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Abstract The improvement in toughness of rigid poly-

mers like poly(vinyl chloride) (PVC) has been of great

interest for developing their applications. This could be

provided by designing impact modifiers which could be

blended with the polymeric matrix. Here, core–shell type

impact modifier particles with different glass transition

temperatures of the shell and specifically, with nanometric

shell thickness were prepared through seeded emulsion

polymerization. The core consisted of polybutadiene par-

ticles and the shell was made of poly(methylmethacrylate-

co-butyl acrylate) that was grafted onto the surface of the

seed particles. The polymerization reaction was optimized

and the resulting latex particles were well characterized by

several techniques such as DSC, DLS, SEM, and TEM. It

was found that the core–shell particles have diameters of

about 350–360 nm, including the shell with thickness of

almost 20–30 nm and glass transition temperatures ranging

between 70 and 120 �C. The prepared particles were

blended with PVC and the corresponding impact strengths

of the moldings were measured by means of Izod impact

test. The impact results revealed that by decreasing Tg of

the shell in impact modifier particles, the impact resistance

of the molded sheets increased remarkably. Also the brit-

tle–ductile transition temperatures (BDTT) of the prepared

blends were studied and an increase in BDTT was found

with lowering Tg of the shell.
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Introduction

Exploitation of polymeric materials is closely associated

with their corresponding mechanical properties. Enhance-

ment of toughness is one of the most particular interests,

since the toughness of polymeric material is an important

required criterion for many applications. Substantial

improvement in the toughness of brittle or notch-sensitive

polymers can be achieved by dispersing rubber particles in

the polymer matrix [1, 2]. At the most basic level, rubber

particles act as stress concentrators, which accelerate shear

yielding in the matrix under a wide range of loading con-

ditions [3]. For this reason, impact modifiers which are

relatively compatible with polymeric matrix are used.

Poly(vinyl chloride) (PVC) is a typical example of brittle

thermoplastics and for many years, efforts have been made

to improve its toughness. All the commercialized modifiers

for toughening of PVC fall into two basic categories, the

traditional grafted rubber-thermoplastic type, such as

methacrylate–butadiene–styrene (MBS) [3–6], all-acrylics

impact modifier (AIM) [7], acrylonitrile–butadiene–styrene

(ABS) [6], which usually have core–shell morphology. The

second group is plasticizing polymers that are semi-com-

patible and include chlorinated polyethylene (CPE) [8, 9],

ethylene–vinyl acetate (EVA) [9, 10], and acrylonitrile–

butadiene copolymers (NBR) [11–13]. Among these, the

core–shell structured particles are of more interest, because

the latex particles have different and more desirable

properties than the corresponding blends or copolymers

[14, 15]. Core–shell modifiers are generally used to

improve the toughness of polymeric matrix due to three

major desirable features [4, 16, 17]: (1) the rubbery core

provides resistance to impact, especially at low tempera-

tures, whereas the grafted glassy shell provides rigidity and

compatibility to the polymer matrix and maintains the
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