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fn t roduc t lon

Calc lna t lon  comple tes  thermal  degra-
da t ion  o f  g reen coke fo rmed by  carbon isa-
t ion  o f  hyd iocarbons .  The conten t  o f  vo la -
t i le  mat te r  i s  sharp ly  reduced dur i .ng  the
c a l c i n a t l o n  p r o c e s s  l e a d i n g  t o  a  s h r i n k -
age of the coke and the developnent of the
f ina l  pore  sys tem.

In  par t  I  o f  th is  s tudy  / I /  l t  f ras
been shown,  tha t  ne i ther  rea l .  dens i ty  nor
hydrogen conten t  a lone are  su f f i c ien t  in -
d ica tors  fo r  the  sever l ty  o f  ca lc in ing  as
the  process  ls  in f luenced by  the  su l fu r
conten t  o f  g reen coke.  Here  we wt l l  s tud i
the  e f fec ts  o f  su l fu r  evo lu t ion  on  the
development of the pore syste¡n for tempe-
ra tu res  f ro ¡ ¡  L200 to  1700 oC;  th is  tempe-
ra tu re  range,  p reced ing  the  pu f f ing  tem-
pera tUre ,  where  rnacroscop lc  expans ion  o f
the  coke gra ins  i s  observed,  w i l l  be  ca l -
I e d  p r e p u f f i n g , r a n g e l

Exper lmenta l

F lve  pe t ro leum cokes  and a  coa l  ta r
p i tch  need le  coke where  ca lc lned in  a  tun-
nel ki ln to maxlmu¡n heat treatment tempe-
r a t u r e s  ( H T T )  b e t w e e n  1 0 0 0  a n d  l ? 0 0  . C .
Green coke propert ies are su¡nmarized in
tab le  1 . .  Deta i l s  o f  the  exper lmenta l  p ro-
cedures  have been repor ted  in  par t  f  7L / .

R e s u l t s  a n d  D l s c u s s l o n

As demonstrated in f iq. I ,  hydrogen
re lease ls  a f fec ted  by  su l fu f  con ten t  o f
coke:  a t  cons tan t  HTT,  hydrogen conten t
:o r  lo rd  su l fu r  cokes  ls  h lgher  than fo r
: r igh  su l fu r  cokes ,  the  d l f fe rences  be lng
Dore  pronounced on  the  low su l fu r  s ide .

Table l .  Green Coke Data

Dens i t les  (as  ¡neasured by  xy lene and
h e l l u m )  a s  w e l l  a s  s u l f u r  a n d - n i i r o g e n
conten t  as  a  func t ion  o f  HTT are  shown in
f iqs . .  2  to  5  fo r  pe t ro leum cokes  A,  D and
F  a n d  p i t c h  n e e d l e  c o k e  E .  F o r  p r a c t i c a l
resons ,  he l . ium dens l t ies  were  measured on
c o a r s e  g r a i n  ( 0 . 3  -  0 . 5  m n  a n d  3  -  4  m ¡ n )
and xy lene dens i ty  on  powder  (  <0 .063 p¡n)
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Coke A is  a non-puf f ing petro leum
need le  coke  w i th  l ow  su l f u r  and  n i t r ogen
content .  Densi t ies increase monotonously
v¡ i th  HTT. Coke P is  a h igh sul fur /h igh
nj . t rogen petro leum coke.  Whi te n l t rogen
dec reases  s tead l l y  t o  abou t  ze ro  a t  1500 .C ,
su l f u r  r e lease  s ta r t s  a t  t 20O 'C .  Su l f u r
evo lu t i on  i s  c l ose l y  co r re la ted  w i th  a
drast ic  decrease f i rs t  i .n  hel ium densi -
t i es ,  l a te r  f o l l o r ¡ed  by  a  l ess  d ras t l c
decreage in xy lene densj , ty .  The cause of
th is  densi ty  decrease is  the creat lon of
c losed porosl ty  by sul fur  evolut ion ln
the prepuf f ing range.  Puf f ing ef fects
which can be measured rnacroscopical ly  by
hlgh- temperature d i la tonetry on coke
graj .ns or  ar t i . facts,  s tar t  a t  1500 to
1600  'C  fo r  coke  F .

Puf f lng of  p i tch needt .e coke E and
petroleum needle coke D j.s si¡nil.ar in rnag-
ni tude (wi thout  puf f ing inhib i tor)  and
s ta r t s  a t  1600  to  1700  ' c .  pu f f  i . ng  o f
p i tch coke E is  anomalous in  the sense
that  l t  can not  be inhib i ted by rhe addi-
t i on  o f  Fe . r } ,  / 2 / .  P repu f f i ng  s ta r t s  a t
1 2 0 0  t o  1 3 0 0 - ' C  f o r  p i t c h  c o k e  E  a n d
1300  'C  fo r  pe t ro leum coke  D .  rn  bo th  ca -
ses ,  no  co r re la t i on  ex j , s t s  w i t h  t he  de -
c reas lng  n i t r ogen  con ten t ,  bu t  a  c l ea r
correspondence to the star t ing point  of
sul fur  evolut lon.  There is  one important
d i f ference in the behaviour  of  p i tch co-
ke E and petro leum coke D:  whl le  xy lene
and hel ium densi t ies of  coke D decrease
ln the prepuf f ing range.  xy lene densi ty
(bu t  no t  he l i un  dens i t l es )  o f  p i t ch  coke
E lncreases monotonously wi . th  HTT as in
the  case  o f  l ow  su l f u r  coke  A .  Th i s  méans
that  prepuf f ing of  p i tch coke E leads to
larger  pores than prepuf f ing of  petro leu¡n
coke  D .

Conc I  us ions

I t  has been shown lhat
-  hydrogen content  of  coke is  af fected by

su l f u r  con ten t :
su l fur  evolut lon of  h igh and medlum
su l fu r  cokes  s ta r t s  a t  1200  to  1300  oC ;
sul fur  evolut lon leads Eo prepuf f ing,
i .e .  fo rmat ion  o f  c losed pores  t " t i . thou t
macroscoplc expanslon of  coke gra inst
prepuf f ing is  not  af fected by n l t rogen
evo lu t l on  t

-  p repuf f ing  o f  p i tch  coke E is  d l f , fe ren t
f rom prepuf f ing  o f  pe t ro teum coke D,  as
p i tch  coke E deve lops  la rger  pores  on
su l fu r  evo lu t ion  than pe t lo leum coke D.

Fron th is  lnves t iga t ion  i t  may be
assu¡¡ed that the anomalous puff ing beha-
v iour  o f  coa l  ta r  p i tch  cokes  in  compar l -
son  to  pe t ro leum cokes  is  due to  d l f fe ren t
coke mic ros t ruc tures .
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