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Recently, hydrogels have been utilized as effective adsorbents to
remove heavy metal ions from aqueous solutions. In this study, the
composite hydrogels based on chitosan and poly vinyl alcohol (PVA)
crosslinked by glyoxal were conducted towards the application of
removing copper ions from water. The specific functional groups of
chitosan and PVA molecules were revealed by Infrared spectroscopy
(FTIR). The swelling property of the composite was investigated and
had the highest value of 850%. In addition, the ability of hydrogel to
remove copper ions from aqueous solution was evaluated through the
experiments supported by UV vis equipment. The Langmuir and
Freundlich isotherm model could fit the data of the experiment. And
the hydrogel with 10%wt glyoxal had maximum copper ion absorption
with 183 mg.g™ at pH 7.

NGHIEN CUU CHE TAO HYDROGEL TU CHITOSAN VA POLY VINYL
ALCOHOL VG1 CHAT PONG RAN GLYOXAL HUOGNG PEN UNG DUNG
LOAI BO ION PONG TRONG NUOC
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Gan day, hydrogel duoc dung phé bién 1am chat hip phu hiéu qua dé
loai bo cac ion kim loai niang khoi dung dich nudc thai. Trong nghién
clru nay, cac hydrogel dugc tong hop dua trén chitosan va poly vinyl
alcohol (PVA) duoc lién két ngang boi glyoxal da duoc tién hanh theo
huéng wng dung loai bo cac ion dong khoi nudc thai. Cac nhom chuc
dic trung cua phan tir chitosan va PVA duoc khao sat bang quang phd
hong ngoai (FTIR). Tinh chat trwong nd ciia composite ciing dugc
nghién ctru va dat két qua 850%. Ngoai ra, kha ning loai bo cac ion
ddng ra khoi nudc thai cua hydrogel da dugc danh gia thong qua cac thi
nghiém véi thiét bi UV vis. M6 hinh ding nhiét Langmuir va
Freundlich duoc sir dung dé danh gia kha nang hap phu cua hydrogel va
dir liéu cua thi nghiém khép véi mé hinh. Hydrogel dugc tong hop Véi
10% glyoxal c6 kha nang hap thu ion déng véi do hap phu 183 mg.g* &
moi truong trung tinh.
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1. Introduction

Nowadays, water pollution becomes a serious problem of mankind. Polluted water can also
lead to numerous health conditions. Especially, the residue of heavy metals causes a poor impact
on human health, leading to transmission of diseases such as cholera, diarrhea, and dysentery.
Many methods of heavy metal treatment in wastewater have been studied and applied such as
biochemical method, physicochemical method, chemical precipitation method, ion exchange,
flotation, and electrochemical deposition. However, most of the above methods are expensive.
Hydrogel technology is outstanding treatment methods with high adsorption efficiency, energy
saving, and low operating costs based on the processes of adsorption of hydrogel [1].

Among bio-adsorbent materials, chitosan is a natural, non-toxic, hydrophilic, biocompatible,
and biodegradable agent. Moreover, chitosan is a kind of cheap raw material with high metal
adsorption capacity. Being another adsorbent material, poly vinyl alcohol (PVA) is a water-
soluble polymer with functional chemical groups which can interact with other polymers to form
hydrogel. PVA hydrogel possesses numerous advantages such as biodegradation, biocompatible,
and high degree of swelling in water [2], [3]. In PVA - chitosan (PVA/CS) hydrogel crosslinked
with glyoxal, PVA contributes to increase mechanical property and swelling behavior. In
addition, glyoxal crosslinker is used to link polymer chains, contributing to enhancing hydrogel
strength by forming network from PVA and chitosan molecules [4], [5]. Consequently, polymer
hydrogels based on PVA and chitosan are candidates for a range of application in environmental
fields, especially water treatment based on adsorption properties of PVA and chitosan through
various scientific researches [6], [7].

In this study, the hydrogels based on PVA and chitosan were synthesized and investigated
their properties. Particularly, the effect of curing agent on the hydrogel properties was researched
in order to produce the hydrogel with high applicability of wastewater treatment. Moreover, other
analytical methods were used to evaluate hydrogel properties, including infrared spectroscopy
(FTIR) and UV-vis spectroscopy.

2. Materials and Methods
2.1. Materials

PVA (average M,, = 205 000 g.mol™, 98-99% hydrolyzed) and chitosan (average M,, = 5000
g/mol) were purchased from Sigma Aldrich (Germany). Glyoxal was obtained from Wako
Chemical Industries, Japan. Other chemicals with 99% purity were distributed by Guangdong
Guanghua Sci-Tech Company (China).

2.2. Preparation of PVA-chitosan hydrogel composite

Firstly, PVA solution 8 wt% and chitosan solution 5 wt% were prepared respectively by
adding PVA into distilled water and chitosan into acetic acid solution 0.5 M. Next, PVA and
chitosan solution were poured sequentially into reaction flask. The experiment was conducted at
60°C with a stirring time of 180 minutes to get homogenous mixture. After that, glyoxal was put
into the reacted solution. The solution was continually stirred to get homogenous dispersion at
constant temperature 60 °C.

Then proper weight of the mixture was put in glass Petri dish, followed by being cured at 80°C
for 90 minutes in an oven. After that, the sample was dried at 60°C and stored in a desiccator.

The weight percentage of chitosan in the composite hydrogel was 30 wt% and the weight
percentage of glyoxal was investigated with 10, 15 and 20 wt% and the samples were named as
S10, S15, S20 respectively.
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2.3. Measurements
2.3.1. Fourier Transform Infrared Spectroscopy (FTIR)

The functional groups of PVA and lignin molecules were investigated by Frontier FT-IR/NIR
instrument model at Institute of Applied Materials Science, Ho Chi Minh City, Vietnam. The
scan range is 4000-450 cm ™, the scan speed is 0.2 mm/s.

2.3.2. Swelling behavior test

The composite hydrogel samples were dried and weighed (W,), then were put into distilled
water for 24 h to equilibrium swelling weight (W) for removing soluble parts from the hydrogel.
Next, the hydrogel was dried at 60°C in an oven.

Then, the samples were cut into 2 x 2 cm piece and weighed (W,). Next, the dried samples
were soaked in distilled water at 33°C. After that, the samples shall be removed from the water
one at a time, all surface water was wiped off with a dry cloth, then weighed (W) immediately
(ASTM D 570 — 98). The formulations of calculating the water uptake (swelling ratio) was
shown below [8]:

Water uptake (swelling ratio _ SR %) = [(W;s — W)/W,] x 100 @

2.3.3. Adsorption experiments
a) Adsorption calculation

The adsorption equilibrium experiments were conducted with the initial concentration (C,) of
Cu (I1) ranged from 30 to 220 mg.L™. Hydrogel was weighed and soaked in Cu (I1) solutions with
different initial concentration under stirring at room temperature for 24 h. After adsorption process,
the Cu (Il) concentrations (C) were determined through the relationship between the absorbance
and concentration of colored solutions. The absorbance of CuSO, solution was determined at a
wavelength of 635 nm by UV-Vis spectrophotometer (UV/UV-NIR Horiba Dual-FL). The amount
of adsorption q (mg.g™) was calculated using the equation (2) below [9], [10]:

q =20 2)

m
Where C, and C (mg.L™) were the initial and equilibrium concentration of the copper
solution, and V (L) is the volume of the Cu(ll) solution, and m (g) is the weight of the dried
adsorbent hydrogel.

b) Equilibrium Isotherms Study

To evaluate Cu (1) absorbing ability of the hydrogel, the adsorption process with various
initial concentrations was investigated with Langmuir isotherm (3) and Freundlich isotherm (4)

models [11].
c c 1

o= ©

q oo bqc

Ing==~1nC + InkK. (4)
where q.(mg.g™) was the maximum adsorption capacity, k (L.mg™) was a Langmuir constant

related to the adsorption energy, K (mg.g™") was a Freundlich constants related to absorption
capacity of adsorbent material, and 1/n was the Freundlich coefficient relative heterogeneity.

3. Results and discussion
3.1. Investigating characteristic functional groups of the composites

The FTIR spectrum of PVA was shown in Figure 1. It can be seen that the absorption peak at
3282 cm™ was specific for hydroxyl group. The sharp peak at 2919 cm™ was related to the
prolonged vibration of the —CH, group. Peaks 1720 and 1085 cm™ referred C = O and C - O
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stretching from the acetate group remaining from PVA. Absorption peaks from 1423 cm™
revealed C—H bending of the —CH, group. Peaks 835 cm™ reflected C-C stretching vibration.
Similar peaks were discovered for the crosslinked PVA - chitosan samples. Due to the
interaction between groups of both chitosan and PVA, the peak referring to the vibration of
hydroxyl groups was 3689 cm™ whereas the peak was 3282 cm™ in PVA sample. In addition, a new
peak located at 3319 cm™ appeared in chitosan-PVA hydrogel due to the NH, vibration of chitosan.
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Figure 1. FTIR spectra of PVA and crosslinked PVA-chitosan
3.2. Investigating swelling behavior

Figure 2. The shape of the hydrogel before (a) and after (b) swelling test

Within swelling test, the hydrogel absorbed water and increased the hydrogel volume (Figure
2). The hydrogel became light brown compared to original sample.

Considering various samples with glyoxal ratio separately, from Figure 3, the S10 hydrogel
had about 850% swelling ratio (SR) which is the highest water absorption and swelling capacity
compared to other hydrogels. Whereas the S15 hydrogel sample showed lower water swelling
results about 550% SR. It could be explained that the higher glyoxal ratio contributed to
increasing the crosslinking density, which reduced the -OH group content in the sample, leading
to a decrease in the water swelling capacity of S15. And S20 sample with the highest glyoxal
content possessed the lowest water swelling about 400% SR. Compared to chitosan/Poly (Vinyl
Alcohol) blended films with degree of swelling for the blended films about 1047% and poly
(vinyl alcohol) and chitosan hydrogel prepared by UV irradiation with swelling ratio about 350%
in some previous research [12], [13], the crosslinked PVA chitosan hydrogels had remarkable
swelling degree ranging from 400% to 850%.
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Figure 3. Swelling ratio of the hydrogel samples

3.3. Cu (1) isothermal adsorption

The equilibrium isotherm is used to investigate the properties of the adsorbent [10], [11]. In
this study, the Cu (1) adsorption isotherms of PV A/chitosan hydrogel were measured at 30°C and
pH 7, which were presented in Figure 5.

From table 1, the Cu (Il) ions inserted to hydrogel increased linearly with the initial
concentrations of Cu (l1) increasing. When initial concentration was from 30 (mg.I"") to 220
(mg.I""), the amount of Cu(ll) ions adsorbed increased from 19.429 (mg.g™) to 92.841 (mg.g™)
(Table 1).

100

Table 1. The adsorption amount g of S10 .
worogel o 7

Co(mgl")  C(mgl") q(mgg?) - —

220 176.674 92.841 £ o)

170 133.002 79.281

120 89.634 65.070 N

90 66.356 50.666 o

60 42.643 37.194 e

30 20.933 19.429 Figure 4. The effect of equilibrium Cu (11) ion

concentration on the adsorption amount of S10 hydrogel

It could be seen from Figure 4 that the Cu (II) ion adsorption depended on the moving of Cu
(11) ions from the solution to the surfaces of the hydrogels. At increasing initial concentrations of
Cu (I1) solution, the adsorption on the surfaces of the hydrogel increased to equilibrium [9]. The
equilibrium adsorption had been investigated by isotherm models, including Langmuir and
Freundlich.

Figure 5a presented the relationship between Ing and InC, following Freundlich model. Figure
5b illustrated the relationship between q and C, following Langmuir model. The parameters were
revealed in Table 2.

According to Table 2, the correlation coefficients (R?) of the linear form for Langmuir model
were much closer to 1.0 than that of Freundlich models (Figure 5). According to Langmuir
model, the maximum Cu (Il) uptakes of the hydrogel were drawn from Langmuir model as
shown in Table 2. From the Figure 5b, it was found that the Langmuir curve fitted the
experimental parameters. Langmuir curve proved that Langmuir model described properly the Cu
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(1) adsorption by hydrogel adsorbents, revealing the monolayer adsorption of Cu (1) ions on the
surface of the hydrogel. Compared to polyvinyl alcohol/chitosan/graphene oxide hydrogel with
maximum Cu (1) adsorption capacities about 162 mg.g™" [14] and cross-linked chitosan-PVA
spherical hydrogel with maximum adsorption capacity for Cu(ll) about 62.1 mg.g™ [15], the
PV A/chitosan hydrogel sample had the Cu (I1) adsorption capacity varying from 19.429 (mg.g™)
to 92.841 (mg.g™) (Table 1) and the maximum adsorption capacity with 183.486 (mg.g™) (Table
2) according to Langmuir Isotherm.

Table 2. The isotherm parameters of Langmuir and Freundlich models

Langmuir Isotherm Freundlich Isotherm
qo(mg.g?) b (I/mg) R? R, 1/n K R?
183.486 0.00583 0.99236 0.438 0.73131 2.264 0.98754
20
0] @ y=0.73131x+081712 = (b)
44 R = 0.98754 y = 0.00545 x + 0.93485

1.8 R? = 0.99236
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Figure 5. Adsorption isotherms of Cu (I1) on the hydrogel, (a) Freundlich model and (b) Langmuir model

A dimensionless separation coefficient, R, which helped to further discovery on adsorption
process based on Langmuir model, can be calculated from the equation (5) below [11]:
1
Ry = 1+bC, ®)
The favorable value of R, was about (0 < R, < 1), which gave a good indication on affinity
between the adsorbent and the adsorbate. According to the Table 2, the R, value for the hydrogel
was smaller than 1.0, showing a good adsorption for Cu (1) ions.

4. Conclusion

In this study, the hydrogel based on PVA and chitosan was fabricated successfully. The FTIR
spectra showed that the hydrogel had functional groups of PVA and chitosan. By investigating
the effect of the glyoxal crosslinker content to the water swelling behavior of the hydrogel, the
adsorbents showed the highest swelling ratio about 850% when using 10% glyoxal. In the copper
ion adsorption experiment, the Langmuir and Freundlich isotherm models were using to evaluate
the copper ion adsorption capacity. The maximum copper ion adsorption of the hydrogel was
183.486 mg/g. This reveals that the hydrogel based on PVA and chitosan could remove copper
ion from the wastewater with the high adsorption capacity.
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