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Int roduct ion

Graphi te e lectrodes for  appl icacion in che

elec¡r ic-arc furnace sceelrnaking process are

manufactured by exrruding mixtures of  coke and

binder p i tch.  The green blanks are baked at

t " rperat , r res around 850oC to converE the picch co

binder gole,  before being graphic ized at  up co
3ooooc.  I  '¿

An inportant  characler is t ic  of  needle coke
for  e lectrode nanufacEure i .s  a low coef f ic ient  of

rhernal  expansion (CTE),  r ¡h ich is  necessary Eo
give elecl rodes having suf f ic ient  resistance co
lhen0al  shock.  In che evaluat ion of  coke for  th is
application ihe CTE is measured on s¡¡all coke/
pi tch extrudates,  whích are baked and graphic ized
in a s in i lar  eray to Ehar appl ied to co¡rnerc ia l
e lecErodes.  This is  a t ime-consuming procedure
and chere is  considerable interest  in shorcening
ir ,  one uay co do t [ i9 is  to neasure the CTE on

rhe baked arEefacEs,"*  thereby el in inat ing the
g raph i t i zac i on  sEep .

Dur ing the development of  a rapid,  snal l -
scale nethod of  CTE neasurenetr t , )  s tudies on the
relat ionship between the CTEis of  baked and
graphi t ized ar tefacts sho¡¡ed thac the correlat ion
obcained is  st rongly dependent on the temperaEure
protra¡nme applied during Ehe baking cyc1e. The
resulEs obtained provide infonrat ion re lacing to

¡he change of  propert ies of  coke/pi tch ar tefacts
dur ing baking.

ExperimenEal

The cokes studied io rh is invest igat ion
ranged in qual i ty  f rom regular-grade co needle
cokes and had sulphur concents betseen 0.3 and
l .7Z a/s.  Both comercia l ly  calc ined and
exper i rnental  cokes r¡ere sEudied,  Ehe lat ter
fo l loning laboratory calc inat ioo at  l3OOoC for  6 h
(heat-up rete 4 K/nin) .  Tt¡o types of  arEefact
nere prepared for  CTE measuremenc.

To prepare ar tefacts f ro¡¡  20 m extrudaEes,
coke f lour (601 n/n (75 

¡n,  500 g)  aod binder
p i r ch  o f  so f r en ing  po in f  ( esn t  D  36 )  92 .5 ' c
( t67 g)  r ¡ere combined aE l lOoc in a double-s igma-
bladed ¡oixer r ¡ i th Fe2o3 (10 g)  and extrusioo oi l
(5 g) .  Rods of  2O m áia.  ¡ tere extruded ar l25oc
using a-n oi l -pressure lam extruder.  The green
rods were sect ioned and baked, packed in coke

granules,  in a n icrogen acmosphere at  85OoC for
3 h (average heat-up rate 0.75 K/nin) ,  fo l lowing
r¿hich sone were graphic ized at  3OOOoC. For CTE
Deasurement,  50 ur¡o cores of  I  ¡ ¡ ¡  d ia.  were bored
fron the 20 mu extrudaEes.

For ¡he preparat ion of  5 un excrudates,
coke  f l ou r  ( 602  n /m  (75  ¡m ,  50  g ) ,  b i nde r  p i t ch
c rushed  t o  ( l  m  (19 .5  g )  and  Fe2O3  ( l  g )  we re
combined by thorough dry-blendiog. Green rods of
5 nn dia.  r ¡ere extruded f roo a capi l lary rheoneter
( Inscron) at  a conscan! p lunger speed of  I0
m/nin,  fo l lowing condi t ioniog in the rheometer
barrel  for  5 n in at .  l25oc under a pressure of
2.8 MPa. The green ext . rudates were sect ioned and
baked for  I  h at  teu¡peraturea between 850 and
l30OoC (heac-up rate 4 K/r¡ in) .  For Eempeg¡tures
higher than 85OoC an intermediate dwel l  of  I  h ac
850"C was given.  Some of  the baked rods were
graphi t ized ar  3OOOoC.

The l inear cTi 's  of  boch Ehe 8 run ar tefacts
and the 5 r¡m extrudaces were deteroined using
quartz push-rod di lauomecers.

,  Resulcs and Discussion

Figure I  shor¡s the correlaEion between the

CTErs of  (850oc) baked and graphi t ized 8 un
artefacts nachined f ro¡n 20 u¡  extrudates.  Sio i lar
re lat ionships have been^dgnonscraced by Kaku!a et
al  and by l , lagner et  a l .J 'q The baked-artefact  cTE
is a l .ways higher Ehan lhe graphi t ized value,
suggest ing that  the structula l  features responsible
for accomodating thernal expansi.on ínternally
are only inconplecely developed in baked bodies.

In contrast  Eo the ¡esul ts obcained t t i th
the I  @ artefacts,  the CTErs of  che 5
extrudates,  baked at  850oC, showed scarcely any
correlat ion wi th Ehe graphi t ized values.  BeEter
resul ts r ¡ere obEained when ¡he extrudates were
baked at higher temperatures ¿nd it nas found that
heat  Ereatment at  l300oC gave an excel lent
correlat i .on,  sui table for  use in predicEing rhe
graphic ized value,  as shorrn in Figure 2.

The use of  85OoC as the baking temPeralure
for rods intended for CTE ueesureoenE stens from
the fact  thac chis is  the Eemperalure enployed for
baking electrode blanks pr ior  !o graphi t izacion.
Ilowever, much research on the ealciaation of
pecroleum coke has shor.rrr thaE nany coke ProPertieg
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Figure  2 ,  Re la t ionsh ip  be tween l inear  CTErs
(225-25oC) of baked ( I  300oC) and
graphit ized 5 n¡¡ carbon extrudates.
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Linear cTE (xt0-6/K) of

g raph i t i zed  a r t e fac r

F igu re  l .  Re la t i onsh ip  be t seen  l i nea r  CTE ' s
(35 -235oc )  o f  baked  (B50oc )  and
g raph i c i zed  8  m  ca rbon  a rEe fac t s
fron 20 m extrudates.

i l :  l { : Isping rapid chanee in ¡he region
600 -900vC .o  I nves t i gac ions  i n ro  r h .  ñe "c
treatnenE of  b inder coke and electrode blanks
sugges¡ochaE the same is crue for  chese nater ia ls
a l so . ' , '  I t i t h  a  bak ing  t empe racu re  o f  asooc
scabi l izat ion nay be achieved by the use of  very
long baking cycles buc chis is  nor desirable in
a procedure for  rapid CTE neasuremenc.

.  A baked body is  a conposice of  f i l ler  and
b inde r  cokes .  I t  i s  Ehe  f i l l e r - coke  chac
pr ioar iLy determines the CTE of  the arrefacr .3
Since th is componen! has al ready been exposed to
renperatures equel  to or  greacer than l3O0oC
du r i ng  ca l c i nac ion  i c  i s  un l i ke l y  chac  i r s
con¡r ibut ion to rhe CTE of  the conpósi te r ¡ i ! . l  be
al tered by ra is ing the baking rerpárr tu. . .  I t  is
suggested !ha!  sooe feaEure of  the conposire,
involv ing perhaps the f i l ler /b inder in ier face,
m¿kes a var iable and unreproducib le concr ibut ion
to the tota l  CTE in the case of  insuf f ic ienclv
baked artefacls.  f , lhen a degree of  anneal ing
suf f ic ienr ro stabi l ize the conposiEe is  g iveo
by a suirable remperárure/r ime prof i le rh;  cTE,
ueagured on the baked arcefact ,  is  f ree of
extraneour¡  inf luences and accurately ref lects
the graphi t ized value,
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