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The carbonization process giving a
graphi t izable needle coke consists  of  the
condensation reaction and rearrangement of
condensed molecules in to layer  s t ructure.
Then,  fus ib i l i ty  and sui table react iv i ty
which may lead to low viscosity of the
carbonization matrix are required for the
carboniz ing q¡ ter ia ls  to be the source of
needle cokesrr .  Such requi rements must
ref lect  the tota l  features of  a p i tch
because a pitch is cornposed of many compo-
nents, one of which may sometimes play a
role of a solvent to keep the system fusi-
b le,  and the other  of  which can in i t ia te
the condensation, accelerating the carboni-
zat ion.  Al though i t  is  d i f f icu l t  to  def ine
the components of a pitch precisely, ben-
zene  so lub le (BS)  o r  i nsoLb le (B I )  i s  a
pract ica l  f ract ionat ion because fus ib le BS
can often t¿ork as a solvent during the
carbonizat ion and d issolved BI  accelerates
the carbonization. Thus, the concept of
compatibil i ty was introduced to describe
ibe cocarbonization properties of the mix-
tures of  BS and BI .  In  the present  paper,
the concept of cornpatibil i ty is reviewed
from the viewpoints of its qualitative
representat ion and i ts  modi f icat ion,  refer-
ring the structural argument of the pitch.

Mater ia l :  Two k inds of  SRC(Solvent  Ref ined
Coal)  p i tch narned No. l  and No.2 were used
in the present study. The BS fractions of
coal - tar  p i tch(Ni t te tsu Chemical  Co.  ) ,
ethylene-tar pitch (ET) (by-product at the
thermal  cracking of  naphtha(Koa Oi l  Co.) ,
and Kureha p i tch(KP-BS) (by-product  at  the
thermal cracli ing of crude oil. Kureha Chem-
cal  Industry)  were a lso used.
Carbonizat ion:  Carbonizat ion was carr ied
out  in  a pyrex tube(30 mmg x 300 mm) under
a nitrogen gas flow. The rate of tempera-
ture increase r . ras 150oC,/hr .  The hold ing
time at a fixed temperature Íras 2 t.r. The
mixed p i tch consists  of  60E BS and 40*
SRC-BI  in  every case.

Cocarbonizat ion of  SRC-BI  f ract ions
hrith the BS fractions of other pitch
sources c lear ly  suggested the concept  of
compat ib i l i ty .  A l though a l l  BS f ract ions
used in the present study gave needle cokes
in thei r  s ingle carbonizat ion,  some of
their mixtures with the SRC-BI gave needle
cokes and other  d id mosaic ones,  that  is ,
KP-BS and No.1-BS gave needle cokes in
cocarbonizat ion wi th both SRC-BI  f ract ions,
but  ET and No.2-BS did mosaic one wi th both
SRC-BI .  The CP-BS formed a needle coke
wi th No.1-BI  but  d id a mosaic one wi th
No .  2 -B I  .

The cocarboni-zation compatibil i ty
could be qual i ta t ive ly  descr ibed by observ-

ing a series of the cokes which hrere pro-
duced by varying the mixing ratio of BS and
B I  .

The cocarbonization properties were
tried to be correlated with the molecular
weight ,  H, /C rat io  and fa value2)  of  BS,
however no relation was observable. Never-
theless, the poor compatibil i ty of ET which
produced fine mosaic cokes vrith sRc-BI is
presumable to coti le from its small molecular
weight .  Based on above assumpt ion,  modi f i -
cation of ET to be conpatible with SRC-BI
was carried out by the thermal and acid-cat-
a lyzed react ions.  The react ions can be
classi f ied in to three categor ies.  The f i rs t
one' is  the cata ly t ic  react ion wi th a luminum
chloride which is a typical Lewis acid of
non-transition metal- ion, the second one is
the catalytic one with ferric chloride which
is  a typ ical  Lewis ac id of  t ransi t ion metal
ion, and the third one is the thermal react-
ion without catalyst. It l icrophotographs of
carbons obtained from SRC-BI and ET or BS
fraction of modified ET(M-ET-BS) are shown
in Fig.  J- .  A l though or ig inal  ET gave f ine
mosaic cokes wi th SRC-BI  regardless of  No.1
and No.2.  Modi f icat ion wi th a luminum
chror ide(r :  refer  to  Table l )  conver ted ET
compatible with both SRC-BI to give needle
cokes, however modification with ferric
chlor ide( I I :  re fer  to  Tabl-e l )  produced
st i l l  f ine mosaic cokes wi th both SRC-BI
similarly as the original ET did. Therrnal
t reatment( f l l :  re fer  to  Table 1)  gave a
needle coke wi th No.1-BI  but  fa i led wi th
No .  2 -B I  .

Some properties of original ET and
M-ET-BS were su¡nmarized in Table 1. Al-
though all reactions increased the molecular
weight  by 110-180,  they brought  about  s l ight
change in the values of H/C and fa. The
most  s igni f icant  d i f ference is  observed in
the values of Ho/H and Hy/H, which are cal-
culated f rom NMR analys is .  The p i tch
modified with aluminum chloride had the
higher values to g iv ing the excel lent  ngpdle
cokes wi th SRC-BI .  In  a prev ious paperr) ,
the values of  Ho/H of  the carbonizat ion
intermediates were reported high when
aluminum chloride was used as the catalyst
g iv ing needle cokes,  whereas they were low
when alkal i  meta ls  or  t ransi t ion metal
chlorides were usedv=to give isotropic or
mosaic cokes.  Such observat ion could be
explained in terms of lowered melting point
and sui table react iv i ty  of  the par t ia l ly
hydrogenated ring which were preferable for
the carbonizing system to maintain the
l iquid phase.

The same explanation may be applicable
for  the bet ter  compat ib i l i ty ,  and suggests
a possib i l i ty  that  fur ther  hydrogenat ion
may improve the compat ib i l i ty  of  M-ET-I I -BS.
The resul ts  are shown in F ig.2,  ind icat ing
that  the above explanat ion is  va l id .
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lhus,  the concept  of  compat ib i l i ty  is
s-ir¡.:--e useful to describe the carbonization
gc:F€rties of the pitches and provides
ü. :e: : ions for  thei r  modi f icat ion.

References
1 )  I .  M o c h i d a ,  K .  K u d o ,  N .  F u k u d a ,  a n d  K .

T a k e s h i t a ,  C a r b o n ,  I 9 7 5 ,  1 3 ,  1 3 5 .
2 )  J . K .  B r o $ ¡ n ,  a n d  W . R .  L o d n e r ,  F u e I ,  L o n d . ,

1 9 6 0 ,  3 9 ,  8 7 .
3 )  I .  M o c h i d a ,  E .  N a k a m u r a ,  K .  M a e d a ,  a n d

K .  T a k e s h i t a ,  C a r b o n ,  I 9 7 6 ,  1 3 ,  4 8 9 ,
i b i d . ,  7 9 7 6 t  1 4 ,  I 2 3 .

MET-BS and SRC-BI
( 2 )  N o . 2 - B I

F ig .1  Mj .c rophotographs
under  c rossed n ico ls  (X
( O r i q . )  E T  o r i g i n a l ,  ( I )

o f  cokes  ob ta ined f rom the  mix tu re  o f  ET or
2 0 0 ) .  C a r b o n i z a t i o n ;  6 0 0 " C - 2 h r  ( 1 )  N o . 1 - B I

M E T - I - B S ,  ( I I )  M E T - I I - B S ,  ( I I I )  M E T - I I I - B S

Fig .2  Mic rophotographs  o f  cokes  ob ta ined f rom the  mix tu re  o f  hydrogenated  MET- I I -BS
a n d  S R C - B I  u n d e r  c r o s s e d  n i c o l s  ( X  2 0 0 ) .  C a r b o n i z a L í o n i  6 0 0 " C - 2 h r

( a )  c o c a r b o n i z a t i o n  w i t h  N o . I - B I
(b )  cocarbon iza t ion  w i th  No.2-BI

Tab le  1 .  Some proper t ies  o f  ET and MET-BS

/" air ?,:rt

*.#"

Modi f icat ion
Condi t ions

v . 1  B s H--NryR
Ua/t l"G )  ( ? ) H/c tta/H3 uo /u3 Hv /H3 , -  f  a

O r i g .

¡{ET-I

MET- IT

MET- I I I

ET-Or ig inal
1 . 0  m o l  A I C I ?
260"C-4 hr
1 . 0  m o l  F e C l ^
4 0 0 o C - 0  h r  r

None cata lyst
4 0 0 o C - 0 .  5  h r

9 7

8 5

5 0

1 0 0  0 .  9 5  5 0 .  0

7 L  0 . 9 0  3 3 . 7

7 4  0 . 9 0  4 7 . 6

9 9  0 . 8 3  4 8 . 5

3 5 .  9

3 5 . 8

3 4 . 5

3 3 . 3

1 2 . 2

2 4 . 2

1 5 .  0

1 5 .  8

6 . 3

2 . 9

2 . 4

0 . 7 6  0 . 7 6  2 3 0

0 . 7 0  0 . 6 3  4 1 0

0 . 7 6  0 . 7 2  3 4 0

0 . 7 9  -  3 5 0

1 \  1 ,  ,o \  _  MET.  a f te r  mod i f i ca t ion
L t  ¡ . \ o r - f f i

M E T  a t t e r  m o d i f i c a t i o n 3 )  32 )  B S ( s )  =

3 0 7

BS in MET


