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ABSTRACT

CHARACTERIZATION OF COMPOSITE CONTAINING LDPE ( LOW DENSITY POLY
ETHYLENE) AND MODIFIED PINEAPPLE LEAF FIBER. Pineapple leaf fiber could be used as a reinforcing
material in natural fiber composites production with a synthetic polymer matrix. The typical problem in this
process was the weak bond between the fiber component and the matrix. This study aimed to improve the
bonds strength between pineapple leaf fibers and the polymer matrix of LDPE (Low Density Poly Ethylene)
by modifying pineapple leaf fibers. The modification of pineapple leaf fibers was carried out through an
enzymatic process using the xylanase enzyme. A modified fiber was then used as a fiber component in the
composite using a commercial LDPE plastic matrix. Composites were made by the sandwich method using a
hotpress machine at a temperature of 130 ° C for 10 minutes. The evaluation of the composites were carried out
by testing the tensile strength properties using the Tensolab tool and thermal properties using the TGA
(Thermal Gravimetry Analysis) instrument. The results of the mechanical properties test of the composite
showed the modified pineapple leaf fiber-based composite had a better tensile strength (34.3 MPa) than the
untreated pineapple leaf fiber-based composite (30.2 MPa). The results of the thermal properties test showed
the decreasing of the mass occurred at temperature of 300-350oC due to degradation of the fiber,and  it
completely degraded at temperature of 450oC.
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ABSTRAK

CHARACTERIZATION OF COMPOSITE CONTAINING LDPE ( LOW DENSITY POLY
ETHYLENE) AND MODIFIED PINEAPPLE LEAF FIBER. Salah satu potensi pemanfaatan serat daun nanas
adalah sebagai komponen penguat pada pembuatan komposit serat alam dengan matriks polimer sintetik.
Permasalahan yang timbul pada saat pembuatan komposit berbasis serat alam adalah ikatan yang lemah antara
komponen serat dengan matriksnya. Penelitian ini bertujuan untuk memperbaiki ikatan antara serat daun nanas
dengan matriks polimer LDPE (Low Density Poly Ethylene) melalui modifikasi serat daun nanas. Modifikasi
serat daun nanas dilakukan melalui proses enzimatik menggunakan enzim xylanase. Serat termodifikasi
selanjutnya dijadikan komponen serat pada komposit menggunakan matriks plastik LDPE komersial. Pembuatan
komposit dilakukan dengan metode sandwich menggunakan mesin hotpress pada suhu 130OC selama 10 menit.
Evaluasi terhadap komposit dilakukan melalui pengujian sifat mekanik kekuatan tarik dan mulur menggunakan
alat Tensolab dan pengujian sifat termal dengan menggunakan alat TGA (Thermal Gravimetry Analysis). Hasil
uji sifat mekanik memperlihatkan bahwa komposit berbasis serat daun nanas hasil modifikasi memiliki kekuatan
tarik lebih baik (34,3 MPa) dibandingkan dengan komposit berbasis serat daun nanas tanpa perlakuan (30,2
MPa). Hasil uji sifat termal menunjukkan bahwa terdapat kombinasi nilai pada tahapan degradasi antara serat
daun nanas hasil modifikasi dan LDPE. Pada suhu 300-350oC terdapat pengurangan berat akibat degradasi dari
serat, kemudian terdegradasi sempurna pada suhu sekitar 450oC.

Kata kunci: PALF, LDPE, Komposit, Xilanase
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INTRODUCTION

Nowadays, public awareness of degradable
material material is increasing.  It makes researchers use
natural materials for their research. Currently, researchers
have shown a wide interest in natural fibers for
applications in composites [1].  There are many plant
fibers available which has potential to be applied as raw
materials for composites such as pineapple, jute, kenaf,
ramie, bamboo, palm etc [2]–[7].  Pineapple leaf fiber
(PALF) was chosen for the study because it is a waste
product of pineapple cultivation and available without
any additional cost input. As  PALF is showing superior
mechanical properties, it has potential as fiber reinforced
composite [8]. In this research PALF is choosen as fiber
reinforced composite. It is expected to make a composite
with good mechanical properties from PALF as fiber
reinforced composite and LDPE as the matrix.

PALF show  lower degree of compatibility with
hydrophobic polymers due to its hygroscopic nature.
Existence of natural waxy substance on surface of fibre
layer provide  low surface tension, which does not allow
a strong bond with polymer matrix. However, the
literature suggests various methods to improve the fiber
surface to make it suitable for good interfacial fibre/matrix
bonding [9]. In this study, PALF treated with xylanase
enzyme before it used as fiber reinforced composite.

PALF was choosen as fiber reinforced composite
because it has a good mechanical properties. PALF was
treated with xylanase enzyme to rough the surface of
PALF. LDPE was choosen because it widely used but
easily disposed as waste. Combining treated PALF and
LDPE as a composite will obtain more valuable product.

Xylanase treatment will roughen the surface of
PALF so it wil increase the compatibility level between
the PALF and its matrix.  Pretreatment was used to
increase the work of xylanse enzyme in the surface of
PALF.

The aim of this research is to improve compatibility
level of PALF as composite by surface modification use
enzyme treatment. The surface modification of pineapple
leaf fibers was carried out using the xylanase enzyme. In
this research, composites were made consisting of  LDPE
(Low Density Poly Ethylene) as the matrix and pineapple
leaf fiber as composite reinforcement. The mechanical
and thermal properties of the modified from pineapple
leaf fiber composite  were then characterized.

EXPERIMENTAL METHOD

Materials and Equipments

Pineapple leaf fibers were used is a modified
pineapple leaf fiber from commercial pineapple leaf fiber.
The age of the fibers was 1.5 years old. However, as
long as the pineapple leaves reaches above 60 cm, it can
be used as fiber. The fiber was modified by using

Xylanase enzyme obtained from BPPT (Badan Pengkajian
dan Penerapan Teknologi) Research and Development
Indonesia. LDPE matrix used is from commercial LDPE
(Low Density Poly Ethylene) plastic for wrap. Britton
Robinson buffer solution was made using H

3
BO

3
, NaOH,

H
3
PO

4
, CH

3
COOH technical grade.

Main equiptment used in this study were
assembled hotpress machine with  power 2200 watts,
machine dimensions (64x80x65) cm, upper heater size
(30.5x30.5) cm, bottom heater size (40.5x40.5), heater
temperature scale (25-220)oC, hydraulic pump pressure
scale 0-700 bar (10,000 psi). Experiment done at
Politechnic STTT Bandung, and Center for Textile (BBT)
Bandung.Method and Procedure

Pineapple leaf fiber was modified using xylanase
enzyme after pretreatment. The pretreatment was done
using Na

2
CO

3
 (2 g/L) and teepol (2 g/L) solution.

Pretreatment was followed by rinsing several times, one
with hot water, rinsing and drying under ambient
conditions. Pineapple leaf fiber was subjected to
xylanase enzyme ( 8wt% with respect to the fiber) for
one hour under 70oC in Britton Robinson buffer solution.
The enzyme treatment was carried out at 1:40 liquor ratio.
Enzyme treatment finished with rinsing several times,
one with hot solution (contains 1 g/L TeepolTM 610S, a
mixture surfactant) and drying under ambient conditions.

Pineapple leaf fiber were cut to a length of 200
mm, which has same with the window frame (200x200
mm2). The method used in this experiment based on Miah
experiment on Jute fiber with several modification [4].
Composite were made using pineapple leaf fiber by
sandwich method. Composite were obtained by placed
the pineapple leaf fiber between the LDPE plastic.
Composite was arranged in a window frame of 200x200
mm2. Composite was made using hotpress machine with
135oC,  25 psi  for 10 minutes. The ration between fiber
and LDPE matrix is 25:75. There are two variation of the
fibers used as reinforce composites, the were raw and
modified pineapple leaf fiber.

Characterization

Characterization of the LDPE sample was carried
out using FTIR Spectrophotometer (Thermo scientific
USA, Nicolet iS 5 iD 5 ATR). Characterization of the PALF
and composite samples were carried out using FTIR
Spectrophotometer (Prestige 21 Shimadzu). The spectra
are recorded in the mid infrared region of 4000 – 400 cm-
1 in the absorption mode.

Mechanical properties of the composite was using
Mesdan Tensolab-5000 code 2515.  Preparation of tensile
specimens LDPE and its composites were cut to form
type I tensile specimens according to ASTM D638.
Composite samples tested for tensile strength and
elongation percentage. Composite morpology was
carried out using Mesdan lab video analyser stereo
microscope code 250F. Thermal Gravimetry Analysis
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(TGA) was carried out using TGA instrument (Thermal
Analysis System Type STA7300 Hitachi).

RESULT AND DISCUSSION

LDPE Characterization ( Low Density Poly
Ethylene)

LDPE used in this research was LDPE from plastic
wrap so it needs to characterized for conforming its
polymer type. FTIR result from LDPE sample are
presented in Figure 1. Peak appears at 2915,51 cm -1 and
2847,8 cm -1 corresponds to CH

2 
group, and peak at

1462,52  and 1471,647 cm-1 come from  C-H bond. Another
peak appears at 729,69 cm-1 show H-C-H group. Those
peaks correspond with  characteristic of LDPE reported
in literature [10].

FTIR result of LDPE presented the similar peak
with PE (Poly Ethylene) peak refference. This result
indicated that the tested polymer matrix is PE (Poly
Ethylene).

Morphology of Composites

Composites results show in Figure 2. The
morphology of raw PALF and LDPE composite was
showing the base color of the raw PALF. The impurities
of the fiber is clearly visible and the fiber in the composite
show a rigid fiber. The morphology of PALF (with
xylanase treatment) and LDPE composite was showing
a whiter color compared to raw PALF. Impurities are less
than the composite in raw PALF. The morphology of
PALF (with Na

2
CO

3
 pretreatment and xylanase treatment)

and LDPE composite was showing a whiter color than
raw PALF. Impurities are less than the composite in raw
PALF and the rigidity of the PALF is reduced.

Composite Characterization

FTIR Characterization

FTIR result among LDPE, pineapple leaf fiber and
composite show at  Figure 3.  FTIR result in Figure 3
presented that there is no new group formed at the
composite. This result indicates that there is no chemical
bond between pineapple leaf fibers and LDPE. The
bonding between pineapple leaf fibers and LDPE was
occured possibly through the interfacial adhesion
between pineapple leaf fibers and LDPE.

Tensile Strength

Tensile strength of  composites shown in
Figure 4.

Figure 1. FTIR Spectrum of used LDPE and polyethyl-
ene as compator. Red line is FTIR result of the used
matrix (LDPE plastic); purple line is FTIR result of poly-
ethylene pelets and the green line is FTIR result of poly-
ethylene powder.

Figure 2. PALF composites (a) raw PALF+LDPE (b) PALF with xylanase
treatment+ LDPE; (c) PALF with  pretreatment + xylanase treatment +
LDPE.

(a) (b)

(b)
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Results of the composite tensile strength
test showed that the tensile strength of the LDPE
matrix composites reinforced by pineapple leaf
fibers increased when compared to the tensile strength
of 100% LDPE matrix. From figure 4, it can be seen
that the greatest tensile strength value is found in
pineapple fiber with pretreatment and enzymes(1),
followed by pretreatment only(2), then enzymes(3) then
pineapple leaf fiber without treatment (original) (4) and
LDPE (5).

The rough surface enhanced the interfacial
interaction between the hydrophilic surface of the
fiber and the hydrophobic polymer matrix. Therefore,
this possibly explained an increase of tensile strength
of the composites when the fiber content was increased.
[11].  Interfacial adhesion between the fiber and the
matrix can cause stresses are easily transferred
from matrix to fiber and the mechanical properties
including tensile, flexural and impact strength are
improved [12].

The surface of the fiber which becomes rough
increases the interfacial interaction between the
hydrophilic surface of the fiber and the hydrophobic
polymer matrix resulting in an increase in the tensile
strength of the composite [11].

Percentage Elongation at Break

Percentage elongation at break of composites
shown in Figure 5.

The results of the composite tensile strength test
showed that the percentage elongation value of the LDPE
matrix composites reinforced by pineapple leaf fiber
decreased when compared to 100% LDPE matrix. The
largest percentage elongation value is found in the 100%
LDPE matrix about 856.08%. The addition of pineapple
leaf fiber as a composite reinforcement caused a decrease
in the percentage elongation value.We can consider that
fiber to be totally brittle and matrix phase to be reasonably
ductile. A fiber reinforced composite consisting of the
fiber and matrix material will exhibit the uniaxial stress-
strain response [13].   The elongation decreased with
increasing the PALF content for thermoplastic,
interpreting that the composites became stiff and brittle
upon fiber loading.  .

Modulus Elasticity

Modulus elasticity of composite shown at
Table 1. The modulus of elasticity is defined as the slope
of the stress-strain curve (σ-) in the elastic deformation
region [14].

The value of the stress-strain relationship of
LDPE composites and pineapple leaf fiber is different as
shown in Table IV.1. The modulus of elasticity of pure
LDPE shows flexible and resilient behavior with very
high percentage elongation values   while low modulus
and tensile strength. The addition of pineapple leaf fiber
increased the elastic modulus of the composite system

Figure 3. FTIR result among LDPE, pineapple leaf fiber
and composite.

Figure 4. Tensile strength of  composites.

Figure 5. Percentage elongation at break of composites.

Table 1. Modulus Elasticity of Composite

Sample 
Modulus Elasticity 

(MPa) 

Plastic (LDPE) 
Raw PALF (O) 
PALF +enzyme (E) 
PALF + Pre+Enzim (P+E) 

57.973               
233.197               
242.927               
314.708 
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to become more brittle. These results indicate that
pineapple leaf fibers improve the mechanical properties
of the composites [11]. The addition of pineapple leaf
fiber increased the tensile strength of the composite.

The modulus of elasticity of the composites that
had been treated with enzymes and pretreatment +
enzymes had a higher value than the composite fiber
from pineapple leaves without treatment. A large modulus
of elasticity indicates increased stiffness in the
composite. The higher stiffness of the composite with
pretreatment + enzyme treatment indicated a stronger
bond between the pineapple leaf fibers and the matrix. A
strong bond indicates the compatibility level between
matrix and fiber of the composite with treatment is higher
than the composite without any treatment.

Microscopic Characterization

The composites were  viewed in cross section
form using a video analyzer with a magnification of 189x.
Microscopic characterization results using a video
analyzer are shown in Figure 6.

The pineapple leaf fiber composites video
analyzer shows the interaction between pineapple leaf
fibers and LDPE, which is shown by the adhesion that
occurs between pineapple leaf fibers and LDPE. Surface
adhesion can be seen from the area of   fibers attached
to the matrix.

Thermal Property

Thermogravimetric analysis (TGA) curve of
pineapple leaf fibers at a temperature of 60oC to 100oC
showed a weight reduction due to dehydration. The
degradation of pineapple leaf fiber occurs in two stages.
In the first stage, degradation ranging from 250oC to 300oC
and about 7% weight reduction of pineapple leaf fiber
probably corresponds to the thermal degradation of
lignin and dehydrocellulose. In the second stage which
is the main peak, the maximum degradation temperature
is about 320-360oC with the biggest weight reduction.
This weight reduction is related to the thermal
degradation of dehydrocellulose [11].

The thermal stage which indicates the
degradation of lignin, hemicellulose and pectin is the
most important stage in the TGA testing of pineapple
leaf fiber. The temperature at this stage can be used to
analyze the thermal stability of pineapple leaf fibers.
Thermogravimetric analysis (TGA) on pineapple leaf
fibers showed that pineapple leaf fiber has more stable
thermal fiber properties and a higher working temperature
limit [15]. Pineapple leaf fiber has a greater OOT (Onset
Oxidation Temperature) value than other fibers. OOT is
defined as the maximum working temperature of each
fiber bundle before reaching a significant level of
degradation [16]. OOT can be identified as an important
part of the TGA curve. The OOT value of pineapple leaf
fiber which is greater than other fibers indicates that
pineapple leaf fiber has good mechanical properties.
Therefore pineapple leaf fibers can be used as reinforcing
fibers in composites, depending on the polymer used
[15].

Thermogravimetric analysis curve on LDPE
shows a one-stage degradation curve between 450-500oC
[17]. The graph is in line with the research of Satlewal et
al. Which states that the thermal degradation of pure
LDPE starts at 376oC and the total degradation of weight
loss starts at 466oC [17].

The TGA graph on the pineapple leaf fiber
and LDPE composites shows a combination of
the degradation stage between the pineapple leaf
fiber and the LDPE degradation stage. At temperatures
of 300-350 there is a reduction in mass due to fiber
degradation, then it is completely degraded at a
temperature of around 450. There are two peaks of weight
loss indicating the absence of chemical bonds between
PALF and LDPE.

The TGA graph of pineapple leaf fiber and
LDPE can be used as a reference in determining
the right temperature in the process of making
composites [11]. The temperature of the pineapple
leaf fiber composite and LDPE should not exceed
the degradation value of pineapple leaf fiber and
LDPE.

Figure 7. TGA Curves of PALF, LDPE and Composite.

Figure 6 . Cross section form of composites with
189x magnification (a) raw PALF+LDPE (b) PALF
with xylanase treatment+ LDPE; (c) PALF with
pretreatment + xylanase treatment + LDPE.

(a) (b) (c)
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CONCLUSION

. The pineapple fiber treated with Pretratment (P),
enzymes (E) and pretreatment + enzyme (P+E) increased
the performance of the tensile strength of the composite
with P+E treatment is the highest value of tensile strength
(34.3 Mpa). This result showed that enzymatic treatment
combine with pre-treatment (P+E) can improve the
compatibility level between PALF and LDPE as
composite.The results that have been obtained indicate
that the use of the xylanase enzyme is more
environmentally friendly when compared to using a
strong alkaline such as NaOH for the same purpose.
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