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bstract

Natural fillers are recognized as the materials that feature a poor fiber/matrix interaction. As a result, their composites behaviors are directly
ompromised. Existing evidence has exhibited that nanoparticle fillers can be employed as an alternative size to overcome this problem. We thus
xamined in this study the effects of rattan filler of nanoparticle size on the physical, thermal, and mechanical properties of the composite. Neat
olypropylene (PP), PP with 5% rattan nanoparticle (PP/R5), and PP with 5% glass fiber (PP/FG5) were considered. For performance assessment,
article size analysis, morphology, X-ray diffraction, thermal inspection, and mechanical tests were carried out. The highest degree of crystallinity
as discovered in PP/R5. Tensile properties of both PP/FG5 and PP/R5 were comparable although the former demonstrated higher moduli of

lasticity and rupture. Well-distributed constituents were displayed in PP/R5 by means of morphological study, which offered insight into its highest

verage hardness, maximum strain, and therefore its advantageous ductile behavior compared to the other considered materials.

 2017 Universidad Nacional Autónoma de México, Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction

The abundant availability of natural fibrous materials presents
 widespread potential that can be smartly exploited in var-
ous sectors of industry (Alves et al., 2010; Ashori, 2008;
ahari & Krause, 2016; Joshi, Drzal, Mohanty, & Arora, 2004;
opes, Ferreira, Russo, & Dias, 2015; Versino, López, & García,
015). The utilization of these natural resources in numer-
us engineering applications may straightly support the global
evelopments particularly in the aspects of socio-economy,
cosystem, and green technologies. At present, the applications
f natural resources as bio-filler or reinforcement in compos-
te materials are among the most attractive research subject.
his is because the specific mechanical behaviors of some nat-
∗ Corresponding author.
E-mail address: udenfisika@gmail.com (A. Syafiuddin).
Peer Review under the responsibility of Universidad Nacional Autónoma de

éxico.
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ral fibers are closely comparable to those of synthetic glass
bers (Vilaseca et al., 2010). Furthermore, pressing motiva-

ion is derived from the heightened concern on the long-term
dverse impact of synthetic fibers on the environment. To date,
everal studies have been carried out to investigate advan-
ages and disadvantages of natural fibers when incorporated
nto matrix as composites (Arrakhiz et al., 2012; Ataeefard

 Moradian, 2011; Balakrishna, Ismail, & Othman, 2014;
aniasadi, Ramazani, & Javan, 2010; Essabir et al., 2013; Jamil,
hmad, & Abdullah, 2006; Ochi, 2008; Ruksakulpiwat, Sridee,
uppakarn, & Sutapun, 2009). Ruksakulpiwat et al. (2009)
bserved that the tensile strength and Young’s modulus of com-
osites with up to 10% of natural rubbers are higher than those
f polypropylene (PP). Ochi (2008) reported that the tensile
trength, flexural strength, and modulus of elasticity of kenaf
ber-reinforced composites increase linearly up to a fiber con-
ent of 50%. Also, Jamil et al. (2006) found that the tensile
odulus and hardness of polyethylene/natural rubber blends

ncrease via the introduction of rice husk loadings. Essabir
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t al. (2013) observed that the decomposition temperature of
P composites reinforced with Nut-shells of Argan (NA) parti-
les decreases from 256 ◦C to 230 ◦C by increasing the particle
oading from 10 to 25 wt.%. Balakrishna et al. (2014) noticed
hat incorporating composite rattan powder and 10 phr kaolin
llers in polypropylene raise 12% the composite tensile modu-

us compared with 0, 2, 4, and 6 phr kaolin fillers. Ataeefard and
oradian (2011) reported that the surface roughness of poly-

ropylene based nanocomposites can be increased by including
anoclay and by raising its amount. Arrakhiz et al. (2012)
btained the highest improvement of about 35% in Young’s mod-
lus of PP reinforced with esterified alfa fiber when compared
o those without reinforcement. A disadvantage of the natural
ller was, however, reported by Baniasadi et al. (2010) who
ound that the thermal conductivity and thermal diffusivity of
he composites decrease with banana fiber loading.

Recently, nanoparticles are highly regarded as the filler mate-
ials to improve physical and mechanical properties of the
omposites. Several works have been conducted to explore their
enefits on physical and mechanical properties of the compos-
tes (Goyal, Tiwari, Mulik, & Negi, 2007; Lim, Zeng, & He,
010; Lin et al., 2015; Wang, Lu, Ding, Zhang, & Chan, 2016;
hang & Singh, 2004). Zhang and Singh (2004) found that, for

he case of 4.5% volume fraction of well-bonded Al2O3 parti-
les added to the unsaturated polyester, the fracture toughness
an be increased by almost 100%. To emphasize the useful-
ess of nanoparticle fillers, Wang et al. (2016) reported that
he smaller sized nano-�-Al2O3 particles perform better than
he larger sized nano-�-Al2O3 particles in reinforcing natural
ubber. Recently, Lin et al. (2015) noticed that the compos-
te matrix incorporating the ZnO nanoparticles doped graphene
nano-ZnO–GE) exhibits a higher wet grip property and lower
olling resistance compared with those of NR/conventional-ZnO
omposite. Lim et al. (2010) concluded that mechanical prop-
rties, namely, tensile modulus, tensile strength, and fracture
oughness are affected by the geometry of the particles. Goyal
t al. (2007) observed that poly(ether ether ketone) (PEET) con-
aining nano-aluminum oxide (n-Al2O3) filler loading exhibits
n improved thermal stability, crystallization, and coefficient of
hermal expansion.

To date, fillers in the under-explored powder form are becom-
ng more popular in the production of hybrid composites that
tilizes natural resources (Balakrishna, Ismail, & Othman, 2012;
uniandy, Ismail, & Othman, 2012; Nikmatin, Syafiuddin,
ueh, & Purwanto, 2015). Muniandy et al. (2012) reported that

he tensile strength, elongation at break, stress at 100% elon-
ation (M100), and stress at 300% elongation (M300) of all
omposites increase corresponding to the rise in the carbon black
CB), mica, and calcium carbonate (CaCO3) filler-loading ratios.
alakrishna et al. (2012) obtained from a series of measurements

hat the tensile strength, elongation at tensile failure, and impact
trength decrease; while the stabilization torque, thermal stabil-
ty, and water absorption increase, if the rattan filler loading is

aised from 0 to 40 phr in PP composites. It is worthwhile to see
hat the majority of the above-discussed studies only focus on the
hysical and mechanical properties of the composites with fillers
n the micrometer size range. Recently, Nikmatin et al. (2015)
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eported that incorporating rattan in nanoparticle size into poly-
ropylene increases the thermal stability of the composite. Their
tudy is, however, limited to investigating the rattan nanoparticle
ffect as filler for composite on thermal properties only. There-
ore, it is of great importance to also examine the effects of rattan
anoparticle on the physical and mechanical properties of com-
osites for further exploration of material behaviors as well as
ssociated potential applications.

Aligning to the aforementioned research gap, the present
tudy aims to investigate the effects of rattan nanoparticles as
ller in polypropylene on the physical, thermal, and mechanical
roperties of composites. Several investigations had reported
hat the incorporation of small amount of natural filler into
olymer matrix especially in the nanometer range enhances
he mechanical properties of composites (Ismail, Edyham, &

irjosentono, 2002; Kim, Moon, Kim, & Ha, 2008; Tajvidi &
brahimi, 2003). In the past, the effects of incorporating rat-

an nanoparticle into polypropylene with filler contents ranging
rom 2 to 20% on the composite behaviors had been examined
Nikmatin, 2012). The study found that the mechanical prop-
rties of the composites were the most optimal with 5% filler
ontent. However, the mechanical performance decreased when
he filler content was increased from 5% to 20%. Therefore, the
urrent study only focused on the implementation of 5% of rat-
an nanoparticles as the composite filler content. This paper is
rganized as follows. Immediately after the short outlining for
he layout of the paper, a brief summary of the current work is
rst offered. Constituent materials used to fabricate the compos-

te are then described. Next, the procedures for the preparation
f fillers and composites are presented. This is then followed by
he exploration methodologies and findings in terms of particle
ize analyses, X-ray diffraction patterns, morphological study,
hermal inspection, and mechanical tests. This paper ends with
onclusions and suggestions for future works.

In general, the present work has successfully prepared and
nvestigated rattan nanoparticle-filled polypropylene as biocom-
osite material in terms of physical, thermal, and mechanical
roperties compared to neat PP and its composite with 5% glass
ber. An optimal distribution of rattan nanoparticle size was
btained with 30 min of milling period. This study found that
attan nanoparticle-filled polypropylene has the highest degree
f crystallinity, a better surface morphology, and the highest
verage hardness compared to all other studied materials. In
onclusion, rattan with nanoparticle sizes in powder form has
een proven to be potentially useful in improving the physical,
hermal, and mechanical properties of composites.

.  Materials  and  methods

.1.  Materials

The raw material for the present study, rattan pole waste (see
ig. 1), was collected from Cirebon, West Java, Indonesia. Rat-
ans are classified under the palm family (Palmae  or Arecaceae).
urrently, there are 610 different species under 13 genera in

he world. They are chiefly available in the Southeast Asia
egion. For the matrix, we used the recycled polypropylene (PP)
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Fig. 1. Rattan poles waste.

upplied by PT MUB Jaya, Bogor, West Java. It has a melt flow
ndex of 4.5 g min−1 at 230 ◦C and a density of 0.95 g cm−3. For
omparison purpose, we used synthetic glass fiber (E-Glass)
aving a density of 2.58 g cm−3, refractive index of 1.558,
oftening point of 771 ◦C, and annealing point of 657 ◦C.

.2.  Preparation  of  filler

The rattan pole waste was first cleaned and then cut into small
izes using a knife. It was then dried in the oven at 100 ◦C for
5 min to eliminate impurity and excessive moisture. Further-
ore, milling and shaking were performed on the rattan pole
aste, followed by sieving to an average particle size of 75 �m

sieve 200 mesh). In the current study, a hammer mill with the
ate of 25,000 rpm was used to produce particles of the nano-
eter range. Hammer milling is a mechanical operation used to

educe the particle size with the combined actions of collision,
haking, and milling. In this process, three time variations of
5, 30, and 45 min were explored and applied to obtain particle
izes <100 nm.

.3.  Preparation  of  nanocomposites

The designations for studied materials associated with their
ller compositions are listed in Table 1. For the compos-
te, polypropylene as the matrix was reinforced by rattan
anoparticles, which act as the filler, in the company of the
oupling agent maleic anhydride (MA). Due to hydrophilic and

able 1
P and composition of fillers in composites.

esignation Filler type (percentage, %)

P –
P/FG5 Glass fiber (5)
P/R5 Rattan (5) (nanoparticle size)

o
S
p
e

2

s
t
±

ch and Technology 15 (2017) 386–395

ydrophobic properties of the nanofiller (rattan) and matrix (pol-
propylene), respectively, MA was employed to improve their
nterfacial interaction. This coupling agent had been proven
seful in enhancing the physical–mechanical properties of com-
osites (Dogu & Kaynak, 2016; Essabir, Bensalah, Rodrigue,
ouhfid, & Qaiss, 2016; Sombatsompop, Yotinwattanakumtorn,

 Thongpin, 2005; Thwe & Liao, 2003). Note that a good bond-
ng can be formed by the reduction in the particle size as well, in
he current case by the use of the nanometer size range, due to a
reater surface area. The smallest size range of rattan nanopar-
icles obtained from the hammer mill process was selected as
ller for the composite. The composition of the composite was
% filler, 3% MA, and 92% matrix. As mentioned in the intro-
uction, we focused on the incorporation of a small content of
atural filler into polypropylene, in the current case 5%, due to its
etter mechanical properties as reported by the previous works
Ismail et al., 2002; Kim et al., 2008; Nikmatin et al., 2015;
ajvidi & Ebrahimi, 2003). For comparison purpose, synthetic
omposites with the composition of 5% glass fiber were also
abricated (PP/FG5). All samples were fabricated with the twin
xtrusion molding machine at a temperature of 190 ◦C, with a
ixing speed of 45 rpm for 3 h of mixing time, before cooled to

 temperature of 40 ◦C.

.4.  Particle  size  analyzer

Examination of the particle size of rattan powder was done
sing the particle size analyzer (PSA), VASCO. VASCO is

 dynamic light scattering measurement-based and fully agile
anoparticle size analyzer. For the examination, the rattan pow-
er was put into the sample holder. It was performed for three
ample types produced by 15, 30, and 45 min milling processes.

.5.  X-ray  diffraction  analysis

The X-ray diffraction diagrams were recorded by using the
MMA X-ray diffractometer, with operation capacities of 35 kV
nd 28 mA. The X-ray diffractometer was filtered with a radia-
ion of 1.5 Å in the 2θ  range of 10◦–60◦ with the steps of 0.02◦
t a scanning rate of 2◦ min−1.

.6.  Morphological  study

Examinations of the morphology and the composition of
attan fibers were carried out by means of Scanning Electron

icroscopy (SEM) using JEOL JED model 2300 at a voltage
f 20 kV. SEM micrographs were taken at 500 magnification.
putter coated with gold was used on the fracture surfaces to
revent electrostatic charging and low image resolution during
xaminations.

.7.  Thermal  property  inspection
Thermal properties were analyzed by using the differential
canning calorimeter (model JADE, Perkin Elmer, USA). All
he sample weights used in this study were in the range of

7.9 mg. The samples were assessed with a thermal scan
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can change the internal crystal structures and therefore the crys-
ig. 2. Sample dimensions of composite for (a) tensile test and (b) bending and
ardness tests.

ith temperatures from 26 ◦C to 444 ◦C at a heating rate of
0 ◦C min−1, under a nitrogen supply rate of 20 cc min−1. In the
rocess, heat flow versus temperature change was monitored.

.8.  Tensile  test

Tensile tests were carried out at the room temperature of 23 ◦C
ith a relative humidity of 61%. Dog bone-shaped specimens

see Fig. 2(a)) with overall dimensions of 16.3 ×  1.9 ×  0.4 cm
ere prepared. In the present study, a Shimadzu testing machine

EHF-EB20-40L) with a 50 kN load cell was employed. Ten-
ile tests were performed by a crosshead pulling at a rate of

 mm min−1 until the failure of the specimens. Three samples
ere tested for each composite type. The tests were performed

ccording to the American Society for Testing and Materials
ASTM) standard D638.

.9.  Bending  test

Bending tests were also carried out at the room temperature
f 23 ◦C and a relative humidity of 61%. Three samples with
imensions of 12.6 ×  1.2 ×  0.4 cm as shown in Figure 2(b) were
ested for each composite type according to the ASTM D790
tandard. A Shimadzu testing machine (AG-20KNG) was used
o measure the bending properties of the composites. All tests
ere carried out at a crosshead speed of 2.8 mm min−1 until the

ailure of the specimen was reached.

.10.  Hardness  test

Hardness tests were carried out using the Shimadzu test-
ng machine (G21 series). The tests were performed using
he Rockwell R method. Three samples with dimensions of
2.6 cm ×  1.2 cm ×  0.4 cm as shown in Figure 2(b) were exam-
ned for each composite. The samples were indented by using a
teel sphere with a load of 100 kgf. The average of recorded data

as reported as the Rockwell R hardness. The test procedure was

onducted according to the ASTM E18 standard.

t
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t
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.  Results  and  discussion

.1.  Sizing

Figure 3(a)–(c) show the distribution of rattan particle sizes
btained from particle size analyses. As shown in Figure 3(a),
he distribution of rattan particle sizes is concentrated within the
ange of 51–489 nm, resulting from the 15 min milling process.
here is a significant decrease in the rattan particle size from the

nitial 75 �m to the nanoparticle size range. Hence, the milling
eriod of 15 min can be considered as a good time span to reduce
he rattan particle size. As shown in Figure 3(b) for the milling
eriod of 30 min, there is a further substantial decrease in the
attan particle size when compared to that shown in Figure 3(a).

In general, the increase in the milling period provides more
orce for the breaking event. Consequently, more energy pro-
uced from the milling is transferred into the particles. As a
esult, more cavitation and breakage are induced by the energy
or further reduction in the particle sizes. Since all materials have

 maximum elasticity, or rather strength under certain deforma-
ion, the particles can rupture if the applied force exceeds this
ltimate value. Following this logic, the particle sizes become
maller after a longer milling period.

Figure 3(d) shows the distribution of rattan particle size
or the milling period of 45 min. Interestingly, the distribution
xhibits an increase in particle sizes compared to those of 15
nd 30 min. As shown in Figure 3(d), the distribution of rattan
article size spreads within the range of 257 to 6762 nm. From
his observation, it is resolved that there exists a certain maxi-

um period for the milling process for an optimal reduction of
attan particle size. Nikmatin et al. (2015) argued that increas-
ng the milling period causes a rise in temperature in the holder,
ue to the accumulation of heat in the machine. After a certain
uration, the temperature begins to play the role in assisting
he recrystallization event. As a result, there exists a surge in
article sizes. Several studies had concluded that in the milling
rocess, the milling period is a key factor affecting the resulted
article size (Chaisan, Yimnirun, & Ananta, 2009; Khamman,
haisan, Yimnirun, & Ananta, 2007; Muniandy et al., 2012).
he variation in the rattan nanoparticle size distribution found

n the present study is in agreement with the Chaisan et al. (2009)
nd Khamman et al. (2007) findings. This trend of size gain has
een further confirmed by Nikmatin et al. (2015) who also found
hat smaller nanoparticle sizes were not obtained after a certain
hreshold of milling period was exceeded. The reverse pattern
n particle size distribution such as that observed here is due to

 phenomenon defined as agglomeration (Inkyo et al., 2006).
herefore, we note the attractiveness to explore the optimal
illing time for desired nanoparticle sizes in the future work.

.2.  X-ray  diffraction  (XRD)  analysis

The existence of glass fiber and rattan nanoparticle fillers
allinity of a composite. Figure 4 shows XRD patterns of the neat
P versus PP with various fillers as the composites. We can see

hat the major crystalline peak of each profile occurs at around
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Fig. 3. Size distribution of rattan particles after (a) 15 min milling period,

θ  = 17.5◦. It can be seen also that PP/R5 has the highest peak
ompared to others.

A lattice system presenting the microstructural makeup of
 particular material can be described according to the relative
engths of the cell edges (a, b, and c) and the angles between
hem (α, β, and γ). We find that the neat PP is classified as
rthorhombic symmetry with dimensions of a  = 10.4, b  = 4.64,

 = 6.92, and α  = β = γ  = 90. In addition, it has a degree of crys-
allinity of 35%. PP/FG5 has a degree of crystallinity of 42%.

P/R5 is classified as monoclinic symmetry with dimensions of

 = 7.87, b = 10.31, c = 10.13, α  = γ  = 90, and β  = 122. It has a
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Fig. 4. X-ray diffractograms of neat PP and PP with various fillers.
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 min milling period, (c) zoom in from (b), and (d) 45 min milling period.

egree of crystallinity of 64%. Thus, it is clear that PP/R5 has
he highest degree of crystallinity compared to PP and PP/FG5.
albott, Springer, and Berglund (1987) stated that the mechani-
al properties of semicrystalline thermoplastics depend strongly
n the crystalline structure of the polymer. This is the first sign
ndicating that the rattan nanoparticles demonstrate a construc-
ive attribute useful to be employed as fillers to improve their
omposite mechanical properties compared to the glass fiber.

.3.  Morphological  property

Figure 5(a) and (b) show the surface morphology of PP/FG5
nd PP/R5, respectively. In general, it is clear that there is a
ignificant difference in the surface roughness of the compos-
tes. As expected, PP/R5 exhibits a better surface morphology.
oids indicated by black dots in the SEM are lesser compared

o composite filled by glass fiber. The surface morphology of
 composite is a key factor affecting the physical, thermal,
nd mechanical properties of the composites. A good contact
r bonding between filler and matrix can be affected due to
he morphological makeup of the mixture. Its effects on the
hermo-mechanical behaviors of the composite are remained to
e examined and are the subjects of the next sections. As previ-
usly mentioned, this study used rattan nanoparticles with sizes

anging from 16 to 51 nm for the composite filler (see Fig. 3(c)).
owever, the surface morphology depicted in Figure 5(b) reveals

here are particle sizes of around 20 �m in a small part of the
ured composite. This can be attributed to the agglomeration
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Fig. 5. Scanning electron micro

f nanoparticles that typically occurs in the blending process.
ittal (2013) stated that nanoparticles commonly agglomer-

te during and after processing, causing non-uniform dispersion
ithin the polymer matrix.

.4.  Thermal  property

Figure 6(a)–(c) show the differential scanning calorimetry
DSC) curves of PP and PP with various fillers. From these fig-
res, all DSC graphs show that the composites have two melting
ndothermic peaks. In Figure 6(c), at the first melting endother-
ic peak, PP/R5 has the onset temperature (Tonset) at 121.44 ◦C

nd the end temperature (Tend) at 131.39 ◦C. In addition, at the
◦
econd melting endothermic peak, PP has Tonset at 150.10 C

nd Tend at 168.24 ◦C.
We notice that, at the first and the second peaks, PP/R5 has

he highest Tonset and Tend compared to PP-based composite
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Fig. 6. Differential scanning calorimetry curves 
 of (a) PP/FG5 and (b) PP/R5.

ith glass fiber. The possible reason for this observation is the
xistence of cellulose in rattan that acts as an efficient nucle-
ting agent for the crystallization of PP and this consequently
ncreases the crystallization rate of PP (Amash & Zugenmaier,
998; Mi, Chen, & Guo, 1997). These results are in agreement
ith those obtained by Qiu, Zhang, Endo, and Hirotsu (2003).
heir study reported that Tonset of polypropylene composite of
igh cellulose crystalline increases with the cellulose content
rom 0 to 60%. Glass fibers are known as the noncrystallizable
omponent since they inhibit the crystal growth of PP.

.5.  Tensile  test  properties
Figure 7 illustrates the tensile stress-strain relationship of PP
nd its composites with various fillers. All curves behave some-
hat similarly with an early linear portion, defining the slope

hat reduces after a certain strain level, indicating the material
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Fig. 8. Tensile modulus of neat PP and PP with various fillers.

tiffness that softens when the failure load is approached.
xtracting all major tensile properties from these plots, they
re then offered in terms of average, upper, and lower bounds
or tensile modulus, strength, and maximum elongation in
igures 8–10, respectively. It can be seen in Figure 8 that PP/FG5
as the highest average tensile modulus, which is followed by
P/R5 and PP.

Although the tensile modulus of PP/R5 is found to be slightly

ower than PP/FG5, it is still comparable to that of PP/FG5 and
igher than PP. This suggests that, with the same composition
f fillers, the tensile modulus of PP/R5 is similar to PP/FG5 and
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Fig. 10. Maximum elongation of neat PP and PP with various fillers.

reater than PP. These results imply that the rattan nanoparticle
llers can be used as an alternative filler to improve the tensile
odulus and to replace the glass fibers in the composite.
Figure 9 summarizes the tensile strength of composites with

arious fillers including that of neat PP. It is noticed again that
P/FG5 has the highest average tensile strength, and is followed
y PP/R5 and PP sequentially. Although it is seen that, with the
ame filler content, glass fiber fillers produce a slightly higher
trength than that of rattan nanoparticle, they are in general
n the same order. Also, PP/R5 shows more consistent tensile
trength compared with PP/FG5, its variation of which is some-
hat larger. This observation offers motivation for our future
ork to improve the tensile strength with other fillers composi-

ion or chemical treatments, focusing chiefly on improving the
onding condition between fillers and matrix.

Figure 10 shows the maximum elongation of composites with
arious fillers and that of neat PP. The present study finds that
P/FG5 has the highest average elongation, and is followed by
P/R5 and PP. It is interesting to see that 5% glass fiber filler
xhibits a greater maximum elongation compared to neat PP.
lso, PP/R5 demonstrates almost identical maximum elongation
ersus that of PP/FG5. Ismail et al. (2002) reported that the
longation decreases with the rise in the natural filler loading in
he natural rubber composites. It is noteworthy to realize that in
he present study, nanometer size range was employed for our
tudied fillers, while Ismail et al. (2002) used micrometer sizes.
hese results imply that composite fillers of nanometer size are
ble to improve the elongation properties, especially when a
mall amount of nanoparticle is used.

.6.  Bending  test  properties

Figure 11 shows the force-deflection relationship of PP and
ts composites with various fillers. In addition, Figure 12 shows
heir bending modulus of elasticity (MOE). Similar linear initial
lope and softening pattern can be seen for the bending curves as
ompared to those plotted in Figure 7 for tensile loading. PP/FG5
resents the highest average MOE, and is followed by PP/R5 and
P. PP/R5 exhibits an increase in MOE compared to PP due to its

ller contribution. This result is in agreement with Tajvidi and
brahimi (2003), who reported that the modulus of elasticity

ncreases with the purified �-cellulose, wastepaper fibers, and
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Fig. 12. MOE of neat PP and PP with various fillers.

ood flour filler loadings of 15, 25, and 35%, respectively, when
hey were used to reinforce polypropylene.

Figure 13 shows the modulus of rupture (MOR) of com-
osites with various fillers and the neat PP. Again, PP/FG5
emonstrates the highest average MOR, and is followed by
P/R5 and PP. Incorporating rattan nanoparticle filler into pol-
propylene is found to increase the MOR better than that of PP
lone. Our general observation is aligned with Hassan and Nada

2001), who found that MOR decreases along with the incre-
ent of filler content of old newsprint (ONP) fiber as reinforcing

omponent in the polyester composite. In addition, Mirmehdi,
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einaly, and Dabbagh (2014) reported that MOR decreases with
he increase in the palm wood flour filler contents of 45%,
0%, and 75% when incorporated into polyethylene. The present
tudy used fillers of the nanometer size, while Mirmehdi et al.
2014) considered the particle sizes of 25–40 mesh. Therefore,
he present study provides an alternative filler size to improve
he MOR. Although MOR of PP/R5 is lower than that of PP/R5,
t can still be considered as a good alternative due to its nature as

 freely available material. Therefore, it offers a better economic
dvantage over the glass fiber filler.

Figure 14 shows the maximum strains of PP and its compos-
tes with various fillers. We can see that PP/R5 has the highest
verage maximum strain compared to PP and PP/FG5. This
esult suggests that PP/R5 offers a better ductility versus all
onsidered materials and hence provides the best alternative if
uch property is of importance in applications. This is gener-
lly useful for applications that desire ductility or rather energy
bsorption as the required behavior of structure, for examples
oundproofing and impact resisting materials, to name a few.

.7.  Hardness  properties

Table 2 lists the Rockwell hardness (HRR) obtained from
he hardness test. We find that PP has the lowest average HRR
mongst all materials studied. It is noteworthy to see that PP/R5
as the highest average HRR. This relates directly to the good
urface morphology of the composites as shown in Figure 5(b).
he existence of a good bonding between the rattan filler and
atrix of the composite offers better mechanical properties in

he current case the hardness. Since natural fillers (rattan, palm,
nd wood) and polymers (polypropylene and polyethylene) are

ncompatible for good bonding because of their hydrophilic and
ydrophobic behaviors, respectively, several treatments have
een implemented to improve the interfacial adhesion between

able 2
ockwell hardness (HRR) of PP and its composites.

esignation HRR

P 58.90 ± 6.37
P/FG5 68.93 ± 4.46
P/R5 79.93 ± 3.90
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hese materials by the incorporation of a coupling agent such as
aleic anhydride. This is in addition to the use of smaller size

articles as a filler, which offers a greater surface area. Various
orks have reported the obvious enhancement in the biocom-
osites properties due to the use of the coupling agent, in terms
f mechanical (Dogu & Kaynak, 2016; Sombatsompop et al.,
005; Thwe & Liao, 2003) and physical behaviors (Essabir et al.,
016). In general, the surface morphology and certain mechani-
al properties, for instance, the average hardness and maximum
train were enhanced, indicating an improved interaction (com-
atible) between the matrix and filler.

Another possible reason for the highest average HRR of
P/R5 is that it has the highest crystallinity. Several studies have
eported that the crystallinity affects a great deal the composite
echanical properties (Mi et al., 1997; Talbott et al., 1987), for

nstance, Talbott et al. (1987) observed that the tensile strength
nd tensile modulus of PEEK 150 polymer were increased with
he rise in crystallinity.

.  Conclusions

The present study examined the physical, mechanical as well
s thermal properties of PP and its composites, i.e., PP/FG5 and
P/R5. We focused on the effects of a small content of rattan
ith filler sizes of nanoparticle range when incorporated into
olypropylene. It was found from the parametric choice of the
urrent study that the rattan particle sizes reduced to the mini-
um at the milling period of 30 min. It was observed that PP/R5

howed the highest degree of crystallinity compared to PP and
P/FG5. Surface morphology of the PP/R5 was in general well
istributed and hence better than the other materials considered.
ttributing to this, PP/R5 also exhibited the highest average
RR. Although PP/FG5 demonstrated the greatest performance

n terms of MOE and MOR, PP/R5 properties in terms of tensile
odulus, tensile strength, and maximum elongation were in the

ame order with the former. In addition, the highest maximum
train was achieved by PP/R5, a property that is correlated to a
ood energy absorption behavior. More importantly, the major
eakness of natural fiber composite, i.e., the bonding matter can
e addressed with the use of a finer sized particle, that is, in the
anometer range. This offers a possibility for the improvement
f natural material in various engineering applications in the
uture.

These results provide an alternative in using the natural rat-
an to replace glass fiber as filler in polypropylene. It is essential
o appreciate from the current study that several advantages are
xhibited by the rattan filler in terms of improving the surface
orphology and hardness properties of the composites, better

han the synthetic fibers. Therefore, the findings of this study
ave a number of important implications for future practice,
or example in manufacturing helmet or vehicle structural
omponents, which are the subjects of our ongoing investi-

ation. Further experimental studies are needed to measure
he performance of the natural composite materials in indus-
rial products, especially matters related to their bonding to the
atrix.
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