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Abstract— Rheo-optical behaviors of dispersions of monodispersed silica particles were investigated. Monodispersed silica
was prepared by the sol-gel method proposed by Stober ef al. and the final particle size was obtained through the control of
ammonium hydroxide concentration. Also, the transparent dispersion was prepared by dispersing the silica particles in the in-
dex-matching solvent which was composed of 50:50 mixture of ethylene glycol and glycerin. All silica dispersions of 30 %
and 50 % by weight exhibited the non-Newtonian behaviors such as shear thinning although they were dispersed in Newto-
nian medium. Furthermore, the deviation from Newtonian behavior was pronounced when the particle concentration was in-
creased. With two different optical alignments designed in the present study, the flow-induced dichroism was measured. And
the simultaneous detection of the dichroism and birefringence was shown to be possible for the sample which possesses both
of the rheo-optical properties. The measured dichroisms for 30 % dispersions showed that the microstructure evolution was
enhanced especially at high shear rates. For 50 % dispersion, the microstructural transition becomes more complicated and
the sign of dichroism was changed with long relaxation behaviors. This is owing to the formation of micro-domain as cluster
in microscale. The result was also checked by dichroism and multiple scattering after flow cessation.
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FLOW CELL

SAMPLE—P

Alignment I

L: laser

P: polarizer

QWP:quarter wave plate
PEM: photoelastic modulator
D: detector

Alignment
Fig. 1. Schematic representations of two apparatuses for detecting bire-
fringence, dichroism, and orientation angles.
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°] A& Table 1o]l e} Q1 Jones A& tiqlsle] 2 st
2 B2, o) 4E % MiRAES A "o}, A6 I, I=

Table 1. Jones matrix of each element in optical alignment

Optical element Jones matrix

-6

e
L
=25 )
N
~ = 0

c—s cos@ —sinf
Rotation matrix, R(8)=| ¢ sinf cosd

Polarizer, P
Photoelastic modulator, PEM Jopn =
Sample(y,, x,, 8=8'-i8")

Quarter wave plate, QWP

Analyzer, A

B2t M3sA MsE 19979 108

Table 2. Sequences of two different optical alignments and its ori-
entation

Alignment 1
L-P-PEM-QWP-Sample -D
0° 45°, 3, 0° m2 x, X O, 8"
Alignment IT
L-P-PEM-QWP-Sample - QWP-A -D
0° 45,8, 0° w2 %, % O, & 0% w2 0°
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1, = %[coshé'” +(sin'cos2y, — sinh&”sin2y,) sind,
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R,,=1,/1, =—2tanhé"sin2y,), (A) (8a)
R,,=L,/1, =—2tanhé"cos2y ], (A) (8b)
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o Sglshd wjde] Yephe 5'-4 Xs '7‘3}7“ el ¥ 'r‘ 7Re] gty
d2YE 524 o)A s £ 73l =t

3.4 H

A A2]7) Qlake Stober So) Al7)§E SAM & o83 YAjut
F3A A=, 2). ve-EQ) tetraethylorthosilicate(TEOS)2}
d71&9l $=4k3kek 2 F(ammonium hydroxide) §-¢§2] v

b g

(=]

o

3 of



YAk BAAS BRARA ASH o147 WS 785

& 2Aste] uh-AlA 739 ARyl AR Al EAtde] 7
A= A kA (viscoelasticity) BT} AT AFS 2AN8)7] 9
sl Az} qlAtel S o] R E 2 BAQ] CHAZE
Z(EGy} ZTMA(Gly)] 50:50 EFFEL Ax3tx, o7)d A=
= {JAHE EARI) E3HE o] Aeshs &, 428 2 PRE S
AAsE7) Ysted, 120 °Cellx] Z(evaporation method)g ARE-]H
o} AzH Algel =27]E 5234k (dynamic light scattering, DLS)
2} =344 2} 0] 7 (transmission electron microscopy, TEM)S ©]-4-
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Fig. 2. Particle size and distribution of M1 and M3 in DLS.
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Fig. 3. Shear viscosity of MIM (a) and M3M (b) as a function of ap-
plied shear rates at various temperatures.
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Fig. 4. Shear viscosity of M1C (a) and M3C (b) as a function of ap-
plied shear rates at various temperatures.
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Fig. 5. Complex viscosity ° of M1C (a) and M3C (b) as a function
of applied shear rates at various temperatures.
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Fig. 6. Detected R,, and R,, signals for MIM (a), M3M (b) and M
3C (c) read in oscilloscope at shear rate 113.3 (1/sec).
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a : particle radius
A : PEM constant
C : stress-optical coefficient
E : electric vector
i : imaginary unit
Jo, 11, 1, : Bessel functions
k : Boltzmann constant
n; : refractive index tensor
An' : birefringence
An" : dichroism
P : hydrostatic pressure
T : absolute temperature
T; : stress tensor
az|ola 2Kt
A : orientation angle related birefringence
yA : orientation angle related dichroism
& : reduced birefringence
& : reduced dichroism
d; : isotropic tensor
3, : signal of PEM defined Asin (wt)
¥ : applied shear rate
n : viscosity
. : solvent viscosity
A : wave length
0} : frequency
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&
1. Brinker, C.J. and Scherer, G. W.: “Sol-Gel Science”, Academic
Press Inc., New York, USA, 1990.
2. Stober, W., Fink, A. and Bohn, E.: J. Coll. Interface Sci., 26, 62
(1968).
3. Barnes, H. A, Hutton, J.F. and Walters, K.: “An Introduction to
Rheology”, Elsevier Science Publishers, New York, USA, 1989.

HWAHAK KONGHAK Vol. 35, No. 5, October, 1997



790

o 00 9 N

11.

NAF - g

- Russel, W.B., Saville, D.A. and Schowalter, W.R.: “Colloidal

Dispersions”, Cambridge Univ. Press, New York, USA, 1989.

- Furth, R. and Cowper, A.D.: “Investigations on the Theory of

the Brownian Movement by A. Einstein”, Dover Publications
Inc., New York, USA, 1956.

. Batchelor, G.K.: J. Fluid Mech., 41, 245(1970).

. Brady, J.F.: J. Chem. Phys., 99, 567(1993).

. Bossis, G. and Brady, J.F.: J. Chem. Phys., 91, 1866(1989).

- Hoffman, R.L.: Trans. of Soc. Rheol, 16, 155(1972).

. Boersma, W.H., Laven, J. and Stein, H.N.: AICKE J., 36, 321

(1990).

Laun, H.M,, Bung, R., Hess, S., Loose, W., Hess, O., Hahn, K.,
Hadicke, E., Hingmann, R., Schmidt, F. and Lindner, P.: J. Rheol,
36, 743(1992).

&332 R3SA MSE 19974 108

12.
13.

14.
15.
16.
17.
18.
19.

20.

Macosko, C. W.: “Rheology”, VCH Publishers, New York, 1994,
Fuller, G.G.: “Optical Rheometry of Complex Flids”, Oxford
Univ. Press, New York, 1995.

Frattini, P.L. and Fuller, G.G.: J. Colil. Interface Sci., 100, 506
(1984).

Johnson, S.J., Frattini, P.L. and Fuller, G.G.: J. Coll. Interface
Sci,, 104, 440(1985).

KishBaugh, A.J. and McHugh, A.J.: Rheol. Acta., 32, 9(1993).
KishBaugh, A.J. and McHugh, A.J.: Rheol. Acta., 32, 115(1993).
Bender, J. and Wagner, N.J.: J. Rheol,, 40, 899(1996).

Bender, J. W. and Wagner, N.J.: J. Coll. Interface Sci., 172, 171
(1995).

Hongladarom, K. and Burghardt, W. R.: Macromolecules, 26, 785
(1993).



