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Studies on the Flow Properties of Semi-Solid Dosage Forms (I) : Steady Shear
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The steady shear flow properties of six kinds of commercial toothpastes were measured using a
concentric cylinder type rheometer. In this paper. the shear rate and temperature dependencies
of their flow behavior were investigated and the validity of the Casson and Herschel-Bulkley
models was examined. Further, the flow properties over a wide temperature range were quan-
titatively evaluated by calculating the various material parameters. Main results obtained from
this study can be summarized as follows: (1) Toothpastes are plastic fluids with a yield stress
and their flow behavior shows shear-thinning characteristics. (2) With increasing temperature,
the degree of shear-thinning becomes weaker and the Newtonian flow behavior occurs at a lower
shear rate range. (3) The Herschel-Bulkley model is more effective than the Casson model in
predicting their flow behavior. (4) As the temperature increases, the yield stress, plastic viscosity
and consistency index become smaller, on the contrary, the flow behavior index becomes larger.

Keywords—Semi-solid dosage forms, Toothpastes, Flow properties, Casson model, Herschel-Bulk-
ley model
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Figure 1— Concentric cylinder type measuring system.
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Figure 2— Velocity profile between the inner and outer
cylinders.

RHEOLAB SM-HM<9] &35+ DIN 530199
utEl 4 59 35 9538 Basln gJovt 2 4
FolAe &S ¥ Ri=7Tmm, 959 4 R,=
7.59mm, W& 932 ¢=1209 Z4 DIN & A}
4319tk 2 o) % uldd S 539 Z4 DING) ¢
& FA7Mee A9 MYt BHYSE AdEn
GGl Xkl 71 Agsictn Bsigly] wEel
=3

A ANl S5 Ul - &5AKlY 7144
ABE 715 A9 =P e =2l es g
& & UiEd 929 7ER ZEld o8 WES 3
ANA gate AGEEE A B Brleiit) o g
FHUNE WOEE Ao)2) (shearrate control
method)ol#}a BT}, ALEEE 0~1000 5™ B9l
A AR R F7INA 50 pointse] AEETox g
E 93 & transducerd] 93 33l Ahgelg
Tk B4 A4EL 30, 40, 50, 60 2 70°CH]
571 LxolM AABld FEEAEY 2xoENS B
Ao mhelaidct. olw W8l 33 (rpm) n 7 273
HEQT P MOoETE AdE® vy Ahed o
& Foke WAL Oed 2o

.. . . &+ 1

Y=t =it V/2=0 o
&1 2m A
=%-1 e "T0 W

71,y HEERY AuEe 7, RS
Addn 5 - 959 vgv] (= R/R), o W

o 1o

J. Kor. Pharm. Sci., Vol. 25. No. 3(1995)



216 A8 L FF - AR

o BAAKE(=2m0/60), A,
291)o]c}.

SAARAAF(=1,

1+ & M

O = Oep = (6, + G)/2 =
» =G+ 0) 2& 2zLR*C,

M
=GZ-M=0.0446-7Ri—3 1))

A7IA| op WEERS AAeH, op ABEIS
Aded L 59 &0, G ¥ BA AAT(=
1.10), G,;: 33 AR AFelth,

g9 Ao Ax ne (1), (2 2o 3 T
¥3t 69 o 2RE o BA A 93] Fadnt.

n:%:%‘%-%:oom% @)

FSEM M 9ist oY MA

B Ao HE Xk #8554 M A8 okt
Ze Casson 29” (42]) 2 Herschel-Bulkley 2
2?2 (53)g AR 12w 539 oyl
g 4 gdd AgAeeN 4% B4 s #
EEESE, 23T, A2 AF, FEATAFIE
Tol 7 exolxe] RS FuH o Hrlet
Hrt.

o =6 + n§ - Y 4

a7)A, o= Casson &8 €4, n,= Casson 2=

=0},
O=0Cyp + k-9 (5

o714, oy Herschel-Bulkley 35 28 ke
AZE AF(consistency index), me FEAFAF
(flow behavior index)o|c}.

i 3 oF

KEAEQ HOSE o|EY

Fig. 3& 30°ColA 249 5 29| xR A
28 o9 yAYEE slo] BAS Vel Holth B
B AR 4EZH0] 94 B G AaR
H Aok A3 2 gl FEAES 2 YL T 5
ek, ol AL PR ojsie] AL HBANE VA
AR AL AUE Hoko] PR ojFe) At

J. Kor. Pharm. Sci., Vol.- 25. No. 3(1995)

2400 T T T R
-
& eeee®’
v
~ R T
1800 I o** v
© VY .
. vr
n . - A aahid v
‘(_‘g . R4 "vvvl'
. ¥ v aon
g 1200 + ..-’ e n““,nunu"“
v v o
£ . v"'v '''' guﬂ""nnuu anauevEss
u PO A A oo UL b
v ae
o 7 awasimene -
eao | § L L]
0o g
ZS] * n‘.’g"’-.
of
oot g+
2]
0 I3 1. A J
/] 200 400 600 8oo 1000

SHEAR RATE # ( 1/s)

Figure 3— Shear stress versus shear rate behavior for
five kinds of toothpastes at 30°C.

Key : ®; PERIOE, ¥ : ETIQUETTE, ¥ : MINT, O
OBOCK, » : ACACIA

VISCOSITY = (Pas)

1] 200 400 5(;0 BC;O 1000
SHEAR RATE # ( 1/s)

Figure 4— Viscosity as a function of shear rate for five
kinds of toothpastes at 30°C.
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Figure 9-—Herschel-Bulkley plots for five kinds of
toothpastes at 30°C.
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Figure 10—Herschel-Bulkley plots for MINT at five
different temperatures.
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Table I— Material Parameters for Six Kinds of Toothpastes at all Measured Temperatures

Casson Model

Herschel-Bulkley Model

Sample Temp O Mo r Os k m r
P Q) (Pa) (Pa-s) (Pa) (Pa - ™ “)
30 504. 977 0. 646 0.996 190. 005 83.67 0. 463 1.000
20 303,922 0.575 0.997 128.241 43.51 0.517 1..000
PERIOE 50 186. 670 0. 460 0. 997 62,902 28. 69 0.533 1. 000
60 109. 884 0.365 0.998 58.736 13.01 0. 596 1,000
70 63.092 0. 303 0.999 45. 640 6.02 0. 663 1,000
30 401. 970 0. 651 0. 998 292, 377 34.96 0. 566 1.000
40 301. 717 0. 443 0.999 291. 609 15,37 0. 627 1.000
ETIQUETTE 50 293. 877 0.403 1.000 230. 897 10, 41 0.659 1.000
60 180.731 0. 365 1.000 214. 083 6.13 0.713 1.000
70 138.025 0.274 1. 000 171,125 4.01 0.732 1.000
30 40.5. 499 0. 429 0.998 327. 503 28.98 0.552 1. 000
40 259. 443 0.370 1.000 277. 965 9.9 0.662 1. 000
MINT 50 203. 699 0.287 1.000 240. 228 5,57 0. 706 1.000
60 158. 534 0.229 1.000 195.679 3.68 0.731 1.000
70 117. 148 0.189 1.000 153. 385 2.39 0.758 1,000
30 236. 652 0.451 0.998 144. 967 95,21 0.555 1.000
40 176. 393 0.349 0. 999 147.123 12.73 0.610 1.000
OBOCK 50 131. 863 0.272 1.000 140. 940 5.94 0.676 1.000
60 110. 134 0. 203 1.000 138.283 2.90 0.738 1.000
70 98. 249 0.153 0. 999 136. 944 1.39 0. 806 1.000
30 199. 226 0.362 0.996 81. 487 33.75 0. 485 1.000
40 87.311 0.277 ©.999 63.926 7.85 0.628 1,000
ACACIA 50 49.240 0.19 0.999 45,655 3.53 0.681 1.000
60 31.031 0.128 0.999 27. 495 2.37 0.677 1,000
70 20.781 0.065 0.997 16.133 1.75 0.636 0.998
30 295. 130 0.349 0.995 110.792 49.68 0. 454 1.000
20 173.622 0. 283 0.998 103. 416 19,22 0.53 1. 000
MEDIANN 50 95.163 0.207 0.999 73.481 7.77 0. 603 1000
60 78.191 0.158 0.999 61.187 6.23 0. 599 1. 000
70 47.957 0.164 0.999 39. 691 3.81 0.651 1..000
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