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� �

Sol-Gel�� �� ����	 zirconium-n-butoxide(ZNB)
 yttrium nitrate� �
�� yttria-stabilized zirconia(YSZ) ��

��� �����. �� ZNB� ���� �� ��  yttria!� "#� ��  YSZ ����� $%& �'( )*+'

� ,-. /0� �����. 100oC�1 2�  ��34 56 7%�&89:;, 400oC�1 <=%&� $%>�	 ?@

A9�. Yttria� ��AB CD ��  ��34 800oC�1 E�%&( %=%&8 *F�. GH &:	 &?8� IJK

:;, 1,200oC 8&�1. L�� E�%&� $% >�� M��. NO� PQR� yttria� ��  ���1.(2.5 YSZ,

4 YSZ) 1,000oC 8&� ST�1 %=%&U� �VW9�. �� yttria� ��AJ ��  X 800oC�1 YZ[  ��3

4 mesopore� )*�\� M] NO, yttria� ��AB C4 L�� zirconia� ^_�. macropore� )*�\� M��.

Abstract − Nanosized YSZ powders were synthesized by sol-gel method using zirconium n-butoxide(ZNB) and yttrium

nitrate as precursors. In addition, the effect of yttria content added during hydrolysis reaction of ZNB was investigated on the

crystalline phase composition and pore structure of the product powders. All powders dried at 100oC were amorphous and

crystallized to cubic phase at 400oC. Crystalline phase of the powders made without yttria changed from the cubic to a phase

in which monoclinic and tetragonal crystals coexist at 800oC and then transformed to a pure monoclinic phase above 1,200oC.

In contrast, the powders made with adequate content of yttria (2.5 YSZ, 4 YSZ) showed only the tetragonal phase above

1000oC. The pore size distributions of the powders prepared with yttria and calcined at 800oC showed mesopores, while those

prepared without yttria and calcined at the same temperature exhibited macropores.
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1. � �

��� zirconia(ZrO2)� ���� 	
 � 950oC �
�� ����

�� ������ ������ ��� ����, � ��   !" #�

� ���$� %&'(� )*+, -�+. �/0 � 12[1]. 34�

�5"�� Y2O3, CaO, MgO 67 -�89: ;�+, �< =8� 7

> ���� ���? @� -�8 zirconia: A� �B� C� D� E

2[2-3]. FG�� yttria(Y2O3): ;�+, -�8�H zirconia(YSZ)�

IJ K<, LM N L! "OM�� L> LP hip joint Q/� "O+

�, RS/ T! UV G core UV�� WXY Z� E2[4-6].

7V/ UV�� �/[ � E� \J ]MY ?^ YSZ: *M+_ `

>�� 9ab cd7 e_� f��, g< ch� i�, ��<��, Qj

D? @� %&ka: C�� l� -�89L Y2O3� '�+. chD

�m �2. �n oMY ?^ YSZ 9a: ̀ > ��5QB[7], PpB[8],

cq(c>B[9]S rJ ,s t�OMBu� vkD� w��, 
 �B
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uJ �xT�7 �yu� E2. ��5QBJ 'z {O� �|} ~

�!7 %&ka7 �'z� 7� ]M�+: ��+�[7], PpB��

� ��5QBC2 'z� aM7 cdOM� ��+� Qj��� �

�+, W7 �J ���� ��+�[8], cq(c>BJ k��� �

�" 2�7 cdY OM0 � E�� �a N (c> S��� ��7

�8� �� � ��� D_ �2[9].

Sol-GelBJ �� alkoxide: �)]z� +, ���� /t �7 8

� 5Q� 7> �� �8] cdY OM+� �� OMB�2[10, 11].

� �B��� �)]zL �� alkoxide� 5Q+� �J ]��_  

�� 2  �� ��� ��]�� ¡¢[ ��M� "� ��<7 c

d� A�?�, £J ~M �<��< �� �8] cdY 9a0 � E

2. o¤ 2Mc¥�� ¦V ]zu7 c§ �¨7 {O� ��+$�

'�� aM7 cdY AY � E2� ©y� E2[12].

ª
� _Pe_� a«D�, IJ ���"Y �¬ 2PM cdJ �

­, ®¯9, °±� ²� �/D� E2. Sol-GelBJ �� �8] cd

7 _Pe_: 9�+�³ ±´ µS"L �B�2[13]. ��7 vk�

� ¶ vk§uJ Sol-GelB� 7> YSZ cdY OM+·��, �)]

zL zirconium-n-butoxide7 ��c> ̧ - ;�b ]�7 =8� A�

¬ cd7 _PoM� %R� ¹ºY »¼C½2[14]. l� ²J vk

§u� Sol-GelB� 7> YSZ cdY OM+·2� C�+·?¾, O

MS� G ;�b yttria ¿7 =8� 9ab cd7 _PoM� %R�

¹ºY »¼C? ÀÁ2. 34� ¶ vk��� Sol-GelB� 7> yttria

� '�+. ;�b YSZ: 9a+·�� � S� G �)]zL

zirconium-n-butoxide7 ��c> ¸- ;�b yttria¿7 =8� A�¬

cd7 ��� ka� _PoM� %R� ¹ºY a�+·2.

2. � �

2-1. �� ��

¶ ÂÃ��� �)]z�� zirconium-n-butoxide(ZNB, Aldrich, 80%)

� yttrium nitrate hexahydrate(Aldrich, 99.9%): �/+·��, Y2O37

¿� 

 0, 1.5, 2.5, 4 mol%� D<Ä Å�+,(�+ 0 YSZ, 1.5 YSZ,

2.5 YSZ, 4 YSZ 6�� �_) �� Æ�7 1-butanol([1-butanol]/[ZNB]

Æ� 10)� ;�+·2. `7 �)/tY 30oC�� 30c ¸- �5�

H �, ;�D� #Ç�7 ¿Y ([H2O]/[ZNB]7 Æ� 20) ��+, 30oC

�� 2�È ¸- ��c> �É2[14]. ` S��� AJ p�]Y

filtering� 7> ,StY 9Ê� �, 100oC7 �aËÌ�� 24h ̧ -

�a�Í�, Î§�)� cÏ+, %cdY 9a+·2[14]. �ab cd

J 5oC/min7 �<� Ð� �É�, �� �<�� 1�ÈÑ ¢?�Ò�

7> +~DÓ��, ��7 ÂÃ �S: ÈÔ+. Fig. 1� �Õ�Ó2.

2-2. �� ��

*Mb cd7 +~�< =8� 3  ��� =8: C_ `> X-Ö

×«cØ_(D/Max-IIIC, Rigaku): �/+, CuKα: ÕÙ�� ×«


20-70o Ú`�� 3o/min7 �<� X-Ö ×«cØY Â�+·2. l� *

Mb �k! cdS (�� �7 g§7 ��S e_, e_ch: ÛÜC_

`+, ÝS�§�%Þ(CM20, Philips)S W��§�%Þ (XL30SPEG,

Philips)Y �/+, cØ+·2. 9ab cd7 ���"S _PoMJ

BET z~®¯BY �/> Micromeritics�7 ASAP 2,400Y �/> ß

�+·2.

3. �� 	 
�

3-1. ��	 
�

Fig. 2(a)-(d)� cdOM� �)]zL zirconium n-butoxide(ZNB)�

;�D� yttrium nitrate hexahydrate7 Æ�7 �: =8�à 9a� c

du7 +~�<� 3  ��� =8: �Õá XRDcØ �S�2. +

~�<� 3  ��� =8� ;�b yttria7 ¿� 34 â =8: C

·2. ã, 100oC�� �ab cduJ äå ��z�Y �Õ�Ó��,

400oC�� (�� �� ��8� ��� g���(cubic)�� �æD

Ó2. Fs� ��� zirconia[Fig. 2(a)] cd��� (�� �<7 #�

� 34 g���J 800oC�� ����(tetragonal)�� �æDÓ��

¸�� ç� ����(monoclinic)7 èe� �Õé��, (�� �<7

#�� 34 ���� èe7 K<� e. ê~+, 1,200oC�� ë�¤

�4¬ 5� ���� èe7 K<� #�+,, 1,200oC�­ 1,400oCì

?� ����¾� íU+� ��� ka: �Õ�Ó2. � Fî��

g���S ����J rJ `R(2θ)�� �Õ�� 2θ=35o� 60o�


7 èe� 

 2ï7 ��� c�D� �Õ�� ���� ka: ð

� E��, � ï7 �¾ �Õ�� g��� ka: �Õ�$� 400oC

�� �Õñ g���� 800oC�� ������ �æDÓòY Û �

E2[15]. Fig. 2(b)� 1.5 YSZ cd� T� XRDcØ �S� g���

J 1,000oC�� ������ �æDÓ�, ¸�� ����� �Õé

2. F � +~�<7 #�� 34 ���� èe7 K<� ê~� 5

� ���� èe7 K<� #�+�, 1,000oC�� 1,400oCì? ��

��S ����� Pí+� ��ka: C,WÓ2. Fig. 2(c)-(d)� 



 2.5 YSZ N 4 YSZ cd� T� XRD cØ �S� ���� �MD

Óó g���� 1,000oC�� ������ ���� ��� 1,400oC

(�� �ì? ����7 ��� ¾� íU¡Y Û � E2.

��7 �S��­ äô cd7 Þ´ ��z�õg���õ����

7 �¥: Êö ��8DÓ�, yttria� ;�b Þ´�� ;�D? @J

Þ´ C2 ÷J �< Ú`�� g���� �Õé�� l� �� ¹ø

L 1,200oC, 1,400oC�� yttria� ;�D? @½Ê�(0 YSZ) ". ;

�b Þ´��� (1.5 YSZ) ����� �Õ��, yttria� "ù� ;�

b Þ´��� (2.5 YSZ, 4 YSZ) ����� �ÕúY Û � E2. `

7 �S� yttria7 -�8 µS: �Õ�� ���[16], Sol-GelB� 7

> 9ab cdJ yttria7 ;� ,�� û¥1� ��z�õg���õ

����7 �¥: Êö ��8üY Û � E��, yttria� �ý ;�D

? @Ê�, ". ;�b Þ´�� ��7 (��� *MDÓó ���

�� ���� 	
D�� ��� ������ ��D�� 1,000oC�

�7 ���� ����� �Õé2� >Øb2. 5�� yttria7 ;�

�� "ù� Þ´��� yttria7 -�8 µS� 7> ���� �Õé

ó ����� ���� 	
D�< ������ ���� ���?

@òY Û � E2[16].

3-2. �
��� �� ��

Table 1J OM�� yttria¿Y =8�à 9a� � 800oC�� (��

�H cdu7 ���" =8: �Õá2. �5"�� yttria� ;�b

Fig. 1. Flow chart for preparation of YSZ powders by sol-gel method.
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Þ´�(1.5 YSZ, 2.5 YSZ, 4 YSZ) yttria� ;�D? @J Þ´(0 YSZ)

C2< cd7 ���" þ� â �Y Û � E2. o¤ 2.5 YSZ a�

�� 9ab cd7 BET ���"J �© IJ þ(50 m2/g)Y C·�,

5�� 0YSZ a��� 9ab cdJ �© £J þ(13.5 m2/g)Y �Õ

ÿ2. �� �7 Fig. 47 pore size distribution �S�� Û � E��

yttria� ;�b Þ´� â _P �è: ð� mesopore7 _P� )��

5�, yttria� ;�D? @J Þ´� _P� )�R À+_  ��2.

Fig. 3J 800oC�� (��b cdu7 z~ ®¯/�¯ �ÖY �Õ

�� E2. Yttria� ;�b cduJ (1.5 YSZ, 2.5 YSZ, 4 YSZ) _!

��Y I,��� AJ ®¯6�ÖS _! ��Y £����� AJ

�¯6�Ö� �RD? @� ¤	
��	 ��Y C�� 9�� ®¯

6�Ö[17]Y C, _Pu� mesopore(20-500
)� kMD� EòY

��0 � E2. 5�� yttria: ;�+? @J (0 YSZ) cdJ 9III�

®¯6�Ö[17]Y C, _!��� £J Þ´�� ®¯�� ±´ f�

� h8��� �ì}?�� ®¯�� �?� �Y Û � E2.

Fig. 4� 

 yttria¿Y ��+, 9ab � 800oC�� (��b c

du7 pore size distributionY �Õá2. Yttria� ;�D? @J Þ´

��� cd7 _PJ macropore(_Pe_ 500
��)� Wb kMY

��� 5�, yttria� ;�b Þ´�� mesopore(_Pe_ 20-500
�

�)� cd7 _P7 W: ��Y Û � E�, Fig. 37 ��S � �R

+� E2. l� yttria7 ;��� ²Üz�Ä _P7 �' e_� fÜ

?�³, �� yttria7 ;��� ²Üz�Ä cd G7 �� M©� �9

Fig. 2. XRD patterns of YSZ powders calcined at different temperatures. The powders were made with different amounts of yttria (a) 0YSZ, (b) 1.5 YSZ, (c)
2.5 YSZ and (d) 4 YSZ. The peaks marked as C, T and M represent the cubic, tetragonal and monoclinic phases, respectively.

Table 1. Specific surface areas of YSZ powders prepared with different
amounts of yttria and calcined at 800oC

Sample Specific surface area(m2/g)

0 YSZ 13.5
1.5 YSZ 40.5
2.5 YSZ 50.0
4 YSZ 49.5

Fig. 3. N2 adsorption-desorption isotherms of YSZ powders prepared
with different amounts of yttria and calcined at 800oC.
���� �41� �2� 2003� 4�
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D� ��7 e_� fÜ?_  ��2[18]. _P7 �' e_� cd

G7 ��7 e_� ��"�� ��+$�[19], yttria ;��� ²Üz

�Ä �' _P e_� fÜ?. b2.

Fig. 5� 100oC�� �ab 1.5 YSZ cd7 ÝS�§�%Þ �¬Y

�Õ�� E2. cdu7 �' e_� 2 nm� �  e_7 ��g§�

�MD� E� �Y Û � E��, cd 9a S� G Qj� �+. �

�éòY Û � E2.

Fig. 6(a)-(d)� 1.5 YSZ cdY 2¿� �<��(800oC, 1,000oC,

1,200oC, 1,400oC) (��+, 9ab cdu7 SEM �¬Y C,¨2.

+~�<� IÜz�Ä ��� M©+,, 800oC�� 50 nm �<7 �

� e_� 1,400oC (�� ��� 500 nm �<� ��7 e_� ��

Y Û � E2.

Fig. 7(a)-(d)� yttria7 ;��Y ��+, 9ab � 1,400oC�� (

��b cdu7 SEM �¬Y C,¨2. Yttria� ;�D? @J cd

uJ TÔ 500 nm e_7 â ��(grain)�� kMD� EòY C,W

� 5�, yttria¿� ²� ;�[�Ä 9ab cduJ ��7 e_� f

Ü�Y Û � E2. �� Lange[3]7 W©�� ;�b yttria� ��7

M©Y �9+_  ��� �Vb2.

4. � �

Zirconium-n-butoxide(ZNB)� yttrium nitrate: �)¦V� +, Sol-

GelB� 7> YSZ cdY 9a+·2. � OMS� G ;�b yttria¿

Y ��+, yttria¿7 =8� *M cd7 oM� %R� ¹º� û>

Fig. 4. Pore size distributions of YSZ powders prepared with different
amounts of yttria and calcined at 800oC.

Fig. 5. TEM image of 1.5 YSZ powder dried at 100oC.

Fig. 6. SEM images of 1.5 YSZ powders calcined at different temperatures; (a) 800oC, (b) 1,000oC, (c) 1,200oC and (d) 1,400oC.
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ture
2òS rJ ��Y AÓ2.

(1) +~�< =8� 3  cd7 ��� =8� ;�b yttria¿� 3

4 ²J ��: C·2. ã, äô cd7 Þ´ ��z�õg���õ�

���7 �¥: Êö ��8� ����, yttria� �ý ;�D? @Ê

�(0 YSZ), ". ;�b Þ´��(1.5 YSZ) ���� �MDÓó ���

�� ���� 	
D�� ������ ��� ��� 1,000oC ��7

���� (��b cd��� ����Y )�0 � EÓ2. 5��

yttria� "ù� ;�b cd���(2.5 YSZ, 4 YSZ) ���� �MDÓ

ó ����� ���� 	
D�< ������ ��� ���? @

�$� 1,000oC ��7 ����� ���� ¾Y )�0 � EÓ2.

(2) Yttria� ;�b cdu7 Þ´�� 800oC� (��� mesopore

7 _Pch� )�� 5�, yttria� ;�D? @J cd7 Þ´��

macropore� Wb _Pch: C·2.
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