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2006 � 3 � Journal of Inorganic Materials Mar., 2006�1Kb: 1000-324X(2006)02-0427-06}f - `f /β- }��\ZeXw6jP|V8IN3[ P 1, _RV 1, ℄Z^ 1, W U 1, Y\T 2, QSX 2

(1. I�AK=FEKNC?KO�>B 610064; 2. I�AKGJMKC?LDH�>B 610041)0 ,	 dZYL - :YL,KrV (AW) �F β- Zf7� (β-TCP) �
|V�dl�f
%9i��vLC;� 1170◦C =�'�ZYL - :YL /β- Zf7��H�9�s3V
(AW/β-TCP). 5n X �+U� (XRD) �9pv� (SEM) �~� (EDS) �uhDHo?7v|7��6� (ICP-AES)o�����sm�-<C�'��+��A?~�F�℄?F�?�}_\.juL)�#� (rMSCs) x�sv��H
Y�q�smF�-2?��>&r	m'�m AW/β-TCP �s3Vm0L�|℄ 14.3MPa. 9!℄ 66.9%. 9!
 100∼700µm.(rPCmF�-2?�F�℄?F�?�6�
.<�$F�smMD3V�_ m S	ZYL - :YL� β- Zf7���s3V�.<�$F:�Yxb	R 318, TB 332 �!L��	A

1 .(H�-LGH�-LsWpw)s/�I�J�A�H�^�4Wb�iow\S��74Wn_!)}uUg��	�w�w^-�s_Ga[ZM (HA) ;��'o=D��4Wn}2js$U�g4W��6w}�4Wy/n�I℄"�H�4W'o��U[�:/�64W�4Wi)sIVn�:�,�fU��:4WnJH���r�Æ+�!�un	&UBl&mnH�^�4W�g���6P��}�=D�:�,��&B\4W$?BsR.�_�H�^�.�_�7�Æ�Z. [1].awX0	� De Aza[1,2] q-�U_.t� Bioeutectic©R n�IsW��4WU<ZM - [h8�w n)0=��)0�}$ (1402±3◦C, 40h) �Ag1U(�n�1UP�
Bioeutectic©R pp<ZMG α- [h8� (α-TCP) R.=D�g Bioeutectic©R �	� 37◦C w�w^ (SBF) _-n�^P����}�=D�:�,��UP(�#xe7>��r��3E� Huang[3] qtQU(�<ZM / [h8��IsWn:	�&ID<h�naU��+�}�y β-TCP \I��~
i\I�n,P<ZM�U��AwMD<�>�
(1310◦C, 2h) (l�w�w^OW's��4W)s H�^�G}��:�,� De Aza G
Huang (�n�IsW�}�=Dn:2\p7�Z. TCP n�Æ�D�:" <10µm.��ke�nR$ [4] -�o1� - ��	(��%w�y�� �C> (1250◦C) (�U AW H�^�-LsW�om�h�&:j(�U�:4W�m�hBS� 30wt% N��℄	�
 2005–04–28, �T&[℄	�
2005–09–19hs#�
 =m 863 �g^kS (2002AA326080); �z1�G4Q�D`� (2002123)<2lr
 6 ) (1980– ), bTQ#G� �'{��
 /`E� E-mail: scuzdl@sohu.com
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428 � b 3 V F � 21 *:"d^ 48%, :"� 300∼400µm, �:k.R5{� 100nm ?tn$��/�aw-�4Waw AW -LsWBs[ZMG<ZM.�h6[ZM�t 4WnH�^� [5]. B0n/=�&H�t4Wi�)s8�:�,�)sIVn:" (100∼500µm) G n:"d [6]. f:"d^ 75% e<n AW -LsW|ef;�t4WnJH��� R$nzn�w� AW-LsW-h67�Æ�Z. β-TCP,(�[ZM -<ZM /β-[h8� (AW/β-TCP) �I�:�t4W�P�t)sIVnPQJH�}�i6 β-TCPn�Æ�Z��}�=D:�O)�t:"dn
n�
2 Æ)
2.1 AW/β-TCP 7kW9J

AW -LsW�w�� 8u=-�n sol-gel 	9>(l [4], β-TCP �w6o
2�?Bx	9>(l [7]. ~ AW G β-TCP �w�*S�` 70%:30% n!GAE��\I(�
AW/β-TCP �I�w�e'�T1^���j�em�h3I�&:j�~ AW/β-TCP�I�w� 5MPa %wMD<�(l�" 5mm � } 10mm n~3w��-r�XgI�&:� 1170◦C C> 2h (l AW/β-TCP �t4W�
2.2 AW/β-TCP 7kWO4o X A,VA (XRD) h_�� AW/β-TCP �tn�.=Do:qw (SEM) 4<�tn(	�,�:�/o��4WOW:S�tn1M�}o�a	:S�tn:"dGwdm}�
2.3 ���-t��*�t�*|AE ��'�8a℄����Po�`,C2� SBF -� SBF[8] n2\D�y-wI�n�D�a .}� SBF o8GoaÆao� / PhXN1^y� pH � 7.4. Y[� 36.5◦C n SBF 1^-L��p�	��.}nNvu�oviEIq�8w}8�A8� (ICP-AES) :S SBF n Ca2+ �}�o�a	:SU�tn:"d��	 21d P�~�tY SBF -&Q�o*|G'�8a℄��+P�X�%T��ob��
(EDS) n SEM ���	P�tn:}'o=�n=hG=D�
2.4 ���H�+�*6o SDa℄/kvM*�$� (rat mesenchymal stem cells, rMSCs)A.8$��rMSCs��* [9] 	�>w��Z�ot 4  rMSCs e 4×106/cm2 nm}	.w 24 :� (}Bb M3{nm�hBS� 30wt% n AW/β-TCP �t), � 37◦C � 5% CO2 �GK}z{%n�{/-MI�Z�&Qw��Z 7d n�t�o��(1z 24h, %� X�a�\�u���'o����> SEM ���
3 oa
3.1 AW/β-TCP 7kWu";R� 1 U AW/β-TCP �tn XRD ���7e/Q��tn�.�<[ZM�<ZMG β-[h8��'s AW �y β-TCP �\IMP� 1170◦C C>js�H:n1.
i�
3.2 AW/β-TCP 7kW��p^� 2 U AW/β-TCP �t
on SEM Æ��7e/Q�t)s�:�,���:�vU.RN{n�:"� 100∼700µm.
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2 � 5 (�o	ZYL - :YL /β- Zf7��H�9�s3Vm'�F&� 429

� 1 AW/β-TCP �sm XRD ��
Fig. 1 XRD pattern of AW/β-TCP composite

scaffolds

� 2 AW/β-TCP �sm SEM Æ
Fig. 2 SEM photograph of AW/β-TCP compos-

ite scaffolds

3.3 AW/β-TCP 7kW�z%�' 1 XQU AW/β-TCP �tn�B���i6&:jm�hBSn
n��tn1M�}%��wdm}%���:"d
n�M 1 AW/β-TCP 5iU�y$�
Table 1 Physical properties of AW-β-TCP composite scaffolds

w (Stearic acid)/% Compressive strenth/MPa Density/g·cm−3 Porosity/%

10 43.6 1.52 55.4

20 28.0 1.40 62.0

30 14.3 1.05 66.9

40 9.4 0.86 76.7

3.4 AW/β-TCP 7kW��g%dnq%�� 3 U AW/β-TCP �t� SBF -�	 21dP�Y
o4<�:'o=hn SEM Æ��7e/js�"�{lJ\n4O5�;�wHD��� (B R) �> EDS ����)��[x�!� 1.684, y HA(Ca/P=1.667) nBe 	��'sHDU HA �w�

� 3 � SBF �� 21 yO AW/β-TCP �sm9&nm SEM Æ (a) F EDS �� (b)

Fig. 3 (a) SEM photograph and (b) EDS spectra of pore surface of AW/β-TCP composite scaffolds after

soaking in SBF for 21 days� 4 (SU AW/β-TCP �t� SBF -�	_zNv� SBF - Ca2+ �}n$U���	n� 2d, Ca2+ �}Kd
n�+PXg
n�#w�K��.}nNvu�w(m�h)-30%
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430 � b 3 V F � 21 *n�t (:"d� 66.9%) !.B��&:n�tWÆ# �}n Ca2+.

� 4 �� AW/β-TCP �sO SBF + Ca2+�|m#T
Fig. 4 Changes of Ca ion concentration of the

SBF solution after soaking AW/β-TCP com-

posite scaffolds for various periods

(a) w (stearic acid)-30%; (b) w (stearic acid)-0%

� 5 �s3V� SBF ���F+9!m#T
Fig. 5 Changes of porosity of scaffolds after

soaking in SBF for various periods

(a) AW/β-TCP composite scaffolds; (b) AW scaf-

folds� 5 (SU AW/ �t� SBF -:"dn$U�i6�	NvnS��:"d1|
n��.}nNvu� AW/β-TCP �tn:"d w�!=U AW �tn:"d�'si6 β-TCP n�Æ�}�D:�O)U�t4W:"dn
n�
3.5 AW/β-TCP 7k/�HW��"
%� 6 U AW/β-TCP �ty rMSCs w��I�Z 7d n SEM Æ��7y� rMSCs �m���Z8n�t'o���H���E8�=_���=�$�CQ�!$�nÆ;y4W.N���Æ;.RN	 (� 6(a)). � 6(b) (SnU$�2:}H�����:"<�W7e/j:"<s β-TCP 1Æ_%n	: (<10µm).

� 6 rMSCs x AW/β-TCP �s�H
Y 7 yOm SEM Æ
Fig. 6 SEM photographs of rMSCs cultured on AW/β-TCP composite scaffolds for 7 days

4 �~�/=�&H-��t4WnE�U3z�B0n/=�&H�t4Wif;e%f!\" [6]:

(1) )sQDnH�.3���w��ZN�$�{���6w}.[h�wT�G
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2 � 5 (�o	ZYL - :YL /β- Zf7��H�9�s3Vm'�F&� 431�K
i� AW -LsWb��9�oA/
H�/A���=�N5G<Fo[_nx�ee=�&Hn�t4W [10]. β-TCP ℄)sQDnH�.3����%.�U_.!�B0n/=�&H�t4W [7].  R$~ AW y β-TCP �IP�� 1170◦C >�js�H:n1.
i (� 1), ~ AW/β-TCP �ty rMSCs w��I�Z 7d, rMSCs ���t'o�����$�=p�? (� 6), 's AW/β-TCP �t)sQDnH�.3��
(2) )s8Hwn�:�,�\sIVn:" (100∼500µm),  :"d�+)sJan}'od� R$n(�n AW/β-TCP �tn:"d� 55%∼76%(� 2 G' 2), i6 β-

TCP n�Æ�Z�}�D:��tn:"d1|
n�X��pm�h�Dna:n:"�
100∼700µm, :y:�vU.R5{n (� 2), a:"<spw>�G β-TCP 1Æ�_%n	: (� 6(b)), �.a: / 	:n�,P4Wn}'od
a��7,sFw$�n�6����sFw$�jZD�nD6G9=�n�Q�

(3) )sQDn'o^���[�$�n��+�$���'o
�t(QDn	V�� AW -LsWsJDn'o
i�J�� SBF -�=DqhGa[ZM; [11]. � 3 (S AW/β-TCP �tn:'o℄HDU HA. � 6 's rMSCs �� AW/β-TCP �t<���
����� Matsuoka H q [11] �w��r ^�n AW -LsW[�/HDN�)��Z�*- n [Ca2+] [� ROS17/2.8 $�nD/�U�o{AjSa>R
nw�[hi (AP) ^�$ 1.6 ��{AlSa>GNva>R�~y; AP �/� (OC) G4aH�f8 β1 mRNAs n'^�fX��I β-TCP P�WÆ# �}n Ca2+ �[� rMSCs n���
�G�U��7's AW/β-TCP �t)sQDn'o^��
(4) )s7H��Æ���t�=�=DAH-i�1|��Æ�+�.k1:HD=�n�,G'�� β-TCP )sQDnH��Æ���6w}P�H1Æ�1Æ%=n Ca �

P(!)2q�n�[h"�8�5 HPO2−
4 �H2PO−

4 �PO3−
4 ) �6^wJV ~+P=D:H/�_zNvP�Hun�6w1|1Æ3J��sHun:H/n& [7]. AW -LsW_��.�w}1ÆXg�fU�>�R$'s AW -LsWU7��Zn� Fujita q~�:n AW -LsW�6jD�Y*n0/9C� AW fQ�)2��Z [12]. Abiramanq [10] ~p1� - ��	(�n AW -LsW3I�6j�B/*l��))s��Z��

Teramoto H q [13] � AW -LsWnw}�Z�>UzS����)jUt 24 0�:"$l�=���fQ)2��ZG�:HDn/x�R$�)�: AW -LsWU��/$���Zn�+P�w}aSHD:/� AW G β-TCP n�Ædd.}�^� R$-w� SBF �	OW's�tn:"d� Ca2+ q�8nWÆ℄sk1 (� 4), fX7e{Ay� AW G β-TCP n!G�&:jnBS=;( AW/β-TCP �tn�Æ� AW/β-TCP �tnw}�Æ�sdw�_0R$�
(5))s_zn7e��7�n&DnB\n=5�)s;-n8�}�_�e4O/�7Æ��1M�}iaw 5MPa, 1MwS� 45∼100MPa�v���6w}Pn_zNv}/7�I�=5�+P:=Dn=�)s�IBln�=� R$n(�n AW/β-TCP�t7�>n&��1M�}�I�}\"�:I2b�}G:"dn\"�.�m�hn*S�`� 30% n�t4W#IV�

5 o~e AW -LsW�G β- [h8���}W�em�h�&:j��wMD<� 1170◦C>�n(�n AW/β-TCP �I�:�t4W�B[ZM�<ZMG β- [h8�.�m�
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432 � b 3 V F � 21 *h*S�`� 30% n AW/β-TCP �t4Wn1M�}^ 14.3MPa. :"d^ 66.9%, :"�
100∼700µm,��:.R5{�w�w^�	OW's�HA ���tn'oHD��t)s'o^�� AW/β-TCP �t)sH��Æ��7e{Ay� AW GG β-TCP n!G�&:jnBS=;( AW/β-TCP �tn�Æ� AW/β-TCP �ty rMSCs w��I�ZOW's�t)sQDnH�.3�� AW/β-TCP �t7A�/=�&H�tnNE4W�Qv� 
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Preparation and Characterization of Porous

Apatite-Wollastonite/β-Tricalcium Phosphate Composite Scaffolds

XIAO Bin1, ZHOU Da-Li1, YANG Wei-Zhong1, OU Jun1, TANG Yan-Juan2, CHEN Huai-Qing2

(1. College of Materials Science and Engineering, Sichuan University, Chengdu 610064, China; 2. Institute

of Biomedical Engineering, Sichuan University, Chengdu 610041, China)

Abstract: Porous apatite-wollastonite/ β-tricalcium phosphate composite scaffolds (AW/β-TCP)

were prepared from apatite-wollastonite (AW) glass-ceramic powders and β-tricalcium phosphate

(β-TCP) bioceramic powders, using stearic acid as porogen. The mixture powders were allowing

compression molding and firing at 1170◦C to obtain porous composite scaffolds. Characteristics of

the scaffolds were determined by X-ray diffraction (XRD), scan electron microscope (SEM), energy

dispersive spectrum (EDS), inductively couple plasma atomic emission spectroscopy (ICP-AES)

and so on. Rat mesenchymal stem cells (rMSCs) were co-cultured with AW/β-TCP in vitro to

evaluate the biocompatibility of the composite. Results show that: AW/β-TCP composite scaffolds

with 30wt% of stearic acid reach the compressive strength of 14.3MPa, with the porosity as high

as 66.9% and pore diameter ranging from 100 to 700µm. In vitro experiments reveal that AW/β-

TCP scaffolds are biocompatible, bioactive and biodegradable. The porous AW/β-TCP composite

is expected to be a candidate scaffold for bone tissue engineering.

Key words apatite-wollastonite; β-tricalcium phosphate; scaffolds; bone tissue engineering


