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Flow Behaviors of Two Phase Polymer Melts

Masayuki KAsajiMax

Abstract

Flow characteristics of blended samples of polymethyl methacrylate and polystyrene
as two phase polymer melts were measured for various blend ratios by the capillary rhe-
ometer, and flow behavior was investigated.

The flow characteristic curves for the blended samples do not intersect each other
and are located, in order of the value of blended fraction, between the curves of mono-
component samples. The additive property does not hold. The flow characteristics of
blended samples are strongly dominated by th fluidity of polystyrene, The correction-factor
of blended-fraction is a decreasable-function with respect to shear rate, when the blended
fraction is small, and the correction factor of blended. fraction becomes an increasable-
function with respect to the shear rate, when the blended fraction is large.

1. Introduction

With a view not only to improving quality of thermoplastic materials but also of
recycling the waste materials, the processing and utilization of blended polymers have
been practiced extensively for the past several years. Many studies”’® on the solid
mechanics of the blended materials have been made. The number of studies"® on
mixing (kneading) and of investigations’ ™'® of flow behavior in this field of blends
is not more than the number of studies on homogeneous polymers. Investigations have
been made of mixture rules'” and mixture theory'® for the blended polymer mlets.
However, the flow mechanism of the blended polymer melts still seems to be not com-
pletely clear. Therefore, obtaining information on the flow characteristics of the blended
polymer melts is very important in the field of practical polymer processing. When in-
compatible resins are combined, the blended materials have the properties of the re-
spective mono-components, and, furthermore, there is a possibility of finding com-
pounds with novel and/or different properties.

This paper reports on the flow characteristics of various blend ratios of mechani-
cally blended samples of polymethyl methacrylate (PMMA) and polystyrene (PS), which
are combinations of incompatible reasins, and the flow behavior is analyzed and rela-
tionships among effective blended fraction, correction facter of blended fraction, blended
fraction and shear rate etc. are investigated.

2, Experimental

The blended samples used in this study were prepared by mixing PMMA (SUMI-
PEX-B MHOIl of Sumitomo Kagaku Kogyo) and PS (ESBRITE 2V-62 of Sumitomo
Kagaku Kogyo).

The blended samples were prepared by the following procedure. Respective resins
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in pellet form were weighed and blended before mixing in a cylindrical type rotary
mixer. Then the blended samples were kneaded until made as homogeneous as possible,
extruded through a laboratory-scale extruder and, finally, crushed finely for compound-
ing, The same compounding procedure was spplied to the respective mono-components
of resin used for blending, so that both kinds of samples would have the same process-
ing history. The flow characteristics of the thus prepared blended samples were meas-
ured. Blended fraction ¢ in this paper is defined as the weight fraction of the compo-
nent having low fluidity. That is, the component having low fluidity is PMMA.

The flow characteristics were measured by a capillary rheometer so called Koka
type flow tester. Methods used to induce the values representing the flow characteristic
curves are abbreviated here, bacause the methods were reported in a previous paper®.
The measuring temperature was 220°C,

3. Results and Discussion

Relationships between shear stress 7., at the wall and apparent shear rate jws at
the wall, which express flow characteristics of PMMA+PS two phase polymer melts,
are shown in Fig. 1. The characterietic curves for the blended samples having a dif-
ferent value of ¢ do not intersect with other curves and are located, in order of the
value of ¢, between the tw—fws curves of the mono-component samples. These matters
mean that the blended sample of smaller ¢ has better fluidity, The curves of apparent
viscosity 7.« at the wall vurses fwa are shown in Fig. 2. It is seen from Fig. 2 that
the samples used in this experiment have structural Viscosity properties. In the Tw—Fuwa
curves, 7w increases with increasing #w.. However, 7szs decreases with increasing Fwe.
The 7wa—7wa characteristic curves for the respective blended samples are located, in order
of the value of ¢, between the curves of the mono-component samples, This behavior
is similar that of the tw—fwa« characteristic curves.

Tw~C curves and Jwe—¢ curves, having a parameter fws, are shown in Fig. 3 and
Fig. 4 respectively. Fig. 3 indicate that t. increases with increasing 7w« and ¢. Con-
versely, Fig. 4 indicate that 7u. decreases with increasing 7wz and ¢. From these fig-
ures, it is proved that the additive property does not hold for the PMMA -PS two phase
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Fig. 1 7u-7wa flow characteristic curves
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Fig. 2 %we-Twa flow characteristic curves
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Fig. 3 rwu-c curves

polymer melts. That is, the increase of 7w« to ¢ is not a proportionate increase. The
nwa—c curves deviate from the broken line which represent Arrhenius’ equation'® (Eq.
(1)). Additionally, this broken line indicates that the additive property holds.
Inn2=clnm+ (1—c¢)1lny: ¢))
where subscript 1-2 means the blended sample, subscript 1 and 2 mean the mono-com-
ponent respectively, Eq. (2) is induced from Eq. (1) and Newton law which relates
among 7, t and 7. The zw—c curves deviate from the broken line indicated by Eq. (2),

too. The data shown in Figs. 3 and 4 have
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Fig. 4 %we-c curves

Inti-z=clnmi+ (1—¢)Inr: (2)
inflection-point, and the degree of deviation from the additive property is remarkable
in the vicinity of ¢=0. 5.

The effective blended fraction ¢* and the correction factor of blended fraction ¢
obtained from Eqgs. (3)~(8), which are the expressional formulae®:!'® for the flow char-
acteristics of the blended polymer melts, are convenient to investigate the degree of
deviation from the additive property.

{7127, T}=c*(c, 7, T)In{=:1(¢, T)}+[1—c*(c, 7, T)n{=(7, T)} 3
In{rr2(F, T)}=¢(c, 7, Tecln{n1(f, TH}+[1—¢(c, 7, T)clin{=(, T)} @
In{m2(F, T)}=c*(c, 7, DIn{mG, T)}+-[1—c*(e, 7, T)1in{nG, T)} )
In{n-2(F, T)}=6¢(c, 7, Tdcln{m (G, TH}+[1—¢(c, 7, Telln{n:(, T)} (6)
c*=d(c, 1, T)c @)

$=33{4(c, T)HIni)’ ®

whre T means temperature, 2 means constant. Results relating to c¢* of respective
blended samples, calculated from Eqgs. (3), (5) and Figs. 1, 2 having paremeter §uwa,
are shown in Fig. 5. In this figure 7we.=20sec™' and 7«.=T700sec™! are indicated as
representative values of parameter 7w. The ¢* change with changing ¢ and fwe. That
is, the curves with parameter 7w« have infletion-points, and deviate downwardly from
the straight line c*=c. The degree of deviation indicates a tendency similar to the
results discussed relating to Figs. 3 and 4. The ¢* deviates remarkably from the
straight line ¢*=c at near ¢=0.5, with the large downward convexity. The curves of
Twa=20sec™' and Fwe=700sec™ intersect each other in the vicinity of a value somewhat
larger than ¢=0.5. The curves of Fw«=20sec™' are located over the curve of 7we=700
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Fig. 6 Relationship between ¢ and Fuwe

sec”! in the region of ¢, and the curve of 7wa=700sec™! is located over the curve of
fva=20sec™! in the region of large ¢. In other words, we can say these phenomena
may be explained by using Egs. (3) and (5) as follows. When the region of ¢ is small
and the value of #w« is large, the degree of influence of secondary component sample
such as PS sample becomes large, while the region of ¢ is large and the value of Fuwas
is small, the degree becomes small.

Partial results with respect to ¢, calculated from Eqs. (4), (6) and experimental
data, are plotted in Fig. 6 taking #vs as abscissa. From Fig. 6 the ¢-Infws curve may
be indicated with a nearly straight line, and can be approximated by the formula of
Eq. (8) at i=]. The ¢-Infwa curves of other blended samples can be indicated similarly
with a straight line. The ¢ obtained by using Eq. (8) for respective blended samples
are shown in Table 1. From Table 1 it is proved that values of ¢ are a decreasable
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Table 1 Correction factor of blended fraction function with regard to Ffw« at region of
¢ ¢ ¢ being small, that the degree of decrease

-1 (-] becomes smaller with an increase in ¢,

0 1 and that the ¢ change increasable fun-

0.25 0. 03042 Inj'yq +0. 6316 ction with regard to fws at more increas-
0.50 —0.00398 l"’:"’“'*'o' 4357 able ¢. Additionally, the values of ¢ are
0.75 0. 02051 Inj g +0. 6976 i R

1.00 1 : smaller than | at measuring range in this

study.

The flow characteristics of blended PMMA PS samples are strongly dominated by
the fluidity of PS component which has better fluidity. This phenomenon seems to
occur in accordance with the fact that the mono-component fills the role!” of “sea” or
“island ”, and allows slipping at the interface between different polymers.

When the degree of deviation of the additive property in Figs. 3 and 4 is expected,
the values can be obtained by using Eq. (9) and the data. If the degree of deviation
from the additive property is @i, Ep. (9) with a function of ¢ is obtained from Eqgs.
(2) and (4).

=[1—d(c 7 (i T)
Ina,=[1-6(c, 7, T)leln{-Z2t7-} ©
Replacing v in Eq. (9) by », the a. with a function of 7 can be obtained.
4, Conclusion

The following conclusions are reached on the basis of the measuring regions for the
blended PMMA PS samples used as two phase polymer melts in this study.

1) The characteristic curves for the blended samples having a different value of
the blended fraction do not intersect with other curves and are located, in order of the
value of the blended fraction, between the curves of the mono-component samples.

2) The additive property does not hold. And the degree of deviation from the
additive property is remarkable in the vicinity of the blended fraction 0.5. The flow
characteristics of blended samples are strongly dominated by the fluidity of the PS
component which has better fluidity.

3) The correction factor of blended fraction is a decreasable function with regard
to the shear rate in the region where the blended fraction is small, and the degree of
decrease become smaller with an increase in the blended fraction, and the correction
factor of blended fraction change increasable function with regard to the shear rate at
more increasable the blended fraction.

Nomenclature
as—=degree of deviation from additive property [—1]
c=blended fraction -]
cv=effective blended fraction -1
T=temperature [°c]
r=shear rate (sec1]
n=viscosity [poise]

A=costant
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t=sghear stress [dyne/cm?]
g=correction factor of blended fraction [-1]
{Subscripts)
a=apparent

w=at the wall

1=1st mono-component
2=2nd mono-component
1-2=blended
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