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Continuous shear rheometry of o/w emulsions; control of evaporation in

cone/plate geometry

LARA O. ORAFIDIYA, Dept. of Pharmaceutics, Obafemi Awolowo University, lle-Ife, Oyo State, Nigeria

Abstract—Volatile solvents may evaporate during cone/plate visco-
metry so that false rheograms develop. This surface evaporation was
prevented in a cod-liver oil-in-water emulsion stabilized with
zanthoxylum gum by layering a film of cod-liver oil on the exposed
surface of the emulsion test sample. The oil layer effectively
prevented evaporation and did not alter significantly the rheological
behaviour of the test material.

A disadvantage of a cone and plate viscometer is the evaporation
of solvent from the exposed surface of the material under test.
Such evaporation can increase because of the heat generated at
high shearing speeds (Mckennell 1956) or because of long sweep-
times (Davis et al 1968; Barry 1974). As a result, for materials
such as those which contain gums, the apparent viscosity
increases and a clockwise hysteresis loop forms under cyclic
testing even for time independent materials (Davis et al 1968).

Zanthoxylum gum is the gummy exudate from the tree,
Zanthoxylum tessmannii (Engl.) Waterm., family Rutaceae. In
the course of studying the emulsifying properties of the gum,
cod-liver oil-in-water emulsions were prepared. A Ferranti-
Shirley cone and plate viscometer was used to determine the
viscosity of the emulsions. The emulsions exhibited apparent
shear thickening with hysteresis as indicated by a clockwise loop.
The area of the loop and the apparent viscosity at maximum
shear rate, however, increased significantly when the sample was

left for some time on the viscometer and when the anti-
evaporation hood was not used. It was then suspected that the
clockwise hysteresis loop probably arose from evaporation of
water from the exposed surface of the sample under test, which
increased the apparent viscosity of the sample with time.

Method

A 50% w/w emulsion of cod-liver oil-in-water, stabilized with
4-17% w/w zanthoxylum gum was prepared in a stainless steel
cup using the Silverson mixer. Mixing was for 5 min and the
temperature of the emulsion was not allowed to exceed 25°C
during mixing by circulating water at 12°C around the stainless
steel cup. The emulsion was passed 5 times through the “Q.P.”
hand homogenizer; packed in glass bottles and stored at 25°C for
2 days. A Ferranti-Shirley viscometer fitted with a cone of radius
3-5 ¢cm and a cone angle of 0-005852 radians was used to study
the flow properties of the emulsions. Water at 25+0-1°C was
circulated through the plate. A maximum speed of 100 rev min~!
was used. About 1 mL of the emulsion was used for each test.
With a sweep time of 600 s, the cone and plate assembly was
employed, respectively, without the anti-evaporation hood, with
the anti-evaporation hood, and with cod-liver oil carefully
layered on the exposed surface of the extruded emulsion between
the cone and plate, using a 2 mL syringe with a needle (Fig. 1).
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F1G. 1. Schematic illustration of the oil film on the extruded emulsion
in a cone/plate geometry. A = Cone housing. B =extruded emulsion.
C=film of oil. D=plate. E=platform on which plate is mounted.
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FiG. 2. Effect of evaporation on the rheograms of 50% w/w cod-liver
oil emulsion stabilized with 4:17% w/w zanthoxylum gum. A =with
cod-liver oil layer. B=with anti-evaporation hood. C=without
anti-evaporation hood.

The cod-liver oil layer was not allowed to drop below the raised
edge of the plate onto the supporting platform as this led to
gradual drainage of the oil. Sweep times of 120 s, 240 s and 480 s
were also used with those samples tested when the anti-
evaporation hood only was used.

Resuits and discussion

The rheograms in Fig. 2 illustrate the effect of evaporation
during viscosity measurements of the emulsion on the Ferranti-
Shirley viscometer. While the sample with a cod-liver oil layer
was pseudoplastic with no hysteresis loop, those tested with and
without the anti-evaporation hood had clockwise hysteresis
loops with the downward curves lying close to the torque axis.
The area of the loops and the apparent viscosity at maximum
shear rate were greater when the anti-evaporation hood was not
used. The rheograms obtained at sweeptimes of 120 s and 240 s,
with the anti-evaporation hood employed, did not have a
hysteresis loop. Clockwise hysteresis loops were observed with
sweep times of 480 s and 600 s (Fig. 3). The area of the loop and
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FIG. 3. Rheograms of 50% w/w emulsion of cod-liver oil, stabilized

with 4-17% w/w zanthoxylum gum, at different sweep times (with
anti-evaporation hood). A=120s, 240 s. B=480s. C=600s.

the apparent viscosity at maximum shear rate were greater at the
sweep time of 600 s.

These observations clearly show that the increase in viscosity
and the development of the hysteresis loops, which imply shear-
thickening, are caused by evaporation of water from the exposed
surface of the emulsion under test. The effect is greater when the
test period is increased by using longer sweep times. The cod-
liver oil prevented water from evaporating, hence, the up and the
down curves coincided. The cod-liver oil also did not contribute
to the viscosity of the emulsion as the rheogram of the test
emulsion with the cod-liver oil layer is similar to those obtained
at shorter sweep time (120 and 240 s) using the anti-evaporation
hood. The anti-evaporation hood had not effectively prevented
the evaporation of water. Shorter sweep times minimized the
effect of evaporation on the rheogram of the emulsion. However,
short sweep times are usually not recommended when large
cones are used because of the “fly-wheel” effect (Cheng 1967). It
could therefore, be suggested that a layer of oil on the exposed
surface of an o/w emulsion under cyclic testing on the Ferranti-
Shirley viscometer would prevent evaporation better than the
anti-evaporation hood.

The author is appreciative of the contribution of Prof. B. W.
Barry of the School of Pharmacy, University of Bradford,
England, to this study.

References

Barry, B. W. (1974) in Bean, H. S., Beckett, A. H. & Carless, J. E.
(Eds) Advances In Pharmaceutical Sciences, Vol. 4, Academic
Press, London, pp. 1-72

Cheng, D. C-H. (1967) Hysteresis loop experiments and the
determination of thixotropic properties. Nature (London) 216:
1099-1100

Davis, S. S., Shotton, E., Warburton, B. (1968) Some limitations of
continuous shear methods for the study of pharmaceutical semi-
solids. J. Pharm. Pharmacol. Suppl. 20: 157S-167S

Mckennell, R. (1956) Cone-plate viscometer. Comparison with
coaxial-cylinder viscometer. Anal. Chem. 28: 1710-1714



