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 Background: Banana fiber been grafted with glycidyl methacrylate (gma) were 

functionalized with ethylenediamine (eda) in order to develop an efficient metal 
adsorbent. Objective: Functionalization of gma-grafted fibers was carried out with eda 

as for the preparation of amine type fibrous adsorbent and few process parameters had 

been analyzed. Metal ion removal capacity of the functionalized fibers been analyzed 
too. Results: The gma-grafted fibers were able to generate functionalized fibers with 

amine density of 2.00mmol/g-ad at 50% eda concentration for 1.5hours. Conclusion: 

Functionalization of gma-grafted fibers with eda was effectively carried out in this 
study. 
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INTRODUCTION 

 

Polymer surfaces can be modified by functionalization with various chelating groups for their application in 

the treatment of industrial effluents, such as adsorption of toxic metals to address the serious environmental 

pollution problem. Lately ultimate interest has grown on radiation induced surface modification by grafting 

copolymerization technique due to huge benefits driven by economically and indefinite efficiency without 

chemical initiation [1]. Free radicals are formed on trunk polymers by exposure to high energy irradiations 

which will eventually leads to graft polymerization of monomers with covalently bonded polymeric graft chains 

[2]. The grafted chains impart the desired properties to the polymeric substances. This practice also proficient to 

boost the quality of natural materials and as well as expand their usage to multiple extends [3].  

In our previous work, banana fiber been grafted with glycidyl methacrylate (gma) successfully via radiation 

induced graft polymerization method using electron beam irradiation [4]. Preparation of metal adsorbent from 

grafted polymer matrix involves functionalization with any chelating agents or ion exchange components. In this 

study, the gma-grafted fibers were functionalized with ethylenediamine (eda) for the adsorption of manganese 

ion. Functionalization of gma-grafted fibers was carried out with eda as for the preparation of amine type 

fibrous adsorbent. Various parameters such as reaction time, temperature, monomer concentration were studied 

in order to optimize amine group density on the adsorbents. Batch adsorption experiments were performed onto 

Mn
2+

 ion aqueous solutions in order to evaluate the capability of metal ion adsorption. The metal ion removal 

percentage by amine type fibrous adsorbent had been evaluated in term of metal ion concentration and contact 

time.  

 

MATERIALS AND METHODS 

 

The banana fibers used in this study was purchased from local vendors. The banana fibers pretreated with 

0.8% NaClO2 for 6 hours at 70
0
C for the partial removal of lignin. The treated fibers washed thoroughly with 

distilled water until neutral washing attained. The prepared fiber samples dried in oven at 50
0
C prior to storage 

in desiccator for further usage. Gma (Mol wt. = 142.15 in the form of 99% aqueous solution, from Aldrich) and 

eda (Mol wt. = 60.10 in the form of 99% aqueous solution, from Merck) was utilized without further 
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purification. All other chemicals such as polyoxyethylene sorbitan monolaurate (Tween 20) and isopropanol 

were from Aldrich with (Purity > 99%) grade.   

 

Radiation grafting of gma onto banana fibers: 

Grafting of gma onto banana fibres was carried out by pre irradiation technique using electron beam 

radiation (EPS 3000) with dose of 30kGy at the energy of 2 MeV and 10mA of current. Briefly, the known 

weights of dried banana fibre samples were placed in a polyethylene zipper bag which purged with nitrogen (N2) 

been exposed to irradiation. The irradiated samples were transferred into glass vacuumed ampoules and 100ml 

of emulsified gma solution which consists of 3% of gma, 1% of Tween 20 and 96% of deionised water was 

transferred into the ampoules with samples under vacuum condition. The glass ampoules were placed in a water 

bath at 40
0
C for 2hours to allow grafting reaction to take place. Finally, the samples were removed from the 

ampoules and washed continually with isopropanol for multiple times in order to remove physically adsorbed 

homopolymer on surface of gma-grafted fibers and grafting yield (%) determined gravimetrically by following 

equation: 

 

Grafting yield (%) = Weight after grafting – Initial weight X 100%          (1)     

                                                   Initial weight 

 

Functionalization of gma-grafted fibers: 

0.5g of gma-grafted fibers are placed into 60ml of prepared eda solution with isopropanol and left in a 

water bath for reaction to take place. The grafted banana fibers functionalized with different concentration of 

ethylenediamine in isopropanol and chosen concentration of eda were 30%, 50% and 70%. The reaction time 

varies from 0.5hours to 2.0hours. The reaction was sustained at temperature of 60
0
C and 80

0
C. At last, the 

functionalized fibers were washed thoroughly with ultra pure water repetitively.  The density of functionalized 

groups was determined after the fibers had dried completely.  The structural schematic reaction of both these 

modifications is displayed in Figure 3.3 and 3.4 respectively. The density of functionalized groups was 

determined after the fibers had dried completely with the functional groups on calculation equation had shown 

below.  

 

Amine [mmol/g-adsorbent(ad)] = (Z1 - Z0)/Z1/M x 1000                                                                                      (2) 

 

Whereby, Z1 and Z0 is the weight of the fiber before and after modification and M is the molecular weight 

of amine used for modification. 

Adsorption test had been carried out in batch unit with manganese (Mn) standard stock solution with initial 

concentration of 1000mg/L. Serial dilution was carried out on metal standard solution in order to attain desired 

concentration. 0.05g prepared adsorbent immersed in 50mL of adsorbate solution for predetermined contact 

time with continuous stirring.  pH of the metal ion solution been adjusted to 4 prior to adsorption process. 

 

Characterization of functionalized gma-grafted fibers: 

Functionalization of gma-grafted fibers with eda was confirmed with Fourier transformed infrared (FTIR) 

analysis, performed on an IR Affinity-1 spectrometer (Nicolet IS10, Thermo Scientific) 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. The non-isothermal thermo gravimetric (TG) measurements were carried out 

in thermo gravimetric analyzer DSC/TGA 1 (Mettler Toledo) to determine the difference in the thermal 

degradation behavior of the gma-grafted fibers and functionalized gma-grafted fibers. For TG experiments ~10 

mg of the powder sample was taken in alumina crucible and heated in temperature range of 35 to 600
o
C at 

heating rate of 10
o
C.min

-1
 under inert dynamic high purity nitrogen atmosphere at a flow rate of 50ml min

-1
. The 

point analysis for elements present on gma-grafted fibers and functionalized gma-grafted fibers was done with 

scanning electron microscopy-energy dispersive spectroscopy (SEM-EDX). The scanning electron microscope, 

Hitachi-SU350 at the voltage of 15.0 kV and at current of 0.2 mA which equipped with Quantax 70 energy 

dispersive x-ray (EDX) spectrometer and silicon drift detector (SDD) was used for this analysis.     

 

RESULTS AND DISSUSSION 

 

Effect of concentration and temperature on amine density: 
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The grafted fiber functionalized with eda at different concentration and temperature. At 30% of 

ethylenediamine, the amine density attained by gma grafted fiber was 1.69mmol/g-ad which increases to 

3.30mmol/g-ad 70% of ethylenediamine. The course temperature was fixed to 80
0
C at this circumstance. But 

anyhow, the amine density obtained at 70% eda at 60
0
C course temperature was only about 2.44mmol/g-ad. The 

results achieved had been illustrated in figure 2. The incorporation of amine groups with epoxy groups of gma 

increases as the availability of monomer increases with concentration.  More epoxy sides on gma will be 

occupied as the concentration of amine functional groups increases.  Moreover, the amine density increases with 

temperature even when at the same concentration of eda. The thermal energy accelerates the reaction process at 

a higher temperature which leads to higher migration rate of amine group onto epoxy group of gma. Appropriate 

amine density was obtained at 50% of ethylenediamine which is about 2.00mmol/g-ad for metal adsorption 

experiments. Results obtained in study on functionalization of gma grafted hyacinth fibers by Madrid et al [5] 

were favorable towards the outcome of this study. 

 

 

 

 
 
 
 
 
 
 
 
 

Fig. 2: Effect of eda concentration on amine density at 60
0
C and      80

0
C. 

 

 
 
Fig. 3: Effect of reaction time on amine density at 50% eda. 

 

Effect of reaction time on amine density: 

The effect of reaction time had been analyzed on the assimilation reaction of amine functional group onto 

gma grafted banana fibers. The chosen reaction time intervals were 0.5, 1.0, 1.5 and 2.0 hours.  The results 

achieved are shown in Figure 3. The amine density increases with reaction time as well but levels off after 

1.5hours of reaction time. Amine density for functionalization with ethylenediamine at 0.5hour was 

1.83mmol/g-ad which increases to 1.459mmol/g-ad at 1.5hours of course reaction time.  Exhaustion of epoxy 

sites present on banana fibers is responsible for the insignificant gain in amine density after 1.5hours. A similar 

conclusion was obtained in a study on nonwoven cotton fabric for adsorption of Hg ions by Sekine et al [6].   

 

FTIR Analysis: 

FTIR spectra for gma-grafted fibers with 100% of grafting yield and eda functionalized gma-grafted fibers 

with 2.00mmol/g-ad of amine density were exhibited in figure 4. Common lignocellulosic fibers peaks were 

found in gma-grafted fibers were O-H stretching at 3340cm
-1

, C-H stretching at 2920cm
-1

, C=C at 1632cm
-1

 and 

C-O stretching of cellulose at 1016cm
-1

. The peaks responsible for grafting of gma onto fibers were  1713cm
-1 

and 1140cm
-1

 allocated for C=O and  C-O stretching vibration which originates from –COO– ester group of gma 
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and the epoxy characteristic peak exposed at 1240cm
-1

, 905cm
-1

 and 842cm
-1

. Anyhow, N-H stretching at 

3201cm
-1

, N-H bending at 1524cm
-1

, C-N alkyl group stretching at 1256cm
-1 

and 1156cm
-1

 was located only on 

functionalized gma-grafted fibers. The stretching at 1732cm
-1

 which denoted by C=O of gma ester group were 

found in both grafted and functionalized fibers. The disappearance of epoxy stretching peaks at 1240cm
-1

, 

905cm
-1

 and 842cm
-1 

in functionalized fibers supports that the epoxy sites of the gma were utilized by eda 

functional group. Similar outcome been observed by few researchers in their previous studies [7].    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Fig. 2: FTIR spectra for (a) functionalized with eda (2.00mmol/g-ad) and (b) gma grafted fiber (100% grafting 

yield). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: TGA thermogram for (a) functionalized with eda (2.00mmol/g-ad) and (b) gma grafted fiber (100% 

grafting yield). 

 

TGA Analysis: 

The weight loss curve of TGA analysis for both gma-grafted fibers with 100% of grafting yield and eda 

functionalized gma-grafted fibers with 2.00mmol/g-ad of amine density had been demonstrated in figure 5. The 

result illustrates the modification in thermal stability of gma-grafted fiber after functionalization with eda. The 

pattern for thermal stability of tested samples is gma-grafted fibers> functionalized gma-grafted fibers 

evidentially. Eda functionalized gma-grafted fibers exhibits vigorous weight loss in comparison to gma-grafted 

fibers. Initial weight loss in both type fibers is the contribution of water loss. Thermal stability of gma-grafted 

samples was quite good at higher temperature in comparison to eda functionalized gma-grafted fibers and 

drastic weight loss observed at 300
0
C and 400

0
C. But the weight loss trend of eda functionalized gma-grafted 

fibers is in two steps. This may due to decomposition of amine group in structural form which followed by 

decomposition of grafted gma. Almost similar results reported in recent studies on grafting with different 

monomer [8].      
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SEM-EDX Analysis: 

Elemental analysis been performed on gma-grafted fibers and eda functionalized gma-grafted fibers with 

the aid of SEM-EDX analysis. The carbon (66.32%) and oxygen (33.68%) was detected in gma-grafted fibers as 

showed in figure 4. On the other hand, carbon (55.56%), oxygen (27.80%) and nitrogen (16.64%) were detected 

on eda functionalized gma-grafted fibers as showed in figure 5. This proves the existence of amine groups onto 

fiber after functionalization with eda.  

 

 

 

 

 

 

 

 

 

Fig. 4: SEM-EDX point analysis spectra of gma grafted fiber (100% grafting yield). 

 

 

 

 

 

 

 

 

Fig. 5: SEM-EDX point analysis spectra of functionalized with eda (2.00mmol/g-ad). 

 

Metal Uptake By Functionalized Gma-Grafted Fibers: 

Metal adsorption process was carried out in batch and initial concentration and contact time were studied. 

The initial concentration studied was 1mg/l, 2mg/l, 3mg/l, 5mg/l and 10mg/l.  The contact time studied for this 

section was 1h, 2hrs, 3hrs, 5hrs and 24hrs.  The mass of adsorbent was constant throughout the whole study. 

The results attained are illustrated in Figure 6. The metal ion removal percentage exhibited a trend whereby 

there is relative rapid increase with initial concentration, followed by a slow approach to equilibrium at 3hours.  

After 3hours, the removal percentage shows insignificant changes for all the concentration. Removal percentage 

on Mn
2+

 was found to be 65% at 1h of contact which reaches the equilibrium at 3hrs with adsorption capacity of 

70% during the initial concentration fixed at 2mg/l.  The results conclusively reveal that, the equilibrium of 

contact time was independent of the initial metal concentration.  

 

 

 

 

 

 

 

 

 

 

Fig. 6: Removal percentage of Mn
2+

 ions by adsorbent with 2.00mmol/g-ad 

 

Conclusion: 

Functionalization of gma-grafted fibers with eda was efficiently carried out in this study. The gma-grafted 

fibers with grafting yield of 100% were able to generate functionalized fibers with amine density of 

2.00mmol/g-ad at 50% eda concentration for 1.5hours. The eda functionalized fibers had exhibited a very good 

metal ion removal percentage. The maximum removal capacity achieved was about 73%. In future, the 

adsorption kinetics studies on the adsorbents can be analyzed.  
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