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ABSTRACT-In order to investigate systematically the steady shear flow properties of aqueous poly(ethylene oxide) (PEO)
solutions having various molecular weights and concentrations, the steady flow viscosity has been measured with a Rheo-
metrics Fluids Spectrometer (RFS I} over a wide range of shear rates. The effects of shear rate, concentration, and molecular
weight on the steady shear flow properties were reported in detail from the experimentally measured data, and then the
results were interpreted using the concept of a material characteristic time. In addition, some flow models describing the
non-Newtonian behavior (shear-thinning characteristics) of polymeric liquids were employed to make a quantitative eval-
uation of the steady flow behavior, and the applicability of these models was examined by calculating the various material
parameters. Main results obtained from this study can be summarized as follows : (1) At low shear rates, aqueous PEO solu-
tions show a Newtonian viscous behavior which is independent of shear rate. At shear rate region higher than a critical shear
rate, however, they exhibit a shear-thinning behavior, demonstrating a decrease in steady flow viscosity with increasing
shear rate. (2) As an increase in concentration and/or molecular weight, the zero-shear viscosity is increased while the New-
tonian viscous region becomes narrower. Moreover, the critical shear rate at which the transition from the Newtonian to
shear-thinning behavior occurs is decreased, and the shear-thinning nature becomes more remarkable. (3) Aqueous PEO
solutions show a Newtonian viscous behavior at shear rate range lower than the inverse value of a characteristic time 1/Ag,
while they exhibit a shear-thinning behavior at shear rate range higher than 1/Ag. For aqueous PEO solutions having a broad
molecular weight distribution, the inverse value of a characteristic time is not quantitatively equivalent to the critical shear
rate, but the power-law relationship holds between the two quantities. (4) The Cross, Carreau, and Carreau-Yasuda models
are all applicable to describe the steady flow behavior of aqueous PEO solutions. Among these models, the Carreau-Yasuda

mode] has the best validity.

Keywords—Aqueous PEO solutions, Steady shear flow properties, Non-Newtonian behavior(Shear-thinning character-
istics), Characteristic time, Critical shear rate, Flow models
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Table I-Preparation of Aqueous PEO Solutions

Mw Conc.
Polymer Solvent (g/mol ) (Wt% )
9 X 10° 1,3,5,7,9
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(ethylene oxide) D\Stltlled . 7
(PEO) ater 4 X 10 1,2,3
5% 10° 0.5,1.0,1.5,2.0
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Table II-Calculated Characteristic Time and the Inverse Value
of the Characteristic Time for Aqueous PEO Solutions

Mw(g/mol)  Conc.(wt% ) Ae(s) 1/Ag(1/s)
1 0.0007 1518.7436
3 0.0062 160.8386
9 X 10° 5 0.0432 23.1471
7 0.1058 9.4517
9 0.4900 2.0409
1 0.0192 52.1042
2 X 108 3 0.7772 1.2868
5 2.9025 0.3445
1 0.4407 2.2689
4 X 10 2 7.5066 0.1332
3 11.7918 0.0848
0.5 0.6131 1.6310
1.0 4.6251 0.2162
5 X 10°
13 142362 0.0702
2.0 31.5225 0.0317
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Figure 10-Effect of molecular weight on the steady flow viscosity
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Table IIT-Calculated Material Parameters of Non-Newtonian Viscosity Models for AQueous PEQ Solutions

Mw ( g/mol ) and Conc. ( wt% )

Material

Model parameter. Mw =9 X 10° Mw =2 X 10° Mw=4 X 10° Mw =5 X 10°
1wt% 3wt% 5wt% Twi% 9wt% 1wt% 3wt% Swt% 1wt% 2wt% 3wt% 0.5wt%1.0wt% 1.5wt% 2.0wt%
Power ® ‘ksn_l) 0.383 25.412 146.836 355.694 897.253 5.935 212.924 1050.187 20.364 162.609 592202 5.394 39.176 116.706 260.162
law n(-) 0.864 0568 0.494 0503 0466 0588 0363 0264 0420 0313 0250 0503 0372 0305 0.246
? 0998 1.0 0991 0999 0999 1.0 1.0 1.0 1.0 1.0 1.0 0999 1.0 1.0 1.0
no(P) - 5269 6266 2194 1346 2414 3123 2011 2732 1446 2508 15.83 327.0 2064 7204
Cross A(s) - 0005 0.054 0103 0636 0022 0918 1519 07526 16773 4514 3.014 1035 2673 37.56
n(-) - 0239 0252 0194 0.194 0350 0221 0.093 0314 02449 0.136 0.383 0.165 0.112 0.039
r — 099 0996 0994 0998 0997 0995 0989 1.000 0999 0998 0.999 0997 0997 0.9%
NoP) - 5167 6039 2123 1258 2310 285.6 1859 2433 966.6 2144 1269 2451 1316 4324
Carreau A(s) - 0051 0387 0738 3.09 0203 3527 4687 3.173 1965 10.17 8.834 1539 2499 30.12
n(- - 0677 0624 0637 0573 0674 0513 0426 0565 0380 0389 0573 0341 0225 0.127
P - 0994 0995 099% 0997 0993 099% 0993 0995 1.0 0999 0997 0999 0998 0.997
No(P) - 5221 6140 2145 1301 2371 2925 1856 27.12 932.6. 2219 1502 2276 1056 3133
As) — 0023 0201 0487 1685 0073 2674 4752 0857 1952 8916 4378 1606 2231 2417
CYa;’;S?il;- a(-) - 1058 1.101 1332 1.124 0870 1.353 2.052 0713 2389 1519 0.737 3591 9181 1547
n(-) — 0558 0525 0568 0446 0549 0459 0430 0.338 03917 0343 0443 0382 0285 0.190
e — 0998 0998 0998 0999 0998 09% 0993 1.000 1.0 0999 1.000 1.000 1.000 1.000
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Figure 13—Comparison of experimentally measured steady flow
viscosity with non-Newtonian viscosity models for 1 wt% aqueous
PEO solution(Mw =2 X 10%. Key :--- ; Power-law model, .- ;
Cross model, -.-.- ; Carreau model, — Carreau—Yasuda model.
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Figure 14-Comparison of experimentally measured steady flow
viscosity with non-Newtonian viscosity models for { wt% aqueous
PEO solution (Mw =4X10%). Key : --- ; Power-law model, .- ;
Cross model, -.-.- ; Carrean model, — ; Carreau-Yasuda model.
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