f  t h i s  res in ,
t ha t  j s  t o  say  tw i ce  o f  t he  va lue  was  used  fo r  t he
ca I  cu l  at i  on of  lHau .

F i g . 4  M o d e l  o f

o r i g i n a l  o b s .  C :

c a l .  C  :

ca rbon j za t i on  up  to  400 'C

7 9 . 6 ,  H  :  7 . 5 ,  0  :  1 2 . 9

7 9 . 8 ,  H  :  7 . 5 ,  0  :  1 2 . 8

From these resu ' l ts  the change of
st ructure when carbonjzed at  400"C may
a s  s h o w n  i n  f i g . 4 .

( References )

A t  400 'C  mesophase  doesn ' t  appea r  ye t ,  bu t  a t
430 'C  f i ne  mosa i c  s t ruc tu re  sudden l y  deve lops  ove r
a l l  t he  f aces .  The  evo lu t i on  o f  gases  f rom 400oC to
430"C  was  as  f o l l ows .  H20 :0 .52m0. l /M lJ ,  CH4 :0 .55m01 /
MW, H2 :0.02m01 /Ml ,J ,  C0:0.04m01 /Ml , l  (MW j  s  assumed to
be  

. | 380 ) .  
Tha t  i s  t o  say  on l y  a  ve ry  sma l l  amoun t

o f  evo l ved  gases  cou ld  be  obse rved ,  i nd i ca t j ng  t ha t
tota l  feature of  the molecular  s t ructure of  430'C
ca rbon i zed  samp le  ' i s  nea r l y  same  as  tha t  ca rbon i zed
a t  400 "C  excep t  a  f  i t t l e  j nc rease  o f  e the r  l i nkage
and of  r ing format ion wi th demethanat ion.  The large
aromat ic  condensed r ing st ructure does not  develop
a t  a l l  a t  430 'C ,  neve r the less  mesophase  deve lops  a l l
over  the sample.  Namely the format ion of  mesophase
doesn ' t  necess i t a te  t he  ex i s tance  o f  l a rge  a roma t i c
condensed r ing st ructure,  but  i t  can be formed f rom
ra the r  p lane r  l a rge  mo lecu les .
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F i g . 3  C h a n g e  o f  d i P h e n Y l e t h e r ,
type oxygen at I 200 cm- '
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Tab le  I  S t ruc tu ra l  i nd i ces  o f  p ¡ r r i d ' i ne  so lub le
par t  of  carbonized samPle at  400"C

fa :  Oa/C
¡ t - . .r5e :  r ' ino condensat ion index

d  :  subs t i t u t i on  i ndex
Ca :  aromat ic  carbon number
Ca l  :  a l i pha t i c  ca rbon  number
Ca(us )  :  a roma t j c  ca rbon  number  pe r  un i t

s t ructure
Ca l (us )  :  a l i pha t i c  ca rbon  number  pe r  un i t

s t ructure
:  aromat ic  r ing nuntber
:  to ta l  r ing number
:  r ' ing number except  aromat ic  one
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