BIOENGINEERED Tavlor & F .
2019, VOL. 10, NO. 1, 659-667 e aylor & Francis
https://doi.org/10.1080/21655979.2019.1688127 Taylor & Francis Group

RESEARCH PAPER 8 OPEN ACCESS

Improving the properties of straw biomass rattan by corn starch

Yifan Dai*®, Yue Qiu*®, Junyang Jin®®, Qi Jia®, Surendra Sarsaiya®, Zhihao Wang®°, Wang Xin?,
and Jishuang Chen ®2

2College of Biotechnology and Pharmaceutical Engineering, Nanjing Tech University, Nanjing, Jiangsu, China; Bioresource Institute for
Healthy Utilization (BIHU), Zunyi Medical University, Zunyi, Guizhou, China

ABSTRACT ARTICLE HISTORY

As a kind of renewable resource and natural biomass, starch has been widely used to substitute plastics in Received 30 June 2019
the modern industry and is regarded as one of the most promising biodegradable materials. The newly ~ Revised 29 October 2019
developmental rattan, straw biomass rattan (SBR) as weaving material, has been exploited as per our ~ Accepted 30 October 2019
previous work, which possessed advantages of both natural rattan and pure plastic rattan. The main  keywoRrbps

objective of the work was to improve the properties of SBR by corn starch (CS). Based on the manufactur- Corn starch; straw biomass
ing of the above composites, the experiments of SBR that enhanced with CS on mechanical properties, rattan; mechanical
melting performance, hydroscopicity, thermogravimetric analysis, and microstructures were tested in this properties; melting

study. The results revealed that when the content of CS increased gradually within the range of 0, 3, 6, 9 performance; hydroscopicity;
12, and 15 wt.%, the mechanical properties and melt index of the composite both increased first and then microstructures
decreased, with 6 to 12 wt.% as the optimal dosage range. In contrast, the water absorption of SBR kept

increased in this range, indicating an easier biodegradable. With CS added, the microstructure of SBR was

examined by scanning electron microscope and found the microscopic surfaces and sections to become

smoother, and that could improve the compatibility and tenacity between the materials. As a result, CS in

moderation can be used as a supplement to enhance SBR, and improve their characteristics which will

enhance the mechanical properties of the composites for future perspectives.

1. Introduction materials. But in the use process of these materials,
the negative effects were occurred frequently [1].

In modern rattan weaving industry, the natural rattan 1 .
5 Ty Natural rattan cannot be produced in high quantity,

and pure plastic rattan are the main weaving
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its price was increased invariably due to it was mainly
produced in southeast Asia and these countries lim-
ited the export of natural rattan [2]. Moreover, it was
considerably easier to become fading, embrittlement,
strength reduction and damage by insects. Generally,
weaving industry chooses to immerse the rattan in
paint or liquid reagent to alleviate this problem. These
approaches violate the concept of environmental pro-
tection and neither economical nor healthy. Based on
this situation, pure plastic rattan has occupied more
and more market share with its favorable anti-insect,
anti-mildew effect, stable quality and mass production
[3]. However, the white pollution caused by the use of
plastic makes it difficult to establish a foothold in the
high-end furniture industry which makes to find new
alternatives becomes necessary.

As new environmental protection material, straw
plastic composites (SPC) was produced by a special
process which based on utilize modification technol-
ogy to increase the interfacial compatibility between
straw fiber and polymer [4]. It had been paid great
attention and was widely used in plentiful areas such
as daily necessities, furniture industry, municipal
engineering, automobile industry and the like [5].
Actually, the raw materials of SPC are not limited to
straw and add in different biomass will give SPC
diverse functional characteristics [6]. For instance,
the addition of wormwood powder or coffee grounds
will make the composites with fragrance and could let
it has been improvements in deworming and refresh-
ing. As the combination of SPC and pure plastic
rattan, straw biomass rattan (SBR) has already created
by us which has the advantages of both natural rattan
and pure plastic rattan. It can not only be made in
quantity production and variety of shapes, but also
with benign tactility and excellent mechanical proper-
ties. Furthermore, it is able to satisfy the weaving
requirements after practical experiences by manufac-
turers and has already applied to chair, table, hand-
work, packaging and so on.

At present, the straw leads to severe environmental
pollution and resource waste [7]. Its processing meth-
ods include chemical, physical, and biological meth-
ods [8-10]. Straw fibers, which have strong polarity
due to their unique structure and composition [11].
On the contrary, the polyethylene matrix is consid-
ered to a nonpolar polymer because it has no polar
groups on the side chain and exerts fortissimo hydro-
phobic [12]. Based on the above, straw fibers have

poor compatibility with the polyethylene. Therefore,
the modification between the materials in SPC pro-
cess is necessary. Microscopically, this step could
reduce the polarity of the straw fiber and improve
the interfacial strength between fiber and polyethylene
matrix. From a macroperspective, the mechanical
properties of the composites could be increased
within limits with the improvement in compatibility
of the fiber—polymer interface [13].

Besides wheat and corn grains, there are abun-
dant starchy feedstocks, such as wasted crop, cer-
eal bran, and potato peels [14]. Starch, as a natural
polymer and can be completely biodegradable is
supposed to have great potential to substitute plas-
tic [15]. However, the decomposition temperature
of starch is lower than the melting point which
results in the material almost have no plasticity
[16]. Besides, another factor that limits the appli-
cation of starch is its strong water absorption
which will accelerate the aging of materials in
mechanical property [17]. The main aim of this
research was to obtain the effects of CS addition
on the properties of SBR. The above effects in this
article include mechanical properties, melting per-
formance, hydroscopicity, thermal stability, and
compatibility in microstructures.

2. Materials and methods
2.1. Materials

Wheat straw (WS), size about 40 to 60 meshes,
was collected in Shenqiu County (Zhoukou city,
Henan province, China). Linear low-density poly-
ethylene (LLDPE, DFDA-7042, Sinopec Yangzi
Petrochemical Co., Ltd. China) was the matrix
material of SBR. The filler was talc powder (1250
meshes, Suzhou Mingjiang Special Chemicals Co.,
Ltd. China) and used to enhance the rigidity of
composite. Maleic anhydride grafted polyethylene
(MAH-g-PE, Polymirae Co., Ltd., Korea) was used
as the modifying agent to promote fusion between
straw and LLDPE. Similarly, the silane coupling
agent (KH-550, Sinopec Yangzi Petrochemical Co.,
Ltd. China) was to change the compatibility
between talc powder and LLDPE. Corn starch
(CS, Qinhuangdao Lihua Starch Co., Ltd.), which
was almost the size of about 800 to 1250 meshes
used as an intensifier in this study.



2.2. Preparation of the materials

First of all, the WS and CS were placed in drying
oven (GZX-9246, Shanghai Boxun Medical biolo-
gical instrument Co., Ltd. China) under 80°C for
24 h to ensure that its moisture content below 5%
to prevent foaming phenomenon in the materials.
The moisture content was determined by using
moisture analyzer (MA35M-000230V1, Beijing
Sartorius Scientific Instruments Co., Ltd. China)
and the parameter setting as following: the setting
temperature was 105°C while the time period was
60 min. The modification of WS and talc powder
was initiated in a high-speed mixer (SHR-50A,
Zhangjiagang Gelan Machinery Manufacturing
Co., Ltd. China). 75 wt.% WS was homogeneously
mixed in the mixer with 20 wt.% talc powder and
5 wt.% silane coupling agent under the set tem-
perature of 120°C for at least 10 min. At the end of
this process, the modified powder was obtained.

2.3. Product fabrication

Primarily, the production of SBR needs to be pelletted
to guarantee the experiment can be conducted
smoothly. A varying weight fraction (0, 3, 6, 9, 12,
and 15 wt.%) of CS was blended with (85, 82, 79, 76,
73 and 70 wt.%) pure LLDPE, respectively. Then, mix
the blend with 5 wt.% MAH-g-PE and 10 wt.% mod-
ified powder by using a laboratory pan at indoor
temperature. Afterward, the mixture was poured
into atwin-screw extruder (120, Nanjing Kebeilong
Machinery Manufacturing Co., Ltd. China) to acquire
biomass granule and its parameter setting as following
in Table 1.

SBR was extruded by add biomass granule into
a single-screw extruder (P55 & ®30*2, Yaoan
Plastic Machinery Co., Ltd. China) and its parameter
setting as following in Table 2. The extrusion tool of
this machine was four-wire rattan with a width of
10 mm and a thickness of 1 mm.

2.4. Property test

2.4.1. Mechanical property analysis

The mechanical properties about SBR in this paper
include the tensile strength and elongation at
break which could reflect the actual carrying capa-
city and elastic property. The measuring method
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Table 1. Technological condition of granulation.
Parameter name

Parameter setting

| area temperature 160°C
Il area temperature 160°C
Il area temperature 160°C
IV area temperature 170°C
The outlet temperature 180°C
Main engine rate 400 r/min

Table 2. Technological condition of extruding.
Parameter name

Parameter setting

| area temperature 160°C
Il area temperature 160°C
Il area temperature 160°C
IV area temperature 170°C
The outlet temperature 180°C
Main engine rate 400 r/min
Feeding rate 40 r/min
Traction driver frequency 3.0
Winding driver frequency 1.5

of these two indexes was conducted by ASTM
D 882-02 (standard test method for tensile prop-
erties of thin plastic sheeting) and determined with
a universal testing machine (UTM-1422, Chengde
Jinjian Testing Instrument Co., Ltd. China) [18].
The test conditions were set as follows: the length
of each sample was 36.5 cm while the rate of
extension was 50 mm/min and the standard spa-
cing of the sample was 50 mm. The set fracture
factor was 0.5. There were five test samples for
each formula.

2.4.2. Melting performance analysis

The melt index was indicated the fluidity of plastic
materials during processing while the melting per-
formance of disparate CS content in SBR was
tested by melt flow rate meter (FMI-1221,
Chengde Jinjian Testing Instrument Co., Ltd.
China) with ASTM D 1238-04a (standard test
method for melt flow rates of thermoplastics by
extrusion plastometer) [19]. The experimental
parameters of the machine were set as follows:
the test temperature was 190°C, while the test
load was 5 kg. The times of shear for each sample
was 5, while the shear time interval was 10 s.

2.4.3. Hydroscopicity analysis

In this test, the hydroscopicity of SBR in 7-day was
measured by following ASTM D 570-98: standard
test methods for water absorption of plastics [20].
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First, every representative specimen was processed
to a size of 60 mm x 60 mm x 1 mm and had five
parallels for each specimen. Second, all of speci-
mens were dried in the oven at 105°C for about 24
h and then removed to a desiccator before weigh-
ing by an electronic analytical balance (Shanghai
Youke Instruments Co., Ltd. China) with the bal-
ance precision of 0.0001 g. Then, every specimen
was immersed into a distilled water bath at 24°C
for 168 h. At the end of the immersion period, the
specimens were removed from the water and the
water on the surface was wiped off with a clean dry
towel prior to weighing them. Percentage increase
in weight during immersion was calculated to the
nearest 0.01% using the following formula:

W, — W,

W,%:<
1

> x 100%

Equation 1. Percentage increase in weight dur-
ing immersion. Note: W is water absorption. W is
the conditioned weight of the specimen. W, is the
wet weight of the specimen.

2.5. Thermogravimetric analysis (TGA)

TGA is measuring the relationship between the mass
of material and temperature. The thermal stability of
the pure LLDPE, raw CS and SBR with none CS, 15 wt.
% CS was assessed by synchro thermal analyzer (STA
449F3, Netzsch Scientific Instruments Trading Co.,
Ltd., Germany). The test was done in a nitrogen (N,)
atmosphere under a flow rate of 60 mL/min to prevent
oxidation. Approximately 20 mg of each sample was
placed on a platinum pan and heated from ambient
temperature to 600°C at the heating rate of 10°C/min.

2.6. Scanning electron microscopy (SEM)

SEM of the SBR with none CS and 15 wt.% CS was
used to evaluate the consistency between materials.
In this observed test, the surfaces and sections of the
SBR were examined with a scanning electron micro-
scope (SU8010, Hitachi Manufacturing Co., Ltd.,
Japan). In addition, the reason about enhancement
of material mechanical properties by CS in the poly-
mer matrix was discussed. The selected specimens
were frozen in liquid N, for 60 s before fracture it,
and then observed the sections of it. Afterward, the
processed specimens were mounted on a copper

plate with a black sticky band and sputtered it with
gold prior to take microscopic analysis.

3. Results and discussion
3.1. Results of mechanical properties

3.1.1. Tensile strength

As shown in Figure 1, the tensile strength of varying CS
content on SBR is summarized. The results show that
with the CS content increased, this index increased up
firstly and then turn decreased. When the CS content
reaches to 9 wt.%, the tensile strength of SBR keeps at
a high level and reaches to a maximum of 9.96 MPa
which resembles pure LLDPE rattan. When CS reaches
an appropriate proportion, the blend has a preferable
binding force with polymer, which forms stable blends
and improves their mutual affinity and compatibility.
The principal reason for the tensile strength increased
could be that the CS acted as ‘plasticizer when it
dispersed in the LLDPE matrix. Therefore, the compo-
site ultimately exhibits a benign mechanical property.
With the CS was added in excess of 9 wt.%, the tensile
strength decreased gradually. This result could be due
to the presence of excessive CS, and redundant CS
particles agglomerated into clusters and cohered in
stress concentration points. Meanwhile, CS had poor
dispersion in LLDPE matrix which greatly influenced
the continuity of rattan. Eventually, the composite
might undergo fracture in this stress concentration
point when an external force is applied.

3.1.2. Elongation at break

Elongation at break versus CS content of SBR is
shown in Figure 2, the value is first increased and
then slightly decreased. The peak value of elongation
at break reaches 532.44%, while the CS content
accounted for 12 wt.%. However, it is still inferior to
LLDPE which reaches about 700%. With CS addition,
this indicator reveals a great difference. A small
amount of CS could enhance greatly elongation at
break in SBR. The principal reason for this phenom-
enon could be the grain diameter of CS is 800 to 1250
meshes which size is small and easier to disperse in the
blend, then enhanced the continuous phase of the
composite. When the specimens were continuously
under stress, each rattan underwent elastic deforma-
tion and was not able to return to the previous shape.
Consistent with tensile strength, elongation at break
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Figure 1. Tensile strength versus CS content of SBR.

700
600 1
500 1
400 1

300

Elongation at Break (%)

200

100

H

Corn Starch Content (wt. %)

Figure 2. Elongation at break versus CS content of SBR.

of the composite decreased in the end due to CS
progressively increased which was conglomerated.
Two aspects in the mechanical properties of the
rattan have a similar difference dynamic trend. To
summarize, tensile strength and elongation at
break of the rattan were at high levels when the
CS content was 9 wt.% and 12 wt. %, respectively.

3.2. Melting performance

The melting performance of CS as reinforcement
in SBR is presented in Figure 3. With the increase
of CS, the melting index of SBR increased
obviously and after more than 6 wt.%, it shows
a downward trend. In a certain range, CS due to
the small particle size and serve as lubricant had

preferable dispersion in the LLDPE matrix which
could enhance the flow performance of the SBR in
order to reduce the loss of the machine [21]. As
the CS content further increased, starch was agglu-
tination together and even exposed to the surface
of the blend, thus causing plugging in the material
which makes its melting performance terrible. In
brief, the composite shows a great melting perfor-
mance when CS content reached to 6 wt.% and
even a little more than pure LLDPE.

3.3. Hydroscopicity

In Figure 4, the effect of CS on 7-day water absor-
bency of SBR has been demonstrated. Overall, the
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Figure 3. Melting performance versus CS content of SBR.

higher CS content in the rattan, the higher the SBR
water absorption. This can be explained as
a higher moisture absorption and more hydrophi-
lic tendency of the starch, part of which after being
made into SBR was exposed to the air rather than
wrapped in the LLDPE matrix [22]. On the surface
of the composite, CS was not wrapped with poly-
mer and direct contact with water which result in
the composite material with starch has poor water
resistance. In the employ of composites, their
waterproofness played an important role which
will not only affect the mechanical properties of
the composite but also affect the service life of
them [23]. However, it enhanced the biodegrad-
ability of SBR in use [24].

9 12 15
n Starch Content (wt. %)

3.4. Thermogravimetric analysis (TGA)

The thermogravimetric analysis was conducted to
determine the thermal stability of pure LLDPE, raw
CS and reinforced SBR with none CS and 15 wt.% CS.
The TGA and DTG (differential thermal gravity)
reading curves of the above materials are shown in
Figures 5 and 6, respectively. Weight loss in the ther-
mal degradation process of CS occurred in two suc-
cessive phases. The initial weight loss of the starch was
occurred in the temperature range of 35°C to 105°C
due to the evaporation of moisture. The eventual
weight loss (280°C to 350°C) was associated with the
oxidation degradation of starch molecules [25]. For
pure LLDPE, the weight loss of it has only one phase

Absorption (%)

Water

12
Corn Starch Content (%)

Figure 4. Hydroscopicity versus CS content of SBR.



and proceed in around 410°C to 500°C. Because of the
addition of biomass, the thermostability of composites
has changed remarkably but both worse than pure
LLDPE. On the basis of DTG graphs, the maximum
decomposition rate of CS is at 310°C while the other
materials are both at around 470°C. With the addition
of biomass, the thermal degradation onset tempera-
ture of overall composite materials was in advance to
around 310°C which signified the composite pre-
sented lower thermal stability than pure LLDPE.

3.5. Scanning electron microscopy (SEM)

Examination of surfaces about the rattan with none
and 15 wt.% CS content is shown in Figure 7. These
SEM images express that with the addition of CS, the
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surface of SBR appeared smoother in microstructure.
This can be interpreted as CS increased the texture of
SBR and the compatibility between materials.

The micrographs in Figure 8 show the structural
difference in the sections of SBR between before and
after CS addition. Obviously, the section appearance of
the composites is significantly changed. The section of
SBR with none CS was emerged larger porosity than
another specimen. This can be attributed to CS increased
the continuity of SBR. These results are consistent with
the mechanical properties of the composites above.

4, Conclusions

The mechanical properties of SBR in this paper
mainly refer to tensile strength and elongation at

100
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Figure 5. TGA versus CS content of SBR.
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Figure 6. DTG versus CS content of SBR.
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Figure 8. The sections of SBR with none (c) and 15 wt.% (d) CS content.

break which values both increased up firstly and then
turned decreased. The elongation at break of SBR was
greatly affected by the addition of CS. Only added 3
wt.% CS could make this index increase triple. When
the CS content was 9 wt.% and 12 wt.%, tensile
strength and elongation at break of the composites
were at high levels, respectively. The melting perfor-
mance of SBR had a similar dynamic trend with
mechanical properties and the optimal number con-
tent for this index was 6 wt.%. Based on starch is
hydrophilic, the water absorption of the SBR was
still rose with the CS increased which indicated the
good degradation of it. The principal reason could be
that the starch was exposed to the surface of the
composites and directly contact with air rather than
wrapped in the LLDPE matrix.

The TGA analysis revealed that CS had a relatively
lower thermal degradation temperature (around 280°C
to 350°C) than pure LLDPE (around 410°C to 500°C).
Moreover, the thermal stability of SBR was reduced
slightly with the addition of biomass. The SEM micro-
graph analysis clearly demonstrated that the surfaces
and section structure, respectively, changed remark-
ably following the addition of CS which can be attrib-
uted to increased compatibility and continuity between
materials. Accordingly, this phenomenon could

confirm the CS enhanced the mechanical properties
of the composites.
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