
The rheological behaviour of poly(ethylene glycol) solutions (PEG) with different
concentrations was evaluated using concentric cylinder rheometer. The shear
rate-shear stress data emphasizes the emergence of the hysteresis loop but in the

opposite concept of thixotropic fluids. The rheogram included the results of shear stress
and apparent viscosity, which were obtained by applying the various step changing
increments to the shear rate to reach appropriate value, followed by a stress decay at a
steady shear rate after each upward step changes. Then, low shear rate was used by
different decreasing levels, which showed reduction in the value of shear stress. The
steady shear was applied after each downward trend and showed a noticeable incre-
ment of shear stress with time. The results of shear stress confirmed the anti-thixotrop-
ic behaviour of different solutions of PEG under all conditions. Increasing concentration
of PEG fluids enhances the anti-thixotropic behaviour of the solutions.
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A B S T R A C T
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The majority of polymeric liquids
are non-Newtonian in nature and
various flow models are used to
relate the shear rate and shear stress
data of such fluids. A non-Newton-
ian fluid is one whose flow curve is
non-linear or does not pass through

the origin, in other words, where the
apparent viscosity is not constant
and it is dependent on flow condi-
tions. Non-Newtonian fluids are
divided into three different groups as
time independent, time dependent,
and viscoelastic. The viscosity of(*)To whom correspondence should be addressed
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time independent non-Newtonian fluids is dependent
on shear rate while the viscosity of time dependent flu-
ids is a functions of shear rate, duration of the shear and
the fluid kinematic history. In some materials, under
appropriate circumstances, effects of both elasticity and
viscosity are noticeable. In the absence of the time
dependent behaviour the fluid is called viscoelastic [1-
3].

The time dependent fluids are not appreciably elas-
tic and structural changes on shearing would make it to
show time dependency. For these fluids, the response to
stress is instantaneous while in contrast, time effects in
viscoelastic fluids arise from the reponse of stress to
applied strain is not instantaneous and also not related
to the structural change in the fluid [4]. There are a
number of non-Newtonian fluids whose apparent vis-
cosity changes with the time of shearing. A substance is
called thixotropic when its apparent viscosity changes
with shear time which is explained by partial destruc-
tion or rebuilding of the structure of the liquid [5-8]. A
thixotropic liquid is often also pseudoplastic but the
reverse is not very common. 

The process of destroying and rebuilding of the
structure of the thixotropic liquids is reversible or at
least the viscosity eventually recovers its initial value
after sufficiently long resting period after shear being
stopped. Under laminar flow and constant shear rate
conditions, if the fluid was at rest or it was under lower
shear rate, the shear stress would decrease with time
but reverse would occur if the fluid was first under
higher shear rate condition. 

Thixotropic fluids exhibit a hysteresis mechanism
in the diagram of shear stress vs. shear rate. The size of
the hysteresis loop is used as a measure of thixotropy.
The terms anti-thixotropy and or negative thixotropy
are used when the apparent viscosity is an increasing
function of the duration of flow after a sufficiently long
period of rest. In other words, the anti-thixotropic flu-
ids exhibit an increase in shear stress with time, and as
with thixotropic fluids, the structure of these fluids
recovers its initial state after a long enough rest. Anti-
thixotropy is usually associated with shear thickening
behaviour. For anti-thixotropic fluids the hysteresis
loop is obtained but in the opposite sense of thixotrop-
ic liquids. Anti-thixotropic fluids are rare and one
example is mayonnaise. The term rheopexy is also used
for anti-thixotropy, but a consensus exists among spe-
cialists today and according to the British Standard
glossary of rheological terms preferably it is only used

for the increase rate of solidification of thixotropic
solutions on gentle movement. The anti-thixotropic
behaviour is explained similar to the dilatant fluids but
with more time periods for the structural changes.

The occurrence of time dependency (thixotropy or
anti-thixotropy) emphasizes on the importance of flow
history for prediction of flow behaviour. Therefore,
flow of the time dependent fluids down a long pipe is
very complicated due to the variation of the viscosity
with distance down the pipe. For a thixotropic fluid
capillary rheometer, at a moderate pressure difference
the flow is rapid at first and then it decreases as the
structure builds up [5]. Hence, the capillary rheometer
cannot be employed to measure the rheological behav-
iour of time dependent fluids and a rotary rheometer
would be most convenient for this kind of fluids. The
thirty years of progress in viscometers and rheometers
is extensively studied by Barnes[9]. More information
about rheometry is available in references [9-12].

Generally the development of suitable constitutive
relations and/or obtainig enough information about the
flow behaviour of the fluid is the key problem in rheol-
ogy and continuum mechanics which differentiate one
material from another. Since the rheological properties
of poly(ethylene glycol) can be influenced by mechan-
ical working and aging processes, the recognition of its
time dependent properties is an important task. Avail-
ability of information about the rheological behaviour
of poly(ethylene glycol) is believed to be helpful to
accurate design of the appropriate equipment and pip-
ing system for various concentrations of this fluid.
Therefore, the objective of the present study was to
evaluate the rheological properties of poly(ethylene
glycol) with different concentrations using a rotary
cylindrical rheometer.

EXPERIMENTAL

Materials, Equipment and Working Procedure
The poly(ethylene glycol), H(OCH2CH2)nOH, used in
this investigation was with 2000 molecular weight.
PEG is water soluble and it is used extensively in tex-
tile, oil and finishing agents, lubricants, ceramics, and
cosmetic and toiletry industries. The solubility is great-
ly reduced at temperature approaching 0 C, at higher
temperatures (above 10 C) this length is much shorter.
To prepare solutions with different concentrations,
appropriate amounts of PEG and distilled water were
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mixed thoroughly to prepare the PEG solutions with
20, 28.57, 33.33, and 42.85 percents by weight. The
water was stirred with a mechanical mixer during addi-
tion of the polymer, and particular care was taken to
avoid agglomeration or accumulation of the powder,
which were difficult to solve in a short period of time.
After all the powder was added to the distilled water,
stirring of the solution was continued for several min-
utes to obtain a homogeneous solution. For the solution
of lower concentration shorter mixing time was
required. Next the solutions were allowed to stand for
several hours after the stirrer was stopped and the rhe-
ological behaviour of the prepared solution was then
studied using an appropriate rheometer. This procedure
is necessary for time dependent fluids.

Rotational rheometers are superior for the investi-
gation of time dependent fluids because the sample can
be maintained in the test chamber during the experi-
ment. The instrument chosen for this investigation was
a Haake RV12 rotating rheometer. The instrument s
task was to measure the torque required to turn the
inner cylinder against the viscous drag induced by the
fluid sample located between it and an outer stationary
cylinder. A water jacket surrounding the outer cylinder
of the rheometer was used as the constant temperature
control circulator, which was capable of controlling the
circulating distilled water. The rheological behaviour of
the PEG solutions was determined at 20 C. After equi-

libration of the samples at 20 C, they were sheared at a
programmed shear rate range increasing from a mini-
mum to a maximum value (upward flow curve) in 5min
and then subsequently decreasing from the maximum
shear rate to a minimum during next 5 min (downward
flow curve). The range of applied shear rate and the
maximum shear depends on the concentration of the
PEG solutions. Because of the upper limit of each
torque-measuring head, data were obtained at relative-
ly high shear rates in the case of solutions with low and
intermediate concentrations. In the case of solutions
with high concentrations data were obtained over rela-
tively low shear rates.  

RESULTS AND DISCUSSION

Typical upward and downward flow curves for
20.00%, 28.50%, 33.33% and 42.85% by weight of
PEG are shown through Figures 1-4. The hysteresis
loops obtained by the shearing for a fixed period of
time at a low shear rate and measuring the torque at
some time during this period. Then the speed of rotat-
ing cylinder is increased stepwise and rotation is con-
tinued for the fixed period of time applied for previous
shear rate and again the torque is measured. This is
repeated over several increasing shear rates which the
results introduce the upward curves. Without stopping

Figure 1. Upward and downward flow curve for PEG solution
(20.00% wt).

Figure 2. Upward and downward flow curve for PEG solution
(28.50% wt).
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the rheometer measurements of the torque are made for
a series of decreasing shear rates. 

The range of shear rate was 2000 - 2500 s-1 used for
20% while 0-300 s-1 employed for 42.85% of PEG
solutions. All test samples exhibited typical anti-
thixotropic flow behaviour since the upward and the
downward flow curves were not overlapping. The size

of the loop depends on the time of shearing at each
speed, the number of speeds used and the maximum
speed (maximum shear rate) were employed for the
experiments. The flow characteristics of the solution is
also one of the important factor for the hysteresis loop.
Therefore, the quantitative measurement of the anti-
thixotropic fluids becomes difficult and it is not possi-

Figure 3. Upward and downward flow curve for PEG solution
(33.33% wt).

Figure 5. Upward and downward apparent viscosities for
PEG solution (33.33%wt).

Figure 4. Upward and downward flow curve for PEG solution
(42.85% wt).

Figure 6. Stepwise change of shear rate for PEG solution
(20.00% wt).
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ble to introduce a single set of anti-thixotropy of the
solution under all conditions.

The area between the upward and downward flow
curves or the ratio of apparent viscosities at specific
shear rates stresses on the anti-thixotropicity of the flu-
ids. For example, for the solution of 20% concentration
the ratio of apparent viscosities of the downward and
upward flow curves are between 0.966 and 0.987 for

shear rates from 2056 to 2408 s-1. These values are
0.815 to 0.970 (for shear rates from 598 to 1055 s-1), 0.349
to 0.933 (for shear rates from 54 to 514 s-1) and 0.462 to
0.852 (for shear rates from 54 to 244 s-1) when the concen-
trations of the solutions are 28.57%, 33.33% and 42.85%,
respectively. In consequence the PEG concentration is
a significant parameter which influences the anti-
thixotropicity behaviour of the solution. 

Figure 7. Variation of shear stress due to the stepwise
change of shear rate for PEG solution (20.00% wt).

Figure 9. Variation of shear stress due to the stepwise
change of shear rate for PEG solution (28.50% wt).

Figure 8. Stepwise change of shear rate for PEG solution
(28.50% wt).

Figure 10. Stepwise change of shear rate for PEG solution
(33.33% wt).
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The apparent viscosity of PEG solution with
33.33% concentration is presentd by Figure 5 as a typ-
ical case of anti-thixotropic solutions. From this figure,
the upward viscosity shows the shear thickening behav-
iour which is due to the building up the structure dur-
ing the shear time. The downward viscosity corre-
sponds to the shear thinning specification because of
the breaking down the structure. 

To prove the anti-thixotropic behaviour of the flu-
ids the experiments were carried out with different

stepwise increments of shear rate and steady shearing
after each speed increasing, then decreasing shear rate
in the stepwise manner (Figures 6, 8, 10 and 12). Dur-
ing steady shearing after increasing the speed of cylin-
der, the shear stress increases while when the fluid was
previously sheared under conditions of lower shear rate
the shear stress decreases (Figures 7, 9, 11, and 13).

Increasing the concentration of the solution
enhances the variation of shear stress. This phenome-
non emphasizes on the anti-thixotropic behaviour of
the PEG solutions. The curve segments of shear stress-
es depend on the relative contribution of structural
build up and breakdown in the solution. The informa-
tion of these figures can be used to generate hysteresis
loops for the material.   

CONCLUSION

The rheological behaviour of PEG solutions with dif-
ferent concentrations was obtained using the cylindri-
cal rotational rheometer. Rheology of employed solu-
tions was well described by the time dependent anti-
thixotropic behaviour. Increasing the concentration of
PEG enhances the time dependency of the solution.
Steady shears depending on the previous value of shear
rate makes a noticeable change (increase or decay) in
the values of shear stress.
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