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

��� �����. �� ZNB� ���� �� ��  �!� "#� $%& YSZ ����� '()* +,-.� /01

23� �����. �456 "#� 78 '() "#1 ��  �!� 9:;< �=� >)� ?��. @, 100oC�A B

�  ��C DE F(�)<GHI, 400oC�A JK()� '(L�	 MNOGP, 1,000oC�A (K()* Q�()<

�R� 1,400oCST (K()* Q�()< ,U�1 '(L�� ?��. ZNB� ���� V �� >< FWX XY ��

  Z[	(H2O/ZNB=20<�) ��  ��C mesopore� +,�\� ?] ^_, �� >< FWX `< ��  Z[�A1

(H2O/ZNB=50<)) micropore� +,�\� ?��.

Abstract − Yttria-stabilized zirconia(YSZ) nanopowders were prepared by sol-gel method using zirconium-n-butoxide(ZNB) and

yttrium nitrate as precursors. In addition, the effect of water content added during the hydrolysis reaction of ZNB was inves-

tigated on the phase composition and pore structure of the product powders. The phase composition of YSZ nanopowders with

calcination temperatures showed the same trend, irrespective of H2O amounts added during the hydrolysis reaction of ZNB. All

powders dried at 100oC were amorphous and transformed to cubic phase at 400oC, which converted to tetragonal phase at

1,000oC. Monoclinic phase also appeared at 1,000oC. The powders showed the mixture of tetragonal and monoclinic phases

from 1,000oC to 1,400oC. The pore size distributions of the dried powders prepared with small amounts of water(less than or

equal to H2O/ZNB=20) showed mesopores, while those prepared with large amounts of water(greater than or equal to H2O/

ZNB=50) exhibited micropores.
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��R� Y2O3

V cdBe S[�fg ��. �h i�	 
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% STs�� V:Bv ^_�j� ��Bp H% �9 ��<V

��BY[5], SnoSQl9 &��� ��� ��% ST	 s��

A �Xv �' F oSQ 7��3 ��% ��� �� � ���

�� ��[6].

Sol-Gell9 rjs�l% d�X� �]�% �� alkoxideN j�

�3 VASQ�� ��4�M aST	 �� xlX� �]�, ���

cd�, zS4% &�Z�,� �j�� '�	  ¡�¢� ST	 R

'� A ��[7]. � Sol-Gels��3� £¤M|� zirconium alkoxide

V M7 k^� ¥ ¦ V
 k^� VASQ� §¨s� df©�. �

t ¦ k^	 ªQ 2-5 nm U�% «� ���Y, �¬9 �� 10-50 nm

U�% d­ Z�� �®BY, � d­Z�t9 ��t¯< ^_� d

fv3 100-300 nm U�% �­ Z�N ����. � �­Z�t9 R

'� (rX��° (± R² 7�(³�S< ´9 p7)	 ªQ Z�t

¯<% ^_� dfv µ¶j�% · ST� ��. ̧  � �'7�	 ª

Q µ¶j�% · ST9 ¹ �º A§	 ²G�3 �' ST� ��[8].

�j% Sol-Gell� %� ST R' 7��3 R'� ST% M�9 k

^M ¨% M% »�, (r% pH, k^��� 89 k^'�� Ue %

¼��. �q� k^½A ¨�3 i¾ M% »�� R'� ST% i�

� ¹ ¿À	 a?�[9].

��� �DU�V ' �Y, Á9 ����	 VÂ �D� ST9 �

°, ÃÄR, Å±� Æ� �(�� ��. Sol-Gell9 �� 4�M ST

% �DU�N RfB�Ç ±@ È7�� xl��[10]. Æ9 0&�t

� Sol-Gell� %Q YSZ ST	 s�BÉ�� b�BÉ
 , s�7

� ¨ M% Ê� R'� ST% �Di�� aG� ¿À	 ËÌb
 Í

Î�. Ï,3 Ð 0&�3� Sol-Gell� %Q Y2O3V cdBe ÑV

� YSZN R'BÉXY � 7� ¨ £¤M|� zirconium-n-butoxide

% VASQ Ò
 ÑV� M�% ½�V �fÂ ST% ��j &'�

�Di�� aG� ¿À	 '=BÉ�.

2. � �

2-1. �� ��

Ð ÓÔ�3� £¤M|�3 zirconium-n-butoxide(ZNB, Aldrich,

80%)� yttrium nitrate hexahydrate(Aldrich, 99.9%)N =(BÉXY,

1.5 mol% Y2O3N ÕÖB� ST% R'N PQ 98.5 mol% ZrO2,

1.5 mol% Y2O3% '�X� £¤M|	 d� ×A% 1-butanol�(1-

butanol/ZNB ×� 10)ÑVBÉ�. P% £¤(r	 30oC�3 30S

Ò
 �k�Ø �, ÑV�� [H2O]/[ZNB]% ×�(�B R� ÙÚ)N

ww Û<Bp �Ü Ý% '�	  tf(R=5, 20, 50, 100, 500) 30oC

�3 2�Þ Ò
 VASQ �ß�. P 7��3 �9 m*M	 filtering

� %Q p7r	 R²� �, 100oC% �'àá�3 24 h Ò
 �'

�¢� â� =¤� SãBp aST	 R'BÉ�. �'� ST9

5 oC/min% ��� ä��ßXY, d����3 1�Þå Ö
�æ�

%Q B5�çXY, �j% ÓÔ  ­N ÞèBe Fig. 1� véê

ç�.

2-2. �� ��

O�� ST% B5�� ½�� Ïë ��j ½�N b� PQ X-ì

í Sî�(D/Max-IIIC, Rigaku)N =(Bp í w 20-70oïP�3

CuKα target, 40 kV, 45 mA% power, 3o/min% '��3 X-ì í S

î	 Ó�BÉ�. >� O�� *&/ ST7 o�< �% Z�% �j

7 U�, U�S[N ðñb� PBp H=*��aò(XL30SPEG,

Philips)	 =(Bp SîBÉ�. R'� ST% ����7 �Di�9

BET|5ÃÄl	 �(Q Micromeritics=% ASAP 2,400	 =(Q ó

�BÉ�.

3. �� 	 
�

3-1. ��	 
�

Fig. 2� ST s�� £¤M|� ZNB% VASQN PQ ÑV��

M% ×A% �N ½��� R'� STt% B5��� Ïë ��j

½�N véô XRDSî �7��. B5��� Ïë ��j ½�� V

ASQ¨ ÑV� M�% ½�� j�õ� Òd� Êj	 bÉ�. ö,

100oC�3 �'� STt9 ÷¦ ��|j	 véêçXY, 400oC�

3 B5� STt9 ���V dfv Zx�j(cubic)X� *ø�ç�.

600oC, 800oC� B5� ST ù� Zx�j	 véêv B5��% ú

V� Ï, Zx�j9 1,000oC�3 �x�j(tetragonal)X� *ø�ç

�. >� 1,000oC�3 Ù� z=�j(monoclinic) ºUV véûXY,

1,200oC�3 �x�j ºU% ��� Ue ü5� k� z=�j% �

�� úVBp, 1,400oCý
 �x�j7 z=�j� Ò�� ¼"B�

��j &'N véêç�. Vladimir $[11]� %B�, Zx�j7 �x

�j% ��j9 89 PG(2θ)�3 vévv 2θ=35o� 60o ��% peak

V ww 2Ý% �X� S<�f vév� �x�j &'N þ� �X

Y, � Ý% �  vév� Zx�j &'N véêC� Fig. 2�3 b

� ÿ� 8� 400oC�3 vé© Zx�j� 1,000oC�3 �x�jX

� *ø�	 ð A ��.

Sol-Gell� %Q R'� YSZ ST% ê�&'� �� �ë 0&�

t% �7� %B�[12-15], R'� · ST9 W9 �Ð Z�V ���

X� S[�f �XY Zx�j >� �x�j7 Ö=� ê�&'N þ

� ��, Ï,3 �� 89 ê�&'� ��Bp �9 ��% o�<�

%Q Zx�j ´9 �x�j% ��&'V O���� ð~� ��.

� ��� %B� Ð 0&�3 M�	 ½��� R'� YSZ ST9 W

9 Z�V ���X� S[�f �XY Zx�j &'� Ö=� ê�

&'N þ� �� ¥�� 400oC% o�<� %Q Zx�j� O��

ç�� =#��.

3-2. �
��� �� ��

Table l9 s��� M�	 ½��� R'� � 100oC�3 �'�Ø

ST% ���� ½�N véô�. *k�X� M�� �e ÑV� ò

@V(R5, R20) M�� Æ� ÑV� ò@(R100, R500) b�� ST%

���� �� ¹ ¬	 ð A ��. i¾ R20X� R'� �'ST%

BET ����9 V® Á9 �(293 m2/g)	 bÉ�, k�� R500 '�

X� R'� ST9 V® �9 �(202 m2/g)	 vé	�.

Fig. 39 100oC�3 �'� STt% |5 ÃÄ/
Ä �ì	 véê

� ��. M�� ��� �e ÑV� STt9(R5, R20) �/ )�	

ÁpV�3 �9 ÃÄ$�ì7 �/ )�	 �
fV�3 �9 
Ä$

�ì� dG�
 `� ¾.�<�. �j	 b�� RIV� ÃÄ$�ì

Fig. 1. Flow chart for preparation of YSZ powders by sol-gel method.
���� �40� �6� 2002� 12�
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[16]	 bp �Dt� mesopore(20-500�)� &��f ��	 ð A �

�. k�� M�� ��� Æ� ÑV� STt9(R100, R500) RI� Ã

Ä$�ì[16]	 bp ÃÄ� zS���3 dfvY, �Dt� micropore

(20��B)N b�	 �j� A ��.

Fig. 4� ww M�	 Û<Bp R'� � 100oC�3 �'� STt

% pore size distribution	 véô�. M�� Æ� ÑV� ò@��(R50,

R100, R500) STt% �D9 microporeV H� &�	 ��� k�,

Fig. 2. XRD patterns of YSZ powders calcined at various temperatures. The powders were made with different amounts of H2O (a) R5; (b) R20; (c) R100
and (d) R500. 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 H2O and dried at 100oC

Sample Specific Surface areas (m2/g)

R5 235
R20 293
R100 221
R500 202

Fig. 3. N2 adsorption-desorption isotherms of YSZ powders prepared
with different amounts of H2O and dried at 100oC.

Fig. 4. Pore size distributions of YSZ powders prepared with different
amounts of H2O and dried at 100oC.
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M�� �e ÑV� ò@��(R5, R20) mesoporeV STt% �D%

HN ��	 ð A ��. p�3 M�� �e ÑV� R5, R20% ò@�

3� 20� �B% micropore� 200���% �c �D	 þ� mesopore

� &��f �� bimodal pore size distribution[7-9]	 &�B� ��Ç, �

� STt� ^_/N ��B� ��	 %a��. p�3 micropore�

^_/ ê% STt =�% �D�3 ���çXY, mesopore� ^_

/� ^_/ =�% �D� %Q ���ç�� ð~� ��[7-9]. k�

� M�� Æ� ÑV� R50, R100, R500 ST% ò@ micropore  ¼

"B� monomodal pore size distribution	 b��Ç, �� STt� ^

_/N ��B
 `�	 %aBY, micropore� STt =�% �D�

3 ���ç�� ð~� ��[7-9].

Fig. 5� �Ê� M� '�X� R'� � 100oC�3 �'� STt

% SEM =Â	 bp��. M�� �9 R5, R20 '�X� R'� ST

t9 �è 30-40 nmU�% &� STt¯< ^_� dfv �è 100-

200 nm U�% ^_/N ��� &'N bpH� k�, M�� Æ9

R100, R500% '�X� R'� STt9 �è 20-30 nm U�% ST

t� ^_/N ��B
 `9 � cdBe S[�f ��	 ð A ��

. p��3 ZNB% VASQ¨ ÑV� M�� Æñ|A� O�� ST

t% U�� Wñ
� òÀ	 bÉ�Ç, �� M�� Æ	A� VAS

Q� §¨s k^� �,�3 �9 �Þ� Æ9 «t� Ò�� ���

C� Z�t% U�V a+Q
� ¥�X� =#��[17]. >� �D%

S[� ¹ ­�N b��Ç, M�� �9 ò@��(R5, R20) STt�

^_/N ��BC� Z�t =�% �Db�� ^_/ =�% �D�

¤Û�f ��	 ��� A �ç�. k�� M�� Æ9 ò@�� (R100,

R500) STt� ^_/N ��B
 `�, G�Be S[�f �XC�

^_/ =�% �Db�� Z�t =�% �D� ¤Û�f ��	 ð

A ��. �j% �7� Fig. 4% pore size distribution �7� � dG

B� ��.

Fig. 69 �Ê� �� H2O/ZNB ×�� R'� � 800oC�3 B5�

ST% SEM =Â	 bp��. o�<� %Q STt% �®� dfv

Fig. 5% 100oC�3 �'� STt b� Z�t% �cZò� �Â ¬

	 ��� A ��. k�� Z�t% �j�v �DS[� Fig. 5%

100oC�3 �'� STt% �7� ÒdBp, ÑV� M�� %Q ¹

½�N b�� ¬	 ð A ��.

4. � �

Zirconium-n-butoxide(ZNB)� yttrium nitrateN £¤³#� Bp Sol-

Gell� %Q YSZ ST	 R'BÉ�. � 7� ¨ ZNB% VASQ�

ÑV� M% Ê	 Û<Bp M�% ½�V O� ST% i�� aG�

¿À� �Q ��7 89 ��	 �ç�.

(1) B5�� ½�� Ïë ��j ½�� ÑV� M�� j�õ�

Òd� Êj	 bÉ�. ö, 100oC�3 �'� ST9 ÷¦ ��|j

�çXY 400oC�3 ���V dfv Zx�jX� *ø� dfû

�, 1,000oC�3 Zx�j9 �x�jX� *ø�ç�, >� z=�

j� vév 1,400oCý
 �x�j7 z=�j� D¼B� ��&

'N bÉ�.

(2) ZNB% VASQ ̈  M% Ê� ��� �e ÑV� ò@��(H2O/

ZNB=20�B) mesopore% �DS[V ¤Û� k�, M% Ê� ���

Æ� ÑV� ò@��(H2O/ZNB=50�j) microporeV H� �DS[

N bÉ�.

Fig. 5. SEM images of YSZ powders dried at 100oC(A: R5, B: R20, C: R100, D: R500).
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