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Introduction

The influence of composition and viscosity ratio on the morphology of immiscible
blends has been widely studied [1,2], while in the co-continuity region only a few attempts at
studying the morphology have been addressed {3-5]. For the PS/PE, PMMA/PE, PMMA/PS,
and PC/PS blends, Mekhilef and Verhoogt [5] have studied phase inversion of the blends. In
their study, they have used shear viscosity ratio in the several semi-empirical phase inversion
models. However, morphology of the extruded blend may be affected by extensional stresses
encountered in a converging part of die. Thus, the extension viscosity ratio is more important
than the shear or complex viscosity ratio [6]. In the present work, we demonstrate the
measurement of extension viscosity and shear viscosity of the PP/SAN blends using
Advanced Rheometric Expansion System (ARES), capillary rheometer, and extension
rheometer to predict the composition of phase inversion of the blends. The obtained results
of phase inversion were compared with the results obtained from the morphological studies
of the polypropylene (PP)/poly(styrene-co-acrylonitrile) (SAN) blends.

Experimental
Blend Preparations

Blends with weight fraction of PP from 0.1 to 0.9 in increment of 0.1 were prepared
using a 20 mm diameter laboratory scale screw extruder, with a 24:1 length to diameter
screw. To determine the extension rate from entrance flow at extruded condition, the
extrusion die had a conical entrance with an angle of 48° and radius of Imm was used.

Capillary measurement
High shear rate viscosity has been determined by Gottfert capillary rheometer (Model
Rheotester 1501). Three Imm diameter capillaries with length to diameter L/D ratio of 10,
20, and 30 have been used. The Rabinowitsch and Bagley correction have been made to
obtain the true shear rate of the samples.

Extension viscosity measurement
Measurement of the uniaxial extension viscosity at constant strain rate was carried out
using Meissner type extensional rheometer at 190 °C. Stress growth curves were recorded in
uniaxial extension rates from 0.01 to 5 s and for accumulated strain (& = £-¢ ) up to 4 strain
unit (s.u.).
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Results and discussion
Composition of phase inversion from shear viscosity measurement
The composition of phase ‘inversion at which co-continuity is observed is related to the
rheology of the pure materials through semi-empirical models. Utracki phase inversion
model is defined as follows:
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where A is a shear viscosity ratio of the component, g(y), is the viscosity of polymer i at the

shear rate of blending, [n] is the intrinsic viscosity, ¢, is the maximum packing volume

fraction, and ¢, is the volume fraction for phase inversion. To obtain the volume fraction of

phase inversion for the PP/SAN blends, shear viscosity ratio and Eq. (1) can be used. From
the shear viscosity measurements, the shear viscosity of the PP and SAN was 1.96x10? and
8.01x10? Pa-s at the shear rate of 180 s™', respectively, and shear viscosity ratio (1) of the PP
and SAN is 0.25. From Eq. (1) and shear viscosity ratio of the PP and SAN, the weight
fraction of phase inversion for the PP in the PP/SAN blends has been calculated and found to
be 0.32. Also, from the shear viscosity ratio in the Miles and Zurek [7] and the Metelkin and
Blekht [8] models, the weight fraction of phase inversion for the PP in the PP/SAN blends
have been calculated and found to be 0.17 and 0.06, respectively, and shown in Table 1.

Composition of phase inversion from extension viscosity measurement

At the extruder die, the exerted strain and extension rate of PP and SAN can be
determined from Entry Flow Method [9]. From the Entry Flow Method, the radii ratio (o) of
the barrel and capillary and the strain were found to be 3.5 and 2.36, respectively, in this
study. Also, the extension rate of blending condition was calculated and found to be 1.64 st
Figures 1 (a) and (b) show the extension viscosity growth curves of the PP and SAN,
respectively, as measured from extension rheometer. No steady state extension viscosity
could be measured for the PP and SAN up to 4 s.u. which is the sample breaking point in Fig.
1. Therefore, extension viscosity of the PP and SAN with the extension rate obtained from

the integration of the data up to exerted stain unit (¢, = 2.36) in Fig. 1, and this work was

entr

done numerically. From Fig. 1, the extension viscosity of the PP and SAN with the extension
rate can be obtained, and the extension viscosity at 1.64 s™ which is extruded condition of the
blends for the PP and SAN was estimated and found to be 2.0 x 10* and 2.8 x 10 Pa-s,
respectively. Also, extension viscosity ratio (i) of the PP and SAN is 0.70 at the 1.64 5. By
using the extension viscosity ratio in Eq. (1), the weight fraction of phase inversion for the
PP in the PP/SAN blend has been calculated and found to be 0.41. '

The morphology of PP/SAN blends was studied using scanning electron microscopy.
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Figure 2 (a) and (b) shows micrographs of the cryogenically fractured cross-section surfaces
for the 50/50 and 45/55 PP/SAN blends, respectively. In Fig. 2(a) and (b), the PP and SAN
show the co-continuous morphology at the composition of 50/50 and 45/5S PP/SAN blends.
Since co-continuity is observed within a range of composition rather than at a single point,
the results from morphological studies in this study are consistent with the results from that
of other researchers.

From the shear and extension viscosity measurements, when the shear viscosity ratio
was replaced by the extension viscosity ratio in the Utracki model, the composition of phase
inversion in the PP/SAN blend shows much close value to the result obtained from the
morphological studies. Also, difference of phase inversion composition of PP/SAN blends
between the morphological studies and the Utracki model in which extension viscosity ratio
used might be come from the interfacial tension effect on the formation of the morphology of
the blends. Therefore, in order to more precisely prediction of phase inversion composition
for the PP/SAN blends, it is suggested that the interfacial tension effect on the PP/SAN
blends was considered in phase inversion models.
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Table 1. The weight fraction of phase inversion for the PP in the PP/SAN blends calculated
from the Utracki, the Miles and Zurek, and the Metelkin and Blekht phase inversion models

Weight fraction PP Weight fraction PP
Model (shear viscosity ratio: A=0.25) (extension viscosity ratio: 4,=0.70)
Utracki 0.32 0.41
Miles and Zurek 0.17 0.37

Metelkin and Blekht 0.06 0.29
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Fig. 1. Uniaxial extension viscosity growth curves at different extension rate as a function of
accumulated strain for PP and SAN: (a) PP; (b) SAN.
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Fig. 2. Scanning electron micrographs obtained from cryogenically fractured cross-section
surfaces of PP/SAN blends: (a) 50/50; (b) 45/55.



