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Rheological Behavior of Semi-Solid Ointment Base (Vaseline) in Steady Shear Flow Fields
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ABSTRACT - Using a strain-controlled rheometer [Rheometrics Dynamic Analyzer (RDA 11)], the steady shear flow prop-
erties of a semi-solid ointment base (vaseline) have been measured over a wide range of shear rates at temperature range
of 25~60°C. In this article, the steady shear flow properties (shear stress, steady shear viscosity and yield stress) were
reported from the experimentally obtained data and the effects of shear rate as well as temperature on these properties were
discussed in detail. In addition, several inelastic-viscoplastic flow models including a yield stress parameter were employed
to make a quantitative evaluation of the steady shear flow behavior, and then the applicability of these models was examined
by calculating the various material parameters (yield stress, consistency index and flow behavior index). Main findings
obtained from this study can be summarized as follows: (1) At temperature range lower than 40°C, vaseline is regarded as
a viscoplastic material having a finite magnitude of yield stress and its flow behavior beyond a yield stress shows a shear-
thinning (or pseudo-plastic) feature, indicating a decrease in steady shear viscosity as an increase in shear rate. At this tem-
perature range, the flow curve of vaseline has two inflection points and the first inflection point occurring at relatively lower
shear rate corresponds to a static yield stress. The static yield stress of vaseline is decreased with increasing temperature
and takes place at a lower shear rate, due to a progressive breakdown of three dimensional network structure. (2) At tem-
perature range higher than 45°C, vaseline becomes a viscous liquid with no yield stress and its flow character exhibits a
Newtonian behavior, demonstrating a constant steady shear viscosity regardless of an increase in shear rate. With increasing
temperature, vaseline begins to show a Newtonian behavior at a lower shear rate range, indicating that the microcrystalline
structure is completely destroyed due to a synergic effect of high temperature and shear deformation. (3) Over a whole range
of temperatures tested, the Herschel-Bulkley, Mizrahi-Berk, and Heinz-Casson models are all applicable and have an
almostly equivalent ability to quantitatively describe the steady shear flow behavior of vaseline, whereas the Bingham, Cas-
son, and Vocadlo models do not give a good ability.

Key words — Semi-solid ointment base (vaseline), Rheological behavior, Steady shear flow properties, Yield stress,
Steady shear viscosity, Viscoplastic flow models
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Figure 1-Flow curves for vaseline at various temperatures.
Key: @; 25°C, O; 30°C, H; 35°C, [; 40°C, A; 45°C, A; 50°C,
V; 55°C, V; 60°C.
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Figure 2—Steady shear viscosity as a function of shear stress for va-
seline at various temperatures.

Key: @; 25°C, O; 30°C, H; 35°C, [1; 40°C, A; 45°C, A; 50°C,
V¥, 55°C, V; 60°C.
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Figure 4-Shear rate dependence of steady shear viscosity for va-
seline at various temperatures.
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Figure 5—Arrhenius plots for vaseline at various shear rates.
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Table I-Viscoplastic Flow Models Used in This Study and Their Characteristics

Flow model Equation m m Moo Shear-thinning condition
Bingham®" c= Gy+k“'y 1 1 k -
Casson®? c'?=0,+ Ky 0.5 0.5 2 -
Herschel-Bulkley™ & = o, +kj" I n P 0<n<1
Mizrahi-Berk®” c'?=0,"+k" 0.5 n 2 if(;)'z=0 5 0<n<0.5

55) _ 1/n \" 0

Vocadlo c = (o, "+ky) 1/n 1 kif el 0<n<1
Heinz-Casson® ¢'= (S; +kyn n n K 0<n

J. Kor. Pharm. Sci., Vol. 37, No. 3(2007)



144 719 - AeA

10° T T T T

— 104 - .
N
=
S
C
>
S 100
N
S
102 | E
101 1 1 L 1
102 10" 100 10! 102 103
y [1s]

Figure 6—Applicability of viscoplastic flow models to vaseline over
a whole range of shear rates at 25°C.
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Figure 7-Applicability of viscoplastic flow models over two divided
ranges of shear rates at 25°C.
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Table I1-Calculated Flow Model Parameters for Vaseline at Lower Range of Shear Rates over a Temperature Range of
25~40°C

Flow model Temperature (°C) o, (dyn/cm?) k@ -s™ n(-) R?
25 3553 2207 ] 0.985
Bingham 30 168.1 153.6 - 0.990
g 35 109.5 1082 0.979
40 52.66 64.20 - 0.972
25 192.1 11.19 ] 0.984
Casson 30 88.11 9.350 - 0.984
35 68.21 6.975 0.949
40 34.09 5.155 - 0.964
25 315.8 278.1 0.894 0.987
30 158.0 170.1 0.942 0.991
Herschel-Bulkley 35 119.1 90.36 1167 0.982
40 50.25 67.77 0.925 0.973
25 2763 7.987 0.623 0.988
. 30 1393 6.432 0.663 0.990
Mizrahi-Berk 35 114.9 3.754 0.928 0.983
40 46.87 4.001 0.710 0.972
25 322.7 1199 0.824 0.987
Vocadlo 30 1618 2895 0.919 0.990
35 116.1 11.46 1501 0.983
40 51.19 1657 0.855 0.973
25 2932 48.78 0.754 0.988
HeingCasson 30 154.6 75.61 0.872 0.991
35 1202 5173 1292 0.982
40 45.60 17.34 0.742 0.971

Table III-Calculated Flow Model Parameters for Vaseline over a Temperature Range of 45~60°C

Flow model Temperature (°C) o, (dyn/cm?) k@ - s™h n(-) R?
45 38.49 1.031 ) 0.987
Bincham 50 10.45 0.637 - 0.996
& 55 3.668 0.439 ] 0.999
60 2232 0.330 1.000
45 19.78 0.869 0.990
Casson 50 3.693 0.733 - 1.000
55 0.510 0.639 ) 1.000
60 0251 0.558 1.000
45 19.22 4.158 0.790 1.000
50 4392 1.419 0.879 1.000
Herschel-Bulkley 55 1.456 0.614 0.950 1.000
60 0.931 0.431 0.960 1.000
45 12.34 1215 0.455 1.000
L 50 1.774 0911 0.471 1.000
Mizrahi-Berk 55 0.181 0.713 0.486 1.000
60 0.091 0.608 0.489 1.000
45 21.29 7.839 0.769 1.000
Vocadl 50 0.011 7.141 0.715 0.989
ocadio 55 1.582 0.605 0.948 1.000
60 0.037 3.320 0.697 0.968
45 10.09 0.824 0.376 1.000
Heing.Casson 50 1.108 0.759 0.368 1.000
1z 55 0.057 0.714 0.353 1.000
60 0.029 0.645 0.364 1.000
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Figure 8—Applicability of viscoplastic flow models to vaseline over
a whole range of shear rates at 45°C.
key : ©00; Experimental Data,— —; Bingham Model,
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