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B OE HAEMARWIEERSEER/CKBEREBRKD (Fe,0,/HA), SRS U5 RO (CS) Rk, F A R4z
TN Fe, 0,/HA 5 CS B &, BB A M Fe, 0,/HA/CS H & HHE . & XRD BRI F PPMS UK R RUT
Fe, O, /HA E&WM LK. REHTR T Fe, O, /HA/CS BH TR BN EWMEE , BEWE Fe,0, SHARE
Ho 3:17, B Fe, O,/HA 5 CS FR R EE 2 9:91 BFBERF B0 N bR BB 4R, S IR B W] 35 3] 87.0 MPa, Tl B

1.57 GPa.

xR EEW, FUURE, BUHALEEERKG, EEHM

FERBRA RITHEYHEE, EEDEN
WA EEMER AN ARTELE, LR
HiwRE UEEM, ST RHESDBEFIN,
XEEERBEEXASEE EHEA" . B
EWMRARABERBEHEE RS (F 60% ~
0%), RERGFHEYHEEEMEYEL EF
BEMRAAHEAMNSIRE, HFEIESE HA M
hiEESHEBHSMER FREESEEERE
BERRLEEAE™Y . BEr CSYHA Z & K1
HEFEERALE, —B L CS HEME, FHFIA
HA M EEAMBNBAREKBSHRY;
Bl HA 34k B LRI CS EE AR E R
BESS.

B A b B R 48 AR T R R4 AN A
BiAERL BYEE VM SR TR R B R P TE N
HERMBTE, H TERABGHMEHT BN E
MW E M YE R e hs” ™

SHRCAHT ZMNE BT R R

FEE Fe,0, M BRETHEAHAARANESY,
WREE KE RILAE W TREZHEEYH
B, BRI Toll A A e ™ S & T Hi TR R
F23.39 MPa WREM AW E , 245 WA LR S
5 3% B R e A= Wy P S X A IR 3 P A 9 el R R S
X H B RRERER, B ER AT
AFREA . BMENREITREBEEER R
FORIEA £ E . Vander Molen™ S5 1A S 7 3% 5 52

B 41 L B9 2E ¥ . Baibekov'™ 45 3 3K #E 3% 3T & B
FIFMREASEERIER. AL Fe, 0, B
W%, R F Ak 2 U 3E 3 ) B B R Fe,O,/HA L B
IS RREYE Fe,0,/HA 5 CSEEBEER FHHS
B REBY BB AERARREARZ TN
A T AT 312 8 &t BE P Fe, 0,/HA/CS B #F , 3
Xkt Fe, O,/HA HEHT XRD FUkL 42 4375 Wi, W
B ST EAT M 1 R T M E TR R AT T
FIE B REVRPE Fe, 0,/HA ¥E CS F 3 H 45,
¥k T gl 55 B R ik 87.0 MPa, T4 & 1.57
GPa,[FIBF B F Fe, O, BRI W 7F 4, BEXT AP N AR 4L
B r= L R, A H B SRR R B E M

1 RERS

1.1 BN

EEE(ERAS. FRBLEYITEARL
A,M,=56.3x10°, [RZBERE =91%) , kBB (5
wt% NaOH ¥ ¥ ), Z B (CH,COOH, 21.1 wt% HA
W) FeCl, - 4H,0( L I L¥FALR ), 4

HrEL) FeCl, - 6ILO(PEEZ (£FA) Ll

WA, A HT ), Ca(NO, ), - 4H,0(F EEE 25 (%
B F i bR A B, 444D , KH, PO, (351 M 3
REFHRNEFRLT).
1.2 HRHE :

HF S F HMERELA L 2BIUGEEW
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MEBRBAZO05BES, LERBN 2 ml/L #Y
NaOH W . AT HE B pHEXT B, EZR TR
S BB N 0.5 h, RIS EH B Fe, O,
EHEMERTHREBKERESE, HERES
2 AZ B (CH,CO0H,2.1 wi% HA %) ER
Fe,0, By, BIBWME/RIL N 5:3 B Ca
(NO,), 1 KH,PO, IR S, S EMHE 0.5 h. &
FERREBEE P EBEEN 2 ml/L K NaOH IE ¥ ,
REEW pH KT 13, 37C TP ABBH M
6 b, HBHEY: HAESYWHEREMERTH
REKGERZPHE BREHAESYEES S
o Z. 8 (CH,COOH,2.1 wi% HA %l )mREM
WS EAE 0.5 h. AR BB I A CS ¥R
$3 b, W INZ B (CH,COOH,2.1 wt% HA &
B)ZBRER EER 5% CSIREGER HER
WHEALES% M CSIEBREARES, B R
—BHERAEFEEALEHR CSRESEHR, A
BEEWY 1l min, ABWTHEE, 12 h 5HHEH
BEYE HA/CS BERC R A B IBAK P REZ P B
FIBMESBREERARE S OCTHT.
1.3 X 56750

¥ F Rigaku D/Max-3B X-§F 28 fi7 5 4 #7 X
(CuKa ,40 kV, 300 mA ) X i & AR & FF 17 40 47
(B 5(°) /s, FIHETER 8 ~ 80°).
1.4 PELSHHK

FH Zetasizer 3000 HS 3T #1458 B Fe, 0, Fl Fe, 0,/
HA B &Y 3e TR 40 A Tk, 338 18 B 298 K,
TKH.
1.5 ek

i i PPMS-9 WA R O REHE R, W0 R N
300 K.
1.6 AZEMpEREL

B Reger fOPL #0766 A7 AR VL0 2
BB e, MR E R 25C, AR
WX BT ABFE HE S P 60C T AL E 4 b, DATHER K4
XA RE B2 e, B AR B K R 70 ~ 80 mm,
BERENS~55mm, B—EHoNERERASE. &
IR = Ak, BE 40 mm, MBEE 2
mm/min . 5 M 3R F B HER TR SR CE(13].
1.7 RHAHERE

SRFS H 2 Hitachi S-590 9 Hd T B e, %
2 S YR MRS 1 Fe, O, /HA/CS B #1 8 A )
Wi (B &AL )T ) MR A S W HEfT W

2 HRGite
2.1 Fe,0, B Fe,0,/HA HIHI &

1 RELEHMEMN Fe,0,/HA E &M X
ST S ENE BN St X SR F#ET T
B, REATE 260 b 26.04,32.09 F1 39.6 & HA /9 3
AL Mg, T ZE 35.64.46.7 #1 63.07 WAFIEIE R
Fe,O, FFTE B, 4 B3 AT L@ i 33X #0435 i Fe, O,/
HAE AW RALTIEEH & Fe,0,, ER K
Fe* + 2F¢’* + 8OH” —Fe,0, ( ¥ ) + 4H,0 K&
HETH, R T E S &G T HITH, B L&Y
Fe'* A4k . 2B W B K Fe,0, BRI S5 M
Ca(NO,), Ml KH,PO, BREHER . HHEHNS121E
#im OH™ B, Fe, 0, BB RE TR - BEHERS
th, ek S F T G2 R R FE AL HA, ROBL IR

HE.
10Ca>* + 6H,PO; + 140H —~

Cayy (PO )6 (OH), { ¥ ) + 12H,0
PEE B ALR#EAT, WA REFERLRE
B AN ESYERMEMIER FREZEFXK
BE¥kZ 1 . Fe, 0, M Fe,0,/HA (L Fe,0, i &
B4R 30%) MR RIS R RN Fe,0, BT
R 2N 369 nm, Fe,0,/HA BB 124 1380
nm, 7 HE 4> A7 U BB AR, [ B Y LUK B Fe,0,/HA
ESPWEHREZYS Fe,0, M4 L E X 1000 nm
EhR,XRHBTF HA G Fe, 0, Xl , AR
BHTERMERE.EH 2 B Fe,0, BE =Y
(L Fe,0, JRBR H 43 1L 4 30% ) 7E 300 K AT 9%
b &%, BEPE N RELLIRE M, Ko emu/g,ﬂfllﬂijﬁ
HHFYE Fe,0, B9 M, X 33.3 emu/g, b Fe, 0,
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Fig. 1  X-ray diffraction profiles of Fe,04/HA (3:7)

patticles
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ERAEMHEIGE(M, =92 emu/g) B/, XTTHER
BT Fe, O, FRIEM S HA B A R ErH:
TP R A Y MAETE R Fe,0, TR BB 5 A AL
PR .
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Fig. 2  Magnetization hysteresis loop for Fes Oy/HA
{3:7) particles at 300 K

2.2 Rtk HA/CS BN S A BHE
CSELEFRPSRERTHEN, B F4
B CSBWS NS .
CS—NH, + CH,COOH ——
CS—NH, + CH,C00™ (pH=4.2)

OH™ + CS—NH; —CS - NH, + H,0(pH>7)
BEX—-FH EEEERERNEREE R EE
BMZBRER AGEEBRETHE CS,ER—R
CSHE, ZMAFRFEELH" ,Na* .CH,C00™ |
OH fEA B, M CS K4 T M Fe,0,/HA X H
RARED. MnZEE AR Fe,0,/HA/
CSRTRMR M), AP M HF ML B CS
BEMOH £BEHEA CSEREERPEETL
B CS EETHRRGIE CS MR, RN 4/ E
CSTEWBTH Fe, O,/HA LTI TR, ER—E
Bt Fe, O /HA/CS I BB AR AEERER D,
BN OH I FREEERASHEERRES
Tl CS I, 512 CS 1 Fe,0,/HA RYIRLFR,
ERA—BEEERE, mikakEs & F R M
BRAENREENEREHWES GRS &
BREETRIESD BEEOHKNER BREZ
[l A5 EMEE , R4 B R LLE & H R Fe,0,/
HA/CS B & .

2.3 ®H HA/CS By ¥ tEaE

2.3.1 TP G BT HA/CS B &M ¥ H %
HEERMRE W A BBEMN, AN FHERE
HEMERANEBRARZ— AL SREaE

EWBNTMERE N 92.4 MPa, SHEE Y
4.1GPa, BERTHEENTHBEER (20
MPa) , R B &M 3R B (KF 100 MPa) . X F
CS/HAESHMBM N2 HRHANRELE S,
FE HARWMA NS CSBMAAERT
TR HTHE Fe, 0, 5 HA L3 F 34
BERIRE A, 2 CS(20.34 g) EMENY
(Fe,0,/HA,3.59 ) B & B, MK 2 Fe,0, 5 HA
WMILERET - RIS, FHENH#ETTSH
WA, SR MEK 1.

Table 1  Effect of the ratic of Fe;0,/HA on bending strength and
modulus of the hybrid rods

Fe; Oy /HA Bending strength{ MPa) Modulus{ GPa)
1:0 104.7 2.48
3:7 48.6 1.30
3:9 54.9 1.14
3:12 68.1 1.26
3:17 83.5 1.45
3:27 81.1 1.89
0:1 62.0 1.87

MELITUEH, Fe,0,/ CS E4 B M i
SREEF 104.7 MPa, 545 CS B H I, Fe, 0, &3
TXCSHEHMHRIEA. FEE Fe,0, W HMARE
B ESHE I 3% M 48.6 MPa M1 E 83.5
MPa, T Fe,0, & BHHHA BB NEFHEEH
AT HRER R % S4B RM
L. BEBEXTYER LGN 3:17.

232 AP STEXEME Fe,0,/HA/CS B & #F
ke 24 0p- A ATHELIN S EXTE
BT EPERER R, a3 F E CS(20.34 o) HIRFD
Fe, O,/HA(3: 1T) M LU, X A XYW E S B
HET — BRI, X EMHTTEMHRER
WA RME 2, NF 2B R #EH Fe,0,/HA/
CSHBEME N FEHRBEMS CCEMMMELE TH
B, ZRHT CSHFHEHRUBHKME EERDF
AR TIRIERER, EEA R0 ¥ Ea Y
BHRE WM Fe,0,/HA MITI A HE AT CS
G F-HEZ (6], (6 15 s Fi R A A7 0 5 , FE 40 1 4 Rt
2SRRI R BE AR S # e
TR BEE XYY E B AR, SR R &bl 2 4R
B E A AR AL MR F BB AR, Wi
THEEERH AR MBS . B Fe,0,/HA/CS
HEEMHEE R ERN HA/CS S48 L
BET 20 MPa, BEEEFEMWHETBEH BN ¥
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HERBZR , AR 2 WL M BHL A CS WAL
B 9:91 BF E & FRLE S RE R AE

Table 2 Effect of the ratio of inorganic to organic material on bending
strength and modulus of the hybrid rods

Bending strength
{Fe; 0,/HA)/CS Modulus( GPa)
{MPa)
20:80 76.5 3.17
17:83 79.9 2.32
15:85 83.5 1.45
11:89 86.6 1.42
9:91 87.0 1.57
0:100 92.4 4.1

2.4 Bt Fe,0,/HA/CS BH HIREEHN

B 3 BBt Fe, 0,/HA/CS B Wi TE 19 SEM B
b RN Fe,O,/HA F1 CS Z BB L T R EF 8
BREA BABRENSHEARBH, XNERE
BB EERERE, AINER 3 TLIED
MEERNEE, ERXBERNEFEEETSM NS
FHBEMS CSEFNTHE.BME#MY Fe,0,/HA
FEMOEN, FPAN P NLEBEBE, X—HARS
HEEBM K EERMEE HA W ITMR /NS
WA .

Fig. 3 SEM of fracture surfaces of magnetic Fe; 0,/HA/CS composites containing various percent of magnetic HA
8) The 9% loaded sample; b)The 11% loaded sample; ¢) The 17% loaded sample; d) The 20% loaded sample

% EFFR, RAE F (Fe* BRI W TP it
NaOH #4L ¥ UL B , i & H B Fe, 0, BURL, 3
& B Fe, 0, BURITE Ca(NO,), # KH,PO, HiR&
Bl ERRAL, TR B Fe,0,/HA B &Y.
BB Fe,0,/HA FIE B CSERBIBR.FH

JFERPIAT R & W T UL CS HEAK, B Fe,0,/
HA W BB B & o8 BT BT B h
BEM A AT LI Y, B T IR AP 87.0 MPa,
BTHRBE3~4 %, BREFNHEESEE T E
HFEHEBHER.
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PREPARATION OF MAGNETIC IRON OXIDE/HYDROXYAPATITE/CHITOSAN
RODS BY in situ PRECIPITATION

CHEN Fuping, HU Qiaoling, CHEN Liang, LI Baogiang, SHEN Jiacong
( Institute of Polymer Composites , Zhejiang University , Hangzhou 310027)

Abstract Chitosan (CS) is suggested for using in orthopedic applications to provide temporary mechanical support
for the regeneration of bone cell ingrowth due to its good biocompatible, non-toxic, biodegradable, and inherent
wound healing characteristics. In the present study magnetic iron oxide/hydroxyapatite { HA )/chitosan rods were
prepared by blending magnetic iron oxide/hydroxyapatite with chitosan via in sity precipitation . Magnetic iron oxide/
hydroxyapatite was obtained by co-precipitation method. X-ray diffraction (XRD}, size distribution and magnetic
measurements were performed 1o characterize the as- prepared magnetic iron oxide/hydroxyapatite, the results
confirmed the formation of magnetic iron oxide/hydroxyapatite with particle size of around 1380 nm, and its saturated
magnetic intensity ( M,) was about 33.3 emm.When the total inorganic and C$ content kept constant, effect of the
ratio of magnetic iron oxide and hydroxyapatite on the mechanical properties was invested , the reults showed that the
best ratio of magnetic iron oxide and hydroxyapatite was 3:17,and the effect of the ratio of magnetic iron oxide/HA
and chitosan on the mechanical properties was also investigated ,9:91 was the best ratio. It could be also concluded
from the three point bending test that the mechanical properties improved as the inorganic content decreased.
Bending strength and bending modulus of the magnetic iren oxide/HA/CS composite were 87.0 MPa and 1.57 GPa,
respectively. The mechanical properties of magnetic iron oxide/HA/CS composites were stronge while compared to
those of human bones, due to the special performances of magnelic iron oxide and hydroxyapatite, this composite
could have potential use in bone repair domain. The microstructure studies of magnetic iron oxide/hydroxyapatite/
chitosan tods were carried out by scanning electron microscopy (SEM),and SEM micrographs supported the results
of the three point bending test,

Key words Chitosan, in situ Precipitation, Magnetic iron oxide/hydroxyapatite, Composite



