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In¡roduct ion

In rhe manufacEure of  graphi te arc e lectrodes
for  the sceel  industry,  needle coke is  ernployed as
f i l ler  Eo confer  a lor¿ coef f ic ienc of  chenoal
expansion (CTE),  and hence good chennal-shock
resisEance, on the graphi te.  The ueasuremenE of

th is quant icy,  which represenEs one of  the pr inary

qual i ty  par¿rmeEers of  needle coke for  arc-electrode
uanufacture, is an extremely time-consuning Process
The several nethods in use in che industry
cypically mi¡oic the eleclrode manufacturing
procedure:  a mix lure of  u i l led coke and binder
pi tch is  exl ruded a!  a temperature above the
sof tening poinc of  the piEch and the green
exlrudates are sec¡ ioned, baked at .  tetuperatures
around 85OoC, and graphi t ized aE up co 3O00oC.
The bars nay then be nachined Eo produce arEefacts
of  che desired foro,  which are then enployed for

the neasurement of  rhe CTE, usual ly  by a
d i l a ronec r i c  t oechod . '

There exists a considerable incent ive to
reduce both the lota l  t ime required and che man-
power involved in naking a CTE detetninat ion,  whi le
for  research purposes a Belhod requir ing a smal ler
sampLe of fers advanEages.  I ' Ih i le studying the
rheological  character is¡ ics of  coke/pi tch nixtures
by oeans of a capillary rheomeler, it was found
Eh¿t the extrudates produced, whea processed in
an appropriate nan¡rer, proved suitable for the
deEe¡oination of Ehe CTE with excellent repeat-
abi l icy aod in much lesa c ioe chan required for
larger,  convenl ionel ly  produced artefacts.

Experimental

For ¡h is study a nr¡mber of  calcíned cokes,
boch comercial and experine¡tal and covering a
range of  qual i ry,  were enployed. The exper imental
cokes r¿ere al l  laboralory-calc ined at  l300oc for
6 h (heac-up rate 4 K/nin) before CTE measurement.

The extrusion oixes were prepared f roo ni l led
coke  (602  a / s (75  ¡n ,  50  g ) ,  b i nde r  p i t ch  o f
sof teniug point  (ASTM D 36) 92.5"c,  crushed to
( l  ¡m  (19 .5  g ) ,  and  Fe2o3  ( l  g ) ,  conb ined  by
chorough dry-blending.

For the extrusion a capillary lheoDeter
( Instron or  Cóccfer t  Model  2000) r ¡ i th barrel  d ia.
9.5 m was employed. (A sn¿l l  exc.ruder operar ing
aE constent  p lunger speed could also be used.)  The

nozzle d imensions t ¡ere:  d ia.  5 u.u,  length/dia.
rat io lO,  entry angte 90oC. Each charge nas

condi t ioned in rhe barrel  for  5 n in at  125"C and

2.8 MPa pressure before extruding at  l25oC and a

cons tanE  p lunge r  speed  o f  l 0  mm/n in .

For a g iveo coke/pi tch oix,  lhree port ions

each of  I  5 g were extruded and f rom each green rod

two 50 um secEions rere sawn. The rods were heac-
t reated,  packed in coke granules,  in a n i t rogen
acmosphere at  l300oc for  I  h (heat-up^rare 4 K/min,
uich internediate dr¡e l l  of  I  h ac 850"C).

L inear CTErs of  rhe s ix ar tefaccs prepared

fron eaéh coke sample were measured wirhout
fur ther machining of  che rods other chan gr inding

ro give plane-paraLlel  end-faces,  using e s ix-
posi t ion quarEz push-rod di lat .ometer.  The
úeasuremenE r¡as made in the contraccion mode
betseen an upper EemperaEure of  225oC and,
fo l lowing 

"oót i t tg 
in rhe aimosphere,  at  25oc.

The procedure for  rhe Preparat ion of  8 r ¡n

artefacLs f ro¡o 20 m extrudaEes was as given in
tef .  2.  These r¡ere measured using a quartz push-
rod dilatoureter io the expansion mode betr¡een 35

and 235oC. This d i latometer r ras cal ibrated using

bars of  quartz and specia l  g lasses 8228 and 8230
(Jena-er Glasr¡erk SchoEl & Gen.,  Mainz,  l lesE-

Germany) havigg CTE values between 0.6 x l0-o/ f
and 2.6 x l0-b/K.  The CTErs of  these bars were
deternined by laser inter ferometry at  the
Physikal isch-Technische Bundesanstal t ,
Braunschweig, West Getnany.

Resulrs and Discussion

Figure I  shor¡s rhe excel lent  corre lat ion
betrreeü the CTErs of  5 m¡ extrudates '  prepared as

descr ibed above and hea!-r reaced at  l300oC, and
graphitized 8 m artefacts u¡achined fron 20 nn

extrudates.  The (provis ional)  repeatabi l i ty  of
decerroinat iong made according to the new method
i s  0 .04  x  l 0 -o /K .  The  p r í nc i pa l  f ea tu res  o f  t he
Dethod are discussed belor¡ .  Substant ia l  savings
in t ioe are real ised by the el i ro inat ion of  certa in
processing s leps and by Ehe srnal l  scale of  Ehe

equipment required.

Preparat ion of  the Mix

IE r¿as found thaE sinple dry-blending of the
components pr ior  to exl rusion gave resul ts as good
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l l . inear cTE (35-235oc) of
. g rÉph i c i zed  a r t e fac !  ( x l 0 -6 /K )

F igu re  l .  Ré lac i onsh ip  becseen  l i nea r  CTErs  o f
graphi t ized ar tefacrs (8 m) and
carbon extrudales (5 m) baked
a r  13000c .

as or  becter  than those obtained wi th b l .ends hor-
níxed io a double-s igma-blsded mixer.  This is
probably becauge the number of  var iables lhac nay
not be exacEly reproduced each t i rne is  greater  in
lhe case of  hot-o ix ing.  Also,  even r¿ich an
unvarying nix ing procedure,  Ehe degree of  shear
appl ied to lhe u¡ ix  r¿i l l  depend on i ¡s v iscosicy,
which nay vary f ron coke !o coke.

Extrusion

The reduccion rat io (barrel  día.  co nozzle
dia.)  of  about 2 is  the nin inum required co give
excrudates having a suf f ic ient  degree of  or ienc-
aEion of  the f i l ler  parr ic les,  as Ehor¡n by l , lagner
et  a l .J  I t  r¿as found that  n ixes extruding ac
pressures below about 7 MPa tended co give poor
resulEs,  which could be inproved by increasing
rhe p¡.unger speed

lleac Treacmenc

By neasur ing the ar tefaccs in the baked state
the graphi t ízat ion step could be el in inated.
Correlat ions bet¡¡een the CTErs of  baked and
graphir ized ar tefacts have,been descr ibed by Wagner
et  a l  and by Kakuta et  a l . t 'J  For che smal l  rods
and shorc baking cycles of  the plesent  nethod Ehe
convenlional baking lemperature of 850oC was found.
to g ive insuf f ic iencly reproducib le resul ts aod a

heaC-EreatEent Eemperacure of  l300oC was adopted,
as áescr ibed elser¡here.2

CTE roeasurement

the baked rods received no further lreaEoent
other Ehan end-gr inding co give plane-paral leL
faces,  in contrest  Eo nethods which involve
nachiníng che ent i re ex¡rudace in order Eo
el in inate surface ef fecls.  Measuremen! of  che rods
in contract ion node ( tenperature f i rsE high,  theo
lov)  means that  Ehernal ly  precondi t ioning the rods,
as lrag found necessary when neasu¡ing in expansion
uode, is  not  required.

Conclusion

t lh i le for  speci f icat ion purposes rhe CTE
neasured on graphi t ized ar tefacEs ¡Day cont inue co
be required,  the accelerated mechod descr ibed above
is of  value for  forning rapid escinaces of  the CTE
for process-contro l  purposes.  The scale -  smal ler
by an order of  Dagnicude, in terms of  coke intake,
than ocher comonly used methods - u¡akes it
a t t r ac ¡ i ve  f o r  t he  eva luac ion  o f  sna l l  quan t iE i es
of  coke produced in laboracory-scale cokers.
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