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Heavy metal ions that not treated from many industries have been severely polluted the
environment and can caused serious impact to human health. The discharge of heavy
metal effluents into water sources can generate accumulation of toxicity and unwanted
contaminants. Hence, proper treatment of heavy metal ions from industrial wastewater
is a main environmental pollution concern for consideration. The adsorption process
become an alternate approach to eradicate heavy metal ions. This study investigated the
polymer-based adsorbent; amidoxime modified poly(acrylonitrile-g-microcrystalline
cellulose) that was used to remove selected heavy metal ions (copper, Cu?* and iron,
Fe?") by adsorption method. The poly(acrylonitrile-g-microcrystalline cellulose) was
synthesised by redox polymerisation of acrylonitrile (AN) and microcrystalline cellulose
(MCC) monomer and further modified chemically with amidoxime to produce AO
modified poly(AN-g-MCC) adsorbent. Then, single batch adsorption experiments for
each heavy metal, Cu?*" and Fe?" were executed at different working conditions such
adsorbent dosage, pH, initial metal ion concentrations and soaking time. Besides, batch
mode of adsorption for binary heavy metal ions onto AO modified poly(AN-g-MCC)
was studied.

The synthesised of poly(AN-g-MCC) produced the highest yield (96%) at polymer ratio
93:7 (AN:MCC). The characterisations result of polymerised polymer; Fourier transform
infrared (FTIR) confirmed the successful of polymerisation due to the presence of
absorption peaks that were assigned to the C=N and —COOH functional groups on the
spectra. Scanning Electron Microscope (SEM) showed the appearance of AN bead onto
MCC surface. The thermogravimetric (TG) analysis recommended that the thermal
stability of poly(AN-g-MCC) was lower as compared with MCC. The poly(AN-g-MCC)
where further chemically altered with hydroxylamine hydrochloride. The FTIR spectra
verified the successful conversion of C=N into amidoxime groups. The microanalysis
presented that the overall trend of elemental percentage for AO modified poly(AN-g-
MCC) copolymers were increase of nitrogen and hydrogen elements. To further confirm
the quantity of amidoxime functional group in modified polymer, the amine capacity test



was conducted. The ratio of 93:7 has the highest amount of amine capacity (12.42
mmol/g), followed by 90:10 (11.45 mmol/g) and the low amount of amine capacity at
feed mole ratios 95:5 (10.5 mmol/g) and 97:3 (9.75 mmol/g).

The single batch system of the adsorption progression for the elimination of Cu®*" and
Fe*" were conducted by varying the pH (2 -12), adsorbent dosage (0.2 — 1.0 g), initial
metal ion concentration (50-150 mg/L) and contact time (2-100 minutes). The maximum
removal percentage for Cu?>" and Fe?* were 99.5% and 96.4%, respectively at pH 7. The
effect of adsorbent dosage showed the 1.0 g/ of adsorbents, result the highest
percentage of Cu?* (99.8%) and Fe?" (88.63%) correspondingly. The highest percentage
removal of Cu?" and Fe?* were 99.5% and 95.8% respectively at 50 mg/L.

Meanwhile at 60 minutes the percentage removal become maximum for Cu?* (89.0%)
and Fe?" (87.5%). The experiment data were examined using equilibrium and kinetic
studies. Equilibrium data was well fitted with Freundlich isotherms. The Freundlich
isotherms showed good agreement for the adsorption of Cu?" (R? of 0.9493) with the
maximum adsorption capacities of 120.58 mg/g. The adsorption of Fe?* also satisfied
with Freundlich isotherms (R? of 0.9558) with maximum adsorption capacities of 235.91

mg/g.

In binary system, the effects of adsorbent dosage (0.2-1.2 g), pH (3,5, and 9), initial
adsorbate concentration (20-100 mg/L) and contact time (0-100 minutes) on equilibrium
adsorption capacity were determined. An increase in adsorbent dosage increased the
removal of metal ions in binary system. The Cu?" and Fe*"uptake was more favourable
at pH 9 in binary system. The percentage removal of Cu?" at 100 mg/L of binary solution
was 91.13 %, whereas the Fe?" ions uptake was only 84.51%. Both heavy metal ions
reached their equilibrium at 60 min and after that the removal of heavy metal ions
become almost constant. Extended Langmuir model and extended Freundlich model
provide a suitable description of the experimental binary data. The comparison of the
single and binary isotherms reveals an antagonistic interaction (occurred when the
adsorption capacity of an adsorbent reduces in a solution containing other components)
between the Cu?* and Fe?*. In addition, pseudo-second-order model was found suitable
for the description of adsorption kinetic for both metal ions onto AO modified poly (AN-
2-MCCQ), for both single and binary system, signifying chemisorption between adsorbent
and heavy metals molecule.

Based on experimental findings, AO modified poly (AN-g-MCC) polymer is a promising
functional regenerable adsorbent with high capacity to remove heavy metal (for single
and binary system) from liquid environment
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Ion logam berat yang tidak dirawat dari kebanyakan industri telah mencemarkan alam
sekitar dengan teruk dan boleh menyebabkan kesan yang serius kepada kesihatan
manusia. Pembuangan efluen logam berat ke dalam sumber air dapat menghasilkan
pengumpulan toksik dan bahan cemar yang tidak diingini. Oleh itu, rawatan yang betul
terhadap ion logam berat dari air sisa industri menjadi tarikan utama dalam punca
pencemaran alam sekitar. Proses penjerapan menjadi pendekatan alternatif untuk
merawat ion logam berat. Kajian ini mengkaji penyerap berasaskan polimer; amidoksim
poli(akrilonitril-g-selulosa mikrokristal) yang diubahsuai dan digunakan untuk
menyingkirkan ion logam berat terpilih (Kuprum, Cu** dan Ferum, Fe?*) dengan kaedah
penjerapan. Kopolimer poli(akrilonitril-g-selulosa mikrokristal) disintesis dengan
pempolimeran redoks, monomer akrilonitril (AN) dan selulosa mikrokristal (MCC)
selanjutnya dimodifikasi secara kimia dengan amidoksim untuk menghasilkan penjerap
poli(AN-g-MCC) yang dimodikasi dengan amidoksim (AO). Kemudian, eksperimen
penjerapan secara tunggal untuk setiap logam berat, Cu?* dan Fe?* dilaksanakan pada
keadaan parameter yang berbeza seperti dos penjerap, pH, kepekatan ion logam awal dan
masa rendaman. Selain itu, kaedah penjerapan mod kumpulan untuk ion logam berat
kationik binari terhadap AO-dimodifikasi poli(AN-g-MCC) telah dikaji.

Poli(AN-g-MCC) tersintesis menghasilkan hasil tertinggi (96%) pada nisbah polimer
93:7 (AN:MCC). Hasil pencirian polimer terpolimer; Inframerah transformasi Fourier
(FTIR) mengesahkan kejayaan pempolimeran kerana kehadiran puncak penyerapan
yang ditetapkan kepada kumpulan berfungsi C=N dan —COOH pada spektrum.
Mikroskop Elektron Pengimbasan (SEM) menunjukkan bentuk AN manik pada
permukaan MCC. Analisis termogravimetrik (TG) mengesyorkan bahawa kestabilan
terma poli(AN-g-MCC) adalah lebih rendah berbanding dengan MCC. Poli(AN-g-MCC)
di mana selanjutnya diubah secara kimia dengan hidroksilamin hidroklorida. Spektrum
FTIR mengesahkan penukaran berjaya C=N ke dalam kumpulan amidoxime. Analisis
mikro menunjukkan bahawa aliran keseluruhan peratusan unsur untuk kopolimer poli
(AN-g-MCC) diubah suai AO ialah peningkatan unsur nitrogen dan hidrogen. Untuk
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mengesahkan lagi kuantiti kumpulan berfungsi amidoxime dalam polimer yang diubah
suai, ujian kapasiti amina telah dijalankan. Nisbah 93:7 mempunyai jumlah kapasiti
amina tertinggi (12.42 mmol/g), diikuti oleh 90:10 (11.45 mmol/g) dan jumlah kapasiti
amina yang rendah pada nisbah mol suapan 95:5 (10.5 mmol/g). ) dan 97:3 (9.75
mmol/g).

Proses penjerapan untuk penyingkiran Cu?" dan Fe?" dalam sistem penjerapan tunggal
telah dilakukan dengan mengubah pH (2-12), dos bahan penjerap (0.2 -1.0 g), kepekatan
awal ion logam (50-150 mg/L) dan masa tindak balas (2-100 minit). Peratusan
penyingkiran maksimum bagi Cu?* dan Fe*" masing-masing ialah 99.5% dan 96.4% pada
pH 7. Pengaruh dos bahan penjerap menunjukkan pada 1.0 g/L dos bahan penjerap,
menghasilkan peratusan tertinggi Cu** (99.8%) dan Fe?" (88.63%) yang sepadan.
Peratusan tertinggi penyingkiran Cu?*" dan Fe*" masing-masing ialah 99.5% dan 95.8%
pada kepekatan awal 50 mg/L. Manakala pada minit ke 60 peratusan penyingkiran
menjadi maksimum bagi Cu?" (89.0%) dan Fe?" (87.5%). Data eksperimen diuji
menggunakan kajian keseimbangan dan kinetik. Data keseimbangan dilengkapi dengan
isoterma Langmuir dan Freundlich. Isoterma Freundlich menunjukkan penerangan yang
baik untuk penjerapan Cu?" (R? =0.9493) dengan kapasiti penjerapan maksimum 120.58
mg/g. Penjerapan Fe?' juga mematuhi isoterma Freundlich (R?>=0.9558) dengan kapasiti
penjerapan maksimum 235.91 mg/g.

Dalam sistem penjerapan binari, kesan dos bahan penjerap (0.2-1.2 g), pH (3,5, dan 9),
kepekatan awal ion logam (20-100 mg/L) dan masa rendaman (0-100 minit) ke atas
proses penjerapan keseimbangan kapasiti telah ditentukan. Peningkatan dos bahan
penjerap meningkatkan penyingkiran ion logam dalam sistem binari. Penyerapan Cu?*
dan Fe?" adalah lebih baik pada pH 9 dalam sistem binari. Peratusan penyingkiran Cu?*
pada 100 mg/L larutan binari ialah 91.13 %, manakala penyerapan ion Fe?* hanya
84.51%. Kedua-dua ion logam berat mencapai keseimbangannya pada minit ke 60 dan
selepas itu penyingkiran ion logam berat menjadi hampir sekata. Model Lanjutan
Langmuir lanjutan dan Model Lanjutan Freundlich memberikan penerangan yang sesuai
mengenai data eksperimen binary. Perbandingan isoterma tunggal dan binari
mendedahkan interaksi antagonis (berlaku apabila kapasiti penjerapan bahan penjerap
berkurangan dalam larutan yang mengandungi lebih dari satu komponen) antara Cu?*
dan Fe?". Sebagai tambahan, model susunan kedua-pseudo didapati sesuai untuk
mengambarkan kinetik penjerapan bagi kedua-dua ion logam terhadap AO-dimodifikasi
poli(AN-g-MCC), bagi system tunggal dan system binari. Hal ini bagi menandakan
penjerapan kimia antara molekul penjerap dan molekul logam berat.

Berdasarkan hasil dapatan eksperimen ini, polimer AO-dimodifikasi poli(AN-g-MCC),
merupakan penjerap terfungsi yang berpotensi untuk dijana semula dengan kapasiti yang
tinggi bagi menyingkirkan bahan logam berat (untuk persendirian dan berterusan)
daripada bahan cecair persekitaran.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Water is essential for humans, animals and plants for their daily life. Facts stated that
70% of earth land is waterlogged areas. However, lack of clean water is the main problem
with the increase in human populace, urbanization and pollution in the world. According
to United Nations World Water Development Report 2021, the recent status needs for
the upgrading water resources supervision. Billions of people do not have safe drinking
water even though the access to improved drinking water was already expanded. Apart
from that, the modification of the water cycle will also pose hazards for energy
production, food safety, human fitness, economic growth and poverty saving, thus
extremely threatening the accomplishment of the Sustainable Development Goals
(United Nations 2021). About 2 billion people live in countries suffering high water
anxiety, and about 4 billion people experience severe water shortage during at least one
month of the year (United Nations 2019).

Water pollution usually refers to chemicals or other materials in concentrations greater
than would occur under natural conditions. The water pollution can occur once unwanted
materials enter into water that eventually changes the quality of water (Feng et al., 2020).
This water contaminants, include microbes, nutrients, heavy metals, organic chemicals,
oil and sediments, can be a pollutant. Contaminants are typically the cause of major water
quality degradation around the world.

The pollution of water with the heavy metals from a variety of industries has become a
serious environmental problem for many years. Some industries produce varying
concentrations of heavy metal overloaded waste streams with significant consequences
for any receiving environmental sections. According to Afolabi et al., (2021), one of the
main sources of water pollution are generated from industrial effluents. The wastewater
from industrial activities such as manure sludge, agricultural waste effluents and
environmental vicissitudes are the main sources of these contaminants. These impurities
comprise toxic heavy metals, dyes, pesticides, organic compounds, fertilizers and etc.
Preisner (2020) also reported, about untreated industrial waste that are discharged into
water sources. The amassing of heavy metals discharge has bad effects on the health of
biotic and abiotic components such as flora, fauna, and human alike (Kovacova et al.,
2019). Among these industrial wastes were industrial fertilizer, catalysts, gear, magnets,
airbag valves, electronics, tooth protects, exhaust smoke, stainless steels etc. (Feng et al.,
2020). Mineral pollutants most commonly appearing in wastewater effluents are nickel,
zine, silver, lead, iron, chromium, copper, arsenic, cadmium, and uranium. The
contaminants of metallic wastes are expected from industrial growth and some of them
are consuming as nutrients both for plants and human beings in a small amount (Briffa
et al., 2020). However, if these species are present outside the tolerance limits, these are
reported to affect the human and environmental health harmfully (Zakaria et al., 2021).
In Malaysia, the standard of effluent release was restricted by the Department of
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Environment (DOE) in the Third Schedule Environmental Quality Act, 174 as attached
in Appendix A.

In order to resolve the heavy metals problems mentioned above, different techniques
were employed, such as ion exchange, membrane technology, chemical coagulation and
precipitation, electrolytic reduction and adsorption (Ida and Eva, 2021) (Demcak et al.,
2017). Several methods such using an activated carbon (Ledn et al., 2020), and
aluminum salt (Zafra-Mejia et al., 2020) consume high energy, not eco-friendly, highest
in costing and hazard to human. Because of that reason, many researchers come out with
new adsorbents that can be used which is more economical and safer to an environment.

In recent years, the application of chelating sorbents in emerging sturdy complexes with
heavy metal ions has been considered in more perspective (Younas et al., 2021). The
active nitrile (AN) groups present in polyacrylonitrile (PAN) copolymers allow
presenting new functional groups by different reactions. There were a few different
techniques of modifications of PAN fibers to obtain cathionite, anionite, and ampholyte
(Dang et al., 2020). Sruthi et al., (2020) had studies the surface modifications of PAN
with sodium hydroxide to get a significant number of carboxylic groups. In the present
study, the alteration of PAN with hydroxylamine was carried out to form hydroxy-
functionalized resins. The adsorbent based on polyacrylonitrile and microcrystalline
cellulose (MCC) were prepared and this resin present reactive suspended groups (cyano
groups) that can be modified by different types of substances such as hydroxylamine
(Petrovic et al., 2021, Zahri et al., 2015), hydrazine (Sruthi et al., 2020), ethylenediamine
(Subri et al.,2020) and thiosemicarbazide (Noruzi et al., 2020, Deng et al., 2016) by
nucleophilic addition and cycloaddition reactions. Microcrystalline cellulose was chosen
because it shown a good physicochemical possession such as crystallinity, moisture
content, surface area, porosity and molecular weight (Viera-Herrera et al., 2020).

1.2 Problem statement

Due to hasty industrialization and development nowadays, our environment suffers with
large quantity of dangerous and excessive heavy metals that are released with unfitting
pretreatment. Many industries such as plating, metal smelters, alloy, mining,
microelectronics, battery, plastics manufacturers consist of heavy metals contamination
in their waste streams (Younas et al., 2021). Apart from that, agricultural effluents
consist of heavy metals source like fertilizers and pesticides are intensively used. A major
concern in industrial operations especially in wastewater treatment is to meet with the
discharge regulation. A few methods employed for the removal of heavy metals ions
from polluted and contaminated water become highly expensive in cost, ineffective,
produce hazardous material to the environment, and sometime become toxic to human
and animals. The feasible procedures that can considered as economical and multi-
functional selective sorbents was develop as a research focus for several decades.

The most obvious sign of water pollution is heavy metals. The problem of heavy metal
pollution in water needs constant monitoring and investigation as these elements do not
degrade and incline to bio-magnify in human through food chain (Ali et al., 2019). The
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formation of cutting-edge and cost-effective treatment methods is anticipated for well
cleanup of heavy metal encompassing wastewater and recovery of water resources. The
modified microcrystalline cellulose as adsorbent (AO modified poly (AN-g-MCC)) has
a broad range of physicochemical properties (such higher crystallinity indexes, rough
surfaces, particle with micro sized, and improved thermal stability, Beroual et al., (2021))
that make them particular attractive as separation media for wastewater treatment and
water purification (Viera-Herrera et al., 2020). After modification, they are fixed with
dual functional groups which gave it the capability to selectively adsorb heavy metals to
its surface more efficient than ordinary activated carbon. The successful accomplishment
of this research may solve challenges associated with the development of industrial
workable and adequate functional polymer-based adsorbents for heavy metal containing
effluent treatment.

1.3 Research Goals and Objectives

The main goal of this project is to study the efficacy of newly developing functional
polymeric adsorbent, AO modified poly(AN-g-MCC), for adsorptive removal of heavy
metals from aqueous solution. These goals would be succeeded via the following
objectives as follows:

i To prepare poly(acrylonitrile-g-Microcrystalline cellulose) (poly(AN-g-MCC))
copolymer with different feed mole ratios and chemically modified it with
amidoxime (AO).

ii. To investigate the uptake of copper (Cu*") and iron (Fe?") solutions onto
amidoxime-modified poly(AN-g-MCC) from aqueous solution in a single batch
adsorption system.

1il. To examine the adsorptive capacity, equilibrium and kinetics of AO modified
poly(AN-g-MCC) adsorbent for binary heavy metals (Cu?>" and Fe?") adsorption
from aqueous solution in batch operations.

1.4 Scope of the Study

This study focused on the preparation and application of AO modified poly (AN-g-MCC)
as a potential large-scale polymer-based adsorbent to segregate heavy metals in industrial
wastewater. Influence of several operating parameters, such as adsorbent dosage, initial
heavy metals concentration, pH, and contact time on the adsorptive heavy metal removal
efficacy of the polymeric adsorbents would be inspected.

Adsorption studies are frequently inadequate to batch experimentations with single
component contaminant (Yousef et al., 2020), which do not offer suitable scale up data
for probable multicomponent industrial scale wastewater treatment. Few works have
reported the binary adsorption study of heavy metal ions in treating wastewater effluent.
Thus, this research also focuses on assessing the binary adsorption of copper (Cu®*) and



iron (Fe?*) from aqueous solution in a batch system. Effect of a few variables (pH, initial
heavy metal concentrations, contact time and adsorbent dosage) on binary heavy metal
adsorption were observed. The isotherm and kinetic study were also examined for this
binary system for Cu?* and Fe?" adsorption.

1.5 Novelty of Research Study

The modified functional polymeric adsorbent has a wide range of physicochemical
properties that make them frequently attractive as separation and reactive tools for
wastewater treatment and water purification. Industrial wastewaters effluent contains
more than one heavy metal component. However, to date, the application of AO modified
poly(AN-g-MCC) polymer in batch and binary systems toward Cu?" and Fe?* ions has
not been reported elsewhere. Thus, in the present study, evaluation of binary adsorption
system was carried out using functional amidoxime modified poly(AN-g-MCC)
adsorbent. The mechanism of Cu?* and Fe?" ion adsorption onto AO modified poly(AN-
g-MCC) polymer and adsorbent regeneration were investigated in detail.

1.6 Thesis layout

In order to complete the objectives of this study, the following scopes of work have been
specified. This thesis consists of 6 chapters, organized as:

e  Chapter one (1): Introduction, provides a general introduction on heavy metals
bearing wastewater and brief review about the treatment methods, associated
problems, objectives, novelty and research scope.

o Chapter two (2): Presents detail literature review related to modification
polymer and its application in heavy metals uptake from the aquatic
environment.

e Chapter three (3): Explanation about the procedure for polymer synthesis,
modification, as well as adsorption experimentation are highlighted.

e Chapter four (4): Results and discussion concerning polymer yields,
characterisation, and its preliminary application in removing copper and iron
ions.

e Chapter five (5): Results and discussion of single copper and iron ions
adsorption studies and analysis are reported here. The study of desorption and
regeneration also briefly reported here for single adsorption. The discussion of
binary copper and iron ions adsorption studies and analysis are also reported
here.

e  Chapter six (6): Conclusion and recommendations, this part recap the obtained
research findings, limitations and suggestions for feasible future work.
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