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example, Mooney equation[ .

= opf 257 5 (18)
Which is analogous to Eqn. (17). In Eqn. (17),
the first-order term was only taken into account, and lots
of high-order terms were not considered, therefore, it
was not accurate enough. In order to get a better result,

E'(n,) :Q)

all high order terms should be considered. 1If let ol
= K"(K is a constant, less than one), an infinite series
similar to Eqn. (15) could be used for approximation,
namely

f(9= 2K (19)

n=0

Input (19) into Eqn. (13) and make integration:

N=[1- K¢~ 29K (20)

This equation is perfectly identical to Eqn. (6) dis-
cussed in part 2. Here, it is acquired in an analysis
method. Since the effect of high-order term was consid-
ered in Eqn. (19), it should have better accuracy.
Since the addition of the powder could not be unlimited,
one particle could not unlimitedly approach to another.
This means that when @ approaches %, the Tl should
be infinite. Therefore, K is a factor, which is related to
the maximum addition of powder( %,). However, in ad-
dition to the packing effect, there are many other impor-
tant factors which are of great contributions to the viscos-
ity of the suspension system, like the particle shape, in-
teraction between particle and medium and so on.
Therefore, it is better to introduce another undetermined
parameter k, which is associated with the above effects.
Thus, the f( ?) could take a more general form as be-

low:

f(®= kDK (21)
n=0
Where £ is a constant. Inputting Eqn. (21) into Eqn.
p g Lqn qn
(13) and making integration, we have
M= [1- K9~ 250K (22)

Since this model contains two parameters, which
can be determined by experiments, and its accuracy
should be improved a lot, especially for the suspension

system with very high powder content.
4 EXPERIMENTAL VERIFICATION

The powders used in the experiments were W, Ni,
and Fe with the mass ratio of 970 22 1. All powders were
of less than 5 Hm particle size and with near sphere
shape. Polystyrene (PS), polypropylene (PP) and veg-
etal oil (VO) were used as the dispersing medium with
mass ratio of 10 1 1. Dibutykphalate ( DBP) was used

as an additive. The powder additions were in range of
40% ~ 55% ( volume fraction) . An intensive mixer and
a screw extrusion machine were used to prepare the sus-
pension system. The mixing was performed under tem-
perature range of 145~ 150 C for 2 h. An Instron 3211
capillary rheometer with temperature control of *1 C
was used to measure the viscosity of the system. The di-
mension of the capillary was 1. 27 mm in diameter, and
76.2 mm in length. 10 min were allowed to reach ther-
mal equilibrium after charging the barrel. The shear rate
and temperature for the viscosity measurement were 120
s” "and 185 ‘C respectively. According to the experi-
mental results, the undetermined parameters in the E-
aqns.(2), (3), (5), (6) and (22) had been deter-
mined. The relationship between the relative viscosity
values obtained from both experiments and calculation
according to the models and the powder additions was
showed in Fig. 3. It could be seen that the prediction
values from Eqns. (1), (3), (4) were off the experi-
mental dots seriously, but very close for Eqns. (2),
(5), (6), and (22). Particularly, the results obtained
from Eqn. (22) were much closer than the other equa
tions. The difference between the predicated values and
experimental dates was less than 10% , until up to the

50% ( volume fraction) powder addition.
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Fig.3 Relative viscosity vs powder

addition for 97W-2Nr 1Fe powders to be
dispersed in PS-PP-VO-DBP medium

S CONCLUSIONS

1) All viscose models to describe the viscose be

havior of suspension system formed by dispersing solid
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powder in a liquid medium could be unified by
Eqn. (13), which was derived from Einstein s rheologi-
cal law.

2) Different models are suitable for different vis-
cose suspension systems.

3) When the powder content is very low, the vis-
cose behavior of the suspension system could be de-
scribed by classical Einstein's viscosity law, namely
Eqn. (1).

4) For the case where the powder content is in the
middle range, the viscose behavior of the system could
be described by Eqns. (3), (4) and(6).

5) For the suspension systems with extremely high
particle volume fraction, like the feedstock used in pow-
der injection molding, their viscose behaviors could be
described by Eqns. (2), (5) and (22).

6) Particularly, the new model, Eqn. (22), could
do a much better job.
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