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316L G�vx�Æ#� HA-ZrO2(CaO)/316L G���5Eq&N/{XK�|� 1
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, ��z 1
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, y�� 2

(1. vner gmtlikwfpsq�do 410083; 2. vner jrjhru�do 410083)℄ V EX� 316L �o�J"�8V�r�* HA-ZrO2(CaO)/316L �o��I{=���?4R�o#j'
?m,��o8Vl 40µm �I{=��?4Rt|�o8Vl 50µm �I{=���oJ"l
0.8∼1.2mm �I{=��?4Rt|�oJ"l 2∼3mm �I{=��FT�oU�A;�x��o2+ �;`2�>�I{=�D0N�hq�-�1Nlh�z���>=��?4R�6
r 20vol% 8Vl
40µm �J"l 0.8∼1.2mm � 316L �o� HA-ZrO2(CaO)/316L �o��I{=��Y{�?4R#�hhp"�L2D��'��4x *8"A/l 140.1MPa � 117.8GPa � 5.81MPa·m1/2 x 87.1%. I{=�he`5F HA DIx 316L �oNA�(�Qj'4(��3x\�����z�q�� 316L �o�
HA-ZrO2(CaO) �ULL�R{�Yl�h?{LUk�U* 316L �o���MT�H>
�UD5�h�
Fe ��|��~� 316L �oD65��U Ca � P ���|�
r 5%316L �oI{=�,�lo4'��2r 10% � 20% � 40%316L �oI{=�,�l�4'��u�4T"F 316L �or���'2�x
� � w 316L 67R�o (316L �o); I{��=��he?℄��?4R�'�4Rb<���TB333 CJn8+A

Influence of 316L Fibre’s Dimension and Content on the Properties of
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Abstract: The influence of 316L fibre’s dimension and content on the properties of HA-ZrO2(CaO)/316L

biocomposites was studied. The results show that mechanical properties of the composites with fibre

diameter of 40µm is better than that of 50µm, and with fibre length of 0.8–1.2mm is better than that

of 2–3mm. Micropores increase with volume fraction of 316L fibre because of mutual contact among

fibres, which becomes microflaws and leads to descending of mechanical properties. Therefore, it is

concluded that HA-ZrO2(CaO)/316L fibre biocomposite reinforced by 20vol% fibre with dimension of

φ40µm×(0.8–1.2)mm has optimal mechanical properties, i.e. bending strength, Young’s modulus, frac-

ture toughness and relative density are 140.1MPa, 117.8GPa, 5.81 MPa·m1/2 and 87.1%, respectively.

No obvious flaws or pores appear in the composites and 316L fibre is enwrapped in the HA-ZrO2(CaO)

matrix and both integrate each other tightly. The combining mechanism of matrix to 316L fibre is

physical adhering force. Small amount of Fe element of the toughing phase diffuses in the HA(ZrO2)

matrix, but no Ca, P element of the matrix diffuses in 316L fibre toughing phase. Both matrix and

toughing phase are relatively independent and no chemical reaction is observed in the composites. Brittle

fracture and tough fracture are illustrated in HA-ZrO2(CaO)/316L fibre biomaterials with 5vol% fibres

and 10vol%, 20vol%, 40vol% 316L fibres, respectively, and the toughness increases with the increasing:	32Æ 2006–10–05, :yP�	32Æ2006–11–23��M.Æ l%W�l��I (50604017)_��Æ ℄.\ (1976– ), O�3,�5"� E-mail: zoujp@mail.csu.edu.cn
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of 316L fibre contents in HA-ZrO2(CaO)/316L fibre biomaterials with 10vol%, 20vol%, 40vol% 316L

fibres.

Key words: 316L stainless steel fibre (316L fibre); biomaterials; microstructure; mechanical proper-

ties; fracture properties

1 WRk�"
$ (HA) gm^O_yDWMVaO�B�_yu� �!�5y �5�OV~�h:�eH4yz�(eGZ [1,2]. �3�k�"
$gm �Lg�Wr��58^�h6 p(���8Ts}VH_6K�J9 �?�eiu��A5Ty �!�53�h:ms}#d�Ag_��_��_X��<1�.L1��i �5!+:E�LnMVJ9 �?�y89T [3−5] �h}J
[6−8] �i}J [9,10] ��`�}J9?�y �Lgu����yA�Z�  �!�5y �5u��z_yP��A5T �K}?�GZOmGZ���O�?�GZ�4mA�V�z�Ytz��A5Tu�� �!�5t,Z{_B �?����_� 316L 89T/ZG#dHsJ9 �?��)V
"h}J�&a�v 316L 89T� HA �Z"
<!O�n(K}?�FG �uYA~m�:*�3
ZrO2(CaO)M6	V� HA �VF_yq��gs
[11]. ` x�bA� HA-ZrO2(CaO)/316L �qK} �?��_� [11], KM 316L �qYtys�+ HA-ZrO2(CaO)/316L �qK} �?�5Tp$�
2 7T���- 1B0Y�8YOB� HA-ZrO2(CaO)/

316L �qK}?��2W( 0.5mass% q0CgmO1��Y&(ÆO�jxe�=em#FGBxF 8h, PBm 250r/min, Q���R 200MPa Eo 1 HA-ZrO2(CaO)/316L F?��p%u�1l
Table 1 Components in HA-ZrO2(CaO)/316L

composites

Composite Fibre/vol% HA/vol% ZrO2(CaO)/vol%

HSZ1 5.0 80.7 14.3

HSZ2 10.0 76.5 13.5

HSZ3 15.0 72.2 12.8

HSZ4 20.0 68.0 12.0

HSZ5 40.0 51.0 9.0

HSZ6 60.0 34.0 6.0

CO1�n��s(o���e 3◦C/min !v=
800◦C, �v 2h; �e 4◦C/min !v= 1200◦C, �v
2h. '!��(o$m 6.67×10−3Pa.^O8>B��<IRK}?�d�s�q9W φ=40µm,K$ l=(0.8∼1.2)mm�q�v
�K}?�F�ZrO2(CaO) � HA-ZrO2(CaO)�}�FI!V��B"dm 15%.� KYKY-2800 .�>�T�fD?�if�^��s MOPM-27 .J!�iTfD?��!B9��s PHI769 .�VTe`N2�AB�yi}�As�B��� Instron 4505 .eT?�5J��N2idq$�( �5y�5E�B��idq$B��s��d�B�7�5QYtm 36mm×6mm×5.5mm, v`m 25mm, CZ_�B)m 0.5mm·min−1. ( �5Xp|%su�7
(SENB)B��5QYtm 2mm×4mm×30mm,v`m 16mm, su�$ 2mm, suw$ 0.2mm, CZ_�B) 0.05mm·min−1. �5E�Y^m� - m)���D
���s��6�W=7B�5Q9$�5a'Je�XQa�'J�n�ibd;�
3 7T�[;*
3.1 HA`�\t}�r'�=!QO0|YL�q9W�K$+?�id5Tp$^
1 I+��n-B σb(a) < σb(b) < σb(c) < σb(d), �
HA-ZrO2(CaO)/316L 89T�qK}?�idq$G 316L 89T�q9WyK$0*3�z�Y^ Cottrell +�q�℄m�B��- [12], �q�℄\/?�Z�( pUFp$T�(vZXHVlA��q��V3,F<C�T+?�Z�5TWyHVp$��!Y�qV�B<��:Æ�qy:%�qne�z[F<��q��V3,F<C�T�z��Æ�qy%�q"m�qyK�q_yZzF<C�T�l3(K}?�q$�z�Y&�� GZF��qK$+idq$p$+z}�q9Wp$�℄��a� 20vol%316L 89T�qK}?�m��
(a) � (b) � (c) � (d) idq$^km 127.7 �
132.1 � 137.8� 140.1MPa,9WYm 50µm� 40µm&�K$m 0.8∼1.2mmK}?�idq$"K$m 2∼3mm K}?�z 10.1MPa � 8.0MPa; 3K
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℄ 1 316L �oXs*I{=�hp"�o#
Fig. 1 Influence of dimension of 316L fibre on bending

strength of HA-ZrO2(CaO)/316L fibre biocomposites

(a) φ=50µm, l=2–3mm; (b) φ=40µm, l=2–3mm; (c)

φ=50µm, l=0.8–1.2mm; (d) φ=40µm, l=0.8–1.2mm$Ym 0.8∼1.2mm � 2∼3mm &�9Wm 40µm K}?�idq$" 50µm K}?�z 2.3MPa� 4.4MPa.ia�^ 1 �-B�+ HA-ZrO2(CaO)/316L89T�qK}?�3H�iidq$� 316L 89T�qs� 20vol% d℄�a���i3��idq$�(dz}b��K}?�5TU���V5T��q!q$�i3,F<�^�O59s!� ZrO2 y 316L 89T�q( �5 (B0m 10 y 80∼150MPa·m1/2)  U}�V
HA(0.6∼1.0MPa·m1/2), ne
m�qm��Z�q��gs���q3,!�<a$��?K}?�F1Oir���qV�B<:�&��q3,<a�:���qq�gs}M��u�GU�qV�B<�(��q3,<a��.�i*r�W[�.�2Om {	�?K}?�5T�7�li℄�a��& [13]. Y&v} 40vol%y 60vol% K}?�i�qs�p.3nT℄��}dÆzP�Z}j%ne
m� 20vol%316L 89T�q HA-ZrO2(CaO)/316L 89T�qK}?�id�A5Tdu�
3.2 HA�$���r',}|YLv 3.1 n/��q9Wm 40µm K}?�:9Wm 50µm Vt��qK$m 0.8∼1.2mm K}?�:K$m 2∼3mm Vt�li��<GZd=�9Wm 40µm�K$m 0.8∼1.2mm 316L�q���q HA-ZrO2(CaO)/316L 89T�q �K}?�mGZ+&�^ 2 �+ HA-ZrO2(CaO)/316L �q �K}?�9$y!+9$G 316L �qs�)�k(�v^n/���5Q9$G 316L�qs��(v 3.53g·cm−3 �= 4.94g·cm−3, 3!+9$�G 316L �qs��(v 93.3% BB7= 80.2%.

;
Oj/� HA-ZrO2(CaO)/316L �q �K}?�9$RU8/lm!+9$RUI?�3/lm9$z 316L s��(I?�l3�?9$�!+9$G 316L �qs��()�z-!9�� 20% e�K}?�F�i('9$8��-9$ 88%, B�℄�!+9$-Bi_yUr)��l��qs�p.�?�q,ir�.y��?�s}VH:u:ÆV&��6�/^ ��A5TnR��Z�r)yN}_a6IrKÆ�l31O?��_a63,_5�}2l3P�?� �5�li�20% e�K}?�F:Ur)ynT�y+P�:ÆV �\A5T�
3.3 HA�$���r'!QO0|YL^ 3 m HA-ZrO2(CaO)/316L �qK}?�N3E�G 316L s�)�k(�nef℄�GU 316L s��(� HA-ZrO2(CaO)/316L�qK}?�N3E�J2�z�[��J HA Lg3H�iN3E��r) VP 3,RJ
*n-v� [14]:

EHA = 117(1 − 2.01VP) (1)*F� 117 m HA N3E��-; 117GPa.

316L �q�-N3E�m 196GPa, li�
HA/316L �qK}?�N3E��nY^�}7��Di�-;��D*��

EHA/316L = E316LV316L + EHAVHA (2)�
EHA/316L = 196V316L +[117(1−2.01VP)](1−V316L)(3)�D�n�'JB
�n+"- 2I+�l- 2 n/�K}?��5E�'J;��-;!"�R?k()��Pgi�K}?�N3E�m 104.1∼128.5GPa,'X;"�V_N3E

℄ 2 HA-ZrO2(CaO)/316L �o��I{=�D *8"x8"� 316L r��b	~�
Fig. 2 Relationship of density and relative den-

sity with volume fraction of 316L fibre in HA-

ZrO2(CaO)/316L fibre biocomposites
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℄ 3 HA-ZrO2(CaO)/316L �o��I{=�DL2D�� 316L r��b	~�
Fig. 3 Relationship of Young’s modulus with volume

fraction of 316L fibre in HA-ZrO2(CaO)/316L fibre

biocompositeso 2 HA-ZrO2(CaO)/316L F?4D��p%bU9-"6SaZ )az�l
Table 2 Young’s modulus comparison betwween

experimental and theoritical value in

HA-ZrO2(CaO)/316L fibre biocomposites

Experimental Theoritical
Biocomposite

value/GPa value/GPa

HSZ1 104.3 103.12

HSZ2 107.4 105.87

HSZ3 114.7 108.96

HSZ4 117.8 104.72

HSZ5 122.7 123.33

HSZ6 128.5 145.68� (7∼25GPa)z
.��" ZrO2 (210GPa)� Al2O3

(380GPa)/5 �LgV*
.�li�vU�5E��?�m�%#�|ST
�P��l3(:Æ� / _F<0�|S
e�y�
HA-ZrO2(CaO)/316L�q �K}?�( �5m 4.68 ∼ 6.11 MPa·m1/2 (^ 4I+),:f HA( �5 (0.6∼1 MPa·m1/2) z
.�Y&z��V_( �5 (2∼12 MPa·m1/2) !O�li�K}?�gm:Æ�:Æ�V��A5T[ne
��-�ia�s 20vol% 316L �q HA-ZrO2-

(CaO)/316L�qK}?�:s 40vol%�60vol%�qK}?�syZ. HA, liZT/^K}?� �5Vy�3s 20vol%316L �qK}?�!+9$m 87.1%, i:Ur)yN}_a6IrKÆ�l3nP�?��_a63,F<�}Ry��s 20vol%316L �q HA-

ZrO2(CaO)/316L �qK}?�Z}�A5Td$�iidq$�N3E��( �5y!+9$

℄ 4 HA-ZrO2(CaO)/316L �o��I{=�D'��4� 316L r�b	℄
Fig. 4 Relationship of fracture toughness with vol-

ume fraction of 316L fibre in HA-ZrO2(CaO)/316L

fibre biocompositesB0m 140.1MPa � 117.8GPa � 5.81 MPa·m1/2 y
87.1%.

3.4 HA�$���r'>��
|YL
HA-ZrO2(CaO)/316L�q �?�J!if�^^ 5 I+�v^n/�K}?�F8YV�B<�?8YJ!a6�2vJ!a6GV�B<yk(�)��gm��! 316L �q�K}?�FR�:�dÆB9RJ�v��V<a�t�8CB9�qf.+ {} m�fAgs�l[V�3H��!�}U$:U�4y℄�B� {�r�li_(�Vy�q3,r�~q���N��^ 6mKY�q��V�}F<8Y>z�<�>�T$_�vinZw��f�� 316L �q�o} HA(ZrO2) �VF��&�}M9�F<b,� 316L �q� HA(ZrO2) �VMM�S}�Zm�+^ 6(b) F a � b �N2i}OBB���n^ 7(a) � 7(b) I+��n-B� a �MVOBm Ca �P �Zr, �℄�!�i� Fe, -B���F�V:u6 �i� Fe �V}�� b �MVOBm Fe � Cr �Ni, -Bim 316L �q��r℄� Ca �P �AF�-B� 316LF86 �V Ca � P �A}��iGZ�n� HA/316LEJK}?�GZ�n8Y [15,16], � HA/316L EJK}?�FY&6 316L EJ��V HA !�}��v}��:z�

3.5 HA�$���r'~(O0|YL
HA-ZrO2(CaO)/316L  �K}?�id5Q(u11^ 8 I+�K}?� 316L �qB9dÆ�2v�q:F�V�[5t�(u11O*8YjsU?��( pUF(vT�<*8Y� (a) (u( <:,j�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

5 f \-[�� 316L �oXsxr�* HA-ZrO2(CaO)/316L �oI{��=�4R�o# 1005

℄ 5 HA-ZrO2(CaO)/316L �oI{=�D�H `5
Fig. 5 Metallurgraphical tissue in HA-ZrO2(CaO)/316L fibre biocomposites with different volume fraction of 316L fiber

(a) 5vol%; (b) 10vol%; (c) 15vol%; (d) 20vol%; (e) 40vol%; (f) 60vol%

℄ 6 ��I{=�D HA-ZrO2(CaO)/316L �oE;?{Qx℄%
Fig. 6 SEM images of HA-ZrO2(CaO)/316L fibre composite with 20vol% 316L fibre

(a) Low magnification; (b) High magnification

℄ 7 r 20vol% 316L �o� HA-ZrO2(CaO)/316L �o��I{=�h|NAA�
Fig. 7 EDXA spectra of HA-ZrO2(CaO)/316L fibre composite with 20vol% 316L fibre7��%�n5g�[�T�1��TXk&��Q�'u;)KT.�Tw�n�&�Q�n3&��N)!9?��&�/)md	k.n3&�	 (b) � (c) � (d) .=P-&s��T��n1*D:A���T4�,b&���ni4�&��Q�'u{�5�\�{&�:&sIj�1.{��+WP`��n��T1*q�w

�5Æ;��G�&sCww��n�[��[�$��p��+?�n�D:�>0��Q��`��rÆG;fr1'uQ��Hz<��o��kh�&�o!T!\ 8(a) �w	,�&�/)+�k�3&��t�3S!E\ (b) � (c) �
(d) ℄j�o [13]. Hz<�&sbd*��n�[i+? 316L �n���N3	
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℄ 8 HA-ZrO2(CaO)/316L �o��I{=�'t00�=�S#^
Fig. 8 SEM images of fracture surface for HA-ZrO2(CaO)/316L fibre composites

with different volume fraction of 316L fibre

(a) 5vol%; (b) 10vol%; (c) 20vol%; (d) 40vol%

4 �*
1. HA-ZrO2(CaO)/316L �nHz��<�gbo!E 316L �n7UwI!/)1�w�t�nI!)gbo!�n"*w{�n7U�n"	q 20vol%316L �n� HA-ZrO2(CaO)/316L �nHz<��Xz
>3Qb"�ggbo!�K1C��&��3w�)7!�.k 140.1MPa �

117.8GPa � 5.81 MPa·m1/2 w 87.1%.

2. Hz<�gd_4E HA CHw 316L �nM��'�Pi&3'��2w[�?���yÆp�� HA w 316L �n>zK7�F�9o���LS
	
3. HA-ZrO2(CaO)/316L �nHz<��TC4�g�� Fe �?{��}� 316L�nC54��T Ca � P �?�{�	
4. q 5%316L�nHz<�+�kn3&��1q 10% � 20% � 40%316L �nHz<�b+�k�3&��t�3S!E 316L �nq���&℄j�o	s�BI
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