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Introduction

fhe lnportance o f rheoLot lcal
ch¡rEcterization of mesophase pitch has been
described in several papers. l-4 Dtrclng the
the¡¡¡al pol¡rnerization Process involved 'in the
formetion of mesophase, pltch undertoes
substantial vlscosity chan6,es. The rheoloSlcal
behsvior ls related to both the nesophase conLent
and nolecular relght distribution of tho
meeophaee pltch.

In order Lo clarify the flon behevlor during
the d€velopnent of nesoghase, a series of
@rophese pitches riade fron a given precursor at
rls,ldly controlled reactl.on condltions has no¡,
been utl l ized to investigate their viscoeity
dependence on lsotroplc content and Lenperature.
Fron thie study, E ¡rnthenaticel relationship
b€t¡reen vlscosity, teÍ{tereturE, and lsotroplc
content is developed.

E ca€rlmental

Th. nssophase pitchee used ln thls study eere
clnller to tho¡e described by Ch¡restiak end
Lerls.S fhsy r€re el} produced ln the
laborrtory from a pr€curnor patroleum pltch under
hlthly controlled reactlon condltions. The
kotropic content of the mesophaae pitches was
verled fcon 4 to 34 percent by changing the
re¡ctlon tin€ without any changes ln the
rennlnl$t reaction condltions, Ttre propertles of
these pltct¡es includlng th6lr lt€tLler softenlng
polnts end calculated g,lass transiLion
te4eraturee Ere listed in t8ble t. the amunt
of lsotropic phase gas detemined from polarized
Ilght photonicrog,raphs. 

.

Table 1. Properties of the üesophase Pitehes

llettler
Gl¡agTransiüion sofLenint Percent

l{esopheso leftperature Point fsotroplc
Pltch Tr. 'c* fs. 'c content

A 235 339 4
B 225 334 11
c 22L 329 1'
D 210 324 20
E 195 3t2 34

;- c"iffi¿ rs froú 13 = 0.8 rs.ó

Vlacoslty data for tho pltchos ¡rere neasured
¡rith a nodlfied eoncentric-cylinder vlsconeter.
lltren the test specirnen reached the deslred
stesdy-state tenperatuce, it ¡ras sheared at a
f lxed shear rate suff icienLly long to attain
constant Lorque, The folloring equatlons ¡,ere
used to calculate the shear rate, i, and the
v lscos i ty .  ¡ :
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¡rhere r is the steady state torque, x i" the
retio of bob-to-cup radi l ,  R is the bob radius,
Q is angular velocity, and L is tha height of
the bob in the concentric-cylinder region.

Viscosities rere measured over a rante of
shear rates and at tetnpEraLures of 13'C, l8'C,
snd 23'C above the H€tt l .er softening points of
th€ pitched. A coÍnron temp€rEture could not be
us€d because of the dlf ferent f lul<l i ty of the
gitchas.

Besults and Discussoo

Apgerent vlscositv versus Shear Rate

The apparent vircosity-shear cate plots for
the five pitches at 23'c above the ltet¿Ier
softening tenrperatures are eho¡m ln Figure 1. As
can be seen, the pitches initially denonsbrate a
yield-type behavior '  fol lowed by falr ly
"Pseudo-tlewtonian" regions where the viscoslties
appear to be independent of shear rate. Sl¡nilar
behavior ¡ras observed at the other ü¡to
measurement tet¡peretures .

vlscositv versus Isotropic cont€nt

The "Pseudo-trertonian" viscosities at each
equivalent relative lenp€rature are plotted
against isotropic cor¡tent ln F16,ure 2. This plot
illustrstes that Lh€ viscosity of pitch at the
Ea!¡e relative equivalent Lenperature (RET),
increases sith decreasing isotroplc content.



Flgure 1. Vlscoalty lt€aaureüents ¡t 23.C Above
Softening Point. pttch A - +,
P1tch B . O, Pitch g - I ,  pl tch D - +,
Pltch E . A

Figure 2. Viscoalty Versus pitch Isotroplc
Content a6 a Function of RelabivE
Equivalent lenpereture (Rgt).
tr  -  st 13'C RET, o - at IB.C REI,
and A - Et 23'C RET.

Te¡¡oerature Dependence of Viscosltles

Arrhenius-t¡pa plots rere usgó bo detsnuine
actlvstlon ener6,ies for tha five nesophase
pi,tches. The deta ars pres€nted ln TablE 2 and
sho¡r e dccrea:ing actlv¡tlon enerty ylth
incraaslng lsoLropic contan!.

Teble 2. Actlv¡tlon En.cties for the ..pseudo-
Usrrtonlen" Ragion of the U€sophas€
Pitches

th6 ratlo of rolaxetioo tines a¿ Lso different
te¡lperatures. The reference teryerature for the
pltches ¡ras found to be TB + 14O.C. In Figura 3,
the shift factor dEfined as A¡ - ¡tr/¡¡t
is  p lot ted vorsus (T-f r ) .  fú s ingie
eor¡el¡tion for all the viscolity data shoss the
l¡LF squatlon to be applicable to nnsophase pltche3.

Fig,ure 3. Shift  Factor plot for l tesophase pitches,
O= Seuple A, + - Sdnple B, X = Senple C,
A = Sanple D, and O = Sa¡rple E,

Vlscositv-Isotroolc Content-Tenoerature CorreLation

Uslng the tJl.F-type epproach, one flnds:
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App1lc¡tion of lfilLia¡¡-Lendel-Ferrv ([JLF) plot to
llesoehsse Pitch

fhe psocedur€ described by
and Ferry, sas applied to the
for tbe flve nesoghase pitches.
introduces a shifL faetor, AT,

ros A1 .  -2.3(r-rr)  / (so.3 + r-rr)  .  roa <| | l  (3)

The relationship between 
f "rrO 

¿h€ isotropic 
'

content, O, can u. 
""p"""" l ted 

as fol loss:

n¡
;=  =  . - ( r . s6  +  0 .09  0 )¡ l ¡

Itre correlation betreen the softening
isotropic content is given below:

T s  '  5 2 8 . 5  +  0 . 8 9  ( 1 o 0  -  q ¡  ( 5 )

IncorTorating Eguations (4) and (5) foc the
approgriate t€¡ta ln Equatlon (3) provldes the
flnal e:<pression (6) for viscoslty in terrs of
kotropic content and ternp€ceture as:

¡  =  I  e : < p  ( 4 0 9 7 . 3  -  6 , 7  t  +  4 5 . 3  O  -  o . O 9  O T- o . o t  q 2 ¡ ¡ 6 5 4 3 . 7  +  T  +  0 . 7 1  0 )
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