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PROCEDURE

Abstract- This research work comprises the goal of improving the
thermo-mechanical and morphological properties of Polystyrene
(PS). Usually Polymer Blends are made to enhance the good
properties of a specific polymer. Here, In order to attain the
expected result, the blend films were fabricated through the
reactive compatibilization process of two co-reactive polymers i.e.
Acid functionalized Aramid (Ar) and Amine modified Polystyrene
(APS). Two blend systems, Ar/PS and Ar/APS, were created by
simple solution blending and investigated over a range of pristine
PS and modified APS ratios. The outcomes has shown that with the
increasing percentage of Aramid in both Ar/PS and Ar/APS
systems, porosity of copolymers has decreased, which eventually led
the to have better strength. Further inspection relayed that an
appropriate fraction of Ar is favorable for the enhancement of
thermal stability and improved basic copolymer structure. The
structural, morphological, thermal and mechanical properties of
copolymer were evaluated using FTIR, UTM, TGA, DSC and
FESEM. This work is driven towards the enhanced usage and
applications of Polystyrene in automobile, construction and
packaging industries.

A. Standards and Materials
The objective of the experiment is to create a blend of two
immiscible polymers, i.e. Polystyrene and Aramid, by means
of simple solution blending apparatus and to test the generated
co-polymer by its enhanced properties. Polystyrene (PS) with
molecular weight 100,000 was supplied by BDH. Anhydrous
Chloride (98%) was received from Organic Compound in the
form of fine powder. Multiple Acids were supplied by Merck
and used as such.[4]
B. Synthesis of Aramid Matrix
Ar was synthesized by the solution polymerization of
aromatic diamines and diacid chloride under anhydrous
conditions. Two diamines, (1:1 molar ratio), were dissolved in
DMA as a solvent under an inert atmosphere. After complete
mixing, stoichiometric amount of solution was added at 0°C
to avoid any side reaction due to highly exothermic reaction. [56]
The reaction between diamine and diacid chloride is very
fast; however, an additional 24 h were given for the
completion of the reaction. For the end-capping of the aramid
solution with the COCl group, an excess of TPC was added
with further stirring of 6 h.[7] The reaction mixture was
viscous and brown in color. In order to remove HCl from the
aramid solution, stoichiometric amount of TEA was added
with constant stirring for 3 h. The precipitates formed were
centrifuged, and the pure Ar was separated by decant
method.[8] The structure of synthesized Ar was characterized
by FTIR analysis.

Index Terms- Polystyrene, Aramid, Blends, Reactive
Compatibilization, Packaging, Construction, Automobile

INTRODUCTION
This project aims to explore morphology and interfacial
adhesion of two polymer solutions through Reactive
CompatibilIzation (aramid and PS), and the polymers will be
having co-reactive functionalized end-groups. As the statistics
show that Polystyrene (PS) covers more than 41% of
commodity resin per annum[1] and is employed in diverse
applications ranging from packaging to optical components
and foams.[1-2] On the other hand its poor compatibilization
with many polymers, little adhesion to metals, brittleness,
insufficient impact resistance and thermal stability up to
250oC reduces[2] its usage in the automotive and construction
industries. Not much of work has been done in this field,
especially to enhance the themo-mechanical properties of
Polystyrene.[3] Our intention is to improve the thermal and
mechanical properties of PS by introducing Aramid in it. The
method we will opt is reactive compatibilization. Before this
process we enhance the reactivity of Aramid by introducing –
COCl end group in it. This end group would provide the
reaction site and will become the point of attachment with PS,
thus forming a graft co-polymer. Merits of this process are
quite clear as we expect to get the end product to be themomechanically enhanced, so that its usage can be widened.

C. Functionalization of Polystyrene
Amine functionality was introduced to PS in two steps, i.e.,
nitration followed by reduction,[9-10] producing aminofunctionalized polystyrene (APS) (Scheme 1) which served as
a reactive compatibilizer, being reactive with COCl end
groups of the Ar.
SCHEME 1: Synthesis of APS
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D. Blend Preparation

and to increase the adhesion of immiscible phases, APS was
used as amine compatibilizer to reduce the interfacial tension
in Ar/APS blends [18]. Fig. 1 shows the SEM micrographs of
cryogenically fractured surface of 10/90 Ar/APS blend with
co-continuous structure. Without compatibilization, the
domain size of dispersed phase is very large without amine
groups on pure PS, and a discrete interface between two
phases can be observed, which suggests poor interfacial
adhesion between PS and Ar.

Different proportions of PS or APS were blended with aramid
matrix giving Ar/PS and Ar/APS blends. Blend samples were
obtained by solution mixing using DMAc solvent. Component
polymers, weighed to desired composition, were dissolved in
the solvent and stirred until the solution became clear.
Subsequently, the solvent was evaporated at high temperature.
Before characterization, films were dried at relatively higher
temperature under vacuum for 72 h.[11]

RESULTS
A. Spectral Analysis
FTIR is performed to confirm modification of PS to APS and
results are discussed elsewhere [12]. FTIR spectra, of both pure
PS and APS blend, were compared. Aliphatic C-H
asymmetric and symmetric stretching appeared in both pure
Ar/PS and Ar/APS blend. Bands at 1760 cm−1, which denote
the CO stretch, are present in both blends, thus, confirming
the reactive compatibiliztion of Ar/APS and Ar/PS through
anhydride moities [13,14]

Figure 1: SEM Micrographs of Ar/APS-10/90 blend
There is no bonding at the interface and a droplet-matrix type
arrangement is formed in the entire structure.[19] This provides
an explanation for the deterioration of mechanical and thermal
properties of the system involving pure PS [4–6].Thus, in
agreement with the thermal profiles, unmodified PS is
immiscible with Ar.

Presence of a broad band at 3383 cm−1 is a proof of the
hydrogen bonded amide N-H. Finally, the peak at 1632 cm−1
corresponds to amide C-O which is the confirmation of the
amide linkage formed in blend system through reactive
compatibilization [15,16]. Thus, FTIR analysis of Ar/APS film
confirmed the formation of the graft coplymer in the APS
blend system. The presence of intermolecular hydrogen
bonding and graft copolymer, formed in situ at the polymer–
polymer interface by amidation reaction between co-reactive
groups of engineering polymers, can generate stronger
interfacial interactions between blend components [17].
B. Differential Scanning Calorimetry
The glass-transition temperature (Tg) was taken as the
midpoint of the change in heat capacity. In the presence of
multiple endothermic peaks, the melting temperature (Tm) was
taken as the maximum of the endothermic peak temperature.
The melting enthalpy was determined from integration of the
peak area of endothermic peaks of blend samples. T g of
pristine PS is about 100◦C [17] and being amorphous PS is
devoid of any melting temperature. By adding Ar and making
its compatibilized blend, the T g has decreased down to 79 oC
which indicated lowered processing temperature.

Figure 2: SEM Micrographs of Ar/PS-10/90 blend
All the particles debonded from the matrix are visibly free on
the cryo-fractured surfaces. Moreover, surface roughness of
particles is an indication of good interfacial adhesion between
the blend components but in Fig. 1 surfaces of the particles
are smooth lacking any apparent roughness[20]. The
morphological analysis of the functionalized system was
performed for Ar/APS-10/90 (Fig. 1) and Ar/PS-10/90 (Fig.
2). With the addition of Ar, the surface of the blends becomes
coarse, which is a typical characteristic of compatibilized
blends. [4–7,21] By the addition of APS, the domain size
distinctly decreases, and the phase boundaries disappear in the
Ar/APS blend. The distinction of the phases is not possible
because they are completely miscible with each other
resulting increase of entropy and stability of the system

C. Morphological Analysis
SEM was performed for Ar/APS and Ar/PS blend samples as
illustrated in Figs. 1 and 2, respectively. The objective of this
study was to assess the morphological changes in the blend
samples with or without reactive compatibilization. PS is an
amorphous polymer; therefore, it is immiscible with most of
the polymers [5]. Thus, to improve the compatibilization of PS
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according to Flory Huggins theory [16]. There are no globules
of one system in the other rather they are indistinguishable
from each other. From this observation, we can state that APS
plays the role of an effective compatibilizer between the
immiscible PS and Ar components [22].
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