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Abstract: The synthesis of konjac glucomannan-graft-polyacrylamide (KGM-g-PAM) was
carried out at 25°C by y-irradiation under a N, atmosphere. The effects of absorbed
radiation dosage and monomer concentration on grafting yield and water absorbency were
studied. The grafted copolymers were characterized using Fourier Transform Infrared
(FTIR) spectroscopy, nuclear magnetic resonance (NMR), x-ray diffraction (XRD),
thermogravimetric analysis (TGA) and gel permeation chromatography (GPC). The
grafting yield was observed to increase with increasing absorbed dosage and monomer
concentration. Compared with the original KGM, the grafted copolymers exhibited better
thermal stability and water absorbency. The results suggest that y-irradiation is convenient
and efficient for inducing graft copolymerization of KGM and acrylamide (AM).
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Introduction

Konjac glucomannan (KGM) is a type of neutral heteropolysaccharide extracted from tubers of
Amorphophallus konjac C. Koch. Chemically, KGM has f-(1—4) linked p-mannose and D-glucose
units in a molar ratio of 1.6:1as the main chain, with branches joined through C-3 of the p-glucosyl
and p-mannosyl residues and a low number of acetyl groups (approximately one acetyl group per 17
residues) at the C-6 position [1-3]. The chemical structure of KGM is shown in Figure 1. KGM has
long been used as a health food in China and Japan. Due to its characteristics of low cost, high
viscosity, excellent film-forming ability, good biocompatibility and biodegradability, as well as gel-
forming properties, KGM and its derivatives have been used widely in various fields, such as food and
food additives, and the pharmaceutical, biotechnology and fine chemical industries [4].

Figure 1. The chemical structure of konjac glucomannan.
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Graft copolymerization of natural polysaccharides such as chitosan, carrageenan and guar is
becoming an important resource for developing advanced materials as it can improve the functional
properties of natural polysaccharides [5-7]. The synthesis of grafted copolymers is usually conducted
by the conventional redox grafting method or high-energy radiation including microwave, UV ray, v-
ray and electron beam [8-10]. Of these methods, ®°Co y-irradiation exhibits the most potential to
synthesize the grafted copolymers, due to the higher energy emission, simpler preparation and lower
cost [11]. y-Irradiation is an ionic, non-thermal processing technology which continues to receive
attention as a preservation and functional modification agent in polymer research and application [12].
With regard to its safety, a Joint FAO/IAEA/WHO Expert Committee on Food Irradiation (JECFI)
declared in 1997 that food irradiated to any dosage appropriate to achieve the intended technological
objective was both safe to consume and nutritionally adequate [13].

The synthesis of KGM with vinyl monomer for colon-specific drug delivery and as a superabsorbent
by the conventional redox grafting method has been reported [14,15]. In our previous work we
examined the effect of y-irradiation on the properties of KGM and suggested that it was convenient to
modify KGM [16]. However, little information on graft copolymerization of KGM and acrylamide
(AM) by y-irradiation is available. The objective of the present work was to investigate the feasibility
of graft copolymerization of KGM and AM by y-irradiation. The effects of absorbed dosage and
monomer concentration on grafting yield and water absorbency and the properties of the grafted
products were investigated.
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Results and Discussion
Synthesis and properties

The synthesis of KGM-g-PAM was conducted by a simultaneous irradiation method, as described
by Biswal et al. [7]. The effects of absorbed dosage and monomer concentration on grafting yield and
water absorbency of the grafted copolymers were investigated. Figure 2 shows the effect of total
absorbed dosage on the grafting yield and water absorbency of KGM-g-PAM. The grafting yield
increased with irradiation dosage. A high grafting yield (>100%) could be achieved at a dosage above
0.8 kGy and it was 213.1% at a dosage of 3.2 kGy. However, the water absorbency of the grafted
copolymer increased with increasing dosage at first and then decreased slightly when the dosage was
higher than 1.6 kGy. The water absorbency was 217g/g at the dosage of 1.6 kGy. The increasing
grafting yield with increasing dosage was mainly attributed to the increasing presence of radicals
induced by higher irradiation dosage, as first described by Chapiro [17]. However, the results indicated
that water absorbency of the grafted copolymer was not always positively associated with grafting
yield. This might be explained by the Flory’s theory [18]: there is an appropriate crosslink density for
the maximal water absorbency. The increased grafting yield might improve the crosslink density of the
copolymers, which resulting in a difficulty to absorb water. Luo et al. [19] and Huacai et al. [9] also
reported that higher irradiation dosage could decrease the water absorbency of graft copolymers.

Figure 2. Effect of absorbed dosage on grafting yield and water
absorbency of KGM-g-PAM (grafting condition: [KGM] = 0.6%,
[AM] = 0.3 mol/L).
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Figure 3 illustrates the effects of (a) KGM concentration and (b), AM concentration on grafting
yield and water absorbency of the grafted copolymer. Increases in both KGM and AM contents could
enhance grafting yield, but the concentration of AM played a more important role in the grafting yield
than that of KGM. This may due to the inherent properties of KGM and AM upon irradiation exposure:
whereas AM predominantly undergoes crosslinking [20], KGM, like other natural polymers such as
carrageenan and alginates [21,22], undergoes degradation [16, 23]. Moreover, the G value for radical
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formation of AM on y-irradiation was reported to be much higher than that of natural polymers [24,25].
Therefore, the higher G value and predominant crosslinking nature of AM on irradiation both favored
faster grafting with increase in monomer concentration. The water absorbency of grafted copolymer
increased with increase of grafting yield at first and then decreased slightly.

Figure 3. Effects of (a) KGM concentration; grating condition: dosage
=0.8 kGy, [AM] = 0.3 mol/L) and (b), AM concentration; grafting
condition: dosage = 0.8 kGy, [KGM] = 0.6%) on grafting yield and water
absorbency of KGM-g-PAM.
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Characterization

The characteristic FTIR absorption bands of the original KGM and grafted copolymer are
presented in Figure 4. The main characteristic peaks of KGM were at 3400 cm™ (O-H stretch), 2887
cm™ (C-H stretch), 1736 cm™ (C=0 stretch), 1164 cm™ (bridge O stretch), and 1092 cm™ (C-O
stretch).
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Figure 4. FTIR spectra of KGM and KGM-g-PAM.
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The result was similar to the reports of Huacai et al. [9] and Yu et al. [26]. In the spectra of the
grafted copolymer, in addition to the KGM characteristic peaks, peaks at 3139 and 1662 cm™ indicated
the N-H stretching and N-H bending of the amide bands, which are characteristic of the -CONH,
group present in the acrylamide. In addition, a peak at 1419 cm™ was assigned to C—N stretching.
These changes provided strong evidence supporting the grafting of acrylamide onto the KGM.

Figure 5 shows the *C-NMR spectra of KGM and its grafted copolymers. According to the studies
on the NMR spectra of KGM by Vieira and Gil [27] and Katsuraya et al. [28], the overlapping peaks
in the 71-80 ppm region were assigned to the pyranose ring, including the presence of glucosyl (G)
and mannosyl (M) units. The peak at about 63 ppm can be assigned as C6 of both G and M units,
while the C1 of both G and M units was observed at 102—106 ppm. For KGM-g-PAM, the presence of
a very intense peak at 182.1 ppm was due to the polyacrylamide carbonyl groups. The two peaks at
about 37 ppm and 44 ppm were assigned as the methylene group and the carbon connected to carbonyl
group of polyacrylamide, respectively [29]. The NMR spectra results thus further confirmed the FTIR
results.

X-ray diffractograms of KGM and KGM-g-PAM are shown in Figure 6. The XRD pattern of KGM
showed a weak but broad reflection falling at about 20 = 20°. For the grafted copolymer, the peak at
20 = 20° decreased significantly, indicating that the conjugation of KGM with PAM reduced the
crystallinity of KGM. KGM was reported to have a hydrated crystal of low crystallinity [30] and PAM
to be an amorphous material, which did not show any significant crystallinity peak [31]. The decrease
of crystallinity might due to the intra- and intermolecular- hydrogen bonding interactions between
KGM and PAM, which destroyed the original molecular orientation of KGM. Xiao et al. [32] also
found that the graft copolymerization of KGM and PAM could lower the crystallinity of KGM, which
suggested that KGM and PAM chains were mixed well at a molecular level.



Molecules 2008, 13 495

Figure 5. ®C-NMR spectra of KGM and KGM-g-PAM.
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Figure 6. XRD patterns of KGM and KGM-g-PAM.
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The thermogravimetric analysis (TGA) technique was employed to characterize the thermal
properties of KGM and KGM-g-PAM,; the results are shown in Figure 7. The decomposition of KGM
started at about 250°C. The weight loss rate increased with increasing temperature up to 296°C and
then decreased. Nearly 61% of KGM degraded at the first step and about 0.5% survived up to 550°C.
However, the TGA profile of KGM-g-PAM was distinctly different from that of KGM.
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Figure 7. TG and DTG curves of KGM and KGM-g-PAM.
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The grafted copolymers had a continuous weight loss with increasing temperature and began to
degrade at about 180°C, with the maximum weight loss rate occurring at 328°C. Furthermore, the
weight loss rate of the KGM-g-PAM was slower than that of KGM at above 276°C and about 1.6 %
still existed at 700°C. The results indicated that the initial decomposition temperature (T;) of KGM-g-
PAM was lower than that of KGM, and the maximum decomposition temperature (T,) and final
decomposition temperature (Ts) were higher than that of KGM. The previous reports also revealed that
the graft copolymerization of natural polysaccharides with vinyl monomer could enhance their thermal
stability [7,9,29].

The molecular weights of KGM and its grafted copolymer were determined by GPC. The elution
curves are presented in Figure 8. The peak molecular mass (Mp) of the grafted copolymer decreased
significantly and the weight average molecular mass (M,,) and number average molecular mass (M)
decreased slightly compared with that of KGM (Table 1). The elution curve of KGM-g-PAM was
smoother than that of KGM, which could be a reflection of the decrease in polydispersity. The slight
decrease of molecular weight might be attributed to the degradation of KGM expose to irradiation. The
results were in agreement with some earlier reports [33,34].

Conclusions

The synthesis and characterization of konjac glucomannan-graft-polyacrylamide via y-irradiation
was studied. The results indicated that vy-irradiation was convenient for inducing graft
copolymerization of KGM and AM at low dosage and obtaining graft copolymers with high grafting
yield (>100%). The grafting yield increased with increasing dosage and monomer concentration, while
the water absorbency increased first and then decreased slightly with increasing dosage and monomer
concentration. FTIR, NMR and XRD analyses showed that AM had been grafted onto KGM
successfully. TGA results indicated that the grafted copolymer exhibited better thermal stability in
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comparison with original KGM. The molecular weight of grafted copolymer decreased slightly
according to the results of GPC.

Figure 8. GPC elution curves of KGM and KGM-g-PAM.
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Table 1. The molecular weight and polydispersity of KGM and KGM-g-PAM

Sample My My Polydispersity (My/Mp)
KGM 4.81x10° 3.33x10° 1.441
KGM-g-PAM 4.28x10° 3.02x10° 1.418

Experimental
Materials
KGM was obtained from Sanai Konjac Food Corp., Yibin, P.R. China. It was purified by washing

several times with aqueous methanol. All the other regents were of analytical grade and used without
further purification. Double-distilled water was used for these experiments.
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Graft copolymerization

KGM (0.6 g) was dissolved in water (90 mL) in a glass tube and kept stirring for 12 h. AM
solution (3 mol/L, 10 mL) was then added to the solution with stirring and stirring was continued for
another 2 h. The solutions were deoxygenated by nitrogen bubbling and then irradiated for 20, 40, 80
and 150 min at a fixed dosage rate of 20 Gy/min at 25°C. The irradiated solution was placed overnight
for a complete reaction and then precipitated in excess of ethanol. The precipitate was dried and
washed several times with a 3:2 mixture of acetic acid-dimethylformamide to remove the unreacted
monomer and homopolymer. Finally, it was washed with ethanol and then dried at 55°C under
vacuum.

Determination of grafting yield and water absorbency

The grafting yield was determined gravimetrically using the following equation:
Grafting yield (%) = [(Wg—W,) / W] x100 1)

where Wy and W, were the weight of KGM after grafting and the initial weight of KGM, respectively.

The dried sample (1.0 g) was dispersed in water (800 mL) and kept stirring for at least 12 h at 25°C
to reach swelling equilibrium, then the residual water was removed by filtration through a 100-mesh
stainless steel screen. Water absorbency was calculated using the following equation:

Absorbency (g/g) = (W1—Wo) / Wo (2)

where W; and W, are the weight of the water-swollen and the dry sample, respectively.
Characterization

Fourier transformed infrared spectroscopy (FTIR) measurements were performed on a Vector33
FTIR spectrometer (Bruker, Germany). Samples were mixed with KBr and then scanned against a
blank KBr pellet background. The **C-NMR spectra were recorded on a Bruker Model Avance DRX-
400 spectrometer at about 30°C. X-ray diffraction (XRD) patterns were obtained with a D/max-111A x-
ray diffractometer at the scattering angle (26) of 4° to 60° and the scanning rate of 10°/min.
Thermogravimetric analysis (TGA) was conducted with a Netzsch TG 209 analyzer, the scan was
carried out at a heating rate of 10.0 °C/min from 20 to 700 °C. The molecular weights and molecular
weight distributions were determined by 515-gel permeation chromatography (GPC). Unless otherwise
stated, the grafting yield of samples used for analysis, which were synthesized under the following
condition: absorbed dosage = 0.8 kGy, [KGM] = 0.6%, [AM] = 0.3 mol/L, was 125.94%.
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