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Abstract: The possibility of using cellulose from the cell walls of kenaf, an annual herbaceous crop, for the
production of bicomposites was investigated in this study. The composites were prepared using LDPE, as a
matrix, the extracted cellulose, as filler and PEG as a plasticizer. The characterization of biocomposites was then
performed with optimized thermo-mechanical properties and propensity to environmental degradation. This
paper focuses only on the mechanical properties including tensile strength, flexural and Izod impact tests. The
results  showed that the mechanical properties of the composites was decreased slightly as the cellulose
content increased from 0 to 50 wt % in the biocomposite formulation. It is interesting to note that in all
treatments, the mechanical behavior of biocomposites retained in an acceptable level of strength. These
findings were confirmed by the SEM study. Consequently, the suitable bicomposite material for food packaging
was successfully obtained.

Abbreviations: LDPE, Low density polyethylene; UPM, University Putra Malaysia; SEM, scanning electron
microscopy; PEG, polyethylene glycol; PE, polyethylene; PP, Polypropylene; Ts, tensile
strength; Is, impact strength; Fs, flexural strength; OH, hydroxyl
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INTRODUCTION production of disposal or packing materials causes many

The  most important  function  of  a  packaging and solid waste management. Latest and harder ecological
material is the preservation of the packed goods quality policies compulsives industries like packaging to look for
for storage, transportation and end-use. The quality of new materials [4]. 
package depends on its materials [1]. Plastic materials According to numerous excellent review papers by
(polymers) are one of the most important materials that are Weber [5], biobased food packaging materials can be
used in food packaging due to their advantages that are used for food applications. However, biocomposites
reflected in their physical, mechanical and chemical including  biofibers  (natural   fibers)   and  matrix
properties. They are stable in ambient and many hostile polymers like PE are an opportunity for overcoming the
environments and not subject to degradation in normal environmental problems. LDPE, a type of thermoplastic
use [2]. Among plastics, PE is the most widely  used polymer with – (CH  CH )  – structure, is used as
mass-produced   plastic  especially  in   food  packaging. packaging material in the pharmaceutical and cosmetic
It is one of the usual synthetic polymers with high industries  as  well  as  foods,  toys  and  cleaning  agents
hydrophobic level and high molecular weight. In natural [2, 6]. LDPE has a highly branched chain that makes it a
form, it is not biodegradable. Thus, their use in the flexible, stretchable material [7]. 

problems [3]. The main problem is environmental pollution
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From natural fibers, kenaf (Hibiscus cannabinus L.) On the other hand, the most important problem
is  an  annual  herbaceous  crop   of   the  Malvaceae
family with many environmental advantages and good
mechanical properties. People have skillfully used kenaf
since very old times, usually as rope, canvas, sack [8-10].
A considerable amount of literature has been published
on kenaf and it has been used as an alternative raw
material to wood in the pulp and paper industries to
reduce the damage cause to the jungle [11, 12]. Kenaf
plant includes three main parts: the flower, the outer fiber
of stalk; "bast" or “bark” and the whiter, inner fiber of
stalk; "core". The kenaf whole stalk and also bast fibers
have many potential specific uses, including paper,
textiles and composites. The chemical composition of
kenaf is mostly including cellulose and lignin which the
amount of cellulose in the bast is more than core [13-15].

Cellulose with molecular formula C H O  (OH)6 7 2 3

purifies from the cell walls of plants. It is a linear
homopolymer (polysaccharide), composed of long,
unbranched chains of 1, 4-  glucose units, as its
monomer which contain alcoholic hydroxyl groups (OH).
In cellulose, hydrogen bonded to adjacent glucose chains
are forming microfibril polymers. The microfibrils provide
rigidity and strength. Cellulose utilizes as filler in the
production of some plastics, in fiber form as packing
material and in pharmaceutical practice. The absence of
side  chains  in cellulose allows these linear molecules to
lie close together. Because of the many -OH groups, as
well as the oxygen atom in the ring, there are many
opportunities for hydrogen bonds to form between
adjacent chains [13, 16-20]. Although the chemical
structure of cellulose from different natural fibers is the
same,  the place of origin and climatic conditions affect
the physicomechanical properties of them [21]. Therefore,
cellulose from kenaf tree is almost new material for
production of biocomposites. 

Due to infusibility and insolubility of cellulose, it is
usually converted into derivatives to make it more
processable. Some important derivatives of cellulose
include ethers like methyl cellulose, esters such as
cellulose   acetate.   However,   a   little   attention  has
been given to these materials in efforts to develop
biodegradable  plastics.  Slow  degradation  rates,  high
cost and processes which generate some noxious
discharges are likely reasons [17, 22]. There are some
good  studies  using cellulose derivatives in production
of biocomposites, however, there is little literature about
pure cellulose.

associated with the processing of natural fiber-filled
systems includes poor compatibility between the
hydrophilic natural fiber and the hydrophobic matrix [23].
To overcome the major issue such as dispersion of fiber
in the matrix and fiber-matrix interaction, plasticizers can
be played as an important role in bonding of hydrophilic
cellulose and hydrophobic PE. In fact, most of plasticizers
are very hydrophilic and hygroscopic so they can attract
OH groups of cellulose molecules and form a large
hydrodynamic complex. Among plasticizers, PEG has been
noted for being a biocompatible, lubricating, non-toxic,
odorless, neutral, water-soluble, solvable in many organic
solvent, nonvolatile and nonirritating and is used in a
variety of applications [24, 25].

In addition, a major problem with natural fibers is
their mechanical properties [14]. Most of the literature
reviewed indicates that only a little work was done on
pure cellulose and PE. Generally, most activities were
done on composites containing lignocellulosic fibers and
starch  from  different  sources  [26-29]. However, little
work was done on fibers from kenaf as a fiber source.
Additionally, there are almost no literature available on
the cellulose reinforced composites and PEG as plasticizer
for PE biocomposites. The study of Kaczmarek et al. [30]
is an example which the mechanical properties of PP and
cellulose (5-30%) composites tested are lower than those
for PP alone but the influence of cellulose amount on the
mechanical strength of composites is insignificant. Also,
in  investigation  of  mechanical   properties   of  linear
low-density poly (ethylene-co-butene) (PE) or maleated
linear low-density poly (ethylene-co-butene) (M-PE) and
cellulose composites, composites prepared with M-PE
presented  yield  stress  and  elongation  values  higher
than  those  of  composites  prepared  with  PE, showing
the  compatibilizer  effect  of maleic anhydride [31].
Nawang et al. [32] investigated the effect of filler volume
fraction on the mechanical properties of sago starch and
LLDPE biocomposites. The Ts and elongation at break
decreased with increasing starch content,while the
modulus increased. Also, the presence of high starch
content (> 30%, w/w) had an adverse effect on the
mechanical properties of LDPE/starch blends [33]. It has
also been suggested that the increase of the starch
amount into the LDPE matrix was responsible for the
reduction on mechanical properties of the composites, in
comparison with pure LDPE [34]. Unfortunately, most of
these literature reviews are about starch,while it is a good
source for human food. 
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As mechanical properties are very important for is prepared based on medium biobased content product
biopolymers, this paper is concerned with the (21-50  % biobased content). The different formulations
methodology used for evaluating the mechanical for producing of LDPE- cellulose biocomposites are
properties of cellulose-LDPE composites, focusing on the shown in Table 1. 
tensile strength, flexural and izod impact key tests as well
as morphology. Compression-Molding: The composites obtained from

Experimental Machine for grounding of composite sheets. Composites
Specimens  Preparation: Kenaf, Variety V36, was were placed in the mold of size 15 cm × 15 cm with
obtained  from  INTROB, UPM. It was converted into thickness of 1 mm at 120 °C, 5 minutes for molding time
kenaf fiber through following procedures [13]: the best and the same for cooling time.
part of the kenaf stems was separated from the core, were
spread in the  Lab  and  dried  in  the  environmental Mechanical Characteristics: Samples’ dimensions for
condition for 2-3 days. The dried basts were then cut into mechanical testing were prepared according to ASTM
small pieces and were put in the plastic bags. The samples standards. To obtain the mechanical properties, tensile
were then ground using a Wiley Mill and were sieved strength, flexural and impact izod tests were performed for
using a shaker with pass 40 mesh (0.40 mm). The powder all the specimens. 
which passes through the 0.40 mm mesh is called kenaf Tensile Properties All specimens with thickness 1 mm
fiber that was kept in the refrigerator for the next were cut into dumbbell-shaped according to the ASTM
experiments. D63M-98. Tensile strength (Ts) was determined using 7

After  that,  the  cellulose  extraction  processing specimens for each composition by an Instron Universal
from kenaf fiber was carried out according to ASTM Testing Machine 4302  with  a  load  capacity  of  1  KN.
No.D1103-60 and using method of Han and Rowell [13]. The cross-head speed was set at 5 mm/minute.
The obtained cellulose was packaged under vacuum Izod Impact Test Impact bars were obtained by
condition for using in the next steps. cutting specimens in rectangular- shaped. The size of

Melt Blending: LDPE, 0.923 g/cm density, 6.0 g/10min width and 62 mm length according to the ASTM D256-3

melt Index and 87.22 °C softening point was supplied from 93a. Izod impact tests were conducted on an Izod impact
Titan Petchem (M) SDN. BHD [35]. The melt blending of tester using 7 un-notched specimens for each sample.
LDPE and Cellulose were carried out by the blending Impact test is a method for determining behavior of
machine with Rheomix at 120 °C, 10 minutes and 30 rpm materials when subjected to shock loading in bending,
rotor speed. tension or torsion. The impact strength (Is) of composites

PEG with average molecular weight 8000 was depends on the amount of fiber and the type of testing
provided from Sigma (Sigma-Aldrich). The requirement method used (i.e. whether the samples were notched or
amounts of LDPE polymer, PEG and cellulose were placed unnotched). The Is of a notched specimen is less than
in the cylinder mixer of blending machine with 3 cm that of an unnotched one. In unnotched specimens, the Is
diameter and 4.5 cm heights. According to categorization is defined in terms of the area under the stress-strain
of biocomposite products [21], biocomposite formulation curve or as energy to break [36].

melt blending were compressed using the Hot Press

these rectangular specimens was 3 mm thickness, 12 mm

Table Error! No text of specified style in document.. Formulation of LDPE- cellulose- PEG composites 

Cell content (Wt %) PEG content (Wt %) LDPE content (Wt %) Cell weight (g) PEG weight (g) LDPE weight (g)

0 0 100 0.00 0.00 31.00
30 0 70 9.30 0.00 21.70
30 5 (%cell) 70 7.75 1.55 21.70
30 7 (%cell) 70 7.13 2.17 21.70
40 0 60 12.40 0.00 18.60
40 5 (%cell) 60 10.85 1.55 18.60
40 7 (%cell) 60 10.23 2.17 18.60
50 0 50 15.50 0.00 15.50
50 5 (%cell) 50 13.90 51.55 15.50
50 7 (%cell) 50 13.30 32.17 15.50

Note: cell = cellulose
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Flexural Test Flexural strength (Fs) is maximum
stress developed in a specimen just before it cracks or
breaks in a flexure test[36]. Flexural testing by three-point
bending of rectangular specimens is a simple test
frequently performed and specified in ASTM D790 [37].
Tests were performed at room temperature by using an
Instron Universal Testing Machine, with a load cell of 5
KN. The cross-head speed was set to 3 mm/minute. Fs
was determined using 7 specimens for each composite
formulation.

Surface Morphology Study SEM was employed to
study the tensile and impact fracture surfaces of the
biocomposite specimens. The specimens were coated with
gold and then analyzed using a Philips XL 30 ESEM Fig. 1: Effect of kenaf cellulose (%) on tensile strength
analyzer. of biocomposite in LDPE Matrix

RESULTS AND DISCUSSION

Tensile Test: The interface between fiber (cellulose) and
matrix influences the properties of composites. To
distinguish effect of kenaf cellulose on the characteristics
of biocomposites, the tensile properties was investigated
and compared. Figure 1 shows the Ts of LDPE/cellulose
biocomposites. It can be seen from this figure that there
is a clear decreasing trend in the Ts as the cellulose
loading increases from 0 to 50 wt%.

These  findings  further  support  the  findings of
Yang et al. [38] in which Ts of composites (PP/rice-husk
flour) decreased as the filler loading increased.

As mentioned in the data sheet of the TitanGroup Fig. 2: Tensile strength of Cellulose and PEG content
[35], the Ts of this LDPE polymer, grade LDI 305YY, is (%) in LDPE Matrix 
10.76 MPa. From literature, the range of Ts for LDPE in
food packaging is between 4 and 78.6 MPa [23]. The Although PEG increases from 5% to 7%, Ts
minimum acceptance  level  is plotted with black dot line intensifies; it is apparent from this Figure that very few
at point 4, in Figure 2. Therefore, this study was set out increasing was found in the Ts of composites content
with the aim of assessing the Ts of LDPE/cellulose PEG, in comparison with LDPE. However, due to the
biocomposites in the acceptance range. So, what is flexibility  and mobility of PEG, it increases the
interesting  in this data is that the use of kenaf cellulose opportunity for good mixing of biocomposites in the
up 50 wt% in the production of biocomposites has blender machine. It is somewhat surprising that the Ts of
reasonable tensile property. However, mixing of kenaf none of biocomposites were noted out of acceptance
cellulose and PE in the blending machine was very level. Additionally, from this Figure (above) can be seen
difficult; it is probably because of the existence of two that LDPE treatments with 30% cellulose in company with
different polymeric and non-polymeric phases together in 7% PEG and 50% cellulose plus 7% PEG have Ts proximity
which cellulose being hydrophilic and LDPE polymeric equal  LDPE.  These   findings   are   agreement  with
matrix is hydrophobic. Thus, PEG was used as plasticizer those  obtained  by  Yang  et al. [39], who reported that
in this study. To differentiate effects of cellulose and PEG the Ts of the composites (rice-husk flour reinforced PP)
on the characteristics of the biocomposites, the tensile were significantly improved with the addition of the
properties was investigated and compared. Figure 2 compatibilizing agent.
indicates the Ts of the samples versus the different Chitosan films were prepared by blending with
formulation of LDPE treatments. polyols  (glycerol,   sorbitol   and   PEG)  and  fatty   acids
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Fig. 3: Effect  of  kenaf cellulose (%) on unnotched
Impact  strength  of  biocomposite  in  LDPE
Matrix Fig. 4: Unnotched Impact strength of cellulose and PEG

(stearic and palmitic acids) and their mechanical and
barrier  properties  studied.  The  Ts   of   the  blended
films decreased with the addition of polyols and fatty
acids [40]. 

Izod  Impact  Test:  Impact  test is designed to measure
the ability of a sample to withstand a sudden shock. The
effect of cellulose content on property of the unnotched
Izod impact strength of LDPE matrix is shown in Figure 3.
The Is decreases as cellulose content increases in the
composite. LDPE-cellulose biocomposites show lower
values of Is as compared to LDPE. It can be seen from
Formula 1 that Is is energy required to fracture a sample Fig. 5: Effect of Kenaf cellulose content on Flexural
divided by thickness of sample. As the sample thickness strength of LDPE biocomposites
is almost the same for all treatments, therefore, with
increasing of cellulose in the biocomposite the required From the graph above it can be seen that Is of
energy is decreased. composites with 40% cellulose increases as the PEG

in all  LDPE-cellulose-PEG  composites   is   lower  than
(1) that   determined    for    LDPE.   However,   the   findings

The present findings seem to be consistent with study [39] who reported that the both notched and
Yang et al. [38, 41] which found that notched and unnotched  Izod  impact  strength  of  the composites
unnotched Izod impact strength of the composites [rice-husk flour reinforced PP] decreased as the filler
[PP/rice-husk flour (RHF)] were lower due to the addition loading increased, but it was significantly improved with
of rice-husk flour. On the other hand, a strong relationship the addition of the compatibilizing agent. 
between increasing filler loading and decreasing notched
Is of LDPE-RHF and LDPE-wood flour composites was Flexural Test: In order to evaluate the Fs of the
reported by Yang et al. [41]. incorporation of cellulose into the PE matrix, repeated

Besides, the interface between fiber (cellulose), measures of flexure test were done for LDPE composites.
plasticizer and matrix influences the properties of In  fact, Fs is maximum stress developed in a specimen
composites. The column chart in Figure 4 indicates the just before it cracks or breaks in a flexure test. Figure 5
effect of PEG content (5 and 7%) on the Is of LDPE- presents the relationship between the average values of
cellulose composites. Fs and cellulose content in the LDPE matrix.

content in LDPE matrix

content  increases.  Though,  the  amount  of  this  factor

of  the  current  study  do  not  support  the  previous
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Fig. 6: Flexural Strength of cellulose and PEG content in
LDPE matrix

This line diagram indicates that for 30 and 40%
cellulose content in the LDPE matrix, cellulose-LDPE
composites showed improvement in the Fs. For
composition with 50% cellulose, a decreasing trend was
observed. This result is in agreement with other study
where there was a relationship between the Fs of rice
husks (RH)-polyurethane-PEG200 composites and rice
husks content in the composite [42]. In their study, Fs
was increased as the RH loading increased up to
approximately 45-60%. Exceeding this threshold value, the
strength decreased.

The column diagram (Figure 6) indicates the Fs of
composites versus different treatments of LDPE matrix. 

From this graph it can be seen that there is no
increase of Fs associated with addition of PEG to the Fig. 7: SEM (Mag. × 200) for fracture surface of LDPE-
biocomposites as compared with LDPE. However, cellulose composites at different concentrations:
biocomposites with 5% PEG have higher Fs than a) 70:30, b) 60:40 and c) 50:50
composites with 7% PEG. 

Surface Morphology: SEM was carried out to determine [34] demonstrated that a lack of good interface of
the dispersion of fiber in the matrix, adhesion between LDPE/starch results in bad homogeneity of composite due
fiber and matrix and to detect the presence of any micro to the opposite nature of the hydrophobic LDPE versus
defect. In fact, SEM can support the findings of tensile hydrophilic starch. 
properties. Figure 7 shows SEM micrograph of the Generally, SEM micrographs of fracture surfaces of
fracture surfaces in the LDPE-cellulose biocomposites. different LDPE-cellulose composites clearly indicate that

In Figure 7, LDPE formed a continuous phase with the differences in microstructure of the various
cellulose fibers randomly distributed. However, the SEM composites are significant, as shown in Figure 7, for
micrographs revealed a certain number of pulled-out untreated composite and Figure 8, for composite treated
traces on the fracture surfaces of the test samples with PEG. It is apparent from Figure 8, adding plasticizer
fabricated  using  cellulose and LDPE. It may be noted (PEG) to composite enhances their dispersion in the
that the LDPE-cellulose interface does not present continuous LDPE phase and it facilitates the direct
homogeneity due to the opposite nature of the contact between the cellulose fibers and LDPE matrix. It
components (hydrophobic LDPE versus hydrophilic may be noted that PEG helps to make a stronger interfacial
cellulose).  As  the   cellulose   content   increases   in  the bonding   between  LDPE  and  cellulose.  As  shown  in

composites the fiber pull-out enhances. Nakamura et al.
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Fig. 8: SEM for tensile fracture surface of LDPE-cellulose-
PEG composites; a) 30%Cel+7%PEG (Mag. × 101)
and b) 50%Cel+7%PEG (Mag. × 200)

Figure 8, better homogeneity is observed in the
composites with 30% Cellulose in conjunction with 7%
PEG (a) and 50% Cellulose plus 7% PEG (b). This means
that the SEM results support the findings of tensile
properties.

CONCLUSION

The present study was designed to determine the
effect of cellulose of kenaf fiber on the mechanical
behavior of LDPE -cellulose biocomposites. In general,
this study has found that as the cellulose loading
increases in the LDPE -cellulose composites, because of
the increase in the interfacial area and the interfacial
bonding between the hydrophilic cellulose and
hydrophobic LDPE decrease the mechanical properties.
Although, the tensile strength of the composites was
decreased slightly as the cellulose content increased, the
strength of bio-composites retained an acceptable level of
strength for food packaging. 

The  SEM  micrographs  revealed  a  certain  number
of  pulled-out  traces  on  the  fracture  surfaces  of  the
test  samples  using  cellulose  and   LDPE   polymers, but
less  pulled-out  traces  on  the  fracture surfaces of the
test samples using PEG as the plasticizer, due to the
stronger  interfacial  bonding.   It   may   be   noted  that
the  LDPE  - cellulose interface does not present very
good homogeneity due to the opposite nature of the
components.  In  the  case  of  treated composites with
PEG, the fiber-matrix adhesion seems to be better. The
tensile  strength  clearly decreases as the cellulose
content  increases,  in both untreated and PEG
composites. However, it is considerably greater in
untreated composites than PEG treated composites.
Therefore, the use of PEG certainly enhances the
adhesion  capacity  at  the   interface.   Consequently,
both of  cellulose  content  and   PEG   influence  the
tensile strength. The results of a morphological study
revealed  that the positive effect of plasticizer on
interfacial bonding of cellulose and polymer that improved
their processabilities.
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