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Chemical modification of natural fibres has been carried out using 
different methods for such purposes as reinforcement in polymer 
matrices and heavy metals adsorption. In this work, palm fibres were 
modified by zirconium oxychloride in situ. The palm fibres that had been 
chemically modified were compared to those in nature using fibres that 
passed through 20 and 40 mesh screens to evaluate the influence of 
particle size on modification. Palm fibres were modified with ZrO2.nH2O 
nanoparticles through the use of zirconium oxychloride in an acidic 
medium in the presence of palm fibres using ammonium solution (1:3) as 
the precipitating agent. Scanning electron microscopy (SEM), X-ray 
diffraction (XRD), infrared spectrophotometry (FTIR), and atomic 
emission spectrometry with inductively coupled plasma (ICP-AES) were 
used to characterize the hybrid materials. Results indicated that the 
particle size of the palm fibres influenced in the modification, because 
the fibres with smaller particle size had a greater deposition of inorganic 
material. The ICP technique revealed an increase of 21% nanoparticles 
ZrO2.nH2O deposited on fibres (40 mesh) when compared to fibres (20 
mesh). The diameter of nanoparticles ZrO2.nH2O deposited on fibres 
was about 50 to 220 nm, as observed by SEM.  

 
Keywords: Palm fibres; Hydrous zirconium oxide; Nanocomposites 

 

Contact information:  a: Department of Engineering, UniFOA, Volta Redonda, Rio de Janeiro, Brazil; 

b: Department of Materials and Technology, UNESP/FEG, Guaratinguetá/SP, Brazil; c: Department of 

Mechanic, UERJ/FAT, Resende, Rio de Janeiro, Brazil;  

* Corresponding author: daniella.mulinari@foa.org.br  

 

 

INTRODUCTION 
 

Recently, much attention has been directed to the development of nanocomposites 

based on organic-inorganic hybrid materials, such as SiO2 (Pinto et al. 2008), CaCO3 

(Vilela et al. 2010), NbOPO4·nH2O (Pereira et al. 2010,), Nb2O5 (Maschio et al. 2012), 

MgO (Maliyekkal et al. 2010), silica (Xie et al. 2009), TiO2 (Daoud et al. 2005), Al2O3 

(Alfaya and Gushikem 1999), ZrO2 (Mulinari and Da Silva 2008), Cel/Sb2O3  (Toledo et 

al. 2000), and other applications such as membranes (Biron et al. 2012), because these 

materials normally have improved mechanical, optical, and thermal properties due to the 

combination of inorganic and organic components. 

Organic-inorganic hybrid materials are of more than just academic interest, since 

their inherent properties frequently lead to the development of innovative industrial 

applications (Gupta and Sharma 2003; Gupta et al. 2006, 2007, 2011, 2012; Gupta and 

Rastogi 2009). Saleh and Gupta (2012) synthesized manganese dioxide-coated multiwall 

carbon nanotube (MnO2/CNT) nanocomposite.  
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The as-produced nanocomposite was characterized by different characteristic 

tools, such as X-ray diffraction, SEM, and FTIR. The MnO2/CNT nanocomposite was 

utilized as a fixed bed in a column system for removal of lead(II) from water. The 

experimental conditions were investigated and optimized. The pH range between 3 and 7 

was studied; the optimum removal was found when the pH was equal to 6 and 7. The 

thickness of MnO2/CNT nanocomposite compact layer was also changed to find the 

optimum parameter for higher removal. It was observed that the slower the flow rates of 

the feed solution, the higher was the removal efficiency, and the effect was attributed to a 

larger contact time. 

In this context, hybrid organic-inorganic materials have attracted major interest, 

since the use of methodologies for nanoparticles, composites, membranes, and nanocom-

posites, yielded a more economical alternative with greater control for developing new 

materials to technology applications. Such fields as optics, electronics, ionic, mechanics, 

energy, environment, biology, medicine, smart coatings, fuel and solar cells, catalysts, 

sensors, fire retardant, and production of composites or membranes are some examples of 

areas where these types of materials have been successfully applied (Pereira et al. 2011). 

Among natural fibres that have been used for the application of these nanocom-

posites, palm fibres are particularly interesting (Marques et al. 2006). Palm trees are 

considered among the oldest plants on the globe, with records dating back 120 million 

years. They are a characteristic component of tropical forests and have important features 

that ensure the sustainable development of agricultural and horticultural systems. The 

greatest diversity of these plants is in the tropics and subtropics (Belini et al. 2011). 

Archontophoenix alexandrae, commonly known as king palm, is a species of the family 

Aracaceae originally from Queensland, Australia: a tropical region with an altitude below 

1100 m. The climate required to cultivate this species is hot and humid. It can, however, 

adapt to various soil types, from very sandy soils to soils with high clay content, and can 

tolerate low pH (Ribeiro 1996). The plants of this species form a very dense root system, 

which makes it very important to prevent erosion of riverbanks.  

The heart of palm, also known as palmito, can be extracted from various species 

of palms. A. alexandrae produces heart of palm of the noble type, with higher quality and 

superior flavor compared to other species of palm. The harvesting of palm heart is done 

after a period of 4 years (Simas et al. 2010). However, a large amount of residue is 

generated from this cultivation (Simas et al. 2010). For each palm, approximately 400 g 

of commercial palm heart are harvested. The residue constitutes 80 to 90% of the total 

palm weight, with some variation depending on species (Ribeiro 1996). The residues 

from king palm are mainly the leaves and leaf sheathes. Some quantity of this highly 

cellulosic material is currently used as boiler fuel in the preparation of fertilizers or as 

mulching material, but the majority is left on the mill premises. When left in fields, these 

waste materials create environmental problems (Shinoja et al. 2011). Several studies are 

seeking to add value to this raw material produced from the extraction of palm heart by 

using it in other ways. 

In this work, ZrO2.nH2O particles on palm fibres were investigated using X-ray 

diffraction (XRD), scanning electron microscopy (SEM), infrared spectrophotometry 

(FTIR), and atomic emission spectrometry with inductively coupled plasma (ICP-AES) 

to determine the physical structure, morphological, and chemical properties, and the 

zirconium content deposited on the fibre surface. 
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EXPERIMENTAL 
 

Materials and Preparation 
Palm fibres were collected from a farm in Volta Redonda (Rio de Janeiro, Brazil). 

The fibres were dried at 80 °C for 24 h. They were then ground in a mill and sieved to 

obtain samples that passed through 20 and 40 mesh screens to evaluate the influence of 

particle size in modification.  

For chemical modification of the palm fibres with ZrO2.nH2O particles, 2 g of 

zirconium oxychloride were dissolved in 100 mL of an aqueous hydrochloric acid 

solution (0.5 mol L
-1

), in which 5 g of palm fibres were immersed. The material was 

precipitated with an ammonium solution (1:3) at pH 10.0. The mixture was stirred, 

filtered, exhaustively washed with distilled water for the complete removal of chloride 

ions (negative silver nitrate test), and dried at 50 °C for 24 h. The resulting material was 

designated palm fibre/ZrO2.nH2O (Mulinari and Da Silva 2008).  

 

Characterization of Raw Materials and Composites 
 The physical structure of the palm fibres in nature and modified with ZrO2.nH2O 

particles was evaluated by X-ray diffraction (XRD), Fourier transform infrared (FTIR), 

scanning electron microscopy (SEM), and atomic emission spectrometry with inductively 

coupled plasma (ICP-AES).  

 The crystallinity index was evaluated by X-ray patterns obtained with a Shimadzu 

diffractometer (model XRD6000) under the following conditions: CuK radiation with 

graphite mono-chromator, 40 kV, and 40 mA. Patterns were obtained in the 10 to 70° 2θ 

angular interval, scanning 0.05 (2θ/5s) for values of 2θ between 10° and 70°. The 

crystallinity index (CI) was calculated using equation (1), where I002 is the maximum 

intensity of the I002 lattice reflection and I101 is the maximum intensity of X-ray scattering 

broad band, due to amorphous region of the sample. This method was developed by Segal 

et al. (1959), and it has been widely used for the study of natural fibres. 

 

CI (%) = [I002 – I101) / I002] x 100      (1) 

 

 Chemical structures of the palm fibres were evaluated by FTIR. The spectrum 

was obtained on an FTIR spectrophotometer (Perkin Elmer). The samples were prepared 

by mixing the material and KBr in a proportion of 1:200 (w/w). For each sample, 16 

scans were accumulated with a 4 cm
-1

 resolution. 

The palm fibre morphology was evaluated with a JEOL JSM5310 scanning 

electron microscope with a tungsten filament operating at 10 kV, employing the low 

vacuum technique and secondary electron detector. Samples were dispersed on a brass 

support and fixed with double-sided 3M tape.  

The length and diameter of ZrO2.nH2O nanoparticles on palm fibres, uncoated or 

coated, were measured by quantitative microscopy using the image processing software 

Image J. 

The zirconium content on the palm fibres’ surface was quantified by atomic 

emission spectrometry with inductively coupled plasma (ICP-AES) using a Spectro 

spectrometer (model Genesis). 
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RESULTS AND DISCUSSION 
 

Palm fibres are hydrophilic substrates, and therefore their modification with 

ZrO2.nH2O promotes the nucleation and growth of ZrO2.nH2O particles. The first step of 

the reaction was carried out under anhydrous conditions because it is supposed that a 

donor-acceptor bond is formed between ZrOCl2.8H2O and the oxygen of the C1-O-C5 and 

C1-O-C4 bonds. The attack to the former oxide bond leads to a ring opening and provides 

a molecule rupture process to form microfibers, according to the reaction shown in Fig. 1. 

Ammonium solution is required to promote the chemical link of metallic oxide with fibre 

surfaces (Mulinari et al. 2010).  
 

 
Fig. 1. Reaction of the Lewis acid with cellulose and formation of the donor-acceptor bond 
(Mulinari et al. 2009) 

 

The physical structure of the palm fibres coated with ZrO2.nH2O particles was 

investigated by X-ray diffraction. Analyzing the diffractograms, it was noted that palm 

fibres presented characteristics of a semicrystalline material, with intense peaks (Fig. 2). 

On the other hand, a gradual reduction in the peak intensity in the palm fibres coated with 

ZrO2.nH2O particles was observed, and this was attributed to the amorphous character of 

the ZrO2.nH2O (Mulinari et al. 2009).  

 

 

 
 
Fig. 2. X-ray diffraction patterns for palm fibres 
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The spectrum corresponding to the palm fibres in nature showed diffraction peaks 

at the 2 angles 14.5° and 22.4°, representing the cellulose crystallographic planes I101 

and I002. For modified palm fibres, the same peaks were observed at 15.1° and 22.4°. The 

presence of the peaks at 15° and 22° are evidence of the fibre modification. The position 

of these peaks indicates an increase of the interplanar distance in relation to the modified 

fibre. The X-ray diffraction peaks observed can be attributed to crystalline scattering and 

the diffuse background associated with disordered regions. This behavior occurs because 

of the generation of disorder when fibres are modified.  

The crystallinity index (CI) calculated according to equation (1), can be observed 

in Table 1. The modified fibres (20 mesh) presented a increase of 5% in the crystallinity 

index, however the modified fibres (40 mesh) exhibited 39.5% higher crystallinity than 

fibres in nature. This fact occurred due to the particle size of fibres. 

 

Table 1. Crystallinity Index of Fibres 
Material I(002) I(101) Ic (%) 

Fibres in nature 880 613 30.3 

Modified fibres (20 mesh) 1012 690 31.8 

Modified fibres (40 mesh) 1320 755 42.3 

 

Another technique used for analysis was FT-IR, which reveal the main and typical 

groups present in the fibres. Figure 3 illustrates the FT-IR spectrum obtained for the palm 

fibres used in this work. The signals at ~2900 cm
-1

 and ~1700 cm
-1

 are characteristic of 

the stretching of symmetrical CH groups and the stretching of symmetrical CH groups 

and the stretching of unconjugated C=O groups present in polysaccharides and xylans. 

The absorption at 3420 cm
-1

 is due to stretching of C-H groups. In these spectra it was 

observed around 3400 cm
-1

 the band in the region on the axial O-H stretch. A 

characteristic band of C-O bonds and C-O-C typical of ethers was observed in the 1150-

1000 cm
-1 

region. The band around 1600 cm
-1

 is probably due to the presence of aromatic 

rings characteristic of lignin. The absorbance ratio of C-O in aromatic ring regions 

(A1100/A1600) was 1.13, different from that of sugarcane (0.83), showing, in principle, 

less content of lignin in respect to carbohydrates.  

 
Fig. 3. FTIR spectra of palm fibres 
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These absorptions are similar to those of sugarcane bagasse fibres (Toledo et al. 

2000). Table 2 summarizes higher bands observed in the FT-IR spectra of sugarcane 

bagasse fibres and their assignments to chemical group vibrations and molecules. 

 

Table 2. Infrared Main Transitions for Lignocellulosics Materials 
 

Wavenumber (cm
-1

) Vibration Source 

3300 O-H linked shearing Polysaccharides 
2885 C-H symmetrical stretching Polysaccharides 
1732 C=O unconjugated stretching Xylans 
1650-1630 OH (water) Water 
1335 C-O aromatic ring Cellulose 
1162 C-O-C asymmetrical stretching Cellulose 
670 C-OH out-of-plane bending Cellulose 

 

SEM is an excellent technique for examining the surface morphology of palm 

fibres. The longitudinal and cross-sectional surfaces of palm fibres are presented in Fig. 

4, where the presence of lignocellulosic material, hydrophobic non-cellulose compounds 

(such as waxes), and surface impurities can be observed on the external surface of the cell 

wall.  

 

 
Fig. 4. SEM micrographs of palm fibres in nature  
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Fig. 5. SEM micrographs of palm fibres modified: 20 mesh (a; b at different magnifications); 40 
mesh (c; d at different magnifications) 
 

These compounds constitute a protective and smooth layer on the surface of the 

fibres. It is also possible to observe a superficial layer of parenchyma cells. Also in Fig. 4 

one can observe a smooth surface, but the fibers were porous and cylindrical-shaped. 

However, the fibres surface was observed to be covered with oxide, but this did 

not occur homogeneously (Fig. 5). Figure 5 shows fibres modified with zirconium oxide 

with different particle size. It was also observed that the particle size of the fibres 

influenced modification, because the fibres with smaller size had a greater deposition of 

inorganic material. This fact can be explained by the contact area of the fibres. According 

to Bittencourt et al. (2009), when reducing the particle size, both the surface area and the 

contact areas between adjacent fibers are increased, decreasing the material size. 

According to Porte et al. (2011), small particles case agglomeration. 

A further increase of the fibres allowed the visualization of a greater roughness 

after modification of the fibre, due to the solubilization of the compounds, facilitating the 

disintegration of the fibre bundle and increasing the effective surface area. Nanometric 

particles could be seen on the surface of the fibres. The length of fibres varied from 100 

to 500 µm, and the diameter varied from 10 to 30 µm. In the formation of nanoparticles, 
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ZrO2.nH2O nanoparticles in the size range of about 50 to 220 nm in diameter were 

deposited heterogeneously on fibres. 

The ICP technique used in this work was important for determining the content of 

zirconium deposited on surface of the palm fibres and also to available the influence of 

particle size in this study. Table 3 shows the zirconium content incorporated in the king 

palm fibres as a function of particle size. 

 

Table 3. Zirconium Content of Palm Fibre Nanocomposite  

Sample % ZrO2 

Modified fibres 40 mesh 10.38 

Modified fibres 20 mesh 8.5 

 

Results shown in Table 3 confirm the influence of particle size on the deposition 

of oxide. Fibres prepared with sifted in a 20 mesh sieve, showed a smaller content of 

zirconium on surface fibres, confirming the study of Bittencourt et al. (2009) and Porte et 

al. (2011). 

 

 

CONCLUSIONS 
 

1. Synthesis of ZrO2.nH2O nanoparticles on palm fibres was carried out successfully. 

The fibre/ZrO2.nH2O nanocomposite was obtained with a high degree of dispersion of 

hydrous zirconium oxide on the palm fibres’ surface.  

2. Results showed that the particle size of the fibres influenced modification, such as 

morphology, crystallinity index, chemical composition, and the amount of zirconium 

deposited on fibres. Scanning electron microscopy (SEM), X-ray diffraction (XRD), 

infrared spectrophotometry (FTIR), and atomic emission spectrometry with 

inductively coupled plasma (ICP-AES) techniques confirmed these results. 

 

3. The ZrO2.nH2O nanoparticles on palm fibres can be used reinforcement in matrix 

polymeric and membranes for nanofiltration. 
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