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ABSTRACT 

 Cellulosic materials which include sawdust, wastepaper, corncob and sugarcane bagasse were converted 

into nanostructured ceramics by submersion in silica colloidal suspension (sol) and followed by the calcination of 

the cellulosic material/SiO2 composites under controlled conditions. Depending on the conditions used during the 

calcination process, Carbon/SiO2 composite and nanostructured SiO2 ceramics were obtained. The morphology of 

resulting nanostructured ceramics and nanocomposites obtained from four types of cellulosic materials were 

characterized by Scanning Electron Microscopy (SEM), Fourier transformed infrared spectroscopy (FTIR), and 

CHN analyzer. The effect of cellulosic materials on the properties of nanostructured ceramics and 

nanocomposites formed were investigated. 

Keywords: Cellulosic material, Biomimetic, Nanostructured ceramic, Carbon/SiO2 composite 

 

ABSTRAK 

Bahan selulosa seperti serbuk kayu, kertas terpakai, tongkol jagung, dan hampas tebu yang akan 

ditukarkan menjadi seramik berstruktur nano melalui kaedah perendaman dengan mengunakan ampaian koloid 

silika (sol) dan diikuti dengan penbakaran komposit selulosa/seramik dalam keadaan persekitaran yang 

terkawal. Bergantung kepada persekitaran semasa proses pembakaran, karbon/SiO2 komposit dan seramik SiO2 

berstruktur nano akan diperolehi. Morfologi seramik berstruktur nano dan komposit karbon/ seramik ini akan 

dikaji dengan mengunakan Microskop Imbasan Elektron (SEM), Fourier transform-infrared spectroscopy 

(FTIR), dan penganalisa CHN. Kesan bahan selulosa terhadap ciri-ciri seramik berstruktur nano yang 

dihasilkan akan dikaji. 

Kata kunci: Bahan selulosa, biomemetik, Seramik SiO2 berstruktur nano, karbon/SiO2 komposit.  
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CHAPTER I 

INTRODUCTION 

 

In recent years, the preparation of ceramics from biological materials as precursors has 

continued to generate significant interest. The main objective is to use the natural biological 

materials as a template to synthesis a hierarchical inorganic materials such as oxide and 

carbide (Shin and Exarhos 2007). Biological materials such as plants possess natural 

composite structures that have high mechanical strength, low density, high stiffness, elasticity 

and damage tolerances that make plant materials to be used as unique template (Chackrabarti 

et al., 2004). The term “ecoceramics” shows the different types of ceramic materials being 

made from the wood-based products contain cellulosic materials (Egelja et al., 2008). This 

research is mainly driven by economical reasons as natural materials serve as renewable and 

inexpensive sources of carbon and cellulosic materials (Vyshnyakova et al., 2006). The 

mineralization of cellulosic materials such as wood provide a low-cost starting materials and 

complex shape capabilities, instead of simple shape that was normally produced by the 

traditional ceramic processing techniques (Singh and Yee 2002).  In this study, four types of 

cellulosic materials were being used as a biological template such as sawdust, wastepaper 

materials, sugarcane bagasse and corncob. Sawdust is a powdery particle of wood produced by 

sawing or grounding. Wastepaper such as old newspaper, printing paper or cartoon boxes was 

being used. Sugarcane bagasse is a residue from sugarcane milling, consisting of the crushed 

stalks from which the juice has been extracted. Sawdust, wastepaper, corncob and sugarcane 

bagasse consist of cellulose compound. Using these types of cellulosic materials to synthesis 

nanostructured ceramics will have many benefits over the traditional ceramics processing. 
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The effect of different hierarchical structure and composition of cellulosic materials and the 

characteristics of nanostructured ceramics were investigated by established physical and 

chemical characterization techniques. 

 

Statement of Problem  

Cellulosic materials from wood-based, food and paper industries wastes discharged in 

the form of wastepaper, corncob, sugarcane bagasse and sawdust would cause environmental 

problems. These types of cellulosic wastes can be utilized to synthesize nanostructured 

ceramics and nanocomposite materials for various potential technology applications. The 

present study focused on converting cellulosic wastes such as sawdust, wastepaper, corncob 

and sugarcanes bagasse into nanostructured ceramics and nanocomposite materials by 

impregnating them with silica sol and then by controlled calcination process. Nanostructured 

ceramics and nanocomposite materials produced were characterized by using the established 

characterization methods.              

                                                                                                                                                                                                                                                               

Objective 

There are two objectives of these studies. There are: 

i. To convert cellulosic materials such as sawdust, wastepaper, corncob and 

sugarcane bagasse materials into nanostructured ceramics and nanocomposite 

materials. 

ii. To characterize the physical and chemical properties nanostructured ceramics and 

nanocomposite materials produced. 

 



4 
 

O

HO

H
HO

H

H
H

O
CH2OH

H

O

H

H H

H

CH2OH

O

HO

HO

H

HO

H

O

H
HO

H
H

O
CH2OH

H

O

H

H H

H

CH2OH

O

HO

HO




O

CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Cellulose  

Cellulose (C6H10O5)n is a macromolecules compound that is abundant and renewable 

biopolymer with exhibits outstanding properties and useful applications. Cellulose is a 

polymer which environmental friendly and also biodegradable, low costs, high specific 

strength and modulus (Sendibeyoglu and Oksman 2007).  Cellulose is a linear homopolymers 

with high molecular weight that composed of β-D-glucopyranose units that link in the (1→4)-

gycosidic fashion. The structure of cellulose is shown in Figure 1.0; 

 

 

 

 

Figure 1.0: Chemical Structure Cellulose  

 

Each of this D-anhydroglucopyranose unit possesses a hydroxyl group at C2, C3, and 

C6 position capable for undergoing reactions as a primary or secondary alcohol. Cellulose also 

has a strong tendency to form intra- and inter- molecular hydrogen bonds by the hydroxyl 

groups on these linear cellulose chains which stiffen the straight chain and promote 

aggregation into crystalline fiber structure and morphologies (Klemn et al., 2005). 
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2.1.1. Source of Cellulose 

Sources of cellulosic materials include woods which contain 40 to 50% of cellulose. 

Cellulose can also be obtained from cellulosic materials such as corncobs, soybeans hulls, 

sugarcane stalks, oat hulls, rice hulls, wheat straw, sugar beet pulp, bamboo and fiber (Hanna 

et al., 2001; Franz et al., 1990). Different sources of cellulose are used for different purposes. 

For example pulp papers are produced from wood. Table 1.0 shows the sources and chemical 

composition of cellulosic materials according to Hon (1996); 

 

Table 1.0: Chemical compositions of cellulosic materials 

Sources Composition (%) 

Cellulose Hemicelluloses Lignin Extract 

Wheat straw 30 50 15 5 

Bagasse 40 30 20 10 

Softwood 40-44 25-29 25-31 1-5 

Hardwood 43-47 25-35 16-24 2-8 

Flax (retted) 71.2 20.6 2.2 6.0 

Jute 71.5 13.6 13.1 1.8 

Henequen 77.6 4-8 13.1 3.6 

Ramie 76.2 16.7 0.7 6.4 

Cotton  95 2 0.9 0.4 
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2.2. Nanostructured Materials 

Nanotechnology also known as molecular nanotechnology or molecular engineering is 

a synthesis of functional materials with structural features in the range of 0.1–100 nm 

(nanomaterials) by various physical or chemical methods (Kirk et al., 1991). For perspective, 

the size of one hydrogen atom is 0.1–0.2 nm and size of a small bacterium about 1 µm (=1.000 

nm). Nanostructured materials are also known as nanocrystalline, nanophase or nanometer-

sized materials that have crystal size typically 1 to 100 nm in at least one dimension (Lima et 

al., 2002). Therefore nanostructures can take form in powders, dispersion, coating or bulk 

material that has many potential applications especially in health-care field and electronics 

industry through the computerization of the modern practice.  

Nanostructures exist in two types of morphology which are nanolayered material 

deposited by physical vapor deposition or electro-deposition processes and nano-grained 

material which is consolidated from the nanostructured powders. As the grain sizes become 

smaller, the number of atoms that associated with the grains boundary site will increase 

compared to the crystal lattice sites (Gell 1994). Nanostructured materials exhibit properties 

such as enhanced mechanical, electrical, chemical, biological, magnetic or optional properties 

compared to the conventional micro-scale counterpart. Nanostructured materials contain larger 

volume fractions which are greater that 50 percent of defect such as boundaries, inter-phase 

boundaries and dislocations. These characterizations will influent their chemical and physical 

properties. Nanostructured ceramics also tend to be tougher and stronger than coarser grain 

ceramics (Shane et al., 2003).  
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2.3. Silica Sol  

Studies on the silica sol have begun as early in the mid-1800s and led to the 

commercial development of colloidal silica of uniform particle sizes. Silica sol can be 

prepared from the concurrent hydrolysis and condensation of silicon alkoxide (Hench et al., 

1990). Silica with the uniform pore channel varying from 1.5 nm to greater than 10 nm has 

been demonstrated in 1992 which could be synthesized in a liquid-crystal template process by 

using a surfactant (Beck et al., 1992; Kresge et al., 1992). The term sols refer to the colloidal 

particle with size 1 to 100 nm in a liquid or gel with interconnected, rigid network with pores 

of submicron dimension. It is a polymeric chain with average length that was greater than 

micron (Ellis et al., 1993). The sol gel process involves to the hydrolysis and poly-

condensation of inorganic compound to form a ceramics material. The in-situ silica 

mineralization procedure has been developed in 2006 were employed to study the structure 

and the pore system of the wood fiber cell wall (Shin and Exarhos 2007). 

 

2.3.1 Hydrolysis Process in preparing Silica Sol  

The hydrolysis process occurs when the tetraethylorthosilicate (TEOS) and water was 

mixed in ethanol. The chemical equation for the reaction shows in the equation (1). 

 Si(OC2H5)4   +   H2O                         Si(OC2H5)3  +  C2H5OH   (1) 

Then the complete of the hydrolysis process will yield silicic acid (Ellis et al., 1993). 
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2.3.2 Condensation Process in preparing Silica Sol  

Condensation occurs when two silanols or a silanol combined on with the ethoxy 

group to form bridging oxygen and water or an ethanol molecule. The reactions of two silanols 

that were eliminated a molecule of water are shown in equation (2). 

Si(OC2H5)4 + Si(OC2H5)3(OH)                         (C2H5O)3Si-O-Si(OC2H5)(OH) + H2O (2) 

Nanometer sized silica particles are formed during this condensation process of two silanols 

compound. (Ellis et al., 1993) 

 

2.4. Nanostructured Ceramics  

Nanostructured ceramics is a new class of ceramic that can be fabricated from the 

cellulose template (Singh and Yee 2004).  Researchers are currently interested in the use of 

natural biological templates to construct a novel hierarchical inorganic material such as 

carbide and oxide. These nanostructured ceramic have several benefits over the traditional 

ceramics, where a wide variety of microstructures have been produced based on the type of 

biological template selected (Singh and Yee 2002).  

Nanostructured oxide ceramics have been previously prepared by infiltration of metal 

salt solution as well as alkoxide into open cellular biological materials. A macromolecular 

oxide network formed inside the porous templates after hydrolysis and condensation reaction. 

Heating in air would burn off the biocarbon and leaving an oxide ceramics with nanostructured 

morphology. Therefore, the technique can be viewed as micro-replication methods of the 

biological preforms (Cao et al., 2004). 
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The excellent strength and specific stiffness of the nanostructured ceramics open a 

wide range of applications for this attractive material (Gonzalez et al., 2003; Presas et al., 

2006). Some recently-published studies have shown that nanostructured ceramics such as 

SiO2-, TiO2-, Al2O3- and ZrO2- ceramics has been prepared from the wood and cellulosic 

materials via a sol-gel process with metal-alkoxides. Padel and Padhi (1993), were used the 

natural cellulose fibers such as sisal and jute for infiltration with AlCl3 or TiCl4 and 

subsequent transformation into oxide Al2O3 or TiO2 fibers by annealing in air.  Ota et al. 

(2000), produced nanostructured TiO2 ceramics by infiltration of wood with titanium tetra-

isopropoxide followed by heat treatment in air.  

The nanostructured ceramics have very interesting microstructures and properties with 

numerous potential applications such as filters and catalyst support, automotive component, 

tooling and wear component, armor and lightweight porous ceramics for the aerospace and 

ground based applications (Singh and Yee 2004).   
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2.4.1. Nanostructured SiO2 Ceramics  

Nanostructured SiO2 ceramics can be synthesized by heating mineralized wood 

samples at low temperature which enhances the removal of lignin and the penetration of 

silicate solution into the wood cellular network. Thermal treatment at temperature 550 °C in 

air takes places to remove the organic residual and produced silica monolith with the wood 

cellular structure (Shin and Exarhos 2007).  

Recently-published studies have reported the Carbon/SiO2 composite that has been 

heated under an ambient atmosphere at 800 °C. XRD have shown that a weak peak of SiO2 

(Tridimite) was formed due to crystallization of amorphous material. SEM micrograph 

showed SiO2 morphological structure to be similar to the starting wood structure. The 

nanostructured SiO2 ceramics possess small pits of 2 to 3 micrometer in diameter which were 

formed during the carbon evaporation (Ejelja et al., 2008).  

 The nanostructured SiO2 ceramics are used to make electronic substrates, thin film 

substrates, electrical insulators, thermal insulators and humidity sensors (Tabatabaei et al., 

2006).  
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2.5 Biomimetic Synthesis 

Biomimetic is one of novel approaches used to prepare advanced engineering materials 

through the guidance of natural (Srinivasan et al., 1991; Vincent and Srinivasan 1992). Using 

the biomemitic approach, ceramics was synthesized from the natural materials such as wood 

(Shin and Exarhos 2007). Biomimetic mineralization (Biomineralization) is a powerful 

approach for the synthesis of advanced materials with complex shape, hierarchical 

organization and controlled size, shape and polymorph under ambient condition in aqueous 

environment. Through biomimetic mineralization, promising materials (biomineral) which 

combine complex morphology over several hierarchy levels with superior materials properties 

can be prepared. There are many mechanisms in the biomimetics mineralization, but for this 

study, the focus is on the templating mechanisms. The aim of templating is to mimic a specific 

part of plant structure by using biomineralization process (An et al., 2007).  

Self-assemble bacterial superstructures can also be applied to template superstructures 

of silica (ceramics), magnetite (magnet), or cadmium sulfide (semi conductors) particle, which 

were interoperated into the bacterial superstructure by swelling in the colloidal sols (Davis et 

al., 1997). This is similar to the pollen grains that could be used as template for the 

morphosynthesis of complex inorganic replicas of calcium carbonate and phosphate as well as 

silica (Hall et al., 2003). Natural templates such as cedar wood (Dong et al., 2002), fungal 

colonies (Li et al., 2003), and spider silk (Mayes et al., 1998) were also reported. Colloidal 

crystals can also be used as a template for the infiltration with the gold or ceramics 

nanoparticles (Velly et al., 1999). Thus the template can be used to understand the interaction 

of organic matrix with the developing inorganic crystals on a molecular level. 
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2.6 FTIR analysis of silica xerogels 

The main area of the application of FTIR spectroscopy is to determine the functional 

groups of nanostructured SiO2 ceramics that produced in this study. An FTIR technique has 

been used by Costa et al., (1998) in the study of the evolution of silica xerogels that heated at 

400 
o
C and 500 

o
C. The study focused on the evolution of silanol and silicon alkoxide groups 

which are in the range of 600 cm
-1

 to 1400 cm 
–1

. The silicon band at 800 cm
-1

 increased in 

intensity as the temperature increased. The band for silanols at 960 cm
-1

 decreased in intensity 

with increasing temperature. Venkateswara et al., (1998) study the influent of temperature on 

the physical properties of TEOS silica xerogels has showed that the IR absorption bands at 

3400 and 2750 cm
-1

 are characteristics for free or absorbed water and is accompanied by 

another band at 1620 cm
-1

. Figure 1.1 showed the FTIR spectrum of silica xerogels at different 

temperature studied by Venkateswara et al., (1998).  

 

 

 

 

 

 

 

 

Figure 1.1: FTIR spectra of silica xerogels at different temperature (Venkateswara et al., 

1998). 
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CHAPTER 3 

MATERIALS AND METHOD 

 

3.1. Cellulosic materials 

 Four types of cellulosic materials were used for this study which includes sawdust, 

sugarcane bagasse, wastepaper and corncob.  Kapur wood (Dryobalanops spp) was collected 

from Timber Land sawmill in the Kota Samarahan area. Wastepaper materials such as printing 

paper and cartoon boxes were collected from UNIMAS. Sugarcane bagasse and corncob was 

collected from Bazaar Ramandan in Kota Samarahan area. 

 

3.2. Chemicals   

Among chemicals used in this study include tetraethylorthosilicate (TEOS), ammonia 

(NH3), nitric Acid (HNO3), hydrogen peroxide (H2O2), acetic acid (CH3COOH), hydrochloric 

acid (HCl), ethanol (EtOH), methanol (CH3OH).  

All chemicals were used as received without any purification. 
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Ground the samples into powdery 

form 

Cut samples into smaller pieces 

and wash 

Dry samples at 70°C for 24 hour 

Leaching out lignin 1.0M HCl 

(60°C for 24 hour) 

Dry samples at 60°C for 24 hour 

3.3. Sample Preparation 

3.3.1. Wood, corncob and sugarcane bagasse samples 

The wood, corncob and sugarcane bagasse samples were cut into smaller pieces and 

washed to remove impurities such as sand and dusts. Samples were then dried at 70°C for 24 

hours. All cellulosic samples were ground into powdery form using a grinder. Lignin in these 

samples was removed by the leaching process using 1.0 M HCl at 60°C for 24 hours. The 

samples were dried at 60 °C for 24 hours. A flow chart on the sample preparation of cellulosic 

materials is shown in Figure 1.2 

 

 

 

 

 

 

 

 

Figure 1.2: Flow chart on the sawdust, corncob and sugarcane bagasse samples preparation 
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Soak into solvent mixture 1:1 of acetic acid 

and hydrogen peroxide 

 

Place in water-bath at 70°C for 4 days 

 

Filter sample, dried at 70°C for 12 hours and 

ground the sample 

 

Dry samples at 60°C for 24 hour 

Cut samples into smaller pieces  

Leaching out lignin 1.0M HCl (60°C for 12 

hour) 

3.3.2. Wastepaper sample 

Wastepaper such as printing paper and cartoon boxes were being cut into smaller 

pieces. These wastepaper samples were underwent the initial maceration process. About 55.5g 

of wastepaper samples were soaked into a solvent mixture of acetic acid and hydrogen 

peroxide (1:1 v/v). The solvent mixture and wastepaper were placed in a waterbath at 

temperature 70°C for 4 days. The wastepaper was then separated from the solvent by filtration 

and dried at 70°C for 12 hours. The macerated wastepaper was ground into powdery form. Lignin in 

these samples was removed by the leaching process using 1.0 M HCl at 60°C for 24 hours. A 

flow chart for the sample preparation of wastepaper is shown in Figure 1.3 

 

 

 

 

 

 

 

 

 

Figure 1.3: Flow chart on the wastepaper samples preparation 


