
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003, pp. 75-79
W/O ���� ����� 	
 SiO2 �� 
�	 ���� 
����� �� � 
���� ��� ��

����������	��
�†

����� ���� ��	���

425-791 ��
 �1� 1271

(2002� 7� 9� ��, 2002� 11� 18� ��)

The Effect of Reaction Conditions on Particle Size and Size Distribution in the 
Synthesis of SiO2 Nanoparticles from W/O Microemulsion Method

Soon Hoi Kim, Ki Do Kim, Gun Yong Song and Hee Taik Kim†

Department of Chemical Engineering, Hanyang University, 1271, Sa 1-dong, Ansan 425-791, Korea
(Received 9 July 2002; accepted 18 November 2002)

� �

�, ����(cyclohexane), ���	
�(NH4OH) �
� �����(NP-5)� ���� W/O ���� ��� ���

TEOS�  !" # $%&' (
) *+ ,-� .�/01. $% 234�5 $%&6, R7(=�/�����) �
� 	


89: ;< =�� >? ,-: �� @ ,< AB� CDEF1. (G HI $% &6J 48 &6 #� *+ ��: (
)

,-! K�LM�, R7: NO�5 25P Q, �
� 	
89: ;<5 0.1 MP Q *+ ,-� �2/� R" ST 23

UV W � XM1. �
� �Y" ST 23� :Z[ \�� (
) ,-5 ]J ,< AB(<̂ 3.0%)� _` a 10-30 nm

: ��UV bcd � XM1.

Abstract − To synthesize silica nanoparticles, water, organic solvent(cyclohexane), ammonium hydroxide, and surfactant

(NP-5) were used as a microemulsion, and then TEOS(TetraEthylOrthoSilicate) as a precursor of silica was added to the solu-

tion. The effect of reaction time, R(=water/surfactant) value, and ammonia concentration on particle size and size distribution

was observed. As a result, the silica particles with nano size were prepared at the condition of 48 hrs reaction time. It was also

found that the optimal conditions for R value and ammonia concentration were 25 and 0.1 M, respectively. Therefore, the sil-

ica nanoparticles(10-30 nm) with narrow size distribution(<^3.0%) were formed by the above optimal conditions.
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��� �� ��� �	 
�� 
��� ��� �� �� ���

� ���� � [1]. !"	 �� #$% ��& '(), *+,, -.,

/012, 345 62� 78 $9 :; <% �� $= ���� �

��� �&>, 6 !1& -.% ?@ A B CD� <% ��  E :

2� @;FG �H� �I� 6 ?�(� .J K$ LM! . NO,

PQRS TU	 V" �H �(W .J XYZ[\ ]��� �& ^

2_(SiO2) �`[2]% aJ #$� �� ��W bcd� ef g']

hH�, EMC(Epoxy Molding Compound)�, ACF(Anisotropic Conductive

Film)� 62� CMP(Chemical Mechanical Polishing) slurry� <iW

6 ?� YZS jk�� � . !"	 �� ��% lm@� no 6

Rpq r	 XYZ[\ 
��� �is #\ $8�` Rpq, tu

q, v-wq[3] <G F x � . !l�� v-w y/% 	 �zW {D

?@R% N@G !�	 �|}q� %	 �� �� ~@� �	 
�

� ?�O Q��� � [4]. �!#W �|} ���G !�	 �� �

�% Rp& H� �H �# �� 8��� Rp� ��� T� Jx	

:@G �& +�iW 4[V �W� 
� ��W ���� � . ��

% ?� $= �D�� � L, ��% #$� 100 nm ![W b\ �D

��% :@� @�! ��% #$� x �!#W !84 aJ� .J

 �\ � . !& ��% CD � ;�% T�! ��[\ �I ��

% ��! ���& < :@! �*[\ �s ��% �8�H #$�

ef �*�& < �# �� 8��� Rp� B ��% aJ�&  E

@;G �\ � . NO, �	 p�% �(� �� p�G  [H ¡�

¢£O �!#W �|}% p@!� '¤ p�G  ¥[\ p¦niW

§ ��S Rp ¨ x �& +�G �H� � .

�!#W �|}q� ©ª(micell)!f& ©« '¤$S !�	 $=

W�, {D ?@R ¬� �k �& :% ¥� %� �x '¤G ­i®

��% ¯ °@ A �� @+ ¬(S p¦[\ � [5]. ef� SiO2 �
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�
�% Rp� �I� W/O ±�� ²³��iW ´/	 �) 8���

��% @+ A #$ p¦, #$ �µ <G p¦[$� �~	 ¶iW

·¸¹ � . :� 8º» ¼½� eE W/O �!#W �|}G ��

Rp� !�[& aJ 	/� ¥% ¾�� ��[¿W �� Rp� �

I� lm	 R	 m�! . '¤ À ��� Á{ #$� !�D, #$

�/! ��[� �Â '¤ ¬(& �� Ã 100�¢ /(W .J Ä�

¶iW ·¸¹ � . ef�, Å 
���& W/O �!#W �|}qG

]�[V ©ª ´��% ^2_ ��% »@� {D?@R, xÆ* Ç

ÈÉ�% �{S �Ê[Ë�, �� p�G Ì� À ^2_ �� ��S

Rp[Ë . 

 

2. � �

2-1. � �

1$ �.W cyclohexane(Duksan), �zx, NH4OH(Duksan) 62�

{D ?@RS ¾�[V ^�(25oC) �� W/O �!#W �|}G �

® ]�[Ë . ]�� {D ?@RW�& T!� {D?@R4

polyoxyethylene-5-nonylphenyl ether(NP-5, HLB=10, Aldrich)S ]�[

Ë . �!#W �|}G ÍÎ  Ï, ̂ 2_ ��S Rp[$ Z	 u�

)W� TEOS(tetraethylorthosilicate 99.99%, Aldrich)S, 62� {D ?

@R% «Ð� c«Ñ(Duksan)G !�[Ë .

2-2. �� � ��

1$ �.4 cyclohexane� {D?@R(NP-5)� :, -.4 xÆ* Ç

ÈÉG ¾��� �!#W �|}G ÍF� TEOSS ¾�[V ^��

� 48�¢ ½´ Ò'G �[Ë . 62� �!#W �|}� �Æ� �

�S tu�Ó$ Z� c«Ñ� :G ¾�[V 7,000 rpm�� Ã 10�

½´  Ô �2S �[Ë . !"	 «Ð �/G 2Õ 'Ö[Ëis V$�

Rp� ��& 70oC�� 24�¢ �p�× . Fig. 1� !"	 ̂ Ø ¦ÙS

¢£O �±ÚÛ . '¤� %� °@� ��& SEM(JSM-6330F, JEOL,

Japan)� %	 »8% �Ê, 62� Dynamic Light Scattering (LPA-3,000,

3,100, Otsuka Co.)� %� �a A �( �µ �/G �[Ë .

3. �� 	 
�

3-1. �	 �
� �
 ��� ��� ��(morphology) ��

Fig. 2& Å ^Ø�� Rp� �!#W �|}% ��(droplet)G ÜV

Ý& Þ©a ]Q! . ßß% #$& ­/[H& ¡à�, b� ¶�

1 µm��, #\& 5 µm� !�áis, u) ºâ Ã 2-3µm #$S H

ã ��! »@�Û . Fig. 3� !"	 �� Ú�� '¤ �¢� ef

^2_ ��� »@�& �/G ÜVÝ& SEM ]Q! . '¤ p�i

W& {D ?@R� :�% T4 R(:/{D?@R) äG 25W, TEOS�

:�% T4 H(:/TEOS)� 20, 62� -.4 NH3% å(& 0.25 M

!Û . Fig. 3� �±g SEM ]Q� Fig. 2� ÜVH& �!#W �|

}G ÍÎ  Ï TEOSS ¾�, '¤ �¢æW �Ê	 À, ­/ �¢�

ßß «Ð[�  Ô �2$S ]�[V ÌIç ^2_% SEM]Q! .

(a)& '¤ 4�¢ À ^2_ ��% »8iW� !L& TEOS� :%

�x ��� no £�)(monomer)% °@! �b� . ��% #$&

]Q�� ÜVH& ¶èé �/[$ I¸ê /(W ¤ë A ��% °

@! R�W !ìIHH ¡� 8�Ë . (b)� (c)& ßß '¤ 10�¢,

24�¢ À ^2_ ��% È¥iW ¯ °@� @+! ½�� ­I�&

�$W� ��% »8� Tí[� #$& �î 100-200 nmË . �H

ïiW (d)& '¤ 48�¢ À ^2_ ��% SEM ]Q! . ��% #

$& Ã 20-30 nmW� .J b� �� ��F! °@�ÛÏG ð4¨

x � . !"	 ^Ø ñ�S ò[V '¤ 24�¢ !À�& ó !8%

¯ °@� �°[H ¡� ¯% @+! {¬� � ­/ å(�� º»

8�� (ô[& ¶iW ]õ� . r	 SEM ]Q�� � x �ö!

^2_ ��& '¤ 4�¢ ©Í�� ­/	 »�S �Ê ¨ x ÷Ûi

s, '¤ 10�¢ a� À ¯ °@� �x ��% Q�iW �Ù ��%

ë~! !ìIHs »�� °$$ �b[Ë . 62� '¤ 24�¢ a

� À �»% ^2_ ��� »@�Ûis 24�¢ !À ��% @+!

{¬�I º» 8�� (ô[& ¶G �Ê ¨ x �Û . 

3-2. R�(�/�� ���� ��)�  !

:% å(S �/(4 M)�Ó� {D ?@R% å(S �*�Ós ^2

_ ��% ~@ ^ØG ^�[Ë . 6 ñ�, Fig. 4� 5�� ßß � x

�ö! Rä! ��n� ef ��% #$ A Cø ùÙ� �� [ �

­/ xø��  � ��[& ¶G �Ê¨ x � . !& Osseo-Asare�

Fig. 1. Schematic diagram of experimental procedure. Fig. 2. Microscope image of microemulsion droplet.
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Arriagada[6]% ñ�� ½­[ . ú, Rä! ûG aJ �x ��� ¯

°@! R�W !ìIHH ¡\ �s, OH− !�% �½@! ��[V

³ ©ª ü TEOS% £�)� ýþ[V ©ª Úý�� ¯ °@! �°

¨ ðÿ! �\ � . r	, û� Rä��& ³ ©ª�� {D ?@R%

�p l oxyethylene 6�! :��S ��� �I TEOS% ��G ï

\ � . 'D, Rä! ��¨ aJ�& �x ��� ¯ °@! ³ ©ª

´�� � !ìIHs, :��& ¼% ñ~[H ¡� �1 8�!� :

% 8�� ´/�I �I ³ ©ª ´�� �x ���& TEOS% ¥�

�cH\ � . r	 OH− !�! -. ³¨G ó� ?@*�® �x �

�� TEOS% �½@G ���� . ú K� Rä��& ßß% ³ ©

ª ´� ó �� x% TEOS £�)� ��[� ̄  °@! ?�[\ 1

H� � � x � [7].

6 �� Ravery[8]& :% ¥! ��, ú Rä! ��[\ �D oxyethylene

ñ~! 8	 ÒÙ[&  �� 
� »��� {D ?@R% �@ ý�

! �2�� 6 ´� :! ��[& f�f �pW �[D� TEOS%

�x ��� Ü  �![\ !ìIQ � �
[� � . ��% #$

& �� »@ £{�� ©ª Úý��% 8	b�% 7�! # . ú,

{D ?@R å(S ßß ô2�G L Rä% �*� %� Úý:; u

ô¬(� ôfQ . ñ��iW Rä% ��� �!#W �|}% p@

G p/[V Úý% 8	 b� ¬(S ���� . Úý 8	b�% �

�& ^2_ ��% ¤ëG �"�&> !"	 ^2_ ��% �� ¤

ëiW 4� ­/ å( !8! �D �� #$&  � ��[\� [9].

!& Fig. 4� 5��% ñ���( � x �ö!, èÏ Rä! ��[$

�b�G L ��% #$& ��O ��[& ¶G � x � . !L C

ø ùÙ( ��[V Rä! ��¨x9 ́ /� ��S °@[& ¶G ·

x � . 6"� Rä! ­/ å( !8! �D ��% #$&  � �

�[� Cø ùÙ(  � ��[V �( �µ� �2[\ �±�&>,

!¶� 8$��( ���ö! Úý 8	 b�% ��W ^2_ ��

% �� ¤ë Þ8iW 4	 ñ�ÁG · x � . ñ��iW Rä!

254 H��� ��% #$� �+ bàis, �( �µ �D��( 1

2	 ¶iW �£�IQ .

3-3. "#� $%&(NH4OH) '(�  !

Fig. 6� 7� xÆ* ÇÈÉ% å( �*� eE �� #$ A Cø ù

Ù% �*S ßß �±Ú& 6��! . 6��� ÜVH& ¶èé xÆ

* ÇÈÉ% å(� ��¨x9 ��% #$ A Cø ùÙ& �Ù ��n

G ð4  ̈x �Û . !� ñ�&  Ï% �iWý� �
  ̈x � .

Fig. 3. SEM micrographs of silica particles with reaction time (a) 4 hr, (b) 10 hr (c) 24 hr and (d) 48 hr.

Fig. 4. Effect of mole ratio R(H2O/Surfactant) on particle size.
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NH3+H2O=NH4
+ +OH− (1)

� (1)� K� xÆ* ÇÈÉ% å(�� �x ��� %� OH−% !

�! °@�& �_��! . xÆ* ÇÈÉ% �x��� %� �°�

& OH− !�% 7�iW 4� ��% #$& xÆ* ÇÈÉ% å(�

%�[\ � . ú, OH− !�� �x ��� ¯ °@� �I� -. ³

¨G [s ·_2@ ���� Si ñ~G �& a�! � . !"	 x

Æ* ÇÈÉ å(% ��� eE ��% #$ ��& Chang� Fogler[10]

% ñ�� ­ [&> 6F� xÆ* ÇÈÉ% å(� eE TEOS% �

È�G �/[V �x�� ¬( 8xS �[Ë�, 1ÙÁG !" . r

	 Arriagada� Osseo-Asare[11]( K� Rä��� û� Rä�� ßß

xÆ* ÇÈÉ å(% 7�G �#I 
�[Ëis 6F% Ý+� û

� Rä��& �x ��� ^2_% ¯ °@! $R�&> xÆ* Ç

ÈÉ% å(S KV OH− !�% ��S 1(, �x ��� ¯ °@%

¬(� ��[Ë � Ý+[Ë . 6"� xÆ* ÇÈÉ% å(� ��

[D ´/	 ¯% x� ��[& %$ -.% & l~ LM� ��% #

$� ��	 . r	 K� Rä��& 8$�� ��[Ëö! ¯ °@!

�°[$ �ü	 p�iW xÆ* ÇÈÉ% å(� �� @+� ��,

xÆ* ÇÈÉ% å(� ��¨x9 ��� 'Q � `[� � . ñ

��iW Å ^Ø��& 0.1 M­ L ��% #$(Ã 12 nm)� �+ b

à�, �( �µ (2.1%) r	 �+ £�Æ!ÛÏG · x �Û .

4. � �

W/O �!#W �|}qG ]�[V ©ª ́ ��% ̂ 2_ ��% R

p�� '¤ p�F%('¤ �¢, Rä(=:/{D?@R), xÆ* ÇÈÉ

% å() 7�� �	 ^Øñ�,  Ï% ñ(G ÌG x �Û .

(1) '¤ �¢� eE ^2_ ��% »�S TÒ� Å ñ�, 4�¢ ©

Í��& ­/	 »�S �Ê¨ x ÷ÛHÍ, 10�¢ a� À�& ¯

°@� �x ��W 4	 ��% »�� !ìI) . 62� 24�¢ a

� À�� TW� �»% ^2_ ��� »@�Ûis 24�¢ !À �

�% @+! {¬�I º» 8�� (ô[& ¶G �Ê ¨ x �Û .

(2) R(=:/{D?@R) ä% �*� eE ��% #$� �( �µS

�/	 ñ�, Rä! ��¨x9 �a A �( �µ& È� ��[ �

­/ xø !8��&  � ��[Ë&>, Rä! 254 H��� ��%

#$� �+ bàis, �( �µ �D��( 12	 ¶G · x �Û .

(3) xÆ* ÇÈÉ% å( �*� eE �a A �( �µ% �*S �

/	 ñ� xÆ* ÇÈÉ% å(� ��¨x9 �a A �( �µ& È�

��[Ëis, xÆ* ÇÈÉ% å(� 0.1 M­ L ��% #$(Ã 12 nm)

� �+ bà�, �( �µ(2.1%) r	 �+ £�Æ!ÛÏG · x �Û .
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