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1.1.�������� 

1.1.1. � � � � �� � � � �� � � � �� � � � �  

���� � �� 60%��	 36%�
� �	 4%�� �� � �� � ���� �

� ���� � �������� ! "� ��#$ �%&'( )*+,- ��'( )

*+	�. /0 �1 23 4 5�678 9:	�. ; < � � =� > ?@A B &CD "

��	�. � 	�E"� ���F G '( )*+� M10(RO4)6X2�H! ,- �I A J

�K L M N �O P ,- ?@M@R@X Q�R��S T&U?V��'( )*+�.

WXYZ[� \] ^ _��&2`ab L 3 c d e'( )*+(Ca10(PO4)6X2:X=OH@F@

Cl), - ?@X & OH@ F@Cl � f g@ h i j ik l m n 3 ' ( )*+

(Ca10(PO4)6(OH)2:HAp)@o p T' ( )*+ (Ca10(PO4)6F2:FAp)@qT'( )*+

(Ca10(PO4)6Cl2:CAp)�r 	st i�[1-1~1-4]� 

kl m n 3 '( )*+�h �u� v w x �yz � � {| �} @{| ��r �u�

~ � [1-5, 1-6]@ � � D x � � � � [1-7]@� `� M [1-8]@N m + �̀ � � [1-9]@*

� `� �� [1-10]@� � � [1-11]@� � � � %[1-12]�r �� � ~ � 	"� � �z i

� > ?@�=�� � ���� ��� 

 

1.1.1.1. � � � � �� � � � �� � � � �� � � � � ����	 
 � �	 
 � �	 
 � �	 
 � �  

kl m n 3 '( )*+��[�x � M )� Table.1.1.1Q@�� �F  � �� � �

� Fig.1.1.1QE9[1-4]� 

'( )*+�� � � �@� � S _Q  ¡ QH¢ - &� � £ ¤ Q�� � ��&@

¥ � �*� `&C� ¦ §¨W� Y�� � � �©\� 	&,=��Ca � *+Q�

Na+@Mg2+@K+ª&«�"¬  ® ¯[1-13~1-16]@PO4 � *+Q� CO3
2-@SiO4

4-ª&«

�"¬  ® ¯[1-14]&- ?@° ¬ @Ca > ± ² OH³«�*� `´ µ � H+� H2O,¶

·"¬  ® ¯[1-15]�r Y- ��Ca/P¸�@1.3 � � 2¹º° ,» #z ¼ �� 	&,

=@#$ ½ ¾ ¸,�º� Y'( )*+ � &©¬ i�	�. � 	&¿� i� ��

[1-17~1-20]� 

À ÁQÂ � g! �Ã@'( )*+ � ÄQÅ Æ Ä� CO3
2-&Ç È Q«�9�	�.

� 	&± º¿� i� > ?@OH � *+Q«�9�f g@PO4 � *+Q«�9�f g

�h ij i@A � *+«�@B � *+«�	sÉ ,��[1-21~1-24]� 
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1.1.1.2.  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� � �� � �� � �� � �  

'( )*+�g! Ê	"� �CË QÌ � Ê@Â � Ê&ÍÎ � i�[1-4]�h ij i

�g! ÊQ> �� Ï��ÁÐ �Y\'( )*+�g! 9�� 	&,=�� 

Ì � Ê�Â � ÊQ¸Ñ� Ò [! � Ó Ô�Õ Ö �× U�Ø Ù &Ú�º@Ö Û Ü V�

� _Q> �� �Ýi¬ Þ Ê,- ?@#$ ½ ¾ _�H! �ß\ HAp�V��QÝ³�

Þ Ê,- �[1-25, 1-26]�à á � � �-Ca3(PO4)2	 CaCO3 � � HAp �g! "[1-27]@

Ca2P2O7	 CaCO3�e@CaHPO4	 CaCO3�e�r � � HAp�g! "¬  ® ¯Y-

�[1-28]�¬ â "@� ã ä p å _�æç �CD "��è é êQ�?�9º@è ë �

ì � �V�Q�@íî ï ðQñ òá �ì ó &Ò [,- �	�. ´ ô &- �� 

õ ö Ê[1-29~1-31]@÷ L ø L Ê[1-32~1-34]@�íÊ[1-35~1-39]�r Q] ^ z i�

Â � Ê�¸ù _è ë �ì � �V�� 	&,=@é ê�! ñ z ¼ � CD æç �ß\k

l m n 3 '( )*+�V�� 	&ú � ,- ��Kokubo � �û ü � ý	st i�þ

ý���� Ï�����Q HAp � � � z ¼ � � *� ä � � � p å Ê	�. Ýi¬

Þ Ê� 	 � "� ��[1-40]�"� "@g! ÄQÅ Æ Ä� 
 a*� `�× U�@ � C

� � e� � �  þ� � � Q> §�Õ � %z �¬ �Ö � �kl m n 3 '( )*+�

Ü V9��� � � ,@kl m n 3 '( )*+ � C � �V�¬ �Q� � ¡ � pH ��

� � � �� &Ò [,- �� 

� b �� ä b L Ê�� i� �Þ Ê�Ä,Y � � Q � � Qkl m n 3 '( )*+

�g! ,=�� 	&ÁÐ ,- ?@h i		YQ �  ,�Ç È Q! � � �� " � �#

$ z ¼ �� 	&ú � ,- ��íî ï �% z & Q@' òá ,é ( � � C�é ê�V�

� 	&,=�Þ Ê,- ��Toriyama � � CaHPO4·2H2O@CaCO3@SrHPO4�r ��

�� Sr ) 
 HAp�g! "[1-41, 1-42]@CaO	 CaHPO4�e@CaO	 CaHPO4·2H2O

�e�r � � HAp�g! "¬  ® ¯Y- �[1-43~1-45]�* 2 + M � L + M � L � +

`	 Ca(NO3)2@HNO3�r � � , - � 	"� @× g . ó î ï �%"¬ ð@û ü � ý

Ä, HAp� � � "'( )*+/
� �� 0 g~ � �g! "¬  ® ¯Y- �[1-46]� 

 

1.1.2. � � �� � �� � �� � � ����� � � � �� � � � �� � � � �� � � � �  

{������ ! � �'( )*+,- ?@� �o � ã M 	"� �� I A Q@

1 +2p å 2 	"� � 3 ã M ø `&I gx � 4 5 x � 6 7 "� �����{�� ¥

,@8 9 Ú" & \ë : Q± � � ;?<= � i� ��[1-29, 1-47, 1-48]���>9 ? �



� ��

ë : �@�Q @ � "� ��'( )*+	)`( å %� 3 ã M ø `�� � "� ��

� A 9��? �ë : &��� A "¬ ðQ@��;�� B ë : &Ci@3 ã M ø `�

ë : �ÔQ D � "@h ��Q� B ë : &;?â "¬ E�2 � M L �'( )*+&F

, _Q � G Þ HQH=�h I = � J É ,�&,=� �º(Fig.1.1.2)�� �ë : Q± �

��] K �L��2 M � 2`K N	st i@ë : �Ô,'( )*+	 3 ã M ø `&

F, _QJOCP �LFQ H R #N	st i� ��[1-29, 1-47~1-49]� 

 

1.1.3.  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� � � � � � � � �� � � � � � � � �� � � � � � � � �� � � � � � � � �  

kl m n 3 '( )*+/u� y� ê 0 g� �g! �@u� y� ê	"� 3 ã M ø

`[1-29, 1-47~1-54]@S ã T `[1-55, 1-56]@n T `[1-57]@n +� `[1-58]@U o � V

m *`[1-59, 1-60]@k'L m `a[1-54, 1-61, 1-62]@ 3 `l m * T ` W a[1-62~1-65]

�r ���¬ ¯& ® z i� ���� i� � X Y �u� ¥ � Z H R ] < ~ � 	"�

���ÃQ@'( )*+� � [ ,���± ?@
� �	 0 g#9�� 	Q± � � @

,=�â §u� ¥ � Z H R �H! Q¹ \ §@u� v w x �- Î �� 	�� _	"�

$ 8 i� ��� 

 

1.1.3.1.���� ! " � � # ! " � � # ! " � � # ! " � � #  

U] )`( å %�í�ú þx 	Õ þx � ^ R�)`( å %� � ��� 	&± º

¿� i� > ?@ú þx )`( å %�� 23 `@Õ þx )`( å %�o � V m *`	

�. [1-66~1-68]�h �H! �o � V m *`& 70_80%@� 23 `& 20_30%,- ?@

95%Ó ��� � 2R ` �)`( å %,��� ��[1-67~1-69]� 

o � V m *`�a�� ÁÐ _�'ä �aH! �
"@° ¬ ¸ù _Ç È QÖ � �)

`( å %	"� V� i�� 	� � @o � V m *`�#$  � � X Y �bº� � c�

� i@�8 t @)`( å %#$ � d e 		YQf É ,=¬ 	�� � Y± ��Fig.1.1.3

QE9K 23 `@'ã g `@� 2`@T m 3 `&o � V m *`��[ ! 'ä �a

,@hº�o � V m *`Q> �� �@� � 4R�'ä �a,�'ä �a� 80%Ó �

���@i�)`( å %	jk Q l m 9�� 	&,=�� 

° ¬ @o � V m *`� ^ �  � �h �'ä �a � �no Q�i� Fig.1.1.4QE

9± . � � & p q z i� ��[1-68~1-70]� r s$t u  � ��� v w Q'ã g `

� w x � � T L �&�� y � � @iz �K 23 `��Tâ §,s � Q���h � ,



� ��

� ��&K 23 ` { | H=g� � CH	�?@� i&Z�?g� � I A ç �U	�

� � ���h � , z á } �C\> =Q 3.5~@5.7~	�º�� ¬ ?�º�� ¬ ?9

�� 

 

1.1.3.2.  � $ � # � $ � # � $ � # � $ � # %%%%& � ' ( )& � ' ( )& � ' ( )& � ' ( )  

k'L m `aE+2c d � Fig.1.1.5 QE9± . Q N-'� T L -D-K L 3 � ä `�

C3³Q D-K L å m `a&@° ¬ @D-K L å m `a� C4³Q N-'� T L -D-K L 3

� ä `&��Qu K 2 3 3 l I g"¬ Zg"¬ y� ê½ � � ýx d 3 h� ` �E

+2c d q,- �[1-71~1-73]� 

k'L m `a� in vivo(u� ¥ ),@Ø � � �� � � �� � ���� � �� � ��

���r CË QI gH R Q�º� � "� > ?[1-74]@)`( å %	I g"� � � �

ç � , @ g�%	"� � � "ë � � � �� � U���,��	n= � i� ��

[1-75]�° ¬ �T*� `#"¬ a�æ,��º@ * 2' g � `	"� � � 9�� 	

� � @k'L m E`(HYALURONAN)�r 	Yst i� ��[1-76~1-79]� 

 

1.1.4.���� ! " � � # ! " � � # ! " � � # ! " � � # ����* + ,* + ,* + ,* + ,  

0 g~ � � � � 9�f g@���~ � á Qu � �   z �@h � 0 g~ � �x %�

¡��Z[� ¢ £ �¤ . � 	�± º¿� i� ��[1-49, 1-80~1-85]�h �¬ �Q
�

~ � - ���� ~ � �^ z � ¥ %9�� 	�@0 g~ � ¦ , Q> �� a�� 
 §

� ¨ Ê,- ?@hº� ® ¯&- �[1-86~1-91]�Wang � �o � V m *`Q'L b 2

î ï � © Tî ï �%"¬ ð HAp	� 0 g#�$ � � > ?[1-92, 1-93]@
� ��Q2

`a��@b L ª n 3 L ��r �#$ " � x �y��� « ¬ "� HAp�b L 3 c d

	�I gx �y�� X Y Y ® z i� ��[1-59, 1-94~1-96]� 

o � V m *`��QÕ þ,- �&@LiBr@CaCl2�r �� q��þýÄ,þ� 9

�	�. � 	&¿� i� ��[1-97~1-101]�o � V m *`	 HAp � 0 g~ � � � �

9�òQ@o � V m *`Qþ�  î ï �$ . � 	Q± � � o � V m *`�^ z ® �

¯ ° z ¼ @̂ z Q Ca�r � HAp� ± æ! � *+�� U9�� 	Q± ?@0 g~ �

�x %� ¥ ² ,=�	n= � i�� 
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� i° ,³Ñ� =¬ ± . Q@́ Ã�{�����E�2 � M L �kl m n 3 '(

)*+& 3 ã M ø `	 � �;�"@c G Þ HQH=�h I = � Ù H"¬ 
� � E

�0 g� ,- ��± � � @� i� Q� 8 �u� µ¶ ~ � � � � "¬ f g@kl m n

3 '( )*+�I A ê� * · �@I A x @u� y� ê�¸�Ù H� � � �r &@µ

¶ ~ � � ¹ � @u� ¥ ,�� D x �r Q�=º º » "� º��¼ G � X Y ,�@í

î ï Q± ?kl m n 3 '( )*+�I A x � ½ ¾ "¬  ® ¯[1-44, 1-102]@u� y�

ê	� 0 g#Q± ?kl m n 3 '( )*+�Ù H z ¼ ¬  ® ¯[1-63, 1-64]�r &-

��"� "@� & i� ® ¯Q> �� Y'( )*+	u� y� ê� � �;�� ¿ ë @
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Table.1.1.1. Physical properties of HAp [1-4]. 

Trivial name Hydroxyapatite 

Crystal system Monoclinic ì
��� � � � �

 Hexagonal 

Space group P21/b ì
��� � � � �

 P63/m 

Lattice parameter 
a=0.941~0.944nm, b=2×a, 

c=0.684~0.694nm, í=120î, z=4 

Density (25˚C) 3.17g/cm3 

Refractive index           � 

� 

1.649_1.652 

1.643_1.644 

Melting point 1250ï 
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Fig.1.1.1. Schematic structure of the calcium phosphate system apatites [1-4]. 
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Fig.1.1.2. Chemical interaction between HAp and collagen. 
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Fig.1.1.3. Main amino acids of silk fibroin.À
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Fig.1.1.4. Secondary structure of SF [1-68, 1-69]. 
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Fig.1.1.5. Structural formula of sodium hyaluronate. 
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Is(hkl): Integral intensities of the sample 

Iis(111): Integral intensities of the internal standard 

Ic(hkl): Integral intensities of cHAp 

Iic(111): Integral intensities of the internal standard used for cHAp 
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Fig.2.2.1. MICROS 
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Table.2.3.1. Conditions of XRD measurement. 

Target (X-ray) CuK� Scanning speed 2deg/min 

Filter Monochrometer Scanning step 0.05deg 

Voltage 30kV Scanning mode Continuous scan 

Current 40mA Slits DS1 SS1 RS0.3 

 

Table.2.3.2. Conditions of XRD measurement (Rietveld analysis). 

Target (X-ray) CuK� Fixed time 8s 

Filter Monochrometer Scanning step 0.05deg 

Voltage 40kV Scanning mode Fixed time 

Current 50mA Slits DS1 SS1 RS0.15 

 

Table.2.3.3. Conditions of FT-IR measurement. 

Number of scans 64 

Resolution 1cm-1 

Scan type Transmission 

Velocity 5kHz 

Filter 1.2kHz 

Atmosphere Air 
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Fig.2.3.2. Caliblation curves of XRF. 
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Table.2.3.4. Conditions of XRF measurement 

Target(X-ray) Rh Job Quan 

Voltage 50kV Angle(2�) Ca:45.35 P:89.65 

Current 40mA Time const. 1sec 

Crystal PET Preset time 50sec 

Filter Out Number of scans 5 

Slit Coarse   

 

Table.2.3.5. Refractive index of samples [2-6, 2-7] 

SAMPLE H2O HAp SF 

Refractive index 1.333 1.649 1.553 
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Fig.3.2.1. Synthesis scheme of samples. 
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Fig.3.2.2. Preparation scheme of SF10 film. 
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(a) Aggregates at lower magnification  

Fig.3.3.1. Transmission electron micrograph of SF10. 
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(b) Aggregates at higher magnification  

Fig.3.3.1. Transmission electron micrograph of SF10.�
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(c) Lattice image 

Fig.3.3.1. Transmission electron micrograph of SF10. 

 

 

 

 

 



� ���

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.3.2.1. XRD profiles of SF0 
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Fig.3.3.2.2. XRD profiles of SF10 

 

 

 

 

 

10 15 20 25 30 35 40 45

In
te

ns
ity

 (a
.u

.)
�

(0
20

)

�
(0

21
)

�
(1

11
)

�
(2

20
)

�
(3

10
)

�Brushite
�HAp

�
(0

02
)

�
(2

21
)

�
(3

00
)

0min

180min

60min

30min

5min

2�(degrees)



� ���

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.3.2.3. XRD profiles of SF10 prepared by stirring. 
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Fig.3.3.2.4. Effect of mechanical stress on the reaction between Ca(OH)2 and Brushite. 

 

 

 

 

 

Mechanical stress 

Mechanical stress 

SF 
COOH 
   OH�

Brushite 

 Ca 

O 

H 

O 

H 

O 

H 

O 

H 

O 

H 

O 

H 

P 

O 

H 

O 
O O 

Ca(OH)2 

O 
H H 

Assist the reaction 



� �	�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.3.3.1. FT-IR spectra of SF0. 
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Fig.3.3.3.2. FT-IR spectra of SF10. 
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Table.3.3.4. Ca/P molar ratio of samples. 

Sample Ca/P ratio 

SF0 1.52¨0.13 

SF0.1 1.44¨0.10 

SF1 1.47¨0.07 

SF10 1.55¨0.07 
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Fig.3.3.5. Particle size distribution of samples. 
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Fig.3.3.6.Flow curves of samples. 
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(a)Surface structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)Cross section 

Fig.3.3.7.1. SF0 gel film on the chitosan precoated glass substrate. 
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(a)Surface structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(b)Cross section 

Fig.3.3.7.2. SF10 gel film on the chitosan precoated glass substrate. 
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Fig.4.2.1. Synthesis scheme of samples. 
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(a) Aggregates at lower magnification 

Fig.4.3.1. Transmission electron micrograph of HAp-SF-HYA after milling for 3h. 
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(b) Aggregates at higher magnification 

Fig.4.3.1. Transmission electron micrograph of HAp-SF-HYA after milling for 3h. 
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(c)Lattice image 

Fig.4.3.1. Transmission electron micrograph of HAp-SF-HYA after milling for 3h. 
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Fig.4.3.2. Particle size distribution of HAp-SF-HYA 
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Fig.4.3.3.1. XRD profiles of the samples 
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Fig.4.3.3.2. Rietveld refinement plots of HAp-SF-HYA after milling for 3h 
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Table.4.3.3.1. Relative crystallinity (%) of the samples 

sample milling I(002) I(300) I(202) I(002)/I(300) 

cHAp - 100.0 100.0 100.0 1.00 

before 81.5 55.7 67.1 1.46 
HAp 

after 58.0 43.0 66.0 1.34 

before 61.5 39.8 49.1 1.55 
HAp-HYA 

after 73.0 50.8 51.2 1.44 

before 74.8 48.4 43.0 1.55 
HAp-SF 

after 77.3 55.3 49.6 1.40 

before 60.1 46.5 46.9 1.29 
HAp-SF-HYA 

after 64.0 52.3 63.8 1.22 

I(hkl): Relative integral intensity of (hkl) 
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Table.4.3.3.2. Crystallite size and microstrain of the samples 

sample Lc
*(nm) ec

**(%) La
*(nm) ea

**(%) Lc/ La 

Before milling 29.1 0.35 12.0 0.50 2.42 

After milling 17.3 0.43 8.9 0.61 1.94 HAp 

After aging for 1month 20.0 0.35 10.3 0.43 1.95 

Before milling 36.7 0.35 14.5 0.43 2.52 

After milling 25.3 0.25 12.8 0.35 1.97 HAp-HYA 

After aging for 1month 24.8 0.25 12.8 0.35 1.94 

Before milling 32.1 0.35 12.5 0.61 2.56 

After milling 20.0 0.35 10.8 0.50 1.86 HAp-SF 

After aging for 1month 23.3 0.25 12.6 0.43 1.84 

Before milling 26.1 0.43 10.3 0.71 2.54 

After milling 22.0 0.43 10.6 0.56 2.09 HAp-SF-HYA 

After aging for 1month 22.0 0.25 11.9 0.35 1.84 

Swine trabecular bone - 14.8 0.35 6.9 1.03 2.15 

* Lc or La represents the crystallite size along c-axis or a-axis 
**ec or ea represents the lattice microstrain along c-axis or a-axis 
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Fig.4.3.4. FT-IR spectra of HAp-SF 
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5.2. � � � �� � � �� � � �� � � �  

5.2.1.SF����� 	 
 � �� 	 
 � �� 	 
 � �� 	 
 � �  

SF � � 10.00g� 0.5% Na2CO3cd i 500cm3�� 30	�� � > ? �� � �a �

�� ¡ �¢ £ 	¤ �¥ ¦ $�SF § ¨ Y (RSF)�$� #RSF3.70g �� © $� 30 ª

«� 50%CaCl2cd i b� � MgCl2cd i �d e $�¬ f �0�b� ® ��4 ¯

)�° ± �@$� #° ± i � SF�g h_ HAp ? ² � ( «� 10wt%�0�A � ��

³$�SFcd i �$� #d i ´ � CaCl2�d e $� µ � �MgCl2�d e $� µ � �

� m ¶ m CaDSF�MgDSF�$� # 

 

5.2.2.  � � � � ����� �� �� �� �  

1.86·� Ca(OH)2� 100cm3� CaDSF�b� �MgDSF�¸ � $� d i ��Ar ¹ º

» ¼��100cm3� H3PO4cd i � HAp� Ca/P ½ �¾��¿ «² ¾ 1.67�0�A �

1cm3/min�À ¼$� #& m l �¨ Y ´ �� m ¶ m HAp-CaDSF�HAp-MgDSF�$� #

Á Â ½ Ã Ä Ã �!"< 200rpm�Á Â > ? � 1 Å )@$� #̈ Y �Æ f � 24 Å )Ç

È É Ê $� � �$� #¾Ë �� � RSF cd i ����� N�a � (HAp-RSF)#

Fig.5.2.2�¨ Y � ( �Ì Í �Î�# 
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5.3. � �� �� �� � ����� �� �� �� �  

5.3.1. � � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � � (FE-TEM) � �  � �  � �  � �  ! �! �! �! �  

Fig.5.3.1.1 � HAp-RSF�° Ï Ð Ñ 
Ò Ó Ô �A �Õ Ö u × �Î�#0.1~1.0�m Ø
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�0 HAp à u v �H t á â Ä Ã t �O �# 
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150×20nmØh�ä ~ �Ù Ú � �3 ( $<� 1 SADÞ�A m å �(002)K�(004)K_

10æ�ç�è"<� 1�HAp �  u v _Ù Ú Û 
�é�'8� c��� ê o <78

$<"�# 

b� �Fig.5.3.1.3�HAp-MgDSF � � � �TEM ã Ç �Î�#SF�d e > ? �MgCl2

�!"� ��Në`l ì �HAp-CaDSF � � � �µ � �í ¬ �î ï $� Ù Ú � �R

Ü Û 
�Õ Ö �;� #SADÞ�A ���(002)K�(004)K_ 20æ�ç�è"<� 1�

HAp-CaDSF � � � �µ � A 1ð t ñ ò � HAp �  u v _78$<"�& �_`%

a � #& �A � ��0�W V � � SF �= > ? �ó !��& ��A 178h_�`

a <j�& ����ô�� HAp�2 3 ( õr ö�«���� HAp�u v w x ��

W V r s t _® ÷ ��& ��øù ���no l m �# 
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� l m � RÜ Û 
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¾Ë $� µ � �HAp-MgDSF �'_û 
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m �& ��A ��no l m �#HAp-MgDSF �û 
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� 3 4 5 !�½ T
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Fig.5.2.2. Synthesis scheme of samples. 
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(a) Aggregates at lower magnification 

Fig.5.3.1.1.Microstructure of HAp-RSF 
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(b) Aggregates at higher magnification 

Fig.5.3.1.1.Microstructure of HAp-RSF 
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(a) Aggregates at lower magnification 

Fig.5.3.1.2.Microstructure of HAp-CaDSF. 

 

 

 

 

 

(002) (004) 



� ���

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Aggregates at higher magnification 

Fig.5.3.1.2.Microstructure of HAp-CaDSF. 
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(a) Aggregates at lower magnification 

Fig.5.3.1.3.Microstructure of HAp-MgDSF. 
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(b) Aggregates at higher magnification 

Fig.5.3.1.3.Microstructure of HAp-MgDSF. 
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Table.5.3.2.1.Crystallite size and microstrain of the samples 

sample La(nm) ea(%) Lc(nm) ec(%) Lc/ La 

HAp-RSF 8.3 1.15 20.0 0.50 2.42 

HAp-CaDSF 7.6 0.61 13.5 0.18 1.77 

HAp-MgDSF 8.2 0.94 16.6 0.35 2.03 

Lx: Crystallite size along their x axis 

ex: Microstrain along their x axis 

 

Table.5.3.2.2.Relative crystallinity (%) of the samples 

sample I(002) I(300) I(202) 

cHAp 100.0 100.0 100.0 

HAp-RSF 65.8 44.0 28.6 

HAp-CaDSF 78.4 65.4 55.1 

HAp-MgDSF 76.3 52.5 49.4 

I(hkl): Relative integral intensity of (hkl) 

 

Table.5.3.3.1.Contents of cations in silk fibroin dispersion (at dialysis equilibrium) 

sample Ca (mg Ca/ g fibroin) Mg (mg Mg/ g fibroin) 

RSF 0.04±0.03 0.03±0.02 

CaDSF 2.72±0.08 - 

MgDSF - 1.17±0.06 

 

Table5.3.3.2.Number of the HAp crystallite in the reaction systems 

sample Number of the HAp crystallite / cm3 

HAp-RSF 4.4×1015 

HAp-CaDSF 7.7×1015 

HAp-MgDSF 6.6×1015 
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Fig.5.3.4.1.FT-IR spectra of SF. 
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Fig.5.3.4.2.FT-IR spectra of samples. 
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Fig.5.3.4.3. Decrease in the number of misfits between Ca2+ of HAp and C=O of SF. 
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