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SYNTHESIS OF HYPERCROSSLINKED POLY(ACRYLONITRILE-CO-
ETHYLENE GLYCOL DIMETHACRYLATE-CO-VINYLBENZYL 

CHLORIDE) AS ADSORBENT FOR PHARMACEUTICALS

By 

NUR SYAFIQAH BINTI SHAIPULIZAN 

December 2020

Chairman : Siti Nurul Ain Md. Jamil, PhD  
Faculty : Science 

Pharmaceuticals are frequently present in water at concentrations in the μg.L-1 to ng.L-1

range and this range is considered to be a possible threat to the environment. The 
presence of pharmaceuticals caused sexual disruption in wild fish and harmful to the 
aquatics. The present work describes the preparation of porous polymeric adsorbent to 
adsorb pharmaceuticals from water. Ethylene glycol dimethacrylate (EGDMA) was used 
as a crosslinker in poly(acrylonitrile (AN)-co-vinylbenzyl chloride (VBC)) to investigate 
the effect of long-chain crosslinker to the porosity of the terpolymer system. 
Poly(acrylonitrile-co-ethylene glycol dimethacrylate-co-vinylbenzyl chloride) 
(poly(AN-co-EGDMA-co-VBC)) with different feed mole ratios of AN and EGDMA 
were synthesized via suspension polymerization method and further hypercrosslinked by 
Friedel-Crafts reaction. The performance of the terpolymeric adsorbent to adsorb polar 
analyte is evaluated by adsorbing each of the pharmaceuticals, metformin (MET) and 
diclofenac (DCF) from aqueous solution at different conditions in a batch system. The 
isotherm and kinetic studies were carried out by using batch adsorption data. 

The ratio of AN/EGDMA/VBC were varied to 20/70/10, 25/65/10 and 30/60/10 (mol%). 
Poly(AN-co-EGDMA-co-VBC) 20/70/10 obtained the highest percentage yield (86%) 
compared to the other terpolymers. The FT-IR spectra confirmed the successful of 
polymerization due to the appearance of absorption bands of C≡N, C=O, C-O-C and C-
Cl groups in the spectra of all ratios of terpolymers. The absorption band at 1251 cm-1

that was assigned to the C-Cl vibrations was less intense in all hypercrosslinked (HXL) 
poly(AN-co-EGDMA-co-VBC) polymers, confirming that the hypercrosslinking 
reaction was successful. The microanalysis showed the increasing of carbon, hydrogen 
and oxygen contents with the decreasing of nitrogen content of the terpolymers as the 
mole ratios of EGDMA increased. The Field Emission Scanning Electron Microscopy 
(FESEM) micrographs showed that poly(AN-co-EGDMA-co-VBC) and HXL poly(AN-
co-EGDMA-co-VBC) have spherical particle structures. Based on the EDX analysis, the 
chlorine content of polymers decreased after the hypercrosslinking reaction indicating 
that the chloromethyl groups were being consumed during hypercrosslinking reaction. 
Poly(AN-co-EGDMA-co-VBC) 20/70/10 showed the highest specific surface area (363 
m2.g-1), micropore area (33 m2.g-1), total pore volume (0.482 cm3.g-1) and micropore 
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volume (0.025 cm3.g-1). Broad mesopores range from 2–10 nm are the main pores for all 
terpolymers to indicate that mesopores are dominant for the polymers. Pore size 
distribution (PSD) estimated by Barrett-Joyner-Halenda (BJH) method revealed that all 
terpolymers are centred at around 5–8 nm, which confirmed that terpolymers prepared 
in this study are mesoporous materials.  

The Langmuir isotherm showed good agreement for the adsorption of MET (R2 of 
0.9637) and DCF (R2 of 0.9689) with maximum adsorption capacities of 5.1 mg.g-1 

and 61.0 mg.g-1, respectively. The pseudo-second-order was observed to have better 
R2 compared to the other models for both MET and DCF. After four cycles of 
adsorption-desorption process, DCF and MET removal decreased from 99% to 78% 
and 76% to 72%, respectively. Based on experimental findings, HXL poly(AN-co-
EGDMA-co-VBC) polymer is a potential functional regenerable adsorbent to remove 
pharmaceuticals from liquid environment.  
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SINTESIS HIPERTAUT SILANG POLI(AKRILONITRIL-KO-ETILENA 
GLIKOL DIMETAKRILAT-KO-VINILBENZIL KLORIDA) SEBAGAI 

PENJERAP UNTUK FARMASEUTIKAL 

Oleh  

NUR SYAFIQAH BINTI SHAIPULIZAN  

Disember 2020  

Pengerusi  : Siti Nurul Ain Md. Jamil, PhD   
Fakulti   : Sains 

Farmaseutikal biasanya terdapat di dalam air pada kepekatan μg.L-1 hingga ng.L-1 dan 
julat ini dianggap sebagai potensi ancaman terhadap alam sekitar. Kehadiran 
farmaseutikal menyebabkan gangguan seksual terhadap ikan liar dan berbahaya bagi 
kehidupan akuatik. Kajian ini menerangkan penyediaan penjerap polimer berliang untuk 
menjerap farmaseutikal dari air. Etilena glikol dimetakrilat (EGDMA) digunakan 
sebagai pentaut silang dalam poli(akrilonitril (AN)-ko-vinilbenzil klorida (VBC)) untuk 
menyiasat kesan rantaian taut silang yang panjang terhadap keliangan sistem terpolimer. 
Poli(akrilonitril-ko-etilina glikol dimetakrilat-ko-vinilbenzil klorida) (poli(AN-ko-
EGDMA-ko-VBC)) dengan berbeza mol AN dan EGDMA disintesis melalui kaedah 
pempolimeran suspensi dan hipertaut silang oleh reaksi Friedel-Kraf. Prestasi penjerap 
terpolimer untuk menjerap analit polar dinilai dengan menjerap setiap farmaseutikal, 
metformin (MET) dan diklofenak (DCF) dari larutan berair pada keadaan operasi yang 
pelbagai dalam sistem kumpulan. Kajian isoterma dan kinetik dilakukan dengan 
menggunakan maklumat penjerapan kumpulan.   

Nisbah AN/EGDMA/VBC divariasikan kepada 20/70/10, 25/65/10 dan 30/60/10 
(mol%). Poli(AN-ko-EGDMA-ko-VBC) 20/70/10 memperoleh hasil tertinggi (86%) 
berbanding terpolimer lain. Spektrum FT-IR mengesahkan kejayaan pempolimeran 
kerana kemunculan jalur penyerapan kumpulan C≡N, C=O, C-O-C dan C-Cl dalam 
spektrum semua nisbah terpolimer. Jalur penyerapan pada 1251 cm-1 yang diberikan 
pada getaran C-Cl kurang kuat pada semua polimer hipertaut silang (HXL) poli(AN-ko-
EGDMA-ko-VBC), yang mengesahkan bahawa tindak balas hipertaut silang telah 
berjaya. Analisis mikro menunjukkan peningkatan kandungan karbon, hidrogen dan 
oksigen dengan penurunan kandungan nitrogen untuk terpolimer ketika nisbah mol 
EGDMA meningkat. Mikrograf Elektron Pengimbasan Pelepasan Medan (FESEM) 
menunjukkan bahawa poli(AN-ko-EGDMA-ko-VBC) dan HXL poli(AN-ko-EGDMA-
ko-VBC) mempunyai struktur zarah sfera. Berdasarkan analisis EDX, kandungan klorin 
polimer menurun setelah tindak balas hipertaut silang menunjukkan bahawa kumpulan 
klorometil digunakan semasa reaksi hipertaut silang. Poli(AN-ko-EGDMAko-VBC) 
20/70/10 menunjukkan luas permukaan spesifik tertinggi (363 m2.g-1), luas mikroliang 
(33 m2.g-1), jumlah isipadu liang (0.482 cm3.g-1) dan isipadu mikroliang (0.025 cm3.g-
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1). Julat antara 2-10 nm adalah liang utama bagi semua terpolimer untuk menunjukkan 
bahawa mesoliang adalah dominan bagi polimer. Taburan saiz liang (PSD) yang 
dianggarkan oleh kaedah Barrett-Joyner-Halenda (BJH) menunjukkan bahawa semua 
terpolimer berpusat pada sekitar 5-8 nm, yang mengesahkan bahawa terpolimer yang 
disediakan dalam kajian ini adalah bahan mesoliang.  

Isoterma Langmuir menunjukkan persetujuan yang baik untuk penjerapan MET (R2 = 
0.9637) dan DCF (R2 = 0.9689) dengan kapasiti penjerapan maksimum masing-masing 
5.1 mg.g-1 dan 61.0 mg.g-1. Urutan pseudo-kedua mempunyai R2 yang lebih baik 
berbanding dengan model lain untuk MET dan DCF. Selepas empat kitaran proses 
penjerapan-penyahpisiran, penyingkiran DCF dan MET masing-masing menurun dari 
99% menjadi 78% dan 76% menjadi 72%. Berdasarkan dapatan eksperimen, polimer 
HXL poli(AN-ko-EGDMA-ko-VBC) merupakan penjerap terfungsi yang berpotensi 
untuk dijana semula untuk menyingkirkan farmaseutikal daripada persekitaran cecair.  
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CHAPTER 1 

INTRODUCTION  

1.1  Background of the study  

Water is vital for both food production and population growth. The existence of water 
contamination threatens aquatic biodiversity and causes human and animal diseases. 
Water pollution usually caused by the irresponsibility authorities who have refused to 
handle waste in accordance with the requirements of the health organisation. Untreated 
industrial effluents will, in the long run, lead to major disasters in ecosystem life and 
will have the worst impact on future generations. Untreated effluents settled into water 
had led to polluted and toxic waste being transported to water sources. Contaminated 
water remains in water supply and causes environmental problems for several years as 
long as no meaningful action is taken to address this global crisis.  

Many pathways, such as metabolic excretion by the body, inadequate disposal, and 
continuous release from sources, comprising public, hospital, agricultural and industrial 
effluents, have contributed to the continuous release of pharmaceutical contaminants 
into the environment. As a result of their toxicity, which affects global health, 
pharmaceuticals that have eventually been found in discharged effluents are currently a 
major concern. Most pharmaceutical compounds may have toxic effects if they are 
exposed to human and aquatic life in the long term, even at low concentrations 
(Wilkinson et al., 2019).   

Removal of pharmaceuticals has become of great interest to researchers due to their low 
biodegradability, inadequate water removal and pharmaceutical activity, even at low 
concentrations. Various methods have been reported for pharmaceutical uptake, such as 
ion exchange, membrane separation, biodegradation, and adsorption (Zhou et al., 2018; 
Moreira et al., 2018; Behboudi et al., 2017; Zheng et al., 2017). Ion exchange at high 
concentrations of pollutants is cost-effective but requires high maintenance costs. 
Membrane separation is too expensive due to its high energy consumption and the cost 
of membrane restoration is needed. Biodegradation is cost-effective but has poor removal 
capacity. In this study, adsorption, which is the most commonly used technology, was 
used to remove aqueous pharmaceuticals. This is due to its simplicity, design flexibility, 
low cost, sorbent regeneration, varied adsorption mechanisms and adaptability to a wide 
range of pharmaceuticals that benefit from wastewater treatment. In this study, the 
adsorbent was produced by synthesizing polymers containing specific functional groups 
that were manipulated to make adsorbents active in the direction of polar pharmaceutical 
molecules. 

 © C
OPYRIG

HT U
PM



2 
  

1.2  Polymerization   

Polymerization is a process of linking monomer molecules together by chemical 
reaction to the production of polymers. Various polymerization methods, such as 
suspension, emulsion, precipitation, dispersion, and seed, are used for the synthesis of 
polymer particles (Chaudhary and Sharma, 2019). In the present work, suspension 
polymerization was applied to the preparation of the polymer adsorbent. Suspension 
polymerization was chosen as a water-based synthesis that is performed under mild 
reaction conditions in a shorter time but still produces high yields.  

Numerous studies have reported the preparation of polymers by introducing monomers 
and comonomers into reactive polymer chains to form crosslinked polymers (El-
Newehy et al., 2014). Polymers may be copolymerized or terpolymerized to increase 
the polarity, selectivity and surface area of the polymer. As a result, acrylonitrile was 
used as a monomer for the preparation of terpolymer in this study due to its polar nitrile 
functional group, which helps to increase the hydrophilicity and polarity of the 
terpolymer. Ethylene glycol dimethacrylate (EGDMA) was selected as a crosslinker for 
the introduction of a functional carbonyl group into the polymeric system. Apart from 
increasing polarity, the long and flexible EGDMA chain may favour the accessibility of 
the analyte molecules to the EGDMA functional groups (Jose et al., 2003). In the 
meantime, vinylbenzyl chloride (VBC) was used to exploit the methyl chloride groups 
in the VBC unit during hypercrosslinking via Friedel-Crafts reaction. Hypercrosslinking 
reactions were then performed for the formation of 3D network and to increase the 
surface area of the terpolymer. The polymer-based adsorbent was used to adsorb 
diclofenac and metformin from the aqueous solution.  

1.3  Problem statement  

This study focused on the removal of diclofenac and metformin from aqueous solution 
using adsorbent based on polymers; hypercrosslinked (HXL) poly(acrylonitrile-co-
ethylene glycol dimethacrylate-co-vinylbenzyl chloride) (poly(AN-co-EGDMA-co-
VBC)).  

Adsorbent, such as activated carbon, needs high energy in production, high cost of 
production, difficult to regenerate for industrial applications (Tomul et al., 2019). 
Biosorbent derived from the agricultural and industrial waste also has been explored in 
removing pharmaceuticals. Based on Li et al. (2019), the biosorbents (biochar, macro-
algae, and word chippings) were proved as effective as activated carbon. However, high 
energy production, plenty of time needed for the cultivation process prior to its use and 
high doses of biosorbent required; associated with disposal problem.    

The polymer-based adsorbent is an alternative adsorption material due to the ease and 
variety of modifications that can be made on the polymer surface. Generally, the 
characteristics of pharmaceutical molecules include different surface charge, polar, non-
polar, hydrophobic, and hydrophilic. Polymer-based adsorbents have been shown to be 
useful in the removal of polar pharmaceuticals in solution. This was demonstrated by
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diverse pharmaceutical removal studies such as salicylic acid using adsorbent based on 
polymers (Zhou et al., 2018).   

Poly(acrylonitrile) (PAN) is an excellent material for the production of ultrafiltration 
membranes, hollow fibers for reverse osmosis and fibers for special textiles. Oxidized 
PAN fibers has good resistance to organic solvents, excellent in mechanical strength, 
has high thermal stability and good compatibility with certain polar substances (Liu et 
al., 2011). Nevertheless, PAN has high nitrile-nitrile dipolar interactions along its 
repeating units that lead to low moisture absorption, hydrophobicity, and lack of active 
functionality (Mishra et al., 2011). In addition, PAN has low specific surface areas that 
resulted to low adsorption capacity. For this reason, PAN was usually polymerized with 
vinyl and acrylic monomers to weaken the dipole-dipole interactions as well as to 
increase PAN hydrophilicity, and polarity resulting from the incorporation of polar 
functional groups introduced by polar monomers. These improved PAN polarity and 
hydrophilicity resulted in a high percentage of polar analyte/pharmaceutical removal in 
aqueous solution. 

In order to manipulate the characteristics of the PAN, in this study, acrylonitrile (AN) 
was copolymerized with EGDMA and VBC to enhance the properties of PAN as an 
adsorbent. The EGDMA was chosen as a crosslinking monomer due to its potential to 
overcome the shortcoming of PAN by interrupting the high nitrile-nitrile dipolar 
interactions along the PAN chains. The carbonyl (-C=O) functional groups in EGDMA 
was reported to improve the hydrophilicity and polarity which then allow a high affinity 
to the aqueous phase and does not exhibit steric constraints when it is used as an 
adsorbent (Galicia-Aguilar et al., 2017). Polarity improvement by the inclusion of 
EGDMA in the terpolymer system will then facilitate the adsorption of polymer towards 
polar analyte. Furthermore, incorporation of VBC in the polymeric system helps in the 
hypercrosslinking of poly(AN-co-EGDMA-co-VBC) via Friedel-Crafts reaction.  The 
reaction involved the conversion of chloromethyl group into methylene bridges that are 
formed between adjacent phenyl rings and therefore, lead to the development of 
abundant pores inside the polymer.   

Most of the polymerization methods, such as suspension, emulsion, precipitation, 
dispersion and seeds used to synthesize polymer particles, consume a lot of energy, time 
and chemical solvents that tend to produce more chemical waste (Patiño-Herrera et al., 
2019). Apart from that, several studies in producing hypercrosslinked polymer involved 
toxic solvent such as nitrobenzene as solvent.  The current study in producing HXL 
poly(AN-co-EGDMA-co-VBC) however, makes several noteworthy contributions to 
the high recovery poly(AN-co-EGDMA-co-VBC) with more feasible condition; 
synthesis at mild temperature with the consumption of economical and non-hazardous 
deionized water as reaction medium, low chemical consumption and 1,2-dichloroethane 
(DCE) as less toxic solvent in hypercrosslinking reaction. Besides, the polymerization 
was shorter with less energy usage by using mild temperature but yet obtained high 
polymerization yield.  © C
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The presence of pharmaceuticals in the environment particularly in water has attracted 
the attention of the researchers due to its potential as an endocrine disruptor, 
carcinogenicity, poor biodegradability, low removal percentage and potential toxic 
effects in human and aquatic life. Pharmaceuticals are usually present in water at 
concentrations in the μg.L-1 to ng.L-1 range, which is considered to be a potential threat 
to the environment (Wilkinson et al., 2019; Phonsiri et al., 2019). Poor biodegradability 
of pharmaceuticals can lead to human consumption of contaminated drinking water. In 
addition, exposure of pharmaceuticals to aquatic life can affect their growth, trigger 
antioxidant defence reactions and inhibit detoxification mechanisms (Duarte et al., 
2020).  

Diclofenac and metformin are pharmaceuticals that are classified as the most commonly 
used drugs by human and widely produced as effluent waste in many industrial sectors. 
Diclofenac influenced fish metabolism by increasing energy intake within the muscle 
and thereby reducing fish net energy (Duarte et al., 2020). Meanwhile, the exposure of 
fish to metformin in wastewater effluent can caused intersex gonads and size reduction 
of the male fish and also fecundity reduction (Crago et al., 2016; Niemuth and Klaper, 
2015).  

Therefore, the ability of HXL poly(AN-co-EGDMA-co-VBC) to remove 
pharmaceuticals (diclofenac and metformin) with different effect of parameters were 
carried out. The adsorption study was extended by predicting the equilibriums and 
kinetics of the adsorption of pharmaceuticals towards the HXL poly(AN-co-EGDMA-
co-VBC) polymer.   

1.4  Research goal and objectives   

The main goal of this project is to investigate the efficacy of newly developing 
polymeric adsorbent, HXL poly(AN-co-EGDMA-co-VBC) terpolymer, for adsorptive 
removal of pharmaceuticals from aqueous solution. These goals would be achieved via 
the following objectives:  

1. To synthesize poly(AN-co-EGDMA-co-VBC) via suspension polymerization 
and hypercrosslink the terpolymer by Friedel-Crafts reaction.  

2. To investigate the uptake of diclofenac (DCF) and metformin (MET) onto 
HXL terpolymer from aqueous solution in batch adsorption system.  

3. To study the equilibrium and the kinetics of batch adsorption process of DCF 
and MET onto HXL terpolymer in aqueous solution. 

 
 

© C
OPYRIG

HT U
PM



5 
  

1.5  Scope of the study  

This research focused on the preparation and application of HXL poly(AN-co-EGDMA-
co-VBC) as a potential large-scale polymer-based adsorbent to capture pharmaceuticals 
in aqueous solution. The optimized poly(AN-co-EGDMA-co-VBC) was 
hypercrosslinked to produce HXL poly(AN-co-EGDMA-co-VBC). The HXL poly(AN-
co-EGDMA-co-VBC) with the highest surface area was selected as adsorbents for the 
removal of MET and DCF from aqueous solution. Influence of several operating 
parameters such as pharmaceutical concentration, pH, contact time and adsorbent dose 
on the adsorptive pharmaceutical removal efficiency of the polymeric adsorbents was 
investigated. Further adsorption study was implemented through equilibrium and kinetic 
studies.  

1.6  Research novelty  

The hypercrosslinked polymeric adsorbent has a broad range of physicochemical 
properties that make them particularly attractive as separation and reactive media for 
wastewater treatment and water purification. Pharmaceutical compounds eventually 
were found in the wastewater’s effluent. However, to date, the application of HXL 
poly(AN-co-EGDMA-co-VBC) polymer in batch adsorption studies to adsorb 
pharmaceuticals has not been reported elsewhere. Thus, in the present work, evaluation 
of batch adsorption system was carried out using HXL terpolymer adsorbent. The 
mechanism of pharmaceuticals adsorption onto HXL poly(AN-co-EGDMA-co-VBC) 
polymer and adsorbent regeneration were investigated, in assessing the industrial 
viability of the prepared functional adsorbent.  

 1.7       Thesis layout 

This thesis consists of five chapters, organized as:  

• Chapter one: Introduction, provides a general introduction on pharmaceutical 
bearing wastewater and brief review about the treatment methods, related problems, 
objectives, novelty and research scope.  

• Chapter two: Presents detail literature review related to polymer and its application 
in pharmaceutical uptake from the aquatic environment.  

• Chapter three: The procedure for polymer synthesis, hypercrosslinking reaction, as 
well as adsorption experimentation are highlighted.  

• Chapter four: Results and discussion regarding polymer yields, characterization, 
and its application in pharmaceutical adsorption studies.  

• Chapter five: Conclusion and recommendations, this chapter reviews the obtained 
research findings and suggestions for feasible future   © C
OPYRIG
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