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80 U /K Ak Sk 3 R VKT TR A SR e R AL
K F 95 B £k T4 BR 2 &) I A 3L 5 Span 80
Sk CP 9%, Ho 4 ¥k AR 4. FeCl, -6H,0, FeCl, -
4H,0, Wiz (C,,H,,COOH) , NH, -H,0 ¥}/ ¥F
g, T AL VEBE L TA R A, KMnO, 24
AT al, W b E 2 4R A AR 2R R N A B R
SEI R K38 R R E K.

X BFEATET{L (XRD) , D8 Advance %, i[5
A TN w5 AT ST AR R 21 41 65 X (FTIR ),
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LSRG (VSM) |, Lake Shore 7410 A, %€ &
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RIEREVE GRS ARSI % 2 W
2K B FR L FeCl, - 6H,0 8.1 g % F 142.5
mL KB 7oK, 75 = BB 5 £ m# 270 C.
FREL FeCl,-4H,0 4.4 g /& F 10 mL 5 F Kk,
i UE, BU7.5 mLoin A = HBE . R 2 R Ak 1
T, P A 18 mL ¥4 /K (25% , W/V), 1 min
JG, BTHMA 4. 66 g WL, 70 °CF 4k 2 P i £
1 h. SR 25 AT R A BOIR Y T, R AE
JUT A URL DA BN A & T 4. T Ml A R i 2
WE  ZREMR, HHLEFKERZE pH =7
Zedi. RGN A 160 mL ¥ BE S 10 mg/mL (¥
KMnO, ¥, # A PEE VeSO A IR 8 h, #50
B 258 oK ue sk 3 Wk, 1SRRG A, SO
ZJa, EZEBETHE 40 h, 15 51 A R 350
f Pk 94 K ki F (MNP-COOH) .

SRR 2 g bRl 45 19 5 SE R M N
KRR A 4r HLT 150 mL L85 FoKk e, i A
JE0 0.5 g/100mL 152 A W 50 mL, 2] 5
HEFE 43110 min, 550 B bR LS. ORI &
B FOKVEB P U, BN 250 mL 258 1K A
S3HL 10 min. B RT3 00 I R % 2 500 mL
AR RSB R, THEE 60 °C, HREBEHE T A
2 mL, W2 h J5FHE 2 80 C, In AP A A
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W%E 320 pl, JEH NaOH §8 pH % 12 245, )
3h. WESHRJE, WA B A, KB OB 2
K, A 150 mL i HCL (4% ) %, i3 ~4 h
JaREST S, BN 150 mL fY NaOH (5% ) IR =
W7 ~8 h. WA B 55 B 58 RME AL WL 9 KR
T (MNP-CS), HHEB FUkRZE pH =7 £4, &
BT R B K, 4CT RS,
1.3 WK F B RAE

JH TEM WL 16 PE 94 K UKL 1 2 T 300 K ki
BRIV, H FTIR 43 #r A 1 R 0B e A, E
A3 BT ASCIN 2 A A KO 1 3R TR A S Y
55 XRD i) 2 3507 9 AR AR 25 48, FH R PR R
P BIAS 0 A7 G 1 0 K R B RGP, zeta HELASE A3 AT
A3 BIT 0K AE 7K HR R R
1.4 ®EMESKALF IR BSA

F pH =6.0 ¥ £ 4 0.05 mol/L A Tris-HCI
2% i T AN ) 9 B AR ML YE B 1 (BSA)
TIN5 SR WG 3 1 P 9 KR, 0 AN ) B[]
Y BSA Mk E.
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AR AALER. ¥ A AR S 0 7 2 AR O vk A
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VE B 4 MNP BT R , 525 5 4 TR 40 81k,
fff MNP 1 T — R 3% , 145 MNP-COOH. ¥
W, FEEEME b A A IE L 0% B AE A R
HIE Fe, 0, 4K 7 14 32 7 , 15 31 3% 1 % B 55 5
BHI Fe, 0, 0K K T3 S5 60 °C F JH 1 {5 4
SRR LA HSTE 80 CHME AR, I
GA TG 2 B LR AR I, 75 51 7% B i 5
(¥ Fe, 0, GUKHL T 5 S5 F1 4% 9 £k R 1% W 18 I
S e, o 5 3 T A A K Y 7S BB 1k 4 oK kL T
( MNP-CS).
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[ 2 55 B 1Y Fe, O, 44K BURL I F1 4
HUBE L PR A G TR L T Y N
KL TRLAR YA TE 10 ~20 nm {5 [, 5 2 56 %
(R R VE QN KR T B2 9 nm AH LL, WA 4
K. BB TR EAREA SRR, S TR
W AT 3. A5 1 MNP-CS 550K JE IR G 0L R 1K
TEK VW BT BB 23 B, TR 34 40 1
i VA V. EL 5 T R T A % T I % 58

2.1



11 I W AR - 50 ROE A 7 WM 0 RORL T 1 sl A% N R AE LA S AR P R A A 1371
OHO HO NHZ
COOH
HOOC,, COOH HO HoN OH |
HOOC COOH Adsorption with CS,
HOOC COOH ultrasonic for 10 min
CHOOH
MNP-COOH

% Reaction with

Hgo S EPI
HoR s O 3h.s0°C

N=CH
HC=NRN=cH, °

Reaction with HCHO, 2 h, 60°C

H,C=N, N_CHz

Fig. 1 Synthetic mechanism of chitosan coated Fe; O, nanoparticles
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Fig. 2 SEM image of chitosan coated Fe; 0,

nanoparticles ( MNP-CS)

& 3 ) MNP-COOH FiI MNP-CS [J XRD ji
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TG e 5 A 1 1Y Fe, O, 35 1B Hh A I 1 0 i AR —
H, RPHNZZ MM =R G A
&Y, JCH B ARG S EAAAE. ot ] e ¢
RWE 9 2H RN S 0 A R v, R A KA
T Fe, O, WERZ A Bk — 0 A Ak, HH Rk
Git AR KA, R AR R R A
GE R Fe O, , WEIE 78 HARBL, MARe . MR 6

/’TL/\JCD-i, XA O X G K g

JEHF; D jwMZkE‘ﬂFﬂﬁﬁ; 6 >y Bragg fiT 4
fiis B RIETE. KAEELT LA, WiRigE
AN E . R — B 0. 89, 144 1] 45 B BEAZ P i
$i 7 RHZ) % 8.7 nm.

Bl 4 PR sh eGSR 1T (VSM) 78 % i 25 °C

NN 45 5 MNP-COOH il MNP-CS [ 7 ¥ [l 2%
H AT 41, MNP-CS R 19 160 1 % Ak 5% B2 ) 2R
50.05 emu/g, 5 MNP-COOH %i T # 63.45 emu/
g ML, ATFHET 25% , XS T 99 Kk 14 5
SeRBEE, AR T Fe,0, TR, Hii T
MRS — M 2EE 5N E I $ 3. MNP-
COOH ki~ F1 MNP-CS i~ (1% 4 vits 0] £k Jc ) 4
Browi Jy, 2% WL AS R MNP-CS ki 5~ B AT TR
Pt g — 20 U W] 76 i 5 MNP-CS /93 &
B P Fe O, #A 52 B BA.
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Fig. 3 XRD patterns of different Fe;O, nanoparticles:
(a) MNP-COOH and (b) MNP-CS
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Fig. 4

Magnetic hysteresis curves of different Fe; 0,

nanoparticles: (a) MNP-COOH and (b)MNP-CS
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Fig. 5 FTIR spectra of (a) MNP-COOH, (b) MNP-CS,
(¢) chitosan from MNP-CS and (d) chitosan

P 6 Sy R Ak T BE AL B B 1 2 KR T M 58 SR
£ 3 1A W A 0 KR A IR T 2, ol I AT A
MNP-COOH F1 MNP-CS #4543 5l R 3. 5% Al
7.3% , TERE b o3 5 AR 25 T 8 5 WG BORL P Y
T TR i 5 AR M 9ROk T b T R

BW . ZIFE, B 5T RME W TR S BN
H

m, . m,+ —wm
mhmﬂfé& X ( bt _ :F;WQWZ)
m. m e
CS% = b B wt 000 =
Mygep + My
9.7 ( 7.3 3.5)
92.7 96.5

100 x 100% = 3.93%

K m, g, S MNP-COOH PRI i, m, ¢y
J& MNP-COOH wh 22 1 T — R 10 T i, my gy 2
MNP-CS 1 A% (4 i &, m,, , J&= MNP-CS 1 3 T
T2

100

99+ \.
98t 3.5 \%
97+
96157 T
95+
ol TN
93ty
92}

91t

90 . . . . . A . :

-100 0 100 200 300 400 500 600 700 800
Temperature (°C)

Residual weight (%)

Fig. 6 TG curves of nanoparticles: (a) MNP-COOH and
(b) MNP-CS

2.4 MNP-CS gk FHEKBRPIREM
MNP-CS 1 98 KL 5 78 7K v i 43 5ICR 1 Fn
o Mk 2 RPN HARR Z 0y m g i 1T, w4
FRCTE 1 VR I, L ST ) T 2 5% R 1 S T
BB S B U B T R T R B T 2 0 H
g ) AR R . — OB i zeta HL
V0 5 R B o AR e M, A zeta HRZAE K, DKL
T IE) R AN S kA Rl R R R, R AR
BUERG E RERAR . I pH R 5 WKL
Wbt etk EE R R, pH B AL 5] 7F W h
B O R AR AL, HL 23 5 kL 3% T DA K i Bk
CENC N T A a1 T e SR R e X AR LA i 157
M L AE S W R E . B 7 S MNP-CS 1 zeta
HL AL RE pH A2 fb A OC R 2R, i I A] 0, HE 45 F, e
TET ~8 ZIal, KT R B M 94 KR 1Y 55 L i
pH =4.3""" P MNP-COOH {7 & B W )5 , 2
TET T F, R AT P R BRI Ry A R, WA L R R
FERBEM G A pH = 6.4, AT K
MNP-CS i F pH i 7 ~8, [Nl zeta Hi i J2& i 1
Pk F7E g h s st 5 e i, kL 09 %
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4 MNP-CS ki 7 T pH =2 ~ 12 Wb, A 5
YR, ARSI IR W, 24 h g H M ROR
mE 7 PR, B8 45 T pH =2 Bif, MNP-
CS R sh 25 e HUS I 22 i EAR AR b AE 3, 7624 h
Wi/, Wt AR . 2508 R 0, pH M
iT 7, MNP-CS i Fifi 5 JijEg,, 5 it MNP-CS fy
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Fig. 7 Zeta potential of MNP-CS at different pH and the
stability of MNP-CS at pH =2 ~ 12 after 24 h (tube)

500

400+

300}

200+

Average diameter (nm)

100+

0

0 5 10 15 20 25
Time (h)

Fig. 8 Average diameter variation of aggregates for MNP-

CS at pH =2

Fe, 0, BE WM BR IS %, 10] T4 9 MNP-CS 4
IS [5] e J38 R Bl v A, T 48 h Jis ik 1 4 4
KO Ffrs. ARE VA WS nT A I, B AE HCD 3k
2] 0.1 mol/L FI NaOH ¥k FF ik 2] 1 mol/L I},
MNP-CS R A L%, 2= 7E HCL K JE L 1
mol/L 74"t B/ Vi 5 . 45 R UL 45 9 MNP-
CS AWy pH A2 E P, fEH TR pH 5 [l Al HE

PR KT WORL TR Fe, O, % fie. JLIEA & MNP-CS
1 Fe O, w72 B A2 A — R HH 0T
2, AR E ARG H 5 Fe,0, [N, % MNP-CS
OB T 0. 1 mol/L ) HCL PRI, H1 T
IR T — 1, S8 H' 5 Fe,0, B TTH T
R, f04% MNP-CS 50K 3R 75 i, AP 9 3t 7
BT, G B R Fe, 0, %4 i1y — J0 2 7T 4
IR T 9 7 W o 0 T2 M 0 S B L K
FE P T 4 17 B

Fig. 9  Stability of MNP-CS in acid and base solutions
after 48 h:; (1 ~3) 1 mol/L, 0.1 mol/L, 0.01 mol/L
HCI respectively; (4 ~6) 1 mol/L, 0.1 mol/L, 0.01
mol/L NaOH respectively and (7) 0.1 mol/L HCl-acetone
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o - 3R AR PE L. 2R L% F A BSA RS
WFFE AL 2 T R R AR SR, B8z
WE5E, AR ] g K AR FURR S P Ak 2 AR T 2
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T PE 40 K JURE MNP-CS X 25 4 09 W BfEE . 1 10
J& MNP-CS K F-7E# &2 700 mg/L ) BSA %
i (pH =6.0 ) 0. 05 mol/L ¥ tris-HC1 28 i )
R BSA (13 14 il 2. 80% 1y W Bt = S AE i 10
min 5% i ,60 min J5 58 4 7k 21 W0 P-4 ik 20 0% f
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Fig. 10 BSA adsorption dynamics curve of MNP-CS
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110 mg/g. K& 11 4 4 T MNP-CS ki F 1% [ff BSA
M)A IR IR, FTLLE R B A S 7Y 45 R 2 4
IE, — B3 50 T Sk kL 2% 1 TG FL sk K FL BT 1 AR Y

AN TR B LR B 22 TR W BRS AY  AE

3 e

500 S B AT 5 S
T BT A S 7 TR 2K R, TR 0
BRI 10 ~20 nm, 7 1 A i e B R
HEF R 75 FLA UG Fe,0, 7 242 sk 5 b
SRR 6 97 9 (00 8, LA LA P O 7
i e VR P BB 1 0 4 R B B 76 4 B pH = 1
100 14 S FET P K R AR ELAT B B
N B B B, (R T RIS PR 2 A
0 100 200 300 400 500 600 700 Rl 24 K TR T T 28 14 B 1 A T 26
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Fig. 11 BSA adsorption isothermal curve of MNP-CS
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PREPARATION AND CHARACTERIZATION OF CHITOSAN COATED
MAGNETIC NANOPARTICLES AND THEIR BSA ADSORPTION PROPERTIES

Yun-hui Ma, Guo Chen, Jun Zhao

( College of Chemical Engineering, Huaqiao University, Xiamen 361021)

Abstract Chitosan-coated magnetic nanoparticles were prepared. At first, surface carboxyl functional magnetic
nanoparticles ( MNP-COOH ) were prepared by co-precipitation. Secondly, chitosan molecules were adsorbed
on the surface of particles by electrostatic interaction. The hydroxyl groups on the chitosan were then cross-
linked by epichlorohydrin under the protection of primary amine groups with formaldehyde. After the amino-
protecting agent were removed, the chitosan coated magnetic nanoparticles with primary amine groups on the
surface were obtained. The magnetic nanopartieles were characterized by scanning electron microscopy
(SEM) ,X-ray diffraction (XRD) ,Fourier transform infrared spectroscopy ( FTIR) ,thermogravimetric analysis
(TGA ) , vibrating sample magnetometry ( VSM ) and zeta potential analysis. The results showed that the
magnetic nanoparticles were coated by chitosan successfully and could be completely dispersed in aqueous
solutions of various pH =1 ~ 14 to form uniform sols. The magnetic cores of the paritcles are resistent to the
corrosion of 0. 1 mol/L HCI solution. The diameter of these nanoparticles with the saturation magnetization of
64.5 emu/g distributes between 10 and 20 nm. The remnant magnetization and coercivity of the nanoparticles
were nearly zero,suggesting that it possessed a typical superparamagnetic characterization. The isotherm for the
adsorption of BSA onto the MNP-CS surface was S-shaped. The maximum adsorption capacity reached 300 mg
BSA/g MNP-CS.

Keywords Magnetic nanoparticles, Hydrophilic, Chitosan coated, Ferrofluid



