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Abstract: With the rapid development of modern industry, heavy metal ion waste water, printing and dyeing
wastewater discharged from the production process are increasing. Thus searching for more efficient water
treatment materials has become an urgent issue in environmental protection. Magnetic chitosan
microspheres are emerging water treatment absorbents, which draw lots of attention for their excellent
absorption effects on various pollutants and the characteristics of being recovered and reused. More
functional properties were introduced by modification. The preparation and relevant studies of magnetic
chitosan microspheres, the modification methods., mechanism and application of chitosan and Fe; O, are
reviewed in this paper. Furthermore, their future development tendency are predicted.
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Fig. 1 The chemical structures of chitosan

and its precursor chitin
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Fig. 2 Magnetic core-chitosan shell and magnetic multi-cores

homogeneously dispersed in chitosan
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Fig.3 SEM images of magnetic chitosan nanoparticles
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Table 1 The normal cross linker

(c)a3 n

Mk AW 4ty %2 Sk
-
ol
» 0 P\_OO
a5
S 0 P\—OO (8]
e
0—P=—0
\\\O*
0 o
o i 3
ST Fr R R [9]
o OH i
HZ
CH,0H C
«~F  -08-0 H
g 0 10
H OH H OH




F WP & O

%41 %

112 + K5 x84
i3k 1
Ak A 25K EEPUN
0 0
R w [11-15]
H H
CH, 0
b Hsco“i‘m\/\o)\(NHZ [16]
e 3 CH,
Sk oc,
B H,00-8i -~ [17]
OCH,
A 0
HIA / \ [18-19]
- H,C——C——CH,CI
AL H

G R — A W DL S B T B T A B
H 57 R B Lm0 & T LLE A OB, AR RS R
B0 RSB RS R A RN T
— P W BN A T R RE D A T T R AELR S TR
THE LR A — NH, AR R AT DL B 5 Y ) 5 3 F
AR AL . 24 0 Bl T s B, 38 R
FAFLAC SR 7 L 20 SR AL 8 7 30 C bt L A i
FEUE ML) 40585 T W PE 80L 1E © BE. 7E il A 1 e
L E R B TR KB RIE W TR )5S
Fe, O, B4R G 7R BB —Fe, O AR/ K
TRA MR Pk & T B 7K B9 4548 B 2053 T
IR T T B T P e BBk . AE A5
e, 5 e o R VR A 1) 2 5 R Sk L5 i A R —
FBEAR A% /I o R B AR R A A, L ARt LAk e
3 o 0 A 5 A Ry 2 O I ] BE 80 A Sy 3 1HI
PR BN A B —Fe, O, MBS ZR LR T
BLIK RGP A BE L AR B T K2 25 nm i
FERMEWOER M A BEAL N 21,5 emu/g,

o 1 6 7R 2 — i o A R P e SR sk 1 32
R o et AR EDK R 19 - v 5 A T P A T )
SHOH AT DL A HLS AL R Ak g5 R R
Y—R—SiX; , X Al GBJ& (] &R bt A 5L S kAR BE L AT
AT K AF RN A2 Si— OH,L 5 Fe, O, #4545 Y A
REREE AR . M AR TUSRE
YRR 52 B 25 T o T okt . B DL Y RE e AL HE 3 —
CHY LI Ik S0 T 3 = H AR ke 3 — & 3 =
AIERERE . REREIE — Al LS Fe, O, 84 75—
AL Fe REE . X Fh Oy 2 i T 4 U o
HELEBTT Fe, O b AT LIRS K& 2B RN, 52
U A 2 A SR AL . Liu 25090 DL 2 R Ay B A
JoE ARG A F] 3 — CHY 3 P 04 ik 20 T 26 = T |

FERESE OBV IR T AE IR S TR R T &
—Fe,0,, ELALKMT . Vo4d 1R8I K H AT
R IE T ST R OER . Kim 507 3 — &
=B E R T Fe, O, BB T 2 5
—Fe; O, FRl i 42 45 H L N IR R A0 & — i, fE R W
o AR T3k 1.

IS SRR A AT DA ok 5 e BROME b R R kA
Bk Ak SN 4 50 JRME S B R Ok . X A T AN 5 5T
E3 AR~ B IR EF A L4 P VANV RER
P)EAT RV . Dong %50 FH 4 H 56 3 46 £ ot 7 B 1k
(9 7K i v AZ B I A TR ST SRR sk T
FR 1 W BAF 5 i 3 e I B 5 BT LA B 32. 561 mg/g.
1 S5 R SRS BE AR R S B T A
Cu®" \Pb*" , Joe KW B 25 4t 43 50l AT LAGA 3] 48.3.72.0
mg/g.

R A B T VA A O 8 A s RO BRI AT
A F Y, d1 T J0E 0 K Ak AR A 5K
LT £ PR AU TG M S RBEROR AT . &
FEAERR MR 2500 T 235 1 AE FL, 3 i Ay IE A far 119 3k [
7% By ik R W BT AR T Al B A 8 ) O o A R
o s T TE B AR 25 4 . #h b 1 B0 T 22 4 38 58 Tk
A B e RBE R . AR, X R O SUE R
FasE s & pH 52 M AR i A5 3 SR RN AN 1
S CRIERI A R R B R G T R R e IR
307 0 LB ) R O 2 e A2 16 T = B A AR R
SRR EIREY/ B SRl VAR TR 2 371 &N
FERBE IR iR P T AR R .

Akln S50 3 i i 22 S R R 3 5% R A/ U A
= MEGHERP. 2 BH. BN T 80~150
nm [ ¥ 2 L7 B ER m— Fe, O, — CNs., 3 f
GE T OO B B 7 e oRh IR BT A 1y A RN RO L 4
RN AE pH=5 B 7] 3k S5 L W Bt 25 5 17. 9 mg/
go SR IZ Ik m—Fe; O, —CNs HfgfE pH=3~
5 Z A Ak, R AT . Yu S5 DAF IR Ry 58 Bk
AL SE A BT R R K R Fe, O, B SC —
Fey O, o FFIl A3 F7 A6 R 1Y w0 i W 5145 A S 48 FBH 5 15
RWELS AR BT BH B 1 52 MR CTS
— g — PTMAAC/SC — Fe,0,, CTS — g —
PTMAAC/SC—Fe; O, figfE pH=1~10 Z [H] f
L B R PR RE L B T PR AE NV R, SR A
FHES F 54K, 5l A T A &% it PTMAAC, Karimi
SFUOTE 70 CREETR L Bt 7S RAE O AR o —
R AT pH LRSS G QY VR TR U7 s
25 TG BB ORI BRAE & T 5 WA A8
FZ G EBRBCRIKRRA 9300« e KB 45 1 oy 235



% 14

FRRAL, 5 BEME % AR BRI A 6 AT R 113

mg/ g, B WAL K& T RAEY) R G W) R DL AE o 51k
FR T BT EE T R W TR S R E A AR E 1 A e R
BEGRER . 97K T pH & .

BRI AR R B T gk 0 R R Y A
o AR IR BT IE NV BE A7 25 R RE TR 2 1 R S A — E A
JE B FR® 1B RN L R H AT ST R BRAR 2
A s BRI

2 MR RIEREKAY R

e 7 SR A K X 4% 26 9 e W 1 W Y RE T AT
FIR Xk B0 858 19 385 107 AE 7 A B TR I A R
7C R MEWORPEAT OTE

e e SR Dol ok 2 T 1 e 2 P B e SE T R R
PERE. oo tb R B2 h R B REH g . R
a2 10 Ak~ F R AT S ) A7 B AN [ 23 Sl X e SR
BRI Fey Oy BBCTE . X 58 BB otk 3o
A HLBHES T A9 ot A LI B 7 2ot AN A L)
PR TR O R A . XS E REMTIE
T L G VR L2 P A R B AN [ 2 T ) 9 e
Wy o B v A e RO ARl Ik 1 I RS 4 B

A mnmETae |

| asmran |

[erem | | et |

[ srramms |

I

Fe,0

374
B4 ®ETEERKSEAESSE
Fig. 4 The clarification of magnetic chitosan nanopar

ticles modification methods

Xt e R AR R B 1

70 R B R R A A T P R A — A9
BHE—JE C6 iy —OH, —4~ & C3 il —OH,
F—J C2 iy —NH,., C6 fiifi) —OH J&—Z ¥
B WA AR B UR. AT LUER A b e % . 7 B
B/ C3 AL A e 2, 23 [ LK — 28, A BE A i e
B, —IEOLE C6 i —OH BTGP E C3 £ #Y)
—OH K. B BL, — B sz & A A C6 iz iy — OHL,
C2 i —NH, By 5 P T — OH. 5 kR A Ao I
IO o {6815 58 SR A8 B A B9 45 1F R R AT Z Rl L 18
Wi s 2 A [R) 2540 LA ) PR RE O AT A=)

2.1.1 AAur g -Feckk  Li %00 Bk N e
WEVETCRIEOER P 83— —2— RN A =H &
AT 3R 2 RN AL W L B g e R

2.1

M ER CS—CTA—MCM, CS—CTA—MCM # %t F
R BCPERE PR 7 A ROK CS— MCM A B 22 28 it
P BRI HL AT % B, CS—CTA —MCM 1E 8 4>
S F W Cr (VD AT LR i & B, CS— CTA—
MCM 5t Cr(VD Wt 45 7 J& CS—MCM [ 3 £5,CS
—CTA —MCM X Y BE R fe KWK Fff £ 4y 2. 6 mmol/ g,
CS—MCM X H 48 e KW B 54X 4 0. 1 mmol/g.
FEF CS—CTA—MCM W fff B 3648 At Cr(VD IR &
AR &M, Cr (VD 5 B A6 5 55 4 PR W 9 1R
A X Cr(VD W B 203 T B T 4100, % B S48 1Y
W B 8505 R B T 20 %, CS—CTA—MCM X 44 kL1
SR W 3 F X 5 4 8 19 SE APk, Chen %0
BT WA BH S TG PR S SRR Tk R = B
WAL AL B wE 1 S R OBE R CTS — g —
PTMAAC/SC—Fe, O, Fl N— ¥4 = I B 5010 &%
BEE S BBk CTS—g— HTCC/SC—Fe; 0, , %
B CTS—g—PTMAAC/SC—Fe; O, # 47 ¥ & 1 1F
HLf 25 L 0F ) 3 R AR i T CTS —g—
HTCC/SC—Fe; O, Xu % 038 6 12 4 4 51 &
FLIE TR E FE 2— (ZH g 3 2 JL 2t
P BR IR AR S B 1 3R 5 L T 80~120 pm 1Y
GMCMs , HoAf G AL 3R 4 14. 5 emu/g, GMCMs
TN T B B B AR O R 5 R R I BR
HRMHE TR, LT H MR, LRERT
EXT 3 i JLF A A LR A R A 1 B S -
B PE SR 25 FITGPEHE 19 MM RICR . 7ERR 4% 25
(953 F v & A A e TS PR 19 Ay TR A
— PP R — AU . A AT DA B R 2 TR
S, H O B A8 7 0BG 25 5 GMCMs A B HE % .
PRt % R PR 25 1 F R W B AT LA 3] 500 mg/ g,
T 3% P 19 1Y o5 K W B & A 165, 1 mg/g.
Yao &0 il £ T = 2 B R AY RE ME E B R L
Bk QM-chitosan, ZZ W T B X Cr(VD F P(V)
PRy I o 25 SR 5 SRR I FLRR R 1) 43 S5 F T S 1 A5
‘X Cr (VD W 5% 1) 3% fRE J1. % HCO, (Cl |
SOT AF BT R DAY B F 5 M /N 6 i BT R
I3 1 32 BE 5

2.1.2 AAMBEFEE XuZC@Ea [ hEs g
SN S AT R 2 — VN M T e — 2 — FR R TR e i TR
R B WP S B R MCMs |, 155 T PMCMs,
PMCMs iy FH# 7 2RI H . L THEZH
FUrL AT, IF FLBE & pH 30, 35X Fh 07 H i 32 7 1
L, KPR R LB T E . LRI, PMCMs £ 30
C pH=9 By x5 W F W5 1) Je KW B 25 5t ] DL 3k 5]
1 000 mg/g, Yan U738 i [ f 3 50 K 2 40



114 + K5 x84

F WP & O

%41 %

PR BR A 3 7 W M 5T SROBEIRBR b s 3 D Ak R/
fE 1.5 ~2 pm, M F#E AL 58 JE O 13, 0 emu/g. 7E
pH=5.5 B, % Cu*" ] L3k 8] i KWK & 174, 0
mg/g. B3 T R . Ren &5 R 1—
(3— " HREFNH) —3— LMk — W i (EDAC) i
L WM Z R (EDTA) #y — COO™ 5% B B 1)
—NH, Z [a] J& W 1 Bt i 5 . il % 7 EDCMS, %t
Cu" \Pb*" (Cd*" HEAT W B de R W B 25 45 43 531l
0.699.0. 596,0. 563 mmol/g, Yan 2™ F H A &
1R %o L PE S ) 4% 1 CS— Glu— MCM., Xf £ F [ 85
F Yk KB CS—Glu— MCM (1 0 B 45 1t & CS—
MCM [ 4~6 £, & BUXT W7 2L 5 45 f & L FH B 1
R TGL Y S5 KW B 25 5 43 2 0. 6,0.9,0. 4
mmol/g,

2.1.3 FEBEAMNY Zhou PV T e E T R
W E R E AR AN IR, L e T
EMCR. EMCR BHi48 2 80~250 pm. il it 2
B UK DA SRR T R E A AR LR 25 CRY,
X Hg™ 1 5 KW Bt 25 2 T35 2 2. 69 mmol /g, B i
B T AR A 5T BB ER . Roto 287 58 i il g 3
PR A0 3 — FiHE N 3 = A SRk b5l A B T 52
RO L, R OB B LY Bk R T 0 B
[AuCL ] B KW 75 42 T LAik 3] 115 mg/g. Tao
S PR A A T M i T e RO R TR A
i b 18 e AR 2 1 0 Gk P W RS A R R S
TR PESE 25 AR B T 0 G 1 W B RE 0 g
SRE U O AR = R R R AR N B
AR R B A ek A T B— RN
PEREE 7 SR, B — FORURS A K 4548 Be
AN B #E pH=8 JRLEE N 20 CH . X 7 B 3k
W AT DASA B g5 KW B i 123, 70 mg/g. Li S5 A
FHRH R 4 B AE S 51 & 3R o 18 oy i U8 D s ok e 42 A )
TR B MOER (CS—MCM) |, il & T CS—
PAM—MCM, CS—PAM—MCM 4 4 F & i1 8
BRI BL R ORI AT DL A e R
A, LIS T CS—PAM—MCM Xf Cu®" \Pb*"
He' W — Bk R. I ue Bk R, = na @ik
RIS . 53R F P, CS—PAM—MCM A (Y
PR T B RO, g T X Hg AT Cu®
Pb?" B ¥E 1 . Tordache Z560%) gl Th Hb 48 = Fh N 45
e BE TR 4 3 7 2 B b R T N R OE T IR
(BA) PN E R T lg (BMA) | IF C 2N % 1R T g
CHADXF Ni*™ i W BFF 20058 5 52 30 1 7 B B K g A
R 22 | B R B AT Y R B B Fe, O, — CSg—
HA>Fe,0, —CSg—BA>Fe, O, — CSg— BMA, I

K Bt 43 3 o 121, 96,104, 17,101, 01 mg/g.
2.1.4 pFepik SrFEB AR JE — AL
SR 2R SPURZ S5 G0 — iR e
FHEEIZN . E SR R A W A T
BEAARERGE TR RGE ML ERGE B
REWE AN REE 2B RE LD LR E R
FIRE . BUAE Sy B 3% 8 OB T 1 e R b
TR AR 1 85 FH ke 32 i B 0 SROBIE TROBR 1 3 B
W it A

Fathi 885 73 51 F B 405079 e RS — 18 5 16K o
T Calcon Y ¥} 43 B[ b 4 M 72 5 B i Bk
EHC/CIMC.GA/CIMC, & 5 ffs . 18E 507
A SR o RS T A AL 2 A B 30 1 R P o SR AL
Bk EHC/NIMC.,GA/NIMC %f [, 45 5 & 8] EHC/
CIMC.GA/CIMC,EHC/NIMC,GA/NIMC %t [f] &
T ek} Calcon 1 fie K W B &5 43 591 &y 51. 7,39, 23,
25. 84, 23. 68 mg/g. 6 /& EHC/CIMC. GA/
CIMC,EHC/NIMC ,GA/NIMC %t £ flt 4 R} 4 1 b
T4 00 AT LA B I I R M e SR BRI T
AR A . S AT L Cu® T AR B
T Cu®t Bl R PR TS R OBE RO, % W B N AE
pH=5 B}, R T I AEM W B RCR . LRk 8T
AH TF) F ey BRI B T2 A2 1 Zn®t (Co® (NP AR 3
HETFLEE T Cut' /Zn®t (Cu* /NPT Cu /Cott
3F IR A R & L U AT 0 A 6T ik B R B0 o
2.07.2.59.3. 44 ¥J R T 2, S Bp e R 4T,

Addition of @ ® inti o
Chitosan solution g ." ‘ -Imp"mmg - . .
oo o aaaaaaa 4 . . Cross-linker .
Fs0

Formation of Fe304 g
into chitosan matrix é
'E'.
| — 5
‘..- 4 .:’.g‘
.

Separation

) Target

Molecule
Magnet
*n I *

5 CIMC W& M5 & 4 TR R Al
Fig. 5 Synthesis route of CIMC and its application for

removal of calcon using an external magnetic field

2.1.5 2RkEerit EER.ERATHEGY
T A IR R e 2 A A R SR
TTZKE . Shen S0 5@ 1 2 A4 fF A Fe'”
e E TR BRI T — RSB L) Fe' Oy
L I B B A SR B ) ol P 3 1 52 SRR oy T



FRRAL, 5 BEME % AR BRI A 6 AT R 115

% 14
60
50
~ 40
0
1)
s 30
£
=, 20
o
10
. ECH/CIMC GA/CIMC ECH/NIMC GA/NIMC
uCalcon 51.71 39.23 25.84 23.68
uEriochrom black T 17.01 14.61 21.08 18.11
uCoomassie brilliant blue 13.62 11.52 18.38 16.08
Bromothymol blue 10.89 9.12 15.93 14.83

6 EHC/CIMC,GA/CIMC,EHC/NIMC,GA/NIMC
o e 0 K R R
Fig. 6 The maximum adsorption capacity of dyes onto

ECH/CIMC, GA/CIMC, ECH/NIMC and GA/NIMC

W BRI Fe' ' 255 RN MBS 4 A
T H O 7 fros . B oA B 5Ok R, g
BB K o+ 8 U RS E A5t . il A
H B 3 A 7 SROBE B A B A5 T L X I T Y R
T P Y eI 2% B T A o ) W S B g s T EL X 3 B
(438 IV BE J1 58 . 5 e X R TR LT 73 1 W B . 45 3k
W1, 78 pH =12 iy AT DLk 340 46 F0 0% B 25 & 294. 5 mg/
g« I H W Bt - 55 B5F (] /N F 10 min, A 52 Ca®' (K"
Na" \NO; .Cl” . SOi™ \ HPO; %5 /K I %  H W B
T, HoA AR o 0 S bR B A (. Hu 48258
AP T34 4 T Fe, O, /CS/ALCOH) , 1
PESE BB IOR . % %¢ Fe, O, 193 . pH VU e L7758
TFsgm, 20 e BT R0 W R

Fast Adsorption
/«\ Chitosan-Fe(III)
— @ hydrogel after
. QO Chitosan-Fe(III)hydrogel adsorption
5, el O/nz HoO O/u 80,
P oI | A~ cno N | CH,0
S HOH,( ”/ Fle\N o HOH,C u/ie\'f’{
H, 3
— HO 0 dy?

?

S
Chitosan-Fe(IIDhydrogel N
s, - Qafter desorption és
%’ e IS§
J HO ﬁ/
° H, i
N O o
Hor{g&/ﬁe\w 5 ']'
" Ho ™y @ éCondensed Dye
B 7 RS s B AE-Fe(INL) AU Bk MY 1E A ALIRY

Fig.7 Proposed interactions mode between dyes

and chitosan-Fe(III) hydrogel

2.2 3t Fe,O, BIB 1%

Fe, O, HAWBI#EYE, 5. 5 G B B i
WL REE N . Fe, Oy 10 RE PE fE % L1 15 B 7] bR 5k
W B EE A . Fe, O, M4 Wl EA LT
i RO BT B DR IR A B S ORA s
T2 T DA R O R A ikt . e Sk e

RGN Fe, O B EZET7 5 A TR 5 R 25 1F i
LA Fe, O, SEEPRIAZR/NF 10 nm, {H 2 B 1 7
BRI ™ EH, R AL S R A BE S B
Fe, O, 8P 4r . A 5 3 AR 2 7™ 541K, 2% 180 0 1
FIAGy B MR AW LRG0 5 W o it R
A S TERE PR 7 BB TR 1 b

Fe, O, TERRTE S50 N W R by J A= A 5 1k
JE AR T RS R SER G R . E RTR Y 32
JJRTE Fe, O, R ZE F—)2 SiO, . LIB A E R
SR DA B 384 5 A B2 1k 2% fF R 19 35 B fiE J1 . Roto
SOV H e U R AR T Fe, O, 8 5 8
Fe, O, /3 #l T 28 F /K H . NaSiO, Z i A Z1R A&
W pH REFAE 6, o Fey O, : NaSiO; R £57E
1 4, E AR EF AT Fe, 0, @Si0,, SiO, A
HHE R ERGE S . 5 Fe, O, T IIAZ T 451 . 1 7
TR 5T TR MR R R N B

3 W EREMRERES LY ER
ch f 5z

Tl 1 76 SR MR AR B AT A8 T e R 25 B
K ZFE LY TCHLY . R 5T BB BR R
TT A=) 32 B0 38 ) B - 28 4 L B B L A2 B L3
Tl R BN RS e L BR i H . #EMEE R
BEOERAS B 5 & A 3 10 56 A i AR R ot 1 1
UL gk 2 B0 O R R BRI, Chang 251,
Zhou FE 4y BIRGE TGV 5E B OBE Bk o % A 1E
FH e W BFF VR B S B8 T Co®™ L LA KR e R B
WL AR E 5 2Bk R RUR R AT

Li S50 58 o 26 4% U SN A B 1 G 4T 120 —
Wk e R OR B2 B A & B Vs PR AT 120 M %
SVEMER TEMEE, Yang 5881 T o
) P8 R 2 B 1) W M e R K o« — KA —Fe, O,/
CS, H B & REL AL UL B 3k 5 JL 1A, B 18 I It
Cd™" W5 22 — NH, o ff (520 . 73 Ab s X
BRI A WAREE )  Fe, O 43 AT 457 33X i — 25 i
TERWL I %R . Monier 285 il 4 1 T R 1 52 R
Bi— W A MR CSIS, CSIS E& A £ 5 m
B ASEA L A1 R L e T Y O ZE S VR
XU R Cu®' (Co™" NI e R EAE B 75 i )
PR B A2 F T 4 08 BT 9 T Bff . Monier
SFEUVEGE T G M 5T IR OME - R i R ek X Hg
Cd™" \Zn*" B R GR Ik 1 5 SR F T 4 s
TR . A 25 B & TR R R S 5T R
=0 2 0 R B LE A0 B 5 1 A VOIS R o R 1 1
P T AV ] 25 0 1 = 4E S5 R 82 T T X FO 0 B



116 + K5 x84

F WP & O

%41 %

1o HHRIR S0 LA M 2 el i 2 Bl ok 25 B 9%
FHPK I E A . —COO™ R 5 — NH kA b
S AT 52 B X 20 A 1Y 25 B . Zhou %57 DL 2 —
J¥ie 5 R e R R ER B0z L il 4% i T EMCN, ]
ZERBRYENG 7 MBRYERG 10, K By 5L 5 J4 ko 1
P TR R ) R BT S B L By B L
REMA AL T REMESE R A L

4 HUERERERKNBE

1 1 7 SROWE sk ) A E LR A AR
FH S AS[R] 00 B 1k 58 308 80k % A W) 89 95 e 0 A5 5 A
[F) P9 A 7 1 o {EL R 4 #8385 R Y5 pHLL AT 5
(18 265 5 710) s 5 R Y 8 R R ke S IV Ul 4y g O R
TR .

W4 M54 0.1 mol/L 9 NaOH 1 K i 1%
00 X P e RBE SR AT SRR L 4 W SRR S R
AsO, 19 EBRRRRAE 95% LU b B0 B 500 35 A7 B
1 78T R L A R AR AR R R TR B 5K Ak
P T 0. 5.1, 1.5 mol/L B NaCl ¥ W #n
NaOH ¥ 0T W BE 1 25 4% 58 0 B 10 1 7 7 SR OB sl Bk
4 B8 B 255 R » %2 B 1 mol/L Y NaOH A i B 280 5 #c
U AT AR R 7526 LA B . X R SRR AR T
P78 ROME ORR A B 1 5 22 B 4 e L )i B R
SR E ARG T2 e T A BT A A G 8 2R 15T Y 8 K
VE R 55 AT JE 7 28 1 SRR B . R R R
0.5 mol/L i HNO, X 2 — i vle P i) P 7 8 i
BRUEAT M BFE, B BRF SR RT3k 9590 LA b [l B, JE A
UV 4% 4 K EDTA X% fft Hg*' . Cu*" \Ni*
P14 7 JOR S50 1 0 1 e SR W T K a2 AT B B S 3% . EDT A
HARIFMEGRET . 54 E 8 F (M)JE R EDTA-
M 28G90, SEI T i .

5 #Hit

BEAE S RBE ROk L AT AEMTEC & T2t
ICo (RGP TE TR Sl Bk ) I T 38 A2 B AR 22 B4 L Al
R P N R 2 AR ME MR e 2 TR T H .
DRI % T 52 RO BORR I8 A AR 2 7 IR A BT ST
UETEC

1) F AT » %8 T 52 SO0 Sk vy Ak 58 R 0 4R
T ROA [ B 5 T 25 BRAS TR ) 35 S W) L BT o
R PR B T T W TR B R A 6 4

DRI RW BT R LA AR E &
X 2 T SO L B e A R R 28R LS AN TR 4 T T
B B4 6T EEBIE TS 38 B2

3) UL AR KA BT T AT Joy PR T S0 0 s MU i B =
Tl A S92 B O 32% T 3k 248 W% S 50 % 52 B 2 7 1 B

4 R 22 B0 5 SRRl B FLAYT 2B W 1) £ Y R ik
PR ARA A6 BT 2 RE A8 [R] I 25 BR 22 Fh 95 e 19
Ph e R

Sk

[ 1] KW, 55 B AR, o0 ROME 22 BE 78 7K b e 1) 07 1 BF 50
L] KA FEEA . 2011, 37(9) . 11-14.

LIY M, TANG Y L. The application of chitosan in the
water treatment [ J]. Technology of Water Treatment,
2011, 37(9): 11-14. (in Chinese)

L2] M. 58 HRA . MWLMk 5SRO RLBR 0 1 4 F0 0z

(1. fk2£WF5E, 2016, 27(3): 395-402.
WANG N N, CHAI Y, DONG F C. Review of
preparation and application of magnetic chitosan
microspheres [ J|. Chemical Research, 2016, 27 (3):
395-402. (in Chinese)

[ 3] EFKE AR XRS5, gk 7e R BRoK R o
BRI ], TS24, 2010C10): 1761-1767.
WANG ] H, ZHENG S R, LIU F L,et al. Removal of
aqueous humic acid by magnetic chitosan microspheres
[J]. Chinese Journal of Inorganic Chemistry, 2010
(10): 1761-1767. (in Chinese)

L4 ]5RIGE. BPEST RBEGOR 0y oot RAE S0 B AT S BF 5T

[D]. #B . e R . 2008.
ZHANG H Z. Modification and characterization of
magnetic  chitosan  microspheres and
behavious [ D]. Wuhan: South-Central University for
Nationalities, 2008. (in Chinese)

L5 EhaRmL BRI, @ 1k7e RMETE AR AL 2 b g i LT DL ¥
KA, 2009(1) ; 15-19.

HAN Z G, CHEN W. Application of magnetic chitosan

adsorption

in water treatment [ J|. Water Purification Technology,
2009(1): 15-19. (in Chinese)

[ 6 ] XU B, ZHENG H, WANG Y.,et al. Poly(2-acrylamido-2-
methylpropane sulfonic acid) grafted magnetic chitosan
microspheres: preparation, characterization and dye
adsorption [ J]. International Journal of Biological
Macromolecules, 2018, 112. 648-655.

[ 7] Rt L2 R 2 5. BETESE BRI 5%
[J]. ATk, 2012, 31(2): 345-354.
SONG Y Y. KONG W B, SONG H,et al. Research
progress in magnetic chitosan microspheres [ ] J.
Chemical Industry and Engineering Progress, 2012, 31
(2): 345-354. (in Chinese)

[ 8] AKIN D, YAKAR A, GUNDUZ U. Synthesis of

magnetic Fe; O,-chitosan nanoparticles by ionic gelation



% 1 FRRAL, & AR

% 2R R ) 69 AT 9 2 R 117

and their dye removal ability [J]. Water Environment
Research, 2015, 87(5) . 425-436.

[9] YU C, GENG J, ZHUANG Y, et al. Preparation of
the chitosan grafted poly (quaternary ammonium)/
Fe; O, nanoparticles and its adsorption performance for
food yellow 3 [J]. Carbohydrate Polymers, 2016, 152
327-336.

[10] KARIMI M H, MAHDAVINIA G R, MASSOUMI B,
et al. Ionically crosslinked magnetic chitosan/k-
carrageenan bioadsorbents for removal of anionic
eriochrome black-t [ ] ].
Biological Macromolecules, 2018, 113: 361-375.

[11JLIG Y. JIANG Y R, HUANG K L,et al. Preparation

International Journal of

and properties of magnetic Fe; O,-chitosan nanoparticles
[1]. Journal of Alloys & Compounds, 2008, 466 (1) .
451-456.

[12] ZHIJ, WANG Y, LU Y,et al. In situ preparation of
magnetic chitosan/ Fe; O, composite nanoparticles in
tiny pools of water-in-oil microemulsion [J]. Reactive
&. Functional Polymers, 2006, 66(12) . 1552-1558.

[13] HU X. WANG J. LIU Y, et al. Adsorption of
chromium (VI) by ethylenediamine-modified cross-
linked magnetic chitosan resin; isotherms, kinetics and
thermodynamics [ J]. Journal of Hazardous Materials,
2011, 185(1): 306-314.

[14] ZHU Y, HU J, WANG J. Competitive adsorption of
Pb(II), Cu(Il) and Zn (II) onto xanthate-modified
magnetic chitosan [ J]. Journal of Hazardous Materials,
2012, 221/222. 155-161.

[15] FAN L, LUO C, LV Z,et al. Preparation of magnetic
modified chitosan and adsorption of Zn*" from aqueous
solutions [ J]. Colloids and Surfaces B: Biointerfaces,
2011, 88(2) . 574-581.

[16] LIU B, CHEN X, ZHENG H, et al. Rapid and
efficient removal of heavy metal and cationic dye by
carboxylate-rich magnetic chitosan flocculants: role of
ionic groups [J]. Carbohydrate Polymers, 2018, 181
327-336.

[17] KIM H R, JANG J W, PARK J W. Carboxymethyl
chitosan-modified magnetic-cored dendrimer as an
amphoteric adsorbent [ J ]. Journal of Hazardous
Materials, 2016, 317: 608-616.

[18] HUANG G, ZOU L., SU Y, et al. Adsorption of
uranium(VI) from aqueous solutions using cross-linked
magnetic chitosan beads [J]. Journal of Radioanalytical
and Nuclear Chemistry, 2016, 307(2); 1135-1140.

[19] DONG C, CHEN W, LIU C, et al. Synthesis of
magnetic chitosan nanoparticle and its adsorption

property for humic acid from aqueous solution [ ]].

Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2014, 446, 179-189.

(200 AP RS, = QB 5 11 58 TR 250 BIOR 2R 24 1k R BT

FID]. dbat AL stfe TR, 2017.
FU Y N. Study on chitosan hollow microspheres based
on Schiff-base bond as efficient drug carrier [ D].
Beijing: Beijing University of Chemical Technology,
2017. (in Chinese)

[21] shfisfs 5 i i A A7 O i P Bk vy ol 2% %

Hxr )8 e TR M rERELT]. 388 fb 2. 2006, 25
(6): 748-751.
HAN D Y, JIANG X, XIE Z S. Preparation of
crosslinked chitosan magnetic microspheres and its
adsorption properties for metal ions [J]. Environmental
Chemistry, 2006, 25(6): 748-751. (in Chinese)

[22] SHU X Z, ZHU K J. Chitosan/gelatin microspheres
prepared by modified emulsification and ionotropic
gelation [J]. Journal of Microencapsulation, 2001, 18
(2): 237-245.

[23] FACCHID P, CAZETTA AL, CANESINE A, et al.
New magnetic chitosan/alginate/ Fe; O, @ SiO, hydrogel
composites applied for removal of Pb (II) ions from
aqueous systems [J]. Chemical Engineering Journal,
2018, 337 595-608.

[24] LIK, LI P, CAI J,et al. Efficient adsorption of both
methyl orange and chromium from their aqueous
mixtures using a quaternary ammonium salt modified

magnetic  composite adsorbent [ J .
Chemosphere, 2016, 154 310-318.

[25] XU B, ZHENG H, ZHOU H, et al. Adsorptive

chitosan

removal of anionic dyes by chitosan-based magnetic
microspheres with pH-responsive properties [ ] ].
Journal of Molecular Liquids, 2018, 256, 424-432.

[26] YAO W, RAO P, LO T M C,et al. Preparation of
cross-linked magnetic chitosan  with  quaternary
ammonium and its application for Cr(VI) and P (V)
removal [ J]. Journal of Environmental Sciences, 2014,
26(12) . 2379-2386.

[27] YAN H, YANG L, YANG Z, et al. Preparation of
chitosan/poly ( acrylic acid ) magnetic composite
microspheres and applications in the removal of copper
(II) ions from aqueous solutions [ J]. Journal of
Hazardous Materials, 2012, 229/230. 371.

[28] REN Y, ABBOOD H A, HE F,et al. Magnetic edta-
modified chitosan/SiO,/Fe; O, adsorbent: preparation,
characterization, and application in heavy metal
adsorption [ J]. Chemical Engineering Journal, 2013,
226 300-311.

[297 YAN H, LI H, YANG H, et al. Removal of various



118 + K5 x84

F WP & O

%41 %

cationic dyes from aqueous solutions using a kind of
fully biodegradable magnetic composite microsphere
[J]. Chemical Engineering Journal, 2013, 223 (3):
402-411.

[30] ZHOU L, LIU Z, LIU J,et al. Adsorption of Hg(ID)
from aqueous solution by ethylenediamine-modified
magnetic crosslinking chitosan microspheres [ J ].
Desalination, 2010, 258(1) . 41-47.

[31] ROTO R, YUSRAN Y, KUNCAKA A. Magnetic
adsorbent of Fe; O, @ SiO, core-shell nanoparticles
modified with thiol group for chloroauric ion adsorption
[J]. Applied Surface Science, 2016, 377: 30-36.

[32] TAO X, LIK, YAN H.et al. Simultaneous removal of
acid green 25 and mercury ions from aqueous solutions
using glutamine modified chitosan magnetic composite
microspheres [ J]. Environmental Pollution, 2016,
209. 21-29.

[33] W A WIS AL, B0 A0RS e 1 e 2R i ok

X PP B R O B E REAF T L0 ], Ak BT BB RE, 2017
(6):191-194.
XIE Y P, YANG G, XING W H. Study on adsorption
property of methylene blue by the magnetic chitosan
microspheres modified with B-cyclodextrin [J]. New
Chemical Materials, 2017, (6):191-194. (in Chinese)

[34] LI K, WANG Y. HUANG M, et al. Preparation of
chitosan-graft-polyacrylamide =~ magnetic ~ composite
microspheres for enhanced selective removal of mercury
ions from water [J]. Journal of Colloid & Interface
Science, 2015, 455: 261-270.

[35] IORDACHE M L, DODI G, HRITCU D, et al.
Magnetic chitosan grafted (alkyl acrylate) composite
particles: synthesis, characterization and evaluation as
adsorbents [ J]. Arabian Journal of Chemistry, 2015,
74(867) . 28-32.

[36] FATHI M R, NASAB S H. Synthesis of calcon-
imprinted magnetic chitosan nanoparticles as a novel
adsorbent and its application in selective removal of
calcon dye from aqueous solutions [J]. International
Journal of Biological Macromolecules, 2018, 114;
1151-1160.

(371 Bar e, ML, ZE/NZE L 45, Cu®' Bl 1k 72 BBk 1Y
FAE KB M Be (], w e b2 TR, 2016, 30
(1): 174-181.
MA L C, ZHENG Q, CHE X K, et al

Characterization and properties of Cu’" ion-imprinted

magnetic chitosan beads and their Cu®" adsorption

performance [ J]. Journal of Chemical Engineering of

Chinese Universities, 2016, 30 (1). 174-181. (in

Chinese)

[38] DOS SANTOS H H, DEMARCHI C A, RODRIGUES
C A, et al. Adsorption of As (IIl) on chitosan-Fe-
crosslinked complex (Ch-Fe) [J]. Chemosphere,
2011, 82(2). 278-283.

[39] ZIMMERMANN A C, MECAB O A, FAGUNDES T,
et al. Adsorption of Cr (VI) using Fe-crosslinked
chitosan complex (Ch-Fe) [J]. Journal of Hazardous
Materials, 2010, 179(1). 192-196.

[40] HU Q, CHEN N, FENG C, et al. Nitrate removal
from aqueous solution using granular chitosan-Fe (111)-
ALCIID) complex: Kinetic, isotherm and regeneration
studies [ J]. Journal of the Taiwan Institute of Chemical
Engineers, 2016, 63: 216-225.

[41] SHEN C, SHEN Y., WEN Y.,et al. Fast and highly
efficient removal of dyes under alkaline conditions using
magnetic chitosan-Fe (III) hydrogel [J]. Water
Research, 2011, 45(16): 5200-5210.

[42] HU H, YANG L, LIN Z, et al. Preparation and
characterization of novel magnetic Fe; O, /chitosan/Al
(OH); beads and its adsorption for fluoride [J].
International Journal of Biological Macromolecules,
2018, 114. 256-262.

[43] WU W, HE Q. JIANG C. Magnetic iron oxide
nanoparticles: Synthesis and surface functionalization
strategies [ J]. Nanoscale Research Letters, 2008, 3
(11): 397.

[44] CHANG Y C, CHEN D H. Preparation and adsorption
properties of monodisperse chitosan-bound Fe;O,
magnetic nanoparticles for removal of Cu(II) ions [J].
Journal of Colloid &. Interface Science, 2005, 283(2) .
446-451.

[45] SURESHKUMAR V.
RUCKMANI K, et al

DANIEL S C G K,

Fabrication of chitosan-
magnetite nanocomposite strip for chromium removal
[J1. Applied Nanoscience, 2016, 6(2): 277-285.

[46] ABDOLLAHI M, ZEINALI S,
NASIRIMOGHADDAM S, et al. Effective removal of
As (III) from drinking water samples by chitosan-
coated magnetic nanoparticles [ J]. Desalination &
Water Treatment, 2015, 56(8): 2092-2104.

[47] REDDY D H, LEE S M. Application of magnetic
chitosan composites for the removal of toxic metal and
dyes from aqueous solutions [J]. Advances in Colloid
&. Interface Science, 2013, 201/202(4) . 68-93.

[48] SANLIER S H, AK G, YILMAZ H,et al. Removal of
textile dye, direct red 23, with glutaraldehyde cross-
linked magnetic chitosan beads [ J]. Preparative

Biochemistry & Biotechnology, 2013, 43(2): 163-176.

[49] CHANG Y C, CHANG S W, CHEN D H. Magnetic



% 14

FRRAL, 5 BEME % AR BRI A 6 AT R 119

chitosan nanoparticles; studies on chitosan binding and
adsorption of Co(II) ions [J]. Reactive & Functional
Polymers, 2006, 66(3): 335-341.

[50] ZHOU Z, LIN S, YUE T,et al. Adsorption of food
dyes from aqueous solution by glutaraldehyde cross-
linked magnetic chitosan nanoparticles [ J]. Journal of
Food Engineering, 2014, 126(1): 133-141.

[51] L1Z, CAO M, ZHANG W,et al. Affinity adsorption
of lysozyme with reactive red 120 modified magnetic
chitosan microspheres [ J]. Food Chemistry, 2014,
145, 749-755.

[52] YANG G, TANG L, LEI X,et al. Cd(II) removal
from aqueous solution by adsorption on a-ketoglutaric
acid-modified magnetic chitosan [ J]. Applied Surface
Science, 2014, 292. 710-716.

[53] MONIER M, AYAD D M, WEI Y.et al. Adsorption
of Cu(Il), Co (II), and Ni (II) ions by modified
magnetic chitosan chelating resin [ J]. Journal of
Hazardous Materials, 2010, 177(1). 962-970.

[54] MONIER M, ABDEL-LATIF D A. Preparation of
cross-linked magnetic chitosan-phenylthiourea resin for
adsorption of Hg (1), Cd (II) and Zn (1) ions from
aqueous solutions [ J]. Journal of Hazardous Materials,
2012, 209/210(1): 240-249.

[55] M3 PVETIE, F BB, BRI Ak 7 SO SR W sk x

BB TR M RE DRSS ()] BT R #44R, 2017, 37
(12):4562-4568.
YANG M Q, SUN X F, WANG S G. Preparation of
carboxymethyl chitosan-glucan composite microspheres
and its adsorption behavior to fluorine ion [J]. Acta
Scientiae Circumstantiae, 2017, 37 (12). 4562-4568.
(in Chinese)

(561 FRK . BHEH. PO AR AR o 1 58 B8 W 0 2 JBRE Ab P A
WK AR [ 5 TR . 2018, 7(12):
4874-4880.

TIAN X X, HUANG H L. Ammonia nitrogen removal
from simulate wastewater by acrylic acid-modified
magnetic chitosan particles [ J]. Chinese Journal of

Environmental Engineering. 2013, 7(12). 4874-4880.

(in Chinese)

[57] ZHOU L, JIN J, LIU Z.et al. Adsorption of acid dyes
from aqueous solutions by the ethylenediamine-modified
magnetic chitosan nanoparticles [ J |.  Journal of
Hazardous Materials, 2011, 185(2): 1045-1052.

(58] B4 0 A ik, A0 IE 2, 5. M 7 B0 ok W i oK o

As(TIDAY LB F5¢ [T]. FREERL 22 5 HR, 2011, 34
(6): 76-79.
YANG J H, YANG B, BAO Z L.et al. Experimental
study on the adsorption of As (III) in water by
magnetic chitosan microspheres [ J]. Environmental
Science & Technology, 2011, 34 (6): 76-79. C(in
Chinese)

(597 sk#k, Bk, Wiz, 5. BETESE R OER R b o 4%

TER K PR E RS [T, & TR . 2010
(9): 251-253.
ZHANG Y, YANG D L, HAN ], et al. Study on
application of adsorbing protein in potato starch waste
water by magnetic chitosan microspheres [ J]. Science
and Technology of Food Industry, 2010(9); 251-253.
(in Chinese)

L60] JAFIR . —F, 8 BE k., 55, oM 1 50 SR M I sk 0

Cu®™ (Cd*" Fl NPT M B P (1. Wk 2 24 4l
2007, 23(12): 1979-1984.
ZHOU L M, WANG Y P, HUANG Q W, et al.
Adsorption properties of Cu’", Cd*" and Ni*' by
modified chitosan microspheres [ J]. Acta Physico-
Chimica Sinica, 2007, 23 (12):. 1979-1984. (in
Chinese)

[61] JEIFI R 3 et o X IRs . JUR o0 i 2 72 SR % Ao Bk %o

Hg*", Cu®" F1I N&**" pg I i [J]. fb% e TS T
2., 2008, 24(6): 556-561.
ZHOU L M, HUANG Q W, LIU Z R. Adsorption of
Hg?", Cu®*" and Ni*" by thiourea modified magnetic
chitosan microspheres [ J ].  Chemical
Engineering and Technology, 2008, 24(6): 556-561.
(in Chinese)

Reaction

(h# RREB)



