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TOM TAT

Mang hydrogel trén co s poly(vinyl alcohol), lignin va chitosan (PLCG) duoc tong hop vai chét tao lién
két ngang glyoxal. Hon hgp PLCG dugc chuan bi bang phuong phap d6 khuon, sau d6 hydrogel hinh thanh bang
phan tmg déng rin & nhiét d6 80 °C trén khuon petri trong mot khoang thoi gian nhit dinh. Mau hydrogel sau d6
dugc phan tich va khao st tinh chat bang kinh hién vi dién tir quét (SEM), quang phd hong ngoai Fourier (FTIR),
nhiéu xa tia X, va thi nghiém truong ng. Két qua do do truong nd cho thdy mang PLCG hydrogel c6 kha nang
truong nude vuot troi 1én dén 797% sau 24 gio thir nghiém ngdm trong nude cat & 25 °C va dat do truong nudc i
da dén 826% khi so vai khoi lugng kho cia mau. Quan sat anh SEM cho thay, bé mat hydrogel c6 nhiéu cau tric
x6p 1am ting kha ning hip thu. Véi nhitng dic tinh ndi bat, mang PLCG hydrogel dugc coi 1a vat liéu tong hop
than thién moi truong, khong ddc hai, co tinh truong nudce tdt.
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ABSTRACT

The composite hydrogel film based on poly(vinyl alcohol), lignin, and chitosan (PLCG) was synthesized
with glyoxal crosslinker. PLCG mixture was prepared by hydrothermal method, then the film was formed by
casting method on a petri dish and crosslinked at 80 °C within some periods. Well-prepared samples were analyzed
with Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction
(XRD), and swelling behavior. The obtained results of the water swelling measurements show that the PLCG
hydrogel film had outstanding water swelling ability up to 797% after 24 hours of immersion test in neutral
distilled water at 25 °C and obtained maximum swelling ratio to 826% compared to the dried sample. The surface
has many porous structures that increase the adsorption capacity as revealed by SEM images. With outstanding
properties, PLCG hydrogel film is considered as environmentally friendly and non-toxic material with good water-
swelling materials.

Keywords: Hydrogel film, chitosan, lignin, poly(vinyl alcohol), water swelling.
1. INTRODUCTION synthesis with excellent properties such as
water swelling capacity, high hydrophilicity,
and biocompatibility of PVA?? along with
superior properties such as antioxidant character,

Nowadays, hydrogels attract the interests
of most scientists due to their biomedical
application with remarkable characteristics.
Hydrogel biomaterial therapy containing active
ingredients that promote regeneration is a new

antibacterial, good biocompatibility of chitosan
and lignin.**

trend for effective prevention and treatment of
wounds. They can create an environment with
appropriate conditions to support the regeneration
cells and promote skin regeneration, such as
absorbing purulent drainage from the wound to
reduce infection, functioning as a barrier against
microbial invasion and easily removed without
causing pain.' They could be applied as wound
dressing, wound healing agent, scaffolds, contact
lenses and drug-releasing.

In the present studies, PVA, chitosan
and lignin are typical substances for hydrogel
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Some studies have shown that hydrogel
from PVA-chitosan has a broad potential in
biomedical applications. Liang Quan Peng et
al. have synthesized hydrogels with a ratio of
PVA/Chitosan by freeze-thaw cycles method.
The film has good mechanical properties, and
it also shows stable physical and chemical
properties with porosity and over 90% water
content, no cytotoxicity and was able to promote
cell proliferation. The research achieved the
best cartilage healing.” Hitesh Chopra et al.
have prepared chitosan/polyvinyl alcohol
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(PVA)-based honey hydrogel films which were
developed by a solvent-casting method for
potential wound healing application. Membrane
with excellent swelling, absorbency, and
mechanical properties are ideal for therapeutic
and wound healing applications.®

Despite the outstanding biocompatibility
and antibacterial properties of PVA-chitosan
composite hydrogel, its applicability as a wound
dressing is constrained by its lack of mechanical
strength. Lignin is being considered as a solution
to add to PVA-Chitosan composite to improve
the product's mechanical properties. In addition,
lignin also possesses some additional properties,
such as antioxidant, adsorbent UV receptor, and
nanoscale antibacterial agent,”!° which improves
the wound protection effect.

This research focuses on studying the
properties of PLCG hydrogel films based
on polyvinyl alcohol, chitosan, and lignin
with glyoxal crosslinker, utilizing numerous
analytical methods including Scanning Electron
Microscopy (SEM), Fourier Transform Infrared
Spectroscopy (FTIR) and conducting swelling
test to measure water absorbing ability.

2. MATERIALS AND METHODS
2.1. Materials

PVA - (CH,CH-OH)_ has Mw ~ 205000g/mol
was purchased from Sigma Aldrich, Germany.
Chitosan has Mw ~ 5000 g/mol was purchased
from China. Lignin has Mw ~ 2330 + 21500 g/
mol from Nacalai Tesque. Deionized water is
used for all the formulations that were prepared
in the lab.

2.2. Methods

2.2.1. Preparation of PVA/lignin/chitosan
mixture (PLC mixture)

PVA solution: 1 g of PVA is dissolved in 40 mL
of distilled water, the solution was stirred
continuously for 2 hours at room temperature.
After the PVA was dissolved, the solution was
heated to 80°C and remained stable for about

15 min.

PVA/lignin mixture: Weigh 0,2 g of lignin
and add lignin into PVA solution. After the lignin
was used up, continue stirring the solution for 2
hours at 80 °C to homogenize the mixture.

Chitosan solution: Use 0,5 g Chitosan to
dissolve with 25 mL of 2% acetic acid solution,
let the mixture soak in the acetic acid 2% at room
temperature for 24 hours, then use stirring device
to stir the solution at 60 °C for 1 hour.

Mix the PVA/lignin mixture and chitosan
solution, using a stirring device to speed up the
homogenization process, stirring at 40 °C for
2 hours, then increase the solution temperature
to 60 °C and keep stirring to obtain a PLC
homogenized mixture. After that, the PLC
mixture will be crosslinked by glyoxal.

2.2.2. Crosslinking PLCG hydrogel film

Slowly add 1,4 g glyoxal (drop by drop) to the
PLC mixture, stirring for 30 minutes at 60 °C.
Pour the mixture into the mold to heat at 80 °C
to form the crosslinking between the chemicals
with the timelines: 30, 60 and 90 minutes. The
samples were labelled as PLCG_ 30, PLCG_60,
PLCG_90, shown in Table 1.

Table 1. Notation of the samples

Crosslinked
Glyoxal/PVA rosstnke
Sample i reaction time
ratio i
(minutes)
PLCG_30 1,4/1 30
PLCG 60 1,4/1 60
PLCG 90 1,4/1 90

2.2.3. Swelling behavior of PVA/lignin/chitosan/
glyoxal (PLCG) hydrogels

Prepare a 10 mm x 10 mm PVA/lignin/
chitosan hydrogel film. Then, the residual
glyoxal and lignin components in the sample
were removed by immersing the film in distilled
water until the film reached constant weight.
Finally, the film was again dried to constant
weight W, W_is used in the calculation of gel
fraction and swelling ratio.®

https://doi.org/10.52111/qnjs.2022.16510

Quy Nhon University Journal of Science, 2022, 16(5), 119-126 [121



QUY NHON UNIVERSITY
JOURNAL OF

SCIENCE

» Swelling ratio (SR%): Measuring the
ability to absorb solution (usually water) by
immersing. The formula is shown below:

SR% = 2= % 100 ()
We

After soaking the analytical sample for

a specific period, remove the sample from the

water and weigh the analyzed sample to get W..

When the sample reaches the equilibrium
point (cannot absorb more water), the ESR%
saturation point is obtained. The calculation
formula for ESR% is similar to SR%.

* Gel fraction (GF%): Measuring the
efficiency of the crosslinking reaction by
immersing, usually the better the gel ratio results,
the lower the water swelling results. The formula
is shown below:

GFY% =

Wai

X 100 )

For the gel fraction measurement, the
sample will be soaked for 48 hours, then the
weight of the sample will be weighed and noted
as W,,. W, is the mass of the sample that was
dried before testing.

2.2.4. FTIR

FTIR spectra of PLCG hydrogel samples
was measured in transmittance mode at room
temperature by Frontier FT-IR/NIR instrument
model at Center of Scientific Equipment &
Biological, Chemical and Physical Analysis -
Institute of Applied Materials Science, Ho Chi
Minh City, Vietnam. The number of scans is 20
and the resolution is 4 cm™'. The scan range is
4000 - 450 cm !, the scan speed is 0,2 mm/s.

2.2.5. SEM

Sample surface structure was observed with
Hitachi S-4800 High Resolution SEM system

https://doi.org/10.52111/qnjs.2022.16510

at SHTPLAB, Research Laboratories of Saigon
HI-TECH Park, HCM City, Vietnam. Hydrogel
film samples after drying at 60 °C for 2 h under
normal conditions were kept in a desiccator
for 12 h, then taken for SEM, FTIR and other
analytical methods.

3. RESULTS AND DISCUSSION
3.1. FTIR spectra

In the FTIR spectrum of chitosan (Figure 1a),
it could be seen that the absorption peak at
3607 cm™ was specific for -OH group.'' The
peak at 3075 cm-' was characterized for - NH,
vibration. The peak 281 cm™ reflected for the
—CH, group of stretching oscillations caused by
the pyranose ring.!? The absorption peak 1679
cm’! referred for the prolonged C=0O group
(amides). The 1005 cm peak was associated
with the C-H bond."

The peaks of PVA at 3282, 2922, 1716,
1374, 1085, and 833 cm™' (Fig. 1d) were
associated with O-H, -CH, , C=0, C-H, C-O
and C-C groups vibration.'* In the PVA/lignin/
glyoxal (Fig. lc), because of the interaction
between PVA and lignin, a redshift appeared
from 3282 cm' to 3311 cm! for hydroxyl group. '

In the Figure 1b, the peak at 3458 cm'
was for the O-H group, which was contributed
from PVA, chitosan and lignin components
of the PLCG hydrogel.'*!"” The appearance
1060 cm™ peak, as previously reported,” was
associated with vibration of C-O-C-O-C
linkage, demonstrating that there was a cross-
linking between chitosan and glyoxal.!® The
hydrogel became a network because of the
reaction between glyoxal and -OH groups in
chitosan,'” PVA,' and lignin.'®
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Figure 1. FTIR of Chitosan (a), PLCG 30 sample (b), PLG (c) and PVA (d).

3.2. SEM Image

Figure 2. SEM images (a, b) of PLCG_30 hydrogel sample.

From the SEM image (Figure 6), the
surface of the sample had many pores, and the
density of holes is dense. In order to create
porous screen materials, it was necessary to
have additional curing agents, specifically
glyoxal here.

The cross-linking between polymers
in 3-dimensional space help them connect
to each other to form a continuous network
and appeared porous holes distributed from
the inside to the outside of the material. This
was consistent with the good water swelling
properties of the sample.

3.3. XRD

10 20 30 40 50 60 70
Position [28 ] ((Copper(Cu))

Figure 3. XRD of PVA (a) and PLCG_30 (b).
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It could be seen on the XRD pattern of
the PVA sample (Figure 3a) that there were two
characteristic diffraction peaks located in the
20 region at 19 - 20° and 40 - 41°, which were
typical for the semi-crystalline nature of the PVA
film." This semi-crystalline structure of PVA
was caused by intramolecular and intermolecular
hydrogen bonds. The XRD image of PLCG_30
(Figure 3b) still showed the characteristic crystal
peaks of PVA, but somewhat weaker with blunted
and less sharp peaks. This indicated that the
polar groups in lignin and chitosan linked with
the hydroxyl groups of PVA and combined with
glyoxal, resulting in an increased amorphous
structure of the polymer complex compared to
PVA sample.

3.4 Swelling behavior investigation
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Figure 4. The size of the film before and after
swelling test.

After the hydrogel test, the hydrogel films tended
to absorb water and expanded the film structure,
as seen in Figure 4 (a, b). The film got more
translucent and changed color from dark brown
to light brown. Additionally, the films' entire
dimensions had increased.

Based on Figures 5 and 6, the hydrogel
films had excellent water absorption speed and
capacity. During the first six hours, the PLCG
films absorbed a lot of water, about 80% of the
water absorption compared to the equilibrium
point. The sample PLCG 30 obtained about
797% after 24 hours of soaking in neutral
distilled water at 25 °C and up to maximum
value about 826%, a rise of about 8-9 times
the initial weight, which possessed the highest
water absorbing ability. It could be seen that the
equilibrium points of water swelling generally

https://doi.org/10.52111/qn;js.2022.16510

decreased with increasing crosslinking time,
which was 677% for PLCG_60 and 530% for
PLCG 90.

The hydrogel films absorbed less water as
the crosslinking time increased, which could be
explained that the -OH group of PVA structure,
one of the water-absorbing components of the
film, reacted with the crosslinking agent during
the crosslinking agent - glyoxal. The crosslinking
reaction strengthened the film structure and
made it more difficult to expand when absorbing
water, which reduced water absorption.

According to Figure 7, the gel ratio
gradually increased from sample PLCG 30 to
PLCG_90, and overall, all samples produced gel
fraction more than 80%, a good result which was
drawn from the excellent crosslinking reaction
forming hydrogel network in investigated
samples, PLCG 30, PLCG_60, and PLCG_90.
The gel fraction referred to the number of cross-
links connecting the polymers in the hydrogel.?
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Figure 5. Swelling Ratio test of the hydrogel PLCG
films.
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Figure 6. Equilibrium swelling ratio (ESR%) of 3
hydrogel samples.
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