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ABSTRACT - This study is present the result of synthesizing crosslinked anion exchange (CAX) ﬁzxvg(s,?;ge resin
resin bearing quaternary ammonium functionalities. Crosslinked anion exchange of poly(HEMA- Adsorption
co-EGDMA-co-VBC) were synthesized via the modified suspension polymerization technique, then Polymerization

treated in hyper-crosslinking reaction to increase specific surface area (SSA) of CAX beads resin
from ~5 to 124 m2/g and followed by amination treatment with N,N-dimethylbutylaminee (DMBA)
to obtain CAX resin. After functionalized process, the amount of nitrogen content increased and
intensity at 1265 cm! that assigned for chloromethyl group has decreased, showing that DMBA
successfully being attached to the backbone. CAX resin was fully characterized by using Scanning
Electron Microscopy (SEM), and Fourier Transform Infrared Spectroscopy (FT-IR) respectively. A
pre-evaluation study was carried to investigate the performance of CAX beads resin to remove
nitrate by using ion exchange method. Three parameters were used to study the sorption process;
contact time, influent concentration and amount of resin used. For overall sorption, the sorption
managed to obtain 88 % nitrate removal by using 0.5 g of CAX resin at 50 ppm influent
concentration within 1-hour contact time and the highest adsorption of CAX achieved was 93 %
removal of nitrate ions within 4-hours contact time.

INTRODUCTION

Water is widely used for various kind of reasons in many industries such as food and beverage, pharmaceutical,
textiles, petroleum and agriculture industry. It is compulsory for each of the industry to treat their discharged water
according to government’s laws and standards. A clean treated water is one of the mandatory requirements not only for
mankind demand but also for balancing the ecosystem. In fact, a good water body must be safe in terms of chemically,
biologically and physically before it is being discharged to the nearby river. In spite of turbidity, harmful germs and
bacteria becoming a major trait that need to be controlled for maintaining the quality standard of discharged water,
removing contaminant ions such as nitrate is one of the biggest issues that has been concerned nowadays. As stated by
World Hellth Organization (WHO), the standard ion intakes for nitrate must not more than 45 mg/L (Pintar et al., 2001).
Excessive amount of nitrate in drinking water will contribute adverse effects on health such as methemoglobinemia (baby-
blue syndrome), rectal and colon cancer, and digestive organs failure (Samatya et al., 2006; Kim et al., 2015). Besides,
inappropriate amount of nitrate present in the water body will damage the biodiversity where eutrophication problem will
be occurred (Pintar et al., 2001). For this particular reason, biological denitrification, enzyme and catalytic reduction,
reverse osmosis, electro-dialysis, bio-filtration and coagulation are some of notable examples method that have been
introduced by previous researchers to eradicate ion contamination from water (Pintar ef al., 2001; Smatya et al., 2006;
Matos et al., 2008; Song et al., 2012; Song et al., 2012; Kim et al., 2015; Weinertova et al., 2017). However, some
problematic issues rose since certain of these methods are non-environmentally friendly and obligating another extensive
special treatment which lead to high capital and energy cost (Alighardashi et al., 2018). In this respect, it is worthwhile
to consider not only the capital and effectiveness of the process but the chosen method must be appropriate to the local
circumstances respectively (Barakat, 2011).

A consensus view has indicated that ion exchange may be very useful and show a great effectiveness to remove
selectively contaminants by using an adsorbent as a medium to exchange ion (Haki ef al., 2016). Novel of researches
have been devoted to understand the process by implying the concept of ion exchange method in many industry cases.
Eventually, it accentuates the realization that the ion exchange method it a simple, environmentally friendly, low-cost
maintenance, convenient and also a low capital process (Eipztein et al., 2015; Alighardashi et al., 2018). Moreover, this
method shows a remarkable result since it also able to remove contaminant ions quantitatively, less sensitivity toward pH
during the treatment process and the adsorbent also have a long lifespan (Kim et al., 2004).

Previously, ion exchange method can be done by using a selected base-sorbent such as silica, carbon and polymer
(Subri et al., 2017). However, silica and carbon base-sorbent have showed weaknesses in the systems due to lacking in
term of permeability, thermodynamically and mechanical stability (Larous et al., 2018; Fontanal et al., 2018). Davankov
and his co-workers had introduced hyper-crosslinked (H-XL) polymer to overcome all these problems (Davankov et al.,
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1989; Davankov et al., 1990; Davankov et al., 1996b; Davankov ef al., 2002). These polymer particles can be classified
into three different size classes such as macro- (>50 nm), meso- (50-2nm) and microporous (<2 nm) (Gokmen and Prez,
2012). One of the greatest benefits of H-XL resin is it can provide a high specific surface area (SSA) due to its porosity
(Fritz, 1995). Though, different precursors gave different value of SSA through hyper-crosslinking reaction. Subri et al.
(2017) found that hyper-crosslinking process of precursor particles from acrylonitrile (AN), divinylbenzene (DVB) and
vinyl benzyl chloride (VBC) could achieved SSA up to 1078 m? g! with 4.0 nm of maximum pore size. Fontanal and his
co-workers (2015) also managed to obtained SSA up to 1125 m? g! by hyper-crosslinking precursors particles from
methacrylic acid (MMA), DVB and VBC. Paulino and Afonso (2012) supported the claimed that the development of
SSA of porous polymer particles not only could increase the performance in sorption process but also in separation on
rare earth elements (Fritz, 1995). Previous studies had indicated that the presence of hydrophobicity in the adsorbent
would affect the sorption process (Song et al., 2012; Song et al., 2012; Paulino et al., 2012; Wu et al., 2013; Sun et al.,
2015). This hydrophobicity is more efficient in the retention of non-polar compounds than the retention of polar
compounds. Therefore, development of hydrophilic bead particles can provide alternative adsorbent for any applications
involving polar compound.

In this study, the optimized crosslinked anion exchange (CAX) resin was developed by using hydroethylmethacrylate
(HEMA) as monomer with vinylbenzyl chloride (VBC) as a co-monomer and ethylene glycol dimethacrylate (EGDMA)
as a cross-linker. This study attempted to address the issue of preparing high content of chloro-methyl functional group
at polymeric precursor backbone whilst still maintaining the quality of precursor. High SSA of H-XL poly (HEMA-co-
VBC-co-EDGMA) was achieved using hyper-crosslinking reaction by exploiting pendant chloromethyl group as
electrophile source where the reaction was maintaned for 18 hours to allow maximum adsorption of the solvent into the
polymer matrix. Furthermore, in view toward application, the H-XL polymer will be functionalized. The functionalization
process will be involved amination process by attaching quaternary ammonium into the polymeric backbone thus turning
the hydrophilic H-XL polymer into a strong anion exchange resin — CAX respectively. Same method as purposed by
Norhayati et al. (2019) to carry a pre-evaluation test on CAX resin. This study was conducted to investigate CAX
performance to adsorb nitrate ions from water body. The investigation was carried under three parameters by varying the
influent concentration, CAX dosage and the interaction time between the adsorbent and solution

EXPERIMENTAL
Chemicals and Materials

For precursor polymer, the reagents used were same in the previous study (Yahya et al., 2017). All chemicals such as
benzoyl peroxide (BPO) (75%), poly(N-vinylpyrrolidone) 55 (PVP), (98 %), 4-vinylbenzyl chloride (VBC) (97%),
ethylene glycol dimethacrylate (EGDMA) and 2-hydroethylmethacrylate (HEMA) (97%) were obtained from Sigma
Aldrich. Methanol and chloroform were used to purify these chemical excluding BPO, EGDMA and HEMA that purified
thoroughly by using aluminum oxide.

In the hyper-crosslinking reaction, nitric acid (HNO3) with 65% concentration, 1.2-Dicholoroethane (DCE) (99%)
and iron (III) chloride (FeCls) (98%) were purchased from R&M Chemical. While methanol and 1.2-Dicholoroethane
(DCE) were acquired from Sigma Aldrich.

The reagents that were being used in the synthesis of super crosslinked anion exchange resin polymer were sodium
bicarbonate (99.7%) and N, N-Dimethyl butylamine (DMBA) (99.8%). All the chemicals were supplied by Sigma-
Aldrich.

Meanwhile, for pre-evaluation resin, the synthesized CAX resin was used during the adsorption process. While other
materials such as sodium hydroxide (NaOH) was supplied from Sigma Aldrich (99 %). The nitrate stock solution used in
this study was prepared by dissolving an accurate quantity of NaNOs (97%) obtained from Sigma Aldrich with deionized
water that was acquired by using Elix® Essential 5 UV Water Purification System from Merck Milipore. A range of
dilutions, 20200 mg/L, were prepared respectively. The pH of the aqueous solutions of NO3 was approximately 6.7 and
did not change significantly with the dilution.

Poly(HEMA-co-EGDMA-co-VBC) Precursor Synthesis

In this step, a modified suspension polymerization is used to produce macro-size beads particles. This study was done
previously where a continuous phase was prepared by mixing PVP (2-4 wt% of monomer feed) within solvent and
distilled water (Yahya et al., 2017). Organic phase was prepared by mixing toluene, HEMA, EGDMA, PVP and benzoyl
peroxide (3 wt% of monomer feed) together. The mixture then being stirred until homogenous solution formed. The
organic phase then being relocated into 250 mL four neck round-bottomed flask with magnetic stirrer and stirred at
constant rate at 300 rpm. After half an hour, VBC was added to the mixture. The reactor was flushed by nitrogen
thoroughly the experiments with a set temperature at 75 °C for 6 hours. The produced macro-spheres were washed by
distilled water and ethyl alcohol before dry in 60 °C for 24 hours (Yahya et al., 2017).

Hyper-crosslinked Poly (HEMA-co-EGDMA-co-VBC) Resin Synthesis

Hyper-crosslinking reaction method was based on previous reported methods (Bratkowska ef al., 2010b; Fontanals et
al., 2014). 1, 2-dichloroethane (DCE) was mixed with 10 g synthesized macro-sphere precursor in a flask for 1-hour at
room temperature with constant inlet of nitrogen gas until the mixture was fully swelled. Then, the reaction was proceeded
by adding 1:1 molar ration of FeCls and the mixture was heated to 80 °C for 18 hours where new particulates known as
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H-XL were discovered. These particulates were filtered and washed by using HNO;3 and methanol. A Soxhlet extractor
was used to extracted the H-XL particles and dried at 50 °C.

Crosslinked Anion Exchange (CAX) Resin Synthesis

5 g of H-XL polymer and 100 mL dried toluene were placed in a round-bottomed flask (250 mL), and the mixture
was left under nitrogen for 1 hour to wet the beads. Then, DMBA (in 2 to 7.5 molar excess relative to —CH2Cl) was added
to the solution. The mixture was then rapidly heated at 80 °C and kept at this temperature for 18 hours. The CAX particles
were filtered and washed with toluene, methanol and then washed several times with aqueous 5% (w/v) sodium
bicarbonate and water. They were then extracted overnight with acetone in a Soxhlet extractor before drying overnight in
the oven at 40 °C (Fontanal ef al., 2008c).

Pre-Evaluation Experiments of CAX Resin

The resins were equilibrated using 500 mL of 1 mol/L NaOH for 30 minutes. The resin then drained two times out
from the column using pure water. All the experiments were conducted in a batch system under Solid Phase Extraction
(SPE) method for CAX resins. The experiments were conducted in a room temperature by contacting the resin with
nitrates solution in the column where the resins were spiked with certain volume of nitrates standard solution directly.
For the first parameter, the resins at 0.5 cm bed length was contacted with 20 mL of nitrates solution with different
concentration at 20, 50, 100 and 200 ppm respectively for 1 hour to study the effect of initial concentrations of nitrates
solution toward the resins. The second parameter was to study the effect of the adsorption capacity of the resins at different
bed length of resin. The resins were varied at different bed length (0.5, 1.0, 1.5 and 2.0 cm) inside the column contacted
with 50 ppm of nitrates water for 1 hour. Lastly, the effect of contact time (1, 2, 3 and 4 hour) between the resins and the
50 ppm of nitrates solution at 0.5 cm bed length resin were studied in detailed.

Determination of nitrate removal efficient

The nitrate adsorption efficiency can be calculated by using Equation (1) below:

G -6

Nitrate Removal Ef ficiency = C
i

x 100% (1)

Where, Ci indicates the influent concentration of nitrate ion (mg/L) and Cr denotes as effluent concentration of the solution
after the experiment (Zheng et al., 2010). Equation (2) shows the formula on how much nitrate ion (mg/g) adsorbed
during the process

CREW
m

Adsorption Amount = %4 (2)

Where, the m and V denote as mass of CAX resin used and volume of synthetic solution present during the experiments
(L), respectively (Song et al., 2016).

Particle Characterization

Scanning Electron Microscopy (SEM, Brunauer-Emmett-Teller (BET) and Fourier Transforms Infrared Spectroscopy
Analysis (FT-IR) analysis were used to characterize the resin particles in this study. First, SEM analysis were executed
onto the resin particle to analyze the morphology and surface structure by using Unit JOEL.JSM- 7800F model. The
analysis was carried out at a condition of 20X, and 50X magnifications. BET analysis was used to identify the specific
surface area (SSA) on the evaluation of CAX resin where the particles would be degassed up to 300 °C for an overnight
to remove moisture content before SSA were taken. Meanwhile, FT-IR analysis is used to identify the functional group
presence in the particles by using Spherical Diamond ATR Nicolet iS50 (Thermo Scientific) provided by Chemical
Engineering Laboratory, Universiti of Malaysia Pahang. Each of the sample spectrum was scanned with a resolution of 4
cm’!; an average of 32 scans thoroughly.

EXPERIMENTAL RESULTS
The Comparison of Morphology and Specific Surface Area (SSA)

Crosslinked anion exchange (CAX) beads were successfully derived from the precursor of poly(HEMA-co-EGDMA-
co-VBC) then treated in hyper-crosslinking (H-XL) reaction and followed by treatment with dimethylbutylaminee
(DMBA) to obtain CAX. Figure la, 1b, and 1c show the SEM images of poly(HEMA-co-EGDMA-co-VBC) precursor,
H-XL polymer and CAX resin respectively. The particles managed to retain its shape even after hyper-crosslinking
reaction (Figure 1b). During the hyper-crosslinking reaction, it was reported by other researchers that some of the
microspheres were damaged due to the abrupt changes in swelling and collapse after drying (Kesenci et al., 1996).
However, the amount of crosslinker was essential to retain the shape of microsphere even after hyper-crosslinking
reaction; the more amount of crosslinker attached to the microspheres the more capable the microspheres to retain its
shape (Davankov et al., 1989).
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For this case, the majority of the microspheres managed to retain their shape after hyper-crosslinking reaction via
suspension polymerization. However, cracks can be observed on the surface in some of the microspheres (Figure 1b).
The cracks may be occurred due to extra rigidity provided by the high amount of crosslinker. During hyper-crosslinking
reaction, the microspheres were abruptly swelling outward while crosslinker trying to retain the shape of microspheres.
The result of the clash between these two forces caused the cracked to occur at the surface of the microspheres. There
were no significant changes in the particle’s morphology after amination reaction (Figure 1c). The particles managed to
retain its shape after amination reaction. The CAX’s surface became smoother and the pore which were prominent at the
surface of H-XL polymer became less prominent at the surface of the CAX resin (Figure 1¢). This might be caused by
high amount of DMBA blocking the pores of the particles.

Usually, small pore size would increase the surface area of beads resin. . But in this case, the pore size of precursor,
H-XL and CAX particles also decreased at 1.950, 0.403 and 0.354 nm by giving the BET SSA at 5, 124 and 27 m%/g,
respectively. The amount of surface area per gram depends on the availability of the pores present in the beads. As
discussed morphology from the Figure 1, it is clearly been seen that the surface of CAX resin is smoother compared to
precursor and H-XL beads. Table 1 evidently shows that the pore volume also increases in sequence from precursor <
CAX < H-XL The presence of pores in the CAX resin is smaller thus it will lead to the calculated surface area become
lesser.

Upon hyper-crosslinking reaction, the SSA of H-XL particles managed to obtained higher than precursor’s SSA upto
124 m?/g after hyper-crosslinking reaction. Increasing the SSA of precursor particles were contributed to the increasing
number of pores due to the formation of methylene bridge during hyper-crosslinking reactions (Bratkowska et al., 2010b;
Fontanals ef al., 2014). However, the BET analysis showed that the SSA of CAX resin was lesser than H-XL particles at
27 and 124 m*/g accordingly. Adding DMBA reduced the SSA of the particles resin. This fact resulting the SSA of CAX
decreased compared to H-XL polymer.

Table 1. Comparison of SSA of the precursor, H-XL and CAX

Sample Pore Volume (cm?/g) Pore Size (nm) BET SSA (m*/g)
Precursor 0.000983 1.950 ~5

H-XL 0.0125 0.403 124

CAX 0.002392 0.354 27

-y
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Figure 1. SEM images at (a) precursor, (b) H-XL (c) CAX resin
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FT-IR Analysis

The structure in polymer backbone for precursor, H-XL and CAX resin can be observed through FT-IR spectra (Figure
2). Overall, the existence of broad band at the region of ~3500 cm™ showed the characteristic of hydroxyl group inside
the HEMA molecule (Kesenci ef al., 1996; Kumar et al., 2008). A sharp band at 1718 cm indicates the existence of
carbonyl group inside the particles arises from EGDMA (Soykan et al., 2007). While significant band at ~1265 cm’!,
indicates the characteristic of the chloromethyl (CH2Cl) group (Bratkowska et al, 2010a). From Figure 2, the
characteristics of absorption bands at 1265 cm™ and 670 cm™ arise from stretching vibrations of C-Cl bonds. Both bands
(1265 cm™ and 670 cm™) intensity reduced or diminished after hyper-crosslinking reaction and further reduced after
amination reaction. This was consistent with displacement of chloride to form methylene bridge in hyper-crosslinking
reaction and formation of quaternary ammonium functional group in amination process (Fontanals et al., 2014).
Introduction of DMBA in the amination reaction into the surface of the particles will increase the intensity of -CHs and -
CHzband in the FT-IR spectra. The increasing intensity of 1383 cm! peak at CAX resin spectra indicates that more -CH3
in the backbone originated from DMBA molecules. The same observation can also be identified in the 1450 cm™ peak
which indicates the presence of -CH: vibrations. After amination reaction, the intensity of 1450 cm™! increased. Thus, it
indicated that DMBA was successfully installed in the backbone resin.
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Figure 2. FT-IR spectra for precursor, H-XL and CAX
Pre-evaluation of CAX Resin
Effect of different bed resin

Figure 3 shows the trend of CAX resin onto the efficiency of nitrates removal from the waste water solution. Generally,
nitrate adsorption increased steadily with the rising capacity of bed resin. At 0.5 cm of bed resin, CAX resin managed to
adsorb nitrate ion approximately at 78%. In 1.0 and 1.5 cm of bed resin, the adsorption capacity of CAX resin shown at
80 and 84% respectively. The bulk sorption at final bed length of resin (2.0 cm) was 89% of nitrate removal. According
to Kalaruban et al. (2016), the elevated adsorbent dose caused the removal efficiency increased. This is due to increase
in the number of adsorption sites. High dose adsorbent will increase the surface contacting area, hence the positive charge
present in the particle site will rose too. Thus, it will trap the negatively charge ion more than lower dose adsorbent. The
adsorption amount (mg/g) showed an opposite trend. As the adsorbent increased, the adsorption amount would decrease
significantly because both of them have an inverse relationship as demonstrated in the aforementioned equation
respectively (Equation 2).

5 journal.ump.edu.myfjceib <



Kassim et al.

90 18
88 - 16
— ey
o\o B an
= 86 g
< >
= L 12 2
g 84 5
o - 10§
2 82 =
£ L 8 S
2 ‘é

)
= 80 L6 3
m <
78 ——— Efficiency Removal (%) L4 <
Adsorption Capacity (mg/g)
76 2

0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9
Resin Bed Length (cm)

Figure 3. The efficiency of nitrates removal at different length of bed resins with 50 ppm of nitrates influent
concentration in 1-hour contact time.

Effect of initial concentration of nitrate solution

Different amount of influent of waste water solution would give different of performances of the nitrate ions removal
[3]. From Figure 4, as the other parameters were kept constant during the experiments such as the resin dosage used and
one-hour contact time between resin and solution, the removal efficiency of nitrate ion declined linearly as the
concentration of the solution increased at 20, 50, 100 and 200 mg/L respectively. The experiments were fixed by using
0.5 cm bed length of CAX resin so the sorption capacity could not be guarantee to achieve high removal of nitrate from
the solution. From Fig. 4, it was illustrated that the percentage of nitrate removal has decreased from 90% to 74% as the
concentration influent increased from 20 to 200 mg/L respectively. Nevertheless, the amount of nitrate ion being adsorbed
increased from 7.2 to 59.2 mg/g. According to Raji ez al. (2013), the efficiency of sorption process depends on the initial
concentration of influent. When the concentration too high, there would become abundant of nitrates ion as the solution
pass through the column, the active positive site would become lack and could not trapped the remaining anions thus it
will decrease the performance of removing ions effectively
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Figure 4. The efficiency of nitrates removal at different concentration of influent in 0.5 cm of bed resin and 1-hour
contact time.

Effect of different contact time

As mentioned by Samatya et al. and Raji et al., the higher the contact time between the resin and the solution the
higher the efficiency of removal of ion (Samatya et al., 2016; Kalaruban et al., 2016). This can be testified by referring
to Figure 5 showed the trending graph of CAX resin ascending almost linearly as the contact time increased. In 1 hours
contact time, the efficiency of nitrate removal for CAX resin was 88%. But the removal efficiency kept increasing until
the efficiency managed to achieve equilibrium at 93% for 4 hours of contact time. The adsorption amount of nitrate ions
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also increased from 17.6 to 18.6 mg/g at 1 to 4 hours contact time of influent and the resin respectively. The contact time
between the resin and the solution allowed the ion transfer between them could be occurred. For 1 hour, the ions were
barely contacted with the resin as the column probably has its own deficiency. Therefore, the more hours are allowable
to be contact between the resins and the synthetic waste water, the higher of nitrates ion could be separated from the
influent solution.
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Figure 5. The efficiency of nitrates removal at different contact time with 50 ppm of nitrates influent concentration in
0.5 cm of bed resin

CONCLUSION

As a conclusion, the synthesis of CAX resin could be obtained through three steps process; suspension polymerization
of precursor, proceeded by hyper-crosslinking reaction then followed by amination process to form strong crosslinked
anion resin. From the study, the morphology of particles has changed from pores-rough surface to smooth-clean surface
due to the addition of DMBA in the amination process. In hyper-crosslinking reaction, the specific surface area (SSA)
has increased to 124 m? g'! but later become lesser in amination process at 27 m? g'! respectively. The FT-IR analysis
showed that all the crosslinker managed to be implemented and remained in the back-bond particles throughout these
reaction processes. After functionalized process, 1265 cm'! that assigned for chloromethyl group decrease, and both -CHa
and -CHj3 band increased; showing that DMBA successfully being attached to the backbone. A pre-evaluation study by
using CAX resin to remove nitrate ions from waste water solution was effectively investigated. At 1-hour contacted time,
CAX resin already managed to remove 75 % of nitrate ions from the influent solution. The highest adsorption of nitrate
ion obtained was 93% at 4 hours contacted time by using only 0.5 g of CAX resin. Thus, it shows that CAX resin can be
one of the promising resins; however, the CAX resin still needed to be investigated into more broad parameters so the
optimum condition can be implemented to remove contaminated ions efficiently.
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