
Vol.:(0123456789)1 3

Iranian Polymer Journal (2019) 28:471–482 
https://doi.org/10.1007/s13726-019-00715-5

ORIGINAL RESEARCH

Fabrication of green composites based on rice bran oil and anhydride 
cross‑linkers

Ravindra D. Kale1  · Nilesh C. Jadhav1 · Sanchayan Pal1

Received: 16 November 2018 / Accepted: 11 May 2019 / Published online: 24 May 2019 
© Iran Polymer and Petrochemical Institute 2019

Abstract
Petroleum-based composite materials have limitations in terms of environmental issues, and hence, research works have 
been going on to replace them with green composite materials. To the best of our knowledge, the synthesis of green oil as 
resin component and jute as reinforcement material in composites has never been explored. In the present study, epoxidized 
rice bran oil (ERBO) and acrylated epoxidized rice bran oil (AERBO) were used as toughening agent after blending with 
a diluter or copolymer, viz. polystyrene (PS) and anhydrides, i.e., maleic anhydride (MA) and phthalic anhydride (PA) as 
additional cross-linking agents to fabricate jute nonwoven-based composites. It was found that with the increase in copoly-
mer content, there was an improvement in mechanical properties. But in the case of biodegradability test, the presence of 
additional cross-linkers showed less amount of weight loss due to the formation of compact structure. AERBO curing was 
optimized by varying the curing time and was characterized by FTIR, gel content and viscoelastic properties. Maximum 
tensile strength of 35.98 MPa was obtained with 50 wt% nonwoven jute. The composites showed improved thermal stability 
with anhydrides. Chemical resistance showed less deterioration with anhydrides. DMA analysis also showed an increase 
in storage and loss modulus with anhydrides and reduction in tanδ peak with its broadening. SEM micrographs showed 
good adhesion and cross-linking when anhydrides were used. These green composites have good potential to replace a large 
number of petroleum-based alternatives due to their inherent biodegradability and strength and can be used in automotive, 
constructions, water tanks and so on.

Keywords AERBO · Additional cross-linker · Reactive diluents · Curing character TGA  · DMA

Introduction

In the current scenario, research works on composites are 
counted as one of the most buzzing areas of interest among 
scientific communities which mainly belong to material 
science [1]. Their recognizable properties like low weight, 
higher corrosion resistance as well as fatigue strength and 
faster assembly have already interested researchers world-
wide to make them as the perfect alternative to metals [2, 3].

Most of the raw materials of composites and reinforc-
ing materials or matrixes are derived from petroleum-based 
chemicals. Due to the increase in environment awareness, 
these conventional raw materials are facing some resistance 
as they are not ecofriendly in terms of life cycle assessment 
[4, 5]. Table 1 shows the amount of greenhouse gas emission 
by conventional materials like epoxy resin and different high 
performance fibers. Hence, every sector like manufacturing 
industry, construction or normal research institutes instantly 
grabbed the opportunity to sustain in respect of health and 
environment by maintaining some green norms and stand-
ards and introduce bio-green sources as raw materials which 
are derived from renewable sources [6, 7].

All types of acrylated epoxidized plant oils (AEPO) can 
be used as toughening agent [8, 9]. But they cannot be used 
alone, because after curing they become rubbery materials. 
Also, they have high viscosity, which makes them unsuitable 
for composite fabrication [10, 11]. There are many reports 
available about the use of acrylated epoxidized plant oils 
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