538 % 1 (=TS A S - Vol. 38, No. 1
2025 4 1 H POLYMER BULLETIN January, 2025

FERENERMTER
THA' BT RAE

(1. B A R R 5 TRE SRR, BT 210037; 2. F EMROLRLERT 5B, ARP= 42 Tk WF 72,
] SR AR A JiR R R A 2 TR e S, VL5 AE AE R REYR S AR R SR, AT 210042)

T U R BRBUR AL — A T RAR T D T L e 10 =4 2% %K PE R G W, A RAF A DA 2 4
PR R T R AR S . BEAE SRR R R B S P Y, T RSO R AR I S A KL O
T Lo L YRR B K BIEAE N RN R E WA, £ MR 52 R0 . AR SCREE T R4 3 KB
A Bk 26 718, EEAA Y PSRN 2 A Bk o AR, N T AR R R SRR B 2 R T
o Toll s PSR M AR W) TR 45 5 AN OO R T REAL L T o BB R W T AN TR N, 41 4 3R JE /K B RORE A2 R
R 2 UL %) i B S P RS

KB : 2P 4E 5 KBRS MBI A s Hk s Dy me Ak B

Research Progress of Cellulose-based Hydrogels

NING Liang-yun', JIANG Jun", ZHANG Dai-hui>*

(1. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China,
2. Institute of Chemical Industry of Forest Products, Key Lab. of Chemical Engineering of Forest Products,
National Forestry and Grassland Administration, Key Lab. of Biomass Energy and Material,
Jiangsu Province, Chinese Academy of Forestry, Nanjing 210042, China)

Abstract: Cellulose-based hydrogels are three-dimensional hydrophilic polymers derived from the natural
polymer cellulose. They exhibit excellent biocompatibility, high water retention, and biodegradability.
With the growing emphasis on green and low-carbon development, sustainable natural polymer materials
have become a research hotspot. As a representative of natural polymers, cellulose-based hydrogels
have garnered significant attention in the field of soft materials. This paper summarizes the preparation
methods of cellulose-based hydrogels, which mainly include physical and chemical crosslinking. Also,
we introduce the functional applications of cellulose-based composite hydrogels in five areas, including
biomedicine, flexible electronics, food industry, environmental protection, and bioengineering. With the
further development of the study, cellulose-based hydrogels are expected to possess broader applications
in many fields in the future.
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VCH GmbH SRRV T); ()49 AEF 4 2 1 £F AR 4 4 K FCARBGE R OFIGRERD)

Figure 1 (a) Schematic representation of the hierarchical structure and chemical structure of cellulose, including the hydrogen-

bonding network, amphiphilic nature, and the amorphous and crystalline regions within cellulose (Reprinted with permission
from Ref.[1]; Copyright 2022 Wiley-VCH GmbH); (b) The fibrillar structure of nanocellulose and its extraction process?®! (Open

Access)
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Physical Crosslinking via H-
bonding

Chemical Crosslinking via
covalent bonding
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Figure 2 (a) Physically crosslinked hydrogel matrix;

(b) Chemically crosslinked hydrogel matrix'!

1, S K R IE P 05 38 A 0 2 D £ R LI 5
T T ARG R o TE S Bt R eh, 240 85 T (1
AP, Ca®*) AT LA 58449 o p s v ik A AF L4
0T LATE 9 AR S FLRT SR B 2 DT B AE T A4
BB R TR B R PR R Y. LAt
AR [R5 J  T 58 A K 2 e e R — RE TR e
it Cu?* {5 HL P B, Ag” REAROLIM S, X
T 4 LA 5 T T JER KR i L T LA I3,
DRI 388 3o B 5 B T LA I 448t L B LA 3
FITHREME, W& B, W2 g Em e EE
oI BT B, X R T 4 2 KRR 1 B T8
Bf. B5TA0 B BB 40 T B 7 0 fr A
T B 58 B IO 2 S ), R T AN AT B 7, 58 A
FEE T S0 3o R4 1 R P SR S B AR T 4
YR TC 2[RRI A

Li 252 7 —Fi e T 70 5 £ i (ASKP) Al
LY Z K A (CNC) 54k B8 T8 B 1 21 L 57 I
2 KWL . Hlk CNC AT BL 5 ASKP 2128 325 5 %
S L R R T dok, DU BES = ik
BRI 2R (BPV) Mt P 5 &, Lee
1 Hyun) g 2 3 o H — ke ot 2 il 2 75 K
VRSB R T AR IR R B AR R
(ALG) A1 b 2T 4 35 40K 4T 4 (CM-CNF) &
ZANBHES T (Ca™"\ Fe¥) ZZBETE AR S UK BRAS . 1%
TR 4% 1 v A AR A, A R 7 AR
R 2R G5 1 A0 00 P 0 7 5 v 0976 1 RIS 1
WE, 5EMBHE TR, 15 7 S kRE, X
#55% BPV Lt BE WS K R B I ek . LA, BT
A B TE A A TR A R T A L U A

W& 3(b) o, Chen WATAL BT DUER H L 2T 4 2040
(CMC-Na). % Jiii 1 (MMT) F1 V¥ 52 B2 5 (NaCl10,)
NIERE, APTRSSEH, AT — R T R
i (P40 B LR AMR K I A R . Horp, CMC 5
& J8 B[R] R AH ELAE FH R A 7K B I — 4 Y %
SEA ) O, [ B TR IR A 4] (— COOH) 5 fH &
T AP TR T 221k, AR A ) CMC 4 78 2 8] 7
AR HT IR A B A, T B [ A R 7K B ks o A A1
H, AP T KB K R PR A HY, SRS
7E MMT _I [#) NaClO, J% 8 5 2% 18 4= % C10,, 3 f#
REERE AR A R E R 14t
oy RINE G AT B T 5 748k, Tang
2t 81 2 75 BRE (CS). 2 45 % 0 112 9 (NaCS)
FAR 9K JURL (AgNPs) B &, il 8 7 —Fp o] T
2R TR KB e 52 6 T . NaCS & — i £ 4k
RATEY), A A r K T Jo 8 A P A 25
PE, [F 2 —FoR AR R S T 20, gy
HABBH & T A= £ T2, TR
MRS A . CSRRARMEMHE 25, [
FEEA RUF AP0 22 R P, [R5 NaCS (1) i H
AT T RE A WA E U IERE . @R
45 CS A NaCS [ & 5 Eu ], m] DL 45 &2 4 v i
(1 FLBR R B UM 3 5 (I 3e)e Tl fridk, B A ¢
R P A s = ead i il R T N S A v Qi)
V5 [FRE BT BATE ke e I 7K B I & 1
1.1.3 Ak

ABEE — P E B T B T N A ELAE
715 TERIERFNFE R LE WA 2R 2540 Hh R S A F
SR BOER A R, K FIIANERE
VI 2 T, 5 B0 2% R I T oK B . S
(10T 30 ) 2 25 R P A5 L BB 75 4 81 52 38 S 7 BT
FI BV A, AT A 25 FE I RE B, TR T K
AR B | Rl ARl B B R . fR4EER T
T KER R B NS, XA AR K
g R A v R BRI A B . SR
TEA BT 21 2 3 FR 7K BT SRR o 1Y) = 4 I 28 45
5 T T R4 MU 50 B A it o Bk oh, ST
SRR T AR 4 2 KB T AR 512
TRETT. [RIE, JE Gk A 4E R A b S
5, I8 R 32 1l K I B0 I kAT M WK R
DI RE. DRIk, 3L AR R 42 o) SR 1 7R AL
AL DLV H M RE A S 0 £ 4 KRR, A 2
& Fh s bR S 7 3K



134

TR A LF YRR BB 7Tt

45

Ch i

lmw

4
HM&F s P o,

|
ety |

,J

CN21 CN20 Bending

. 5
. .

'.. % '-;:i?‘h

o ., - ¥
et g I =
#:‘u‘, “{?(".‘.u "i‘v!o ¥

o %‘%%ﬁr %;@%‘z"r

% '*.; “ﬁ." &u o ,;" l-q -’p.k'“(‘

B 3 (a) CMCF-F 7K %t i 1 4 (1 71 7% %! (2020 American Chemical Society Ji A ¥ 1); (b) CMC-Na/AICl;-6H,O/MMT-
NaClO, 7Ktz & B 27 (2024 Elsevier BURLYFTT); (c) CS 15 NaCS S [A] i B b (4 5 45 I 1) SEM. HEJ R125 i i J b B
J(CNO02 71 CS 5 NaCS 15 &ty 0:2)128) (2022 Elsevier FRALYFAT); (d) Age-NCs Hl CNCs [ 2125 i 2% F % 2R (11 4R 44K
FRIAAT 4 2 A R R R 2 B BY (2020 Elsevier BB TT)
Figure 3 (a) Schematic diagram of CMCF-F hydrogel preparation (Reprinted with permission from Ref.[22]; Copyright
2020 American Chemical Society); (b) Schematic diagram of CMC-Na/AlCl;-6H,O/MMT-NaClO, hydrogel preparation
(Reprinted with permission from Ref.[27]; Copyright 2024 Elsevier); (c) SEM photographs of composite films with different
mass ratios of CS to NaCS and comparison photographs before and after bending (CNO2 indicates that the mass ratio of CS to
NaCSs is 0:2)(Reprinted with permission from Ref.[28]; Copyright 2022 Elsevier); (d) Schematic representation of Agy-NCs and

CNCs self-assembled into various forms of silver nanocluster/nanocellulose composites (Reprinted with permission from Ref.[30];
Copyright 2020 Elsevier)
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Figure 4 (a) Schematic diagram of free radical polymerization of carboxymethyl cellulose-acrylamide-graphene oxide hydrogels
(Reprinted with permission from Ref.[32]; Copyright 2017 Elsevier); (b) Schematic synthesis of Graft-IPN PNIPAM-CNF
hydrogels prepared by Ag-promoted graft polymerization®* (Open Access); (c) Schematic diagram of the preparation of HEC/

AAc/CX3 hydrogel[3 3] (Open Access); (d) Schematic of gelatin/CNC hydrogel preparation**! (Open Access)
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Figure 5 (a) Preparation process of nano-cellulose/polypyrrole conductive hydrogel; (b) Fluorescence staining image of
cardiomyocyte HyoC, cultured on TOCN, TOCN-PPy1l, TOCN-PPy2, and TOCN-PPy3 hydrogel scaffolds for 1, 3, 5, and 7 days,
respectively; (c) Compressive stress-strain curves, compressive strength and electrical conductivity of TOCN-PPy composite
hydrogels with different compositions. The error bars represent standard deviation; sample size n=3. The asterisk (*) indicates
a statistically significant different at the 0.05 level, *p<0.05, **p<0.01, ***p<0.001 (Reprinted with permission from Ref.[41];
Copyright 2024 Springer Nature)
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Figure 6 (a) Schematic illustration of the synthesis mechanism and temperature response of TOCN/PNIPAM hydrogels;
(b) Preparation process and synthesis mechanism of PNIPAM/TOCN/PAM bilayer hydrogels; (c) Schematic illustration of

the temperature-responsive mechanism of PNIPAM/TOCN/PAM bilayer hydrogels; (d) Functional role of the masking image
information in PNIPAM/TOCN/PAM bilayer hydrogels (Reprinted with permission from Ref.[47]; Copyright 2024 Elsevier)
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Figure 7 The beef freshness of NCFs/SA/CaCl,-5 composite hydrogels. (a) The beef preservation (0—5 days); (b) The pH
value of beef of composite hydrogels; (c) The TVB-N of beef of composite hydrogels; (d) The TVC of beef of composite

hydrogels. The data were expressed as mean+SD. The different letters mean significant differences (P < 0.05). Each experiment

was repeated 3 times (Reprinted with permission from Ref.[51]; Copyright 2024 Elsevier); (¢) Schematic representation of

UV shielding properties; (f) Schematic representation of tannic acid adhesion mechanism; (g) Comparison of anti-dehydration

properties (Reprinted with permission from Ref.[52]; Copyright 2024 Elsevier)
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Figure 8 (a) Mechanism of Ag" adsorption and detection in novel FCPH hydrogels; (b) Comparison of FCPH before and
after Ag"™ adsorption; (c) Comparison of the adsorption capacity of Ag™ by CPH and FCPH in 10-200 min; (d) Results of Ag”
adsorption fitting for different initial concentrations using Langmuir and Freundlich adsorption isotherm models (Reprinted with
permission from Ref.[57]; Copyright 2024 Elsevier); (¢) MB removal efficiency of C-SA and TO-C-SA beads®®! (Open Access)
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Figure 9 (a) SEM image of LDH-E-MIPs; (b) Comparison of transformation efficiency of free enzymes, LDH-E, LDH-E-MIPs,
and LDH-E-NIPs on phlorizin, genistin, and polydatin; (c) Transformation efficiency of phlorizin lithocarpus litseifolius leaves
extract solution(Reprinted with permission from Ref.[60]; Copyright 2024 Elsevier); (d) Assessment of lactic acid concentration
during enzymatic digestion of SBP and lactic acid fermentation; Immobilization efficiency (%) and relative activity (%) of
immobilized PersiCelXyn1 on (e) SA-CH hydrogels and (f) SA-CH/NCs hydrogel carriers (Reprinted with permission from Ref.[61];
Copyright 2024 Elsevier)
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