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ABSTRACT

Finding a good selection of solid sorbent becomes one of the greatest 
problems in the adsorption technique. In this study, adsorptive recycled newspaper 
(RNP)-based adsorbent was prepared with acrylonitrile initiated by ceric ammonium 
nitrate by graft copolymerization. The grafted recycled newspaper was used to 
remove heavy metals, such as chromium, Cr(VI); nickel, Ni(II); and copper, Cu(II), 
from aqueous solutions. The effects of grafting process o f acrylonitrile onto the RNP, 
such as acrylonitrile concentration, ceric ammonium nitrate concentration, and 
reaction time, were investigated. The physicochemical properties of the grafted RNP 
was characterized by using Fourier transform infrared (FTIR), scanning electron 
microscope coupled with energy dispersive X-ray spectroscope (SEM-EDX), thermal 
gravimetric analysis (TGA), differential thermogravimetry (DTG), and X-ray 
diffraction (XRD) analysis. The adsorption capacity o f the heavy metals was 
evaluated as a function o f pH, initial concentrations of Cr(VI), Ni(II) and Cu(II), and 
contact time. Under pH 2 conditions, adsorption of Cr(VI) was optimal at 60 ppm for 
360 minutes, with 15.1 mg/g o f adsorption capacity. Meanwhile, for the adsorption 
of Cu(II), the optimal conditions were observed at pH 7 for 80 ppm over a period of 
180 minutes, achieving 25.4 mg/g o f adsorption capacity. The highest adsorption 
capacity for Ni(II) adsorption was 317.5 mg/g, which was achieved at pH 5 for a 
period of 60 minutes at 100 ppm of the initial Ni(II) concentration. Then, the 
equilibrium isotherms were conducted using Langmuir and Freundlich models. The 
findings showed that both Cr(VI) and Cu(II) were best fitted with the Langmuir 
model, which reflected the monolayer adsorption mechanism. Meanwhile, for the 
adsorption of Ni(II), the equilibrium coefficient was well suited with the Freundlich 
model, indicating that the adsorption had occurred based on the multilayer adsorption 
mechanism. The kinetic studies have been conducted by measuring the Pseudo-first- 
order and Pseudo-second-order for three types o f heavy metals. The result showed 
that the adsorption kinetics of Cu(II) and Ni(II) were best fitted with the Pseudo-first- 
order, indicating the physisorption reaction. Meanwhile, the adsorption of Cr(VI) 
fitted with the Pseudo-second-order related to the chemisorption. This study 
concluded that the graft copolymerization of acrylonitrile on RNP improved 
efficiency by 52%, 57% and 56% for Cu(II), Ni(II) and Cr(VI) respectively relative 
to the pristine RNP.
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ABSTRAK

Pemilihan penyerap pepejal yang baik menjadi salah satu masalah terbesar 
dalam teknik penjerapan. Di dalam kajian ini, penjerapan berasaskan kertas kitar 
semula (RNP) telah disediakan melalui pengkopolimeran cangkuk akrilonitril dengan 
kehadiran serium ammonia nitrat melalui pengubahsuaian kimia. RNP yang telah 
melalui proses pengkopolimeran cangkuk telah digunakan sebagai penjerap untuk 
mengasingkan sebatian logam berat seperti kromium, Cr(VI); nikel, Ni(II); dan 
tembaga, Cu(II) dari larutan berair. Kesan semasa proses pengkopolimeran cangkuk 
akrilonitril ke atas RNP telah dikaji termasuk kepekatan akrilonitril, kepekatan 
serium ammonia nitrat dan masa tindak balas. Sifat kimiafizikal RNP yang telah 
melalui proses pengkopolimeran cangkuk diperiksa menggunakan spektroskopi 
inframerah transformasi fourier (FTIR), pengimbas mikroskopi elektron dengan 
analisis x-ray penyebaran tenaga (SEM-EDX), analisis termogravimetrik (TGA), 
termogravimetrik derivatif (DTG) dan analisis difraksi x-ray (XRD). Kapasiti 
penjerapan logam berat dinilai berdasarkan pH, kepekatan awal Cr(VI), Cu(II) dan 
Ni(II) dan hubungan masa. Dalam keadaan pH 2, penjerapan C (VI) optimum pada 
60 ppm selama 360 minit, dengan kapasiti penjerapan 15.1 mg/g. Sementara itu, 
untuk penjerapan Cu(II), keadaan optimum diperhatikan pada pH 7 untuk 80 ppm 
dalam jangka masa 180 minit, mencapai 25.4 mg/g kapasiti penjerapan. Kapasiti 
penjerapan tertinggi untuk penjerapan Ni(II) adalah 317.5 mg/g, yang dicapai pada 
pH 5 untuk jangka masa 60 minit pada 100 ppm kepekatan Ni(II) awal. 
Keseimbangan isoterma dijalankan menggunakan model Langmuir dan Freundlich. 
Hasil kajian menunjukkan bahawa kedua-dua Cr(VI) dan Cu(II) paling sesuai dengan 
model Langmuir, yang mencerminkan mekanisme penjerapan ekalapisan. Penjerapan 
Ni(II) pula menunjukkan keseimbangan isoterma Freundlich di mana proses 
penjerapan berlaku secara mekanisma multilapisan. Kajian secara kinetik telah 
dijalankan melalui Pseudo peringkat-pertama dan Pseudo peringkat-kedua untuk 
menyesuaikan data penjerapan di dalam kajian kinetik. Keputusan kajian 
menunjukkan penjerapan kinetik untuk Cu(II) dan Ni(II) adalah lebih tepat 
diterangkan dengan Pseudo peringkat-pertama masing-masing yang menunjukkan 
tindakbalas secara penjerapan fizikal. Manakala, penjerapan Cr(VI) lebih tepat 
diterangkan dengan Pseudo peringkat-kedua yang dikatkan dengan tindakbalas 
penjerapan kimia. Melalui kajian ini dapat disimpulkan bahawa pengkopolimeran 
cangkuk akrilonitril ke atas RNP telah meningkatkan kecekapan penyingkiran 
sebanyak 52%, 57% dan 56% untuk Cu(II), Ni(II) dan Cr(VI) berbanding dengan 
RNP asli.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

The outcome from the industrialisation and urbanisation contributes to 

environmental problems, especially those related to the release of heavy metals. 

Common industries that discharge these heavy metals are industrials fields of 

fertiliser, mining operation, metal plating facilities, paper, et cetera [1]. Effluents, 

such as Cu, Cr and Ni, not only harm the aquatic organisms, but in others ways, have 

a high capability to accumulate in food chain, since these heavy metals are non- 

biodegradable. These heavy metals also possess high toxic content, leading to its 

ability to give a greater threat to the human health and to the environment [2]. 

Although plants at the micronutrient level need many o f the heavy metals, higher 

concentration will yield toxic effects. Common heavy metal such as Cr is positioned 

at the top of notorious effluent list, since Cr is categorised in Group 1 by the 

International Agency for Research on Cancer (IARC) [3]. The main industries that 

mostly discharge hexavalent chromium, Cr(VI), include metallurgy, leather tanning, 

electroplating, and wood preservation industries [4], [5].

Generally, Cr can be found in three common types or forms of oxidation 

states in its compound, which are Cr2+, Cr3+ and Cr6+. Both Cr3+ and Cr6+are 

commonly detected in Cr compounds. Meanwhile, Cr+, Cr4+ and Cr5+ are rarely 

noticed in its compounds. The toxicity o f Cr(VI) is higher compared to other forms 

of Cr. It can directly penetrate into the human body via skin contact, inhalation or 

oral intake. As the Cr enters the human body, it will be directly transferred to parts of 

the human body via blood, which can cause damage to the DNA due to its 

carcinogenetic properties [6]. The allowable concentration of Cr species in the 

surface or potable water must be less than 0.05 mg/L and obliged.



Meanwhile, the presence o f the Ni that are majorly detected in the steel 

production industries, non-ferrous alloy production, mineral processing, 

electroplating and batteries manufacture are known to be toxic and too carcinogenic 

if  it is present at very high levels. In human body, the optimum dosage of the Ni(II) 

ions is necessary as it involved in the metabolism of human protein and regulation of 

hormone. The purpose of the Ni also responsible in stimulating hematopoietic 

function and increase the rate of the regeneration of red blood cell [7]. Nevertheless, 

uncontrollable intake of the nickel boosts the abnormal effect towards human 

metabolism as it will irritate respiratory system, causes tissue damage, gene toxicity 

and increase the risk of cancer [8]. According to the World Health Organization 

(WHO), the maximum acceptance limit of nickel is 0.02 mg/L in potable water [9]. 

In addition, an excessive exposure of Cu(II) initiates the production of reactive free 

oxygen in human blood systems which will give harmful effects towards protein, 

lipids and DNA. The effects of the over exposure of Cu also can damage the marine 

ecosystems as it will result the harm towards gills, liver, the nervous systems and 

changing the sexual life of fishes [10]. Due to deleterious effect, the allowable limit 

of Cu in drinking water and industrial effluents is restricted at 2.0 mg/L and 1.3 

mg/L, respectively [11].

Due to its carcinogenicity to humans, the removal o f these heavy metals is 

extremely vital before they are expelled into the aquatic system. Since the nature of 

these heavy metals is harmful towards the environment, including to the human 

health and aquatic lives, numerous progresses on conventional treatment 

technologies have been made. Technologies that are generally applied to treat heavy 

metals are chemical precipitation [12]—[14], membrane separation [15], adsorption 

[16]—[18], and filtration [9]. Among these approaches, the adsorption technology is 

noticed as a promising and most effective method because of its simple operation and 

low cost [19], [20]. The adsorption technique offers high efficiency and flexibility 

due to the availability o f various adsorbents, effectiveness in the removal of organic 

and inorganic pollutants, and insensitivity to toxic substances [21], [22].

Previously, most of the adsorbents are carbon-based materials. As cited in 

most of the literature, the application of carbon-based materials, such as activated
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carbon, carbon nanotubes, aerogels, and graphene, have undoubtedly been proven as 

good adsorbents. Although the capability o f carbon-based materials is excellent for 

the removal of heavy metals, these materials possess some disadvantages because 

they have low density o f functional groups and they are high in their operational cost, 

thus, limiting the application of carbon-based materials in real industrial fields [23]. 

As an excellent alternative, applications related to heavy metals removal is narrowly 

focused on the usage of biopolymers as bio sorbents.

Low-cost adsorbent with high adsorption capacity is still under development 

in order to diminish the usage of adsorbent dosage and reduce post-adsorption 

disposal problems. Moreover, environmental sustainability, industrial ecology, eco­

efficiency, and green chemistry have become another crucial point to pursue the 

development of new materials and product from renewable resources. Naturally 

derived and renewable materials have become the main focus among researchers in 

many applications due to its environmentally friendly and naturally available 

features. Cellulose is perceived as a capable candidate in the removal of 

environmental pollutants [14], [24]. The adaptability of cellulose for various 

applications is due to its low cost, ease of availability, biocompatibility, derivable 

properties, and high content of hydroxyl group in the chain o f the cellulose structure 

that can be modified for special or specific application [25]-[27]. Due to these 

advantages, cellulose has been majorly applied in wastewater treatment, reinforcing 

composite materials and additionally, in bio-derived and bio-inspired materials [20]. 

Previously, there has been a study on the preparation of cellulose from various 

natural resources, such as sisal fibre, cotton linen, bamboo, populus fibre, wood pulp, 

banana peels, cassia tora gum, pineapple leaves, and torch ginger [19], [28]—[31].

In Malaysia, the production of paper is over 1 million tons per year. There are 

67 paper mills producing more than 50 tons per day, ranging from traditional, 

recycled and specific type of papers. Among these listed mills, six are producing less 

than 10,000 tons per year, nine are producing between 11,000 to 80,000 tons per year 

and only six mills can produce from 100,000 up to 300,000 tons per year [32]. 

Although cellulose and its derivative have been used in heavy metal sorption, some 

limitations were found due to its low stability and poor interaction in water.
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However, improvements can be made by employing modifications via cross-linking, 

surfactant adsorption and grafting methods. The adsorption capacity o f modified 

adsorbents is believed to be much better compared to the unmodified ones. This is 

due to the presence of active groups that are capable o f improving the ability o f the 

adsorbent to attract the metal ions. Among all modifications of cellulosic materials, 

grafting copolymerisation is most effective compared to other methods due to its 

chemical resistance and radiation stability characteristics and low operating cost [19], 

[33].

Grafting process will introduce branches at the cellulosic backbones without 

destroying the original properties of the cellulose. Chemical modification by graft 

copolymerisation of monomer onto the cellulosic biofibres offers a large number of 

functional groups, which will enhance the adsorption capacity o f the cellulosic fibres

[2]. The physical and chemicals properties, as well as the functionality o f the 

adsorbent can be improved by introducing acrylonitrile as the monomer. The 

monomer was covalently grafted onto the cellulose backbones. The process of 

applying chemical initiation grafting via direct oxidation of ceric ions (Ce4+) has 

been chosen as a method for graft copolymerisation due to its wide range of 

monomers, tolerance with water and operational simplicity. Ce4+ ions were used in 

this study as initiator to initiate polymerisation, since it is proven to shorten the 

reaction time while having a high rate of grafting and ease of application [34], [35].

1.2 Problem Statement

The adsorption method is a promising technique among all the available 

approaches in heavy metal removal treatment due to its high efficiency, low cost and 

simplicity in design and operation. A good selection of solid sorbent becomes one of 

the greatest problems in the adsorption technique. The properties of the adsorbent 

should have characteristics o f adsorbing maximum pollutant economically and 

biodegradable, and the sources are copious in nature. These factors have increased 

the interest of many researchers to explore for alternative adsorbent that are efficient 

and low in cost. In recent years, the “green” comprehensive utilisation o f cellulose
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resources has drawn much attention from the government and researchers. Cellulose 

is unquestionably the most abundant, naturally occurring, reproducible organic 

compound; and it will become the main chemical resource in the future. Thus, in this 

study, cellulose is selected due to its abundance in nature and being an effective 

adsorbent for handling heavy metals.

Cellulose can be sourced from many kinds o f origins, including plant sources 

such as pineapple, banana stalk, bamboo, wheat straw, potato peels, et cetera. Among 

all cellulose derivatives presented, recycled newspaper (RNP) is chosen as a source 

of cellulose to remove heavy metals, since it possesses the capability to adsorb, and 

is renewable, abundant and cheaper in Malaysia. This would be an environmentally 

friendly approach, since tons of RNP is discharged daily in Malaysia. Therefore, it is 

important to access the feasibility o f RNP as a source of cellulose in the preparation 

of green and low-cost adsorbent. The RNP consists o f more than 60 wt% of 

cellulose, where the cellulose is the main constituent, having low density and 

exhibiting better processing flexibility. The RNP has potential functional groups such 

as hydroxyl, which has great affinity towards metal ions. However, RNP show low 

stability and have a poor interaction in water which will limit the performance as the 

adsorbent.

Based on the literatures, the adsorption capacities of chemically modified 

cellulose-based adsorbent are much higher compared to that of pristine cellulose- 

based adsorbent. Chemical modification through graft copolymerisation is covalently 

introduced onto the cellulose backbones without destroying the whole original 

structure of the cellulose. Grafting is the most common approach used in modifying 

cellulose to produce grafted adsorbent for the removal of heavy metals from aqueous 

solution. Through this research, the grafting copolymerisation of acrylonitrile by 

using ceric ammonium nitrate as initiator onto the cellulose-based adsorbent sourced 

from RNP is believed to have maximum adsorption capacity with a high potential to 

become a biodegradable adsorbent.
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1.3 Objectives of Study

The main research objectives of this analysis are listed as follows:

1. To graft cellulose sourced from RNP with acrylonitrile, initiated by ceric 

ammonium nitrate via chemical modification.

2. To investigate the effect of reaction conditions (e.g., monomer 

concentration, initiator concentration and reaction time) on the 

physicochemical properties of the RNP-based adsorbent.

3. To assess the effect of adsorption conditions (e.g., contact time, initial 

concentration of heavy metal concentration, and pH of the solution) 

towards the adsorption capacity of RNP-based adsorbent for the removal 

of heavy metal ions.

1.4 Scope of Study

In order to achieve the listed objectives, the scope of study has been drawn as 

follows:

1. Extracting cellulose from RNP via 5 wt% alkali and 2% w/v NaClO2 as a 

bleaching treatment process to obtain white pulp samples;

2. Grafting the RNP with acrylonitrile monomer at different monomer 

concentrations (0.5g, 1.0g, 1.5 g, and 2.0g), ceric ammonium nitrate 

concentrations (0.4 g, 0.8 g, 1.2 g, and 1.5 g), and reaction times (30 min, 45 

min, 60 min, and 75 min);

3. Characterising the grafted RNP via the Fourier transform infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM) coupled with

6



energy dispersive X-ray spectrometer (EDX), X-ray diffraction (XRD), 

thermal gravimetric analysis (TGA), and differential gravimetric analysis 

(DTG);

4. Evaluating the adsorption capacity at different operation conditions of 

Cr(VI), Cu(II) and Ni(II): initial heavy metal concentrations (20-100 mg/L), 

pH of the solution (pH 2-7) and contact time (30-360 min) via batch 

adsorption experiments with fixed dosage of grafted RNP adsorbent of 0.02 

g;

5. Evaluating the adsorption kinetics study by analysing the obtained results of 

the batch adsorption experiments with two types of models, such as pseudo- 

first-order and pseudo-second-order models; and

6. Determining the adsorption isotherms for the adsorption experiment between 

the grafted RNP with heavy metal ions via adsorption isotherms model of 

Langmuir and Freundlich.

1.5 Significance of Study

The hazardousness of the heavy metals containing Cr(VI), Ni(II) and Cu(II) 

effluent have led to the critical eco-system problems. Therefore, the removals of 

these effluents become the main concern in recent years by many researchers, and 

many ways have been loomed for minimizing these problems. The adsorption have 

been advocated and selected since it is straightforward and own great ability, and 

finally the feasibility o f many kinds of adsorbents. The selection of adsorbent to be 

implemented in the adsorption process will improve the capability o f the adsorbent 

especially in terms of the adsorption capacity to provide a minimum content of 

metals effluent before being discharged to the water systems. Relying on the needs of 

effective and capability o f the adsorbent to remove effluent having heavy metals, this 

proposal have been carried out.

7



The alternative way to conserve the environment becomes pivotal. The 

fabrication of cellulose microfiber sourced from RNP seems to be green ways for 

environmental issues. The utilization of RNP as the raw materials for the adsorbent is 

reviewed as cut-cost and economically to industrial field. The preparation of this 

cellulose-based adsorbent that utilized recycled supplies is rated as “green” process.

As a result, it will maintain the safe mood environment since the adsorbent 

derived from recycled materials. The optimum parameter for the grafting process 

will be determined throughout this research. The cost for this adsorbent itself was 

assumed to be low and only needed to purchase the monomer in order to enhance the 

adsorption process of the heavy metals. Therefore, this research can be categorized 

as economic approach. In future, this research can be a reference for a commercial 

and industrial production and application. This study is expected to be a solver to the 

problem related to the heavy metals issues.

1.6 Thesis Outline

This thesis consists of five main chapters, all o f which represent the sequence 

of this research work. Chapter 1 briefly explains the overview related to the research 

background, problem statement, objectives, as well as the scope and significance of 

the study. Chapter 2 details on recent publications and literature review on the 

removal of heavy metals using cellulose-based adsorbent and modified-based 

cellulose adsorbent. This chapter also reviews the preferable methods for the removal 

of hazardous metal ions, including the advantages and disadvantages. The 

modification of cellulose-based adsorbent sourced from the RNP and its application 

are also discussed in Chapter 2. Next, Chapter 3 covers the research methodology, 

including the extraction of the cellulose, grafting technique of acrylonitrile onto 

RNP, characterisations of the adsorbent, and experimental studies for the adsorption 

of the three types of heavy metals, such as Cr(VI), Ni(II) and Cu(II). In brief, 

Chapter 4 clarifies on the results and discussion regarding the research objectives. 

All outcomes from the chapters are concluded in Chapter 5, including the future 

work and recommendations.

8
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