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Studies on the Flow Properties of Semi-Solid Dosage Forms (I :
Temperature-Dependent Flow Behavior of Vaseline

Jeong-Hwa Kim, Ki-Won Song®, Gap-Shik Chang*, Jang-Oo Lee* and Chi-Ho Lee’
College of Pharmacy, Pusan National University, Pusan 609-735, Korea
*College of Engineering, Pusan National University, Pusan 609-735, Korea

Abstract— Using a concentric cylinder type rheometer, the steady shear flow properties of vaseline
were measured over the temperature range of 20~70°C. In this paper, the shear rate and temperature
dependencies of its flow behavior were investigated and the validity of some flow models was examined.
In addition, the flow characteristics over a wide temperature range were quantitatively evaluated by cal-
culating the various material parameters. Main findings obtained from this study can be summarized
as follows : (1) At relatively lower temperature range, vaseline is a plastic fluid with a yield stress and
its flow behavior shows shear-thinning characteristics. (2) As the temperature increases, the value of a
yield stress and the degree of shear-thinning become smaller, consequently, the Newtonian flow beha-
vior occurs at a lower shear rate range. (3) At temperature range lower than 45 °C, the flow behavior
shows much stronger temperature dependence. and a larger activation energy is needed for flow. (4)
The Herschel-Bulkley model is the most effective one g3 to predict the flow behavior of vaseline having
a yield stress. The validity of the Bingham and Casson models becomes more available with increasing
temperature. The flow behavior of vaseline at temperature range higher than 45 C can be perfectly des-
cribed by the Newton model.

Keywords [ ] Vaseline, flow behavior, plastic fluids. yield stress. shear-thinning characteristics. ac-
tivation energy. Herschel-Bulkley model. Bingham model, Casson model, Newton model.
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Fig. 1—Flow curves of vaseline over the temperature
range of 20~30°C.
®: 20°C, 0: 25°C, a: 30°C.
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Fig. 2— Flow curves of vaseline over the temperature
range of 35~45°C.
®: 35°C, 0: 40°C, A: 45°C.
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Fig. 3—Flow curves of vaseline over the temperature
range of 50~70°C.

®: 50°C, 0: 55°C, A: 60°C. A1 65°C, m: 70°C.
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Table 1— Activation energy of vaseline at various shear

rates
Shear Rate Activiation Energy
(1/s) (J/mol)
20~45C 45~70°C
20 163.215 42.602
40 150.276 42.360
80 139.214 42.180
200 127.577 40.585
400 115.710 38.841
600 108.000 37.393
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Fig. 5— Flow curves of vaseline over the temperature
range of 20~30°C.
@ 20°C, 0: 25°C. A 30°C.
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Fig. 6 — Casson plots for vaseline over the temperature
range of 20~40°C.
@ 20°C, 0. 25°C, A: 30°C, A: 35°C. W; 40°C.
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Table II— Material parameters of vaseline over the temperature range of 20~40°C

Temperature (°C)

Model Parameters 2% 30 pye 20
oy (Pa) 420.145 168.626 74.626 17.158 6.664
Bingham Nep (Pa - s) 0.602 0.353 0.213 0.104 0.066
*r? 0.940 0.960 0.983 0.992 0.998
o. (pa) 267.826 92.489 36.704 5.459 1.613
Casson Tep (Pa - 8) 0.235 0.170 0.115 0.074 0.051
*r? 0.981 0.988 0.997 0.998 1.000
oy (Pa) 91.314 34.460 21.020 5.336 3.343
Herschel- k' (Pa-s™) 57.307 16.364 3.100 0.606 0.162
Bulkley m’ (=) 0.395 0.483 0.632 0.755 0.874
! 0.996 0.998 1.000 1.000 1.000

*determination coefficient
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Table III — Material parameters of vaseline over the temperature range of 45~ 70°C

Temperature (°C)

Model Parameters

45 50 55 60 65 70
(Pa - s) 0.045 0.035 0.028 0.023 0.019 0.016

Newton *y? 0.998 0.999 0.999 0.999 0.999 0.999
k (Pa-s™ 0.066 0.036 0.028 0.023 0.019 0.016

Ostwald- () 0.941 0.999 1.000 1.000 1.002 1.002
de Waele  +p2 0.999 0.999 0.999 0.999 1.000 0.999
s (Pa) 1.222 0.249 0.142 0.09 0.059 0.045

Bingham M (Pa-s)  0.043 0.033 0.028 0.023 0.019 0.016
*? 1.000 0.999 0.999 0.998 0.999 0.999

oc (Pa) 0.140 0.028 0.027 £0.025 0.012 0.011

Casson Nep (Pa - 8) 0.039 0.033 0.026 0.022 0.017 0.015
-2 1.000 0.999 0.999 0.998 0.998 0.998

Oys (Pa) 1.341 0.963 0.682 0.416 0.413 0.348

Herschel- k' (Pa-s™)  0.041 0.023 0.020 0.019 0.012 0.011
Bulkley m’ () 1.008 1058 1.047 1.025 1.067 1.057
2 1.000 1,000 1.000 1.000 1.000 1.000

*determination coefficient
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Fig. 9— Temperature dependence of yield stress for vase-
line at three flow models.

@: Bingham, O: Casson, A: Herschel-Bulkley.
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