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Introduction

The rheologj.cal.behaviour of pi.tches during heat
treatment is of considerable technological signifi_
cance, both in the low temperature region wherepitch/
coke mixtures are formed and extruded and at higher
tenperatures where the nesophase grovrs and coalesces.
rtre characteristLc anLsotropy of needle coke is a .
result of deformation of the mesophase during delayed
coking and such structural orientation is also impor_
tant in the inltial stages of the manufacture of car-
bon fLbres f ron pi tch (1) .  f t  has also been suggested
that internal reaction and rearrangement within the
mesophase spheres themselves al ters their  rheological
behaviour, hrhich in turn is consideqed to influence
the degree of  coalescence (2) .  Didchenko et  a l  ( t )
invest igated the I  v iscosi t ies,  of  p i tches-co-ntain ing
mesophase and obseived a peak in the 'v iscosi ty ' -

temperature curves which appeared to be related to
the mesophase content of the pitches. However, no
explanation of this phenomenon has appeared in the
l i terature.  Didchenko et  a l  ( l )  a lso reported that
mesophase systems coutá ' ¡e th ixotropic or  p l -ast ic ,
depending upon the temperature of measurement and
rnolecular weight distribution of the pyridine sol-
uble and insoluble fractions.

As a contribution to the understanding of the
rheological properties of pitches containing mesg-
phase, a rheological investigation has been under-
taken using a concentric cylinder measuring system.

Experimental

All rheologrical observations were made with the
Contraves Rheo¡nat-3O viscometer which has a ranqe of
rotat ional  speeds of  O.O5-35O rev min- l  ancl  a rápid
response to changes in torque in the measured system.
Speed selection can be carried out manually and the
torque signal fed to a recorder to follow time depen_
dent phenomena, or with a programmed X-y recorder
attachment which enables flow curves to be determined
automatically at predetermined rates of change of
speed. Since only a fixed range of torque can be
detected, measuring systems of different geamecry
must be designed for  f lu ids of  widely d i f ferent  v is-
cos i t i e s .

Co-axial cylinder measuring systems were con-
structeS in stainless steel. A flowing nitrogen at-
mosphere $ras maj.ntained over the sample and the whole
unit was heated electrically. Most experirnents were
carried out with a gap width of I mm as follows. The
system contain ing the pi tch was heated at  O.4oC min- l
with the inner cylinder rotating continuously at a
constant speed whilst the torque and temperature lrere
displayed continuously on a thro pen recorder. In
selected exper iments heat ing was arrested at  certa in
temperatures and flow curves measured, and in others
samples were removed from the fluid above the rotat_
ing bob. These samples had not been sheared during
the heat treatment but gave an indication of the meso-
phase development. They were subjected to quJ.noline
and toluene extraction and examined microscopically.

Orgreave binder and irpregnation pitches l¡ere
examined principally along with an Ashland petroleum
pitch and Gilsonite. A thermogravimetric study of
the pyrolys is of  these mater ia ls is  descr ibed else-
where in the abstracts of this conference.

Resul ts and Discussion

At temperatures below 25OoC the coal tar pitches
are Newtonian. Heating and cooling curves on the bjr
der pitch established that below 24OoC the apparent
viscosity-tenperature curve was reversible but above
this temperature higher viscosities were obtained on
cool ing,  indicat ing the onset  of  polymer isat ion.
Vofat i l isat ion in th is system was f i rs t  observed at
about l -85oC.

At high temperatures the apparent viscosj-ty
increases markedly with temperature as the mesophase
grows and coalesces, However, there are maxima in
the apparent viscosity-temperature curves of the
coal  tar  p i tches but  not  the petro leurn pi tch (Fig.  f )  .
It is clear also that in this temperature region the
system is shear thinning and the positions and magni_
tudes of the two peaks are inftuenced by the rate of
shear.  At  a speed 1.O3 rev min- l  the largest  peak
occurs at  a quinol ine insoluble content  of  65t  and
the smal ler  one at  57*,  whi ls t  at  the faster  speed
both peaks are closer together occurring at eI
1evels of  50-53*.  Microscopic examinat ion of  samples
shotrs that the first signs of mesophase coalescence
are at a QI of 53* and at the 65t value there are
substantial areas of cbalesceá .mesophase.

Nematic liquid crystals are known to be shear
thinning due to the orientation of the molecules in
the shear field (3) and maxima are often observed in
one component systems at the tt ansformation tempera_
ture because of the lower viscosity of the oriented
phase. Hermans (4) showed that the apparent viscosi-
ties of solutions of poly-y-benzyl-L-glutamate in
m-cresol ,  measured at  low shear stresses,  exhib i ted
maxima at a critical concentration above which the
solut ion was bi refr ingent.  At  h igher shear stresses
the effect was absent. The anisotropic phase was
considered to be more easily oriented than the iso-
t ropic phase at  low shear stresses,  but  in the high
shear Newtonian region both phases could be oriented.

The behaviour of liquid crystals offers a poss-
ible explanation of the rheologioal properties of
the catbonaceous mesoplrase in coal tar pitches. At
temperatures above 4OO"C, shear thinning behaviour is
apparent because the mesophase spheres can be elong-
ated and partially oriented in the shear f,ield along
with the high molecular weiqht aromatic molecules in
the isotropic liquid. Initially the mesophase prob-
ably remains as discrete part ic les because of  sur-
face tension ef fects.  Hence, ¿is the amount increases
so does the apparent viscosity. An increase in the
average molecular weight of the isotropic phase is
also a possible contributory factor to the apparent
viscosity. When coalescence sets in and the [€so-
phase becomes the maJor phase, however, it can be
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or iented more easi ly  than the isotropic l iquid at

low rates of  shear and the apparent  v iscosi ty at

low rates decreases.  Preumably the subsequent incr-

ease again at  h igher mesophase contents is  a res-

sul t  of  s t ronger intermolecular  forces between the

lamel lar  molecules restr ic t ing their  mot ion.

The Ashland petro leum pi tch has not  yet  been

extensively invest igated and j - t  is  not  c lear why no

maxima are seen in the rheological  behaviour of  th is

p i t ch .

opt ical  micrographs of  the 42o"C impregnat ion

pi tch sampl€rcool€d under shear,show elongated meso-

phase uni ts or iented in a part j -cular  d i rect ion- On

heat ing,  they do not  revert  to spher ical  shape unt i l

a temperature of  3oOoC, indicat ing that  th is is  the

temperature at which the molecules within the meso-

phase of  th is part icular  sample become mobi le.  The

sample which received a s imi lar  heat  t reatment but

no shear,  when examined rheological ly  at  tempera-

tures between 25o and 3oo"c,  exhib i ted f low curves

of  the type shown in Fig.  2.  Af ter  heat j -ng to a

part icular  temperature under cont inuous shear condi-

t ions a Newtonian f low curve was obtained (A in

FLg. 2) ,  but  on aging the sample at  th is tempera-

ture for  var ious per iods,  f low curves of  type B were

observed,  and the posi t ion of  the 'bulge'  shi f ted to

higher values of  shear stress hr i th t ime'  A second

f low curve measured immediately af ter  the f i rs t  was

Newtonian.  This response is  typical  of  a th ixotropic

mater ia l  and s ince the mesophase in th is temperature

reg ion  has  been  shown  t o  be  ' so l i d - l i ke ' ,  i t  i s

tentat ively suggested that  th is th ixotropic ef fect

is  due to a revers ib le sol-gel  t ransformat ion.

These and other resul ts wi l l  be presented j -n

more detai l  at  the conference.
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Fiq.1 Rheological  changes dur ing mesophase

growth in an Orgreave impregnat ion pi tch

Shear stress

Fíg-2 FIow curves j -n regj-on 25O-3OO"C of

42o"c Orgreave impregnation pitcb

A -  lnmediately af ter  shear ing

B - after time t under i-sotherrnal

condi t ion s
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