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Abstract

The phase boundary of incompatible polymer blends such as poly (methyl methacrylate)

(PMMA)/natural rubber (NR) and polyestyrene (PS)/NR as well as compatible blends such as

PMMA/NR/epoxidized NR (compatibilizer) and PS/NR/styrene-butadiene-styrene (SBS)

block copolymer (compatibilizer) was studied by means of microhardness (M technique and

microscopy. Solution grown films of neat PMMA, PS and blended films of PMMA/NR,

PS/NR, PMMA/NR/ENR and PS/NR/SBS were cast using a common solvent (toluene)

While the neat PMMA and PS provide constant hardness values of 178 and 173 MPa,

respectively, the binary (incompatible) and the ternary (compatible) blends show a

conspicuous H-decrease (PMMA/NR=140 MPa, PS/NR=167 MPa, PMMA/NR/ENR=109

MPa and PS/NR/SBS=127 MPa). Scanning electron microscopy and optical microscopy

reveal a clear difference of the phase boundary of compatible smooth boundary) and

incompatible (sharp boundary) blends. Besides, the compatibilized bnds re characterised

by the thinnest phase boundary 30 gm), which is found about 60 �tm in the incompatible

blends, showing a final hardness value that demonstrates the compatibilizer to be smoothly

distributed in the interface between the two blend components. Results highlight that

mic-oindentation technique, in combination with microscopic observations, is a sensitive too]

for studying the breadth and quality of the interphase boundary in non- or compatibilized

polymer blends and other inhomogeneous materials.
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1. Introduction

The increasing demands of polymers are satisfied with the development of new
polymeric materials by various ways. Within these context, the research in polymer blends
have attracted much attention in academy as well as in industry for some decades as an
alternative to grow new materials, because their morphology and mechanical property profile
can be, tailored to the desired requirements and service conditions [1]. For instance, poly
(methyl methacrylate) (PNIMA) is a hard glassy polymer although highly excellent in optical
transparency but not suitable in specific end-use due to its brittle fracture 2 This
shortcoming can be removed by introducing soft phase (rubbery) into the hard PMMA matrix
[3-61. However, unlike to copolymers where the chemically different monomer units are
linked by chemical bonds, blending creates serious problems, especially in the achievement
and preservation of the final degree of dispersion, if the two polymer partners of blend are not
then-nodynainically miscible. In order to compatibilize, and to mostly stabilise the final
degree of dispersion between these two polymers, a third component (compatibilizer is
usually used 7 This third component is expected to be distributed around the phase
boundary to enhance the adhesion between the blend components, as the coupling agent in
case of glass fibre reinforced composites does, and improves significantly the mechanical
properties of the blend material.

Microindentation test is used as a common method for its simplicity and to that fact that
it appears as a promising tool, for the micromechanical and microstructural studies of
polymer blends and composites 812]. This technique has been particularly employed as a
sensitive tool for testing the phase boundary of doubly-injection moulded glassy polymers
[13]. Depending on the temperature of the melt fronts within the mould, a well-defined weld
line in glassy polyestyrene (PS) and polycarbonate was identified [ 3 .

Contemplating the above facts it appears worthy to investigate, by means of
microindentaion test along with optical microscopy (OM) and scanning electron microscopy
(SEM), the phase boundary between two immiscible polymers in presence and in absence of
a compatibilizer. For this purpose, solution blends of glassy polymer (PMMA or PS) with
natural rubber (NR) were prepared without/with the inclusion of a compatibilizer. The aim of
the present study is to report the micromechanical property and surface morphology at the
phase boundary by means of above mentioned techniques.

2. Experimental

2.1. Materials
Blends were prepared by the solution method using a cominon solvent (toluene).

Commercial grade of PMMA, PS, NR, epoxydized natural rubber (ENR) and styrene-
butadiene-styrene (SBS) block copolymer were separately dissolved in boiling toluene. For
the preparation of blends, required solutions were filtered and appropriately mixed under
continuous stirring at elevated temperature. On one hand, PMMA/NR and PS/NR were
prepared as two separate blends without adding any compatibilizer and on the other hand,
PMMA/NR/ENR and PS/NR/SBS were produced as other two blends after including ENR
and SBS compatibilizers, respectively.

In addition, another blend of PS/SBS was also prepared to observe the distribution of
SBS compatibilizer in the original PS polymer. All blended solutions were evaporated under
ambient conditions to obtain films. Complete drying of the films, first at room temperature
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and then under vacuum oven, was done up to constant weight. The dried films were of the
following compositions (by wt%): PMMA/NR=95/5, PS/NR=95/5, PS/SBS=95/5,
PMMA/NR/ENR=95/4.5/0.5 and PS/NR/SBS=95/4.5/0.5.

2.2. Techniques
The blended film of PMMA/NR, as revealed by the optical micrographs (Leitz,

Laborlux 12 Pol, Germany) of the material surface, is shown in Fig. 1. The inclusion of
rubber in glassy polymers results in globule- or spherical-like particles of various sizes that
are dispersed throughout the samples.

The microindentation hardness (H) was measured from the residual impression of a
Vickers square-based diamond indenter after an indentation time of 6s using a load of 147

2mN. The H value in MPa was estimated using: HKP/d where d is the indentation diagonal
in mm, P is the applied load in N and K is a geometric factor equal to 1854 14]. In case of
neat polymers, the indentations were taken randomly on the sample surface. But the
indentation method neither can be used in the original NR films nor in the large rubber
particles included in the blends due to the strong elastic recovery. Accordingly indentations
were only made on the PMMA or PS matrix containing smaller particles or surrounded by
larger particles, and on the phase boundary between two components of the blends.

For characterizing the interphase, the H variation at different distances from the
boundary of an isolated spherical rubber particle was measured. The procedure for this
measurement is schematically illustrated in Fig. 2 Hardness values are obtained at various
points around particles by measuring both diagonal lengths of indentation at various points as
indicated by small filled spheres (Fig. 2 In order to obtain a large number of reliable
measurements close to the interphase boundary, the measurements were also performed not
either on a straight line or across the interphase boundary but on a curved trajectory gradually
approaching the dispersed sphere. Since the dimensions of the indentation diagonals are
comparable to the thickness of the interphase boundary, the lengths of the diagonals at the
interface are slightly different. Therefore, except for one indentation just at the left boundary
of the particle (Fig. 2 in which case hardness was evaluated by measuring the vertical
diagonal, all other H-values were derived from the average value of both the diagonals.

A JEOL JSM 5400 scanning electron microscope with an accelerating voltage of 20 kV
was used for studying the surface of the samples. The samples were coated with a thin gold
layer prior to SEM analysis.

3. Results and Discussion

3.1. Surface morphology of blends
SEM and OM observations on the films surface show that most of the particles

dispersed in the PS matrix are too small to study the interface boundary between the two
components (because the diagonals of indentation are about 40 gm). For this reason much
larger and rarely formed spheres were selected for this purpose. Only those spheres that were
not found in the bulk of the film or covered by the film were considered. Figure 3 illustrates
such a spherical particle of PS/SBS surrounded by many indentations as observed by SEM.
The nature of the surface of blends with and without the presence of compatibilizer can easily
be identified. While the surface of the glassy PS is quite smooth, the rubber shows "irregular"
or "wavy" (Fig. I and Fig. 3b) surface that is typical for elastomer. The interface of
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PMMA/NR without compatibilizer (Fig.1) shows sharp boundary, which is different in
PS/SBS blend (Fig. 3. The boundary of SBS with PS is quite smooth.

3.2. Average microhardness on the surface of the samples
The overall hardness values on the neat PMMA and PS surface and on the blends

surface are shown in Fig. 4 The hardness values of neat PNIMA and PS are about 178 and
173 Wa, respectively. The successive H-values in PMMA/NR, PMMA/NR/ENR, PS/NR
and PS/NR/SBS are 140, 109, 167 and 127 MPa. This decrease of microhardness is due to
inclusion of the soft phase in the PMMA or PS matrix. The fall of H from PMMA to its
ternary blend through binary blend is rather rapid than that from PS to its respective blends.
The reason of this behavior is not clear.

3.3. Microhardness variation near the phase boundary
In case of blends, considering the radial symmetry of the particles, the H-values

measured as a function of the distance from the boundary of the particles, where the distance
z=O, are presented in Fig. 5. Here the variation of H is plotted as a function of z for all
blended samples. Although the diameters of the particles for different blends investigated are
not equal but they are comparable. It is obvious that the plots render the same tendency for
the hardness variation observed. Far away from the interphase particle boundary, the hardness
value is rather constant though showing a gradual decrease when approaching the phase
boundary and reaching a final H-value. This constant H-value is different for different
samples. For example, PS/NR and PS/NR/SBS blends exhibit 130-140 MPa and 105-108
MN, respectively. On the other hand, PMMA/NR and PMMA/NR/ENR blends show
170-175 MPa and 160-165 MPa, respectively.

The final lowest-value of H found in them at zO is rather different. The pattern clearly
represents sharp phase boundary of the samples. The width of phase boundary for
PMMA/NR and PS/NR lie in the range of 50-70 �tm, which is 25-40 �Lrn for compatible
blends. The results strongly demonstrate that ternary blends (compatibilized) reduce the
phase boundary and also enhance the final lowest H-value over that of the binary or
incompatible blends.

3.4. Interpretation of microhardness changes around the interphase
The observed differences in the behavior of the binary and ternary blends can be

explained by considering the feature of elastomer and compatibilizer. Since the rubber is a
soft material and has low glass transition temperature, a depression in H-values from that of
the neat polymers is expected. Most interesting is the behavior of compatibilized blends near
the interface or transition zone. In this case, it is seen from SEM photographs that the
transition zone between the two components is very smooth. This observation is obviously
related to the fact that SBS or ENR contains some blocks that can easily penetrate through the
neat PMMA or PS surface and, thus, fills the empty space (sharp boundary as shown in Fig.
1) and ensure a good adhesion across the interphase boundary. As a result the contact surface
is presumably improved with the addition of compatibilizer and hence the lowest H-values (at
z=O) of compatibilized blends increase from those of incompatible blends.

It can also be mentioned that the phase boundary is well defined by a few of H
measurements at the boundary of the dispersed particles, showing the same trend of hardness
variation in each sample. Results also indicate that the lowest final H-values at the phase
boundary are much lower than that out of the boundary of the blends. However, this latter
value is somewhat questionable because of the elastic recovery of the material. The data
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cannot be regarded as a feature of the rubbery material but they help us to define the phase
boundary extension between polymer and elastomer.

4. Conclusions

The microhardness investigation perfonned shows considerable differences of the
property at the interphase boundary of compatible and incompatible blends. The decrease of
hardness in case of incompatible blends, through the phase boundary, occurs more rapidly
than that found in compatible blends. Moreover, the compatible blends exhibit thinner 25-40
[tm) phase boundary than incompatible blends 50-70 �tm). Thus, this study demonstrates that
the microhardness technique, particularly in combination with SEM, is a sensitive tool for the
quantitative evaluation of the nature and quality of the interphase boundary of polymer
blends.
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5 gm

Fig. 1. Surface morphology of PMNlA/NR blend observed using an
optical microscope.
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Rubber particles

0

Fig. 2 Schematic representation of the H measurement near rubber particles.

Indentations were taken at different distances around spherical rubber particle
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(a)

25kV IOOO 40 m

(b)

Fig. 3 Scanning electron micrographs of PS/SBS blend,

a) distribution of SBS particles in the matrix and

b) close view of indentation at and near the

phase boundary.
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Fig. 4 Overall hardness values of the samples investigated. Indentations were

taken either on the matrix of glassy polymer containing the smaller

rubber particles or in the matrix surrounded by the bigger particles.
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Fig. 5. Variation of hardness as a function of distance, z, from

the pase boundary of the particles.
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