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Fig. 2 General mechanism for radical graft polymerization of acrylamide and acrylic acid onto chitosan
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Fig. 3 Possible mechanism for the thermal preparation of chitosan—acrylic acid superabsorbent

1.3 R RABEATA M SBAKMEKRE 6 4] &

WG TR, 7C BB Sy 1 450 A AT KN
BRI R IR A LI A, AT LAAE AR A SRR
BEATIEA, DATIAS 2 2 Fh 5w SOBEAT AR W) o 8 i R T
REFEATA ST, AT UAHR = 7 R AT Ik . A%
P PUREPERESE . o OB BT A= 4t AT Lk R A
B e WK PR

A A5 A O ol T R P 35t OBV A 4R, a4
g B £ TR B S ROK R AR, 2 e WK PR B
BAT RAFRoK e JT o Horr, 78258 K dhaT DLl
A B HA S50 G 24T Ik, SRR, 2 ok ok
WHIR IR R T R 4F pH BUSE, 78 v & 558k 55
TR, WOKBETI I, TERR M R B0 1 s v, e
JKBEJT T R ik .

He ZPIDIGERE R4 ER 0 FORL, H i i LR
il 7 1 50 SR B - g- SR (PN TR - D A T ) v WA 7K
PRI, 38 2 (R N7 A 4 2T A1 S 35 R L A
BERAE T = K R I S5 M RO A, BFSR T B Al
1 W K PR B X5 K A FTF B (Escherichia coli, E. coli)Fl
4 15 (03] % BR # (Staphylococcus aureus, S. aureus)i
PIRPERE . 455 R, DIe R 2 0 2R 4 1
i W 7K P AR i o) 7 o 240 7R B A R AT R SRR PR RE, HL

Wt 5 0 SRl 2 B A PR 3G O, AR 4 T 7 e
S FH R T AR TE RO K PR IR AT
RGP RE R T 2RI

1.4 ERBANIAELS S EAKERE

# &

7 TR I 5 WK AR i 1 o) A 3 R v i AL TEHIL
OB, BT DL 58 5RO I R WK A A 1 e
e H R HAR RS R LR BE . B R seH, R
A2 M R IR . &8 | ka0,

T ZEAERPTIE LI R . M TR R
JERHE 2 T A HLICHLIE & e oK PERERR o i 2 B e i
IR G FE 221 K A A BER K AT 159.6 g/g
1423 g/g WK BE ST o MM BE EAIGIA, AR T &
W KPR AR i B ORI AR, A A5 v W K MR AR i 5 1T
BT 22 B FLARGE# o [RIRsE, (M0 R v T
ARPER AR B R E M . Tu S 46 T 7 SRpE 3 =
KR NG, 5] A SRR RIR ZHELF 4 R I
TCHLM B B FE A B 5 T e WK PR AR B ) AL B 5
R ICIRAS T, Hag KR4 n] 15 %] 5.6 MPa.

LA R, ke 22 (1 TEHLIR PR AL RBHE R 8 in 51
BT 0 WK AR A il 7 2 B P . Marcelo 2612217 il
oo BB R M R K e g AR R, A T

140 TEPERLF 12020 4F / 4F 44 45 1 46 3 3]



F?ﬁﬁ%izﬁ
EVIEWS

FE5e AR R TCHLA B, 45 T A HLEHLE G & oK
PERTAG o SRS R F M, % oK MR IR B4 R AT
VR RE . 12 K MR R R AL B A R
W EAK, BRBRBEZCRATIA 91%. TCHLM BAE5E K
AT, B T W A A i Xk IV Y 2 5 e ) ) i
B ik

2 RERERAKMER A N A
2.1 BB FH B KRS R L ¥ a4 R

o W AV BRI 7 A Ml v 3 A S AR KR,
HATORS LK | FRARHEBIAR | $2 e M K

A ORI 2 Al ik - S mp el A i sh S AR T, R,

KR Ml HE = WK A i i B A R R AR L 2
(R e (TS
211 HIBAKHA

SCERME N IR £ 0 = K MR IR R T B R
O RE A, B E ALK R EY
FEE I VE . M. Elbarbary 2P UG43 12 072 2R
Wi IR ER, RS SRS ORI R,
FRB) T Z s K PERE R ™= o e, DR A i
7 T A JFURHG 45 19 i WK PR g ELA 578 g/ IR
IKBETT o AR AT 0tk 50 SR AT 35 1R M 14 A7 A i 42
T HAROKRE ST o SR EORVE M RIEY), X m oK
PEARS RE IR 1 VR AR R VR T EAT T B9, AR IR S5
T, 0TI N M R v WK PR A B T AR K 7R
PEi 50%, EA 1Ry 8008 70 0 BT % AR
7 ot KA K B AR AR T AR A R —
JEARS T 1 50 R EL AT IR R A AR K A R,
TRRREMEFEA R0 A YRR, B
oyfi)E, R T PR ¢ NoTR S &, g
TEIR A VER .

FEE T REOKER, KRN &L
HEA IR AYIKER 1/4, [RIEK IR A6
A0 KRG QAR T OK BRI IR . JK B
AR TS R RN EE RN Z —, JLH
JEFEAR M AR 7= R I S v W KRR S E A R K
1 B L R 3R B ARl ) & R S ke B L
ML S
2.1.2 ZRERILH

e WK MR IR B AR K EE T, E AL
26 SR8 v R 7K 43 s LA AR B R — 2 R ) R
ANEE SR, DTS B 2 BRI VE T, Rk

PERS R FAAE RORL 22 B R AR 5 T 12 A 52 Y

Sabadini %51 it 76 >R FH 76 BB AIUIUR IS R JR
Hi i SRR 28 1 ORI . S £0AMY
TEIESE T R B (HAGG) Fl 76 BB (CS) = 18] 1Y B 1
TREY ML . P 25 J R W R oK AR B
BAT R g e M . s 1561 A9 FH Ja % v WK P AR
B 2B S P R BT B Ry s e, i A S R
(R I, e WK A S 4 A v TR RS Y e A
(7] B e W2 AR P AR Bl 8 W K BB ) 0K 35 43 e s B
FEARAE S MR S 7 RIEEER L 401 B,
Tl 8 1 R IR K P R R R it B e Y IR OK A R, AT
PLikF] 218 g/g, K ARKEF[E] AT 35 500 min, X 0%
AR T B R R IERE R AT S R AT,
AR R, WK R AR P Y SR 20 Bt 1] AT LA
IKF] 8 h, HBEE 252 T IR B2 LA S i W oK
PEAR IR 1 RE 52 R, 2 s WOK A IR SR BE T R4
(2% FEfie

Wang %5Vl IR i e A1 PR 2 M RORE I A%, ARG
M T 4R A NIRIE, DUR W LS8 RN
W2 120 S m WOKPERT R b2, il T —Fh
BRI Z DI REE BEIE, JF ELIEAR T AMNRZ7E LR
Hh ) R Aiv BB ) RN TR R TAT Ry o SEER A5 R R, =
W KA i 0 ) 2% B AR, T DA S AW T R
PR, $e HIEGOKRE T, WG TR . Leon
SEOTR 7 R MR RO B (14 7 1, il 48 1B A
WK AR R, A e WK P AR R Hh £ 23 IR 3R UL,
R TIRE I Z AT .

22 RREAZFORMMIRATRKLEF

JL

1 W KPR B R AT DL Fim Kk AR B . Tl AR
TG 157K EAEHE A RSRAK R, & ik Ri5 4y, ndE
T KGR R o R R A YR R 4R R TR K,
BV e BEARAR, B2k AP fg 7 A R R B
GEH R L ROy AL B K, AEX gy b, W
BN & — B R H A KA . R oK
P RE BAT R AW B RE T, PRI IR B e b 3 B
AUk, HERE . BRI MR, YESL
E YRI5 K400

Puspitasari 5 7E S R T 6 A FRAE Sl A T
70 SR A SR D 0 T g v R K PEARE B, HE X PR K
i B 4 B T (B Zn®, O, PbYY, Cu™, Co™ il
Ni*O) B T i W B RE 7 o WIS A & BT

Marine Sciences / Vol. 44, No. 3 /2020 141



R gk @
EVIEWS

DA 3 3ok 57 SROH R DS A T e 22 1) AR T ) 2 6 B R R TY
ol W KA i o 4 o T MR B T . Wang 25142
il 8 T 7e RBEEA IR/ P I A m oK R,
TUERG K R A Cu®, BRI FAH RT3k 153.9 mg/g.

BT W BR A R AN, e R K
PR BE oK 22 BT K R & B YL kL . Zhou % 1P1R
FAMIAE BATERL T 99K TiO,/78 B/ B (N- ST BTN
S I I ) B2 v WK P AR i P T 2 Bk o W e R 1
MZL(AF) YRl 8 AL 20 ARG R 6 -
I T MK I RO S M Fn e 45 . S5 R, &
B WK PR BR B Rk AL ES R . Sl XS
AF JeRH K EAT AL ER % R, R AN pH 25400 AF
POt KBRRORMN R R E  BEE RE N TR, Yok
BRFBSH THE, AF YeRITE 40°CHE AT DIR 25 %) M 22
Bro SCme gl AR W YRS m oK PER g 22 0] A7 76
HiIK 51 7. Bhattacharyya 2506 fOR R4k RoHiY
21 - i 38 57 SRR B A TN A TR 15 WO 7K P A g 1 o)
it AR, WA T A MLICHLE A R K RIS AR
% 25 WK P AR iR 0 FLAE A1 G AR R S YU R B BT |
W H WL B RE 7 . Ngwabebhoh 25101 72 BOBEFITE K N
JFoRHG & T 2 A oK MR IR, BFSE T kg kL
Direct Red 80(DR8O0)MY MR AE /1, fe KWLt E 1 Al
PLIAE] 312.77 mg/g.

70 RO FE 2 WK A i ELAT WS R L I i
A DA R R AT S SRR, HEA R
U A R, 7 IR KA B R AN St B R TE
(R, e SR A 2k o W K P R A A ¥ 7K A 3 A A 5
50 AT R
2.3 BB G AL L Y AFF 6 R

1o W K MR R AT DA G I 4% 235 ) P IR SR £ B2
KRR, I 520 2 U0 ZL MLBRE B o 1 I
IKPER RE B IN h J2 — ol BEAE A 2 1 T AR A RE, AT L
N T VBORE, 2k, 4120 TREAENL,

2.3.1 HiOoEcE

1o W 7K A i 2 — bl AR 45 OB R,
ALY A5 133 1 5 S R i IR BE, DAGE E 45
FA LA o 5 AR 5T L K A S, HAa Hopth
MRLTC AT LR, Blan etk | AT L FE
TR A0 A P 1 LA B AR a0 405 11 A AT

Fan ZEWIF R T —Fh 5L T 70 JROBE (14 = WK P A
BYE MG MOk, IR, R BECS), WK
(Ge)FI R L& BE(PVAWE R 5k, 78 v IHE AR S5 S

T T HAVE A R OK HEA R, I X R AT
T—FRFNML . 455K CS / Gel / PVA &5 W AKPERS
BRSO PERE, W pH U | B GF T K AR
TR K 7% S R L B — s LR . % ]
DAPR R W 50495 11 0 ot Y R B A i, R /)
0891 12 R R 11 751 ) BN 1872 e e s =@ 8
PERS 745 1 BORE 4 R B AR K BRI AT 7

Chen %558 i 2, BEpC v kil 45 T —Fh oA 2L
SR 1R R W B 58 SO R A TR I 1 o WROK MRS R,
G2 T HAE 05 VOB R o B I 4N R I R T
IKPER RS RBH T KA M st e, 5
b I PR AG 1BORMAE Ll 2477 o6 8T P 24 S HE B
Jik . REBNbK A H A 7R $A EL A R B e A Lk af
PERE. Yang PR T — R T R(CIEE) . K
PETETRENE I 125 WK AR R AR SR 07 101 BORE . 40 i B
T2 6 2 A 1 W K P A T T /0N BB 2T 2 40 i TG R . S5
20 ORI L, o WK AR i TT LA 3 K FRASE AR e 5
A Al R . FH oK AR 5 1 EORE b B3 T
14 KJa, WEEN 05 1 b LA 22 e S5 HTE i. SC 5045
TR, %= WK R G —Fh R4 i 407 1 Ok
232 AL TREME

1o K AR g 3 AT AR SR 21 28 AR A ) s 2
SCHR . FE R PR K K PER RS K 2
AU R A DA . TR, = K A
BRI HLRE EIE & T8 8 41410 TE S T BERER !

Hao U246 T —Fh HLA 6L Sk 52 SRl 25
BRI, RASERE . HIMBE RN (GPY R &
FLLF 4 R (HEC) Ry JFURE, 1 4% 14 1o WK PE A% g T
FAMA LT RCE, I8 4 R b i 5 3l
SRR A R 2 R A S A SR R R K R
R, TEERINREET, 2R G E AT
FHLE . LR ERY, ZMMHRE A8 24
W B R . 72 R L = WK A g B SRR
AN SRR R | B A s B VR
2.3.3 ZYEREMSE

70 JROE I w2 WK PR A 38 1T LA A 25 W 45 B A
ko Sohail IR A> 5 572 B R JFURL, Wit 1k
fSC IR A% T 5 SR IR Y 3R P R 1 WK R R A,
W58 T HLW B AT R 0 pH BRI, R AR 25 M X%
WG B B b AT T AR, %S B R
R 55 I 19638 BRI . Samanta 2551 T L2 B
WEREE ORI . T 20Ah . Bl X ST AT R
AE 125 T 7K A A B ) 285 F8 RITPE 57 o TR 5% 25 0 R A el

142 WEEERLY /2020 4F /45 44 35 145 3 1



HRLZIR
F?EWM@

55080 25 Wy 7 v W K PR B b B B AR AR R AT
Ho PIRNPIRBE T RAFBIERAT . se b
L 1o WK AN i 7 25 W B AR G B R 1 1

L
Ao

3 gwE5EE

AR S A LR R RS 78 FROH 5L = WK PR i 1Y
BT E M AR . FE R AT L S NIGIR . NG
W Jhie S5 38 2o 1) PR R SRS U7 A e WK MRl . A
SCRZR AR PR A1 . 175 T S A5 0 P 05 A 1
BT, IEHE T IR A ML 70 RME I & K MR
NGB T 005 W WK AR K BE 146, i A R
YRR | ATREMRYE | e ToRE, PREEAUE RN ER)
REF R A BT R 0P RE, 72 RME =R
IKHERAGE LG Ik AR A AP B L R AR
ARG A K5 7K Ak BRAE Dy T 445 3] T 0F9E 5 0 .

SR, T A P B B m A S ) 5 SROME R v W K
WEREATISR B — PR AR, A Sk B 5 T4 N %5 &
AR LA 7

T TN B8 A - 0 e SR ey W AR P AR
B, WL R AR S A AR

F 5% ¢ SROME 5 v WK PR iR 45 48 55 D) RE =2 8] 1Y
KFR, MIEIHHETT K, Wit & WK R Ag 254 .

T 72 SR B = WK AR i A W2 D RE ST,
R 1) 2 A e SROBE AR 3 v BB ) O T 9 H P, T
#& HLA I TR M BE YR A o SO S OK PR, 4
B e RO v W AR PR BETE AR A R S i 1z H

S Xk

(11 EZ8), skKEF. AHL-TCHLE S & RKER M.
Jemt: Bl Hipat, 2006: 9-12.

Wang Aiqin, Zhang Junping. Organic-inorganic supera-
bsorbent composite[M]. Beijing: Sicence Press, 2006:
9-12.

[2] Zohuriaan-Mehr M J, Omidian H, Doroudiani S, et al.
Advances in non-hygienic applications of superabsor-
bent hydrogel materials[J]. Journal of Materials Science,
2010, 45(21): 5711-5735.

[3] Zhan F, Liu M, Guo M, et al. Preparation of superab-
sorbent polymer with slow - release phosphate fertilizer[J].
Journal of Applied Polymer Science, 2004, 92(5): 3417-
3421.

[4] Csada R D, Brigham R M. Application of Superabsorbent
Polymers for Improving the Ecological Chemistry of
Degraded or Polluted Lands[J]. CLEAN-Soil, Air, Water,
2010, 37(8): 517-526.

Marine Sciences / Vol. 44, No. 3 / 2020

[3]

[11]

[12]

[13]

[18]

Cir

Marvel K, Cook B I, Bonfils C J W, et al. Twentieth-
century hydroclimate changes consistent with human
influence[J]. Nature, 2019, 569(7754): 59-65.

PUPRTE, HROLTE, BUHIW, SF. RV IR B m K
WA Y ok M R T E R [J]. Ak T HEJR, 2004, 23(5):
468-471.

Jia Zhenyu, Cui Yingde, Li Xinming, et al. Progress in
modification of poly -AA -Na super absorbent poly-
mer[J]. Chemical Industry and Engineering Progress,
2004, 23(5): 468-471.

Anitha A, Sowmya S, Kumar P T S, et al. Chitin and
chitosan in selected biomedical applications[J]. Pro-
gress in Polymer Science, 2014, 39(9): 1644-1667.
Dash M, Chiellini F, Ottenbrite R M, et al. Chitosan-A
versatile semi-synthetic polymer in biomedical applica-
tions[J]. Progress in Polymer Science, 2011, 36(8): 981-
1014.

El-Mekawy A, Hudson S, El-Baz A, et al. Preparation
of Chitosan Films Mixed with Superabsorbent Polymer
and Evaluation of Its Haemostatic and Antibacterial
Activities[J]. Journal of Applied Polymer Science, 2010,
116(6): 3489-3496.

Hayes M. Chitin, Chitosan and their derivatives from
marine rest raw materials: potential food and pharma-
ceutical applications[M]. 2012, Springer, Boston, MA.
Choi C, Nam J P, Nah J W. Application of chitosan and
chitosan derivatives as biomaterials[J]. Journal of In-
dustrial and Engineering Chemistry, 2016, 33: 1-10.
Dutkiewicz J K. Superabsorbent materials from shell-
fish waste - A review[J]. Journal of Biomedical Materials
Research, 2002, 63(3): 373-381.

Kong M, Chen X G, Xing K, et al. Antimicrobial proper-
ties of chitosan and mode of action: A state of the art
review[J]. International Journal of Food Microbiology,
2010, 144(1): 51-63.

Pillai C K S, Paul W, Sharma C P. Chitin and chitosan
polymers: Chemistry, solubility and fiber formation[J].
Progress in Polymer Science, 2009, 34(7): 641-678.
Rabelo V M, Magalhaes P C, Bressanin L A, et al. The
foliar application of a mixture of semisynthetic chito-
san derivatives induces tolerance to water deficit in
maize, improving the antioxidant system and increasing
photosynthesis and grain yield[J]. Scientific reports,
2019, 9(1): 8164-8164.

Hassan M A, Omer A M, Abbas E, et al. Preparation,
physicochemical characterization and antimicrobial ac-
tivities of novel two phenolic chitosan Schiff base de-
rivatives[J]. Scientific Reports, 2018, 8(1): 1-14.

Alves N M, Mano J F. Chitosan derivatives obtained by
chemical modifications for biomedical and environ-
mental applications[J]. International Journal of Bio-
logical Macromolecules, 2008, 43(5): 401-414.
Mahdavinia G R, Pourjavadi A, Hosseinzadeh H, et al.
Modified chitosan 4. Superabsorbent hydrogels from

143



[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

144

HRLZIR
R EVIEWS

poly(acrylic acid-co-acrylamide) grafted chitosan with
salt- and pH-responsiveness properties[J].
Polymer Journal, 2004, 40(7): 1399-1407.

Rai P, Lee B M, Liu T Y, et al. Safety evaluation of
disposable baby diapers using principles of quantitative

European

risk assessment[J]. Journal of Toxicology and Environ-
mental Health-Part a-Current Issues, 2009, 72(21-22):
1262-1271.

Ge H, Wang S. Thermal preparation of chitosan-acrylic
acid superabsorbent: Optimization, characteristic and
water absorbency[J]. Carbohydrate Polymers, 2014, 113:
296-303.

Ismail S A, Hegazy E S A, Shaker N O, et al. Radiation
synthesis of superabsorbent hydrogels based on chito-
san and acrylic acid for controlled drug release[J]. Journal
of Macromolecular Science Part a-Pure and Applied
Chemistry, 2009, 46(10): 967-974.

Saber-Samandari S, Gazi M, Yilmaz E. UV-induced
synthesis of chitosan-g-polyacrylamide semi-IPN su-
perabsorbent hydrogels[J]. Polymer Bulletin, 2012,
68(6): 1623-1639.

Chen Y, Liu Y F, Tang H L, et al. Study of carboxy-
methyl chitosan based polyampholyte superabsorbent
polymer I Optimization of synthesis conditions and pH
sensitive property study of carboxymethyl chitosan-g-
poly(acrylic acid-co-dimethyldiallylammonium chloride)
superabsorbent polymer[J].
2010, 81(2): 365-371.

He G H, Ke W W, Chen X, et al. Preparation and proper-
ties of quaternary ammonium chitosan-g-poly (acrylic
acid-co-acrylamide) superabsorbent hydrogels[J]. Re-
active & Functional Polymers, 2017, 111: 14-21.
Ferfera-Harrar H, Aiouaz N, Dairi N, et al. Preparation
of chitosan-g-poly (acrylamide)/montmorillonite su-
perabsorbent polymer composites: Studies on swelling,

Carbohydrate Polymers,

thermal, and antibacterial properties[J]. Journal of Ap-
plied Polymer Science, 2014, 131(1): 1-14.

Dehaghi S M, Rahmanifar B, Moradi A M, et al. Re-
moval of permethrin pesticide from water by chitosan-
zinc oxide nanoparticles composite as an adsorbent[J].
Journal of Saudi Chemical Society, 2014, 18(4): 348-
355.

Zhang J P, Wang Q, Wang A Q. Synthesis and charac-
terization of chitosan-g-poly (acrylic acid)/attapulgite
superabsorbent composites[J]. Carbohydrate Polymers,
2007, 68(2): 367-374.

Tu H, Yu Y, Chen J, et al. Highly cost-effective and
high-strength hydrogels as dye adsorbents from natural
polymers: chitosan and cellulose[J]. Polymer Chemistry,
2017, 8(19): 2913-2921.

Vaz M G, Pereira A G B, Fajardo A R, et al. Methylene
blue adsorption on chitosan-g-poly(acrylic acid)/rice
husk ash superabsorbent composite: Kinetics, equilibrium,
and thermodynamics[J]. Water Air & Soil Pollution,

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[39]

[40]

[41]

Cir

2017, 228(1): 1-14.

EH, N BRTEEA RN IR TR
AR 5 B ], P E K 4R R, 2008, (8):
44-47.

Wang Yong, Kojim Toshinor, Preparation and applica-
tion of multi-functional polymer composite material to
improving desertification soil[J]. Solid and water con-
servation in China, 2008, (8): 44-47.

Elbarbary A M, Abd El-Rehim H A, El-Sawy N M, et al.
Radiation induced crosslinking of polyacrylamide in-
corporated low molecular weights natural polymers for
possible use in the agricultural applications[J]. Carbo-
hydrate Polymers, 2017, 176: 19-28.

Abd El-Rehim H A, El-Sawy N M, Farag I A, et al.
Synergistic effect of combining ionizing radiation and
oxidizing agents on controlling degradation of Na-al-
ginate for enhancing growth performance and increasing
productivity of zea maize plants[J]. Carbohydrate
Polymers, 2011, 86(4): 1439-1444.

Piao S L, Ciais P, Huang Y, et al. The impacts of climate
change on water resources and agriculture in China[J].
Nature, 2010, 467(7311): 43-51.

Essawy H A, Ghazy M B M, Abd El-Hai F, et al. Su-
perabsorbent hydrogels via graft polymerization of
acrylic acid from chitosan-cellulose hybrid and their
potential in controlled release of soil nutrients[J]. In-
ternational Journal of Biological Macromolecules, 2016,
89: 144-151.

Sabadini R C, Martins V C A, Pawlicka A. Synthesis
and characterization of gellan gum: chitosan biohydrogels
for soil humidity control and fertilizer release[J]. Cel-
lulose, 2015, 22(3): 2045-2054.

Wang X, Lu S, Gao C, et al. Biomass-based multifunc-
tional fertilizer system featuring controlled-release nu-
trient, waterretention and amelioration of soil[J]. Rsc
Advances, 2014, 4(35): 18382-18390.

Leon O, Munoz-Bonilla A, Soto D, et al. Preparation of
oxidized and grafted chitosan superabsorbents for urea
delivery[J]. Journal of Polymers and the Environment,
2018, 26(2): 728-739.

Pakdel P M, Peighambardoust S J. Review on recent
progress in chitosan-based hydrogels for wastewater
treatment application[J]. Carbohydrate Polymers, 2018,
201: 264-279.

Ma YL, LvL, Guo YR, et al. Porous lignin based poly
(acrylic acid)/organo-montmorillonite nanocomposites:
Swelling behaviors and rapid removal of Pb (II) ions[J].
Polymer, 2017, 128: 12-23.

Cruz H, Luckman P, Seviour T, et al. Rapid removal of
ammonium from domestic wastewater using polymer
hydrogels[J]. Scientific Reports, 2018, 8.

Puspitasari T, Oktaviani, Pangerteni D S, et al. Study of
metal ions removal from aqueous solution by using ra-
diation crosslinked chitosan-co-poly (acrylamide)-based

TEPERLF 12020 4F / 4F 44 45 1 46 3 3]



R gk @
EVIEWS

adsorbent[J]. Macromolecular Symposia, 2015, 353(1): [48] Fan L H, Yang H, Yang J, et al. Preparation and chara-
168-177. cterization of chitosan/gelatin/PVA hydrogel for wound
[42] Wang W B, Huang D J, Kang Y R, et al. One-step in dressings[J]. Carbohydrate Polymers, 2016, 146: 427-
situ fabrication of a granular semi-IPN hydrogel based 434.
on chitosan and gelatin for fast and efficient adsorption [49] Chen Y, Zhang Y, Wang F, et al. Preparation of porous
of Cu*" ion[J]. Colloids and Surfaces B-Biointerfaces, carboxymethyl chitosan grafted poly (acrylic acid) su-
2013, 106: 51-59. perabsorbent by solvent precipitation and its applica-
[43] Zhou J H, Hao B Z, Wang L B, et al. Preparation and tion as a hemostatic wound dressing[J]. Materials Scie-
characterization of nano-TiO2/chitosan/poly(N-isopro- nce & Engineering C-Materials for Biological Applica-
pylacrylamide) composite hydrogel and its application tions, 2016, 63: 18-29.
for removal of ionic dyes[J]. Separation and Purification [50] Yang X, Yang K, Wu S, et al. Cytotoxicity and wound
Technology, 2017, 176: 193-199. healing properties of PVA/ws-chitosan/glycerol hydro-
[44] Bhattacharyya R, Ray S K. Micro- and nano-sized gels made by irradiation followed by freeze-thawing[J].
bentonite filled composite superabsorbents of chitosan Radiation Physics and Chemistry, 2010, 79(5): 606-
and acrylic copolymer for removal of synthetic dyes from 611.
water[J]. Applied Clay Science, 2014, 101: 510-520. [51] Croisier F, Jerome C. Chitosan-based biomaterials for
[45] Ngwabebhoh F A, Gazi M, Oladipo A A. Adsorptive tissue engineering[J]. European Polymer Journal, 2013,
removal of multi-azo dye from aqueous phase using a 49(4): 780-792.
semi-IPN superabsorbent chitosan-starch hydrogel[J]. [52] Hao T, Wen N, Cao J K, et al. The support of matrix
Chemical Engineering Research & Design, 2016, 112: accumulation and the promotion of sheep articular car-
274-288. tilage defects repair in vivo by chitosan hydrogels[J].
[46] Ismail S, Hegazy E S, Shaker N, et al. Radiation syn- Osteoarthritis and Cartilage, 2010, 18(2): 257-265.
thesis of superabsorbent hydrogels based on chitosan [53] Sohail M, Ahmad M, Minhas M U, et al. Controlled
and acrylic acid for controlled drug release[J]. Journal delivery of valsartan by cross-linked polymeric matrices:
of Macromolecular Science: Part A - Chemistry, 2009, Synthesis, in vitro and in vivo evaluation[J]. International
46(10): 967-974. Journal of Pharmaceutics, 2015, 487(1-2): 110- 119.
[47] Muzzarelli R a A. Chitins and chitosans for the repair [54] Samanta H S, Ray S K. Controlled release of tinidazole
of wounded skin, nerve, cartilage and bone[J]. Carbo- and theophylline from chitosan based composite hydro-
hydrate Polymers, 2009, 76(2): 167-182. gels[J]. Carbohydrate Polymers, 2014, 106: 109-120.

Research progress in the preparation and application of chi-
tosan-based superabsorbent polymer

FANG Shi-xin', LI Xian-cui®
(1. Qingdao University of Science and Technology, Shandong, Qingdao 266042, China; 2. Institute of
Oceanology, Chinese Academy of Science, Shandong, Qingdao 266071, China)

Received: Jun. 14, 2019
Key words: chitosan; superabsorbent polymer; agriculture; wastewater treatment; wound dressing

Abstract: Superabsorbent polymers (SAPs) are functional polymer materials possessing excellent water absorption
and retention capacities, which are widely used in various fields, such as wound care, hygiene, agriculture, and
wastewater treatment. The preparation of new SAPs based on chitosan is currently one of the research hotspots.
This study reviews the literature on the preparation of chitosan-based SAPs in recent years and their applications in

various fields. The future trend of chitosan-based SAPs is also previewed.
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