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Introduction

Polypropylene is used in thermoplastic processes due to 
its desirable properties such as low cost, low density, high 
melting point, stiffness and good chemical resistance [1–3]. 
However, PP exhibits low melt strength and weak strain 
hardening behavior which limits its applications in foam-
ing, blow molding and thermoforming. High melt strength 
PP can be produced by introducing long chain branching 
into linear PP. Thus, long-chain branched polypropylene 
(LCB-PP) can provide the melt strength and extensional 
properties that are lacking in. As a result, methods of pro-
ducing and characterizing these materials have attracted 
considerable interest [4–6].

Several approaches have been developed to make 
branched PP. Some include post-reactor treatments such as 
reactive extrusion process, electron beam irradiation and 
melt grafting, whilst others involve in situ polymerization 
in a reactor (direct synthesis) [7, 8]. Difficulties in synthesis 
have encouraged the researchers to do chemical modifica-
tion. Reactive extrusion process and electron beam irradia-
tions are the most popular post-reactor methods because of 
their convenient use in industry. As compared with electron 
beam irradiation, the reactive extrusion process has many 
merits some of which are simplicity, low cost and high pro-
ductivity operation [9].

As mentioned, a simple method for preparing LCB-PP 
is reactive extrusion, in which three reactants; PP, multi-
functional monomer (as a graft monomer) and free radical 
initiator (usually peroxide) are used to form LCB-PP via 
radical reaction. Preparation of LCB-PP occurs through 
several reactions [10, 11]. The first step involves the ther-
mal decomposition of peroxide to form primary radicals. 
The next step encompasses the abstraction of H-atom from 
PP backbone by primary radicals leading to the formation 
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ological behavior of branched polypropylene and linear 
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the structure of the modified PP samples. Using PP pow-
der instead of PP granule, it was concluded that the elastic 
response of branched PP at low frequency was enhanced in 
comparison with linear PP. Rheological properties, such as 
increasing the G′ at low frequency, plateau in tanδ–ω plot, 
deviating from linear PP in Han plot and upturning at high 
viscosity in Cole–Cole plot, promoted the branching in PP 
backbone. Moreover, the results showed that by decreasing 
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