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Application of chitosan stabilized nanoscale zero-valent iron
and itsderivativesin water treatment
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(School of Mechanical and Energy Power Engineering, Shenyang University of Chemical Technology, Shenyang
110142, Liaoning, China )

Abstract: Chitosan stabilized nanoscale zero-valent iron (CS-NZVI) is a novel composite material with
both reducing and adsorption ability, which can be used in the removal of metal ions and arsenates in water
and the degradation of aromatic dyes. In this review, the main synthesis methods and characteristics of
CS-NZVI were firstly introduced, followed by summarization on the mechanism and application research
progress of CS-NZVI in treatment of heavy metal ions, arsenic ions, dye wastewater. Subsequently, the
modification methods and application progress of chitosan modified CS-NZVI, metal catalyst modified
CS-NZVI and composite modified CS-NZVI were reviewed. Finally, suggestions and prospects for
optimizing the preparation process of CS-NZVI, broadening the application conditions and improving the
material properties were put forward.
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Table 3 Reduction adsorption effect of CS-NZVI modified by different crosslinkers
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Table 4 Removal mechanism of CS-NZVI modified by different metal catalysts
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Fig. 6 Schematic diagram of mechanism of Cr(VI) removal by CS-NZVI-Cu
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Table 5 Composition and characteristics of composite modified CS-NZVI

VT U R WV YT Py %5
R FLELE ZnS W PRI . e 56]
Cr (VI)
Cu(Il)
%3 3 R R 2 - N3 e 37 DS I
s ca(n  PURIERZNIRE (PRB) PN, oSN 2 [60]
Pb (11)
Cr(VI)  ZALHBAMENRE (PAA) #HIEHMAR PAA 0] LI/ NZVI G4k MRS AW iR ATt [57]
Kk W% Hbkk W R T BB LR R AT . 22 Wy 58]
W iZﬂR B AR (PVA) ORI R . WRMSORAT 5 W BRI A U FL IR T e [59]

B A POVL B, AE W R AR R A KW
CS-NZVI-ZnS ] LU 2 s SUN 4507
¥ CS-NzZVI 5ZSLIAWERE (PAA) 454,
—BRY NZVI A ERE S, T Cr (V) By Rt

HIAE T 113 mg/g. KL, ZWERHFRAE B Cr (VT
A BRI M EE T . WANG 28BS Mk /e R 3
AT o 8 P18 WO o 790 A1) 4 8 T ol L s ] P T 3 ek
Yy BRI RN AL 2530 L BRPU R 2, XU R i &



5512 W e

B, A U E GOKR A Bk LA A W e K Ak B R A 1

° 2585

R EIS 99.02%L) |, DIVYA 26Ul I8 2 f i
5 CS-NZVI 45 & il % 17 #i Al 27 5¢ A -PVA-24
KB R, HEKR As () A As (V) 945
A NWE, WA s30T iE (200.0+10.0 ) Fi
(142.9+7.2) mg/g.

R ArIT R, 2 A CS-NZVI AT LLSEE R
AT, SHZA R kS & R A AR K T .

3 Z£RIBEREE

R L et ms s i, A W], 5 KA B
BT IRACT AT A S K IR 7 s, 8
IR TS Y Y BB AR, T AR RL A S 8, | IRl
AV B P B 8BRS 7] 52 5k — H AR 1A 50T B
AT IR 5 RMERG E K TN R B 035 1 W B
FFE W RE ST, S R L B A I, fE
T R B T ORI R, SRR F
WAl e A R R TR L R0 73 BRI RS 1
e, WRAMFTETE MRS 40 K A Bk B FLATT A= 4 ek
BAHEKENL,

5T 35 %) 50 RMERRUE GOKRFE M IR T Kb
FTAE, HEXT7ERME S KT B AL ey
5T XFRERIS R At pH BIBESE . X S h R
BE . R R B A A SR R A . P TR
AU B L7 kA7 % i (1) % CS-NZVI Byl
FR AT, EARIR . a2 )E
TSI 2 i 0 S e S B PREE & Ao (2) RHE
B AR FR R BRI H AR 6 8 B R IT IR T
oW T B 2R K 5 b In & R i T2 2o

(3) LARTE CS-NZVI F W BF RS s 14 RN B 5 4
H XS T M 5T, 15 207E 200 00T #RRE IR
R e W B 32 L R AR A A7 1 0 ] W) P A W B 5 A
K. (4)1di | Materials Studio . Hyperchem . Materials
Explorer 257 FAEAE X CS-NZVI K HAG A= A1k
HY A5 F N B A TR 5T, w2 AR R it
FEITH

SE

[11 XU N (##i#), WANG F (£3%). Preparation of nano-zero valent iron
composite and its application in environmental pollution control[J].
Journal of Suzhou University of Science and Technology (Natural
Science Edition) (FRMBHE K244 HARBFEM), 2020, 37(4):
1-12.

[2] JIN X (4JiB), LIU F (X)), DU H (F:4), et al. Research progress
on the application of nano-fiber supported zero-valent iron based
materials in environmental remediation[J]. Journal of Textile Science
and Technology (4541%%4R), 2022, 43(3): 201-209.

[3] YINLW,LIULJ, LIN S, ef al. Synthesis and characterization of
nanoscale zero-valent iron (nZVI) as an adsorbent for the simultaneous
removal of As(Ill) and As(V) from groundwater[J]. Journal of Water
Process Engineering, 2022, 47(47): 1-11.

(4]

[3]

[6]

(7

[8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LIU J (X&), GU T H (KAL), WANG W (EAE), ef al. Surface
chemistry and crystalline phase transformation of nanosized zero-
valent iron in aqueous phase reaction[J]. Acta Chimica Sinica (fk2%
2£4R), 2019, 77(2): 121-129.

ZHAO X F (&/ILK), WEI C J (BA ), ZHANG J (3KHE), et al.
Kinetic study on degradation of halogenated hydrocarbons in
groundwater by zero-valent iron particles with different particle sizes
[J]. Acta Scientiarum Universitat Pekinensis (Natural Science) (L&t
KA KRR, 2018, S4(2): 435-442.

FU X Y (ffI}#), ZHAO W T (GBRZHE), DU J K (FLTH), er al.
Degradation of Rhodamine B by persulfate activated by stabilized
nano zero-valent iron[J]. China Water and Wastewater (1 %5 /K HE
7K), 2020, 36(11): 57-62.

YANG X D (#BFH), WANG Y R (EE4N), Li M R (Z5%%).
Preparation, modification and removal of heavy metals and organic
pollutants from wastewater by nano-sized zero-valent iron[J].
Chemical Industry Progress (ft T.i J2), 2019, 38(7): 3412-3424.
HUANG D, REN Z Y, LI X Y, et al. Mechanism of stability and
transport of chitosan-stabilized nano zero-valent iron in saturated
porous media[J]. International Journal of Environmental Research
and Public Health, 2021, 18(10): 1-16.

XU Y (), YUAN C G (5i#Nl). Preparation, stabilization and
application of zero-valent iron nanocomposites[J]. Advances in
Chemistry ({L2=3ER), 2022, 34(3): 717-742.

MINA K, MAHYAR M, ABBASALLI Z, et al. A review on the use of
chitosan and chitosan derivatives as the bio-adsorbents for the water
treatment: Removal of nitrogen-containing pollutants[J]. Carbohydrate
Polymers, 2021, 273: 625-637.

FENG Y (145), SHAO T (#/4A), LT Q X (ZEFS), ef al. Research
progress on removal of metal ions by chitosan and its derivatives[J].
Fine Chemicals (}&414k T.), 2021, 38(10): 1971-1980.
KOLODZIEJSKA M, JANKOWSKA K, KLAK M, et al. Chitosan as
an underrated polymer in modern
Nanomaterials, 2021, 11(11): 3019-3062.
OMER A M, DEY R, ELTAWEIL A S, et al. Insights into recent
advances of chitosan-based adsorbents for sustainable removal of

tissue  engineering[J].

heavy metals and anions[J]. Arabian Journal of Chemistry, 2022,
15(2): 1-25.

ARANAZ I, ALCANTARA A R, CIVERA M C, et al. Chitosan: An
overview of its properties and applications[J]. Polymers, 2021,
13(19): 3256-3282.

WANI T U, PANDITH A H, SHEIKH F A. Polyelectrolytic nature of
chitosan: Influence on physicochemical properties and synthesis of
nanoparticles[J]. Journal of Drug Delivery Science and Technology,
2021, 65: 1-13.

ZHANG Y Z, ZHAO M W, CHENG Q, et al. Research progress of
adsorption and removal of heavy metals by chitosan and its
derivatives: A review[J]. Chemosphere, 2021, 279: 1-19.

SADIQ A C, OLASUPO A, NGAH W S W, e al. A decade
development in the application of chitosan-based materials for dye
adsorption: A short review[J]. International Journal of Biological
Macromolecules, 2021, 191: 1151-1163.

LIAKOS E V, LAZARIDOU M, MICHAILIDOU G, et al. Chitosan
adsorbent derivatives for pharmaceuticals removal from effluents: A
review[J]. Macromol, 2021, 1(2): 130-154.

XU Y Y (#7KF¥E), SHEN W Q (JLEEK), LIU Y (XI4R), et al
Adsorption of Cr(VI) by chitosan-supported nanosized zero-valent
iron[J]. New Chemical Materials (b T3 #18}), 2022, 50(1):
228-233.

GENG B, JIN Z H, LI T L, et al. Preparation of chitosan-stabilized
Fe nanoparticles for removal of hexavalent chromium in water[J].
Science of the Total Environment, 2009, 407(18): 4994-5000.

JIN X Y (£ 5%3%), CHEN Z X (BMiE¥), GUO F P (5 &), er al.
Ultrasound-assisted degradation of acid fuchsin by chitosan/



© 2586 ¢

A% 4m 4 T FINE CHEMICALS

540 &

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

zero-valent nano-iron[J]. Chinese Journal of Environmental Science
(FEERIE2ER), 2013, 33(4): 1004-1009.

ZHANG Q, ZHAO D L, FENG S J, et al. Synthesis of nanoscale
zero-valent iron loaded chitosan for synergistically enhanced removal
of U(VI) based on adsorption and reduction[J]. Journal of Colloid and
Interface Science, 2019, 552: 735-743.

JIN X Y, ZHUANG Z C, YU B, et al. Functional chitosan-stabilized
nanoscale zero-valent iron used to remove acid fuchsine with the
assistance of ultrasound[J]. Carbohydrate Polymers, 2016, 136: 1-21.
JIANG Y (JL.H), YANG Y (#3%), TANG Y W (FEERR), et al.
Catalytic degradation of Rhodamine B by chitosan coated iron
nanoparticles[J]. Water Treatment Technology (KALEEHK), 2018,
44(11): 59-65.

YAN X X (B/NE), LIU X Y (7 ), WANG Z L (£ ). Study
on removal of divalent cadmium from water by chitosan-nano
zero-valent iron spheres[J]. Journal of Tianjin Normal University
(Natural Science Edition) (FRHIMVE R 2=2%4]:  HARFI#AR), 2014,
34(3): 42-46.

ZHAO L (i&#K), SONG W J (KIA), SONG W N (K H), et al.
Removal of Cr(VI), Pb** and Cd** from overhanging water and
sediment by chitosan nanoparticles[J]. Environmental Pollution and
Prevention (AHET5 YL 5 B5IR), 2016, 38(12): 10-16, 21.

LIU T Y, WANG Z L, ZHAO L, et al. Enhanced chitosan/
Fe’-nanoparticles beads for hexavalent chromium removal from
wastewater[J]. Chemical Engineering Journal, 2013, 47(17): 6691-
6700.

MA L (Z0H), YI C R (B%F%), WENG X L (35 2%), et al.
Preparation and chromium removal of nano-chitosan-iron
composites[J]. Guangzhou Chemistry (JMH{k2%), 2018, 43(2): 9-14, 29.
WENG X L, GUO M Y, LUO F, ef al. One-step green synthesis of
bimetallic Fe/Ni nanoparticles by eucalyptus leaf extract: Biomolecules
identification, characterization and catalytic activity[J]. Chemical
Engineering Journal, 2017, 308: 904-911.

MACHADO S, GROSSO J P, NOUWS H P A, et al. Utilization of
food industry wastes for the production of zero-valent iron
nanoparticles[J]. Science of the Total Environment, 2014, 496: 233-240.
FAN H L, REN H Y, MA X Z, et al. High-gravity continuous
preparation of chitosan-stabilized nanoscale zero-valent iron towards
Cr(VI) removal[J]. Chemical Engineering Journal, 2020, 390: 1-50.
IREM D, JONAS B, ETIENNE D, et al. Nanoscale evidence unravels
microalgae flocculation mechanism induced by chitosan[J]. ACS
Applied Biomaterials, 2020, 3(12): 8446-8459.

FILIK H, AVAN A A. Dextran modified magnetic nanoparticles based
solid phase extraction coupled with linear sweep voltammetry for the
speciation of Cr(VI) and Cr(Ill) in tea, coffee, and mineral water
samples[J]. Food Chemistry, 2019, 292: 151-159.

LIU T Y, ZHAO L, SUN D S, et al. Entrapment of nanoscale
zero-valent iron in chitosan beads for hexavalent chromium removal
from wastewater[J]. Journal of Hazardous Materials, 2010, 184(1):
724-730.

GENG B, JIN Z H, LI T L, et al. Kinetics of hexavalent chromium
removal from water by chitosan-Fe’ nanoparticles[J]. Chemosphere,
2009, 75(6): 825-830.

LIU T Y, ZHAO L, WANG Z L. Removal of hexavalent chromium
from wastewater by Fe’-nanoparticles-chitosan composite beads:
Characterization, kinetics and thermodynamics[J]. Water Science
Technology, 2012, 66(5): 1044-1051.

HORZUM N, DEMIR M M, NAIRAT M, Chitosan
fiber-supported zero-valent iron nanoparticles as a novel sorbent for

et al.

sequestration of inorganic arsenic[J]. RSC Advances, 2013, 3: 7828-
7837.

YOADSOMSUAY T, GRISDANURAK N, LIAO C H. Influence of
chitosan on modified nanoscale zero-valent iron for arsenate removal
[J]. Desalination and Water Treatment, 2016, 57(38): 1-9.

SU F C, ZHOU H J, ZHANG Y X, et al. Three-dimensional

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

honeycomb-like structured zero-valent iron/chitosan composite foams
for effective removal of inorganic arsenic in water[J]. Journal of
Colloid and Interface Science, 2016, 478: 421-429.

WANG X (Tf%), WANG X (LJik), DU Y Y (Ft#i¥t), et al. Effect
of modified nano-zero-valent iron on remediation of as pollution in
paddy soil[J]. Research of Environmental Science (MEFIAAFSY),
2017, 30(9): 1406-1414.

XU L (#:#1), ZOU Y (4F4), YAN C (Hik), et al. Experimental
study on removal of trichloroethylene from water by chitosan coated
nano-iron[J]. Industrial Water Treatment ( TOlL/KAbFE ) | 2018,
38(2): 22-30.

LU H F, QIAO X L, WANG W, et al. Chitosan stabilised nanozero-
valent iron for the catalytic reduction of p-nitrophenol[J]. Micro Nano
Letters, 2014, 9(7): 446-450.

OLIVEIRA S A, SOUSA C R, DACHAMIR H, et al. Chitosan as a
mtrix of nanocomposites: A review on nanostructures, processes,
properties, and applications[J]. Carbohydrate Polymers, 2021, 272:
1-13.

KUNAL P, DEEPTI B, PREETAM S, et al. Selected applications of
chitosan composites[J]. International Journal of Molecular Sciences,
2021, 22(20): 1-26.

OLALEKAN S I, WEN D O, MOHD S F B. Chitosan modifications
for adsorption of pollutants—A review[J]. Journal of Hazardous
Materials, 2020, 408: 1-62.

SUN Y Q (FMifk), LIU T Y (7 %), WANG Z L (EHR).
Removal of Cr(VI) from water by surface modified chitosan
nanoparticles[J]. Chinese Journal of Environmental Engineering (¥
55 TRE2AAR), 2016, 10(11): 6111-6117.

SIKDER M T, MIHARA Y, ISLAM M S, et al. Preparation and
characterization of chitosan-caboxymethyl-S-cyclodextrin entrapped
nanozero-valent iron composite for Cu (1l ) and Cr (VI) removal from
wastewater[J]. Chemical Engineering Journal, 2014, 236: 378-387.
ZHOU X Y (JA%F7JR), LI Z (Z=47), CHEN ] W (BRZH). Study on
the mobility of nano-sized Fe-Ni bimetal coated with chitosan and its
degradation of trichloroethylene in groundwater[J]. Geoscience (Fif¢
HiJ5Y), 2018, 32(6): 1322-1328.

JIANG D N, HUANG D L, LAI C, et al. Difunctional chitosan-
stabilized Fe/Cu bimetallic nanoparticles for removal of hexavalent
chromium wastewater[J]. Science of the Total Environment, 2018,
644: 1181-1189.

ZHANG XY, WEI W K,YIN X R, et al. Migration and rearrangement
of Fe-Zn species in the preparation of Fe-Zn bimetallic catalysts and
their effects on the hydrodesulfurization reactivity[J]. Energy Fuels,
2021, 35(20): 16768-16777.

KUSTOV L M, FINASHINA E D, SHUVALOVA E V, et al. Pd-Fe
nanoparticles stabilized by chitosan derivatives for perchloroethene
dechlorination[J]. Environment International, 2011, 37(6): 1044-1052.
WENG X L (#%2%), HUANG L L (#2£2%), ZHONG Y H (#13#
4£), et al. Preparation of CS-Fe and CS-Fe/Ni for the removal of
cobalt ions[J]. Chinese Journal of Environmental Engineering (M35
THREAR), 2013, 7(12): 4761-4765.

GONCALVES A A, ARAUJO AF, PIRES M ] M, et al. Synthesis of
chitosan-stabilised bimetallic nanoparticles containing Fe and Ni and
the reductive degradation of nimesulide[J]. Eclética Quimica, 2018,
43(1): 10-25

WENG X L, LIN S, ZHONG Y H, et al. Chitosan stabilized
bimetallic Fe/Ni nanoparticles used to remove mixed contaminants-
amoxicillin and Cd (1) from aqueous solutions[J]. Chemical Engineering
Journal, 2013, 229: 27-34.

ZENG CY (% #2), SHAN H M (¥ E0H), ZHAO C R (&MEAR), er
al. Preparation and mechanical properties of nano-sized Fe-GO/
chitosan composites[J]. Chinese Journal of Composite Materials (%
ERPREER), 2022, 39(4): 1739-1747.

(F4% 2629 1)



