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Introdr¡.ction

The pu f f ing  o f  coke,  i r revers ib le
expans ion  dur ing  graPh i t i za t ion ,  l s  a
signif j .cant phenomenon to be prevented in
manufacturing art i f ic ial graphlte elec-
t rodes .

Thfs paper Presents the results of
experiments carr ied out to determine the
pulf ing behavior of tno-stage calcined
coke ln relat ion to thelr structural char-
acterist ics and impurity contents.

Experlmental

F i v e  t y p e s  o f  c o k e  ( c o k e  A , B , G , H
and I) were used for lhe experlments.
Their propert j-es are shown in Table I.
Coke A was defined as a low sulfur regu-
lar-grade needle petroleum coke, and coke
B as a f lbrous textured premium needle
petroleun coke. Coke G, H and I were
derived from coal.

The coke samples were calclned in
two dif ferent \ tays, the ¡wo-stage calcin-
ing (Case N) and tradit lonal (Case Tl
methods. In Case T, the green coke was
calclned at a tradlt ional temperature of
138ooc fo r  30  mlnu tes .  In  Case N,  the
green coke was calclned init ial ly at a
tempera ture  o f  800oC,  coo led ,  then re -
ca lc lned a t  l380oC fo r  30  mlnu tes .

Using rnolded and baked test pieces
prepared from the calclned coke, each
puff lng expansion Ltas measured at temper-
á tu res- rang ing  f ro ¡ ¡  100 to  2800oC.

The volat i le matter, elemental analy-
s is ,  ash  conten t ,  CTE,  rea l  dens i ty  and
porosity were determined by the same meth-
ád"  . "  iepor ted  in  the  pre i lous  papers . l ,2

Table l .  ProPert ies of Green Cokes

S o m o l e  N o m e Co¡6 A :oke B :o¡c G lokc H :ohe I

Volol i le  Mol ter  (w17")
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5 . 8
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o . 3 2
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Interlayer spacings (dooz) and apparent
c rys ta l l ine  s izes  (Lc)  were  de termined by
the X-ray dif fract ion method. The texture
and structure of the coke were observed
by a polarizetl  l ight microscope and a
scanning electron rnicroscope.

Table 2. Propert ies of Calclned Cokes

Sondc Noma Col. A Cok. I Coh. G Col. H Cok. I
.¡.

Colciñing M.thod N T N f N T N T N T

cTE (¡lo1'cl

Rcol  D.nsi l !
( I /cm¡l

Poros¡ly (%l

r . 5 r . 9 t . 2 r . 5 o.9 t.2 o.9 1.2

¡5.€ t70 t3.l 52.2 t t .7 173 36r

' i  Colcining Mathod N:Nor M.thod,T:TTodil ionol M€fhod

Results and Discusslon

The values of the CTE, the real den-
sity and the porosity of calclned coke
are shown ln TabLe 2. I t  can be seen
that the CTE is lower and porosj. ty is
h igher  in  case N than Case T .

Table 3 shows the results of puff lng
tests. The expansion of al l  calclned coke
in Case N is lor¡er than in Case T, and the
effect iveness of the two-stage calcining
method of the puffing improvement is
clearly observed.

In order to lnvestigate the cause for
this improvement, the characterist ics of
the calcined coke were examlned by means
of X-ray analysis, mlcroscopic observatlon
and analysis of sulfur content.

Table 3. Puff ing Propert ies of Test Pieces

Somplc l,lo¡tr Cokc A Cola B Coke G Coko H Coks I

Colc¡ning Melllod N f N T N T N T N T

t u f f i n 9  ( % A L ,
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The dooz and Lc are shown in Table 4.
No signif icant dif ferences were observed
in the dooe and Lc of cokes calcined in
Case N and Case T .

I¡¡ i th the polarized l ight rni.croscope
no apparent changes in the coke texture
vrere seen. Hoerever, with the scanning
electron microscope, more microcracks
appeared ln coke of Case N than ln Case T.

Table 4. Conparlson of X-ray Paramet,er

Somple  Nomc Cohe A Coke B Cohc G Cokr H

Colcin¡ng M8lhod N T N T N T N T

Colcincd Cola

doo¿ t  i l

L c  t Á l

Grophi t ized Cok€
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L c  (  Á  )

1444
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3.365
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t36¿

rooc
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t.362

ooo

,A44

4 6

ooc

46

L35S

roo0

4 5

3.35€

rooo

Pore-size distr ibutions of calclned
coke $rere deter¡nined uslng a mercury poro-
simeter. An example of the results ls
shown in Flgure l .  I t  ls seen from the
flgure that the nlcropores in Case N in-
crease in the range of l-60 U diameter.
Si¡n1lar results are obtained in other
ca lc ined coke.

It  ls said that the major reason for
puff ing is the irreversible structural
change of the coke caused by gases ernj-t ted
from the sulfur and nltrogen compounds and
other  impur i t ies  conta ineá in  thé  coke.3 ,4

Therefore, the relat ionship betÍreen
sulfur content and puff ing expanslon was
studied as shown ln Figure 2. Puff ing
expansion increases as the sulfur content
increases. Hohtever, with the same sulfur
content the expanslon of coke in Case N is
smaLler  than those in  Case T .  F igure  3
shows that as the total pore volume in-
c reases  the  pu f f ing  decreases .

P o r e  o i o m e t e r  ( p )

F igure  l .  Pore  S ize  D is t r íbu t ion
in Calcined Coke B

These facts indicate that the major
cause for puff ing improvement by the two-
s tage ca lc in ing  wou ld  be  the  inc rease o f
microcracks and micropores which al lows
gas to  re lease eas i l y  dur ing  graph i t i za-
t ion. There vrould be a l imÍt to the de-
gree of puff ing reduction by türo-stage
calci¡ ing, sj-nce the dif ferences in expan-
sion betrreen coke in Case N and those in

o.6

T o l o l  S u l f u r  ( w t % )

+ l{rr Mcthod
-+-  Trod l t lono t  M. thod

Figure 2. Total sulfur versus puff ing

P o r e  V o l u m e  ( x l O - 2 c c / 9 )

a  N e w  M c f h o d

O  T r o d l t l o n o l  M ! r h o d

Figure 3. Pore volume versus puff ing
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Case T are nearly the same as shor.tn in
Figure 2. Po3sibly, calci 'ning condit j-ons
would l imit the increase of micropores to
a definite degree, Írrespective of the
type of coke.

Conclusions

(1) The two-stage calcining method
is effect ive in improving the puff ing be-
havior of coke as well  as the CTE.

(2) The degree of puff ing improve-
ment produces almost the same degree of
reduction ln puff ing expansion lrrespec-
t ive the type of coke.

(3) Puff ing improvement seems to be
caused by the increase of microcracks and
micropores developed duri-ng two-stage cal-
cini.ng nethod.
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