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The relationships a¡nong acicular pe-
: ro leum coke sul fur  level ,  upheat  rate dur ing
graphi t izat ion and puf f ing test  character-
rtt lcs of typical electrode type mixes have
been evaluated in  deta i l .  A lso,  other
pbysical properties have been measured on the
i ' lx l "  long puf f ing p lugs af ter  graphi t i -
zation to determine whether these properties
can be correlated to puffing bebavior.
Baked electrode type stock (a11 with the same
eoke-eiz ing,  the largest  coke par t ic le  s ize
6.7m¡)  f rom four  d i f ferent  cokes were evalu-
ated for puffing behavior through the tenper-
ature range l200cC to 2900oC at  3oC,/min. ,
5 'C, /n in. ,  l0cC, /min.  r  nDd 14"C, /n in.  upheat
rates.

Cokes with the following s contents !üere
evaluated:

Coke  A  tS  =  0 .5 ,  non  pu f fe r
Coke B tS = 0.8,  low to moderate puf fer
Coke  C  tS  =  1 .15 ,  h igh  pu f fe r
Coke D tS = I  .25,  very h igh puf fer

whittaker and Grindstaffl have shown
that the changes in microporosity which
accompany this irreversible expansion during
graphitization occurs because of the sudden
formation and rapid evolution of hydrogen
sul f ide gas.  Let iz ia2 studied the puf f ing of
several cokes with and without puffing in-
hibitor and found that puffing of non-
inhibited cokes nas proportional to the
sul fur  content .

The specia l  puf f ing test  used in th is
evaluat ion consists  of  heat ing 1" lx l "  long
cyl inders,  cut  f rom 4"  d iameter  mold ings,  at
a controlled uniform upheat rate. Changes
i,n sample length perpendicular to the axis
of nolding are measured by means of a
calibrated graphite dilatometer. The accu-
racy of  th is  test  is  such that  to ta l  puf f ing
i s  measu red  to  +0 .25 t .  F igu re  I  i l l us t ra tes
puffing curves o-f two types. Curve A is
typ ical  of  an inhib i ted formulat ion of  coke
C while curve B represents that of uninhib-
i ted coke C stock.  Tota l  puf f ing val .ues,
defined as tAL from minimum length to
maximum length are designated as tALl and
tALg for inhibited (curve A type) antl unin-
h ib i ted (curve B type)  s tock,  respect ive ly .
As shown in Figure I, the two values tALl
and tALg are def ined d i f ferent ly .  Only
prinrary puffing, which usually occurs in the
1500 -2300oC reg ion ,  i s  i nc luded  i n  tAL ¡ .
Tota l  puf f ing occurr ing between 1200-2900oc
is the tALg value.

Puffing r¡as almost nil regardleas of
upheat rate among the four rates studied on
baked electrode stock made with low-sulfur
coke A, and containing I pph Fe203 inhibitor
( r ig .  I I  t  I r I ) .  Even in baked coke A
electrode stock uith no puffing inhibitor,

puffing is nil at the two slower upheat
rates and low to moderate at the faster
uphea t  ra tes  (F ig .  I I ) .  I n  con t ras t ,
puffing is pronounced in baked electrode
stock fabr icated wi th coke D,  a h igh
sul fur  coke.  l { i th  coke D,  puf f ing in-
creases appreciably with increasing upheat
rate.  At  the fastest  upheat  rates,  I  pph
Fe203 does l i t t le  to  inhib i t  h igh sul fur
coke D as puffing severity of the inhibited
stock is almost eguivalent to that of unin-
h ib i ted stock.

Coke B baked electrode stock exhibits
puffing characteristics si¡nilar to coke A
stock but total puffing levels of the former
are about 3-5 times that of the latter
depending upon upheat rate. This is true
for both inhibited and uninhibited stock.
Puffing characteristics of coke C stock are
sinilar in trend to those of coke D stock
discussed above, but total puffing is abqut
25-50t lower at a given upheat rate for t\e
former.

Figures IV and V graphical ly  i l lus-
trate the relationships of coke-sulfur
level and puffing behavior for the
electrode stock during graphitieation.
Similarit ies of cokes A and B on one hand
and cokes C and D on the other hand are
clear ly  depicted in  the f igures.  Tota l
puffing levels of the two highest puffing,
h igh-sul fur  cokes r ise sharply  wi th in-
creasing upheat rates while upheat rate has
mueh less impact on the low-sulfur cokes.

Coef f ic ient  of  l inear  thermal  ex-
pansion (CTE) and apparent density were
measured on the l " fx l "  long graphi t ized
plugs af ter  the puf f ing exper iments.  A
good correlation exists between coke-sulfur
content and apparent density of the graph-
i t ized p lug at  fast  heat ing rates (F ig.
vI ) .  Corre lat ions are poorer  at  s low heat ing
rates.  Alsormoderate to good corre lat ion
exists betneen CTE and heatlng rate among
the puf f ing eokes.  F igure VI I  i l lust rateg
th is  re lat ionship.

In sunmary, magnitudes of both tALo
and tALl of electrode stock are related-to
the sulfur level of the coke from which it
was prepared. Low sulfur coke is easily
inhibited to almost zero puffing with low
to rnoderate levels of Fe203 inhibitor.
Graphi t izat ion rates have á s igni f icant
ef fect  on tota l  puf f ing ( tALg or  tALl )  of
e lect rode stock.  This ef fect  is  greatest
in stock formulated with high-sulfur cokes.

A good correlation exists between coke-
sulfur level and density of graphitized plugs
at fast heating rateE. Also, a ¡noderate to
good correlation exists bettúeen eTE of
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graphi t ized p lugE and heat ing rate for
puf f ing (h igh-sul fur)  coke stock.
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