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Rheological Properties of Antiphlamine-S® Lotion
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ABSTRACT-Using a strain-controlled rtheometer [Advanced Rheometric Expansion System (ARES)], the steady shear
flow properties and the dynamic viscoelastic properties of Antiphlamine-S® lotion have been measured at 20°C (storage tem-
perature) and 37°C (body temperature). In this article, the temperature dependence of the linear viscoelastic behavior was
firstly reported from the experimental data obtained from a temperature-sweep test. The steady shear flow behavior was sec-
ondly reported and then the effect of shear rate on this behavior was discussed in detail. In addition, several inelastic-vis-
coplastic 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. The
angular frequency dependence of the linear viscoelastic behavior was nextly explained and quantitatively predicted using
a fractional derivative model. Finally, the strain amplitude dependence of the dynamic viscoelastic behavior was discussed
in full to elucidate a nonlinear rheological behavior in large amplitude oscillatory shear flow fields. Main findings obtained
from this study can be summarized as follows : (1) The linear viscoelastic behavior is almostly independent of temperature
over a temperature range of 15~40°C. (2) The steady shear viscosity is sharply decreased as an increase in shear rate, dem-
onstrating a pronounced Non-Newtonian shear-thinning flow behavior. (3) The shear stress tends to approach a limiting con-
stant value as a decrease in shear rate, exhibiting an existence of a yield stress. (4) The Herschel-Bulkley, Mizrahi-Berk and
Heinz-Casson models are all applicable and have an equivalent validity to quantitatively describe the steady shear flow
behavior of Antiphlamine-S® lotion whereas both the Bingham and Casson models do not give a good applicability. (5) In
small amplitude oscillatory shear flow fields, the storage modulus is always greater than the loss modulus over an entire
range of angular frequencies tested and both moduli show a slight dependence on angular frequency. This means that the
linear viscoelastic behavior of Antiphlamine-S® lotion is dominated by an elastic nature rather than a viscous feature and
that a gel-like structure is present in this system. (6) In large amplitude oscillatory shear flow fields, the storage modulus
shows a nonlinear strain-thinning behavior at strain amplitude range larger than 10 % while the loss modulus exhibits a weak
strain-overshoot behavior up to a strain amplitude of 50 % beyond which followed by a decrease in loss modulus with an
increase in strain amplitude. (7) At sufficiently large strain amplitude range (%>100 %), the loss modulus is found to be
greater than the storage modulus, indicating that a viscous property becomes superior to an elastic character in large shear
deformations.

Key words—Antiphlamine-S® lotion, Rheological properties, Steady shear flow behavior, Dynamic viscoelastic
behavior, Viscoplastic flow models, Small/large amplitude oscillatory shear flow fields, Storage modulus, Loss
modulus
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Table I-Viscoplastic flow models used in this study and their characteristics

. Shear-
Flow model Equation m n 7 thinning condition
Bingham o= o,tky 1 1 k -
Casson o= +ky" 0.5 0.5 K -
B 0
Herschel-Bulkley o= o,tky 1 n kif n=1 0<n<1
. . 12 _ 172, n 0
Mizrahi-Berk o =0 tky 0.5 n . if n=0.5 0<n<0.5
Heinz-Casson o'=a,+ky n n K" 0<n

2 Arelr= 7 2] £4 sy #ES A5
3lo] Bingham F93} Casson B2 A3 3]ARHES
239 o™ U™ A  Herschel-Bulkley, Mizrahi-Berk
Heinz-Casson =22 Levenberg-Marquardt Wol 2]k
AE 3AEAHES o83kt

s AF dlolHE fre=ddd 3AAZI A3E H|as)
B Mg & fFeRdol oM fAke 28A1e] i
Zigte O A& tha Zolrb yEe & Uth
Figure 6 (a), (by= ©l#eh AR BQlslir] 28] el
Zlof 2® 2] ATgE g dlolEdl] 2 i
dg 283 A3E Bl A8 0|5l Table I & £ A
ToIA AREE FERAES] A84E FFH R YERY]
st 7z mdlEe] 54 mEirE 9 AGAS R &
TE3 Aol

= oyd > Ho

Bingham 29] 4% @E5e olFe] §57%Fo]
Newtone] 84 WA W] whze] PEsld v

3
Ao A HAE AeE Uelle QEPFEI ol A® 249
EAEE AFH LR a7l FAetsith B3 Casson
Bde] AeE A oR dojxl SR & UAE X
ojm] Aol HlFl =2 FE-SHES YL St o=
Casson 299 FEA] =UH o|2F Hrfabgo] AA] AA|
9] fE5AEIH= ZolE YERY] dZelet & 5 Utk S
Casson 2do] Aol SR EiIxIEe] 12173
AREF 7+e X (chain-like structure)S FATTh= 714 o)
oAt AARE EARIAREC] 7V kA Wt
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it A SAR = B2 AAE HolA HAn).
oA AES F RY3= €] Herschel-Bulkley,
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0] 0.99 o]/Fd Wyt ope} SAE ko] M flolA
A9 dlolE e} & dAeke 7S Holal QUrh Egk 7 &
d Apolol= HxE AL YehA] e8al M2 fAREE 54
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Figure 6—Applicability of viscoplastic flow models to Antiphlamine-
S® lotion at (a) 20°C and (b) 37°C.
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Table I1-Calculated flow model parameters for Antiphlamine-
S® lotion at 20°C and 37°C

Temperature o, k n 2

Howmodel = Fee) T @yniemd) o5y R

20 108367 2707 - 0.755
Bingham

37 94.606 2482 - 0.734

20 21411 0106 - 0.575
Casson

37 20010 0101 - 0.552
Herschel- 20 73490 42.806 0.504  0.999
Bulkley 37 60.674 43438 0.486  0.999
Mizrahi- 20 15773 3.004 0342  0.999
Berk 37 14132 3236 0324 0.999
Heinz- 20 54284 0683 0267 0.999
Casson 37 41310 0630 0240 0999
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Figure 7-Storage modulus and loss modulus as a function of angular
frequency for Antiphlamine-S® lotion at (a) 20°C and (b) 37°C.
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Table III-Parameters of a fractional derivative model
determined from experimentally measured storage modulus
and loss modulus for Antiphlamine-S€ lotion at 20°C and 37°C

Temperature G' () K K a p R?
1 2 1 2

(c) G" (o)
2 G'(w) 447.037 88.348 0.072 0989 0.991
G" (o) -11.280 102.165 -0.496 0.274 0.934
37 G'(w) 386.769 36.030 0.077 0970 0975
G"(w) -17.613 76.012 -0416 0.284 0.885
G'(w)= Kla) cos(%[al)Jera) cos(gaz) (13)
G'"(w)= Kla)a'sin(gal)+l<2a) sm(gaz) (14)
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Figure 8—(a) Storage modulus and (b) loss modulus as a function of
strain amplitude for Antiphlamine-S® lotion with different angular
frequencies at 20°C.
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Figure 9—(a) Storage modulus and (b) loss modulus as a function of
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Figure 10—Storage modulus and loss modulus as a function of strain
amplitude for Antiphlamine-S® lotion at a constant angular fre-
quency of 0.5 rad/s at (a) 20°C and (b) 37°C.
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Figure 11-Reduced complex modulus as a function of strain am-
plitude for Antiphlamine-S® lotion with different angular frequencies
at (a) 20°C and (b) 37°C.
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