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ABSTRACT The chitosan (CS) rods were reinforced by thermal cross-linking method through mi-
crowave irradiation. The results show that the rotary viscosity of CS solution was increased due to thermal
cross-linking reaction, but much more irradiation time would decrease its solution viscosity because of
thermal decomposition. Crystallinity of CS was reduced due to the formation of network structure. Bend-
ing strength and bending modulus of microwave irradiated CS rods maximized at 182.8 MPa and 5.6
GPa, increased by 97.8% and 36.6% respectively, compared with untreated CS rods. The improvement of
mechanical properties can be attributed to the formation of network structure.
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Fig.1 FTIR spectra for CS rods irradiated by mi-
crowave with different time (a) CSWBO, (b)
CSWBI, (c) CSWB4
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Table 1 Rotary viscosity of microwave irradiated CS rods (mPa-s)

Sample CSWBO0 CSWB1

CSWB3

CSWB4 CSWB5 CSWB7

Rotary viscosity 9 10

11 9 8 6

1 ——
(c)
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Fig.2 Photos of CS solution irradiated with different time (a) CSWBO0, (b) CSWB1, (¢) CSWB3, (d)
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Fig.3 XRD patterns for CS rods irradiated by mi-
crowave with different time (a) CSWBO, (b)
CSWB4, (¢) CSWB7
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Fig.4 Water absorption ratio of CS rods irradiated
with different time (a) CSWBO0, (b) CSWBI,
(c) CSWB4, (d) CSWB7
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Table 2 Bending strength and bending modulus of

microwave irradiated CS rods

Sample Bending strength Bending modulus
/MPa /GPa
CSWBO0 92.4£2.0 4.1£0.1
CSWB1 145.9£1.8 4.940.1
CSWBL1.5 158.14+2.1 5.4£0.1
CSWB3 169.1£1.5 5.4%0.1
CSWB4 182.8£1.8 5.6£0.1
CSWB5 169.4£2.0 5.4£0.1
CSWB7 134.9£1.6 5.5+0.1

FEAAS I A A F] 114.2 MPa, 5.2 GPa, EfER
g U8 SRR IR MR T 4V T =5 2B h, RIE 7%
ey S I T A R S ) i K Y
WREFAERG SR IO — 7 R AT . 4 AR 4T 4
NFERBEIE R e, FEFLIA PSR R T i 22tk
Merde, EA MRS MR E s 136.8 MPa, A
SCR FE A AT A o Bl v = S R BE R AL, A
SRS AR TR 20 NER 2 WIOL, Bl E TR
b PHRES [E] 38 0, SEIR R AT A 25 R B SR e T
W R0 5 5 A B A 52 58 MR B 1 5 il ok B AN
T W8 92.4 MPa, 4.1 GPa, T 4B
4 min J5, SERBEER GRS ih i B AT AL vk
182.8 MPa, 5.6 GPa, 555 M A1 L
I AARE T 97.8%. 36.6%. BET Y4 b RIAS IR
¥ A RE S = A R R A 10 2R MERE . B XRD A
SR R AT T SR N B AR T SRR M 1 4
AL UL 2 P R AR v A D RN S 4 AR R, T2 R AR IR

SEIR N, 51570 5 W 431 ()RS ol AR 8 ) 28 AR 285 4
N R B B = 4k e R 4 1) 1 24 R, DASRE
FOWR PRI 22 4k BOE S 4 min )5, SRR
A5 8 B RN il B 4 T i 182.8 MPa, 5.6 GPa,
FEAR A PRy e SRAEE A 20 B = T 97.8%. 36.6%. T
YRS 3E 24 BoF 8] S 7 SRR W R TR R FE R N T, X
SIS Y T (H R Ak L A S st [a], S 3
B FASE IR S A1 B A AL [ B R AR PR A T e SR b
TR TR SRS BE . ACHRAN i iR B AL 4 e SR o0 1 i
7 A A2 L [ s AR A LK R ik PRI X, AT
FEAR T 5o R B R K 26, DO 5 1 el B = 4852
FHEERM I S22 O Dikfix #2541, &5 Biofix
FeEET A Y,
& £ X W

1 TAO Mingtao, YU Xiangan, Research status and advances
on the complex drug delivery system for the treatment of
nonunion, China Pharmacy, 18(20), 1586(2007)

(PR, T, 89T “BAE WESRARE RIS
. EZ557, 18(20), 1586(2007))

2 WANG Zhengmei, FAN Shuxian, XIE Xuejian, GAO
Guizhi, Research progress on bone fracture internal fix-
ation materials, Journal of Nantong University: Medical
Sciences, 25(3), 229(2005)

(EIEME, SERESE, WA, WrHEE, B N E ae b et Fe ik
&, MR R, 25(3), 229(2005))

3 M.Van der elst, A.R.A.Dijkema, C.P.A.T.Klein, P.Patka,
H.J.T.M. Haarman, Tissue reaction on PLLA versus stain-
less steel interlocking screws for fracture fixation: an ani-
mal study, Biomaterials, 16, 103(1995)

4 C.M.Agrawal, K.A.Athanasiou, Technique to control pH
in vicinity of biodegrading PLA-PGA implants, Journal
of Biomedical Materials Research, 38(2), 105(1997)

5 K.S.Katti, D.R.Katti, R.Dash,

characterization of a novel

Synthesis  and

chitosan/ montmoril-
lonite/hydroxyapatite nanocomposite for bone tissue
engineering, Biomedical Materials, 3(3), 34122(2008)

6 T.Honma, T.Senda, Y.Inoue, Thermal properties and
crystallization behaviour of blends of poly(e-caprolactone)
with chitin and chitosan, Polymer International, 52(12),
1839(2003)

7 V.G.Mir, O.Antikainen, O.B.Revoredo,

A.I.Colarte, O.M.Nieto, J.Yliruusi, Direct compression

J.Heinamaki,

properties of chitin and chitosan, European Journal of
Pharmaceutics and Biopharmaceutics, 69(3), 964(2008)



2H

FAERHE S HE S ISR U = e R R

117

8

10

11

12

13

14

B.Krajewska, Membrane-based processes performed with
use of chitin/chitosan materials, Separation and Purifica-
tion Technology, 41(3), 305(2005)

Y.C.Kuo, I.N.Ku,
polyethylene oxide/chitin/chitosan scaffolds, Biomacro-
molecules, 9(10), 2662(2008)

HU Qiaoling, QIAN Xiuzhen, LI Baogiang, SHEN Jia-
cong. Studies on chitosan rods prepared by in situ precip-

Cartilage regeneration by novel

itation method, Chemical Journal of Chinese Universities-
Chinese, 24(3), 528(2003)

(BAT522, B, 2000, TLARKYE, JRALTTHT] & e R
BT, B R L 2244, 24(3), 528(2003))

L.Y.Lim, E.Khor, C.E.Ling, Effects of dry heat and satu-
rated steam on the physical properties of chitosan, Journal
of Biomedical Materials Research, 48(2), 111(1999)
J.M.Wasikiewicz, F.Yoshii, R.A.Wach,
H.Mitomo, Degradation of chitosan and sodium alginate

N.Nagasawa,

by gamma radiation, sonochemical and ultraviolet meth-
ods, Radiation Physics and Chemistry, 73(5), 287(2005)
G.Cardenas, J.Diaz, M.F.Melendrez, C.Cruzat, Physic-
ochemical properties of edible films from chitosan com-
posites obtained by microwave heating, Polymer Bulletin,
61(6), 737(2008)

P.Wongpanit, N.Sanchavanakit, P.Pavasant, P.Supaphol,
S.Tokura, R.Rujiravanit, Preparation and characteriza-
tion of microwave-treated carboxymethyl chitin and car-
boxymethyl chitosan films for potential use in wound
5(10),

care application, Macromolecular

1001(2005)

Bioscience,

15

16

17

18

19

20

JIANG Tingda, Chitosan, (Beijing, Chemical Industry
Press, 2006) p.103

(BHER, A%, (dbng, 2Tl H iR, 2006) p.103)
Q.L.Hu, B.QLi, M Wang,

tion characterization of

J.C.Shen,  Prepara-
biodegradable  chi-

tosan/hydroxyapatite nanocomposite rods via in situ

and

hybridization:a potential material as internal fixation of
bone fracture, Biomaterials, 25, 779(2004)

Z.K.Wang, Q.L.Hu, L.Cai, Chitin fiber and chitosan 3D
composite rods, International Journal of Polymer Science,
2010, 369759(2010)

WANG Zhengke, HU Qiaoling, LV Jia, WANG Youxiang,
SHEN Jiacong, Chitosan rod reinforced with absorbent
cotton fibers, Journal of Zhejiang University(Engineering
Science), 43(7), 1312(2009)

(FEAERE, #179%%, B M, EWTF, DR, BURHRAF4ERg iR
KB, WRT K222 TR, 43(7), 1312(2009))

HU Wenjie, HE Xueyin, DENG Yujie, XIE Feng, LIU Xi-
angyan, CHEN Mingjun. A clinical study on Dikfix ab-
sorbable internal fixation screws, Chinese Journal of Or-
thopaedic Trauma, 4(4), 258(2002)

(BASCN, 224, XBSE7R, Wb W, XA, WREIMR, Dikfix
AWRCEHT P B BT I I RS, AR ar Bl e, 4(4),
258(2002))

G.O.Hofmann, F.D. Wagner, New implant designs for
bioresorbable devices in orthopaedic surgery, Clinical Ma-
terials, 14(3), 207(1993)



