
Advances in Nanoparticles, 2013, 2, 358-365 
Published Online November 2013 (http://www.scirp.org/journal/anp) 
http://dx.doi.org/10.4236/anp.2013.24049  

Open Access                                                                                            ANP 

Development of Cu Nanoparticle Loaded Oil Palm  
Fibre Reinforced Nanocomposite 

Ridzuan Ramli1*, Maksudur Rahman Khan2, Najmul Kabir Chowdhury2,  
Mohammad Dalour Hossen Beg2, Rohaya Mohamed Halim1,  

Astimar Abdul Aziz1, Zawawi Ibrahim1, Nahrul Hayawin Zainal1 
1Engineering and Processing Division, Malaysian Palm Oil Board (MPOB), Kajang, Selangor, Malaysia 

2Faculty of Chemical and Natural Resources Engineering, University of Malaysia Pahang (UMP), Kuantan, Malaysia 
Email: *ridz@mpob.gov.my 

 
Received September 2, 2013; revised October 9, 2013; accepted October 21, 2013 

 
Copyright © 2013 Ridzuan Ramli et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

Functionalized copper nanoparticles (FCuNPs) have been synthesized by chemical reduction method and polyvinyl al- 
cohol (PVA) performed as a stabilizer in that medium. Analysis observed that the average size of the synthesized 
FCuNPs was 3.5 nm. The obtained FCuNPs were loaded in the oil palm empty fruit bunch (EFB) natural fibre. Before 
the loading of FCuNPs in EFB fibres, the surface of the fibres is tailored by the cationic agent CHPTAC since they have 
a natural tendency to exhibit negatively charged surface owing to the presence of large amount of hydroxyl groups. 
Thereafter, different types of composite were developed and their properties were studied. The composites were devel- 
oped by using the untreated empty fruit bunch (UEFB) fibres and FCuNPs loaded EFB (NP-CAEFB) fibres with com- 
mercially available unsaturated polyester resin (UPER). The synthesized composites were characterized through FTIR, 
FESEM, XRD, DSC, tensile strength tests, etc. The obtained biodegradation results indicated that significant weight 
loss was not observed for neat PER and PER/FNP-CAEFB nanocomposite, whereas, the UEFB/VUPER composite 
showed ca. 21.4% weight loss at 90 days, which was considered rationally due to the preferential degradation of the fibre. 
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1. Introduction 

For a long time, fibre-reinforced plastic composites have 
played a potential role due to a variety of applications for 
their high specific strength and modulus. The traditional 
fibre-reinforced plastics which are usually made up of 
glass, carbon or aramid fibres-reinforced thermoplastic 
and thermoset resins are considered critically and be- 
cause of their environmental difficulties the manufacture, 
use and removal of traditional fibre-reinforced compos- 
ites are less popular. Of late, there has been an increasing 
interest for alternatives which are the biodegradable plas- 
tic composites by using natural fibres [1-4]. The benefits 
of natural fibres are: biodegradability, renewability, low 
density, and low cost. This low density of the natural 
fibres can show some superior specific stiffness and 
strengths which are comparable to the respective quanti- 
ties of synthetic fibres like glass fibres. The promising 
applications of natural fibre reinforced composites: door,  

package trays, instrument panels, arm rest, seat back and 
glove boxes [1]. However, the natural and common 
drawbacks of natural fibres are the high degree of mois- 
ture absorption, poor wettability with non-polar polymers, 
low-adhesion of untreated fibres with polymer-matrix 
which facilitates the retardation of significant bonding 
during aging [3-5]. To overcome these drawbacks for 
increasing the applications of natural fibre reinforced 
composites, the possible recommendations are the fabric- 
cation method of fibre, cautious choice of pair (fibre and 
matrix), and development procedures [6,7]. Numerous 
researches have been done on the potentiality of the 
natural fibres such as kenaf, flax, and jute reinforcements 
for plastic composite materials [1-5]. Amongst those, oil 
palm empty fruit bunch (EFB) fibres are getting popular- 
ity by researchers for using this huge biomass as an al- 
ternative reinforcing agent in composite materials. EFB 
fibre is mainly a cellulose enriched natural product and 
an available renewable resource in some countries like 
Malaysia, Indonesia, India, Brazil, etc. However, in spite *Corresponding author. 



R. RAMLI  ET  AL. 359

of their great potentials, EFB fibres still remain low  
potentiality in the fabrication of new biomaterials even 
though they have environmentally friendly and biocom- 
patible characteristics. It is known that cellulose contain- 
ing materials are extensively involved in the fields of 
medical supplies, textiles, packaging, electronic devices, 
energy storage, biomedical materials and composite. Al- 
though the EFB fibres contain 42% - 65% cellulose, their 
poor mechanical strength and easy degradation to bacte- 
rial attack make them almost useless materials in various 
applications. Moreover, EFB fibres are often very prone 
to the growth of microorganisms when disposed to land, 
thereby causing various types of diseases. Consequently, 
improving the mechanical and antibacterial performance 
of cellulosic materials using facile approach attracts 
many researchers. Cu is known to exhibit a broad-spec- 
trum biocide and effectively inhibit the growth of bacte- 
ria, fungi and algae. Hence, the present work has been 
undertaken to synthesize FCuNPs, which, if embedded in 
EFB fibres, is expected to improve fibres mechanical 
strength and antimicrobial activity so that metallic NPs 
reinforced fibres can be exploited in due applications 
especially for nanocomposite. Previous recasts on cellu- 
losic natural fibres have suggested that many value- 
added industrial products cater to the needs in automo- 
tive, agriculture and other industrial sectors [8]. Very few 
studies on the EFB reinforced thermosetting composites 
have been reported so far, hence it is the first time the 
attempt has been made to study the properties of NPs 
loaded EFB fibre-reinforced unsaturated polyester resin 
(UPER) composites. In this work, FCuNPs have been 
synthesized by chemical reduction method and polyvinyl 
alcohol (PVA) performing as a stabilizer in that medium. 
The obtained FCuNPs were loaded in the EFB natural 
fibre. Before the loading of FCuNPs in EFB fibres, the 
surface of the fibres is tailored by the cationic agent 
CHPTAC since they have a natural tendency to exhibit 
negatively charged surface owing to the presence of large 
amount of hydroxyl groups [9]. Thereafter, different 
types of composite were developed and their properties 
were studied. The composites were developed by using 
the untreated empty fruit bunch (UEFB) fibres and 
FCuNPs loaded EFB (NP-CAEFB) fibres with comer- 
cially available UPER. The developed materials were 
characterized through FTIR, FESEM, XRD, DSC, tensile 
strength tests, etc. 

2. Experimental 

2.1. Material 

Copper chloride dihydrate salt with 98% purity and ana- 
lytical grade sodium hydroxide were procured from 
ALDRICH. Polyvinyl alcohol (PVA) of molecular 
weights MW = 30,000 - 70,000, sodium borohydride 
(NaBH4) Reagent Plus (purity 99%), ascorbic acid (pu- 
rity 99.7%) and 60% solution of (3-Chloro-2-hy- 

droxypropyl) trimethylammoniumchloride solution 
(CHPTAC) were purchased from ALDRICH. Raw EFB 
fibres were collected from the LKPP Corporation Sdn. 
Bhd., Kuantan, Malaysia. Unsaturated polyester resin 
268BQT obtained from PERMULA Chemicals SDN 
BHD was used as matrix. Laboratory grade of 2-Buta- 
none peroxide (ALDRICH) was used as hardener. 

2.2. Methods 

The raw fibres of golden-brown colour with an average 
diameter of 0.175 ± 0.071 mm were washed to remove 
dust particles and dried under sunlight for 3 days. The 
fibres thus obtained were referred to untreated EFB 
(UEFB) fibres and then this fibre was chopped to make 
on an average length of 4 mm. CuNPs were synthesized 
in 0.5% PVA solution with deionized (DI) water. Copper 
chloride (250 mg) and ascorbic acid (20 times with re- 
spect to the precursor molar ratio) were subsequently 
added in 100 mL PVA solution with vigorous stirring. 
About 7.0 mL solution of sodium borohydride (0.347 M) 
was injected drop-wise to the above-mentioned reaction 
mixture with continuous stirring for 2 h for the prepara- 
tion of CuNPs sols. The UEFB fibres were dipped in 
20% CHPTAC solution by maintaining a liquor ratio of 
1:25 in a water bath for cationization reaction. During the 
cationization process, the bath was set at a constant tem- 
perature of 60˚C along with continuous agitation. There- 
after, 15% sodium hydroxide (40 g/L) with respect to the 
fibre-weight was added in three steps at an interval of 5 
min, and the mixture was further stirred for 15 min. 

2.2.1. Modifications of EFB Fibers by FCuNPs 
The cationized EFB (CAEFB) fibers were removed from 
the bath, rinsed several times with water, neutralized and 
then dried at the ambient temperatures. The CAEFB fi- 
bers were introduced in the synthesized nanocopper sol of 
copper concentration 250 mg/L, maintaining the fiber to 
sol ratio of 1:25 with continuous shaking by a mechanical 
shaker for 12 h in order to adsorb FCuNPs. Then, the 
FCuNPs reinforced CAEFB (NP-CAEFB) fibers were 
removed from the bath, rinsed with water, and dried in the 
dark place at room temperature.  

2.2.2. Composite Formation 
Required amount of resin and hardener (1%) were mixed 
in a beaker. Thereafter, required amount of chopped fibres 
were also well-mixed with the resin mixture by had mix- 
ing technique. This fibre-resin mixture was poured in the 
mold and covered the mold with a stainless steel plate to 
fill the mold properly and then removed the composite 
after 12 h. 

2.2.3. Fourier Transformed Infrared Spectroscopy 
Fourier-transformed infrared (FTIR) spectra of liquid 

Open Access                                                                                            ANP 



R. RAMLI  ET  AL. 360 

samples were taken with a PerkinElmer Spectrum 100 
FTIR Spectrometer over the frequency range 4000 - 650 
cm−1. On the other hand, FTIR spectra of different solid 
samples were recorded over the frequency range 4000 - 
650 cm−1 using a Thermo Scientific Model Smart Per- 
former attenuated total reflectance (ATR) accessory of Ge 
crystal, attached to a Thermo Scientific spectrophotome- 
ter (Model Nicolet Avatar-370) with a single bounce. The 
FTIR parameters were as follows: angle of incidence 45˚, 
sampling area 2 mm; number of background scans, 32; 
number of scans, 32; optical resolution, 4.00 cm−1. From 
the FTIR spectrum, the degree of cationization (Cd) was 
calculated according to the following relation [9]: 

  1648 1495 1648 100dC I I I        (1) 

where I1648 and I1495 are the maximum intensities of peak 
at 1648 and 1495 cm−1, respectively.  

2.2.4. Transmission and Scanning Electron  
Microscopies  

Transmission electron microscopy (TEM) was performed 
by a LEO 912 AB EFTEM operating at 120 kV to moni- 
tor the size of nanoparticles. A small drop of the liquid sol 
was placed over a carbon coated microscopic copper grid 
(200 mesh size) and dried under vacuum at room tem- 
perature before measurements. Treated and untreated EFB 
fiber surface were investigated by using a scanning elec- 
tron microscope (SEM) of model ZEISS, EVO50, Ger- 
many. Surface morphologies of UEFB, CAEFB and 
NP-CAEFB fibers were also investigated by using a field 
emission scanning electron microscope (FE-SEM) of 
JEOL JSM-7600F, USA, equipped with an energy disper- 
sive X-ray (EDX) system (OXFORD INCA. Fibers were 
mounted on sample holders with carbon tape and sput- 
tered by gold. 

2.2.5. X-Ray Diffractometry 
X-ray diffraction (XRD) data were collected by using a 
RigakuMiniFlex II (30 kV and 15 mA), Japan, equipped 
with computer-controlled software to set up the apparatus 
and analyze the data. To prepare the disc specimen of 
same thickness for each category of differently treated 
EFB fibers, 1 g of chopped fibers were compressed in a 
cylindrical mold with a pressure of 1 MPa. The speci- 
mens were step-wise scanned over the operational range 
of scattering angle (2h) between 10˚ to 50˚, with a step of 
0.02˚, using the CuKa radiation of wavelength k = 1.541 
Å. The data were recorded in terms of the diffracted 
X-ray intensity (I) versus 2h. The average size of the 
cellulose crystallites, Dhkl, was determined with the full 
width at half-maximum (FWHM) of the (002) peak by 
using the following Scherer Formula (2):  

 0.9 coshklD           (2)  

where, β is the FWHM (in radians) and θ is the diffrac- 
tion angle. The β value was determined by curve fitting 
after subtracting the amorphous background. The Gaus- 
sian curve was fitted at the top of the peak for determin- 
ing β and the position using an appropriate program. The 
X-ray crystallinity, XCrl, was calculated by the help of 
Segal’s method with the following Equation (3) [10]: 

 002 002 100%Crl amX I I I           (3) 

where, I002 is the maximum intensity of 002 reflections 
from the crystalline and amorphous components, and Iam 

is the minimum intensity of diffraction from the amor- 
phous part of EFB fibers. During the calculation process, 
the height of the (002) peaks were used at a 2θ ≈ 22˚, 
while the intensity of Iam was taken from the minimum 
intensity between the (002) and (110) peaks at a 2θ ≈ 16˚. 

2.2.6. Mechanical Testing 
The single EFB fibers were subjected to the ASTM 
D3379-75 standard test method for tensile strength and 
Young’s modulus. Each UEFB fiber was separated by 
hand and mounted on a paper. Its two ends were strongly 
glued with the paper, and they were inspected under a 
calibrated optical microscope of 200× magnification to 
measure the diameter of each fiber. The single fibers 
were then individually placed in the grips of a 
DIA-STRON LTD/U.K (FDAS 765) tensile testing ma- 
chine, and the supporting sides of the paper were care- 
fully cut to maintain the gauge length of 30 mm. The 
fibers were then tensile tested to failure at a rate of 3 
mm/min using a 500 N-load cell. Average strength and 
modulus were obtained using results from 50 specimens. 
Single fiber tensile tests were also performed for NP- 
CAEFB fibres. The tensile tests of composites were car- 
ried out using the same machine as according to the 
standard methods ASTM D3039. The used wt% of fibre 
was 30% which was optimized and so it was used. 

The crosshead speed of the tensile testing was set at 3 
mm/min. The dimension for tensile specimen is 60 mm 
long and 13 mm wide. All the results were taken as the 
average value of twenty samples. 

2.2.7. Differential Scanning Calorimetry 
Differential scanning calorimetry (DSC) was performed 
to determine the glass transition temperature (Tg), melting 
temperature (Tm) and crystallization temperature (Tc), 
using a TA/Q1000 apparatus under nitrogen atmosphere. 
In order to avoid moisture effect, all the test specimens 
were dried at 90˚C for 6 h prior to the measurements. For 
monitoring DSC, the samples were initially heated at 25˚C 
- 350˚C with a heating rate 10˚C min−1, then cooled down 
to 25˚C with a cooling rate 5˚C min−1 and re-heated from 
25˚C -350˚C to monitor calorimetric properties.  
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2.2.8. Biodegradability Test 
Biodegradability was determined by measuring the 
weight loss of the specimens which are buried in soil. 
The test was done by using the soil of 1:1 mixture of 
black soil and leaf mold for gardening. The selected each 
specimen was buried in the aforesaid soil in planters and 
incubated at room temperature (25˚C - 30˚C). At 2 days 
intervals, water was poured so that the soil was kept in 
humid condition. After burial of particular time the 
specimens were removed from the soil, whre the burial 
duration followed for 30, 60 and 90 days, respectively. 
Thereafter, the dugged out specimens were washed with 
water and dried at 40˚C in a vacuum oven up to the of 
achievement a constant weight. The weight loss (%) is 
calculated according to the following Formula (4): 

   Weight loss % 100i f fW W W    (4) 

where, Wi and Wf are the dry weights of composites at 
the before and after the burial, respectively. 

3. Results and Discussion 

A change of sol colour is observed (image shown in 
Scheme 1) after the addition of reducing agent, where the 
light-blue colored aqueous solution changes to wine red, 
which is a convincing indication of the formation of 
FCuNPs in the sol. 

Figure 1 illustrates the FTIR spectra of solutions be-
fore and after nanoparticle formation. 

Abroad absorption band of hydroxyl (O-H) groups of 
PVA chains appear at 3359 cm−1 and 3341 cm−1 before 
and after NPs formation, respectively, showing 18 units 
red shift of this polar group. This shifting of wavenumber 
demonstrates that PVA molecules facilitate coordination 
with Cu2+ species. Such coordination through the ester 
bond of PVA to Cu species due to the electrostatic attrac- 
tions was described elsewhere [11]. The ester bond is 
located at 1047 cm−1 before NP formation and shifted to 
1039 cm−1 after NP formation, indicating the coordination 
of polar -O-H groups with Cu species. The morphologies 
and sizes of CuNPs in the sol were monitored by TEM as 
shown in Figure 2. TEM image clarifies that the particles 
developed in the sol are in sizes in the order of a few na- 
nometers with spherical shape. Analysis from 100 to 500 
particles of diameters 1.2 - 10.5 nm shows the average 
size of 3.5 ± 1.1 nm.  

The morphologies and sizes of FCuNPs were also ob-
served by FESEM as shown in Figure 3, which clearly 
demonstrated the bonding between NPs and fibre.  

The adsorption mechanism is shown in Scheme 2. The 
adsorptions of copper on CAEFB fibres from sols meas- 
ured by EDX also (shown in EDX spectrum of Figure 4). 
According to Scheme 2, when CAEFB fibres are im- 
mersed in a nanocopper sol, FCuNPs stabilized by nega- 

 
(a)                               (b) 

Scheme 1. Copper sols: (a) before and (b) after NPs forma- 
tion. 
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Figure 1. FTIR spectra of copper sols: (a) before and (b) 
after NPs formation. 
 

 

Figure 2. TEM image of synthesized FCuNPs. 
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Figure 3. FESEM image of loaded FCuNPs in CAEFB fi- 
bres. 
 

 

Figure 4. EDX spectrum of the selected zone (shown in Fig- 
ure 3) of CAEFB fibres. 
 
tively charged PVA spheres can readily be adsorbed by 
the positive sites of cationized fibres. 

A large amount of positive charges may cause the 
charge reduction at the fibre surface because of cationic- 
zation of EFB fibres, thereby increasing the adsorption 
capability of functionalized copper nanoparticles due to 
an attractive interaction between fibres and FCuNPs.  

The X-ray diffractograms of different fibres are illus- 
trated in Figure 5. The peak appearing at 2θ = 42.3˚ for 
NP-CAEFB fibre has been reportedly attributed to the 

111 reflection from the cubic copper crystal [12]. This 
finding demonstrates the CuNPs impregnation in the fi- 
bres. The average size of FCuNPs as analyzed from (1 1 
1) peak is ~17 nm. 

Figure 6 depicts the TS of different fibres before bur- 
ial (BB) and after burial (AB) under soil. Analyses show 
that the increase in TS of NP-CAEFB fibre from UEFB 
fibre before burial is 25%. This increase in TS is rational, 
because the functionalized CuNPs can enter into fibre 
matrices and act as filler or plasticizer, which contribute 
to load sharing during stretching the fibres. 

On the other hand, the TS of UEFB and CuNPs- 
CAEFB fibres after soil burial decreases by 32% and 
25% from their respective TS before burial, resulting in 
7% antifungal activity. However, the TS-decrease of 
UEFB fibres is more than NP-CAEFB fibres, demon- 
strating that CuNPs reinforced fibres are more durable 
than the control ones. 
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Figure 5. XRD patterns of different fibres: (a) UEFB; (b) 
CAEFB and (c) NP-CAEFB. 
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Figure 6. Mechanical strength results of different fibres in 
different conditions: where BB (before soil burial) and AB 
(after soil burial). 
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This result may be explained by the facts that the me- 
tallic nanoparticles can show a certain degree of steriliza- 
tion, because the catalytic properties of metallic species 
partly help to create active oxygen in water, which dis- 
solve the organic substances to maintain sterilizing effect 
[13].  

Figure 7 represents the FTIR spectra of (a) VUPER, 
(b) NP-CAEFB-VUPERC. The major absorbance peaks 
obtained for the VUPER are: 1) the peak around 3450 
cm−1, which may be attributed to the OH stretching, 2) 
the strong peaks at 3089 and 2976 cm−1 that can be as- 
signed to the C-H stretching in aromatic and aliphatic 
moieties, respectively, 3) the C=O stretching (from ester 
linkage) observed at 1732 cm−1, also observed at 1955 
cm−1 [14] (iv) the CH2 deformation appearing at 1450 
cm−1, and (v) the C-O asymmetric mode of the ester 
groups observed at 1073 cm−1. The FTIR spectrum of 
NP-CAEFB-VUPERC also indicates the presence of 
aforesaid functional groups absorption frequencies with 
some shifting in some important positions. The crucial 
changes of peak at 1955 cm−1 is almost invisible in the 
spectrum of Figure 7(b) as well as the significant red 
shift occurred for C=O and C-O groups from ester moi- 
ety. These observed findings are indicating the signifi- 
cant degree of bonding among the components of com- 
posites. 

DSC thermograms of a) VUPER, (b) NP-CAEFB- 
VUPERC are shown in Figure 8. On heating, the pure 
VUPER displays three main successive transitions: a glass 
transition, a cold crystallisation exotherm and a melting 
endotherm, which are respectively characterized by 
temperatures Tg, Tc and Tm.  

The presence of single melting peak of the composites 
is due to the existence of single phase of composite, 
developed during the controlled cooling process in the 
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Figure 7. FTIR spectra of (a) VUPER and (b) FNP-CAEFB- 
VUPERC. 
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Figure 8. DSC thermograms of (a) VUPER and (b) NP- 
EFB-VUPERC. 
 
presence of NP-CAEFB fibers [15]. The Tg, Tc and Tm 
values for all samples are introduced in Figure 7. While 
the Tg value of VUPER in the NP-CAEFB-VUPERC 
decreases. This fact can be explained on the basis of the 
polymer chain mobility, which is easier in VUPER as 
compared to NP-CAEFB-VUPERC, because the higher 
crystallinity for the latter, as obvious from the XRD study, 
is a strong evidence for more restrictions of chain 
movement. The Tc decreases significantly for composites, 
as an VUPER > NP-CAEFB-VUPERC. Interestingly, 
changes of melting endotherm of composites are also 
shoing the same pattern.  

The most important factor to obtain a good fiber 
reinforced composites is the adhesion between matrix 
polymers or the fiber and interphase properties. Due to 
the presence of hydroxyl group in natural fibers, the 
moisture absorption is high which leads to poor wet- 
tability and weak interfacial bonding between fibers and 
hydrophobic matrices. Therefore, in order to develop 
composites with better mechanical properties, it is 
necessary to impart hydrophobicity to the fibers by suit- 
able treatments [16]. The surface modification of UEFB 
would not only decrease the moisture absorption, but 
would improve the wettability of fiber and matrix at 
interphase region hence subsequently improve the mech- 
anical properties of the composites. 

The tensile properties of the resin at 0 wt% of fiber are 
used as control. It is observed that the use of NP treated 
CAEFB fibre of 30 wt% performed the improved tensile 
properties of the VUPER composites. The superior me- 
chanical properties of NP treated CAEFB based compos- 
ites as compared to UEFB composites are attributed to 
the fact that treatment improves the fiber surface adhe- 
sives characteristics by fibrillation process [17]. 

Table 1, represents the TS of VUPER, UEFB-VU- 
PERC, and NP-CAEFB-VUPERC. Clearly, NP-CAEFB- 
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VU-PERC showed the highest TS, which are immedi- 
ately followed by UEFB-VUPERC. The respective in- 
crease of TS of NP-CAEFB-VUPERC from UEFB- 
VUPERC is about 27%, and from VUPER is 58%, de- 
noting a significant figure to enhance materials properties. 
This better performance of the resulting composites can 
be attributed to the increased compatibility between NP- 
CAEFB fibers and VUPER because of the modification 
of UEFB fibers surface by both CHPTAC and FCuNPs 
treatments. On the other hand, the increase of TS in the 
composites merely for the inclusion of UEFB fibers con- 
tent may be assigned to the robust TS value of the indi- 
vidual EFB fiber [18]. However, when UEFB fiber con- 
tent is greater than 30 wt%, the composites become in- 
homogeneous because of the fiber-fiber interaction whose 
effect may cause to develop fiber-agglomeration in the 
composites, as reported elsewhere [19].  

The weight loss increased with burial-period for all the 
samples and the results are shown in Table 2. There was 
no significant difference between VUPER and NP- 
CAEFB-VUPERC samples until 90 days. The UEFB- 
VUPERC specimen buried for more than 60 days could 
not be fully recovered because of a considerable frag- 
mentation. Apparent decay of neat VUPER and NP- 
CAEFB-VUPERC is slower than that of UEFB-VUPER, 
indicating that UEFB has a higher biodegradability than 
NP-CAEFB. Careful observation reveals that some 
hollows generated by the biodegradation of matrix 
VUPER are appeared for all the VUPER samples after 30 
days. The biodegradability of matrix polymer is thought 
to be almost the same for all the samples, as far as jud- 
ging from the growth of hollows of the matrix VUPER. It 
is thought that the faster fragmentation of UEFB- 
 
Table 1. Tensile strength results of different fibre rein- 
forced composites (FRC) and virgin unsaturated polyester 
resin (VPER) in different conditions. 

Samples 
TS  

(before soil burial) 
(MPa) 

TS  
(after soil bural) 

(MPa) 
% of changes

VUPER 19 11 −42 

UEFB-FRC 33 21 −36 

NP-CAEFB-FRC 45 37 −18 

 
Table 2. Biodegradability test results as weight loss (%) due 
to the soil burial up to 90 days. 

Weight loss (after certain days) in % 
Samples 

0 30 60 90 

UEFB 0 8.9 17.3 28.5 

UEFB-C 0 7.2 13.8 21.4 

FCuNP-C 0 4.5 10.7 15.2 

VUPERC is caused by a rapid biodegradation of UEFB 
exposed on the surface by the biodegradation of the 
matrix VUPER. 

4. Conclusions 

Nanocopper sol has been synthesized at atmospheric 
conditions and FCuNPs exist there. The synthesized 
FCuNPs are incorporated in UEFB fibres via cationiza- 
tion by CHPTAC. FTIR result indicated the 36% 
cationization. The morphological and XRD analysis of 
CuNPs impregnated fibre shows that CuNPs are impreg- 
nated in the fibre which can improve the strength and 
durability of the fibres. The developed NP-CAEFB- 
VUPERC has potential mechanical strength and con- 
trolled biodegradability. 

The NP-CAEFB-VUPERC shows the Tg decrease of 
12%, which indicates a considerable enhancement of 
materials properties by NPs treated EFB fibers. Fourier 
transforms infrared spectroscopy has provided strong 
evidence of bond formation between them. Moreover, 
analysis observed by DSC and X-ray diffraction has been 
found to be consistent. Finally, obtained material and its 
properties are suggesting the potential usage of it as the 
usable materials like different types of boards. 
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