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Intboduction

In the conventlonal Pcocssae8 of
¡o¡nufacturing carbon and 6raphlte,1,2 úost
artlfacts aro forrned ln an extrusion Process.
th€ anisotropy, one of Lhe nost lÍ¡Por¿snt
properties of the baked and graphltized pcoducts,
is establlshed in the extrusion operatlon.
Berldes the filler ttP€ and the retio of the die
to uud cylinder dl¡meters (aee Fig,ure 1) ' the
d€velopúont of this anlaotropy In an €rtruder ls
lactely controll€d by the rheology of coke-pltch
mlxeg. In ¡ddltlon, the preseure required to
extn¡de the ertlfecta, En inPortant process
pereúctar of the fornin6, operatlon, is also
dlrectly rEleted to the rheological behevior of
coke-pltch nlxes. Ttre publlsbed
lnveslltattong3-6 suggeeted that the rheology
of coke-pltch nrixes can be modeled ss Binthao
bodles. Hoúrever, all the e:cperiments rere
conducted either ln a capillarlr rheonet€r or in a
parallel-plate cheom€ter, rather than ln En
extruder. This Pap€r rePorts the results of
rnodeting the rheological behEvior of coke-pltch
mlxEs In extn¡ders. Both Icstonisn flutd and
Blnthsn plaetic ¡nodels gere studled.

Flture 1. A Scheo¡tic Dlatr¡m of an Extrr¡der.

Th€orY

Iertonl¡n Fluid¡

As shown in F1ture I, an extR¡d€r can be
mdeled as a conical sectlon connectlng trro
straight plpes. For an lncompresslble tre¡ttonian
fluid sith a slog flor rabe, BtrdT and
SutterbyE suggested Lhat a parabolic velocity
profile c8o be assunod at each posltion alont the
Z-axig. Fuctherilore, the gressuce gradient of a
xegtonian flui<l is related to the veloclty
profile. llenc€, th€ Pressure drop in each

sectlon, as shosn in Bquationg (1)-(3), can be
derlved fcon lts correspondlnt parabolic velocity
profl le.

wtrere: A - 4 u vqlR1, rt¡i]'e v is the
Xestonian vtscoslty and vo ls the
veloclüy et the center llne of Lhe
u¡d cylinder,

- the presaure aü z - O,
= ZleL,
- tan a,
-  82 /B l .

Uslng Lhese equations, ths relative preseure drop
ln rech s€ctlon can ba cglculated, even if the
vlecorlty of Lhe fluld 1¡ unkno¡nr. the vglldlty
of thl¡ model c¡n then bé chected by conrpsrlng
the calcul¡t€d relativo preasure drope wlth the
m¡sured ones.

Blnrham Bodies

The flor of a Bingham body can be deecrlbed
by the Buckinghan-Reiner equation.: This
equatlon is first sinplifled by neglecting the
higher order terms in the Teylor erpansion
s"¡i .5.1o'11 The pressure drop equations
(Equations (4) and (5)) can Lhen be obtained by
lntegrating the sirnpllfied Buckingham-Reiner
equatlon.
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rt¡ere: B = (8nro/r)Ltz elt?, rtr l la Q ia
thc voluo€trlc flow ratc and n aad
ro are the viscority and the yield
strEsa of a Bingham body,
rcepecLlvely,

L - the leng,th of the straight section,
¡nd

R - the rediu¡ of the pip€, (- R1 or R2),

Bquationr (4) and (5) can be applied foc
g prlori e¡tin¡tlong of ortrr¡sloo pressr¡re,
provlded th¡ü the Binghan psramtors (n and
ro) of co*e-pitch nixes. ars lmor¡¡.
Conversely, theee rtreological paf¡¡ü)ters can be
calculated fron the e:<perlnental dat¡ of
extn¡slon préaauros versua extn¡eion rat€s. In
addltlon, glnce B la peoportlon¡l to the squarc
root of volu¡nctcic flos rate (or ertn¡eion rate)
foc any glven coka-pltch nlx, e lot-lot plot of B
v€rauÉ extn¡sion rate should give a straight line
rl th e slope of O.5, regacdless of the length of
thc dla.

E¡coerlnental

The coke-pltch nlxes rore propared froo ¡
petroleun cot¡ and a coal tar pitch (tettler
softenlng polnt - 110.C). The binder pltch
contonta ln thc e¡(perlnontsl nixes wsre at
20-2ó rclght p€rcont. T¡ro extn¡der¡ r6re
inv€stitetod: thc 152 m .xtn¡d€r had ¡ 254 ¡rn
dl¡meter rrud cyllnder end ¡ l5Z rn dlaneter die,
Lhe 19 Íú extrudea hcd 8 76 [n di¡neter ü¡d
cyllndec and 19 m dlanoter dles of dlfferent
length (55 to 225 w in length). Tl¡e preasure
drops in e¡ch section of the 152 ¡m extn¡der sere
me¡sured by str¿ln teuta transducers (Dynlsco
Pt 4204 and TPt 4638).

Rssult¡ end Digcusglon

In l¡bla I, th¡ m¡gured rel¡tive pr€asuca
drope in each ssction of the 152 m ertnrdee ¡re
compared rlth the nodel pcedlct€d valuer. The
tlertonl¡n ¡¡odel predlcts u¡ch higher preraure
drops In thc dis gectlon, rt¡ile substantlally
underestln¡tlng the prcsaure drops ln the cone
sectl.on, lndlcetlng th¡t the rheolo¡lcal bch¡vior
of coke-gltch nlxe¡ ln extn¡der¡ caüiot be
adequetcly descrlbed .s l€fltonian fluids.

lhe pcedlctlonr D8d6 on the basls of the
Blnghaú plastic nodel aco n¡ch clogar to the
experinental data then thore predlcted by the
Xartonian nodel (see f¡bla I). A grobable c¡usc
of the di.scrcpancieg betreen the predlcted and
nsaaufed .value¡ i¡ the contributlon of slip ftou
at los sheer catea. rz The Binth¡[ p¡ramt€rs

Table 1. Bel¡tlve prsssurs Drops in tha 152 m
Extruder

of coke-pitch mixes (Hix Form,¡lation B) ar€
egtinated to be to - 35 p¡i and
n = 1.5 + 1.O x 106 poise at en extruslon
to[perature of ebout 108.C. These velues atree
sell ¡rith thoae reported in the llterattrre.{'ó
As shorr¡ ln Flgure 2, the plot of the quantity B
v€rfrul the extn¡sion rate on a log,-log scale
indeed gives r lre to e stralght l lne. A slope of
O.71 of this straig,ht l ine ls sl ightly higher
then the theoretlcal velue of O.5. Hor€ver, the
predictlon that thc dat¡ m¡sured on a longer dle
sould fall on the s8n strai¡,ht Line obt¡ined
from the dete meegured on ¡ ehorter dle is
confirned ln Flg,ure 2. H.nc€, lt cen be
concluded th¡t the Binghan nodel (rith further
ref lnmnts) can adeguately describe the
rheological beh¡vior 'of coke-pltch nixeg tn
extn¡ders.

A¡ lndlcsted earller, further reflnenentg of
tbo Dinghan ¡¡odel should incor?orEte the
contribuülon of slip flor at los she¡c cates. In
lts present fom, the ¡rodel has difflcultlee in
predlcting extn¡slon pressuro at low extn¡slon
rates, As se€n in Flgure 2, the daturn polnL
correspondint to an extn¡sion rete of 0.74 ft l ¡r in
falls m.¡ch belo¡r ühe trend described by the
straitht line. Furth€n¡ore, the extcuslon
presaures nessured at extrusion rat€s of ca.
0.3 ftlnin ere loser than pressure dropa required
by the yield gtceg¡ of the coke-pitch nlxss.
lhese facts indlcate that th€ contrlbutlon of a
elip flow nech¡nisn to the totel srtrr¡glon flow
Is nore signlficanL ¡t lor extrr¡s1on rat€s.
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Fl¡,ure 2. q4¡antlty B V€rsus ExtR¡slon Rete on e
19 m Extn¡dec at about lOg.C.
A ¡ Short Dla; |  -  Lont Die,
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