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ABSTRACT The mechanical properties and in vitro bioactivity of PEEK–HA and PEEK–HA–CF
composites were comparatively studied, and the effects of the inclusion of CF on the mechanical properties
and in vitro bioactivity of PEEK–HA composite were investigated. It is revealed that the mechanical
properties of PEEK–HA–CF composite are mainly dominated by the loading of CF. The strength and
modulus of the PEEK–HA–CF composite are improved significantly with the inclusion of CF. In addition,
the PEEK–HA–CF composite can be designed by adjusting the loading of HA and CF to present the
strength and the modulus varying in a certain range, which makes the PEEK–HA–CF composite well
matched with the load–bearing human bone in the mechanical properties for a wide range. It is also
revealed that PEEK–HA–CF is with good in vitro bioactivity.
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/;���: �3301 PEEK450G !

PEEKCA30(CF <#621 30%, =3), $��
�� (HA) 74�>5184>67, 8979

1 7.5 µm.

:� 1600;< 3 h� PEEK"56�1 3600

�7=:1? (XSS–300) -,  771 32 r/min. 2
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��<6, 7=, ;<>,�.

3B7, :� 160 0;< 3 h � PEEK450G !

PEEKCA30 4�"#;"56�1 360 0�7=:
1? (XSS–300)-,  771 32 r/min. 2 PEEK$

03+89�:8;>, 4�"#;95"5?<@
3<� HA 74. @�9A>, 8( PEEK–HA–CF

@��, 7=�;<>,�.
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C@�� 160 0D=<@E-<@3< 3 h, �>A

>:�B: :?9F1C(@B. A;����
- HA D#�5$, :�6�� 350–450 0:B?C

;<G.

1.2 <=>?4@A
�����@D!EF/;� WSM–20KB F

G$��/;BHEH. /;=I>B ASTM D638

! ASTM D790 EH, FA�J?7B� 5 mm/min,

@D/;�>G)�1 50 mm, EF/;�CG1

64 mm. �EF/;-, ;@B�EFD�@H 3 cm

>IJE�AF, K/;-L. G(��MKB# 7

IBH, :B#+J�89N%1/;+J.
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��-�6G.

1.3 234DEFGH>I-
�"M�, (SBF)NO-,�����0���

�H��$����IP. **OH� ��0�/

;Q;�����0�.

+�*R 7 ! 8 �N�, 6,/;� SBF !

,. N6 SBF !,P��R�SH: NaCl, 6Q

J; NaHCO3, 6QJ; KCl, 6QJ; K2HPO4·3H2O,

6QJ; MgCl2·6H2O, 6QJ; CaCl2·2H2O, 6Q

J; Na2SO4, 6QJ; R ($S�) K�SS (Tris–

(hydroxymethy)aminorethane, Tris), �TJ. N6

SBF !,�SH�#UH 1, �N6 SBF T, �CC
V6UTWOLMN6H�- SBF 6��1, �2

3 pH X DHS–25!�V E–201–C: SBF !,�J
K pH N<U1 7.4.

L 1 1000 mL SBF WV/PNO

Table 1 Order, amount and purity of reagents for

preparing 1000 mL of SBF

Order Reagent Amount Purity

1 NaCl 8.035 g Analytical

2 NaHCO3 0.355 g Analytical

3 KCl 0.225 g Analytical

4 K2HPO4·3H2O 0.231 g Analytical

5 MgCl2·6H2O 0.311 g Analytical

6 CaCl2 0.292 g Analytical

7 Na2SO4 0.072 g Analytical

8 Tris 50 mmol/L

9 1.0 mol/L–HCl 45 mmol/L
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W 1 PEEK–HA–CF 23.0� HA 4 CF ce/ SEM fdeed

Fig.1 Typical SEM back–scattered electron images showing the HA and CF distributions in the

PEEK–HA–CF composites with different PEEK–HA–CF ratios, (a) 75–15–10, (b) 70–20–10

W 2 75PEEK–5HA–20CF 23.0fXfNgYef/ SEM ed

Fig.2 SEM image of cryo–fractured surface parallel to mould filling direction (MFD) of 75PEEK–

5HA–20CF composite, (a) core, (b) one–fourth of thickness from the surface

L 2 PEEK–HA 4 PEEK–HA–CF 23.0/1�:2gd

Table 2 The mechanical properties of PEEK–HA and PEEK–HA–CF composites

Tensile modulus Tensile strength Flexural modulus Flexural strength

/Error(GPa) /Error(MPa) /Error(GPa) /Error(MPa)

95PEEK/05HA 3.6 0.2 91.8 0.2 3.5 0.1 143.2 1.8

90PEEK/10HA 4.5 0.3 87.4 0.8 3.5 0.0 141.9 0.9

80PEEK/20HA 5.1 0.1 79.1 0.2 4.0 0.1 143.6 1.5

70PEEK/30HA 5.7 0.3 71.6 0.6 4.5 0.0 139.4 1.5

60PEEK/40HA 6.9 0.1 64.1 0.3 5.7 0.0 136.9 0.8

50PEEK/50HA 8.7 0.4 55.6 0.3 7.1 0.1 122.8 2.2

85PEEK/05HA/10CF 9.0 1.1 120.8 0.9 6.6 0.1 191.2 1.4

80PEEK/10HA/10CF 9.4 0.4 118.2 1.1 6.9 0.1 190.7 1.1

75PEEK/15HA/10CF 10.3 0.2 128.8 0.7 6.9 0.2 187.8 1.9

70PEEK/20HA/10CF 11.3 0.1 129.7 1.1 7.9 0.1 194.2 1.2

80PEEK/05HA/15CF 11.3 0.4 148.6 2.6 7.6 0.1 217.9 5.5

75PEEK/10HA/15CF 12.2 0.1 150.7 2.2 8.2 0.3 220.4 1.0

75PEEK/05HA/20CF 14.8 0.4 173.0 0.3 10.4 0.2 247.1 4.2
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2.2 CF Z[\ PEEK–HA–CF <=>?4]^
H 2 _6� PEEK–HA ! PEEK–HA–CF ��

���@D"#�@D!��EF"#!EF!��

B@2h. Z^^6, HA �"5Z^%� PEEK �

@D"#, %hA; HA D#�5"c5", i_ 3

Pj. ��/���&��@D"# 15–20 GPa 1

#, PEEK–HA �����@D"#i�38]&.

UH 2iZ^^6, HA �"5.&� PEEK�@D

!� (_ 4). !�=.�ib�84> HA 67�)
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Rkl3@D�$�1Rji�*�h.

W 3 PEEK–HA 23.0/jmklj HA kl/

lk

Fig.3 Tensile modulus versus HA content in PEEK–

HA composites

W 4 PEEK–HA 23.0/jmmgj HA kl/

lk

Fig.4 Tensile strength versus HA content in PEEK–

HA composites

H 2 H[, C_ PEEK–HA–CF�����@D

!EF�$h# PEEK–HA��, n[ CF �l5�

3+�5!%�. ]_ 5 Z^^6, ; HA D#LM

5% �1T, A; CF D#�5", PEEK–HA–CF �

����@D!�.m�5".; CFD#1 20%T,

�����@D!�2@H� 170 MPa. / HA D

#1 5% � PEEK–HA�����@D!� 92 MPa

1#, D� CF � PEEK–HA–CF�����@D!

���]i, n[ CF �5!nJo63+. 3T,

`I2N/���&�@D!� 120–150 MPa[10] 1

;. _ 6 H[, ;5!1 CF D#�1T, HA D#�

1R�����@D!��78]X. `H[, ��

"�D#:B? CF �D#� PEEK–HA–CF ��

���@D!�no"�%�.

U_ 7 ! 8 ZU, HA ! CF D#�5"h'

W 5 PEEK–(5%)HA–CF 23.0/jmmgj

CF kl/lk

Fig.5 Tensile strength versus CF content in the com-

posites containing 5% HA

W 6 PEEK–HA–(10%)CF 23.0/jmmgj

HA kl/lk

Fig.6 Tensile strength versus HA content in the com-

posites containing 10% CF



22 � � � � � � 22�22 � � � � � � 22�22 � � � � � � 22�

W 7 PEEK–HA–(10%)CF 23.0/jmklj

HA kl/lk

Fig.7 Tensile modulus versus HA content in the

composites containing 10% CF

W 8 PEEK–(5%)HA–CF 23.0/jmklj

CF kllk

Fig.8 Tensile modulus versus CF content in the com-

posites containing 5% HA

PEEK–HA–CF �����o�@D"#%�, �

�>p#�p�nJm3+. CF �D#5"T,

PEEK–HA–CF �����@D"#U 9.0 GPa m

�5"( 14.8 GPa, '(���pj��k�"#

��� [10].

U_ 9 Z^^(, 80PEEK–5HA–15CF ���
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� CF�HA 676G \. `n[, �@DH�-

CF ()E�n�AF; 6G�AJH� HA 67!

HA 67l6>p=�K#qr [2] n[, HA 67.

78�����@DH1. ]+Pq"� HA ! CF

� PEEK��1>�q6%�, PEEK–HA–CF��

�����no.&,b`@DAJdr6F�AF

�rs.

W 9 80PEEK–5HA–15CF 23.0/jmostt

Fig.9 SEM image of tensile fracture surface of

80PEEK–5HA–15CF composite

� PEEK–HA–(10%)CF ! PEEK–(5%)HA–CF

����EF�$���nr, PEEK–HA–CF ��

���EF�$A; CF! HAD#1R�ji/ 

@D�$�1Rji��h�. %h� PEEK–HA–

CF�����o-, CF� EF�$�78�no

"%��.�`�H, PEEK–HA–CF�����EF

!��+@D!�, cEF"#�X+@D"#. `

/ PEEK–HA �����h, .�+4)!675

!���������Ip3r�.

U_ 10ZU, ; HAD#/&T, AJ3��n

�]$���1>, ��Hr6��AF�rs (_

10a). A; HA D#�5", AJ���AFrsq

s (_ 10b). ; HA D#/�T, AJ3��E�[

3���1>, ��Hr1F�AF�rs (_ 10c

! 10d). `H[, A; HA D#�9r5$, ���

��F�9r%�.

2.3 PEEK–HA a PEEK–HA–CF 4DEFG
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pC(_s� PEEK–HA ! PEEK–HA–CF B

Hhtu� SBF-,?�"T\tu><6,� SEM
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HA D#��BHH��Xq� HA �9, c HA D

#/&�BHH�E�[3�1R. tu 3 d >, �

HAD#��BHH�)� HA ^1`,uv�5";

HAD#&�BH.�BH- HA67Z86ru�

� HAw�. tu 7 d>, HAD#/��BHH�9

� HA ^2�*uvBHH�, HA D#/&�BH

H�9� HA .�t>9Xq�v]. tu 14 d >,

()P��BHH�h>9�/8G� HA uv^.

_ 11 _6�tu 14 d �(_BHH� HA � SEM
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1 � 1 9-:PEEK–HA–CF 23.0/1�:24+,-.5: 231 � 1 9-:PEEK–HA–CF 23.0/1�:24+,-.5: 231 � 1 9-:PEEK–HA–CF 23.0/1�:24+,-.5: 23

W 10 PEEK–HA–CF 23.0/uvostt

Fig.10 SEM images of flexural fracture surfaces of PEEK–HA–CF composites. (a) 85PEEK–5HA–

10CF, (b) 80PEEK–10HA–10CF, (c) 75PEEK–15HA–10CF and (d) 70PEEK–20HA–10CF

H��)� HA h89uv�@B�H�, %h HA

^`��5"sh H�6r�/$�Fw; cD

CF�R(����� HAD#/&, H�H� HA

^H�Fw/X, n[ HA ^�`�./X. U

�r>5_iZ^^6, C(_s����H��)
� HA h��13�ML>;. H�LD+JH[,

PEEK–HA ! PEEK–HA–CF ����h��/'

���0�, %h ��0��$X<o+ HA �D

#.

PMMA–HA ! PE–HA �����o���0

��$Xh/ HA �D#�x [11,12]. �� ��0

�/;-, ��/� HA D#� PMMA–8.8%HA(�

P62, =3) ! PE–40%HA h��m'���0

�, H��)��yitW��)xxh# HA D

#&� PMMA–HA ! PE–HA H��)��yit

W��)xx�'. `n[, HA �D#v�, ���

����0�v', /��+�ma�. 3T, ��

/& HA D#� PMMA–4.4%HA ! PE–20%HA .

���"���0�. Khoru [2−4] nr, HAD#1

10%(20%, <#62) � PEEK–HA ����tu 1

b>,  H��)6�.'� HA ^, %h� 4 b>,

 H�>5! HA D#�' 40% � PEEK–HA��

���H�>58)�B. `n[, �������

- HA �D#� ��0��c�o"by.��0

���&o"���,NO= HA �)�7�.

�+ PEEK–HA–CF �����o, CF �"

5'�����"#�!�u&��$8($z%

�, ��.'�����9F"�18m"yz. b

` PEEK–HA–CF ����-� HA �D#�$H

�, `�%��������0��{. �**��

� PEEK–HA–CF ����-, HA ��P62h&

+ 10%, J&�zM� 2% dw, x{; PEEK–HA–

CF ���0�#/&. ��?H 14 d �tu>, �

����H�IJZ^{88G� HA uv^. `

H[, y�tu&|)�T\, PEEK–HA–CF �1

�/&���0�IZ^vEu� HA ��9.
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W 11 PEEK–HA 4 PEEK–HA–CF 23.0z SBF �}| 14 d ~/Oftt (1,2,3 O|}{|}z

w}/xyzg}/tt)

Fig.11 SEM images of PEEK–HA and PEEK–HA–CF composite samples soaked in SBF after 14 d.

(a1,a2,a3) 60PEEK–40HA, (b1, b2, b3) 50PEEK–50HA, (c1, c2, c3) 70PEEK–20HA–10CF,

(d1,d2,d3) 75PEEK–10HA–15CF, (e1,e2,e3) 75PEEK–5HA–20CF

3 M Q
1. CF �l5Z3+%� PEEK–HA–CF ��

���@D!EF�$,  !�!"#A CF D#�

5"c3T8(%�. ; CF D#13T, HA D#

�5"Z%� PEEK–HA–CF �����k�"#,

c @D!�!EF!�1R�$.

2. PEEK–HA ! PEEK–HA–CF ����h�

�.'���0�, HA�D#v���0�v'.�

CF D#�1�xx=, %� HA �D#' PEEK–

HA–CF ������m��k�"#!��0�.

3. PEEK–HA–CF ������# PEEK–HA
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