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� �

�� ��[In(NO3)3�3.6H2O]� ��	
(SnCl4�5H2O)� �
� ���(99.9%) �� ���� � ���� 0.5 M ��

����  !�� "#�$ !%& ��	
��(ITO, indium tin oxide) '(� )*%+,. -. /* 01� 23 ITO '

(4 5678 9 : ;<= �� >?@A,. BC D� �� ��4 EF! G/H�I 564 78J G/%+KL, "#

�4  !� 4� M� �NO PQR ST 5F 'U$ VW XYZV [T \T 56]� ^� � _,J `� a � _b

,. -., : ;<=T 350oC, 1�N 01�c de$ (f 98 m2/g) @O,! gh G/%+i, 564 78J jj 350oC�

c 1�N, kli 550oC 30'4 01�c d/m$ (f 47 nm) @+,.

Abstract − To synthesize ITO powder, indium nitrate and tin chloride were first dissolved in ethanol or distilled water, and

then 0.5 M NH4OH as a precipitation agent and urea as an additive were added to the solution. In addition, the effect of sin-

tering conditions on particle size and specific surface area of product powder was observed. As a result, the particle size

decreased with decreasing the concentration of indium nitrate. We also found that the non-agglomerated small particles with

narrow size distribution could be observed by longer gelation time due to the addition of urea. Finally, it showed that the spe-

cific surface area has a maximum value(about 98 m2/g) at 350oC and 1 hr condition, and the particle size has a minimum value

(about 47 nm) at following conditions(350oC 1 hr and 550oC 30 min).
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1. � �

�� ���� ��	 
�� �
 �� � ���� �� ����

�� ��� �� ���(transparent conducting film)� ��  !� "

# $%&' (). �*	 �� ���� ��  !� 1907+ Badeker�

Cd ,�� �- ./012 34� CdO ,�#)[1]. ���� 5�6

./7� #89� :;<=2 >?@A./(ITO, indium tin oxide) �

B# C8&D E). �� �F� GHI<= J8&� ITO �B� K

L MNOP# .Q� GH9� RS� TU R	 9V#). WX	 @

A# Y�Z ./ >?� �0�[ \]�2 � ���� �D � I^

[ \]�2� � 5J�� �� _` ab
, �� �� ��� c �

dI eL�� /fI e��# g'V hi�j �kl mn	 ��


-6[2], KLH0W�	 ���F[3], op- W�	 � qr6[4], s

t ��uv wx	 EMI(electromagnetic interference) ly[5], �Nz

2[6], {nD L�� :�[7] |� xn J8&D E).

ITO,�	 3;� }5I<= a@ 4~� �� ��� �� $i �

�; c N���;[8, 9] |	 :;# J8&�, op��	 ���F,

-[ 5J� | �� �I	 ��� �I� �� dip coating;, {nD

CRT�2�� GX�.� I8 � �� spin coating;#[10] @= J8

Z). #� ��  !��� 	� >?� @A	 �� m�/�7� �


 �U= J89� � 8K� ��� dip coating :;� 	� ITO ,

�� `�D { ��� G�2 �D� � E)[11]. {�V �� m�/

�7� ��  }� ¡�¢ ��0£ r E<V, �
 �U� ��¤ �

) ¥¦ v§ ̈ ©� �� m�7# ª«7= ¬8� �­�# E). �

® )¯  !�2� �� ¤� #8� °=#± �� `�D ²³�2

ITO ,�� 34� ´µ� E�`, 5C ¶ 34Z �� ²³9� W�

� ´µ ·�� � ¸�j �� ¹L� ��9� º� �� »��2

W��� 9¼= ´3�� �.�# ½'$)� ¨©# E¾). ¹¿,

²³� �I7� 2l= -�n�� 9� ¨©# E<� � Ào�2 �
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�Z r./ >?	 ��À ÁÂ CÃ&D u0Ä ��# 'ÅÆ ¨©

|� ��D E).

�
2 Ç  !�2� #�� È3©�� É[9� º� vÊI ËÌ

� Í. >?� ¤/ @A� �
�U= J89Î<� ¡�¢ ¹L/

0ÏD Ð� W�� %9� ITO �B ¡�¢ 349Î).

2. � �

2-1. ��

�
 �U= Í.>?[In(NO3)3�3.6H2O, 4N D«�/f]� ¤/@

A(SnCl4�5H2O, 4 N D«�/f)� J8� 8Ñ> �ÒÓ(99.9%,

Aldrich) Ô� �Õr� 8�0Ö). ��3=� 0.5 M	 ×Øbar

(NH4OH, 28%, D«�/f)¢ J89ÎD, Y�3=� µPa[urea,

(NH2)2CO, Ù�/f]¢ J89Î).

2-2. �� � ��

Fig. 1� Ç ÚÛ� J8� ÚÛ uÜ	 ÉÝ�#). Fig. 1(a)� Í.

>?� ¤/ @A	 Þ� 8K Ào� 0.5 M	 ×Øbar¢ ß#à=

áâ ãä= pH 8.5å� ææç I9 0Ï�2 @A# �èZ r./

>?[In(OH)3]<= !�Z °=#± ¡�	 A�� º� 5é�ê 5C

�¢ ��ë). Fig. 1(b)� ì4Z ITO �B	 ª«7 3í c ��I

��� É[9� º� Ð�= W� uÜ#).  }� m�<= �6¢

iî9� º9� PI 4ï�� ð�Z ÍX m� 3'�(Harrise Model

801)¢ J89Î). {nD = e� ñÕ .W 3í c $i �º�¢

`�� º� $i Â#�j òâ¢ óÜ9ÎD, ôs \]�2 ôs&

�2 õ�&� rW¢  W0Ï� º� ö
÷ø  W uÜ¢ óÜ9

Î). {nD ñÕ �6� 	� ITO �B	 5C� �� º� ÍW �

6= ·�ç @¡0ù ¶ W� 9Î).

ÚÛ� Í. >?	 ú�¢ û/0Ï� ¡�	 à�¢ üL9ÎD, µ

Pa¢ Y�9� ¿ðI> pH Àý!Ä� þ#D #� �¯ ITO �B

	 ��� ÿ���). A�Z ¡�¢ 5,000 rpm�2 5�Ä �� �n

¢ � ¶ )0 *�� �.0Ï� �L� 5é #À Ú09� Í. #»

#V ¤W #» |	 ª«7� G� \�� �W/9Î). {nD ì4

Z �� ��9� ITO �B� 34� ¶ 1, 2l W�� ss %9Î).

W� �L� i�, ÍW(N2), rW(H2) Þ� �N= Ú09Î<�, W�

:;� 1l i� �º��2 	 550oC= W�9� ñÕ �­�# E

� Í. #»� ¤W #»� 
Ë 3í9ÎD, �n ý» 01 � ��

=	 450oC 4ì�2 ÍWj rW	 Þ��N(N2: H2= 95 : 5)= 2l Ð

� W�� %9Î). 5C� 	� ��Z ¡�� SEM(JSM-6330F, JEOL,

Japan)� 	� �À c ¡´	 ��, {nD Dynamic Light Scattering(LPA-

3,000, 3,100, Otsuka)� 	� ¡� �
 üL� %9Î). Ô� v H�

I(m2/g)� |»q� BET(Gemini, Micrometrics) ��¢, {nD TGA

(thermal gravity analyzer, Shimadzu)¢ #89� >?@A./7# >

?@A./�B(ITO)= �Ð� �	 ÍX �W¢ üL9Î).

3. 	
 � �

 

3-1. �	 
�� 
� � ��� ��� ��

Í. >?[In(NO3)3�3.6H2O]	 ú� û/� �¯ ¡�	 à�¢ �

a�� º� Í. >?	 ú�¢ 0.06-0.2 M= û/01 ÚÛ9Î).

Fig. 2�2 ���� ��� Í. >?	 ú�� �W�r� ¡�	 à

�� �W9Î<�, 0.06 M�2 	 35 nm à�	 �u ¬� ITO V�

¡�¢ �� r E¾).

Fig. 3� 5C»� 50oC�2 Í. >?� ¤/ @A	 Þ� 8K�

Y�3> µPa	 p� û/01 Y�9D, 0.5 M ×Øbar= pH

Fig. 1. Schematic diagram of experimental apparatus.
(a) Semi-batch reactor

1. In-Sn/Et(OH)/water solution 2. NH4OH
(b) Reducing furnace

3. Thermocouple 6. H2 gas
4. Vacuum gauge 7. N2 gas
5. Powder in-out 8. H2 combustion

Fig. 2. Effect of indium nitrate concentration on particle size.

Fig. 3. Effect of urea concentration on solution pH.
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8.5å� Àý0ù ¶ üL� 0Ä� �¯ pH�	 û/#). µPa�

>?� @A� 8Ñ ��2 ·�ç [ Ê5 0ù ¶ Y�9Î<�, µ

Pa� ��ç 8� Z ¶ 0.5 M ×Øbar= pH 8.5å� Àý0Ö).

{ ¹� µPa	 Y� ú�� ���r� �t pH� ��9� 0Ä#

��9� �� � r E¾<�, #�� µPa Y�	 ��� )�	 5

Cê<= ó�� r� E). 

CO(NH2)2+3H2O� 2NH4
+ +2OH− +CO2 (1)

ê (1)�2 ��# µPa� �� � � ��&� CO2� 8K � pH

	 î�� �� ��¢ �W01@�, ��3	 ��� 	� OH− #»

	 �� ��¢ �nÂ 3'9¼= ¡�Ä	 CÃ� :�, ¹�I<=

¡�	 à�¢ �W0Ï� �� \�� �Ü� �<= JUZ). �, }

5I<= pH 2-3�2� � ��#, pH 4-7�2� �	 �u# }'V

Â &�� µPa� Y�&�  � ´µ�� #�� � �� c �u#

!� 0Ä �� k0� î�ç 
�9� ¡��# CÃ&' ¡´# �

�9�`, { 5�� µPa� Y�&� � ��� �u# ss ææç


�9� ¡�Ä� CÃ� r E� Ð´� �W/9� �<= ��$

)[12-13]. Ô�, #�� �r ��� 	� ��&� OH− #»� ��

3	 ú�¢ �) �  }9Â m�0Ï�, @A# �èZ r./ >?

[In(OH)3]	 °=#± ¡�¢ ��0Ï� ]�� 9� �<= � r E

). #�� µPa Y�� ¡�	 �o� �Ü� ��� Fig. 4�2 "

���D E). Fig. 4(a)� µPa ## ��9� ì40ù ITO �B	

SEMJ$#�, (b)� µPa¢ Y�9� `$ �B	 SEMJ$#). J

$�2 % r E�# µPa Y�= >� ¡�	 CÃ# )W �WZ

�� � r E¾).

3-2. �� � � ���� �� �  !"� ��

1l W�� i� �º��2 	 550oC	 »�= 30�Ä W� 9ÎD,

2l W�� 450oC	 »��2 20�Ä ÍW �6¢ @¡0ù ¶, 15�

Ä Þ��N(N2 : H2=95 : 5)	 �º��2 5C0ù & 30�Ä ôs0

Ö). 2l W�<= Þ� �N¢ J8� #m� rW� 	� Ð� 5C

� '( «ÄI<= }'V� �È� L)� »�V Ð� \]� óL

9�� '*D, Ð� 5C# +, ¶�� =(furnace) e� ñÕ9� �

X	 rW� 	�2� ð 5C# }'V� Á� �È#). �
2 rW

	 p� G� \�� þ#� º� Þ� �N� 	� Ð� ÚÛ� Ú0

9Î). Fig. 5� >?@A r./7# W� &�2 ¹L� #- � ¡

�	 v H�I� ��@� {.ä#). ¡�	 H�I� 22ç ��

9)� 300oC ð�� �©<= )0 �W9� ´�� ��@�� #

� W�»�� ���� �
 �ð�2 7��	 /n= >� r./

�	 ÍX# �W, �0 �i# 
�9� 300oCå� v H�I� 22

ç ��9�2, 250-350oC \]�2 �GÜ(	 73 m2/g)¢ �#)�

350oC #À	 D»<= ���� �
 81� 	� �0 �i# �ç

Fig. 4. SEM micrographs of ITO powder.
(a) Dried ITO powder without urea, (b) Dried ITO powder with 0.05 M
urea

Fig. 5. Effect of first firing temperature on specific surface area.

Fig. 6. Weight loss(%) of indium tin hydroxide according to temperature.
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a,

 E.

hita,

99).

2).
�2 ¡�	 ¹L/ c à� �u<= v H�I� 22ç �W&� �

<= JUZ). Fig. 6� @A 10 mol%	 >?@A r./7	 »��

�� �¯ ÍX �W¢ V23 TGA {.ä#). {.ä�2 ��# »

�� ���� �
2 r./�� -� 	� ��, /n&' ÍX# �

W9� �� % r E). Fig. 7� >? 0.1 M, @A 10 mol%¢ W� »

� c 0Ä� û/0Ï� 1l W�� ¹�¢ �� ë). D», ¨0Ä

(750oC, 15�)ð� Ë», u0Ä(350oC, 10Ä)å� W� 4ì� ss

û/0Ï�, H�I� ¡�	 à�¢ À4 vÊ9Î). v H�I� 350oC,

10Ä 4ì�2 �G¢ (	 98 m2/g) �#)� ©l �W9ÎD, ¡�	

à�� ss 350oC�2 10Ä, {nD 550oC 30�	 4ì�2 �WÜ

¢ (	 47 nm) �Î). #�� ¡� à�	 û/� W� 4ì� �¯ ¡

�	 ¹L/ c à�	 �u ��j �5# E). �, 	 400oC #9	

»��2� W� 0Ä# ¡�	 ¹L/ c à� �u� \�� 6= �

Ü�  � 5�, 400oC #À�2� W� »��)� 0Ä� "� \�

� 7� �<= JUZ). 8¢ ��, 350oC	 4ì�2� 450oC G

v W� 0Ä�� 9 l#� #�` »�¢ 100oC L� :;<=< ¡

�	 à�� �W9ÎD, 550oC	 4ì�2� 450oC 4ì Gv W�

0Ä� ª� 20� L� ¨=0><=< ¡�	 ¹L/ c à� �u#

�Å? ¡�	 à�� ¬a$ �� � r E¾). Ô�, W� �L� í

Ü�2 ì4 0�� @A	 ITO �B�, 1l W�� íB ¶�� CA

�, {nD 2l Ð� W� ¶�� IA c DA	 ITO �B� �� r

E¾).

4. 	 �

Í. >?� ¤/ @A	  } ��;� 	� ITO �B	 ���2

�� 4ì(Í. >?	 p, µPa	 Y�) c W� 4ì	 \�� G�

ÚÛ ¹�, )�	 ¹E� �� r E¾).

(1) Í. >?� ¤/ @A	 Þ� 8K� ��3> ×Øbar¢ Y

�9�  } ��;<= 34� ITO �B� Í. >?	 ú�� I�

r� ¡�	 à�� �W�� � r E¾).

(2) ¡�	 �À 3'¢ º� Y�� µPa� Í. >?� ¤/ @A

	 Þ� 8K	 �/ ��¢ �nÂ 9� ]�� 9Î). ¹�I<= µ

Pa	 ú�� ���r� �/ ��� �ÅF<�, ITO	 ¡� à�

� \�� ë)� �� � r E¾).

(3) ��Z ITO 8K� ì4� ¶, )p� W� 4ì(»� c 0Ä)�

�¯ ITO �B	 ¡  ́c v H�I� �A� Ç ¹�, v H�I� 350oC,

10Ä 4ì�2 �G¢ (	 98 m2/g) �#)� ©l �W9ÎD, ¡�	

à�� ss 350oC�2 10Ä, {nD 550oC 30�	 4ì�2 �WÜ

¢ (	 47 nm) �Î).
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Fig. 7. Effect of sintering conditions on specific surface area and parti-
cle size.
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