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Abstract
This study examines the effect of addition rice starch particle (RSP) 
in Polyethylene terephthalate (PET) based blend composites. The 
concentration of RSP in PET was varied at 0, 5, 10, 15 and 20 wt% with 
fixed percentage of sorbitol for 2 ml. The blend composites were produced 
by solution mixing method. All samples were tested by tensile and 
morphological observation after tensile test. The tensile test proves that 
the addition of RSP in PET increased tensile strength of blend composites. 
The maximum tensile strength was in 15 wt% RSP in PET for 9.79 MPa. 
Optical microscope displays minimum porosity with good fusion between 
RSP and PET. The addition of starch in polymer is suggested to reduce the 
percentage of using non-biodegradable polymer plastic. This research is 
important due to the development of biodegradable polymer.

Material Science Research India
www.materialsciencejournal.org

ISSN: 0973-3469, Vol.17, No.(1) 2020, Pg. 47-53

CONTACT Mochamad Asrofia  asrofi.teknik@unej.ac.id  Department of Mechanical Engineering, University of Jember, 

Kampus Tegalboto, Jember 68121, East Java, Indonesia.

© 2020 The Author(s). Published by Oriental Scientific Publishing Company
This is an  Open Access article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License 
Doi: http://dx.doi.org/10.13005/msri/170107

 

Article History 

Received: 2 April 2020
Accepted: 30 April 2020

Keywords: 

Blend Composites;
Fracture Morphology;
Rice Starch Particle;
Polyethylene
Terephthalate;
Tensile Properties.

Introduction
Plastic is a kind of synthetic polymer that is widely 
used for daily human life. The application of plastic 
almost in every product such as packaging, 
automotive component, kitchen equipment and 
children’s toys.1-4 Various advantages possessed by 
the plastic, i.e. lightweight but strong, transparent, 
flexible, waterproof and cheap. However, the 
weakness of plastic is non-biodegradable in 

environment. Plastics often cause environmental 
pollution, flooding and air pollution.

In the past ten years, several researchers 
have attempted to make a breakthrough by 
utilizing biopolymers as biodegradation agents.5-8 
For example, previous research reported on 
biocomposites from environmentally friendly starch. 
The biocomposite was made with 100% natural 
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components, namely starch and natural fiber. 
They reported that the biocomposite was 100% 
degraded within one month.9-10 Even so, the nature 
of biocomposites has disadvantage such as not 
resistant to water and low mechanical properties.11-13 
Therefore, a quite appropriate solution is to mix 
thermoplastics with starch. According to previous 
researches, the benefits obtained from mixing 
starch and thermoplastics include: reducing the 
use of synthetic plastics, environmentally friendly 
due to able to degraded by the environment,  
low production costs.4

The mixture of thermoplastic and starch has become 
a trend in the last five years. This is evidenced by 
the latest findings from Nguyen et al., (2019) about 
the addition of starch in low density polyethylene.  
They repor t that the addition of starch into 
thermoplastics increased the biodegradation rate 
and mechanical properties.14

Starch is a biopolymer consisting of amylose and 
amylopectin fractions. Both of these fractions have a 
role in mechanical properties. According to previous 
studies, high amylose fraction improved the tensile 
strength of starch films.15-16 It was indicated that the 
bonds of amylose polymer chains were more flexible 
than amylopectin.

Mixing of starch with thermoplastic polymers has 
been carried out by several researchers. They used 
a casting method to cast blend composite films.  
The addition of plasticizers such as glycerol 
produces a flexible blend composite (not brittle) 
compared to without the addition of glycerol. This is 
due to the role of glycerol as an initiator of polymer 
chain flexibility.17-19

Mixing of Polyvinyl alcohol (PVA) and yam bean 
starch has also been done by Asrofi et al., (2019). 
They reported that PVA and starch showed good 
mixing with the addition of glycerol as a plasticizer 
agent.4 In his study, starch successfully became 
a biodegradation agent and improved mechanical 
properties.  The selection of rice starch in this study 
based on the amylose content in this material around 
30%. This value is higher than other starches such 
as cassava, potatoes, yam bean, purple yam and 
others. High amylose content resulting in ductile 
properties to the blend composites film. It was also 

explained in previous studies that the high amylose 
increased the tensile strength of blend composites .15

In addition, the reason for choosing this object is due 
to the availability of rice starch in Jember, Indonesia is 
quite abundant. In that sense, using of rice starch as 
a reinforcement and biodegradation agent in a blend 
composites with PET matrix is a new innovation.  
The hydrophilic nature of rice starch is able to 
damage the bonding chain between synthetic plastic 
and starch. The breakdown of these bonds resulting 
synthetic plastic destroyed in the environment. 
Therefore, from some of our reviews, there are no 
studies reported about the mixing of rice starch with 
PET based blend composite. The blend composites 
were tested by the tensile test and observed using 
fracture morphology after tensile test.

Materials and Methods
Materials
Raw rice was purchased from Tanjung local 
market, Jember. Polyethylene terephthalate (PET)  
(Jade brand polyester chips CZ-302) was purchased 
from Jiangsu Xingye Plastic co. ltd. Sorbitol as 
plasticizer (90% purity) was supplied from Aneka 
chemical shop, Jember.

Preparation of Rice Starch Particle (RSP)
Raw rice was washed and cleaned with water to 
remove impurities. The raw rice was blended with 
water (wet blending) at 10000 rpm for 10 min as 
reported by a previous study.20 The rice porridge 
suspension was held in a container and deposited 
for one day at room temperature. The precipitated 
starch was separated with water and then dried in an 
electric stove (under Maspion brand, Model 302) at 
50oC for 2 h to obtain the dried starch. The starch was 
blended at 10000 rpm for 5 min and filtered using a 
62T screen filter (mesh 155) to make homogeneous 
distribution size of RSP. 

Fabrication of Blend Composites
The solution mixing (blending) method was used 
to fabricate the blend composites. Firstly, 60 grams 
of PET pellets were placed on the Teflon chamber 
before the melting process. Then, PET was melted 
by using an electric stove (S302 Maspion brand) 
by giving heat 250oC for 20-25 min. Secondly, after 
PET melts, sorbitol was added as much as 2 ml.  
The mixture was stirred manually for 3 min with a 
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wooden spoon until homogeneous mixing. Thirdly, 
RSP was included in the mixture with varying 
concentrations namely 0, 5, 10, 15 and 20 wt%. 
They were stirred evenly for 2 min. Fourth, the 
blend composite mixtures were poured into a mold 
(dimension: 10 cm × 10 cm), and then they were 
dried at room temperature for 24 h. The blend 
composite samples were deposited in a plastic 
sealer before testing.

Characterization
The tensile test was carried out by Universal 
Testing Machine HT-2404. The samples were 
formed by following ASTM D882 standard.21  
The test was carried out in room temperature 

condition. Three samples in each variation were 
prepared for testing. After tensile test, all fractured 
samples were observed by USB digital microscope 
(PC endosc-te07). The magnification from 20X to 
800X with 8LED 3D zoom. The observation was 
conducted at room temperature.

Results and Discussion
Tensile Properties
There are three samples for each variation of RSP 
addition in PET. This testing aims to determine the 
capacity of the sample receive the tensile load. 
Figure 1 shows the tensile strength of all samples 
tested.

Fig.1: Tensile properties of all blend composite tested: (a) tensile strength, 
(b) tensile modulus and (c) strain at break

It can be seen that PET with 0wt% RSP (unfilled) 
has 5.94 MPa for tensile strength. This value is 

different with 5, 10, 15 and 20 wt% RSP in PET. 
This case is indicated by unpresented of RSP in 
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PET. The tensile strength of pure PET in this study 
was lower than native low-density polyethylene as 
the previous report.22 The addition of RSP in PET 
improved the tensile strength. It was proved by 
the addition 5, 10, and 15 wt% for 7.41, 7.62, and  
9.79 MPa, respectively. It is due to the strong 
interaction’s hydrogen bonds between two phases 
of PET and RSP.14, 23

However, 20wt% RSP in PET, tensile strength was 
reduced from 9.79 to 4.41 MPa. This is due to the 

presence of voids in this sample. This phenomenon 
is synchronous with the digital microscope image 
observation in Figure 2e. The changing phenomenon 
of tensile strength tendency is supported by 
tensile modulus (Figure 1b) and strain at break  
(Figure 1c). The addition of RSP in PET increased 
tensile modulus and decreased strain at break. It can 
be concluded, the presence of RSP in PET resulting 
in brittle fracture.12 A similar report was studied by 
Nguyen et al., (2016) and Beg et al., (2015).14, 22

Fig. 2: Fracture morphology of all sample tested: (a) pure PET,  
(b) 5wt%, (c) 10wt%, (d) 15wt%, (e) 20wt% in PET

Morphological in Fracture Section
Figure 2 shows the morphological fracture section 
of all blend composites tested by USB digital 

microscope. Figure 2a shows the fracture of pure 
PET sample. It can be seen that PET has a smooth 
surface and did not show any RSP in this section. 
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This is indicated by good dissolution of PET 
during melting and mixing process.22, 24 Different 
phenomena are shown by PET samples filled by 
RSP. The addition of 5 wt% in PET (Figure 2b) shows 
morphological changes in the form of brownish 
color with some voids formed. Besides voids, there 
are RSP particles are not perfectly gelatinized. This 
phenomenon is similar as shown by the 10 wt% 
in PET sample (Figure 2c). However, this sample 
showed an increase in mechanical properties due 
to the good mixing between RSP and PET.14

At 15 wt% RSP in PET (Figure 2d), the fracture 
morphology showed no void formed. However,  
the digital microscope shows some RSP is not 
perfectly gelatinized in PET. The mixture between 
RSP and PET is almost homogeneous which is 
indicated by the perfect brown mixture color. The 
homogeneous mixture produces a good hydrogen 
bond between RSP and PET.23-24 This is consistent 
with the results of maximum tensile strength in this 
sample.

Meanwhile, 20 wt% in PET sample (Figure 2e) 
showed a fairly large void. This affected in reduced 
tensile strength of the blend composites. It can be 
concluded that the formation of voids can reduce the 
transfer of stress to the matrix. This phenomenon is 
similar to previously reported about thermoplastic 
cassava starch reinforced kenaf fiber.25

Conclusion
The addition of RSP by 5 – 15 wt% in PET increases 
the tensile strength of blend composites. The 
maximum tensile strength was 9.79 MPa for 15 wt% 
RSP in PET. This result is supported by fracture 
morphology which indicated by good mixing between 
RSP and PET. Meanwhile, minimum void, perfectly 
gelatinized of RSP, hydrogen bonding between 
RSP and PET also become an important factor in 
increasing the tensile properties. The presence of a 
starch particle in polymer becomes new material as 
reinforcing agent. The addition of starch in synthetic 
polymer probably used as a potential application in 
the field of packaging application.
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