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Abstract. The extent of development of anisotropic
texture in cokes made from various coals or blends
with pitch in co-carbonization systems was evaluated
in terms of the hydrogen donor (D) and acceptor (A)
ab i l i t ies  o f  coa ls ,  p i tches  and fo r  var ious  b lend ing
ra t ios  o f  coa l -p i tch  lys tems.  G iese le r  p las tomet ry
and high temperature 'H-NMR 

were also uséd to
obtain information about the mobil i ty in the
co-carbonizatlon systems. A good correlat ion was
found betereen the extent of development of anisotropic
tex tu re ,  so l id i f i ca t ion  tempera ture  and the  va lue  o f
D/A fo r  s ing le  o r  b lend sys tems.

In t roduc t ion

For industry, the developing shortage
of  p r ime cok ing  coa ls ,  the i r  esca la t ing
costs and the increasing demands for
improved qua l i t y  o f  meta l lu rg ica l  coke
have led to the consideration of the
co-carbon iza t ion  o f  b lends  o f  coa ls  o f
lower rank with pitch addit ives derived
f rom pet ro leum or  coa l .

Marsh  e t  a1 .  (1 )  have ex tens ive ly
s tud ied  the  mechan ism o f  mod i f i ca t ion  in
terns of the development of anisotropy in
cokes  f rom low grade coa l .

Recently, i t  has been reported that
the hydrogen donor (Da) and acceptor (Aa)
ab i l i t ies  o f  p i tch  and coa l  a re  impor tan t
factors governing mesophase develoiment in
the  co-carbon iza t ion  o f  low rank  coa l  and
p i t c h  s y s t e m s  ( 2 )  .  Y .  D .  P a r k  e t  a l  ( 3 )
applied the concept of Da and Aa to
exp la in  the  phenomenon o f  the  d isso lu t ion
of mesophase from pitches into thei.r
d i s t i l l a t e s .

This papér is concerned rdith the
chemis t ry  o f  the  co-carbon iza t ion  o f
var ious  coa ls  w i th  p i tch .  Mechan isms o f
mod i f i ca t ion  are  d iscussed in  te rns  o f  the
hydrogen donor and acceptor abi l i t ies of
coa l  and p i tch .

Exper imenta l

Five dif ferent ranks of coal and
p i tch-A were  se lec ted  as  samples .  The
e lementa f  ana lys is  o f  the  cóa ls  and the
p i tch  used" is  shown in  Tab le  1 .  The coa ls
were  c rushed to  pass  th rough 100 Ty le r
mesh and dr ied  be fore  use .

Table L. Elerental Analysis of Coals and pitches

Coa I
U¡ t l na te  ana l ys i s  (w t t . da f l

Ash ( i { t t  }

Y a l  l o u r n  6 6 . 0  J . 9  0 . 5  O  - 2  2 9  . 4
T e m p o k u  7 2 . 7  5 . 1  1 . 6  0 . 5  Z O . 1
l a L h e i y o  7 7 . 8  6 . 0  t . l  0 . 2  1 { . 9
A k a b i r a  8 3 . 0  6 . 4  l . B  O . f  8 . ?
Y u b a r i s h i n k o  8 7 . 0  6 . 3  t . 8  0 . 2  4 . 7
P i t c h  A  9 1 . 5  5 . 5  t . 7  0 . 3  1 . 0

0 . 8
4 . 7

1 0 . 7
5 . 0
5 . 6

The hydrogen donor and acceptor
ab i l i t ies  o f  coa l  and p i tch  were  assessed
using anthracene and
9,10-d ihydroanthracene (9 ,10-DHA)  as
hydrogen acceptor and donor molecules
respec t ive ly  (4 )  .  An thracene or
9r lO-d ihydroanthracene was mixed w i th  coa l
o r  p i t c h  ( w e i g h t  r a t i o  1 : 1 )  a n d
heat - t rea ted  us ing  a  ver t i ca l  in f ra red
image fu rnace.  Tñe heat ing  ra te ,  the
soaking temperature and soakj.ng period
were  l0K/n in ,  673K and 5  min ,
respec t ive ly .  The resu l t ing  produc t  nas
d isso lved in  CDC12 and examined
using-H-NttR. Da úas estimated from
the in tens i ty  o f  3 .9  ppm wh ich  is  due to
t h e  9 , 1 0  p o s i t i o n s  o f  9 , 1 0 - D H A  a n d  i s
produced by the abstraction of
t rans ferab le  hydrogen in  the  sample .  Aa
r ¡as  eva lua ted  f rom the  in tens i ty  o f  8 .4
ppm due to  the  9 ,10  pos i t ions  o f
an thracene.

The op t ica l  tex tu res  o f  po l i shed
surfaces of heat-heated specimens were
assessed us ing  a  N ikon Apophoto  op t ica l
mic roscope w i th  po la r ized  l igh t  and are
def ined accord ing  to  the  c lass i f i ca t ion  o f
G r i n t  e t  a l  ( 5 ) .



Resu l ts  and D iscuss ion

The values of hydrogen donor abi l i ty

and hydrogen acceptor abi l i ty as a

i " " . t ion  á f  coa l  rank  are  represented- in

; f f i ; ; - ; lá )  ána 1(b) ,  iesPect iverY '  r t
;;-be seen that the hYdrogen donor

abil ity increases with- incieasing rank of

lüi-l ' .,a-átiains a maximum at about 8?t

á.iu"ñ content. on the other hand'

ñvái"g.n accePtor abil ity' decreaees
üil iroitnry with increasing rank of coal '

iário"tn-brown coal has the highest

ñiá.og"tt accePtor abil ity so far tested'

Tabte 2, Blending Ratios and D/A Va1ues for

Co-Carbonization systems and OPtical

Texture of Resultant Coke'

coke texture
Coal  ml /n2 D I A nLlñ2 D t A

l'ic

m l / n 2  D / A

Yal lourn
tenpoku
lalhclyo

r ¡

1 . 3
1 . 0

o . 2 r  1 .  ?  0 . 2 7  2 . 5  0 . 4 0
0 . 2 3  1 . 5  o - 2 7  2 - 3  0 ' { 1
ó . i o  1 . i  o . 2 e  2 - o  o ' 3 8

Htdtog.r donot 'bll l i t

co ,o aO cO

R¡nt ot co.l (C¡)

Figure 1. Relation bét$een Da and Aa of coal'
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2. Relation bettnen solidification

temPerature of non-coking coal and

D/A fot co-carbonizatlon systemE'
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In order to define ttre extent of

nyarogán-iransfer in the co-carbonization
sis tem, we ProPosed the fo l lowing

;á;;;; i";; i 'ni in takes account or the fact

iñát rrya.ogen transfer occurs between
.ó" i - "á" t ,  P i tch-p i tch and coal -p i tch '

m l  (oa )p i t ch * t z (Du ) .o .1  (1 )
vt ^-

m2 (^a l  coal

:l:';rá3:lBl'Eg,,3ld.J?ilme¡ ?ii,n -
"árp iá l  

o i  p i tch and coal ,  resPect ive ly '

il?l ter' "i".::i, l¿i;:'::;;:i?'H.
*. f  tn^ is t t¡e btending rat io of

o i t c ú  t o  c o a l  ( b Y  w e i g h t ) .  I n

! l " á l i ó " t r l ,  ( A a j  p i t c h  c a n  b e  n e g l e c t e d

;:;;;;; viriuarrv 
-nó-nvaroeens from coal

are  t rans fer red  to  the  P i tch '  -
Tab le  2  summar izes  the  va lues  o f  D/A '

the blending rat io for tbe

Já]"árnonizátion systems and the extent of

ánisotropi.c texturé of resultant coke' I t

i"-qppq¡-g"t thet there is a good

áor;éiat ion between D/A values and the

optical textures of the resultant cokes

f iom tow rank  coa ls .
rñe ie-lat ionshiP between D/A

p"r.rn. i"t" and sol idif icat ion temPeratures

obtained by the Gieseler method is shown

;; - ; iñ ; " -2.  F isure 2 indicates a sood.
.ór iá íat i "n betwáen D/A and sol id i f icat ion
tátóÁt . tut" .  so l id i f icat ion temPerature
i i . " l " - t i t r t  increasing D/A values '  rn

addi t ion,  F igure 2 a lso shows a

cóii.r.t ion between the extent of

áá".iáó.."t of anisotropic texture and

sol  id i f  icat ion temPerature '

Conclus ion

The ProPosed Parametet ,  D/A'  would

not be óui-o'r praci: in a manual describing

;;; t; sáiect ánd add Pitch as a modlfier

iá-rJ t t  ; ;áá.  coal  used as a raw mater ia l

for  coké manufactur ing '  (6)
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