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Abstract: Magnetic chitosan microsphere (MCM) is a new type of adsorption material, which has unique magnetic
response characteristics and good adsorption performance. With its outstanding environmental protection and
controllability, it has attracted high attention in many fields such as biomedicine, food engineering, sewage treat-
ment and so on. MCM prepared by traditional methods has some problems, such as nanoparticles are easy to dis-
solve in acidic solution and narrow application range. Therefore, researchers have carried out a lot of work in its op-
timization and modification. In this paper, the research progress of optimizing MCM was reviewed in detail from
two aspects: magnetic nanoparticles modification and chitosan modification, including modification and replace-
ment of magnetic nanoparticles, chitosan molecular imprinting modification, grafting modification, metal chela-
tion modification, alkylation modification and so on. The adsorption and removal effects of modified MCM on
heavy metal ions in wastewater and ionic dyes in printing and dyeing waste were summarized. Finally, the prob-
lems and challenges faced by modified MCM were discussed. Its future development trend was prospected, and the
methods and ideas to further improve the application efficiency of modified MCM were put forward.
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Fig.1 Preparation of magnetic chitosan microspheres (MCM)

1.1 ¥ ZE#EM Fe,0, KK F

Fe O, G 9K RL R R A £ | 5 T
PEGrES . AW AR R, (HAERR IV W 2 KR
PSR A, B AR 0 T T AR . K AE oK
il 98K MR} 3% 1H 25 ) ik 2B AR W T BB
FELAG LA . 2R T H g A1 5 3 W4 i, R AIR e 1k
Fe;0, 50 R WH G0k i W B 200 . B i A i H
B D5 3. (1) X FesO, E AT R HB M, 7EAK
RS LT, FEIRRmERE . o bk,

B AN 1E Fey0, 2 T L2 Si0, B MR B ; (2) B
e ok N B REMERL T, S EINGE A
B 0p e 2 52 G AR
1.1.1 B Fes04 4K AL T

T VS N G 3 A BOR] 43 1Y RE AR
£ Fe;0, 91 KR ¥ #EA7 18 1, o7 H 3R v v
AR TE R VRIS W Fa e 1k . A RS |
Pt e A B RO B R A% G W R ok i T =X
it MR 7 1 D B an 3 2 i .



A WM T R TR A P 5 A TR R LA K A 3 e Y R - 2545 -
F1 ERAXBRAMNEMERESR
Table1 Structures and characteristics of common crosslinking agents

Crosslinker Structure Advantage Shortcoming Ref.

:jﬁ;};ygfoir:?f fi?ﬁ:lﬁisv“r’llitg;;l:n- Two carbonyl groups are far away from

o o carbon double bond by Schiff base each other, the crosslinking site is
Glutaraldehyde M reaction and cross-linlz,ing resulting in bound and the spatial site resistance is ~ [14-16]
! ! a stable structure and incr;:ased large, apd the productis not highly
hydrophobic strength crystalline
e Non-toxic, amino protonation cross- At higher pH, the product surface is
Sodium M ‘i_o o Ti e linked with phosphate ions to improve  negatively charged and the phosphate [17-19]
tripolyphosphate | ‘:?\g T the chemical stability of the substance  dissociates, reducing the adsorption
Ol o N while introducing phosphate capacity
o Amino group at the C2 position reacts
with the carbonyl group in the Schiff ) e
/ reaction, and the hydroxyl group at the _,N H' generates _NH3 ’ Wthh 1s not

C6 positi ith th bonvl suitable for strong acid environment

Glyoxal position reacts with the carbony because it is not conducive to Schiff [20-21]
/ group in the acetal reaction, which is "
o conducive to improving the fiber reaction.

strength of the product

Carbon and chlorine bonds are broken

and the hydroxyl group becomes ether

Cl after epoxy ring opening, so the cross- Suitable for alkaline environment, the
linking efficiency is high and the preparation process should be cross- [22-23]

Epichlorohydrin ,>_/
O

product is more stable; and the amino
group is not occupied, so more sites
are combined with pollutants

linked before neutralizing with acid

BEG AR 2000, BERT I BRI 1 A [ W)
A6 W £1% % 1 0 KL 1 BB AR

FEsE I e

(AR B PR 058 o HR H R AT 328 5% 1) 46 W 00 b 2K
D HLE R 8 i 1) i A D B
&4 40 ] RE 2 WA REVE KL T A4 2 450, B AR

e A Y

TR X W L 7 HEAT B A, IR B4R ik F Fey0,
AR BURE L AR T 45 A, R 9Kk T
TEANRR F ARSI NG B0, 23 MCM 240 Kk
TR BV, A SRR DL, AT AR R AR i 7
FMERE 5 TEREYEG AR T SN AR M Si0,, AP
AR RL TS, A R R O B 5 T L 114
N PE, FEAR R WAL, () Y RE S N E pH

WEE o A8 S )R BB 5T AT DLGE 3 Zeta L A A1
FTIR 73 Hr SR PS8R . Si0, S5 84 40 14 4 o 1L 7
B RFAEZE R, B SRS Z AL B SOk g A
KT EAT A, $h S R R T B BIF S 450
112 FRETE Fe,0, 1K KL T

WG 5 B AR B PR A R, A2 AT

%2 AEFHITEE Fe,0, PIKAFHIEIHHNR

Table2 Modification effects of different materials on magnetic Fe;0, nanoparticles

Modifyin
odifying Modification effect Experimental result Advantage Ref.
substance
When the reaction temperatur
It is spherical and becomes ¥ t e reactio tf.} PErature  po juce surface energy without
L L was 31°C, 400 nm microspheres . .
Oleic acid larger in size and evenly . . changing crystal structure and improve [24]
. were prepared, showing high . . . .
dispersed e magnetic nanoparticle dispersion
sensitivity
Improve the acid resistance of
. . . When pH=2.0, the maximum p
. SiO,uniformly coated magnetic . . . adsorbent, reduce the content of
Sio, . adsorption capacity of Cr(VI) is . . . [25]
nanoparticles o magnetic particles, and still ensure the
236.4 mg-g .
smooth separation
. When pH is adjusted to 0.97%, High density fldSOI'p.tl(?I’l of iron ions on
. Nanoparticles were successfully . - the rocks, while retaining a large
Attapulgite the maximum adsorption rate of L [26]
attached to the rod 4 205 number of adsorption sites for
Pd* and Pd*"is 0.98%
polyelectrolytes
Phase change material and Enthalpy of crystallization at 30 ~ Combination of the two substances as a
Phase change magnetic iron oxide were and 32°C and the enthalpy of core effectively enriches the [27]

material encapsulated in chitosan

microspheres at the same time

melting at 43°C dropped to 75.0
and 73.0J-g™', respectively

functionality and applicability of
chitosan, while increasing the magnetic
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R3 EROTENEINITE R Fe;0, KT RIS

Table 3 Examples of some new particles replacing Fe;0,

Magnetic

. Product characteristic Experimental result Ref.
particle
CoFe,0, Uniform dispersion of magnetic particles, excellent At the end of adsorption, the solution was nearly colorless and (28]
magnetic response, good adsorption characteristics ~ the maximum desorption efficiency was about 92.85%
Does not damage the structure of the position itself, =~ Maximum removal efficiency of MB at pH=6.0 and initial
MnFe,0, and at the same time has a synergistic effect on the concentration of 671.4 mol-L™" was 96.4%, and the maximum [29]
adsorption performance of chitosan and MnFe,0, adsorption capacity was about 85.3 mg-g™'
C . Excellent core-shell structure and magnetic response Maximum decolorization rate of cationic dyes reached over
00.5NiFe;04 a [30]
performance 95.0% at a dose of 20 mg-g
Magnetic ~ Preparation of composite products of graphene oxide Average adsorption capacity of the product was 80.8 mg-g™';
graphene  and iron oxide for solid-liquid separation by external ~ the maximum desorption efficiency was 86.3 mg-g"' at40°C ~ [31]
oxide magnetic field and high adsorption of pollutants and pH=6.8

1.2 MIEFERE
1.2.1 53F Bl etk
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55 (4 0] L, 5% R MH 43 BR 3 2R A W ) ) 4 ok R
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a gJ ’ ‘ all, d
N S . ]
¢ Template Functional b;(" ¢!
g Crosslinking
molecule monomer polymerization

L]
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o
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Fig.2 Preparation process of molecularly imprinted polymer (a, b, ¢, d

and d represent the interaction point between the template molecule and

the functional monomer)
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Table 4 Molecular imprinting modification of magnetic chitosan microspheres (MCM)
Template molecule Crosslinking agent Advantage ResulFs of control Results of control experiments ~ Ref.
experiments
2+ _1i s _
guM ﬁ;(éiilﬁnliii with 1 Surface leveling of the blank At80°C and pH=5.0, the initial
coon dinationgo £ NH., and control was completely mass concentration of Cu*" was
Cu** Epichlorohydrin OH. decreasin 2 soluble in acetic acid, 338.7 mg-L™" and the product [33]
e & and the adsorption rate adsorption amount was 72.8
crystallization ability and bout 36.7% meg!
acid solubility was about 3b.7% &8
A large number of binding Maximum adsorption of the Maximum adsorption of the
2,4,6 Ethylene glycol - . product was about 58.0 a
Trichlorophenol  dimethacrylate sites to improve product mg-g” at 25°C and pH=2.0- product was about 75.0 mg-g ™' at [34]
stability and recognition 6.0 ’ 25C and pH=2.0-6.0
C=C bond interacts with
uranyl ion and the binding
energy increases, At25°C and pH=6.0, the
electrostatic attraction Maximum adsorption . .
. N. N- Methylene . . a0 maximum adsorption amount
Uranyl ion . : between phosphoric acid capacity was 105.0 mg-g™ at [35]
bisacrylamide . o was 232.0 mg-g-1 and U(VI) was
and lanthanum, effective ~ 25°C and pH=6.0 reduced to U(IV)
adsorption of uranium by
phosphoric acid and N-
isopropylacrylamide
Cavity fits to the target
template, PIX has high pH=4.0, magnetization pH=4.0, maximum adsorption
Piroxicam (PIX) Ethylene glycol affinity to the active site andsaturation value of 20.0 efficiency of 42.3 mg-g™*, and [36]
dimethyl acetamide forms stable hydrogen emu-g', low adsorption magnetization saturation value of
bonds with the acrylic efficiency 38.0 emu-g”'
group
— incrpsedspedic e 2800 e 2980T, heaverage adsorpion
eep eutectic Glutaraldehyde area for etticient setective P pacity capacity is 80.8 mg-g”', whichis  [31]

solvent identification and binding

to cavities

15.0 mg-g™', which is about

1.9

times that of MgO about 11.0 times that of MgO
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Fig.3 Different grafting methods
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Table 5 Graft modification of MCM

Grafting material Product preparation i::soval of Control experiment Experimental result Ref.

Glutamine-modified Acid green 25 Mlgnauvr;:izgrg E?n ?f Sﬁg ta}:e Maximum adsorption of G25 was
Glutamine magnetic chitosan (AG25), ph=2. L meg o 900.0 mg-g ' at pH=2.0 and 140.0 [42]

microspheres Mercuryions | oonum adsorption of Hg™ at mg-g”' for Hg*" at pH=6.0

pH=6.0 was 80.0 mg-g™" )
Ammonium Aminated magnetic Methylene blueAdsorption amount for MBwas ~ Maximum adsorption amounts for
. nag (MB), Brilliant 105.0 mg-g™" at pH=12.0 and 450.0 MB and RBR were 210.9 and 638.7 [43]

persulfate (NH4) chitosan microspheres

red (RBR)
1, 1,6-hexanediamine-
furllctlonah?ed magnetic cr(VI)
chitosan microspheres

(AF-MCTS)

1,6-hexanediamine

mg-g™' for RBR at pH=10.0

Maximum adsorption capacity =~ Maximum adsorption capacity
was 110.0 mg-g™

mg-g™ at pH=12.0, respectively

was 208.3 mg-g™ [44]

MHEAER, AR MAR S8, &5
OB EBNE . 1,6-C &Y B 51 ek
FN N TR S L A, X R S 00 U I 2 3 5 1A
WtEm, fEWMERETEEEERN, A TE T
s, ZIFPTEh, 25 AR A Uk ek P
FEAAE A [R) A BB ] A ORI A S 5 RN Y
P 388 43 40 Joi 4 A S A1 3k 7 A [m] 8, 87 78 MCM
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A T K R
123 & @B A wE
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SR E WS AR LIRS, 0k b
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T MR SE A LA B 55 . I Ak A 22 Y R s
() 2 BN R B n] DL R B R B, e
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Fig.4 Intermolecular hydrogen bond of chitosan
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Table 6 Advantages and disadvantages of different positions of chitosan alkylation modification

Route Modification position Advantage Disadvantage
Amino group has a polycationic . . .
L Amino group is more active than the
. . Hydroxyl groups at C3 and character‘, decreases crystallinity, hydroxyl group, and the reaction starts
O-site alkylation C6 positions weakens intermolecular hydrogen bonds,With the amino group at the C2 position,

N-position alkylation Amino in the C2 position

Amino group at C2
position, hydroxyl group at
C3 and C6 positions

O, N-position alkylation

and interacts with negative charges to
inhibit bacteria and sterilization
Intermolecular hydrogen bonds are
broken, regularity is reduced, crystallinity
of the molecule is decreased, new
functional groups are introduced, and
the complex has new properties
Adding substances with different
biocompatibility differences,
hydrophobicity changes, and simpler
preparation process

which is not easy to prepare

Special nature of arsenate, solution
alkaline good, the removal of metal ions
when the solution pH plays an important
role, the two need to coordinate

Introduction of large substituents
reduces intermolecular hydrogen bonds
and changes hydrolysis ability

Li 45 PR LR A 1 % 2 N-SR N BN
I It e (NIPAm) (9 04 Ve 98 oK 52 & sk, il o x5
BB A SR L PR R R B R R BT, IE
WIH BA Z @ N e, AR R E 25 )
32 B vl RROR AR o S Mg AR AR Y S A T
N—%e 3t 1k o M 78 MGk . I3l 2o 556 43 7 15
HHRR BB . NaCl 75 2t %% 7 ) 1% B R 52 i K
£ pH=3.6 fif MCM 7£ 1 h [N ik B W B 7, ek
W Ff} £ >4 400 mg/g; NaCl (97 4E, %+ Na*
M CIR i, SFEERME BRI R,
I R CI Y 5 4 W R FH Aol A% A Y 8 PR A1

2 MCM 7E&Z K418 E IR A

MCM FHEE TAE G MR 3R], AR e AR 25 4 78 A
AR5 a2 ol AR [] B B G T v R R e
RE SE 4 1 3 o B - ac 4 L L R L YRR T K
A AR IR B B K A HL A BT . LA B B
1Yo H T 32 SR 0 ] T4k B K b ) B PR B
Yokl EAEE LR WA PR AR
2.1 EDEARPEBAER

Jerbry A AR BAR, S 0 ER gL R K v &
AR, BAEMBR. . A8, £
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Table 7 Treatment of printing and dyeing wastewater with MCM as adsorbent
Adsorbent Dye Principle of action Experimental result Rep ez?t regeneration Ref.
experiment
Maxm.lum adsorption _1 Adsorption amounts of
capacity was 123.7 mg-g the first and third
. Electrostatic and the maximum .
p-cyclodextrin adsorption between - adsorption capacity was - PCrIments were 123.7
modified magnetic =~ Methylene blue dye p orp pacity .~ mgg'and 1159 mgg’, [54]
. - OH and methylene positively correlated with o
chitosan microspheres . and the decolorization
blue pH and negatively
correlated with rates were 93.7% and
92.7%, respectively
temperature

The —NH, and —OH

of the shell layer are
protonated and
deprotonated
Composite dye system significantly at
different acid and

Silver particle-
modified magnetic
chitosan microspheres

alkaline levels, and are dye was 99.5%.
easily bound to anionic

and cationic dyes
Quaternary

ammonium group has

Polyacryloyloxyethyl increased

trimethyl ammonium
chloride grafted
magnetic chitosan
microspheres

Sunset yellow dye group can be

electrostatically
attracted to sunset

hydrophilicity, and the
quaternary ammonium

At 35°C and pH=4.0, the  Adsorption rates of dyes
maximum dye adsorption were 99.0%, 95.0% and

was 271.2 mg-g™; the 91.0% for the three [55]
maximum removal rate of repeated regeneration
experiments, respectively

Maximum adsorption
capacity at 25°C and
pH=2.0 was 787.1 mg-g™*

Adsorption rate was 96.2%
after five adsorption [56]
elution cycles

yellow with or without -

NH2 protonation

Initial concentration

difference provides
resistance to two-
phase mass transfer
and promotes dye
adsorption through
hydrogen bonding,
electrostatic
adsorption

Sr3 gFeys7070.4
Chitosan magnetic
particles

Crystalline Violet (CV)
Alkaline Red (BR9)

Maximum removal rates
of CV and BR9 at 30-40°C
and pH>7 are 94.5% and
97.5%, respectively, and
are highly efficient and
environmentally friendly.

Dye removal rate remains
above 90.0% after five [57]
cycles

Yu 10 3 (7 FH 7 SR A I B 590 6 LR A7 Ak 3
F7E 535 2 5 Sm B PR B8 1 52 BRWH B kA 78 e ol g o
Rk o W 5T AR BRSBTS AR R
MCM, £ 3G AW BF 78 5 . o s W o sssc 2 1 ) s £
TE W B 7 BB AE AR M RE A R T 2 mE8 h, ik
I e TS e T A B AR S g B SR R AR
FH il % T CS-EGDE/Fe;0, Bt % ek , K HAE N B
I 2 =3 {2 N [ M S L S PO R NEL
Pb(Il). Cu(Il). Zn(IT) ML BRF5CER, WE5E T 34t
8 BUAY 22 S5 X R o 590 B 3 B A W R PR 52 ) S
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HA WM AT A5 5k ks Je 5%
P, MAFRIE K b A JE B TR T — R IR
B, SUFRET RN, RKeh% T H L E & EME
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i Z WS, MCM T3 A B8 (9 W B 2, ol
VAL ST, 40 v IR R b el ) 2 B 28 4 O D I A
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A e A o R RS A 4 T RE 7, MCML#Y £
DrRCER AR, SE I Tk Ak B
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R A RMESh 'R Y. BREEAE
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Table 8 Treatment of heavy metal ions with MCM as adsorbent

Adsorbent Heavy Principle of action Experimental result Repea.t Regeneration Ref.
Metal Experiment
Coa Adsorption of porous carbon Maximum adsorption After treatment and reuse,
Magnetic chitosan . - O . .
microspheres P films depends mainly on amountwas 4.8 mg-g"' at  the adsorption effect is [62]
electrostatic effect pH=7.0 almost unaffected
Ad . hani ¢ At 25°C and pH=6.0, the At forming f
Quaternary ammonium . sorptlon mgc }?HISI}? o . saturation adsorption | er pelr orr(rinng 01.1r
magnetic chitosan Cr.P chromium and phosphorusis ;. 1ts of P and Crwere @ sorption- esorp.tlon [63]
- mainly electrostatic d419.0 -1 cycles, the adsorption effect
microspheres interacti 416.0 and 419.0 mg-g"~, ¢ affected b
interactions respectively was not affected by
Acidic environment -NH, and
. - . 2 The maximum adsorption  After three adsorption-
Novel cross-linked -C=N- have high nitrogen .
. . o . amounts of most Cr at desorption cycles, the
chitosan magnetic beads content to facilitate chelation, . -
. . . Cu, Cr pH=2.0 and pH=5.0 were  adsorption efficiency of [64]
modified with cysteinyl and both protonate and o . ety
. - . 156.5 and 138.5 mg-g™, metal ions was still higher
urea Schiff base electrostatically adsorb with tivel than 91.0%
CRO,” and HCrO,~ respectively an 91.0%
Feneration of manganese | A{25°Cand pH=T.0,he
Magnetic carboxymethyl 8 - rangal adsorption capacity of Mn** After five elution tests, the
. A 2 hydroxide precipitation; 0 . -
chitosan composite Mn . . was 75.7 mg-g~ and the adsorption efficiency for [65]
. electrostatic adsorption of . . 24 .
microspheres . . .. adsorption rate was higher Mn®* was still 77.9%
surface adsorption sites with
o than 90.0%
Mn
Hydrogen bonding and
. miscibility between the two . .
Nanoporous magnetic - . Five cycles of experiments,
. effectively suppress the crystalAdsorption amount was - .
cellulose-chitosan Cu o the adsorption capacity of  [47]
X . structure; copper and 65.8 mg-g— at pH=5.0 s :
composite microspheres . . Cu, no significant decline
nitrogen atoms are chemically
bonded
Electrostatic interaction . - Average extraction efficiency
. . - Extraction efficiency of lakes - .
Magnetic Fe;0, chitosan causes surface cations to form was still 77.2% after multiple
Ag and wastewater ranged from [66]

microspheres

complexes with electron-rich

- about 84.9% to 98.8%
organic ligands

repetitions of the
experiment

RS R 45 Fh 25 1 1032 38 T 245 . MCM 78 A [A] 450
B 2 B LB AN 9 FiaR . AT, MCM 78
Bih L AR S S U RE R R AR, fiE
AR SR, AR = RIOCR 4 [ BRI

A, HERLEG S AN EER BN, Wit
A7 ] 5 OB GRF 590 P IO 6 O (8 FH 9 S IR R BT o AE R
S Y F 5 T R BT T T e R 2 B M AR B L
IR 1 350 T il 55 MCML.

R TEANIE SR B 57 B L A SE A

Table9 Application examples of adsorbent in different fields

Adsorbent Adsorbed material Mechanism of action Experimental result Ref.
Regular spherical sh . . .
nz;grl;:v Sgrtfclef:izse ape Maximum adsorption capacities of
PEI-modified magnetic arrow b the three composites with different
. . Ibuprofen distribution, successful . [67]
chitosan microspheres . - ratios were 89.3, 100.0 and 138.6
introduction of a large me-o! respectivel
number of amino £ ,resp y
At 25°C, the average adsorption
Magnetic chitosan - Lo Acid ions form ionic bonds o & o p
. Apple juice organic acid . . capacity was 112.4 mg-g™ and the [68]
microspheres with protonated amino groups h . 1
saturation capacity was 188.7 mg-g
Molecularly imprinted Hydrogen bonds, ionic bonds . . .
i . . . . 30-40°C, the maximum adsorption
polymer modified magnetic ~ Chloramphenicol make strong interactions . o [69]
. capacity is 32.5 mg-g
group microspheres between molecules
Electrostatic adsorption of
Quaternary ammonium- quaternary ammonium groups Maximum adsorption efficiency was
functionalized magnetic Beet juice coloring agent and impurities, ion exchange 99.4% and the maximum adsorption [70]
chitosan microspheres reaction between Cl” and capacity was 127.2 mg-g™'
quaternary ammonium cations
i i ity- ifi iti 25°C, the maximum adsorption
Novel magnetic chitosan Lysozyme Cavity-specific recognition of p (71]

microspheres lysozyme capacity is 130.0 mg-g™'
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