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 Background: 1-Vinylimidazole (VIM) / 2-Hydroxyethyl methacrylate (HEMA) were 
synthesized using radical-initiated copolymerization using benzoyl peroxide as an 

initiator in toluene at 60°C for 5 hours. Composition of copolymer for different 

monomers feed were determined quantitatively by Fourier transform infrared 
spectroscopy (FTIR) through characteristic absorption bands (660 cm-1 for VIM and 

1729cm-1 for HEMA). The pre-synthesized copolymer was anchored onto polyethylene 

terephthalate (PET)/kenaf surface by hydroxyl groups linker via radiation-induced 
grafting. Objectives: To develop a novel and simple way to prepare functionalized 

adsorbent where thin layer of polymer can be directly transferred to the substrate, and 

therefore reduces chemical waste and save time. Results: Ratio 50:50 was found to be 
the best monomer feed ratio and 20kGy of absorbed radiation dose produced the highest 

percentage of grafting (%) with the average of 20.1%. Conclusion: A novel yet simple 

radiation-induced grafting-to method was demonstrated to prepare thin polymeric layer 
on PET/kenaf substrate using thermal annealing. The results have proven that the 

combination of radiation and thermal annealing can be used to graft polymers.  
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INTRODUCTION 

 

Radiation grafting technique followed by chemical functionalization has been the most popular method 

used by researchers for polymer modification[1]. However, due to environmental concern, a more effective 

technique to develop functional grafted polymer is needed. Therefore, this research proposes a novel and simple 

technique of the grafting-to method for polymer modification where the polymer is pre-synthesized first so that 

the desired metal binder group can be obtained prior to grafting. This enables only one step process, thus 

provide economical way to synthesis functional polymer. Unlike the grafting-from method which uses large 

amount of starting materials because the sample must totally immersed in the solution, the grafting-to method 

generates less chemical since a thin layer of polymer can be directly transferred to the substrate before the 

grafting step[2]. The most suitable application for this method is the preparation of adsorbent  for heavy metal 

adsorption from wastewater [3]. In this study, copolymer of VIM/HEMA was used to graft on PET/kenaf 

surfaces. The copolymer was characterized using FTIR and surface morphology was examined using SEM. 

 

Experimental: 

1. Materials: 

Needle-threaded PET/kenaf mat with composition of 50 wt% kenaf and 50 wt% PET was used as the trunk 

material. The PET/kenaf mat was purchased from KEFI (Malaysia) Sdn. Bhd. For the synthesis of copolymers, 

1-vinylimidazole (VIM) with 99% purity was from Aldrich Chemistry, 97% 2-hydroxyethyl methacrylate 

(HEMA) and benzoyl peroxide as initiator were from Acros Organics. A standard analytical grade of toluene as 
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solvent, n-hexane as precipitant, methanol as cleaning agent and acetic acid glacial were used as received 

without further purification. 

 

2. Overall synthesis: 

The overall synthesis of the polymer can be explained in Figure 1, which has two steps. The first step can 

be explained as synthesis of copolymer as shown in Fig. 1(a) and followed by radiation-induced graft 

copolymerization (Fig. 1 (b)).  
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Fig. 1: (a) Synthesis of P(VIM-co-HEMA) and (b) grafting of P(VIM-co-HEMA) on pre-irradiated PET/kenaf 

surface 

 

3. Synthesis of Copolymer: 

The synthesis of VIM-HEMA copolymer using various monomer feed ratios was carried out via 

conventional free radical polymerization (Figure 1(a)). To prepare the poly(vinylimidazole-co-2-hydroxyethyl 

methacrylate), P(VIM-co-HEMA) using ratio of 80 wt% of VIM and 20 wt% of HEMA, 8g of VIM, 2g of 

HEMA, 10ml of toluene and 30mg benzoyl peroxide as initiator were added to a glass ampoule. The glass 

ampoule was connected to vacuum line for 10 minutes, followed by immersing the ampoule in liquid nitrogen 

until frozen state to remove any dissolved oxygen in the solution. Then, nitrogen gas was supplied to the system 

to make sure that all dissolved oxygen was completely removed. The glass ampoule was immersed in water bath 

at 60
o
C for 5 hours. The copolymers were isolated from reacted mixture by precipitation in n-hexane, washed 

thoroughly with methanol and dried overnight in the oven at 50
o
C. The mass of copolymer was weighed. The 

same procedure was repeated to prepare the copolymer using ratio VIM (wt%)/HEMA (wt%) of 60:40, 50:50, 

40:60 and 20:80. 

The copolymer compositions were determined by FTIR spectroscopy using 660 cm
-1

 (C-N bond for VIM 

unit) and 1729 cm
-1

 (C=O for HEMA unit) as absorption bands for quantitative analysis[5]. The least changing 

absorption band of 1040 cm
-1

 was used as standard band (∆A
i
 = A

i
/A

1040
, where i is characteristic absorption 

bands) to calculate the copolymer composition. This was based on Lambert-beer law, ; therefore, 

 . FTIR analysis data was used to calculate molar fractions (in mol%) of comonomer units (m1 and 

m2) in VIM (M1)-HEMA(M2). Molar fractions can be calculated according to the following equations: 

 (Eq.2) 

 

 (Eq.1)

where M1 and M2 are molecular weighs (g/mol) of VIM and HEMA monomer units, respectively. 

 

4. Radiation-induced Graft Copolymerization: 

The grafting procedure was carried out using radiation-induced graft copolymerization method based on our 

previous research [6]. Pre-weighted 1 x 1 cm
2
 of PET/kenaf mat was placed in a polyethylene zipper bag, 

purged with nitrogen and sealed tight. The sample was irradiated under dry ice temperature using electron beam 

accelerator EPS3000 under energy 2 MeV and beam current 10 mA at various absorbed radiation dose. The 

irradiated fibers were dipped in acetic acid copolymer solution (0.2g/ml) and immediately transferred to quartz 

tube furnace. Then they were thermally annealed at temperature 60°C for 30 minutes. The grafted PET/kenaf 

was washed repeatedly with methanol to remove excess monomer. The weight of grafted PET/kenaf was 

measured after drying overnight in an oven at 40⁰C. The percentage of grafting was determined based on the 

(a) (b) 
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weight differences of PET/kenaf after grafting (Wa) and weight before grafting (Wb). The percentage of grafting 

was calculated gravimetrically as follows;  

 

Percentage of grafting (%)   (Eq.3) 

 

5. Characterization: 

The morphology of the PET/kenaf samples was observed by using Phenom G2 Pro Scanning Electron 

Microscope (SEM). Prior to SEM imaging, the samples were deposited onto the sample holder using adhesive 

carbon tape. Fourier transform infrared spectroscopy (FTIR) spectra of copolymers were obtained using Cary 

600 Series FTIR spectrometer in 4000 - 400 cm
-1

 range.  

 

RESULTS AND DISCUSSION 

 

1. Copolymerization: 

 

 
 

Fig. 2: (a) FTIR spectra of various monomer feed ratios of P(VIM-Co-HEMA) ; (b) Fragments of FTIR spectra 

of VIM at various monomer molar ratios of VIM:HEMA; and (c) Fragments of FTIR spectra of HEMA 

at various monomer molar ratios of VIM:HEMA 

 

Quantitative analysis was performed using FTIR spectra of VIM/HEMA copolymers with various monomer 

feed ratios as shown in Figure 2. The results were summarized in Table 1. VIM is an electron-donor monomer 

with  π(C=C vinyl)       p (N)         π’(N=C imidazole ring)-conjugated system and HEMA is an electron-

acceptor comonomer with π(C=C acrylic        π’(C=O ester)-conjugated system [5]. Therefore, lack of electron-

donor disrupted the copolymerization process, which explains the reason monomer ratio of 20% VIM and 80% 

HEMA did not yield any copolymer. However, with monomer ratio of 50:50 VIM and HEMA, both the ratio of 

electron-donor and electron-acceptor monomer were at the same quantity, thus gave the highest copolymer 

yield. Therefore, ratio 50:50 was chosen to be the optimum ratio for copolymerization and was used for further 

experiments. 

 
Table 1: FTIR analysis data for determining the composition of VIM-HEMA copolymers synthesized from various initial monomer 

mixtures 

Monomer feed ratios (wt%) ∆ A660 

(VIM unit) 

∆ A1729 (HEMA 

unit) 

Copolymer composition (mol%) by FTIR 

analysis 

[VIM] [HEMA] m1 m2 

20 80 - - - - 

40 60 0.0114 0.0136 45.60 54.40 

50 50 0.0129 0.0123 51.23 48.77 

60 40 0.0153 0.0092 62.45 37.55 

80 20 0.0174 0.0058 75.00 25.00 

 

 

(a) (b) 

(c) 
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2. Graft Copolymerization: 

 

Figure 3 shows the effect of absorbed radiation dose (kGy) on the percentage of grafting (%). Grafting of 

copolymer VIM/HEMA to PET/kenaf was done using a pre-irradiation method with doses of 10, 20, 40, 60, 80 

and 100 kGy. As in typical pre-irradiation method explained in the literature, the percentage of grafting (%) will 

increased as the absorbed radiation dose increased [7]. However, the study shows an opposite results. The figure 

clearly shows that percentage of grafting decreased with absorbed radiation dose where the maximum value of 

20.1% at 20 kGy then levelled off beyond 20 kGy. This can be explained by irradiation of macromolecules that 

can cause homolytic fission[1]. Hydrogen atoms are abstracted from the substrate and free radical formation is 

occurred on the backbone polymer. However, with high absorbed radiation dose, degradation is more likely to 

take place thus inhibits graft polymerization.  Percentage of grafting (%) depends on the density of surface 

hydroxyl group. The higher the number of polymer hydroxyl groups, the higher the percentage of grafting of the 

polymers that are grafted on the surface. Degradation reduces the number of hydroxyl group and therefore 

reduces the percentage of grafting. Chen[8] also demonstrated the same results where he obtained higher 

grafting degree with lower degradation of polypropylene (PP).  

 

 
 

Fig. 4: FTIR spectra of (a) Ungrafted PET/kenaf and 

(b) P(VIM-co-HEMA) grafted PET/kenaf 

 

 
 

Fig. 3: Effect of absorbed radiation dose. Grafting 

condition: 50:50 VIM/HEMA copolymer, 

60°C annealing temperature, 30 minutes 

annealing time 

 

These results are confirmed by FTIR spectra in Figure 4 of ungrafted PET/kenaf and grafted PET/kenaf, that 

the grafting occurs through the hydroxyl groups. A characteristic νO-H band appears as a broad peak in the 2500 

to 3000 cm
−1

 region in Figure 4(a). However, grafting of VIM/HEMA has caused the shift of hydroxyl group to a 

lower field of spectra (Figure 4(b)). As shown in the spectrum of VIM/HEMA grafted PET/kenaf, the absorption 

bands at 1729 cm
–1

 corresponding to C=O and 1300–1100cm
–1

 region correspond to COO and C–O–C stretching 

of acrylate group of HEMA. Meanwhile, the characteristic band of imidazole (C-N) at 660 cm
-1

 can be observed 

in the spectra of grafted PET/kenaf. This confirmed the grafting of VIM/HEMA on the PET/kenaf substrate. This 

findings are in a good agreement with Pekel[5] who synthesized N-vinylimidazole (NVIM) – ethyl methacrylate 

(EMA) copolymers. Pekel[5] observed a formation of inter/intra-molecular complex between ester group, -C=O  

of EMA and imidazole ring, –N bonds of NVIM, where increase of VIM units caused the shift of carbonyl group 

(1729 – 1725 cm
-1

) to a lower spectra while C – N band of imidazole (656 – 650 cm
-1

) shifted to a higher field of 

spectra. 

Figure 5 shows the morphological differences between PET/kenaf before and after grafting by SEM. In 

comparison with the ungrafted PET/kenaf, an increased in diameter of the fibers was clearly seen for the grafted 

PET/kenaf, suggesting that an additional thick layer was coated on the surface of the fibers. This finding is also 

consistent with the results of Sharif et al [6] and Seko et al [7] which both evidenced an increased in diameter of 

the trunk materials due to thick layer coating of grafted copolymer. 

 

(b) 
(a) 
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Fig. 5: SEM images of (a) Ungrafted PET/kenaf and (b) P(VIM-Co-HEMA) grafted PET/kenaf  (EHT=15kV, 

Mag=400×) 

 

Conclusion: 

A novel yet simple radiation-induced grafting-to method was demonstrated to prepare thin polymeric layer 

on PET/kenaf substrate using thermal annealing. The results have proven that the combination of radiation and 

thermal annealing can be used to graft copolymers. 
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