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Preparation of hydroxyapatite/TiO2 biocomposite powders by wet chemical
method
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Abstract In this work, HA/TiO2 biocomposite to get high mechanical properties with biocompatibility were prepared. HA/
TiO2 biocomposite powders were prepared by mixing TiO2 and HA powders which were synthesized through sol-gel,
precipitation and hydrothermal methods. The mixing ratio was fixed at 1 : 1 ratio (HA/TiO2, wt%). HA/TiO2 biocomposite
powders showed different microstructures depending on their particle size and shape. The smaller particles were coated on the
surface of larger particles, whereas they were well mixed and dispersed when both TiO2 and HA were nanocrystallites. HA/
TiO2 biocomposite powders with homogeneous microstructure showed high sintered density and good mechanical properties.
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º £ � ��öBº Ö>� �Ú'�W" ¸f Vê' Wîj <º j2æ�Þ �Ú^¢�Ê¢ B�~V *~� >
Özj2æ�Þ(HA, Ca10(PO4)6(OH)2)/TiO2 �Ú��ªöj B�~&
. HA/TiO2 �Ú��ªöf �*»" �º»b� ''
B�B TiO2 ªö" >��W»b� B�B HA ªöj 1 : 1~ Z²ªN� b�~� B�~&
. HA/TiO2 �Ú��ªöf
TiO2f HA «¶~ �Vf Î·ö V¢ �^��~ N�¢ ¾æîb�, TiO2f HA~ «¶ �V& B� 
� ��ªö~
ãÖ, ·f «¶º � «¶~ ��ö ~��� ®îb¾, TiO2f HA~ «¶ �V& jÝ� ��ªö~ ãÖ, TiO2f HA
«¶& B� ªÖ>Ú �¢� �^��¢ &æ� ®î
. �î� �^��¢ <º ��ªöf ²ÖÚ B� � ¸f ²Ö&
êf Ö>� Vê' ßWj ¾æÚî
.

1. B �

�ÚÒòº ��~ò ª¢ 7 ~ò, Ò� 5 .O~

>�b� �Úö 'Ï>V r^ö �* >«�Ë 5 Ò

�, î÷~ Ã& �ö V¢ � 7ºW� 6N Ã&~�

®b�, �*~ �;� Üj �Ë~� Ü~ îj ¸�º

� ç7'b� V�� > ®º ª¢�
. �ÚÒòº ¶

çB �Ú~ ¢¦ ËV 6º �Ú ¢¦ªj &¾� >

®º Òò��, �¢ ~� 6º ~" ª¢ö 'Ï~V

*�Bº �Úö '��¢ò �
[1-4].

�Ú²Ò 7 j2æ�Þê ²Òº ã�ç(hard tissue)

Ï �� �ÚÒò &Ú� &Ë �W� ¸f Òò� ��

�, ��&., ~�� ÏêÒ � ~� 5 ~~� ª¢ö

B ¢¦ ªç'b� ÒÏ>� ®b¾ *Ò � Òò~ ^

B6b� æ'B 2Z�W � Vê' ßW� Ëç>�,

V� ª¢ �öê ��~", �²�, ��~n � ª2¦

ÞÏ ²Òf ��ç Ò�Ï �2.�, £b*�bî �

;;�", n", ~", £� ª¢ �ö v� ÒÏF *�

�
. *Ò �ÚöB ÒÏ 7� ã�çÏ �Ú Òòº

&¦ª ��öB >«>� ®º�, 1990j& ê>¦V

�Ú >º& /Ï® Ã&�ö V¢ ~òVV ÖëÚ¢

7�b� � ª¢ö &� &�j <º ëÚ& 6N Ã&

~� ®
[5-7]. � ��öBº Û�z�»ö ~~� �

Ú�W 5 �Ún;W� ¸f >Özj2æ�Þ(�~

HA¢ ��)/TiO2 ��Òò¢ B�~º ©b�B �z�

' >wö ~� �Ú'�Wj ¸�� ËV* �Ú Úö
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B ö¾~ VËj Fæ� > ®ê� Vê' Wîj Ëç

�Î ��Ú¢ B�~º� � Ï'� ®
.

¢>'b� ��'b� ò
Úæº �Ú²Òº Â�~

.f FÒ� Wîj &^¢ò �Ú'�Wj Fæ� >

®º� *Òræ BBB Òò 7 �Ú'�W� &Ë ±

f ���Ï ª2¦Þ Òòº HA Òò� rJ^ ®
.

��¾ HA �ëb�º Vê' Wî(�W� 1~2 MPam1/2

�~, f�: ê> 5~12)� ¾~V r^ö ~7j Aæ

pº ª2¦Þ¾ z+Ï Òò�ò ÒÏB
. V¢B �

VËW~ HAê ª2¦Þ¢ B�~V *�Bº �Ú'

�W~ 6² ì� Vê' Wî(�W, f�:ê>)j Ëç

�B¢ò �
[1, 2, 8].

� ��öBº � v &æ¢ ÿ�ö Ëç�Êº O»

b� �Ú�W� HA «¶¢ �Ún;; �æîj ^¢

�Êf ��z �Î �VË~ �Ú'�; ��Ú¢ ¾�

�V ªö~ B�& jv' Ï�~�, ªö~ &ï�Ö

� &Ë� Û�z�»b� B�~�¶ �
.

2. 
þ O»

2.1. HA 5 TiO2 ªö B�

HA ªö~ ãÖ, 'V 
� ��öB~ >��Wb�

v &æ~ HA ªöj B�~&
. Ca(OH)2f H3PO4

>Ï�j Ca/P~ j& 1.67� >ê� b�� 
r,

autoclave~ >wÏVö I� >��W»j Û� �W~

&
. >��W � >wNê¢ 100oC� �;~&� {K

f ' NêöB~ �zÃV{b� Fæ~&b�, >w�

*j '' 2, 4�* ÿn Fæ~� v &æ~ HA ªö

j B�~&
.

TiO2 ªöf �º»" �*»ö ~� '' B�~&
.

�º»~ ãÖ, Titanium ethoxide(TEOT)¢ EtOHö Ï

� �C~� 0.3 M TEOT/EtOH¢ B�� 
r, &>ª

�¢ *� Ã~> Ï�j TEOT ³ê~ 4Vö ��~º

1.2 M H2O/EtOH� '' B�� ê, 1�* ÿn ;K®

v>~� >z TiO2 «¶¢ �W~&
. �-² áÚê

TiO2 >zbj �N�öB 85oC~ Nê� '' 1, 12,

24�* ÿn ?W�B j¾æB~ Ö;çj <º TiO2

ªöj B�~&
[10]. �*»~ ãÖ, 0.1 M TiOCl2
>Ï�" 3 M NH4OH >Ï�j '' B�~� b��


r, áf �*«¶¢ 500oCöB ~²~� j¾æB;

~ TiO2¢ B�~&
[11].

2.2. HA/TiO2 �Ú��ªö~ B� 5 ªC

B�B HA 5 TiO2 ªöj 1 : 1~ Z²ªN� plan-

etary "&öB 200 rpmb� 4�* ÿn b�� 
r �

�VöB 24�* ÿn 80oC~ Nê� ��~� 
r"

?f ^ &æ~ S1, S2, S3 �Ú��ªöj B�~&
.

1) S1 �Ú��ªö: 100oCöB 2�* ÿn >��W~

� B�� HA ªö" �º»b� B�� TiO2 ªöj

ÒÏ~� �W� HA/TiO2 �Ú��ªö, 2) S2 �Ú�

�ªö: 100oCöB 2�* ÿn >��W~� B��

HA ªö" �*»b� B�� TiO2 ªöj ÒÏ~�

�W� HA/TiO2 �Ú��ªö, 3) S3 �Ú��ªö:

100oCöB 4�* ÿn >��W~� B�� HA ªö"

�*»b� B�� TiO2 ªöj ÒÏ~� �W� HA/

TiO2 �Ú��ªö.

�-² B�B �Ú��ªö~ «¶ ;ç" �V¢ R

"*¶*�ã(JEOL, JEM-2000FXII)b� &V~&�,

ªö~ Ö;çj {�~�¶ XRD(X-ray diffractometer)

5 FT-IR(fourier transform-infrared spectrometry)j ¯

~&
.

2.3. HA/TiO2 �Ú��Ú~ B� 5 ªC

B�B ��ªöj &{²Ö�(Press Master 383G,

Tech. Eng.)~ ê²Ö�ö Ï*� 
r, 30 MPa~ {K

" 1000oC~ Nê� Ar &Ê ª*VöB 30ª ÿn F

æ~� HA/TiO2 �Ú��Ú¢ B�~&
.

²Ö ê ��Ú &êº j�Êz�Ê O»j �Ï~�

G;~&b�, ²Ö� ��Ú~ ��j 
�jÒ� ;>

ö �î� 
r, j^ÞÖj �Ï~� ö�� ê "Ò*

¶*�ã(SEM, JSM-840A, JEOL)b� ��Ú~ �^

��¢ &V~&
. 6 �^ãêG;V¢ �Ï~� HA/

TiO2 �Ú ��Ú~ ãê 5 2Z�W8j �Ò~&
.

3. 
þÖ" 5 �V

Fig. 1f Ca(OH)2f H3PO4 >Ï�j Ca/P~ ªNj

1.67� b�� ê, >��W� HA ªö~ çªC 5 �

^��¢ &V� Ö"�B, 100oCöB 2�* ÿn >�

�W� HA ªö~ ãÖ, HAf monetite(CaHPO4)ç�

Table 1
Three types of HA/TiO2 biocomposite powder

HA powder TiO2 powder

S1 biocomposite
powder

hydrothermal method
at 100oC for 2 h

sol-gel method

S2 biocomposite
powder

hydrothermal method
at 100oC for 2 h

precipitation method

S3 biocomposite
powder

hydrothermal method
at 100oC for 4 h

precipitation method
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��~&b¾ 4�* ÿn �W� ãÖº B>� HA ª

ö� áÚrb�, >w�*� Ã&�>� ç~ Ö;Wf

Ã&~&
. 100oCöB 2�* ÿn >��W� HA ª

ö~ ãÖ[Fig. 1(b)], 50~70 nm �V~ �ç ;�¢ <

º «¶¢ áj > ®îb�, «¶*ö 
² w÷� ®

º ©b� &V>î
. 100oCöB 4�* ÿn >��W

� HA ªö~ ãÖ[Fig. 1(c)], «¶º �ç 6º 6ç

~ ;�¢ ¾æîb¾, «¶~ �Vº 120~250 nm�B

2�* ÿn >��W� HA ªö�
 z ôf «¶WË

� ¢ÚÂ ©b� ¾æÒ
.

Fig. 2öº �*»j �Ï~� B�� TiO2~ çªC

Ö"[Fig. 2(a)]f �^��[Fig. 2(b)]¢ ¾æÚîº�,

�*bj ��� ç�~ ªööBº j;îj ¾æÚî

b¾, 500oC� ~²�ö V¢ anatase çb� Ö;z&

ê¯>î
. ��� ªö
~ �^��¢ &V� Ö"

[Fig. 3(b)], «¶
f 10~15 nm �V~ �" ;�¢ ¾

æÚî�, jv' §f «ê ª�¢ &æ� ®îb¾ «

¶*öº w÷� 
² ;W>î
.

�º»ö ~� B�� TiO2~ ãÖ[Fig. 3], >w ê

��B TiO2 >zbf j;î�îb¾, 85oCöB 1�*

?W �ö V¢ j;î�¦V anataseçb�~ Ö;z&

ê¯>�, ?W�*� Ã&�ö V¢ j¾æBç~ Ö;

zê& Ã&~º ©j çªC Ö"�[Fig. 3(a)] r >

®î
. �^��¢ &V� Ö"[Fig. 3(b)], 1�* ÿn

?W� ãÖ, «¶�Vº 500 nm ;ê� 
Ö �² &

V>îb�, «¶;�º �;j ¾æÚî
.

Fig. 4º v O»b� '' B�B HA ªö" TiO2

ªöj 1 : 1~ Z²ªN� plantary "&öB 200 rpmb

� 4�* ÿn b�~� B�B HA/TiO2 �Ú��ªö

~ çªC Ö"f '�F �>ª7»j �Ï� ªC Ö

Fig. 1. (a) XRD patterns and TEM micrographs of HA pow-
ders prepared by hydrothermal method at 100oC for (b) 2 h and

(c) 4 h.

Fig. 2. (a) XRD patterns and (b) TEM micrograph of TiO2

powder prepared by precipitation method.
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"¢ ¾æÚî
. �Ú��ªöf �Wöòf &êì�

j¾æBf HAç� ¾æÒrj çªC Ö"� r >

®î
[Fig. 4(a)]. '�F �>ª7»j �Ï~� ªC�

Ö"[Fig. 4(b)], PO4
3− 5 HPO4

2−
ö ~� b�º 1030~

1090 cm−1 5 875 cm−1
öB ¾æÒ�, OH−

~ vibrational

5 stretching modeö ~� �> b�º 630 5 3570

cm−1
öB '' {�>îb�, bª¶ö ~� b�º

1634 cm−1
öB broad ~² ¾æÒb�, Ti-O 5 Ti-OH

ö ��~º b�º 537, 642, 816 cm−1
öB ¾æÒ


[11-13]. ��¾ carbonate~ �>� �~� 1420 cm−1
ö

B �>b�& ¾æÒb�, �©b� ��Ú HA/TiO2

��ªö Úö carbonate �N� �Ò�j r > ®î
.

¢>'b� &N(<700oC)öB �W~� jz�·�W

5 jÖ;z& ¸f HA ªö� �Vf~ 7/b� �

~� carbonate �N~ �>& ¢ÚÂ ©b� rJ^ ®


[14]. � 
þöB >��W»j �Ï~� B�� HA

ªöf B>� HA ªö�îæò, çNöB TiO2f~ Û

�z�»ö ~� �W";öB HA~ jz�·�W�

Ã&� ©b� �'>�, �>ª7»j �Ï� ªC �

HA/TiO2 ��ªö" �Vf~ 7/b� �~� carbonate

�N~ �>& ¢ÚÂ ©b� 6�B
. ~æò ªö~

ªC�¾ �& � �/ö ®Ú "~¢ VÞJ �Vf~

7/j �²z�Úb�B carbonate �N~ �>¢ *¢

> ®j ©b� .çB
.

çªC" '�F �>ª7»j �Ï� ªC Ö", '

'~ �Wöòf ç&ì� Î� ãÖöB ¾ b�B

HA/TiO2 �Ú��ªö� B�>îrj r > ®î
.

~æò ��ªöj R"*¶*�ãb� &V� Ö"

[Fig. 5], HAf TiO2~ ç&'� �Vö V¢ b�>º

ç�& æz~&
.

Fig. 5º 100oCöB 2�* ÿn >��W~� B��

HA ªö" �º»b� B�� TiO2¢ ÒÏ~� �W�

S1 �Ú��ªö[Fig. 5(a)], 100oCöB 2�* ÿn >�

�W~� B�� HA ªö" �*»b� B�� TiO2¢

ÒÏ~� �W� S2 �Ú��ªö[Fig. 5(b)] �Ò�

100oCöB 4�* ÿn >��W~� B�� HA ªö"

�*»b� B�� TiO2¢ ÒÏ~� �W� S3 �Ú�

�ªö[Fig. 5(c)]~ �^��¢ ¾æÚî
.

Fig. 3. (a) XRD patterns and (b) TEM micrograph of TiO2

powder prepared by sol-gel method.

Fig. 4. (a) XRD patterns and (b) FT-IR spectra of HA/TiO2

biocomposite powder.
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S1 �Ú��ªö~ ãÖ, 50~70 nm~ ¾��V¢ <

º HA «¶º 500 nm ;ê~ �;j <º TiO2 «¶

~ ��ö ~��� ®º z+B ;çj &æ� ®îb

�, S2 �Ú��ªö~ ãÖ, 
² w÷� ;W>îæò

¾��V~ �ç HA «¶f 10~15 nm �V~ �;

TiO2 «¶& B� ªÖ>Ú ®î
. 120~250 nm �V~

HA «¶f 10~15 nm �V~ �; TiO2 «¶¢ �W�

S3 �Ú��ªöf S1" �Ò ç&'b� �V& ·f

TiO2 «¶& �V& � HA «¶ ��ö ~�9� ®º

�^��¢ ¾æÚî
. �V& ·f «¶º �«¶ö

j� ç&'b� � j��'j &æ� ®b� Û�z�

»ö ~� �W";öB j��'~ N�� �~� «¶

~ �Vö V� �^��~ æz& ¢Ú¾º ©b� Ò

òB
.

Fig. 6öº �� ªö~ «~ö V¢ 30 MPa~ {K

" 1000oC~ Nê� Ar &Ê ª*VöB 30ª ÿn &

{²Ö� �Ú��Ú~ �^��¢ ¾æÚî
. ^&æ

��Ú Îv �ï «¶f ¦fï «¶& jv' �î~

Fig. 5. TEM micrographs of the (a) S1, (b) S2 and (c) S3 pre-
pared HA/TiO2 biocomposite powder.

Fig. 6. SEM micrographs of the (a) S1, (b) S2 and (c) S3 pre-
pared HA/TiO2 biocomposite.
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² ª�B �^��¢ ¾æÚîº�, �^��ö 
�

EDS ªC Ö" �ï~ �;«¶º TiO2�îb�, ¦f

ï «¶º β-TCP 5 HA�î
.

²ÖÚ Úö �Ò~º «¶�V 5 ~&êº ��ªö

~ «~ö V¢ 
�² ¾æÒº�, S1 �Ú��Ú~ ã

Ö[Fig. 6(a)], 88 %~ ²Ö&ê¢ ¾æîb� 1~1.3µm

�V~ �; TiO2f 1 µm �V~ HA 5 β-TCP «¶

& 
² w÷>Ú ®º ©j &V� > ®î
. �Þö


>~ V�� &V>îº�, �º ÂB TiO2 ªö~ «

¶�V& ��B «¶ * w÷� ;W>Ú ¾æÂ ©b

� 6�B
. �ö j~� S2 ��Ú~ ãÖ[Fig. 6(b)],

TiO2f β-TCP «¶�Vº Îv £ 0.5µm ;ê� �ã

�îb�, «¶ *ö �î� ªÖ" ~&� �^���

�� ¸f ²Ö&ê(95 %)¢ ¾æÚî
. S3 ��Ú~

ãÖ[Fig. 6(c)], S2 ��Ú~ �^��f jÝ~&b¾,

S2 ��Úö j~� *Ú'b� «¶ 5 V�~ �V&

��, Ôf &ê(91 %)� �~� ôf V�� Ú¦ö �

Ò~&
.

Fig. 7öº �^ãêG;V¢ �Ï~� ²ÖB ��Ú

~ ãêf �Wj G;� 
r B>� HA ²ÖÚf j

v~� ¾æÚî
. HA/TiO2 �Ú��ªö� B�� �

�Úº Î� �ÞöB B>� HA ²ÖÚf jv~�

¸f ãêf 2Z�Wj æî� ®îº�, �º TiO2~

Vê' Wî� HA�
 Ö>~V r^� ©b� 6�>

î
. ?f �WöBê ��Ú ªö~ �îê& Ö>~

� ²Ö&ê& ¸f S2 �Ú��ÚöB &Ë ¸f ãê

(1080 Hv)f 2Z�W(5.1 MPam1/2)j ¾æÚî
.

4. Ö �

>��W»j �Ï~� HA ªöj B�~� �*»"

�º»j �Ï~� TiO2 ªöj '' B�� 
r Û�

z�»j �Ï~� HA/TiO2 �Ú��ªöj B�� Ö

" 
r" ?f Ö�j áj > ®î
.

>��W»ö ~� 50~70 nm �V~ �ç HA «¶

¢ áj > ®îb�, �*»j Û� 10~15 nm �V~

�" ;���, §f «ê ª�¢ <º TiO2 «¶¢ á

j > ®î
. HA/TiO2 �Ú��ªöö ®ÚB öò ª

ö� HAf TiO2 «¶�V~ N�& � ãÖ, v &æ

«¶& <º j��'~ N�� �� ç&'b� �V&

� «¶~ ��ö ·f «¶& z+B �^��¢ &æ

� ®î
. ~æò «¶�V& FÒ~� ¾��V¢ <

º HAf TiO2 ªöj �Ï~� �W� �Ú��ªöf

' «¶& �¢~² ªÖ>Ú ¾ b�>Ú®º �^��

¢ &æ� ®î
.

¾��V~ HAf TiO2 «¶& �î~² ªÖB ��

ªöj ÂBöò� ~� &{²Ö� ãÖ, �î~² �

�zB 95 %~ ¸f &ê¢ <º ²ÖÚ¢ B�� >

®îb�, Vê' ßWö ®ÚBê B>� HA ²ÖÚf

jv~� ¸f ãêf 2Z�Wj æî� ®î
.

6Ò~ &

� ¢^f 2002jê �F&�v �F��j~ æöj

Aj ��>îr.
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