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ABSTRACT 

The focus of this study is to isolate cellulose from both cellulosic materials obtained from wastepaper and corn 

cob by the isolation method and the dissolution of sample in the NaOH / thiourea / urea (NTU) solvent system. 

The cost effectiveness of the dissolution method was also investigated. The cellulose obtained from wastepaper 

and corn cobs were characterized by FTIR spectrometer, Scanning Electron Microscopy (SEM), and the CHN 

Elemental Analyzer. The best method for cellulose isolation was the isolation method that involved reflux with 

50 mL of 20% (v/v) mixture of nitric acid (HNO3) in ethanol for 7 hours with a cellulose yield of 52.9% and 78.6 

% for corn cob and wastepaper, respectively.    

Keywords: Cellulose; Wastepaper; Corn Cob; Dissolution; Isolation  

 

ABSTRAK 

Fokus kajian ini adalah untuk memisahkan selulosa daripada kedua-dua bahan selulosa daripada kertas 

buangan dan tongkol jagung dengan menggunakan kaedah pemisahan dan kaedah di dalam sistem larutan 

NaOH / thiourea / urea (NTU). Keberkesanan dari segi kos bagi kaedah pemelarutan juga akan disiasat. 

Selulosa yang didapati daripada kertas buangan dan tongkol jagung dikenalpasti melalui instrumen seperti FTIR 

spektrometer, Mikroskop Imbasan Elektron (SEM) dan Analisis Kandungan CHN. Kaedah yang terbaik adalah 

kaedah refluks yang melibatkan 50 mL 20% (v/v) larutan asid nitrik di dalam etanol selama tujuh (7) jam dengan 

peratusan selulosa sebanyak 52.9% bagi tongkol jagung dan 78.6% bagi kertas buangan.   

Kata kunci: Selulosa; Kertas Buangan; Tongkol Jagung; Pemelarutan; Pemisahan  
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CHAPTER 1 

INTRODUCTION 

The challenges of research on the recycling of industrial and urban waste residues for the 

conservation of environment and aggregating value to the industrial and urban waste are rising 

significantly. The amounts of various type of wastepaper are increasing enormously with the 

continual increases of industry as well as the population. The conversion of plant waste 

materials into useful products would lessen a variety of socio-economic problems such as 

providing a ‘greener’ approach to manufacturing. These waste materials contain lignocellulose 

and were a cheap, easy to get, and also a boundless sources.  

Therefore, the usage of wastepaper is proposed as an alternative for recycling of cellulose in 

the production of regenerated cellulose or other related cellulose derivatives and corn cob will 

act as comparative cellulosic sources. Cellulose obtained and regenerated cellulose from both 

corn cob and wastepaper will then be studied as potential alternative cellulosic sources for the 

isolation of cellulose and the regeneration of cellulose.     

In this study, both corn cob and wastepaper samples were treated with two different methods 

that aimed in getting cellulose. The first treatment was by the practiced of reflux with 50 mL 

of 20% (v/v) mixture of HNO3 and ethanol for three and seven hours. The other treatment was 

by dissolving the sample to the 150 mL NaOH/thiourea/urea solvent systems with the 

respective ratio 8:6.5:8 (w/w). The cellulose obtained by both treatments was characterized 

with the aid of Scanning Electron Microscopy (SEM), FTIR spectrometer, and the CHN 
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Elemental Analyzer. These instruments can give conformation on the chemical and physical 

aspects of cellulose obtained.   

The conventional method in isolating cellulose is believed to consume more energy and time. 

Previous research had shown that the NaOH /thiourea /urea solvent system is more powerful 

in dissolving cellulose quickly and can be used to prepare more stable spinning solutions 

containing higher concentrations of cellulose (Jin et al., 2007). However, cotton linter 

cellulose pulp sheets were used as the samples. Thus, further research is therefore required in 

order to confirm that this direct dissolution method is effective for the isolation of cellulose 

from wastepaper and corn cob samples. 

In this study, the isolation of cellulose was done by treating the raw samples with 20% (v/v) 

mixture of nitric acid (HNO3) in ethanol and also the NaOH /thoiourea /urea solvent system 

with the ratio of 8:6.5:8 (w/w) respectively. It was further focused on characterizing the 

cellulose obtained, physically and chemically. This study was aiming in isolating cellulose 

from wastepaper and corn cob and thus characterizing the cellulose isolated from both 

cellulosic materials. Other objectives were to prove whether the dissolution method can isolate 

cellulose directly from raw cellulosic materials and also to evaluate the effectiveness of both 

isolation methods. The findings of this research can increase the knowledge in the dimensions 

of cellulose and also its particle size. Furthermore, more deployment of wastepaper and corn 

cob can reduce environmental problems caused by these wastes and plus enhanced the 

research that use waste materials as their raw materials. 
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Therefore, the objectives of this study can be summarized as followed: 

1. To isolate cellulose using the acid mixture and direct dissolution methods from corn cob 

and wastepaper samples 

2. To characterize the cellulose isolated physically and chemically. 

3. To prove whether the dissolution method can isolate cellulose directly from raw cellulosic 

materials.  

4. To evaluate the effectiveness of both isolation methods. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Cellulose  

Cellulose is a linear polymer of (1→4)-linked β-D-glucopyranosyl units and form the main 

constituent of the cell wall in most plants. Cellulose is the major constituent of paper and 

textiles made from cotton, linen, and other plant fibres (Sun, 2004). Generally, the cellulose in 

alga, bacteria, some animals, and nearly all higher plants is identified as cellulose I (Hayashi et 

al., 1987). Cellulose I have a parallel chain orientation and consist of two phases which are 

Cellulose Iα and Cellulose Iβ (Kadla and Gilbert, 2000). Both phases originate from different 

sources and the application of heat can convert Cellulose Iα to Cellulose Iβ (Atalla and 

VandeHart, 1984; Burchard, 1993). Cellulose Iα is found to be less stable than Cellulose Iβ 

(Liu et al., 2006), whereas, cellulose II has anti-parallel chain and was studied during the 

process of kraft pulping (Lennholm and Iversen, 1995).  

In a much higher plant, the physical and morphological structure of native cellulose is 

complex and heterogenous, and in cell wall cellulose molecules are intimately associated with 

other polysaccharide moieties, resulting in even more complex morphologies. The breakdown 

of these close physical and chemical associations between cellulose and other polysaccharides 

in a plant cell wall is vital for any economical utilization of these polymers (Janardhnan and 

Sain, 2006).   
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Cellulose can be converted into cellophane, clear rolling papers made from Viscose film, and 

rayon. Cellulose is a renewable, biodegradable, biocompatible and derivatizeable source of 

organic compounds and has many functions in replacing many non-renewable materials plus 

the improvement of latest manufacturing technologies for chemicals, foods, and fuels (Schurz, 

1999; Sun, 2005). Even though cellulose is a renewable source, it is difficult to modify the 

cellulose properties due to the restricted number of common solvents that can readily dissolve 

cellulose (Jin et al., 2007). 

The potential applications of cellulose derivatives are coating, composites, films, plastics, and 

suspension agents (Liu et al., 2006). Examples of cellulose derivatives are ester, ethers and 

regenerated materials such as casings, fibres, films, food, membranes, and sponges (Fink et 

al., 2001). Another cellulose derivative that has significant applications is methylcellulose. For 

instance, methylcellulose is used as a mix for concrete in civil construction (Fu and Chung, 

1996), as a thickener in food business (Reibert and Concklin, 1999), as a surrounding 

substances for the controlled released of drugs in the pharmaceutical industry (Mitchell et al., 

1993) and as an agent for altering the water viscosity on the road to recovery heavy oils 

(Borchardt, 1991). 

Lignocellulosic material consists of lignin, hemicelluloses, and cellulose. In the isolation of 

cellulose, lignin and hemicelluloses need to be removed in order to increase the solubility of 

lignocellulosic materials (Liu et al., 2006, Isogai, 1998). Moreover, the presence of lignin will 

result in the high amount of phenolic hydroxyl groups in its structure and this will make it acts 

as a packed and rigid macromolecule (Filho et al., 2008).  
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2.2 Sample of Interest 

2.2.1 Wastepaper  

Wastepaper is categorized under lignocellulosic materials since it was synthesized from plant 

or from the pulp. By the year 2002, population in Asia has reached 3.706 × 10
9
, which is 60% 

from the world population, meanwhile the paper consumption of Asia has attained 1.14 × 10
8
 

tons, which is 34% of the global paper consumption (Holik, 2006).  

In this study, the wastepaper used is mainly copying paper, which is categorized as medium 

grades in recovery paper grades (Sixta, 2006).  Copying papers are used for copying and 

nonimpact printing and their ISO brightness range between 80 to 96% and their basis weight 

varies between 70 to 90 g/m
2
. It is necessary for copying paper to not show curling or cockling 

and must hold on to dust when copying. Due to this requirement, the properties of a good 

copying paper can be foreseen, which are must run smooth in a copy machine and have a good 

dimensional stability. Copying paper is mainly composed of 90–100% virgin chemical pulp 

fibres, and it may contain recycled fibres. The total filler content varies between 10 and 25% 

(Holik, 2006).  

2.2.2  Corn Cob 

Corn cob or Zea mays L is the residue from agriculture and agro-industries. It is the non-

product outputs from the growing and processing of raw agricultural products. It contains 

valuable materials, but their current economic values are less than the apparent cost of 

collection, transportation and processing for beneficial uses. Thus, it is often discharged as 
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wastes (Tsai et al., 2001). Many approaches for processing corn cob were as fertilizers and 

soil conditioners by land application, as animal and poultry bedding, as biological substrate for 

the production of forage protein (Perotti and Molina, 1988) and furfural (Mckillip and 

Sherman, 1980); as energy source by combustion (Lin et al., 1995); as fiber and roughage in 

animal feed (Bagby and Widstrom, 1987). Since corn cob is a lignocellulosic material, it can 

be applied in other chemical and biochemical processing, and one of them is the isolation of 

cellulose.  

2.3 Methods in Isolation of Cellulose 

A protocol originally introduced by Green (1963) which involved the usage of acidified 

sodium chlorite in delignifying wood have caused serious environmental problems due to the 

presence of chlorinated organic compounds. There are various methods in isolating cellulose 

and one of them was the treatment with diethylene glycol dimethyl ether (diglyme-HCl) and 

the Jayme-Wise method. According to Cullen and McFarlane, 2004, the Jayme-Wise method 

produced a relatively pure α-cellulose and was described by Green (1963). Meanwhile, the 

diglyme-HCl method without bleaching steps left a small amount of lignin residue. The use of 

Soxhlet toluene/ethanol extractions, acidified sodium chlorite and NaOH extraction can be 

applied to prepare holo-cellulose and α-cellulose. The diglyme-HCl and acidified sodium 

chlorite treatment was done to extract resins and lignin from wood samples.  

Thus, the method in obtaining cellulose fibres from agricultural residues and woods was by 

treating them with the traditional paper producing procedures. It is related with the 
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degradation of large amount of lignin and hemicelluloses, thus, making them soluble in 

aqueous solution (Sun et al., 2004).  

The two stage treatment of organosolv and cyanamide activated hydrogen peroxide was also 

another method that can be used to isolate cellulose from lignocellulsic materials. This method 

was done by Sun et al. (2004) with the observation on effects of concentration of acetic and 

formic acid towards the yields of cellulose and degradation of lignin and hemicelluloses. The 

most effective portion was the formic acid/ acetic acid/ water (30/ 60/ 10, v/v/v) system. This 

organosolv pulping processes involved the treatment of lignocellulosic materials with organic 

solvent-water media in the presence or absence of a catalyst. This method had lower 

environmental impact and lower energy consumption (Sun et al., 2004).  

A modified method originated from Crampton and Maynard (1938) that was known as micro-

extraction of cellulose was used by Brendal et al. (2000). The modification was done in order 

to adjust with a smaller sample size and to minimize loses. Generally, the method used 80% 

(v/v) acetic acid and 69% (v/v) concentrated nitric acid. A lot of centrifuging steps were done 

in order to separate the pure cellulose obtained with the solvents such as ethanol and acetone 

that were added for various purposes. For instance, ethanol was added to remove extraction 

breakdown products. This method produces 43.7% ± 1.2% relative carbon content and ca. 

99% purity of cellulose, detected by high performance anion exchange chromatography with 

pulse amperometric detection of hydrolysis product.     
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2.4 Solvent Systems for Dissolving Cellulose  

Since cellulose has three (3) groups that can form inter- and intra- molecular hydrogen bonds, 

therefore it cannot dissolve in common solvents. There are previous attempts on the discovery 

of environmental friendly and low cost solvent system. Some of the example of discovered 

solvent system stated in Jin et al. (2007) are N2O4/ N,N-dimethylformamide (DMF), Me2SO/ 

paraformaldehyde (PF), N-methyl-morpholine-N-oxide (NMMO), SO2/ amine, LiCl/ N,N-

dimethylacetamide (DMAc), and molten salt hydrates such as NaSCN/KSCN/LiSCN/water 

and LiSCN.2H2O. These solvent systems have high toxicity and high cost. 

The use of NaOH/thiourea/urea solvent system can dissolve cellulose quickly and this new 

solvent is more powerful in dissolving cellulose and can be used to prepare more stable 

spinning solutions containing higher concentrations of cellulose. The solvent system is 

inexpensive and less toxic and good cellulose fibres can be prepared using simple technology 

and when the cellulose is dispersed in the solvent system, it does not change. The interaction 

between NaOH, thiourea and urea play an important role in improving the dissolution of 

cellulose as the 
13

C NMR spectra has proved that NaOH, thiourea and urea were bound to 

cellulose molecules, which bring cellulose molecules into aqueous solution to a certain extent. 

The NaOH hydrates that bind to cellulose will form a layer that protect and prevents cellulose 

macromolecules from associating (Jin et al., 2007).  
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Cellulose has high crystallinity and thus, it is insoluble in most of the traditional organic 

solvents. Due to this characteristic, cellulose is not applicable in its original form. Cellulose is 

soluble in more exotic solvent (Burchard, 1993). A need for numerous types of solvents in 

simple dissolving steps for different processing routes is increasing for achieving better quality 

product cellulose derivatives (Frey et al., 2006).  

The adaptation of the aqueous NaOH solvent system in obtaining clear cellulose solution from 

low degree of polymerization microcrystalline cellulose has been done in previous research by 

Isogai and Atalla (1998). This solvent system has the potential for further research because of 

the hydroxide ions present in it. Swelling of cellulose, hydrolysis of ester linkages and 

disruption of intermolecular hydrogen bond between cellulose and hemicelluloses can occur 

due to hydroxide ion existence (Xu et al., 2004). Furthermore, even after swelling treatment, it 

is found from the research that cell fibre of higher degree of polymerization advanced plant are 

partially soluble (Isogai, 1998). Therefore, further studies are needed in order to achieve the 

synthesis of clear cellulose solution.         

2.5 Applications of Regenerated Cellulose 

Regenerated cellulose can be utilized as one of the main elements in the hollow fibre artificial 

kidney, as an effective virus removal filter and can be applied in manufacturing various type of 

products such as filament fibre, staple fibre, and nonwoven filament cloth (Woodings, 2001). 

Cellulose has high swelling ability, low in toxicity and stable towards varied temperature and 

pH. Due to these characteristics, it is applicable in medical applications and one of them is the 
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use of cellulose membrane in haemodialysis (Hon, 1996 and Granja et al., 2005). Bone can 

also be regenerated with the use of regenerated cellulose sponges (Martson et al., 1998, 1999).  

 

According to Granja et al. (2005), the regenerated cellulose and several cellulose derivatives 

are biologically safe and can be applied in biomedical field. The profileration and attachment 

of human bone marrow stormal cells (femoral component in hip prostheses) to regenerated 

cellulose hydrogels may lead to better bone integration and consequently to a longer-term 

stability of load bearing implant (Hosseini et al., 2000; Albrektsson, 1998; Friedman et al., 

1993; Puleo and Nanci, 1999).  
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Materials and Samples Preparation 

3.1.1 Corn Cob  

The corn cob was bought at the market stall in Kuching. Reagent grade of cellulose, sodium 

hydroxide (NaOH), nitric acid (HNO3), ethanol, phenolphthalein, thiourea, urea, sulphuric 

acid (H2SO4), acetic acid, hydrogen peroxide (H2O2) and acetone were used. The corn cob was 

used after being dried to constant in an oven at 70°C for 24 hours. The dried corn cob was 

ground in a grinder and was stored in a plastic container. 

3.1.2 Wastepaper 

The wastepaper was collected from the photocopy shop and only the parts where there were no 

inks were taken. The wastepaper preparation was done by introducing the 300 mL mixture of 

H2O2 and CH3COOH; 1:1 (v/v) to the wastepaper in the fume cupboard. The mixture was then 

put into the water bath at the 70°C for 4 days, since the water bath was only operated 

approximately for 9 h a day. The mixture was stirred in every two hours in order to fasten the 

breaking loose of the fibre. After four days, the mixture was vacuum filtered and dried in the 

oven at 60°C for one day. The dried sample was ground before been used in the isolation 

process.  

 



14 

 

3.2 Pre-treatment and Isolation of Cellulose from Wastepaper and Corn Cob 

The purification and isolation of cellulose from wastepaper and corn cob samples was based 

on the method reported by Filho et al. (2000). A little alteration was done in the method by 

changing the ratio of the weight of sample to the volume of solution used to immerse the 

sample. The experiment was conducted by initially mixing 5.0 g of wastepaper sample with 

95.00 mL water. After 24 h, the mixture was filtered and 95.00 mL of 0.25M NaOH was then 

added to the wastepaper.  

After 18 h, the mixture was vacuum filtered and the residue was refluxed with three successive 

portions of a 20% (v/v) mixture of HNO3 and ethanol for 3 h which need to be changed at 1 h 

intervals. After the reflux, the mixture was filtered, and then was washed with distilled water 

until the residue did not turn to pink colour when phenolphthalein and a drop of 0.5M NaOH 

were added. The isolated cellulose was dried at 105°C for 3 h and then it was ground by 

blending. For variation, the times of reflux used were added which is from 3 times to 7 times.  
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Figure 1: Flow chart of steps in the sample pre-treatment and isolation of cellulose in the aicd 

mixture method 

3.3 Isolation of Cellulose by Dissolution  

5.000 g of both cellulosic samples was dispersed in 150 mL of NaOH/thiourea/urea solvent 

system (coded as NTU) that was precooled to -12°C with the ratio of 8:6.5:8 (w/w) followed 

by vigorous stirring for 3 min at room temperature with the aid of magnetic stirrer. After 3 

min, most of the cellulose will be dissolved and the temperature of the solution increased to 

approximately 0°C. Further dissolution was conducted for 17 min at a temperature of -2 to 

Mixture will be filtered 

5 g of corn cob sample was mixed with 95.0 mL distilled water  

After 24 h, mixture was filtered 

95.0 ml of 0.25 M NaOH was added to the residue 

After 18 h, mixture was vacuum filtered 

Residue was refluxed with 50 mL of 20% (v/v) mixture of HNO3 in ethanol for 1 h (3×) 

Residue was washed with distilled water until it did not turn to pink color when phenolphthalein 

and a drop of NaOH (0.5 M) are added  

Isolated cellulose was dried at 105°C for 3 h and then was ground  


