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Abstract 
Copper nanoparticles were impregnated onto oil palm empty fruit bunch (EFB) powders via in-situ 
sol-gel method. The impregnation and interfacial interaction of copper nanoparticles with EFB 
were analysed by fourier transformed infrared spectroscopy (FTIR), X-ray diffraction (XRD), field 
emission scanning electron microscopy (FESEM), energy dispersive X-ray (EDX) and atomic force 
microscopy (AFM). The interaction of copper nanoparticles with the surface functional groups of 
EFB powders was identified by FTIR analysis. The peak shift of O-H and C-O functional groups in-
dicated the interaction between EFB and copper nanoparticles. Besides that, XRD and EDX analysis 
confirmed the formation of copper nanoparticles on EFB powder. Due to the copper impregnation, 
the crystallinity of the EFB was increased as shown by XRD. The particles size of nanoparticles was 
analysed via TEM and AFM where the sizes were in the range of 60 - 100 nm. These findings 
strongly suggest that, copper nanoparticles impregnated EFB powders can be synthesized via in- 
situ sol gel method. 
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1. Introduction 
In recent years, cellulose fiber has gained importance to meet the demand of environmental friendly, low cost 
and biocompatible products in composites, medical supplies, textiles, packaging, energy storage, electronic de-
vices and biomedical materials [1] [2]. However, due to its high hydrophilic nature, poor mechanical strength 
and non-antimicrobial activity, cellulose fiber cannot be used directly in versatile application [3]. The hydro-
philic surfaces and porous structure of EFB fiber lead to undesired air permeability and sweat absorption proper-
ties which induce microorganisms’ growth. Chemicals such as halogen ion complexes, metal salt and metal de-
rivatives have been used to provide antibacterial activity to cellulose fibers [4]. Unfortunately, the antibacterial 
properties of fibers treated with these compounds degrade with time, and may pose harm to humans [5]. Re-
cently, a number of researchers have used noble metal nanoparticles to improve the mechanical and antimicro-
bial properties of fiber [3] [6]-[8]. To fabricate metal nanoparticles loaded fibers, the fibers usually were im-
mersed in metal nanoparticles-containing aqueous solution before being treated with conventional pad-dry-cure 
process [9]. Another approach to fabricating metal nanoparticles loaded fiber was prepared by reduction of 
metal salt which was then absorbed in fiber [10]. However, this method of preparation was limited in application 
due to possible dropped off of nanoparticles from fibers owing to the very weak interaction of nanoparticles to-
wards the fibers.  

In this context, the aim of the present research was to produce copper nanoparticles incorporated on EFB fiber 
via in-situ method. Field emission scanning electron microscope (FESEM) and atomic force microscopy (AFM) 
were used to determine sample’s external morphology. Energy dispersive X-ray (EDX) was applied to identify 
the atomic percentage content of the main elements. X-ray diffraction (XRD) was used to provide information 
about the crystalline structure and orientation of the materials making up the samples. Fourier Transform Infra-
red Spectroscopy (FTIR) was used to identify the influence of copper nanoparticles on EFB fiber.  

2. Experimental 
2.1. Materials 
EFB fibers used in this research were collected from Malaysia Palm Oil Board (MPOB), Malaysia. Copper (II) 
chloride salt (CuCl2·2H2O), hydrazine monohydrate (N2H4·H2O), ascorbic acid, anhydrous methanol, sodium 
hydroxide (NaOH) and acetic acid and were obtained from Sigma-Aldrich, USA and used without further puri-
fication.  

2.2. Alkaline Treatment of EFB Fibers 
Raw EFB was initially washed by using D.I water to remove dirt and ash. The washed raw EFB were kept in an 
oven at 60˚C for 24 h for drying. Fresh solutions of 5% NaOH were prepared and EFB fibers were immersed for 
24 h. After 24 h, the samples were taken out and cleaned by using 1% acetic acid solution and washed several 
times with distilled water to remove chemical residue. The washed samples were air dried for 2 h and then kept 
in an oven at 60˚C for 24 h.  

2.3. Preparation of EFB Powder 
The dried treated EFB fibers were grinded with a grinder (RETSCH Ultra Centrifugal Mill ZM 200) and sieved 
by using sieving shaker (RETSCH, AS 200 Basic). The 40 - 50 µm size particles were separated and kept in PP 
bag for further experiment. 

2.4. In-Situ Impregnation of Copper Nanoparticles on EFB Powder 
The impregnation of copper nanoparticles on EFB powder was prepared by sol-gel method [11] [12]. Equal 
volume (50 mL) of DI water and anhydrous methanol was mixed in a capped bottle and stirred using a magnetic 
stirrer at room temperature. Subsequently, CuCl2·2H2O (50 mg) and ascorbic acid (1.035 g) were added to the 
solution. A required amount of EFB powder was added into the solution and 2 mL of N2H4·H2O (64%) was in-
jected into the reaction mixture with continuous stirring for 2 h. After that, the mixture was transfer to sonicator 
bath for further reaction at 60˚C until a paste was formed. The paste samples were kept in vacuum oven at 60˚C 
for drying. The dried samples were kept in PP bag for analysis. 
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2.5. Fourier Transform Infrared Spectroscopy (FTIR) 
FTIR (PerkinElmer) was used to analysis all samples. Fixed amount of samples were mixed with KBr and FTIR 
spectrum was recorded in the range of 400 - 4000 cm−1. 

2.6. X-Ray Diffractometry (XRD) 
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 analyse the data. To prepare the disc specimen of the samples, 1 
g of samples were compressed in a cylindrical mold with a pressure of 1 MPa. The specimens were step-wise 
scanned over the operational range of scattering angle (2θ) between 10˚ to 50˚, with a step of 0.02˚. The data 
were recorded in terms of the diffracted X-ray intensity (I) versus 2θ. The X-ray crystallinity, X-rayX , was cal-
culated by the help of Sengal’s method with the following equation [13]: 

002
X-ray

002

100%amI IX
I

 −
= × 
 

 

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 amorphous part of the EFB fibers. During the calculation, the 
height of (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˚.  

2.7. Morphology 
Cu-EFB powders were investigated by FESEM equipped with EDX of JEOL JSM-7600F, USA. AFM analysis 
was conducted using NT-MDT AFM in close contact mode.  

3. Results and Discussion 
Figure 1 illustrates the FTIR spectra of EFB, 0.5 wt% Cu-EFB and 1 wt% Cu-EFB fibers, recorded as the 
transmittance (%) versus frequency in the range of 4000 - 400 cm−1. As shown in Figure 1, the spectra demon-
strate a number of absorption peaks, representing the multipart of the samples. The FTIR spectrum analysis dis-
played broad bands at 3400 - 3200 cm−1, which corresponds to the hydrogen bonded O-H groups [14]-[16]. The 
adsorption band of O-H groups of EFB, 0.5 wt% Cu-EFB and 1 wt% Cu-EFB fibers appear at 3448 cm−1, 3442 
cm−1 and 3440 cm−1, respectively, showing 8 units red shift of this polar group. This shifting of frequency indi-
cates that EFB assist in coordinate with Cu2+ ions [6]. Furthermore, C≡C stretching vibration in 0.5 wt% 
Cu-EFB and 1 wt% Cu-EFB fibers were found at 2150 cm−1, where this peak was not found in EFB spectrum. 
The C≡C group was formed after the reaction, it seem that the reaction was occurred between hydrazine (reduc-
ing agent) and EFB. Besides that, ester bond of EFB (cellulose) at 1052 cm−1 was shifted to 1060 cm−1 after 
nanoparticles formed. This amount of shift indicated the formation of copper nanoparticles on EFBw hich might 
be due to the electrostatic attraction between EFB and Cu. The other significant peak was at 896 cm−1 which as-
signed to the C-O stretching vibration of amorphous cellulose [17]. The intensity of 896 cm−1 (amorphous C-O) 
peak was decreased as copper concentration increased. This can be explained by the cover of copper nanoparti-
cleson cellulose surface after formation. 

The XRD of EFB, 0.5 wt%, 1 wt% Cu-EFB and copper nanoparticles were illustrated in Figure 2. The im-
portant peak position for amorphous and crystalline parts of cellulose were analysed and the data were presented 
in Table 1. The noticeable strong crystalline peak for EFB powder was observed around 2θ = 22.2˚, which rep-
resented the crystallographic (002) plane of cellulose materials of EFB [3]. The position of (002) peak might be 
shifted to higher angle (2θ) after treatment. This shifting suggests that copper nanoparticles were present on the 
internal pore walls of EFB fibers [18]. Besides that, new peak appears at 2θ = 42.3˚ for Cu-EFB powders which 
attributed to (111)Cu plane from the cubic copper crystal [19]. This confirmed that, copper nanoparticles were 
impregnated on EFB powder. Moreover, at copper nanoparticles XRD spectrum, one single peak at 42.3˚ was 
detected which definite the appearance of Cu phase in the sample [20]. From XRD profile it definite that after 
impregnation, no CuO peak was detected. This finding indicates that, the copper nanoparticles in the composite 
were stable. The estimated percentage of crystallinities of EFB, 0.5 wt% and 1 wt% Cu-EFB powder were pre-
sented in Table 1, which exhibits an increment in crystallinity after impregnation of copper nanoparticles. 
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Figure 1. FTIR spectra of EFB fibre (straight line), 0.5 wt% Cu-EFB fibre (dot 
line) and 1 wt% Cu-EFB fibre (dash line).                                  
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Figure 2. Wide angle XRD profile of EFB (a); 0.5 wt% Cu-EFB (b); 1 wt% 
Cu-EFB (c) powders and Cu nanoparticles (d).                              

 
Table 1. Crystalline parameters obtained from XRD diffractograms of variously treated EFB powder.                     

Sample Peak position (2θ) Intensity (counts/s) Crystallinity (%) 

EFB 15.8 (amorphous) 1153.1 51.7 

 22.2 (crystalline) 2392.1  

0.5 wt% Cu-EFB 16.4 (amorphous) 806.2 59.1 

 22.4 (crystalline) 1971.40  

1 wt% Cu-EFB 16.6 (amorphous) 723.2 60.1 

 22.5 (crystalline) 1812.50  
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Figures 3(a)-(d) demonstrated the surface roughness of unloaded and loaded copper nanoparticles EFB pow-
ders in 2D and 3D topographs. From Figure 3(a) and Figure 3(b), it can be seen that small spherical nanoparti-
cles with size ~100 nm were formed throughout the surface of EFB. The existences of nanoparticles on EFB 
were confirmed via 3D topographs (Figure 3(c) and Figure 3(d)) where the thickness of the surface was in-
creased.  

The morphologies and sizes of copper nanoparticles on the EFB and EFB were monitored by FESEM as 
shown in Figure 4(a) and Figure 4(b), respectively. The sizes of particles were ~60 nm. In Figure 4(a), it can 
be seen that the surface of EFB was homogenously coated with copper nanoparticles. The EDX analysis con-
firms the copper nanoparticles incorporation on the EFB powder, since a certain amount of copper was traced in 
the profile of Figure 4(c). Additionally, EFB powders contain major chemical elements like carbon (C) and 
oxygen (O).  
 

   
(a)                                 (b) 

   
(c)                                (d) 

Figure 3. AFM 2D phase diagram of untreated EFB (a); 1 wt% Cu-EFB (b) 
and 3D surface topography of untreated EFB (c); 1 wt% Cu-EFB (d).          

 

 
Figure 4. FESEM images of Cu-EFB powder, (a) (b) and EDX spectrum at the 
location of spectrum a, (c).                                            
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4. Conclusion 
Cu-EFB powders were synthesized via in-situ method with size ~60 - 100 nm. The formation of copper nano- 
particles on EFB powders were confirmed by XRD, FTIR spectrum, AFM, FESEM imaging and EDX, respec-
tively. From the XRD profile, the crystallinity index of Cu-EFB powders was higher than untreated samples. 
The crystallinity of samples was also supported by FTIR; where the peak intensity of 896 cm−1 (C-O, amorphous 
cellulose) was reduced as the copper concentration increased. Besides that, from XRD spectrum at 2θ = 42.3˚ 
which attributed to copper signal was detected on Cu-EFB samples. Moreover, in EDX element analysis copper 
signal was also noticed. The incorporation of copper nanoparticles on EFB powder was identified via AFM and 
FESEM imaging. From AFM it was found that, the thickness of Cu-EFB samples were increased compared to 
untreated EFB samples. This suggested that, existences of nanoparticles on EFB were possible. This phenome-
non was proved by FESEM image where small sphere particles were seen on EFB powder. The copper nanopar-
ticles impregnated EFB powders can be used to develop composite materials with enhanced antimicrobial ac-
tivities. 
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