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ABSTRACT 

This paper focused on pre-treated banana fibers as a trunk polymer for optimization of radiation-induced graft 

copolymerization process parameters. Pre-treated banana fiber was grafted with glycidyl methacrylate (GMA) 

via electron beam irradiation. Optimization of grafting parameters in term of grafting yield was analyzed at 

numerous radiation dose, monomer concentration and reaction time. Grafting yield had been calculated 

gravimetrically against all the process parameters. The grafting yield at 40kGy had increases from 14% to 

22.5% at 1 h and 24 h of reaction time respectively. Grafting yield at 1% of GMA was about 58% and it 

increases to 187% at 3% GMA. The grafting of GMA onto pre-treated banana fibers confirmed with the 

characterization using FTIR, SEM and TGA. Grafting of GMA onto pre-treated fibers was successfully carried 

out and it was confirmed by the results obtained via the characterization. 

 

ABSTRAK 

Kertas kerja ini membincangkan mengenai serat pelepah pisang sebagai sumber polimer untuk pengoptimuman 

parameter proses teknik radiasi cangkuk pempolimeran. Serat pelepah pisang yang pra-dirawat telah 

dicangkuk dengan glisidil metakrilat (GMA) melalui penyinaran elekron. Pengoptimuman parameter proses 

pencangkukan dianalisa pada pelbagai dos radiasi, kepekatan monomer dan masa tindak balas. Hasil 

pencangkukan telah dikira dengan keadah gravimetri terhadap semua parameter proses. Hasil pencangkukan 

pada dos 40kGy masing-masing meningkat daripada 14 % kepada 22.5 % pada 1 h dan 24 h masa tindak balas. 

Hasil pencangkukan pada 1% GMA adalah kira-kira 58 % dan ianya meningkat kepada 187 % pada 3 % GMA. 

Pencangkukan GMA keatas serat pelepah pisang yang pra-dirawat disahkan dengan pencirian menggunakan 

FTIR, SEM dan TGA. Pencangkukan GMA keatas pelepah pisang yang pra-dirawat telah berjaya dijalankan 

dan ia telah disahkan oleh keputusan yang diperolehi melalui teknik pencirian. 
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INTRODUCTION 
 

Polymers comprise of both natural and synthetic materials with a wide range of properties which makes 

them very much essential in daily’s life (Kumar et al. 2012). Some of the naturally occurring polymers are 

proteins, starches, cellulose and latex. Cellulose is a polymer (macromolecule) which consists of repeating units 

of structure that are typically interconnected via covalent bonds. Cellulose comprises of large numbers of 

hydroxyl groups which are chained together linearly (Badawy et al. 2005). The availability of cellulose 

constitutes are most abundant worldwide and it’s one of the renewable polymer resources as well. Although, 

annually 1011-1012 ton of cellulose is being generated by photosynthesis in its pure form yet, commonly, 

cellulose merges with lignin and other hemicelluloses of woody plant’s cell wall (Malaque et al. 2007) 

 

One of the new trend which had spread in the modern civilization world is, to design and create new materials in 

order to meet the growing necessities of new technologies such as cleaner energy resources, better health care 

and green separation processes (Shivasankar et al. 2006). Hence, it is essential to modify the properties of 

polymers in order to align them to designed tailor-made specification for target applications. Over the past 

several years, radiation induced grafting polymerization technique gained a lot of interest and it’s capable to act 

as a powerful tool to control the introduction of various functional groups to cellulose based polymeric 

backbones without any modification in the nature of base polymer, thus resulting in a more stable polymeric 

properties. 

 

In this study, banana trunk fibers were graft co-polymerized with glycidyl methacrylate (GMA) by pre-radiation 

method.  Initially the banana fibers had been irradiated via EPS-3000 electron beam machine and followed by 

grafting with GMA. Electron beam irradiation had been used to create active radical on the cellulose backbone 

whereby the radical formation most significant to this study, are those that only the cellulosic backbone will able 



to be grafted with GMA. However, banana fiber requires prior pre-treatment before grafting process.  This pre-

treatment is considered as a very important step because radiation can alter the aromatic group in lignin into 

quinone structure which can inhibit graft polymerization and facilitate homopolymer formation. This study 

serves the purpose to explore the optimization of radiation-induced graft copolymerization process parameters 

and also the effect on the thermal, structural and morphological properties of grafted banana fiber. 

 

EXPERIMENTAL 

 

Materials 

 

Banana fibers used in this study were supplied by Innovative Pultrusion Sdn Bhd. Pre-treatment of banana fibers 

was carried out with sodium chlorite (Sigma Aldrich). GMA and Tween 20 (T 20) were purchased from Sigma 

Aldrich as well. Isopropanol (Sigma Malaysia) were used to remove the homopolymers if any present on the 

fibers. All the chemicals used in this research were of analytical grade. 
 

Methods 

 

Radiation grafting of GMA onto banana fibers 

 

Pre-treated banana fibers sealed in a polyethylene zipper bag and purged with nitrogen (N2) for the removal of 

trapped air before irradiation at dry ice temperature with EPS 3000 electron beam accelerator. Fiber irradiation 

entails 10 mA of current and 2 MeV voltage. Irradiation dose varies from 10 kGy to 100 kGy. Selected GMA 

concentration was 2%, 3% and 5% in water in the presence of T 20. T 20 used as surface active agent to graft 

polymerize emulsion of monomer and water in homogenous form onto trunk polymer. The irradiated fibers 

were transferred into glass ampoules and vacuumed for 1 minute. The emulsified monomer solution was 

transferred into the glass ampoules. The glass ampoules were placed in a water bath at 40 0C. Course reaction 

time studied was 1 h, 3 h, 5 h and 24 h. Finally, the grafted banana fibers were dried in an oven. The grafting 

yield, Dg% was calculated based on equation (1) as shown below. 

 

Grafting yield (%) = Weight after grafting – Initial weight   X 100 

                                                                                       Initial weight                                                  (1) 

 

Whereby, Wi and Wg represents weight gain percentage of banana fiber before and after grafting process 

(Jamaliah et al., 2013). 

       

Characterization  

 

Fourier transform infrared analysis (FTIR) 
        

GMA-grafted fibres were analysed with Fourier transformed infrared (FTIR) analysis, performed on an IR 

Affinity-1 spectrometer (Shimadzu, Japan) in diamond single reflectance ATR mode. FTIR spectra were 

recorded in the range from 400 to 4000 cm–1, with a resolution of 4 cm–1 and averaged over 50 scans. 

 

Scanning Electron Microscope (SEM) 

       

Morphological analysis of the GMA-grafted fibres was performed with Scanning Electron Microscopy (SEM) 

using Hitachi-SU350 at the voltage of 15.0 kV and at a current of 0.2 mA. Bio Rad coating system was used to 

sputter gold onto the samples under vacuum condition. Ungrafted fibers and GMA-grafted fibres with yield of X 

and X was subjected to this analysis for observation on morphological changes as effect of radiation grafting 

process.    

 

Thermogravimetric analysis (TGA) 

 

Fibers were analysed for its thermal stability with Perkin Elmer Thermogravimetric Analyzer (Pyris 1 TGA) in 

air atmosphere at the heating rate of 4 0Cmin-1. The temperature range used was from room temperature to 700 
0C. The nitrogen flow was maintained at the rate of 50 ml min-1.  

 

 

 



RESULTS AND DISCUSSION 

 
The pre-treated banana fiber with 0.8 % of sodium chlorite at 70 0C for 6 h was grafted with glycidyl 

methacrylate (GMA) via pre-radiation grafting technique. Various parameters were studied in order to optimize 

the process condition for radiation grafting. Effect of process condition such as radiation dose, monomer 

concentration and reaction time were analysed. The reaction temperature was fixed at 40 0C throughout the 

study.  A higher temperature will lead to the formation of enormous homopolymers as experienced by Jamaliah 

et al. 2013. 

 

Effect of radiation dose on grafting yield

 

The effect of adsorbed dose on grafting yield was studied at irradiation of 10 kGy to 100 kGy. The effect dose 

was measured with a fixed concentration of GMA (3 %) with the presence of 1% of T 20. The grafting yield 

increases with irradiation dose which is clearly illustrated via Fig. 1. At 10 kGy, the grafting was about 9 % and 

the yield increases to 120 % at 50 kGy. The grafting yield reached 164 % and 193 % at 70 kGy and 100 kGy 

respectively. The results obtained conclude that the grafting yield increases rapidly as the irradiation dose 

increases. 

 

The grafting process is classified into three important steps namely, initiation step, propagation step and 

termination step. Radicals formed on the cellulose backbone of the fibers via irradiation at the initiation step. 

High energy electrons bombarded to the cellulose backbone of banana fibers. The energy will be transferred to 

OH molecules which are present on the cellulose molecules. The H will be protonated and leaves the O- as 

active radicals. These active radicals are very short lived species and can only be preserved at the temperature of 

-22 0C. In the presence of glycidyl methacrylate monomer, the micro radicals were added onto fibers to the 

double bond of glycidyl methacrylate. This will lead to the formation of covalent bond between the monomer 

and fiber which in turn, will propagate grafting onto irradiated fibers. Thermo kinetic process was responsible 

for the bond fission and formation of unstable radicalized molecules. Termination takes place during emerging 

of two radical with each other to form a single molecule (Bhattacharya, A. and Misra, B.N., 2004). The 

combination of monomer molecules forming homopolymers is equally favoured too.   

 

 

 

Effect of reaction time on grafting yield 

The effect of reaction time on grafting yield was evaluated via this study. The time course studied was 1 h, 3 h, 

5 h and 24 h.  The apparent trend of grafting yield with reaction time had illustrated on Fig. 2. The reaction time 

had exploited in term of adsorbed dose at fixed concentration of GMA, 2%. The grafting yield at 40 kGy had 

increases from 14 % to 22.5 % at 1 h and 24 h of reaction time respectively. The grafting yield attained at 1 h of 

reaction was 8.5 % which increases to 30.7 % at 5 h of reaction and finally reaches to 41.1 % at 24 h of reaction 

time at 30kGy of irradiation dose. The increase in reaction time could raise the interaction between GMA and 

free radicals on polymer trunk which will cause the mobility of monomer molecules and their collision with 

polymer backbone (Goel et al. 2011). This interaction sustains bonding between monomer and polymer 

Fig. 1. Grafting yield against irradiation dose at 3 % of 

GMA: 1 % T 20 at 40 0C for 3 h 

    
 

 

Fig. 2. Grafting yield against reaction time at 2 % of 

GMA at 40 0C10kGy,      20kGy,     30kGy, 

40kGy, •60kGy  

 



backbone. The propagation of grafting chains takes place due to availability of more active species within more 

time frame been provided. The marginal increase in degree of grafting was observed with time by Jamaliah et al. 

2013 in her experiment as well. This observations favor the results been provided via this study. Conclusively, 

the grafting yield dependent on reaction time as well. 

 

Effect of monomer concentration on grafting yield 

 

The GMA concentration selected for this study was 2 %, 3 % and 5 %. The reaction course time was fixed at 5 

h. The results obtained are illustrated in Fig.3. The grafting yield increases with the monomer concentration.  

Drastic increase in grafting yield was observed from 1 % to 3 % of GMA. But the grafting yield shows 

insignificant reduction at 5 % GMA. At 60 kGy, the grafting yield at 1 % of GMA was about 58 % and it 

increases to 187 % at 3 % GMA. The grafting yield reduces to 185 % at 5 % GMA. The grafting yield obtained 

was about 85 % and 198 % at 1 % and 3 % of GMA respectively at 80 kGy of irradiation dose.  However, the 

grafting at 5 % of GMA yielded about 195 % only. Thus, it can be concluded that the grafting yield increases 

with concentration of monomer but only up to a certain extent and thereafter, the grafting yields show some 

insignificant reduction. Due to the existence of additional monomers, the active radical sites formed on polymer 

backbone arable to have more interaction with monomers which gives higher grafting yield instantly.  

Insignificant changes in grafting yield at higher concentration may be due to exhaustion of free radicals on the 

polymer matrix. Under this circumstance, any increase in grafting yield can only be expected with an increase in 

irradiation dose which will generate more radicals on the trunk polymer (Goel et al. 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Characterization of grafted banana fibers  

 

FTIR analysis 

 
The ungrafted banana fiber and GMA grafted fibers were analysed with FTIR-ATR technique at a frequency 

range of 4000 cm-1 to 400 cm-1 on resolution of 4 cm-1. Fig. 4. illustrates the spectrum obtained from the 

instrument for both ungrafted and GMA grafted fibers. The common stretching of lignocellulosic fibers such as 

O-H stretching at 3340 cm-1, C-H stretching at 2913 cm, C=C at 1632 cm-1, C-O stretching of cellulose at 1016 

cm-1 was observed in both ungrafted and grafted fibers. Meantime, the detection of peaks at 1732 cm-1 and 1140 

cm-1 assigned for C=O and  C-O stretching vibration which originates from –COO– ester group of GMA. The 

epoxy characteristic peak discovered at 1240 cm-1, 905 cm-1 and 842 cm-1 in the grafted fibers only. This 

indicates successful incorporation of GMA onto banana fibers.  The identical finding was obtained in the study 

performed by Jamaliah et al. 2013 on grafting of GMA onto kenaf fibers. On top of it, the cellulose and 

hemicellulose region at the band of 3340 cm-1, 2913cm-1 and 1016cm-1 were extremely reduced in fibers with 

higher grafting yield. This might be explained by the consumption of the most -OH sites present on the polymer 

backbone by GMA molecules.  The formation of poly(GMA) chains which elongates from the trunk polymer 

will eventually cover the whole fibers at higher grafting yield. This makes the presence of C-H and C-O bands 

Fig. 3. Grafting yield against reaction time at 2 % of 

GMA at 40 0C at irradiation dose of  60kGy,              

70 kGy,     80 kGy,  90kGy, + 100kGy 
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Fig. 4. FTIR spectra for ungrafted fiber and 

grafted fiber  

 



detection on grafted fibers more difficult. This too clarifies the claim of incorporation of GMA molecules onto 

cellulose backbone. 
 
Scanning electron microscopy (SEM) 
 
The morphological analysis carried out on ungrafted and grafted fibers. The cross section view of ungrafted and 

grafted fiber with grafting yield of 100% had been shown in Fig. 5. The fibers which had been grafted with 

GMA monomer, demonstrated obvious morphological changes. Banana fibers are the hollow-centered 

lignocellulosic type fibers. The average cell wall thickness captured in ungrafted and grafted fibers (100% 

grafting yield) were about 1.38µm and 4.33µm respectively. This evidenced that the incorporation of GMA onto 

pre-treated banana fibers leads to the formation of GMA copolymer layer onto them. These pictures too prove 

that the grafting had taken place.  In the study on grafting of GMA onto hyacinth fibers by Madrid et al. 2013 

the SEM analysis had given an identical outcome as that of this study.      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Thermogravimetric analysis (TGA) 

 

The thermogravimetric analysis was carried out on ungrafted fiber, grafted fiber and poly-GMA. The result 

illustrates the modification in thermal stability of pre-treated banana fibers after grafting.  The pattern for 

thermal stability of tested samples was ungrafted fibers > GMA-grafted fibers (100%) > poly-GMA 

evidentially. Ungrafted banana fibers exhibit vigorous weight loss initially in comparison to grafted samples and 

this might be attributed to the nature of banana fibers being highly hygroscopic which enables them to readily 

absorb water from the environment.  Thus, initial weight loss of ungrafted banana fibers is the result of water 

loss.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. SEM images (cross section) for (a) ungrafted fiber, (b) grafted fiber (100% grafting yield) 
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Thermal stability of ungrafted banana fiber was quite good at higher temperature in comparison to GMA grafted 

samples.  A drastic weight loss was observed at 300 0C and 400 0C for both ungrafted and GMA-grafted fibers. 

Poly-GMA exhibits vigorous weight loss in comparison to other two fiber samples.  But the weight loss trend of 

poly-GMA is in multiple steps. This may due to decomposition of GMA in structural form. Thermal stability of 

GMA-grafted fibers relies in between ungrafted and poly-GMA. This proves the fact that GMA-grafted fibers 

possess thermal stability of components, ungrafted and poly-GMA. The thermal stability of GMA-grafted fibers 

lower than ungrafted fibers and this is due to rapid decomposition of covalently bonded grafted chain onto 

cellulose backbone. Another thermal stability analysis was performed by Bagheri et al. 2009 on acrylic 

monomer grafted fibers. The thermal stability of the fibers decreases as the grafting yield increases. The 

thermogram enclosed in this paper indicates thermal decomposition temperatures of the fibers decreases after 

grafting process too.   

 

CONCLUSION 

 
The favourable pre-treatment condition preferred for radiation grafting was 0.8 % NaClO2, at 70 0C for 6 h of 

reaction. At this condition, the fibers were still sustained with their original form and it’s also ballot for 

simplicity of the process too. Optimization of the process condition for radiation grafting was carried out by 

analysing various parameters such as radiation dose, monomer concentration and reaction time. The grafting 

yield does increases with monomer concentration initially but beyond the optimum concentration the differences 

in grafting yield remains insignificant. The grafting yield directly proportional to irradiation dose. The grafting 

of GMA onto partially delignified banana fibers confirmed with the depiction using FTIR, SEM and TGA 

analysis.  The results obtained evidenced the successful grafting of GMA onto delignified banana fibers. 
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