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7)� � ��"�!:#�$�� � ����� �%���& �� '(� � )�
 '*�� �� �
�+ �� �!�
�& ,�-� #� .��* '$!/ #	��01���� ��!2 !�13 ���4 #� 2�
 � ��(��� ����

#5
�(��� �����6�'�� #�*�7 ���8 #3& ��� ��
��� 97.� #��& �:6�;+ <!� /� =�6#>(	�,� 9�� #� .��* '$!/ #	�� ��+ 
�
 ���!?�� .@.

��$�� '�$:,� 9�� #� .��* '$!/ #	�� ��+?#1
A
 ��� 01�B�& �� C1DE� F�23� �GH ��!I& �J�� #� KL!� &�+ ��>�4 2�-�
M � �� #��& .@

�!��7 )��
� ���+.L���L�� /� �#	�� ��+ N��O �/��
� � ,L� ����� ������ #�*�7 ���� ��P4 �
���L-� Q.#�P� .DR� �� .��* '$!/ #	�� ��+�/��

#ST /�� �� N�� #� ���� ���U�S 9�� /� � �!��7 ��1&�+ 9��1+ 9�� /� � �M ��� �1� '1�&�+M #1!V ,�L	& ��!I& � W�(	& ���� 2��8 ����� ����

W(	� ���� KL!��� #�*�7 ���� ��+ �/�* 0���& ��A
.

����		�:� �� ��� #�*�7 �!��>&�
����-� X�������P4��/��
� �� ��+ .>H ��!/ ��6�YY��B ��!I& �� ���
�
.S ��/M1�U��1��21�
 21��8 ����1�

�� ��� #�Z�� ��$!/ #	�� �-��* '$!/ /� �
�	
 �Z <!� #� ��� ��!I& .��* '$!/ #	�� ��+ ��� �� '�&�+M #!V ,�L	&.��5A6�� #1� �1� #1JH[� <

#	������ /� �&V�� #� �!�6\YY��
�� #3��/�* ��
�� ��� �&���H N��DA4 ���7'�
�V)Ca2SiO4(�� ��� ,�L	&.
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�� b1c� ��6
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���& ��6@��-M
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/`�f.A�� /� �.�'Z�1� �� #B ���$6 �!�6@��-M <!�&

�����B�� ��� #� �
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'$!/#1� .�1>&� �� �1�
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�& )�4 ����� #� �6@��-M <!� �-��*

'1�� �3��1Z ��6���
 .�A4� ���� ��
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'$!/'$!/ k�Z � �
��7/��m* �-��*���1�-��1
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�
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�.)g?f(

#	���'$!/,1� � ���O 9�� �� #� .��*?,1��8 .@

'�� ��-&.'$!/#1	�� �-��*%�1$�� �� ��1$!/ ��16CaO-

SiO2-P2O5��1��O 9�� #� #B '�� ����	� N�P�B�& /� ��	�

��� ��-&�
�).����"(���+ N��O �/��
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 ��� 0���& .>H �

#	�� ��+ ��!2�* k�Z � �&���H k�Z��� ���A6 ��$!/
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�&

����.�� #5
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� � N�2D* /� #��h7 ��

�� ������� �J�� <!���.#��� '*�� b! ,��	& ����=��S� ��

�� N�� ,R� �� ������ '�Ps& ���� <!����7.6�17�N�18��

������ <!��1� �1Z =��1S� '*�� #� 0��M t4�� �6#1� �
1�

�
 �� � �&� q��� .�e�
� :6�� 03��� �!���1� :6�1� #1�

� ������ ��/������7./� ���1��� �7��M ����� �0�4 <!��7�2�

'�� u�A� ���+.1��� #1� ��� �6�� ����1�[+ �1! �21D* ���

�� ���8 97 ���+ )�
 '*�� �� )���� ��A&#3�� :!�� �� ���7

�� �6�Z.#1	�� �;!� k�Z bA� #� N[�	� � 0!��� <!�-

���18�� �1
�+ ��Z #� )�
 � '(� '*�� �� #� .��* '$!/ ��6

��'�� ��� ,H �����.#1	�� ������ v�P&�� �7���1� ��1$!/

��!�G�� #5�1DE� �
�(��� �
�+ ��� w�H �
��� 97��1�

�8����M �6�Z '��� 97 ��(��� ��
��.%���1
�+ �<!� /� �&

�� �!�1���3 � '��H /� #� '�� 97 ���+ )�
 '*�� �� ������

����� #���
 �� � x��	� ,>*�16�Z ���71D3 ������ �7�/

���.'�e*� #���/ <!� ����1A4 ��6��1� �� ��� ����#1	�16�

/!�$�'�� ��� ,��H).�`(� 'Z�1� �:6�;1+ <1!� /� =�6 �

#>(	�#	�� ��+ 
�
 ���!��1! ��!2 !�13 ���1� .��* '$!/

�� ��(��� %���&.#	�� k�Z ��6������ ����1�
�� ��1$!/

'Z�� ���P� b�2+ 9���� ��
��� 97 #5
�(��� ��!2 !�3

�� �6�Z �
��� 97 �4�>� G4.)�`(

��$�� '�$

�����#DH�� �� ��#1>(	� � .@ � ,� �/�� ����M �

/ y�� #� ��+ ���!!'*�7 N�� �:

#	���'$!/#1� :6�;1+ <1!� �� �1���� ��1� .��*

%�$��CaO-SiO2-P2O5�!��A�� 0�B�& ����� � '��� pD�&

P2O5�]/^%SiO2-_"/`]%CaO-__/]^) %�-� ����(��.

#11�-�� ��11�,11� �/�11� ���11�M � 'Z�11� '11�3?,11�&����& �.@

N�L�D��&���MERCK(TEOS)N��1$* )1�
�M �@���1�6 �

(MERCK)N����
 �%�$DB(MERCK)��.�� �L�D�1� ,�

#E��� l!��!��7 ����M ��2�-�&�B ���� � �DL-�.#1DH���.��

���B vD(� ,���TEOS#E1��� ���4 #� .
�&� ���1DL-�

��.Ki�'4�1� �1� .1DR� � �1� #*�z� .DR� #� �Ee� CM

�� =��� �& �� ��/ %6 {���.�*�1>� CM .1� ��21���"

.� �����TEOS��./� ���`Y�@����6 #e�8�N��1$* )1�
�M
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/� �1�� � �1!��7 #*�1z� .1DR� #�"Y%16 #1e�8��.1DR� ��/

N����
�!��7 #*�z� 2�
 %�$DB.�1� #1� ��� ����M .DR�N1!b

%6 '4���� ��/.#1� ���1�� � 2�-���1�6 ��� ,��B �J�� #�

#��$
����1�� �1� ��M �� ��� ��-& ,� �.@ ���!� ���� CDE�

]Y�!��7 l	Z ��� ��
�� #3��).��(

K1L!� 1&�+ ��>�4 2�-�
M)X-ray Fluoresence: XRF (

)S4PIONEER (�1GH �1�!I& �1J�� #1� � ���+ #
A
 ���

�6��$B���� �-� ���� p��E� �!��
 0�B�& ��'*�7 )��
� ��J
.

� �/�* ���Z���/ #	!N�1�DA4 /� K1+ ���1+ .��* '$

���� #� �� �&���H\YY��YYY���YY��
�1� #13��#1� ����17

KL!� &�+ 9��+ l��L& lAB)X-ray Diffraction: XRD (

)Philips Xpert-MPD (�� �����.#1
A
 �1J�� <1!� #��16

�
�1� ���� ���8 KL!� &�+ 9��+ �� ��� #
A
 ��
���� 
 ����.

�M ��� �� Ki��� ���
���& KL!� &�+ U�S �6.@�1�-��� �1��

_Y)�7 .S �'-� D�BY"/Y�1�-& ���1� �����1�� ��� Q�V �

KL!� &�+CuKαq� .S ��Aº]_"/���.�&���H N��DA4

#
A
0�T�& �J�� #� ��6,��	&)��
� ��
M �� /�*��K1+ �& ���7

�1P!�e& 01���& #� ���h� ��6��� �� #�*�! �DP& /�* �!����� /�

�11+ ���11� �� #11�-�� ��6��11$���11� ���11�.)���_��_(<�11�5A6

�� �1Z =�1�M '1-�H #1	�� ��� �M /� ,P8 #� �!��� <!��	��

�� w�H<!� /� �����6�Z '��� p!�S��M.�!�3 �� ��� <!�/� #�

:�+ =��>� �� #	�������� �6��� ������� �6�s���H ���

�� W(	� �� �&���H N��DA4 �������.N�1�DA4 ���� C�(�
�

#!�+ ���9��27 � N��6�	�'�� ��� ��eeR� �!�� ��6.)"�_(

/� ���1� �1�-& ��+ N��O ,L� � �/��
� ����� �J�� #�

��1P4 �1
���L-� XL1���L��(Transmission Electron

Microscope: TEM))Philips(�� #�*�7 ���� �.

'$!/ ���!/�� ����#
A
 �-��*/� ���1� ��-& ���+ ��6

#�P1� .DR��/�1���1����1�(Simulated Body Fluid:

SBF)�� �������.{1�& #1B .DR� <!� 0�B�&Kokuboy�1�

'�� ��� ����)�](�[+ #��	� �
! 0�B�&��1$
� �1Z ��A����.

#
A
#ST ��6��� ����SBFN�� #� �`Y)�1AH �� /��CM˚C

`^�
�� ����� 
.#1!V ,�L1	& �1���� �1J�� #1��'1�&�+M

21��8 ����1� ���1� U�S b���& /� .��* '$!/ #	�� �����

(Fourier Transform Infrared: FTIR)(Bomem, MB100)�

����R� ���cm
-1�YY�&_YYY���������).��(

��)�./��"# <	=">�? ���� )@$%� �! ��	��

LOI"_Y/Y

CaOgY/]^

SiO2YY/`]

P2O5g�"/f

Cl�_g/Y

���	�	�

2�-�
M d!��
XRF�1� ��1� #1��& ���1+ #1
A
 ����1�

�
��2*�,1� 9�� #1� � �!��A�� ��6?.��13 �� �.@���1�M

'��.� ����4 ���� #� #3& ��#�D� '��� |�* �� � ���M '��

�� ���� �� �6��$�� �-� ���� #
�!�� �N�P���& �� ����4���.

,L��� -�XRD#	�� #�-�� )�Z ��+'$!/ ��� .��*

,� 9�� /� }�A�e�$� #B?�� ��	
 ���M '��� .@�16�.1 -� <1!�

�� ��	
 }[��B#	�� #B �6�'$!/ ��� =��M ���Z�� #�-�� .��*��.

,L� ��"��/M )��
� /� ,��H d!��
XRD���c ���

��� pPE�� � !�L! �� �#
A
�
�.%�e�1$� .1>R� �#1�-�� #
A


,� 9��?� '�� .@`��16��� �� 0�&�& #� � !� #
A
\YY�

�YYY���YY��� �&���H N��DA4 ���� ��
�� #3���
�.#D8�16�

� -� ��  -� <!�XRD'�
�V /�*(Ca2SiO4)���� '1e��E�

(JCPDS#33-0302).

AB#./�����XRD��"# C	& $%��� �! ��	��
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 �!�1D� :!�2*����16��� �� �1&���H N�1�DA4 /� K1+

�YYY���YY#3��'�� #3& ,��8 ��� ��
��.��1�� :!�2*� ��

���� �& #	�� �&���H N��DA4\YY#3��l! ���& ��� ��
��#D8

�1 -� �� �)�1Z ��+ #D8 #� 'P$
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Abstract 
Background and Aim: Due to its ability in bonding with hard and soft tissue, healing and repairing of 
the bone, and proper replacing of the ossicles in middle ear, bioactive glass has come into 
consideration. The aim of this work was preparation, development and characterization of nanopowder 
bioactive glass obtained by the sol-gel technique.  
Materials and Methods: Bioglass powder was made by sol-gel technique and the presence of desired 
elements is tested by X-ray fluorescence analysis. Trans Electronic Microscopic (TEM) technique was 
used to evaluate the powders shape and size. The prepared bioglass powder was immersed in the 
simulated body fluid solution for 30 days. Fourier transform infrared (FTIR) spectroscopy was utilized 
to recognize and to confirm the formation of apatite layer on prepared bioglass powder. (XRD) as a 
structural characterization technique was used to investigate the microstructure. 
Results: The glass powder size was less than 100 nanometers. The formation of apatite layer 
confirmed the bioactivity of the bioglass powder and tests revealed that all the films had the signs of 
bioactivity. It was also found that at sintering temperatures above 900 ºC, crystalline phase Ca2SiO4 
was formed.  
Conclusion: The sol-gel nanopowder bioglass can be used as a replacement for small bones such as 
ossicles in middle ear, and it leads to bone osteointegration and growth of the surrounding tissue. 
Keywords: bioactive glass nanopowder , biocompatibility, sol-gel 




