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The cellulose microfibers (CMF) from water hyacinth (WH) fiber as a filler in sago starch (SS) biocomposites was
investigated. The CMF was isolated by pulping, bleaching and acid hydrolysis methods. The addition of CMF in
sago matrix was varied i.e. 0, 5, 10, 15 and 20 wt%. Biocomposites were made by using solution casting and glyc-
erol as a plasticizer. The biocomposites were also determined by tensile test, FTIR, X-Ray, thermogravimetric,
SEM, and soil burial tests. The results show that the SS15CMF sample has the highest tensile strength of
10.23 MPa than those other samples. Scanning Electron Microscope (SEM) images show that the strong interac-
tion was formed between CMF WH and matrix. Fourier Transform Infra-red (FTIR) indicated that the functional
group of biocomposites was a hydrophilic cluster. The addition of CMF WH in sago starch biocomposites lead to
the moisture barrier, crystallinity, and thermal stability increased; it is due to the pure sago starch film was more
rapidly degraded than its biocomposites.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Synthetic plastic become serious problem in every country due to its
not environmentally friendly and resulting in waste pollution. These
cases were released Jambeck et al. [ 1] that Indonesia is the biggest coun-
try which produce plastic in ocean after China [1]. This is an emergency
phenomenon due to its effect in environment and society. Thus, many
researchers interest to develop the manufacturing bioplastic from
starch in one last decade.

Starch is a kind of biopolymer which can be obtained by extraction
from vegetable ingredients containing carbohydrates such as tuber
and cereal. Manufacturing starch-based bioplastic has been got a lot of
attention due to its biodegradability, low cost and abundant in earth
[2]. The finding of biodegradable material is needed to overcome the
waste pollution of synthetic plastic. Two last decades, many researchers
focused on natural fiber-reinforced polymer composites rather than
synthetic fiber-reinforced composites [3,4]. Most of polymer re-
searchers still use synthetic resin as a composite polymer matrix. The
disadvantage of composite from resin matrix is only partial degradation
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in environment. Therefore, to make fully biodegradable materials, we
have to use biodegradable matrix derived from natural materials as
well. Sago starch is one of the material candidates for biodegradable ma-
trix due to its commercially available throughout the world [5].

However, sago starch is brittle and resulting in poor mechanical prop-
erties. To overcome this weakness, plasticizer is added to starch which
can reduce the fragility of the material and improve the capability process
[6]. Apart from this, starch has a higher moisture absorption and low ther-
mal stability properties. The addition of cellulose fibers in starch matrix is
one of the efficient methods to improve the performance of starch-based
composites. The hydrophilic character of cellulose fiber and starch can
produce a good hydrogen bonding between the two. Fiber size also
plays an important role in properties of biocomposites [7,8]. The smaller
fiber size then resulting in higher contact surface area [9].

Nowadays, biocomposite based starch matrix have used as an alterna-
tive food packaging in substituting the synthetic plastic [10,11]. These
previous studied have reported that the main advantage of starch matrix
is low cost, abundant and biodegradability in environment [3,12]. The
tensile strength, thermal stability and moisture barrier of biocomposite
to increased [13,14]. Furthermore, several studies reported about the ad-
dition of cellulose fiber in microscale reinforced starch matrix. Various
sources of cellulose fiber were used to filled starch matrix biocomposites
such as oil empty fruit bunch, okara fiber, micro scale pulp water hyacinth
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Fig. 1. Isolation process of CMF WH: a) raw WH, b) pulping in digester process, ¢) pulped WH, d) bleached WH, and e) CMF WH after hydrolysis.

[15-20]. They just given pulping treatment in resulting micro cellulose
fiber. This treatment is considered to be insignificant to increase the sur-
face adhesion between fibers and matrix. Therefore, in this study, we
have isolated the CMF WH by pulping, bleaching and hydrolysis treat-
ment. According to previous report, three stage treatments above give
several advantages such as higher crystallinity and cellulose content
[17-19,21]. Then, CMF WH was prepared and filled in sago starch matrix
to produce biocomposites. They were characterized through SEM, tensile
test, X-ray diffraction (XRD), FTIR, Thermogravimetric Analysis (TGA),
moisture absorption and soil burial test.

2. Materials and methods
2.1. Materials

Water hyacinth fiber was obtained from Payakumbubh, Indonesia.
The isolation of MFC WH fiber was explained in methods. Sago starch
was purchased at local market in Padang, Indonesia. Glycerolunder
Brataco brand with density 1.255-1.260 g/mL was purchased from PT
Cisadane Raya Chemicals, Tangerang Indonesia. All chemical reagent
(pure analyst) for CMF isolation such as NaOH, KOH, NaClO,, acetic
acid and H,S04, were supplied from Faculty of Agriculture Technology,
Andalas University, Indonesia.

2.2. Preparation isolation of CMF WH

The isolation of CMF WH can be seen in. 1. The WH stem was sepa-
rated from leaves and roots. Then, it was cut along 10-20 mm and dried

under the sun for 3 days with water content 9-10% [17-19]. The lignin
and hemicellulose of WH fiber were removed by pulping digester (sim-
ple digester pulp) in 18% NaOH solution at 170 °C and 7-9 kg/cm? for 2 h
[22]. The pulped WH fiber was rinsed by distilled water until free from
alkali and continued by bleaching process with 5% NaClO,: acetic acid at
70 °C for 2 h. After that, the bleached WH fiber was neutralized then it
was hydrolyzed by 30% H,SO,4 for 30 min. The final product of CMF
WH was in dried granule fiber as in Fig. 1e.

2.3. Fabrication of CMF WH/SS biocomposites

The fabrication of biocomposites referred to previous report [23]. SS
was dissolved by aquadest (5% w/v) and CMF WH (% w/w from SS) with
different composition in matrix (see Table 1). Glycerol (30% w/w from
SS) was added as a plasticizer. Then, they were mixed become
biocomposite solution at 90 °C under constant stirring (300 rpm) until
gelatinized. The biocomposites gel was casted in rectangular acrylic

Table 1
The composition of CMF WH/SS biocomposites.

Samples Glycerol SS (g/40 ml) CMF WH (Wt% from dry

(g) Mineral starch basis)

water

SS film 0.6 2 0
SS5CMFWH 0.6 2 5
SS10CMFWH 0.6 2 10
SS15CMFWH 0.6 2 15
SS20CMFWH 0.6 2 20
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Table 2
Chemical composition of WH fiber before and after treatment.

Treatment Hemicellulose (%) Cellulose (%) Lignin (%) Extractive (%)
Raw 15.13 64.07 10.48 5.26
Pulping 14.27 68.96 8.38 3.67
Bleaching 5.09 83.06 6.74 134
Hydrolysis ~ 4.49 85.85 5.55 1.53

mold (dimension: 11 x 9.5 x 0.3 cm®). To remove an air bubble in
biocomposites gel, the rectangular acrylic mold was placed in ultrasonic
bath for 15 min. After that, it was dried in drying oven at 40 °C for 24 h.
The biocomposites film was stored in desiccator for 24 h before
characterization.

24. Fracture surface

The fracture surface of all samples after tensile test was observed by
SEM Hitachi 3400 Seri N. The voltage was operated at 10 kV. The test
was carried out in room temperature.

2.5. Tensile test

The tensile test of all biocomposites sample was determined by UTM
Strograph-R1 instrument with load cell 5 kN. All samples were prepared
and formed according to American Standard Testing Material (ASTM)
D-638. The crosshead speed and temperature during test were moni-
tored at 2 mm/min and 25 °C, respectively. The tensile test was carried
out by three times repetition for each sample variation [24,25].

2.6. Crystallinity index

The crystallinity index (CI) of biocomposites was studied by X-
Ray Diffraction (XRD) PANalytical. The XRD profile was recorded
by diffractometer ray circuit. The radiation was CuKo at wave
length 1.5406 A. The ampere and voltage were operated at 30 mA

é@glomefation

c § !/\.1'_

and 40 kV, respectively. The 26 degree was scanned in range
2-100° every 20°/min. The CI (%) was calculated by Segal's equa-
tion [26]:

I (%):%x 100 1)

where, I and I,,, were crystalline and amorphous region, respec-
tively. I was measured at 26 = 22.6°. Meanwhile, I, was deter-
mined at 26 = 18°.

2.7. Functional groups

The functional group of all sample tested was determined by FTIR
using Perkin-Elmer Frontier. All samples were formed in square film
1 cm x 1 cm. The spectrum was scanned from wavenumber
4000-600 cm ™! under resolution 4 cm™ 1.

2.8. Thermal stability

Thermogravimetric analysis was conducted by thermogravi-
metric analyzer instrument. All samples were tested under nitro-
gen atmosphere as heat source with 80 mL/min of speed. The test
was done in range temperature 30-600 °C. The heating rate was
20 °C/min.

2.9. Moisture absorption test

The biocomposites sample was cut 1.5 cm x 1.5 cm and dried until
constant weight in oven at 40 °C for 24 h. The test was done in moisture
container at relative humidity and temperature of 80% and 25 °C for
22 h, respectively. W, and W, were initial weight before test and final
weight of sample after measured in 30 min intervals, respectively. The
percentage of moisture absorption was calculated according to equation

Fig. 2. Fracture surface of biocomposite: (a) SS Film, (b) SSSCMF, (c) SS1T0CMF and (d) SS20CMF WH.
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Fig. 3. (a) Tensile strength and (b) stress-strain curve of all biocomposites tested.

below:

Wi—W,
0

Moisture Absorption (%) = x 100 (2)

2.10. Biodegradation test

Soil burial test method was used to determine the biodegradation of
biocomposites sample [27]. The studied soil was the community planta-
tion soil in Padang. The pH, water content and relative humidity were
6.5, 36.24% and 78%, respectively. All samples were dried in drying
oven at 40 °C for 24 h until constant weight and then weighted for initial
weight with precision balance. The samples were buried in soil for 5 and
15 days. After that, they were cleaned with distilled water and dried in
oven at 40 °C for 24 h. Then, they were stored in desiccator for 24 h be-
fore final weighing. The final weighing was done by precision balance
until constant weight. The percentage weight loss of all samples was de-
termined according to equation below:

- Wo—W;
=W x 100 3)

Weight loss (%)
where, W, and W, were the sample weight before and after burial in soil,
respectively.

3. Result and discussions
3.1. Chemical composition of WH Fiber

Chemical composition analysis was used to determine the percent-
age of cellulose, hemicellulose, lignin and extractive content in WH
fiber. The chemical composition of WH fiber before and after chemical
treatment is presented on Table 2. The untreated WH fiber (raw) has
cellulose, hemicellulose, lignin and extractive content for 64.07, 15.13,
10.48 and 5.26 wt%, respectively. The cellulose content in raw WH
fiber is lower than treated fiber. Giving chemical treatment is one of
the ways to reduce the non-cellulosic content and increase the cellulose
content. It can be seen that lignin and hemicellulose content decreased
after pulping process with NaOH. It is due to the broken of hydrogen
bond in cell wall structure of fiber [28].

Meanwhile, there is a significant improvement of cellulose content
after bleaching and hydrolysis process (Table 2). The cellulose content

increased 14% from pulping to bleaching process due to the removal
of hemicellulose and lignin content in WH fiber. Lignin reacted with
NaClO, and resulting in soluble lignin chloride compound [29]. After hy-
drolysis process, the cellulose content of CMF WH fiber has 85.85%. This
value is higher than previous study which reported about WH cellulose
fiber prepared by double acid hydrolysis [17-19].

3.2. Fracture morphological of biocomposites

Fracture morphology of biocomposites after tensile test is displayed
by Fig. 2. Generally, the morphological of biocomposite without filler
(SS film) is uniform, homogeneous and no porosity formation [30].
The addition of 5 and 10 wt%»CMF WH in SS matrix shows an agglomer-
ation fiber and porosity (Fig. 2b and c). It is indicated that in several

$520 CMFWH

§515 CMFWH

$510 CMFWH

W

$55 CMFWH

Intensity/a.u

SSFilm s

LN [N AN DNNLUNN NN B NN NN IR LI L INE GNLINN SELEN BNLINE SIS BN W
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

2 Theta ()

Fig. 4. XRD pattern of all biocomposites tested.
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Fig. 5. FTIR spectra of all biocomposites tested.

fracture point occurs a bad adhesion bonding between cellulose fiber
and matrix. However, the presence of cellulose fiber in starch matrix im-
proved the mechanical properties of biocomposites than SS film. Fig. 2d
displays non-homogeneous distribution of cellulose fiber in matrix due
to unperfect mixing of biocomposites during fabrication. According to
the previous report, unperfect mixing able to provoke the agglomera-
tion, porosity and bad adhesion bonding [17-19]. This phenomenon is
affected in decreasing tensile test.

a
100 4
B0 4
g
w
8 601
-
-
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@ = S5Fim
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123
3.3. Tensile strength

The tensile strength and strain at break of SS film and its
biocomposites are showed by Fig. 3. The tensile strength increased
with the addition of CMF WH in SS matrix (Fig. 3a). It can be seen that
the tensile strength of SS film is 3.77 MPa. It is lower than its
biocomposites due to there is no reinforcement in this sample. After ad-
dition as much 5, 10 and 15 wt%, the tensile strength increased signifi-
cantly become 7.12, 9.58 and 10.23 MPa, respectively. This
improvement is followed by decreasing of strain value (Fig. 3b). This
is due to a good interaction between cellulose fiber and starch [31]. An-
other phenomenon occurs in SS20CMFWH sample. There is a decreas-
ing in tensile strength from 10.23 to 10.06 MPa. This phenomenon due
to inhomogeneous distribution of fiber in starch matrix [32]. This case
is agreement with SEM and XRD observation.

3.4. Crystallinity index analysis

Fig. 4 shows diffraction pattern of SS film and its biocomposites. It
can be seen that all biocomposites have same pattern and the crystalline
area appeared with the addition of CMF WH in SS matrix. It is indicated
that biocomposites material included in semi-crystalline structure [30].
At Fig. 4, SS films did not show sharp peaks. It is indicated due to there is
no presence of cellulose fiber in matrix. Different phenomena are shown
by biocomposites sample. There are several peaks in the range 260 =
16-24° especially for SS15CMFWH and SS20CMFWH sample. The CI of
SS film, SSSCMFWH, SST0OCMFWH SS15CMFWH, SS20CMFWH was
14.01, 19.48, 19.95, 40.72, 33.98%, respectively. This case proves that
the presence of cellulose fiber in matrix give a rise the peaks and in-
creasing CI. It can be seen that the highest CI is owned by SS15CMFWH
and SS20CMFWH sample. According to previous research, increasing CI
also trigger an increase in tensile strength [17-19]. This is indicated by
the presence of cellulose fiber chains inhibit the movement of starch
polymers and resulting in brittle biocomposites [33]. This result is sup-
ported by the lower strain value with increasing cellulose fraction in
matrix (Fig. 3).

3.5. Functional group analysis
The chemical functional groups in CMF WH filled sago starch matrix

based biocomposites are presented in Fig. 5. IR spectra of all samples
had similar bands. There is no significant different between SS film

1.8 -
— SS Film
1.6 —— §5 5CMFWH
—— 5810 CMFWH
i —— 8815 CMFWH
. §S 20CMFWH
1.0
0.8 <
0.6 <
0.4 4
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0.0 4
0.2 4

T T T 1 1
200 300 400 300 600

Temperature (°C)

Fig. 6. (a) TGA and (b) DTG curve of all biocomposites tested.
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Fig. 7. Moisture absorption percentage of all biocomposites tested.

and its biocomposites. This phenomenon indicated that the addition of
glycerol or CMF WHF in sago matrix is not affecting the wavenumber
shift [22,23].

There are five different bands exist in all biocomposites sample i.e.
3298, 2926, 1647, 1353 and 1009 cm~'. The bands around
3298 cm ™ 'is indicated by OH stretching groups from SS and CMF WH
due to the presence of hydroxyl groups in in both of these materials
[17-19,34]. The vibration stretching CH occurred in band around
2926 cm™'. Meanwhile, the band around 1647 cm™' indicated by the
OH water absorption of natural hydrophilic starch and cellulose
[15,16]. This band appear in all sample tested. The band at 1353 cm ™!
and 1647 cm™ ! indicated of a strong and broad of CO stretch which is
a cellulose alcohol group [35].

3.6. Thermal stability

Thermal analysis of CMF WH filled starch based biocomposite is
shown in Fig. 6. There are three stage degradation temperature. The
first stage occurs below 100 °C due to moisture loss in all biocomposites
sample [36]. At the second stage, the degradation temperature starts
from 225 until 350 °C. During this process, the ether bonds and

e
70 + B 555 CMPWH
B SS10 CHPWH
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60 - EISS20 CMPWH
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£
w
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&
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Degradation time (day)

Fig. 8. The weight loss of all biocomposites tested due to biodegradation in soil.

unsaturated structures occur condensation between hydroxyl groups
of starch chains. In this stage, starch, cellulose and glycerol structure
were all degraded. The last stage occurs at temperatures above 350 °C
due to the residual disintegration produced in the previous conditions
[37]. From all stage, we can conclude that the highest thermal stability
was in SS20CMFWH sample with a remaining mass of 30.6% (Fig. 6a).
This result is supported by DTG curve (Fig. 6b).

It can be seen that the SS20CMFWH sample has the highest thermal
degradation of 332.71 °C with a thermal degradation rate of 0.95%/min.
It is due to good interaction of hydrogen bonding between CMF and SS
matrix [30]. This phenomenon was contradictive with SS film. SS film
has the lowest thermal stability. Its degradation temperature is about
328.08 °C with a degradation rate of 1.43%/min. This case is similar
with previous report [38]. Previous study reported about the addition
of fiber into starch matrix was successful improved thermal stability.
This is due to good adhesion bonding between fiber and starch which
resulting in little of sample weight loss [39].

3.7. Moisture absorption

The disadvantage of cellulose and starch-based biocomposites is the
high absorption of moisture due to its hydrophilic character. Fig. 7 dis-
plays the percentage of moisture absorption for 22 h. It can be seen
that there is a significant different between SS film and its
biocomposites. At the beginning, the sample absorbs a moisture in
high capacity. The moisture absorption percentage of SS Films,
SS5CMFWH, SS10CMFWH, SS15CMFWH and SS20CMFWH at 3.5 h is
28.58, 24.55,24.71, 23.37 and 23.01%, respectively. Moisture absorption
rate decrease towards to the saturation point at 5.5 h.

It can be seen that addition of CMF WH in SS matrix reduce the mois-
ture absorption. The lowest moisture absorption was in SS20CMFWH
samples. This is due to CMF is an organic substance has less hydrophilic
than SS. Another reason was indicated the role of CMF WH as barrier
agent of water molecule when diffusing in to matrix.

3.8. Soil burial test

Biodegradation testing of biocomposites was carried out by burying
the sample in the soil. The percentage weight loss due to biodegradation
is presented in Fig. 8. The highest percentage of weight loss was in
SSFilm and SSSCMFWH after 15 days. This phenomenon is indicated
by the absence of fibers in SS matrix. This sample easily broken down
by microorganisms. Another case occurred in SS20CMFWH sample
where it has the lowest weight loss. This is due to the role of CMF WH
in SS matrix as a barrier agent to prevent microorganisms. Previous re-
search also showed the similar case that the addition of montmorillon-
ite in poly (butylene succinate) matrix reduced the biodegradation rate
[40].

4. Conclusions

The biocomposites based CMF WH and SS matrix was successfully
produced through solution casting method. The presence of CMF WH
in SS improved tensile strength, thermal stability and CI. The maximum
tensile strength was 10.23 MPa achieved by SS15CMFWH sample. There
is no significant change in functional group with the addition of fiber in
matrix. The lowest moisture absorption was in SS20CMFWH for 23.01%.
The addition of fiber in matrix also reduced the biodegradation rate in
soil. This biocomposites is suggested for food packaging application
due to its excellent properties and environmentally friendly.
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