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Table 1  The starting composition of cement powders with 

a different Sr contents in CPC 

Samples TTCP DCPA DSPA 

n(Sr)/n(Ca+Sr), 

in molar ratio 

Sr-CPC0 1 1 0 0 

Sr-CPC1 1 0.75 0.25 0.05 

Sr-CPC2 1 0.5 0.5 0.10 
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� 1  %&()*1./89:�,-CaRD�3�1 XRD�� 

Fig.1  XRD patterns of various apatites synthesized with a hydration process after heat treatment at different temperatures: 

(a) Sr-CPC0, (b) Sr-CPC1, and (c) Sr-CPC2. 
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Table 2  Main diffraction angles and crystal plane spaces 

of apatites and tri-calcium phosphate or Sr- 

containing tri-calcium phosphate at different 

firing temperatures 
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� 2  Sr-CPC0 (a)= Sr-CPC2 (b)�,-CaD�3� 

1 FTIR�� 

Fig.2  FTIR spectra of CPC0 (a) and CPC2 (b) powder after heat 

treatments at different temperatures 
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� 3  Sr-CPC0= Sr-CPC2�,-CaRD�3�1 TEM�� 

Fig.3  TEM images of Sr-CPC0 and Sr-CPC2 powders after heat 

treatments at different temperatures: (a) CPC0, 600 q, 

(b) CPC0, 900 q, (c) CPC0, 1200 q, (d) CPC0, 1300 

q, (e) CPC0, 1300 q; (f) CPC2, 600 q, (g) CPC2, 

900 q, (h) CPC2, 1200 q, and (i) CPC2, 1300 q 

 

��������

��³l�Üá�4�X¬É1¢Ï¯b�p�

á��1ØÝ%@1� 0.01%�z��pÞÓx4ß

à��T�TU�C¤

[14]

.1986á�,�an³lâ

�îï7p�p� Sr

2+

�ã±* Ca

2+

�"��rä

S�õ�"áan Sr

2+

^åæçp��èvËÌd�

éêè°�ëì�$dí�îïð}ñ

[15]

.Grynpa 

G

[1]

òð�p�Üëé�èvXóâ�/01� Sr4

ô��G��@1*lç�ý�an�èv7ú�è

�v,]8w��»�ÆÇ.Johal G

[2]

}��� Sr

] îïjkhLG1259LG119i*� Zn ]îïjk

hLG1309LG132i������an� Sr ^$]

LG125 34^´�����.��5õ HA á�Õ�

8x��	
��.�����Sr-HA } HA 34

º$�ö'����&'�

[4]

�Sr-HA÷��]ø��

%�¼��KÉa���&'�8�1�¯ HA �m

�·�õ ùÎ�d��8�úlâX�$\û. 

��Q�îïöl�%ölË�-xÔ 

2

b

0 0

1

1

8π

Nae

E

R nε

 

= −

 

 

                    h1i 

ÌáÔN xölá��Áï�üa x°*ölËÌ4

Í�ý�üe xlïlþüε

o

x�ß�lý�üR

0

x

^_êîïXªün ��öl4Í�ý�.� Sr

2+

îï��h0.113 nmi� Ca

2+

îï��h0.099 nmi

O�Sr

2+

�� Ca

2+

�����w�ö¥���õ&

/ölË�-����%öl�ËÌÄÅ��$Âu

	a��'.�����ö'���r����

-µ*¯4Í. 

900 Ùâ�:Ò�r��2�����ãô

a��'� §¬�'w�xrzv,{1|}��

���êëÕh�i�%v,y£Wó����òuÔ 

Sr

mx

Ca

m(10-x)




10(1-m)

(PO

4

)

(6-y)

(HPO

4

)

y

(OH)

2-20(1-m)




20(1-m)

  

→ (10m-9)Sr

x

Ca

(10-x)

(PO

4

)

 6

2(OH) + 

            30(1-m)Sr

0.3x

Ca

(3-0.3x)

(PO

4

)

2 

+ H

2

O   h2i 

Ìá�x, y, m*�������1�v,{1|}

4Í�
��Æßñ. 

q 1 ��v��1200 Ù�E�Sr-CPC1 *

Sr-CPC2 áã�n� CaO ÜhCa, SriO TR\��

Sr-CPC0á�4�nJ\.�{��Ìh2i�8�r

zv,{1|}�����p 900 Ù�E��a�

�'��ò�"v,{1|}ur��ÄÅ.Z�

E�900 Ù�E���Ââ�rzv,{1|}�	


��hHAi��'���x/¡�Ô��� HA

a�ÅÆ��8�Æ��hCa

10

(PO

4

)

6

(OH)

2-2x

O

x




x

�

OHAiü�Æßñh
i�ç�bÅóU¯��OHA

	�'�8Æ��hCa

10

(PO

4

)

6

O�OAPi�z�bc

�Ä��w�ÄÅ��K�'�8 TCP � CaO.Sr

2+

�� Ca

2+

�����&/�%ölË�-� �µ

G��EF�'Wó.�Ív,y£���òuÔ 

Sr

x

Ca

(10-x)

(PO

4

)

 6

2(OH) 

�Sr

x

Ca

(10-x )

(PO

4

)

6

2(OH)

2-2y

O

y




y

+yH

2

O h3i 

Sr

x

Ca

( 10 -x )

(PO

4

)

6

2(OH)

2 -2y

O

y




y 

�Sr

x

Ca

(10-x)

(PO

4

)

 6

O+ (1-y)H

2

O          h4i 

Sr

x

Ca

(10-x)

(PO

4

)

6

O 

�3Sr

n

Ca

3-n

(PO

4

)

2

+Sr

x-3n

Ca

1-x-3n

O            h5i 

��������

a 

100 nm 

100 nm 

1 µm 

1 µm 

100 nm 

b c 

d 

e 

f 

g 

h 

i 

100 nm 

100 nm 

1 µm 1 µm 



� 4�                            �  �> 234&�5067./89:1BCDEFG                          �621� 

1) "bjv;¶��u�yrzv,{1|}�

����$ÂÃÄÅ��òr��� ��1�

·��'w��êëÕ�á��1�·� %�éhα

�→β�iÂU/�r�êëÕ. 

2) ¤GÃÂU�$�yrzv,{1|}���

�*r��ö÷ã��ÎO���ö÷7)G

Ô)���Ñ)9���7)èé����p��

ÂUuã����7).1300 ÙÃur��/c��

��á�ö÷øù4O4«�Oö÷xÎO���

�«ö÷x�'�8��êëÕ�. 

 

����    References 

[1] Grynpa M D. Bone[J], 1996, 18: 253 

[2] Johal K K, Mendoza S G, Eslalante G J I et al. J Mater Sci: 

Mater Med[J], 2002, 13: 375 

[3] Xue W C, Moore J L, Hosick H L et a1. J Biomed Mater Res 

[J], 2006, 79A: 804 

[4] Chen Demin(�� ), Fu Yuanfei(¡¢£), Gu Guozhen(¤¥

¦) et al. Chin J Biomed Eng(f¥
Y�����§)[J], 

2003, 20(3): 278 

[5] Guo Dagang, Xu Kewei, Zhao Xiaoyu et al. Biomaterials[J],  

2005, 26(19): 4073 

[6] Robinson R G, Preston D F, Schiefdbdn M et a1. JAMA[J], 

1995, 274(5): 420 

[7] Guo Dagang(¨�©), Yue Jin(� �), Xu Kewei(ª«�) et 

al. J Inorg Mater(¬���§)[J], 2005, 20(5): 1159 

[8] Hench L L, Polak J M. Science[J], 2002, 295: 1014 

[9] Zhou J M. Mater Sci: Mater Med[J], 1993, (4): 83 

[10] Adolfsson E, Hermansson L. Mater Sci[J], 2000, 35: 5719 

[11] Xiao Xiufeng(®¯°), Liu Rongfang(±²³), Zheng Yang- 

zeng(´µ¶) et al. Chin Cerm Soc(·Z¸�§)[J], 2004, 

32(6): 728 

[12] Guo Dagang(¨�©), Xu Kewei(ª«�), Han Yong(¹ º). 

Rare Metal Mater & Eng(������=��)[J], 2006, 

35(3): 379 

[13] Lerous L, Lacout J L. J Mater Res[J], 2001, 16: 171 

[14] Curzou M E J. J Dent Res[J], 1970, (49): 526 

[15] Blake G M. J Nucl Med[J], 1986, 27: 1030 
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Abstract: Several strontium-incorporated nonstoichiometric hydroxyapatites with different contents of strontium were synthesized with a 

hydration process. Their phase structures, chemical compositions and grain sizes and morphologies were investigated by using XRD, FTIR 

and TEM to study their thermal ability at various firing temperatures. Results show that the incorporation of strontium into hydroxyapatite 

crystal by replacing equivalent calcium decreases its thermal stability under a given hydration condition and a same moral ratio of 

(Ca+Sr)/P. The decomposed product is the mixed calcium strontium phosphate ((Ca, Sr)

3

(PO

4

)

2

), whose decomposing temperature is lower 

than that of pure tricalcium phosphate. The more the content of strontium in place of calcium in hydroxyapatite is, the larger the amount of 

strontium incorporated into the crystal lattice of tricalcium strontium phosphate is. At elevated firing temperatures, the grains of 

strontium-incorporated hydroxyapatites and pure hydroxyapatite grow up gradually. However, below 1200 q, the grains of the former 

hydroxyapatite basically keep an equi-axed SrHA while those of the latter become irregular. At 1300 q, both hydroxyapatites are mainly 

composed of larger grains and few of small ones. The former is a grown apatite with irregular morphology and the latter is a decomposed 

mixed calcium phosphate or tricalcium strontium phosphate with spheric morphology. 

Key words: hydroxyapatite; strontium; thermal stability; bioceramics 
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