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Abstract .  Due to the react iv l ty  of  coke f l l ler  wl th btnder
iiüil i l !-5'aking, lor electrical ráststtviiy was obtalned from
carbon. electrode speclnnn nade of uncalcined petroleum coke
and a blnder. The carbon speclnnn had 44 mlcro ohm meter
e lect r lca l  res ls t lv l ty  vs 60 n icro ohn mter  for  a rcAular
calclned coke carbon rhen both were baked at l l00oC. 

-The 
low

value suggests chenlcal bondlng occurred among carbon
aggregates in cóñEñiFfTiThltrísical bondtnq ín calcined
coke-blnder systen which has-3üFEáñ'tlTTñi?ro cracks f n the
blnder layer  coke around f l l ler  coke gra ln boundar les.

Int roducil on

Carbon e lect rodes used ln the a lumlnun
industry  are nade wi th coke aggregates,
precalcined at teÍperatures not exceedlng 1300"C
and a b inder ,  usual ly  coal  tar  p l tch.  The mlxture
ras shaped lnto large b locks and baked to 1150"C.
Good bondlng anong coke aggregates by the blnder
canbon is  an lndlcat lon of  carbon b lock qual l ty
rhich can be deter.rnined by measurements of
e lect r ica l  res ls t lv l ty  of  a carbon speclmn.
lndustr la l  carbon speclnrens wt th cal t lned coke as
f l l l e r  have  e lec t r l ca l  r es l s t l v l t y  va ' l ues  as  l ow
as 60 uOm (mlcro ohm meter) .  I t  ls  of  ln terest  to
determlne exper lnnnta l ly  the lorer  l ln l t  o f
e lectn lca l  res ls t fv l ty  va lue of  a carbon speclmen
rhich had thermal treatnrent(s) hlstory not
exceeding l l50"C (1) .

Accordlng to l lrozowskl (2) t¡e energy gap
decreases f rom 0.3 eV for  a mlecular  so l ld  to
0.15-0.03 eV for  a carbon baked to 900"- l l00oC.
The correspondlng e lect r lca l  res ls t lv l ty  nnasured
at rooÍr tenperature should be approxlmately 50
uom. l ' lany publlshed papers reported the
dependence of  physlcal  propert les of  carbons r i th
fornulat lon of  the green mlx (3) .  Some
establ lshed re lat lonships of  ¡pchanlcal  s t rength,
e lect r lca l  conduct lv l ty  par t lcu lar ly  depended on
the densl ty  o l¿ the carbon speclmn.  Seld ln (4)
focused on densl ty- res ls t lv l ty  re lat lonshlp for
baked carbons, som of which have been
reimpregnated for several t lr¡res. The lorest value
of  e lect r ica l  res ls t lv i ty  was approxl rnate ly  50 pgm
for  a carbon speci rcn r l th  4 successive
re lnpregnat ' lons and baklngs to 1150"C.  The
corr3sponding baked apparent denslty was 1.6
g/cm .

, I

Uncalc lned petro leurn coke or  green coke,  s t l l l
conta in lng approxl rnate ly  4.2/  hydrogen,  ls  very
react lve dur lng baking.  In  presence of  a b indár ,
green coke would react  wl th the la t ter  and form
chenlcal  bonds.  The e lect r lca l  conduct iv i ty  of
such nater la l  yould be more uni forn because- less
mlcro cracks occurred ln  the carbon specimen.

Experi ¡nenta l

Propertl es of Starti ng l,taterl a' l s

Table I  g lves analyt lca l  resul ts  of  raw
materlals. Two types of green cokes with
dl f ferent  vo lat l ' le  mat ter  content  were used in the
exper l rnents.  Petro leum resldue wi th low coking
yle ld ( l0 t )  was used as b lnder  wi th green coke-uAo
and "Cn.

Table I :  Propert les of  Star t ing i la ter la ' ls

Bi nder
PetTlle-li¿.

Volat l le  i la t ter  (1)

Elercnta l  Analys is  ( f )
c
H
t{
S

Coking Yle ld ( l )

1 4 . 9

9 1 . 9
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90 .2

9 .20
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Sof tenlng Point  ( "C)

Specl f lc  Gravl ty  (g/cr3)  t . ¡O
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Processi  ng

Sanples of starting naterlals were processed
in laboratory scale. Cokes rere crushed and slzed
into fractlons suitable for anode ¡nanufacture.
Carbon aggregates pastes were nlxed ln a sigma
blade mlxer. l4lxlng and presslng tertperatures
were set at 140oC for calclned coke-blnder pltch
systen. l{ lx:l ng and presslng were perfonred at
róom temperature for green coke-petroleun resld
binder systen. Green anode sanples (about 4009)
were baked under No purge to 1125"C with a
standard ?SoClhr hÉating rate and held at l l25'C
for  10 hours before a l ' lor lng the furnace to cool .

Electrlcal measurenents rere deterrn'lned by
calculatlng the voltage drop masured at roon
temperature by the four-polnt nethod uslng a set
of probes separated by 25.4 nrn and passlng 6A of
dlrect current through the anode.

Table II: Propertles of Anodes Uslng Green Coke
'A' (14.9f Vttl) and Green Coke 'C' (9.21
W) and petro leum resld b lnder
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Figure 2. Green coke anode properties made of two
types of grcen cokes and petroleum resid
bi nder.

conduct lv l ty  was a l lowed ln the carbon.

The amount  of  l lqu id b inder  is  important
because the volume of  the b lnder  occupled ln  the
aggregates would determlne the extent of
d lssolut lon of  green coke.  l t  appeared that
approxlmately 12f to 161 binder ls requlred for
best  chenlcal  react lv i ty  among f i l ler  and b inder
du r l ng  bak lng  (See  F lgu re  I  and  Tab le  I I ) .

Volatl le natter content of each green coke
also deternlnes the extent of dlssolution of green
coke by the b lnder .  Low volat l le  nat ter  content
green coke d lsplayed h lgher  e lect r ica l  res is t lv i ty
ln  anodes than h igh volat i ' le  r ¡at ter  content  eoke.
Thls agaln lndlcates good bondlng arrong aggregates
dlctates the qual l ty  of  a carbon anode whlch was
also proved by d l f ferent  chemlcal  react lv l ty  tests
(9 . s .  a t r  bu rn lng ' -C0 ,  gas i f l ca t l on '  A l t 0 ,
e l e c t r o l y s l s . . . )  ( 1 ) .

Concl us1 on

Chemlcal bondlng anong carbon aggregates
resul ted ln  low elect r lca l  res ls t ' lv l ty  va lues
nEasured on a carbon anode made wlth petroleum
green coke and a blnder. The lorest value ras
44 uOn for thls speclnen. The aonunt of blnder
should be adJusted to a volune that rould occupy
the enpty space of the aggregates. The unlfonn
shr lnkage of  the f l l ler  and the b lnder  dur lng
baklng nade a crack-free carbon speclmn whlch
allored the electrlcal current to pass ulthout
I nterruptl on.
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GAD: green apparent denslty
BAD: baked appa¡ent denslty

Dl scussl on

Petroleum resid ras used as blnder when green
cokes were f l l ler .  The b lnder  can u l t lmate ly
d l sso l ve  pa r t l a l l y  t he  su r face  o f  t he  f l l l e r
aggregates.  Dur ' lng carbonlzat lon,  cracklng of
weak bonds and formatlon of ner stable bonds
slnul taneously occurred.  Above 500oC, the
carbonaceous materlal starts to shrlnk. Slnce the
whole body of  the smal l  sarp le shr lnks unl fonnly,
no mlcro cracks occurred, thus better electrlc¡l
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Figure l .  Evolut ion of  anode e lect r ica l  res is t iv i ty
wi th d i f fevent  b inder  levels .
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