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TÓM�TẮT

Màng�hydrogel�trên�cơ�sở�poly(vinyl�alcohol),�lignin�và�chitosan�(PLCG)�được�tổng�hợp�với�chất�tạo�liên�
kết�ngang�glyoxal.�Hỗn�hợp�PLCG�được�chuẩn�bị�bằng�phương�pháp�đổ�khuôn,�sau�đó�hydrogel�hình�thành�bằng�
phản�ứng�đóng�rắn�ở�nhiệt�độ�80�°C�trên�khuôn�petri�trong�một�khoảng�thời�gian�nhất�định.�Mẫu�hydrogel�sau�đó�
được�phân�tích�và�khảo�sát�tính�chất�bằng�kính�hiển�vi�điện�tử�quét�(SEM),�quang�phổ�hồng�ngoại�Fourier�(FTIR),�
nhiễu�xạ�tia�X,�và�thí�nghiệm�trương�nở.�Kết�quả�đo�độ�trương�nở�cho�thấy�màng�PLCG�hydrogel�có�khả�năng�
trương�nước�vượt�trội�lên�đến�797%�sau�24�giờ�thử�nghiệm�ngâm�trong�nước�cất�ở�25�°C�và�đạt�độ�trương�nước�tối�
đa�đến�826%�khi�so�với�khối�lượng�khô�của�mẫu.�Quan�sát�ảnh�SEM�cho�thấy,�bề�mặt�hydrogel�có�nhiều�cấu�trúc�
xốp�làm�tăng�khả�năng�hấp�thụ.�Với�những�đặc�tính�nổi�bật,�màng�PLCG�hydrogel�được�coi�là�vật�liệu�tổng�hợp�
thân�thiện�môi�trường,�không�độc�hại,�có�tính�trương�nước�tốt.

Từ�khóa:�Màng�hydrogel,�hấp�thụ�nước,�chitosan,�lignin,�poly�(vinyl�alcohol).
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ABSTRACT

The�composite�hydrogel�¿lm�based�on�poly(vinyl�alcohol),�lignin,�and�chitosan�(PLCG)�was�synthesized�
with�glyoxal� crosslinker.�PLCG�mixture�was� prepared�by� hydrothermal�method,� then� the�¿lm�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� ¿lm�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�
KDV�PDQ\�SRURXV�VWUXFWXUHV�WKDW�LQFUHDVH�WKH�DGVRUSWLRQ�FDSDFLW\�DV�UHYHDOHG�E\�6(0�LPDJHV��:LWK�RXWVWDQGLQJ�

properties,�PLCG�hydrogel�¿lm�is�considered�as�environmentally�friendly�and�non-toxic�material�with�good�water-
VZHOOLQJ�PDWHULDOV�
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1.�I17RODUCTION

1RZDGD\V�� K\GURJHOV� DWWUDFW� WKH� LQWHUHVWV�

RI� PRVW� VFLHQWLVWV� GXH� WR� WKHLU� ELRPHGLFDO�

DSSOLFDWLRQ� ZLWK� UHPDUNDEOH� FKDUDFWHULVWLFV��

+\GURJHO�ELRPDWHULDO� WKHUDS\�FRQWDLQLQJ�DFWLYH�

LQJUHGLHQWV� WKDW� SURPRWH� UHJHQHUDWLRQ� LV� D�QHZ�

WUHQG� IRU� HIIHFWLYH� SUHYHQWLRQ� DQG� WUHDWPHQW� RI�

ZRXQGV��7KH\� FDQ� FUHDWH� DQ� HQYLURQPHQW�ZLWK�

DSSURSULDWH�FRQGLWLRQV�WR�VXSSRUW�WKH�UHJHQHUDWLRQ�

FHOOV� DQG� SURPRWH� VNLQ� UHJHQHUDWLRQ�� VXFK� DV�

DEVRUELQJ�SXUXOHQW�GUDLQDJH�IURP�WKH�ZRXQG�WR�

UHGXFH�LQIHFWLRQ��IXQFWLRQLQJ�DV�D�EDUULHU�DJDLQVW�

PLFURELDO� LQYDVLRQ� DQG�HDVLO\� UHPRYHG�ZLWKRXW�

FDXVLQJ�SDLQ���7KH\�FRXOG�EH�DSSOLHG�DV�ZRXQG�

GUHVVLQJ��ZRXQG�KHDOLQJ�DJHQW��VFDIIROGV��FRQWDFW�

OHQVHV�DQG�GUXJ�UHOHDVLQJ��

,Q� WKH� SUHVHQW� VWXGLHV�� 39$�� FKLWRVDQ�

DQG� OLJQLQ� DUH� W\SLFDO� VXEVWDQFHV� IRU� K\GURJHO�

V\QWKHVLV� ZLWK� H[FHOOHQW� SURSHUWLHV� VXFK� DV�

ZDWHU� VZHOOLQJ� FDSDFLW\�� KLJK� K\GURSKLOLFLW\��

DQG� ELRFRPSDWLELOLW\� RI� 39$���� DORQJ� ZLWK�

VXSHULRU�SURSHUWLHV�VXFK�DV�DQWLR[LGDQW�FKDUDFWHU��

DQWLEDFWHULDO�� JRRG�ELRFRPSDWLELOLW\�RI�FKLWRVDQ�

DQG�OLJQLQ�����

6RPH� VWXGLHV� KDYH� VKRZQ� WKDW� K\GURJHO�

IURP� 39$�FKLWRVDQ� KDV� D� EURDG� SRWHQWLDO� LQ�

ELRPHGLFDO� DSSOLFDWLRQV�� /LDQJ� 4XDQ� 3HQJ� HW�

DO�� KDYH� V\QWKHVL]HG� K\GURJHOV� ZLWK� D� UDWLR� RI�

39$�&KLWRVDQ� E\� IUHH]H�WKDZ� F\FOHV� PHWKRG��

The� ¿lm� has� good�mechanical� properties,� and�
LW� DOVR� VKRZV� VWDEOH� SK\VLFDO� DQG� FKHPLFDO�

SURSHUWLHV� ZLWK� SRURVLW\� DQG� RYHU� ���� ZDWHU�

FRQWHQW��QR�F\WRWR[LFLW\�DQG�ZDV�DEOH�WR�SURPRWH�

FHOO� SUROLIHUDWLRQ�� 7KH� UHVHDUFK� DFKLHYHG� WKH�

EHVW� FDUWLODJH� KHDOLQJ��� +LWHVK� &KRSUD� HW� DO��

KDYH� SUHSDUHG� FKLWRVDQ�SRO\YLQ\O� DOFRKRO�



���

48<�1+21�81,9(56,7<
6&,(1&(-2851$/�2)

KWWSV���GRL�RUJ����������TQMV�����������

Quy�Nhon�University�Journal�of�Science,�����,�16(5),��������

(PVA)-based�honey�hydrogel�¿lms�which�were�
GHYHORSHG� E\� D� VROYHQW�FDVWLQJ� PHWKRG� IRU�

SRWHQWLDO�ZRXQG�KHDOLQJ�DSSOLFDWLRQ��0HPEUDQH�

ZLWK� H[FHOOHQW� VZHOOLQJ�� DEVRUEHQF\�� DQG�

PHFKDQLFDO� SURSHUWLHV� DUH� LGHDO� IRU� WKHUDSHXWLF�

DQG�ZRXQG�KHDOLQJ�DSSOLFDWLRQV���

'HVSLWH� WKH� RXWVWDQGLQJ� ELRFRPSDWLELOLW\�

DQG� DQWLEDFWHULDO� SURSHUWLHV� RI� 39$�FKLWRVDQ�

FRPSRVLWH�K\GURJHO��LWV�DSSOLFDELOLW\�DV�D�ZRXQG�

GUHVVLQJ�LV�FRQVWUDLQHG�E\�LWV�ODFN�RI�PHFKDQLFDO�

VWUHQJWK��/LJQLQ�LV�EHLQJ�FRQVLGHUHG�DV�D�VROXWLRQ�

WR� DGG� WR�39$�&KLWRVDQ� FRPSRVLWH� WR� LPSURYH�

WKH�SURGXFW
V�PHFKDQLFDO�SURSHUWLHV��,Q�DGGLWLRQ��

OLJQLQ�DOVR�SRVVHVVHV�VRPH�DGGLWLRQDO�SURSHUWLHV��

such�as�antioxidant,�adsorbent�UV�receptor,�and�
QDQRVFDOH�DQWLEDFWHULDO�DJHQW������ZKLFK�LPSURYHV�

WKH�ZRXQG�SURWHFWLRQ�HIIHFW�

7KLV� UHVHDUFK� IRFXVHV� RQ� VWXG\LQJ� WKH�

properties� of� PLCG� hydrogel� ¿lms� based�
RQ� SRO\YLQ\O� DOFRKRO�� FKLWRVDQ�� DQG� OLJQLQ�

ZLWK� JO\R[DO� FURVVOLQNHU�� XWLOL]LQJ� QXPHURXV�

DQDO\WLFDO�PHWKRGV�LQFOXGLQJ�6FDQQLQJ�(OHFWURQ�

Microscopy�(SEM),�Fourier�Transform�Infrared�
Spectroscopy� (FTIR)� and� conducting� swelling�
WHVW�WR�PHDVXUH�ZDWHU�DEVRUELQJ�DELOLW\�

���MATERIALS�AND�METHODS

2.1.�Materials

PVA� -� (CH
�
&+�2+�

Q� �
KDV�0Z� a� ������J�PRO�

ZDV� SXUFKDVHG� IURP� 6LJPD�$OGULFK�� *HUPDQ\��

&KLWRVDQ�KDV�0Z�a������J�PRO�ZDV�SXUFKDVHG�

IURP�&KLQD��/LJQLQ�KDV�0Z�a������·�������J�

PRO� IURP� 1DFDODL� 7HVTXH�� 'HLRQL]HG� ZDWHU� LV�

XVHG�IRU�DOO�WKH�IRUPXODWLRQV�WKDW�ZHUH�SUHSDUHG�

LQ�WKH�ODE�

2.2.�Methods

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

39$�VROXWLRQ����J�RI�39$�LV�GLVVROYHG�LQ����P/�

RI� GLVWLOOHG� ZDWHU�� WKH� VROXWLRQ� ZDV� VWLUUHG�

FRQWLQXRXVO\� IRU� �� KRXUV� DW� URRP� WHPSHUDWXUH��

$IWHU�WKH�39$�ZDV�GLVVROYHG�� WKH�VROXWLRQ�ZDV�

heated� to�80°C� and� remained� stable� for� about�
���PLQ�

39$�OLJQLQ�PL[WXUH��:HLJK�����J�RI�OLJQLQ�

DQG�DGG�OLJQLQ�LQWR�39$�VROXWLRQ��$IWHU�WKH�OLJQLQ�

ZDV�XVHG�XS��FRQWLQXH�VWLUULQJ�WKH�VROXWLRQ�IRU���

hours�at�80�°C�to�homogenize�the�mixture.

Chitosan�solution:�Use�0,5�g�Chitosan�to�
GLVVROYH�ZLWK����P/�RI����DFHWLF�DFLG�VROXWLRQ��

OHW�WKH�PL[WXUH�VRDN�LQ�WKH�DFHWLF�DFLG����DW�URRP�

WHPSHUDWXUH�IRU����KRXUV��WKHQ�XVH�VWLUULQJ�GHYLFH�

to�stir�the�solution�at�60�°C�for�1�hour.

0L[�WKH�39$�OLJQLQ�PL[WXUH�DQG�FKLWRVDQ�

VROXWLRQ��XVLQJ�D�VWLUULQJ�GHYLFH�WR�VSHHG�XS�WKH�

homogenization� process,� stirring� at� 40� °C� for�
��KRXUV�� WKHQ� LQFUHDVH� WKH� VROXWLRQ�WHPSHUDWXUH�

to� 60� °C� and� keep� stirring� to� obtain� a� PLC�
KRPRJHQL]HG� PL[WXUH�� $IWHU� WKDW�� WKH� 3/&�

PL[WXUH�ZLOO�EH�FURVVOLQNHG�E\�JO\R[DO�

2.2.2.�Crosslinking�PLCG�hydrogel�¿lm

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�
WR�IRUP�WKH�FURVVOLQNLQJ�EHWZHHQ�WKH�FKHPLFDOV�

ZLWK�WKH�WLPHOLQHV���������DQG����PLQXWHV���7KH�

VDPSOHV�ZHUH�ODEHOOHG�DV�3/&*B����3/&*B����

3/&*B����VKRZQ�LQ�7DEOH����

Table�1.�1RWDWLRQ�RI�WKH�VDPSOHV�

6DPSOH
*O\R[DO�39$�

UDWLR

&URVVOLQNHG�

UHDFWLRQ�WLPH�

(minutes)

3/&*B�� ������� ��

3/&*B�� ������� ��

3/&*B�� ������� ��

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

3UHSDUH� D� ���PP� [� ���PP� 39$�OLJQLQ�

chitosan� hydrogel� ¿lm.� Then,� the� residual�
JO\R[DO� DQG� OLJQLQ� FRPSRQHQWV� LQ� WKH� VDPSOH�

were�removed�by�immersing�the�¿lm�in�distilled�
water� until� the� ¿lm� reached� constant� weight.�
Finally,� the� ¿lm� was� again� dried� to� constant�
ZHLJKW�:

H
��:

H
� LV�XVHG� LQ� WKH�FDOFXODWLRQ�RI�JHO�

IUDFWLRQ�DQG�VZHOOLQJ�UDWLR��
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•�Swelling� ratio� (SR%):� Measuring� the�
ability� to� absorb� solution� (usually� water)� by�
LPPHUVLQJ��7KH�IRUPXOD�LV�VKRZQ�EHORZ�

�������������������������������������������������������������(1)�������

$IWHU� VRDNLQJ� WKH� DQDO\WLFDO� VDPSOH� IRU�

a� speci¿c� period,� remove� the� sample� from� the�
ZDWHU�DQG�ZHLJK�WKH�DQDO\]HG�VDPSOH�WR�JHW�:

6
��

:KHQ�WKH�VDPSOH�UHDFKHV�WKH�HTXLOLEULXP�

point� (cannot� absorb� more� water),� the� ESR%�
VDWXUDWLRQ� SRLQW� LV� REWDLQHG�� 7KH� FDOFXODWLRQ�

IRUPXOD�IRU�(65��LV�VLPLODU�WR�65��

•�Gel� fraction� (GF%):� Measuring� the�
ef¿ciency� of� the� crosslinking� reaction� by�
LPPHUVLQJ��XVXDOO\�WKH�EHWWHU�WKH�JHO�UDWLR�UHVXOWV��

WKH�ORZHU�WKH�ZDWHU�VZHOOLQJ�UHVXOWV��7KH�IRUPXOD�

LV�VKRZQ�EHORZ�

��������������������������������������������������������������(2)

)RU� WKH� JHO� IUDFWLRQ� PHDVXUHPHQW�� WKH�

VDPSOH� ZLOO� EH� VRDNHG� IRU� ��� KRXUV�� WKHQ� WKH�

ZHLJKW�RI�WKH�VDPSOH�ZLOO�EH�ZHLJKHG�DQG�QRWHG�

DV�:
G�
��:

G�
�LV�WKH�PDVV�RI� WKH�VDPSOH�WKDW�ZDV�

GULHG�EHIRUH�WHVWLQJ�

2.2.4.�FTIR

)7,5� VSHFWUD� RI� 3/&*� K\GURJHO� VDPSOHV�

ZDV� PHDVXUHG� LQ� WUDQVPLWWDQFH� PRGH� DW� URRP�

WHPSHUDWXUH� E\� )URQWLHU� )7�,5�1,5� LQVWUXPHQW�

model� at� Center� of� Scienti¿c� Equipment� &�
%LRORJLFDO�� &KHPLFDO� DQG� 3K\VLFDO� $QDO\VLV� ��

,QVWLWXWH�RI�$SSOLHG�0DWHULDOV�6FLHQFH��+R�&KL�

0LQK�&LW\��9LHWQDP��7KH�QXPEHU�RI�VFDQV�LV����

DQG� WKH� UHVROXWLRQ� LV��� FP����7KH� VFDQ� UDQJH� LV�

�����������FP�����WKH�VFDQ�VSHHG�LV�����PP�V�

2.2.5.�SEM

6DPSOH� VXUIDFH� VWUXFWXUH� ZDV� REVHUYHG� ZLWK�

+LWDFKL� 6������ +LJK� 5HVROXWLRQ� 6(0� V\VWHP�

DW�6+73/$%��5HVHDUFK�/DERUDWRULHV�RI�6DLJRQ�

+,�7(&+�3DUN��+&0�&LW\��9LHWQDP��+\GURJHO�

¿lm�samples�after�drying�at�60�ºC�for�2�h�under�
QRUPDO� FRQGLWLRQV� ZHUH� NHSW� LQ� D� GHVLFFDWRU�

IRU� ��� K�� WKHQ� WDNHQ� IRU� 6(0��)7,5� DQG�RWKHU�

DQDO\WLFDO�PHWKRGV�

3.�RESULTS�AND�DISCUSSION

3.1.�FTIR�spectra

In� the�FTIR�spectrum�of�chitosan� (Figure�1a),�
LW� FRXOG� EH� VHHQ� WKDW� WKH� DEVRUSWLRQ� SHDN� DW�

����� FP��� was� speci¿c� for� -OH� group.��� 7KH�
SHDN�DW������FP���ZDV�FKDUDFWHUL]HG�IRU���1+

�
�

YLEUDWLRQ��7KH� SHDN� ����FP��� reÀected� for� the�
±&+

�
�JURXS�RI�VWUHWFKLQJ�RVFLOODWLRQV�FDXVHG�E\�

WKH�S\UDQRVH�ULQJ����7KH�DEVRUSWLRQ�SHDN������

FP��� UHIHUUHG� IRU� WKH� SURORQJHG� & 2� JURXS�

(amides).� The� 1005� cm��� SHDN�ZDV� DVVRFLDWHG�

ZLWK�WKH�&�+�ERQG���

7KH� SHDNV� RI� 39$� DW� ������ ������ ������

������ ������ DQG� ���� FP−1� (Fig.� 1d)� were�
DVVRFLDWHG� ZLWK�2±+�� �&+

�
� ��& 2��&±+��&±2�

DQG�&�&�JURXSV� YLEUDWLRQ���� ,Q� WKH� 39$�OLJQLQ�

glyoxal� (Fig.� 1c),� because� of� the� interaction�
EHWZHHQ� 39$� DQG� OLJQLQ�� D� UHGVKLIW� DSSHDUHG�

IURP������FP���WR������FP���IRU�K\GUR[\O�JURXS���

,Q� WKH� )LJXUH� �E�� WKH� SHDN� DW� ����� FP���

ZDV�IRU� WKH�2�+�JURXS��ZKLFK�ZDV�FRQWULEXWHG�

IURP� 39$�� FKLWRVDQ� DQG� OLJQLQ� FRPSRQHQWV�

RI� WKH� 3/&*� K\GURJHO������� 7KH� DSSHDUDQFH�

����� FP��� SHDN�� DV� SUHYLRXVO\� UHSRUWHG��� ZDV�

DVVRFLDWHG� ZLWK� YLEUDWLRQ� RI� &�2�&�2�&�

OLQNDJH�� GHPRQVWUDWLQJ� WKDW� WKHUH�ZDV� D� FURVV�

OLQNLQJ� EHWZHHQ� FKLWRVDQ� DQG� JO\R[DO���� 7KH�

K\GURJHO� EHFDPH� D� QHWZRUN� EHFDXVH� RI� WKH�

UHDFWLRQ� EHWZHHQ� JO\R[DO� DQG� �2+� JURXSV� LQ�

FKLWRVDQ����39$����DQG�OLJQLQ���

���������������ܴܵΨ ൌ ௐೞିௐ೐
ௐ೐

ൈ ͳͲͲ�����������������������

Ψܨܩ ������������������������� ൌ ௐ೏మ
ௐ೏భ

ൈ ͳͲͲ�����������������

)RU� WKH� JHO� IUDFWLRQ� PHDVXUHPHQW�� WKH�
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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.

3.3.�XRD�

Figure�3.�XRD�of�PVA�(a)�and�PLCG_30�(b).

From� the� SEM� image� (Figure� 6),� the�
VXUIDFH�RI� WKH�VDPSOH�KDG�PDQ\�SRUHV�� DQG�WKH�

GHQVLW\� RI� KROHV� LV� GHQVH�� ,Q� RUGHU� WR� FUHDWH�

SRURXV� VFUHHQ� PDWHULDOV�� LW� ZDV� QHFHVVDU\� WR�

have� additional� curing� agents,� speci¿cally�
JO\R[DO�KHUH��

7KH� FURVV�OLQNLQJ� EHWZHHQ� SRO\PHUV�

LQ� ��GLPHQVLRQDO� VSDFH� KHOS� WKHP� FRQQHFW�

WR� HDFK� RWKHU� WR� IRUP� D� FRQWLQXRXV� QHWZRUN�

DQG� DSSHDUHG� SRURXV� KROHV� GLVWULEXWHG� IURP�

WKH� LQVLGH� WR� WKH�RXWVLGH� RI� WKH�PDWHULDO��7KLV�

ZDV� FRQVLVWHQW� ZLWK� WKH� JRRG� ZDWHU� VZHOOLQJ�

SURSHUWLHV�RI�WKH�VDPSOH�
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,W� FRXOG� EH� VHHQ� RQ� WKH�;5'� SDWWHUQ� RI�

the�PVA�sample�(Figure�3a)�that�there�were�two�
FKDUDFWHULVWLF� GLIIUDFWLRQ� SHDNV� ORFDWHG� LQ� WKH�

2θ�region�at�19� -�20R�DQG��������R��ZKLFK�ZHUH�
W\SLFDO�IRU�WKH�VHPL�FU\VWDOOLQH�QDWXUH�RI�WKH�39$�

¿lm.��� 7KLV� VHPL�FU\VWDOOLQH� VWUXFWXUH� RI� 39$�
ZDV�FDXVHG�E\�LQWUDPROHFXODU�DQG�LQWHUPROHFXODU�

K\GURJHQ�ERQGV��7KH�;5'�LPDJH�RI�3/&*B���

(Figure�3b)�still�showed�the�characteristic�crystal�
SHDNV�RI�39$��EXW�VRPHZKDW�ZHDNHU�ZLWK�EOXQWHG�

DQG� OHVV� VKDUS� SHDNV�� 7KLV� LQGLFDWHG� WKDW� WKH�

SRODU�JURXSV�LQ�OLJQLQ�DQG�FKLWRVDQ�OLQNHG�ZLWK�

WKH�K\GUR[\O�JURXSV�RI�39$�DQG�FRPELQHG�ZLWK�

JO\R[DO�� UHVXOWLQJ� LQ� DQ� LQFUHDVHG� DPRUSKRXV�

VWUXFWXUH� RI� WKH�SRO\PHU� FRPSOH[� FRPSDUHG� WR�

39$�VDPSOH�

3.4�Swelling�behavior�investigation

Figure� 4.� The� size� of� the� ¿lm� before� and� after�
VZHOOLQJ�WHVW�

$fter�the�hydrogel�test,�the�hydrogel�¿lms�tended�
to�absorb�water�and�expanded�the�¿lm�structure,�
as� seen� in� Figure� 4� (a,� b).� The� ¿lm� got� more�
WUDQVOXFHQW�DQG�FKDQJHG�FRORU�IURP�GDUN�EURZQ�

to� light� brown.� Additionally,� the� ¿lms'� entire�
GLPHQVLRQV�KDG�LQFUHDVHG�

%DVHG� RQ� )LJXUHV� �� DQG� ��� WKH� K\GURJHO�

¿lms�had�excellent�water�absorption�speed�and�
capacity.�During� the�¿rst� six� hours,� the�PLCG�
¿lms�absorbed�a�lot�of�water,�about�80%�of�the�
ZDWHU� DEVRUSWLRQ� FRPSDUHG� WR� WKH� HTXLOLEULXP�

SRLQW�� 7KH� VDPSOH� 3/&*B��� REWDLQHG� DERXW�

����� DIWHU� ��� KRXUV� RI� VRDNLQJ� LQ� QHXWUDO�

GLVWLOOHG� ZDWHU� DW� ��� °C� DQG� XS� WR� PD[LPXP�
YDOXH� DERXW� ������ D� ULVH� RI� DERXW� ���� WLPHV�

WKH� LQLWLDO�ZHLJKW��ZKLFK� SRVVHVVHG� WKH� KLJKHVW�

ZDWHU�DEVRUELQJ�DELOLW\��,W�FRXOG�EH�VHHQ�WKDW�WKH�

HTXLOLEULXP� SRLQWV� RI� ZDWHU� VZHOOLQJ� JHQHUDOO\�

GHFUHDVHG� ZLWK� LQFUHDVLQJ� FURVVOLQNLQJ� WLPH��

ZKLFK� ZDV� ����� IRU� 3/&*B��� DQG� ����� IRU�

3/&*B���

The�hydrogel�¿lms�absorbed�less�water�as�
WKH�FURVVOLQNLQJ�WLPH�LQFUHDVHG��ZKLFK�FRXOG�EH�

H[SODLQHG�WKDW�WKH��2+�JURXS�RI�39$�VWUXFWXUH��

RQH� RI� WKH� ZDWHU�DEVRUELQJ� FRPSRQHQWV� RI� WKH�

¿lm,�reacted�with�the�crosslinking�agent�during�
WKH�FURVVOLQNLQJ�DJHQW���JO\R[DO��7KH�FURVVOLQNLQJ�

reaction� strengthened� the� ¿lm� structure� and�
made�it�more�dif¿cult�to�expand�when�absorbing�
ZDWHU��ZKLFK�UHGXFHG�ZDWHU�DEVRUSWLRQ�

$FFRUGLQJ� WR� )LJXUH� ��� WKH� JHO� UDWLR�

JUDGXDOO\� LQFUHDVHG� IURP� VDPSOH� 3/&*B��� WR�

3/&*B����DQG�RYHUDOO��DOO�VDPSOHV�SURGXFHG�JHO�

IUDFWLRQ�PRUH�WKDQ������D�JRRG�UHVXOW�ZKLFK�ZDV�

GUDZQ� IURP� WKH� H[FHOOHQW� FURVVOLQNLQJ� UHDFWLRQ�

IRUPLQJ� K\GURJHO� QHWZRUN� LQ� LQYHVWLJDWHG�

VDPSOHV�� 3/&*B����3/&*B���� DQG�3/&*B����

7KH�JHO�IUDFWLRQ�UHIHUUHG�WR�WKH�QXPEHU�RI�FURVV�

OLQNV�FRQQHFWLQJ�WKH�SRO\PHUV�LQ�WKH�K\GURJHO���

Figure�5.�6ZHOOLQJ�5DWLR�WHVW�RI�WKH�K\GURJHO�3/&*�
¿lms.

Figure� 6.�Equilibrium� swelling� ratio� (ESR%)� of� 3�
K\GURJHO�VDPSOHV�
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Figure�7.�Gel�fraction�(GF%)�of�hydrogel�samples

4.�CONCLUSION

PLCG� hydrogel� ¿lms� were� prepared,� and�
WKHLU� FKDUDFWHULVWLFV� ZHUH� LQYHVWLJDWHG� XVLQJ�

WHFKQLTXHV� LQFOXGLQJ� )7,5�� 6(0�� ;5'� DQG�

VZHOOLQJ� PHDVXUHPHQW�� 7KH� VZHOOLQJ� UHVXOWV�

showed�that�the�hydrogel�¿lm�sample�had�a�very�
JRRG�VZHOOLQJ�FDSDFLW\�DQG�3/&*B���K\GURJHO�

VDPSOH� REWDLQHG� PD[LPXP� YDOXH� WR� ����� LQ�

distilled� water� (pH� =� 7)� at� room� temperature.�
,Q� DGGLWLRQ�� WKH� JHO� UDWLRV� RI�K\GURJHO� VDPSOHV�

JDYH� JRRG� UHVXOWV� DERXW� ����� VKRZLQJ� YHU\�

JRRG� HIIHFWLYHQHVV� RI� FURVVOLQNLQJ� UHDFWLRQV� LQ�

FUHDWLQJ�PDWUL[�LQ�K\GURJHO��7KH�)7,5�DQG�6(0�

UHVXOWV� FRXOG� H[SODLQ� WKH� JRRG� ZDWHU� VZHOOLQJ�

ability�of�the�composite�hydrogel�¿lms�through�
WKH�H[LVWHQFH�RI�WKH��2+�JURXSV�RI�WKH�FRPSRVLWH�

DQG� WKH�VXUIDFH�SRUH�VWUXFWXUHV�RI�WKH�K\GURJHO�

¿lms.�The�measurements'� results� indicated� that�
PLCG� hydrogel� ¿lms� with� remarkable� water�
VZHOOLQJ� KDG� WKH� SRWHQWLDO� IRU� D�ZLGH� UDQJH� RI�

DFWXDO�DSSOLFDWLRQ�
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