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Rheological Behavior of Viscoelastic Semi-Solid Ointment Base (Vaseline)
in Oscillatory Shear Flow Fields
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ABSTRACT - Using a Rheometrics Dynamic Analyzer (RDA 1I), the dynamic viscoelastic properties of a semi-solid oint-
ment base (vaseline) in large amplitude oscillatory shear flow fields were measured over a temperature range of 25~45°C
and the linear viscoelastic behavior in small amplitude oscillatory shear flow fields was investigated over a wide range of
angular frequencies. In this article, the nonlinear viscoelastic behavior was reported from the experimentally obtained data
and the effect of temperature on this behavior was discussed in detail. In addition, the angular frequency and temperature
dependencies of a linear viscoelastic behavior were explained. Finally, the applicability of a time-temperature superposition
principle originally developed for polymeric materials was examined using a shift factor. Main results obtained from this
study can be summarized as follows : (1) At very small strain amplitude region, vaseline shows a linear viscoelastic behavior
independent of the imposed deformation magnitudes. Above a critical strain amplitude (y,=0.1~0.2%), however, vaseline
exhibits a nonlinear viscoelastic behavior ; indicating that both the storage modulus and dynamic viscosity are sharply
decreased with increasing deformation magnitude. (2) In large amplitude oscillatory shear flow fields, an elastic behavior
(storage modulus) has a stronger strain amplitude dependence and begins to show a nonlinear behavior at a smaller strain
amplitude region than does a viscous behavior (dynamic viscosity). (3) In small amplitude oscillatory shear flow fields, the
storage modulus as well as the loss modulus are continuously increased as an increase in angular frequency and an elastic
nature is always superior to a viscous behavior over a wide range of angular frequencies. (4) A time-temperature super-
position principle can successfully be applicable to vaseline. This finding allows us to estimate the dynamic viscoelastic
behavior of vaseline over an extraordinarily extended range (11 decades) of angular frequencies inaccessible from the exper-

imentally measured range (4 decades).

Key words — Semi-solid ointment base (vaseline), Rheological behavior, Oscillatory shear flow fields, Dynamic
viscoelastic properties, Time-temperature superposition principle
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Figure 1-Strain dependence of storage modulus for vaseline at var-
ious temperatures. Key : @; 25°C, O; 35°C, W; 40°C, [J; 45°C.
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Figure 2-Strain dependence of dynamic viscosity for vaseline at
various temperatures. Key : @; 25°C, O; 35°C, W; 40°C, [3; 45°C.

AMe HIEH Fl et P ge) 53] Fhshe
HAY 7o) BAEY ot ] oled A 24H
€ 2% oM YA FEHT Qi

S Figure 2 25E AR IA]| 227} S7HE] o}
ZE#Y] AYFFelA] At LS ¢ F U =
gk w9 22 =719 £EHQ WA B3 Hre A
Fed&9] ¢ (Figure )9 PERZIRIE 2EF919) =7]9)
FARe] I 7S zhe AFAAE HAE ok 2y
2Bl Z1Zo] ¢F 02% o)l FFolMe WP o] F7t
Toll et 3 JA=rt ghdhs vAdY Aol AR
@2 2 AL AFEEEY 75l vjsiXE dUFeE
@avelA] 7hastar gk e ol# st ATk 2P BE
250 oM A #AF=T gk

H

i

J. Kor. Pharm. Sci, Vol. 36, No. 1(2006)

1y

olge] AderE wiNe FH Fege 3] e
719 & WFselNE WY a7)d) Fae 8 AT
UERAAEE oln oA HEF olge] JYde Wy
2715 wet Agede 2 AR F43 gashe
NAY Agol BRIty & S k. 22la P sield
o HNY AFE B AFEAREL)] A AT
EARZ vlE oS a4 d9F 24e e
w3 wrt 2 2Rl Yol 1aE ABo] wAs)
A Zkgiy,

o)t 2& RN Adgelold Uehe vhad]
NAY W A AR Fode qEAFA B8

S

o
-

t 2d upTz Bk AP0 498 & Uk 5 ¥
Yol 7} g Ae A9l WRTES YA Ee ¥
A e PISEE FRL oL U] wiel @

—

ol i 58 FEA AT JILE FASH =Y o
ERE AFENE B SHIETE AT g UEle
A7} AR, a8y BEF] 277} FUHEES R
Tz B&EE FH3] FUEe i 72 A4E 7
3E ddEes o¥ BE I FAFER AHHOE A
T E = TP FA9] Aslele vAE e
Aol &AsHA €t

T3 GoAm MESt vl 2ol AREEE € FEES
£ 257t 7Kg wel 2EFIQle] A goA iskal
Qe ol T o] Aud & vt vpddL vE%
o TA ©slravt A dslra Foll B4Eo] e wt
g e AL P Uk olE AL 3xH %
}7-%# (three-dimensional network structure)E ZHaL lo] 4
Az EEHdME AA BslrihE X8l f5
LS ARAIGD a3y vt FUVETE vkdd
Hol EAYsle] 331 PTERE FA A=
SHEL AFHMY o)z MIF Tl wE P vt
7RZ vpdde] PdrEE g du & %7 37
ghol| wet SJRZHEY Aol Uik UlF HFEo] sl
o] Ao Fo=lE HE mE fi5ol golatA 2
HH ol AFoE AGHEIE B TR ALE £

#stAl Hot

lo,

Kl

o

1 o

=

ir

Figure 3 2 Figure 4= Z}7} A343E AR = Sle o
< 2k 3719 2EHQ] IEE s AF A5
ool BE vl AFEIE Go) B SdBEE G0
WHEE 7=25-45°C9] 2% WHolA vehd Aol

a7t /1SS AEdETd SHATEES FA

-



RSN e

107 r 1 ; x
— 108 k E
o~
£ M
O 105 L M i
c
U,
% 104 L U?DDCDLMJDECU ]
/S\ 100 b W |
O 42 '
101 i I i L
102 101 100 101 102 108

w [rad/s]

Figure 3-Frequency dependence of storage modulus for vaseline at
various temperatures.

Key : @; 25°C, O; 30°C, R; 35°C, [; 40°C, A; 45°C.
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Figure 5-Master curve of storage modulus for vaseline (T¢=35°C).
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