4 TR

2011 4F, 55 39 4,45 8 1A

R AREERES DL- ILBHTER

% BT OBEf TEE B
(TP TR, HPE 400050 )

B FEXE

CHFRHBE AR BLILFBFTTRT, AR 610041)

WE AR T A ERRGETREITRREEIEINE RSB 3 & H bl R RAUBE S 4k At 4

PR G AT, BIBRBRMER LB LRSI

)P oot AT, TR BR M et R sn s e

ETHAGETARATINT RLB ST, RILREARGHETROORKRIEMELH 5. 8%, BIUR / SLBRIEHK
VR A B S AaA R F AN 5% T Ae B W SR Y R BEAL 6 LA A A PTG, 4 AR 10% AAAET LA
FAP 3B A 58.9 MPa, 4 15% ZAukF 2 o605 tis B %4 96.3 MPa,

KR Rim mAkL BHRS HFHat

il AT S — o R A s R R, B BT
FAE DTG T AR AR A T R, B 2 N T
BB E AL TR SR, BT el KA A
VIV B G, i, s B, IF HAERIOAE T
KB gyt Tl RiE AR B RE S -
Tk Ay ) Y 1 3k A Bt o LA T LA I PR I FH Hp A i
— k. PR, T B X A T el P e 445 2]
— PP AR A A A B G b il I R 72 R R £

KA RGP B ST IR R G E &
MEINE SR, FREA RITFWEES 55T
P T AE IR A R RS B TR
. EILTAEE], VR b A w R B E e
HEEMEASERMEZ — KA/ RELR
(PDLLA ) B & M BT iR 8k 177 2 [ 22 (1 A= W 24 Ak
BLEE R R T, SRR G YA R £ T
2FVERE A SS R AR AR AR RN A YR A T 5
FOMEER S WSS KW, BEK AT /PDLLA &
G PR AT LLSE G AR WG P R 1 i 4% S T PDLLA
AR YE, 755 PDLLA 1RG5, A W) 16 14
Uk TT L5 PDLLA ) fi2#08 2 | B PDLLA
(IR s SR VR 3B FE ), Ak KA1 / PDLLA
SA B BE KA P& B0 5 PDLLA FE A& 4K
BRfPE 22 MR R AR, IR S5 RS Y3k
Z R ST 225 5 1 S e A, A gk A s i 5
AR, 2 22 M BE AR S R[] PN R T R o
FERE KA UKL 5 PDLLA A4 (] 5 1 ARG B E RN

KA1 /PDLLA & & AR5 1 SR AR . BHF
N G221 0 A W i A P s UL 3R T AT B 45
D7, IR B EE R O pEh Y Bt R

T SRR R R A 7
TR Ty AR IR X A A e B e O (1) 2 1T S
FIIAT P et , XPRE IR A A TR T el Mt e 3] T3¢
YFIIVEHT, 55 PDLLA JERIAI A AP i s
253 SR — OB 0 D3k o X R E AR R TR A T
PR . DA R 85 R A AR R, K A0 e L R
(DL~LA ) BAZAE6E KA R R T A T R ARG B
PDLLA EAZERBIRE AT FR10 . 3 1 He AL )2 g LA
K PDLLA-g- £ JK £1 /PDLLA & & ¥ K9P fE
LLAMETE PRI O P T AR B R A5 T vk
HEFTRAE
1

DL-LA : )13t BB 250 e 00 A BRA Bl 5

SN JE PDLLA : M, =130 kDa, PU 1| it HE A} 7
2 Iy A BR A 5

KA L/D :6~10,%45:2~5 um, FIEAE
TR ER ST T 5

VIR : D)1 B 250 e fy A7 BR A 7
2 KWHE
2.1 JEAEKRGRETREESEDL-LA

FEE K AR 2R TH AT e R R A 0 AR
T G, AE 120°C IR E R, 2 g DL-LA it
£ 10 mL MHIRg SRS 8% 2 g Bl KA PURLAE
120°C (Y ELZ3 P ip T4 24 h S I A R34 20 mL
THZEE 0.002 ~ 0.02 mL RV AT BEIR
P, I AR 90°C i , A AR DL SR s $1 1

* W RTTZ R H R BT H (KJ100817 ) 5 8 PRFE T K247
AEEEA TR (20102Q29 )

= E IS

Wk B2 2011-05-08




TREE, A5 il A R TR RS DL- ZLRRAGBTSE 5

AT IMA 2] DL-LA %W . iR b 7E 120 °CHF
223 ~48 ho ARERHNEER.

B4 B0 5 B UKL AE 20000 1/ min B3 BT B
D3 B I ol FH et i () S e S YR ARG 22 B 2
e AL B A Ak KA R 2R 10T DL-LA 0¥ 5
IYBUUHEFEAE 50 ~ 60°CE 2 T4 24 h KRRAN
el
2.2 F&JEPDLLA HAL 65 & 6 ks

K B S LT ARG SO R it AT £ AR
OIHT o BRI LR Ik F A A A () ek IR A b 578
AA B AR TR A T 5 7E 450 ~ 4000 em™ % B #E
IR ANI T

SR PR i 12 25 AN () S5 1 st [) 4o 422 A i (14 5%
Wil ORF SN e B TG LR T 0 B,
W, BN AR B fe IR AR 1) o ol WV, R I
TCHURL TGN B iRy W=W W,

FHI3 51 i 58 5 550k KA ki f- DA J. PDLLA-g- it
TRATHREFTE LB H 0 /0 B O, TEHLRLF7E £
PRI L 0. 1% AYve B A 17 T A5 F
2.3 PDLLA/ # % % VA% PDLLA /PDLLA-g- #

T 5 0 ) &

PRI AT R LA N2 PDLLA-g- Fi R AT My AR E T
25CHYELZS THRAA h T4 24 h LR e
BI7K 43 3 FREU—5E f5 ) PDLLA, JfF 5 B — & N
Fi( PDLLA : N =5 g: 100 mL ), $ T4 09 ik
AR A S PDLLA-g- fikt JK A7 # A A DI B 751
B TRk IR GRS, I8 i A $
JERRUFI) PDLLA 3K, 2RS4 FE 3.5 h, fitHE4 4
J5 , N8I A LB, 8 PDLLA FCHURL T 3530
VE ; B W UTTE M 28 TR AE T8k 48 h, KBk
FRAXIY AN DS 551

FEAR S, 43 3l % T PDLLA / JGHURL TR
B h95/5.90/10.85/15.80/20.75/25.70
/ 30 MIRE AR
2.4 sk

F MR BRALPLLE 10 MPa ., 190°C T il 45 R~
SA25 mm x5 mmx2 mm M4 FORE S YIRS
IR SR S IR T CE 3 RIG&H .

S W AR L e 5 5 R FH F T BB AL
PEATINGR 0 P 2 A 5 W 4% e ) o e i 5 A 2
R R . IR N 25°C, sk 2.00 mm /
min, 25 158 B A9 IS B 20 mm, BEFREE S Y
FAMEREIIR, 5 A PATIREE

3 #R5ie
3.1 oAt

DL-LA FUATE = R W B A0 70 (0 45 14 3i 1
TG TR KA R R A, AR R 5 A B
PDLLA WUJHER BN RE A F T , i KA R 2
BT A A, 28 R LT AN G A S ek

& 1 ZHE KA LM PDLLA / PDLLA-g- fif JK A7
RF 1 FTIR B i 1 ATIAE L 7E b, c BITZ
T 2985.2935 cm ! X AN S T AT C-H
(FRAE I, 1733 em ™ XA HJE T C=0 AY4FAFI4 L
F 159014721429 1375 cm' HJ&F PDLLA (145
FIE U, 35 ST P A SO 0 R 7 ek A 3R TR P 5 1A
T PDLLA. Xt b, c BiphZk, iR H, 408 36 h
FIVEJ5 ) ¢ i T HE BRI O A 06 18 A T A g 3
K, X1 B PDLLA FERE B A 3 1 A0 B2 A 1 A N
B[R] AT BRI DG R o X AT BEJE: H TR s o Fisf ]
(R FE S, B 22 4 2 E, B2 4808 Y PDLLA (143
FRAIETE T HTEY PDLLA 1EfE M A FE T AR 20,

TN

4066 ‘ 3()0() - iObO 15‘00‘ ‘10‘00‘ 5()0
WA/ et
a—HEKATRIF 5 b= 18 h &3 c—&W 36 hJi5
[# 1 %R AT S PDLLA /PDLLA-g- Tk A7 4 T FTIR

3.2 ARG ER@EM DL-LA

PDLLA iffi i DL-LA HLRTF I A AL 1E
JRAREFZRIT o 8 T (A AR = 2 8 %) e A
RERTE = AAER B RE A R B2 T, i
5E4RBRFIATHIK, FAK AT RE S REOE LA H Y
PDLLA i AN BB AE Ak KA #1738 a4 £k 70
ORI ST, R I 0.5 % (A4 ot 1)
Z ISR B A AR ASOR

Kl 2 SR KA SR TE AL PDLLA (9 5 8E K
Ak TR o HU R SN ] AR A i 2 . DAL 2
Al LLE 78 6 ~ 48 h AN [a] S g B[] T, R K A7
PRI A1) PDLLA BYEL & AH T, 78 ) W 34T
18 h A E R K (2 5.8% ). MipE— 2K
BF ], B2 R PDLLA (%5 S F R 3 2R
PRI AT R 2 TG s o7 I T] A S H R A 46 Jie



6 TR

2011 4,45 39 4,45 8 11

N, B2 TE ) PDLLA 5 fit 2= f5 T4 5 A9 PDLLA

(N
- E
Selg bbb
ol

3

0 10 0 0 40 0
SRR / h
P2 BB B R I A A 2

3.3 PDLLA 44 #98 k G 5T 69 53 L

T HEAS 0 B R A M9 R A 5 A LS R0 3 &)
S3HL, FF AT AR B I R N RS e AR A, TR G454
PR IR A TR ME A3, B PR 2 R T TE

3 SR HEMK AT M PDLLA-g- Tk K A0 KL 115 2.1
BRIt TEM B o AL 3 AT LUA i, 22 R TH 5
R TCHUALF B 25 5 73 BTV 75 B ARy 1) — 1)
BRIFIR, AREERL I I A TR WA 5 1 A 25 3, 7 ]
&2 G RBHBHEME LT, 237 A 3 2 I B

(a) (b)
a—TiE KA1 ; b—PDLLA-g- T JK A1
&3 HEKA K PDLLA-g- il AR FAE L BRI G TEM
3.4 PDLLA/ # /& & % PDLLA /PDLLA-g- # &
B B Aam Ay h AR
PDLLA / ff KA1 Sz PDLLA / PDLLA-g- i JK A1
A PRI 124 PR BE FHA i 5 1S o i R4 7T
o K4 AR KA &% 5 F PDLLA / KA M
PDLLA /PDLLA-g- i JK A 52 G A B HL g BE
60 1
55+
50
45 |
40 |
35 |
30 +

FIAFSRE / MPa

0 5 10 15 20 25 30
REIR A/ %
o—GEAT; a—PDLLA-g-fE KA1
% 4 PDLLA / fif )k 1 & PDLLA / PDLLA-g- i JK A1
AR iR i
M 4 AT LLE H, A PDLLA-g- BE K G2 4

R F A5 B 5 PDLLA / fiE KA 2 A M RHEA
FEALA AR fh b B, HL A mE AT B8 50, Y LR T 5 i
KB 10% B, 524 BB R o8 B I8 ) i K {E S8.
9 MPa,

K5 7n HOR [R) E JK A % 5 PDLLA / BE K
11 M PDLLA / PDLLA-g- fif K £ 5 45 #8159 25 il
SREE. MK S ATLLE , in A PDLLA-g- i JK A1 1)
A BB PSR 5 PDLLA / ®E KA &2 &4k
1 AE ARG FAARAL, I B, S AUk & ik
F| 15% B, 52 G 4R A5 i 5 B 3k ] 55 KB 96.
3 MPa ), 25 5 B A B2 s Bl O AT % 1 A 3
ZIMA T R

105 ¢

100 ¢

Nel
wn

MR E / MPa
©
S

oo
W

0 50 15 20 25 30

FERTET ik / %

oK AT; s—PDLLA-g-f JK A7
€15 PDLLA / f:/k 47 & PDLLA / PDLLA-g- it K
T ARG ES

MK AR T R FH PDLLA R &t )5,
PDLLA /PDLLA-g- &£ K A7 A MHBHE T 2700 1
A —E Mg, X F e W T ICHUR AT LS | AR
S0 IHAE R S W RLRE , JTFRRLIE e A TP R e %
9, FRREERGEESRE KA RS, 5 REW R
AR A, kb 7] 5 PDLLA BEAR S5 1Y 73 T4
MEMG B,

PERTFE Y A AR RIR R A LA B,
AR N AR T AR ORISR Y S 7 IS
b, Bl J5 25 I KT LR , e s FLIIA 3R & 1 il 2
GBI RIEIREIR . BT PDLLA 424 B 5E K A0 Bk
PDLLA Z [i] ELA7 55 1) 3% 82, 76 P g g i/
T, PDLLA %% & Je BUa) A AN 2 55 9] i FE I
L/ AR e ST . R, BT IEHL
Lo RCE 4 5], AR LG8 /0, R A5 8 Tk B
L0 T NFRALIR SR T A2 BN T AR A G
B~ R I ) FLIR AR Ry 1oz g 46 v i | S AR
(AW LR IR, (el ARk Fo R ) o e g i RN 1
4 ZEi

PDLLA 7ERE KA b7 R S KA KA T
FERL N, I LT A% FR 1 1k 1 45 R ik B



TR, A5 ¢ ik KA R EHEAUR G DL- LIRS 7

PDLLA A7 2 TREALF i N stE] B . Partll Silica Biomaterials, 2003, 24 : 3681-3688.
}%*i%é/‘] 5.8 . [10] Dupraz AMP, de Wijn JR, v.d.Meer S, et al. Characterization
R . of silane-treated hydroxyapatite powders for use as filler in
PDLLA_g_ ik j‘j{ 11 % *E ke ‘/Qﬁ Eé ﬁ Eg i 7'}—(‘ £ biodegradable composites [ J ]. ] Biomed Mater Res, 1996,30 :

AT LB B 5 4 53 BB SRV v i gt 231-238.

VLUE TR 5 PDLLA el MR At AT LA B B A7 M [11) RO BERUA. REbeMIBEAIXT R TR / B IR 5 4 bhk

430 7E PDLLA %'ﬁg th , FF 577 HY B B 4 K B ﬁﬁﬂ@?ﬁﬂﬂ (1l $@*ﬁ*¢}+$5&%,2009 (3): 327.35. '

[12] Misra D N. Adsorption of zirconyl salts and their acids on

PDLLA—g_ Eij‘j(a /PDLLA Eﬁjﬁ‘ﬂq ttﬁ@%ﬁima hydroxyapatite : use of the salts as coupling agents to dental

/PDLLA E%Hﬂﬁﬁﬁﬁ?ﬁ@ﬁ%ﬁﬁﬁo polymer composite [ J |. J Dent Res, 1985, 12 : 1405-1408.
& £ 3 #h [13] Liu Q, de Wijn J R, Bakker D, et al. Surface modification of

[1] LiHY, Chang J.Fabrication and characterization of bioactive hydroxyapatite to introduce interfacial bonding with polyactive 70
wollastonite / PHBVcomposite scaffolds [ J ]. Biomaterials, 2004, /30 in a biodegradable composite [ 7].J Mater Sci Mater Med,
25 . 5473-5480. 1996,7 : 551-557.

[2] LiHY, Chang J.In vitro degradation of porous degradable and [14] Liu Q. de Wijn J R, van Toledo M, et al. Polyacids as bonding
bioactive PHBV / wollastonite composite scaffolds [ J ]. Polym agents in hydroxyapatite / polyester-ether ( poly-activee70 /30 )
Degrad Stab,2005,87 : 301-307. composites [ J |. ] Mater Sci Mater Med, 1998,9 : 23-30.

[3] LiHY, Chang J.Preparation, characterization and in vitro release [15] Wang X, LiY, Wei J, et al. Development of biomimetic nano-
of gentamicin from PHBV / wollastonite composite microspheres hydroxyapatite / poly ( hexamethylene adipamide Jcomposites [ J ]
[J1.J Controlled Release, 2005, 107 : 463-473. - Biomaterials, 2002,23 : 4787-4791.

[4] Zhang F M, Chang J, Lin K L, et al. Preparation, mechanical [16] Liu Q, de Wijn Joost R, van Blitterswijk CA. Composite
properties and in vitro degradability of wollastonite / tricalcium biomaterials with chemical bonding between hydroxyapatite filler
phosphate macroporous Scaffolds from nanocomposite Powders [ J | particles and PEG / PBT copolymer matrix [J ].J Biomed Mater
.J Mater Sci Mater Med,2008,19 : 167-173. Res, 1998,40 : 490-497.

[5] LiHY, Chang J.Preparation and characterization of bioactive and [17] Liu Q. deWijn JR, van Blitterswijk C A.Covalent bonding of
biodegradable wollastonite / Poly ( D, L-lactic acid ) composite PMMA, PBMA, and poly (HEMA ) to hydroxyapatite particles
scaffolds [ J ].J Mater Sci Mater Med, 2004, 15 : 1089-1095. |7 ].J Biomed Mater Res, 198,40 : 257-263.

[6] YeL Z, Chang J, Ning C Q et al. Fabrication of poly ( DL-lactic [18] Dong G C, SunJ S, Yao C H, et al. Astudy on grafting and
acid) / wollastonite composite films with surface modified characterization of HMDI-modified calcium hydrogenphosphate
B —CaSiO3 particles [ J ].J Biomater Appl,2008,22 : 465-480. [ J ] Biomaterials, 2001,22 : 3179-3189.

[7] Xu Liang, Sun Rui, Zhang Lifang, et al. studies on poly ( d,I-lactic [19] Borum-Nicholas L, Wilson J.O C. Surface modification of
acid)  / wollastonite composites as a biomaterial [ J ]. Iranian hydroxyapatite. Part 1. Dodecyl alcohol [ J |. Biomaterials,2003,
Polymer Journal ,2008,17 (6 ) : 407-418. 24 :3671-3679.

[8] Xu Liang, Xiong Zuochun , Yang Dejuan, et al. preparation and [20] Yaylaoglu M B, Yildiz C, Korkusuz F, et al. Anovel
in vitro degradation of novel bioactive polylactide / wollastonite osteochondral implant [ J ]. Biomaterials, 1999,20 : 1513-1520.
scaffolds [ J ]. Journal of Applied Polymer Science,2009,114 : [21] Wang M, Bonfield W. Chemically coupled hydroxyapatite-
3396-3406. polyethy-lene composite : structure and properties [ J .

[9] Borum L, Wilson J O C. Surface modification of hydroxyapatite[ J ] Biomaterials, 2001,22 - 1311-1320.

STUDIES ON GRAFTING POLYMERIZATION OF DL-LACTIDE ON THE SURFACE OF
WOLLASTONITE PARTICLES
Xu Liang, Sheng Xumin, Li Daoxi, Huang Hong, Li Youbing
( Chongqing University of Technology, Chongging 400050, China )
Xiong Chengdong
( Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610041, China)

ABSTRACT A novel method of grafting ring-opening polymerization of DL-lactide ( DLLA )onto the surface of wollastonite
particles was developed. PDLLA was directly connected onto the wollastonite surface through a chemical linkage. The PDLLA-g-
wollastonite particles could be stably dispersed in organic solvent such as ethanol for several days. Fourier transformation infrared
( FTIR ) spectra confirmed the existence of PDLLA on the surface of PDLLA-g-wollastonite. The maximum graft degree of PDLLA
on the wollastonite paticles determined by the weight method was about 5. 8%. The mechanical properties of the PDLLA /PDLLA-
g-wollastonite composites had improved some. The tensile strength of the composite containing 10 wt% of PDLLA-g-wollastonite
was 58.9 Mpa, and the bending strength of the composite containing 15 wt% of PDLLA-g-wollastonite was 96.3 MPa.

KEYWORDS poly ( DL-lactide ), wollastonite, graft polymerization, mechanical properties



