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Abstract: Glycidyl methacrylate (GMA) has been grafted onto Kapok fiber (plant fiber) under irradiation with 
60

Co gamma rays. Graft polymerization of GMA onto polymer substrates is advantageous because the epoxy 

group of GMA is modified easily, provide functions such as ion exchange and adsorption of toxic gas, with the 

original properties remaining intact. The Kapok fiber used in this study was treated with NaClO2 to remove phe-

nolic compounds (especially, lignin). This treatment was verified by observation of both the lignin content and 

the total alkaline nitrobenzene oxidation yield. The absorbed dose ranged from 40 to 100 kGy and the dose rate 

was 10 kGy/h. The grafting experiments were performed in a glass ampoule having a cock, with the methanol, 

followed by the GMA. The irradiated Kapok fiber was immersed in the monomer solution and purged with bub-

bling nitrogen. Grafting copolymerization was conducted at temperatures of 30 and 60 
o
C. The effects of the ab-

sorbed dose, monomer concentration, temperature, and reaction time on the degree of grafting were investigated. 

The grafting yield increased with increasing temperature, reaction time, and irradiation dose. A relatively higher 

temperature was required to obtain a high grafting yield. The physical and chemical properties of the GMA- 

grafted Kapok fiber were investigated using IR spectroscopy, SEM, and TGA. The characteristic vibrations of 

the carbonyl group increased upon increasing the grafting yield. These results clearly indicate that GMA had 

been grafted onto Kapok fiber.

Keywords: Kapok fiber, radiation, grafting

  

Introduction
1)

  Graft polymerization of vinyl monomers onto polymer 

substrates has attracted considerable interest because it 

can result in systems exhibiting desirable properties, such 

as chelation, ion exchange, biocompatibility, and protein 

adsorption. Graft polymerization is one of the best meth-

ods for preparing functional materials with new pro- 

perties. This technique has enabled the preparation of 

polymeric materials containing functional groups on their 

branches grafted onto a variety of substrate polymers, 

such as films, fibers, nonwoven fabrics, and hollow fi-

bers [1,2]. In recent years, preirradiation techniques have 

been extensively reported for some crystalline polymers. 

Graft polymerization of GMA onto polymer substrates is 

advantageous because the epoxy group of GMA is modi-
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fied easily to provide functions such as ion exchange and 

adsorption of toxic gases, with the original properties re-

maining intact [3-6].

  In this study, GMA was grafted onto Kapok fiber under 

irradiation using 
60

Co gamma rays. Kapok fibers are 

quite fine (ca. 8∼10 µm diameter) and have a homoge-

neous hollow tube shape with a wall thickness of ca. 0.8

∼1.0 µm. We adopted this fiber as an substrate polymer 

for graft polymerization. In the present work, the effect 

of the radiation dose, concentration of monomer, reaction 

temperature, and reaction time were examined.

Experimental

  Kapok [Ceiba pentandra (L.) Gaertn.] fibers obtained 

from the Union of Myanmar were successively extracted 

with an alcohol-benzene solution (1:2, v/v). GMA was 

supplied by Junsei Chemical Co. and used without fur-  



Preparation and Characterization of Glycidyl Methacrylate (GMA) Grafted Kapok Fiber by Using Radiation Induced-grafting Technique 957

Table 1. Lignin Content and Alkaline Nitrobenzene Oxidation (NBO) yields after NaClO2 Treatment

CWR H HA V VA S SA Total Lignin (%)

Control 0.7 ± 0.0 0.1 ± 0.0 10.3 ± 0.3 1.0 ± 0.1 59.5 ± 3.0 7.0 ± 0.3 78.4 ± 3.0 20.9 ± 1.6

NaClO2 0.2 ± 0.0 ND 2.4 ± 0.0 1.5 ± 0.2 4.6 ± 0.1 1.7 ± 0.1 10.5 ± 0.2  2.6 ± 0.3

CWR: Cell wall residues; H: p-hydroxybenzaldehyde; HA: p-hydroxybenzoic acid; V: vanillin; VA: vanillic acid; S: syringaldehyde; SA: 
syringic acid; ND: not detected. All data are the means ± S.D. of triplicate experiments.

Figure 1. SEM micrographs of Kapok fibers. Left, control; 

right, after NaClO2 treatment.

ther treatment. Other chemicals were of reagent grade. 

The extracted free Kapok fibers (25 g) were placed in 

distilled water (1.5 L) and treated 4 times with sodium 

chlorite (NaClO2, 10 g) for 1 h at 70∼80 
o
C, together 

with 2.0 mL of acetic acid [2]. This treatment process led 

to a change in the properties of the Kapok fibers from 

hydrophobic to hydrophilic, owing to the cleavage of al-

most all of the phenolic compounds. In addition, this 

process positively affected the efficiency of the grafting 

rate as a result of the removal of oily compounds.

  The lignin content was measured gravimetrically by 

TAPPI standard T-222om-88, and the changes in the lig-

nin characteristics after NaClO2 treatment were examined 

using the alkaline nitrobenzene oxidation, as reported by 

Iiyama and Lam (1990).

  The Kapok fibers irradiated with γ-rays from 
60

Co un-

der atmospheric pressure and ambient temperatures were 

added in a reaction ampoule equipped with a cock. After 

evacuating the ampoule, the monomer solution was 

placed within it. Grafting copolymerizations were con-

ducted at 30 and 60 
o
C. After performing the grafting re-

action, the monomer and homopolymer were removed 

from the Kapok fibers by extraction with benzene, and 

the GMA-grafted Kapok fibers obtained were dried un-

der vacuum at 60 
o
C for 4 h. To study the effects of vari-

ous parameters on the grafting copolymerization, the de-

gree of grafting was defined using Eq. (1): 

  Degree of grafting (%) = (Wg - Wo) / Wo × 100 (1) 

where Wg and Wo denote the weights of the grafted and 

ungrafted Kapok fibers, respectively.

  An FTIR-ATR spectrometer (Tensor 37, Bruker, and 

Germany) was used to measure spectra in transmittance 

mode over the frequency range 500∼4000 cm
-1

. 

Results and Discussion

  Kapok fibers are hydrophobic because of their phys-

ico-chemical properties. For example, Kapok fibers are 

quite fine (ca. 8∼10 µm in diameter) and have a homo-

geneous hollow tube shape with a wall thickness of ca. 

0.8∼1.0 µm, suggesting that water would not readily pe-

netrated the tube because of its high surface tension (7.2 

× 10
-4 

N/cm at 20 
o
C against air). In addition, the chem-

ical characteristics of this fiber include a high level of 

acetyl groups (ca. 13 %) [4] and a high molar ratio of sy-

ringyl nuclei to guaiacyl nuclei (S/V ratio) in lignin (ca. 

5.8). Owing to the hydrophobic properties of Kapok fi-

ber, it would be quite difficult to graft it using gamma ir-

radiation; thus, it was necessary to modify this fiber. To 

change the hydrophobic properties, NaClO2 was used to 

break all of the phenolic compounds (especially lignin). 

After four treatments with NaClO2, the Kapok fiber 

changed from hydrophobic to hydrophillic. 

  As expected, the lignin content reduced dramatically af-

ter NaClO2 treatment, to 2.6 from 20.9 % (control), due 

to delignification. This result was verified by ob-

servations of the total alkaline nitrobenzene oxidation 

(NBO) yield. The total NBO yield was reduced to 10.5 

mg/g of cell wall residues (CWR) in the NaClO2-treated 

sample, as compared with the control sample at a yield of 

78.4 mg/g of CWR (Table 1). Indeed, the S/V ratio de-

creased drastically from 5.8 to 1.9. In addition, the hol-

low tube shape and surface fibers shown in Figure 1 were 

retained after NaClO2 treatment.

  GMA-grafted Kapok (GMA-g-Kapok) fibers were pre-

pared using a preirradiation method with gamma-radia-

tion from a 
60

Co source at room temperature in air. 

Figure 2 shows the effect of the GMA concentration on 

the grafting of GMA onto the irradiated Kapok fibers us-

ing methanol as solvent. The degree of grafting increased 

as the irradiation dose increased, in the range from 32 to 

109 %, when the concentration of GMA monomer was 

50 vol%. The higher the irradiation dose, the higher the 

radical activation on the surface of the Kapok fiber, as re-

vealed by the increase in the grafting reactivity of the 

Kapok fiber. Figure 3 shows the effect of the reaction  
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Figure 2. Degree of grafting as a function of the GMA con- 

centration.

Figure 3. Degree of grafting as a function of the reaction tem- 

perature.

Figure 4. FTIR-ATR spectra of Kapok-g-GMA and the Kapok 

control sample.

Figure 5. SEM micrographs of the (a) control and (b,c) 

Kapok-g-GMA samples.

temperature on the grafting of GMA onto the Kapok 

fiber. The reactivity of GMA at a reaction temperature of 

60 
o
C was much higher than that at 30 

o
C. The degree of 

grafting increased with increased reaction time at 60 
o
C. 

On the other hand, the grafting reaction proceeded only  

slightly at 30 
o
C. Therefore, a relatively high temperature 

was required for a high grafting yield, which indicates 

that another important factor for grafting is the reaction 

temperature. Typical FTIR-ATR spectra of the control 

and grafted kapok fiber are shown in Figure 4. A  charac-

teristic peak at 1730 cm
-1

, assigned to the carbonyl group 

of Kapok fiber, was observed. As shown in Figure 4, the 

characteristic vibrations of the carbonyl group increased 

upon increasing the grafting yield. The morphology of 

the GMA-g-Kapok fiber was characterized using SEM. 

As shown in Figure 5, the diameter of the GMA-g-Kapok 

fiber after grafting was increased relative to that of the 

fresh Kapok fiber. This result clearly indicated that the 

GMA was introduced onto the Kapok fiber. 
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