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Introductlon

Anodes for the aluminj.um industry are
made of petroLeum coke partlcles and pitch
binder. During the nixing of the components
and the shaping of the artefact the pltch
blnder partly penetrates lnto the porosity
of the coke partÍcles and partly occuples
the lnterpartlcle volds. Upon carbonlzatlon
the volune of blnder decreases. The purpose
of thls study is to meaaure the volume of
blnder present into the lntra and the ln-
terpartlcle poroslty of the coke partlcles
at dlfferent stages of baking and to lnves-
tigate the effect of compactlon of the
electrode on the carbonization process of
the p i tch.

Experinental

A petro leurn coke (par t lc le  s lze 1.18-
2.0 n¡¡  in  d iameter)  has been mlxed at  ' l  70oC
wlth a coal tar pitch (softenlng polnt
111oC) .  The  p l t ch  con ten t  i s  equa l  t o  19  t
ln welght in all samples. The green paste
was divlded lnto two parts ¡ a non co¡npac-
ted one (NC) and a compacted one (C). The
cornpacted sample C was obtalned by rnouldlng
the green pagte j.nto a cyllndrlcal electro-
de for use ln a pllot plant (apparent green
density 1.56 g,/cmr ) . Both types of samples
C and NC were then heated under flowing
n i t r ogen  a t  250 ,  450 ,  550  and  1000oC a t  a
heat lng reate of  16oC/hour.

Mercury density and mercury intruslon
measurements ldere made on uncoated and
pltch coated partlcLes. In order to avoid
any lnterpartlcle poroslty, the artefacts
were fragrnented back to the coke gralns. In
that operation the artefacts cleave into
the binder phase and restj.tute coke parti-
cles coated wlth pitch. Irtercury lntrusion
experiments nere carried out on a Carlo
Erba (2000 kgf lcn¡  )  poroslmeter .

Porosity and Pitch Volumes Measurements

Due to the small intraporosity of pe-
troleum coke, corrections for the compres-
slbil i ty of the coke and of the pitch were
nade. The porous volume of coke vs obtained
by mercury lntruslon ls equal to 82 m¡n¡,/g
for pore radLus ranglng f ro¡n 7.5 ¡¡¡¡ to 10
nm. In a sl.mllar way the pore volume of
binder coated partlcles v! ls determlned.
¡lence the volume of blnder present in the
lntraparticle poroslty of the coke, Vg lnt
ls glven by

vb int  = av"  -  v j  
.  

(1)

wlth a = welght fractlon of coke in the
coated sample.

The volu¡¡e of blnder present on the
part lc le  sur face ( i .e .  j .n  the J-nterpar t ic le
porosity of the artefact) Vg ext is deter-
nined flom the difference ln mercurv densi-
ty of the coated and the uncoated párti-
c les :

p and p* are respectlvely the rnercury den-
slty of the uncoated and coated part lcles.

It has to be noted that Vg lnt and
V5 ext are calculated from lndependant
measurements. Therefore, the total volu¡ne
of binder V6T verl f ies the fol lowlng the
relat lon

, 
VbT = vb lnt + Vb ext (3)

For unbaked artefacts In whtch the total
volume of blnder ls known, Eguation (3)
was lndeed verl f led thus confirmj.ng the
val ldity of Equations ( l  )  and (2) .

Resu l ts  and D iscuss ion

The change ln pitch volume Vp lnt, V5
ext and \tbT as a functlon of temperature
for NC and C sarnples are shown in figures
1 and 2 respectively. At 250"C vb lnt re-
presents about 85 t of the intrapart i .cle
porosity of the coke for both types of
samples. I lence the f i l l j -ng up of the pores
by the binder is high at that temperature.

v o e x r = * . - ; t2l
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rfgüie f. Ch"nge fn blnd"r volume erlth
temperature for non compacted
sample .

Between 250 and 450oC Vg int decreases for
NC aample whereas Vg ext sl lghtly increa-
ses .  S lnce  the  p i tch  fs  l igu id  in  tha t
temperature range the binder f lows out of
the pores and accumulates at the part icle
sur face  where  i t  d ls t l l l a tes .  Above 450"C
carbonlzation of the pitch leads to a de-
crease of i ts volu¡ne both ln and outslde
the  pores  o f  the  coke par t l c les .  A t  1000"C
40 t of the lnlt lal ly present volu¡ne of
binder retnain in NC sample, the major part
belng located on the part lcle surface.

In the case of compacted sa¡nple the
change ln binder volume ls rather dlf fe-
rent. Betneen 250 and 450oC V5 lnt decrea-
ses less than 1n the non compacted systen.
In  cont ras t ,  ln  the  Ín te rva l  450-550oC,  a
pronounced expu ls ion  o f  p i tch  (20  nm¡  /g )
from the pores occurs which lead to an
egulvalent increase in V6 ext. Hence no
change in the total volu¡ne of binder ls
detected in thls temperature range. Effec-
t lvely no sfgnlf lcant welght loss of C
sample  is  found be tween 450 and 500oC ( less
than 1.5 t in weight) whereas NC sample
undergoes  an  11  t  we lgh t  loss .  Above 550"C
V6 ext decreases whlle V5 lnt almost
remains constant. At 1000oC the remalning
volume of blnder ls hlgher than ln the case
of a non compacted artefact. Moreover the
volume fract lon of binder lnside to pore is
about three t lme larger than for NC sample.
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Flgure 2. Change ln binder volu¡ne $rith
tenperature for compacted
sample .

These results show that the volune
change of binder during the carbonizatlon
differs widely for compacted and non com-
pacted artefacts. In part icular between
450 and 550oC when mesophase s ta r ts  9 ro-
wing the binder is expulsed fron the pores
wlthout slgnlf lcant weight loss of thé
electrode. I t  rnight therefore be expected
that the carbonizatlon process of NC and N
s¿¡nples is somewhat dlf ferent. Optical
mlcroscope observatlons of pol ished sec-
t lons of carbonlzed samples at 550"C in-
deed, show that the anlsotroplc domains ln
the blnder phase are less developed in
compacted artefact. Although the preclse
cause of the blnder expulsion is not yet
clearly establ ished, l t  appears however
that a longer residence of the pitch in
the coke porosity hj.nders the gros¡th of
the anlsotropic domains.
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Conclus lons

The repartlt lon of the pitch binder
in the intra and lnterporosity of coke
particles during the baklng process depends
on the degree of compactlon of the arte-
fact. In a conpacted systetn the binder is
expulsed out of the coke porosity in the
temperature range nhere mesophase starts
growlng. Addltional work ls presently
undertaken to explaln thls phenomenon.


