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����� ��� bench	
 ��
� ���� ���� Tetraethylorthosilicate(TEOS)
�� ��� ������ �

�� !. ��"#$ �%� $& '
 !( )*��+�� ,-. ��� ������ ��� / Epoxy Molding

Compound(EMC) ��0 1��� EMC$ 2�3 45"6� 78� !. 9:; ������' TEOS$ <=> �%

� ?& )*��+�, 10 nm�' 40 nm$ ��� ����� ��� !. EMC$ @A� 2�3 45B spiral flow(S/

F)C bleed/flash(B/F)� DE�� F 45 "6�� GHIJ!. K LM�' ��� ��� ���� @ )*��+�,

20 nmB NO� P:QR�' EMC ��0 ��S. SiCl4
�� ��T ��� ����� UVW # X. 2�3 45

� �YZ[!.

Abstract − Silica nanoparticles were prepared from TEOS by the bench-scale aerosol reactor using the flame reaction. Silica

nanoparticles having different average particle diameters were applied to measure the physical properties of Epoxy Molding

Compound. Silica nanoparticles ranged from 10 to 40 nm were synthesized by changing the TEOS concentration in the diffu-

sion flame. Spiral flow and bleed/flash of EMC were chosen as important physical properties which depend on the average par-

ticle size of silica nanoparticles. The results showed that silica particles less than 20 nanometer from the present study were

very compatible with the commercial silica nanoparticles from SiCl4 for the preparation of the EMC.
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����� 50 nanometer��� 	
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����� �����

� � �������� �� !� "� #$%& '(. �)* 	
�

�� +, � +,-�. �/�� ��  .0!� 1  2) ���

� �$%& '34 567 .8��9 :;< �$�&� �� =* $

>?@ AB� ��, AB� � =��� 2) ���� �C D, EF

G� '&, H* �I� $>J K�� �L �=%M  N�([1].

	
��� ���� �OPQ� �C�M RS� T�U�& V

(nuclei)3!WX ;YZ[M PQ� �C�\ RS� �U�(. RS

PQ3!M �L 	]6 .89 PQ^ ��9 PQ� '(. .89

PQ�_ +,< �`�2 a@Zb c +,a�d -�J ef, g

hZi -�.jk� 	
��d \lM PQ�(. ��9 PQ� +

,�f.< -�RJ mgZi -� 	
���< nM PQ3!�

mg� o2�M +,�f.� pk� qr �p, sp, &p mgQ

3! 	]6tMu 6v w�x ��mg< yR! �� z{� �

|�}t ~�� �(negative)� �< ��� �M R*;� '(. .

89 PQ� �C -�. 	
���< RS�M ��� +,< a

@Z[� �C "� �}td ��! �2 RS�$� �& �-;

� �� m� &�>� �/< RS� K 'M Y�� '(. ��9

PQ� mg.0 HM �;.0!WX� ��� %� �� ��� '

3	 RS�$� �& �-;� �� Y�� '([2].

�8� 	
��M ��� Degussa�, ��� Cabot� � ���

Ishihara� ��� �-%& '(. ��^ ����M ��mgQ G �

pmgQ� �C 
�� �/� �-%& ����M ��PQ G �

pmgQ^ spmgQ ��� �C �-%& '(. ����M -�.

	
��� �-%t �� �� =* K�M y� K�� ���& '

M ���(.

�8� 	
��M p�93! �8� ��.(SiCl4)!WX & �

T¡ mg� �C RS%4 ¢ mg£� (�^ ¤(.

SiCl4(g)+4H2(g)+2O2(g)¥SiO2(s)+4HCl(g)+2H2O(g) (1)†E-mail: hdjang@kigam.re.kr
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UlrichJ Riehl[3], ZhuJ Pratsinis[4], ¢8& Cho �[5]� p� m

gZ¦§�� �8� 	
�� RS:;� =�2 ABd KF�¨(.

H* Ehrman �[6]� SiCl4, SiBr4, ¢8& hexamethyl disiloxane(HMDS)

� ZN~�� q© �� RS :;< &ª�¨(.

�8� «¬��l­ TEOS!WX �8� 	
��� RSABM

mg�;�¦ G� HCl̂  ¤� -;�¦� ®6 2) AB��� �

C AB%¯34 ¢z� mg£� (�^ ¤(.

Si(OC2H5)4(g)+12O2(g)¥SiO2(s)+8CO2(g)+10H2O(g) (2)

Okuyama�[7], SmolikJ Moravec[8], Seto�[9] � Y^ °[10]

�� y�!d �$�2 �p�� TEOS!WX �8� 	
�� R

SABd KF�¨(. T¡mg�d �$�2 TEOS!WX �8� 	


�� RSM Jang[11]� �C �±�²�� �
 ABe^� ³&

%¯< ´�(.

�8�(SiO2) 	
��M sp��� �-:; � �>:;� 56

	 µ­¶ � �_¶� RSZ mlZ ·�%6 �$%& '34, m

>¸$ ¹�º� A»R � ¼½| RSd �* ¾N!�> �$%

& '(. H*, �8� 	
��M m>¸ ¿tR­ Epoxy Molding

Compound(EMC)� RSZ ÀyR! �$%& '34 EMCM ÁW

� �x .8 ��9 ÂÃ�� m>¸ Ä(chip)< ³ÅC ÆM Ç�

< *(. m>¸ -�� È,* ;Y� É�6 �-; � �U���

=g.­ +,�	 ÊrË� �C ÌK* EMC� �$� t,93!

a��& '(. EMCM Æ! 70-90 wt%� ÀyRJ �ÍZ Kt!

B;%6 '(. ÀyR G �8� 
��¸M 2 wt%� �$%& '

34 ¢ Î9� EMC� Æ�* .89 :;­ spirial flow(S/F)J

bleed/flash(B/F)� R6� '(. EMC� �$%M �8� 
��¸�

����� qr ¢ .89 :;� ÏrtMu �� =* ABe^

M ³&%& 't �(.

� AB��M bench ²�� T¡mg�d �$* �p��mgQ

� �C ÐÑ����� (© 	
��� �8� 
��¸d RS*

c ¢d �$�2 EMC RSZ 	
��� �8� �/� ����

� EMC� .89 :;� �ÒM ÂÃ< &ª�&� *(.

2.� �

2-1.����� ��� 	
�� 
� ��

�±� �$* ZNM Tetraethylorthosilicate(TEOS)d �$�¨3

4 99.9%� �>!� (Æ)Ó�
ÔÇ�� �-%M w< �$�̈ ((Table1).

�8� 
��¸� RSd �* YÒM bench²�(SiO2 15 g/hr)�4

Õ-j T¡mg�! B;Ö mgDd ×Ò�2 �/ RS �±< �

¨(. �±YÒ� ?Ø>M Fig. 1� 	Ù�¯(.

s¸pk� ZN­ TEOSM 2,000 ml ÚB Ûr¦�� Ü� heat-

ing mantle! ��*  >d |t��� carrier�¦­ «Ý�¦d Æ

��2 mg�! �ÞZß(. TEOS a�M T¡mg�� à}W�3

! Æ�C� �á! «Ý�¦� �C �Þ%M TEOS� �Þ G�

gh%t �>â Aeã< line heater! ä� �`�¨(. mg��

à}M ��AB�[3, 4]� Õ-j T¡mg�� à}jk � ��d

o&�2 åæ� ��� (© 5?� susã3! B;Ö ç!� jk�

à}d ×DC� Rè�¨(. 5Gã B;� éê Gëã3!WX TEOS

a�J «Ý�¦, «Ý, K�, -�, ��� �3! �¦� Æ�%>

â B;�¨&, �z 
ì� éê Gëã� �æ� 2 mm, íîêã

� Áæ� 3.4 cm�(. T¡�  >M R-type thermocouple< �$�

2 ï��¨(. T¡�  >M K��¦� |�^ �� � -�� ðf

�d ~�Zi Sñ�¨(. mg�� ³Åã3!M åæ 10 cm, ò�

100 cm­ óÂã< �$�¨&, T¡mg� �C �;Ö ��� ôõ

< �C� teflonD 2^ôd �$�2 Rè* bag filterd �$�¨(.

Bag filter� ��� ôõö� qr a�%M ÷ø� E�ùúd Ae

�2 p÷� �û� ü��� S��¨(. TeflonD �XM 280oC  

>��> ¢ �U� |t%M  0!� �� ýþ��� �-%M R

ÿ(TEFAIRE)< �$�¨(.

T¡mgYÒ� �* �� RS �±� (�� ��J ¤� EF�

¨(. ��, «Ý, K�, �� � -�d 100oC�p3! ���` *

c mg� 
ìW�3! Æ��2 T¡< j;Zb c ��* mg 

> � T¡� ò�d |t�¨(. ��, T¡�  >� ��* pkd

|t�� TEOS� evaporator! carrier gas­ «Ý< Æ��2 mg�


ìW�3! a�p� TEOSd Æ�Z[� mg� Zè%4 �z �

;Ö ���� bag filter! ôõ�¨(.

�pmg� �C �;Ö 
�� �/� �� ��, �� � �ôd

ï��� �C ��� AB��� �$�M �^y�1�æ(Transmis-

sion Electron Microscope, Philips, Model CM12) �Â< �2 �ó�

¨(. H* BET(Micrometrics, Model ASAP 2000) �ó< �C

�/� �	�9< B* c ��� Bj� ����rM ���� (

�� £� �C ����d 
�93! B* c �^y�1�æ��

ï�* ����J ���¨(; dp=6/(ρp
A), 2�� ρpM �8��

�>(g/cm3), AM �	�9(m2/g). �;Ö �/� e�jkM XRD

(X-ray Diffractometer, Rigaku Co., Model RTP 300 RC)d �$�2

��³�(.

2-2. EMC� ��� �� ��

EMCM Æ! 70-90 wt%� ÀyRJ �ÍZ Kt! B;%6 '(.

ÀyR G 2 wt%� �8� 
��¸� �$%Mu ¢ $>M EMC

� Æ�* :;­ spirial flow(S/F)J bleed/flash(B/F)d R6�Mu

'(. �� � AB�� RSÖ �/ G ÐÑ����� 10, 20, 40 nm

Table 1. Physical properties of Tetraethylorthosilicate(TEOS)

Formular: (C2H5O)4Si
Chemical family: Organic ester
Molecular weight: 208.33
Viscosity: 0.72 cps
Boiling point: 169oC
Density: 0.936 gm/ml
Latent heat of vaporazation: 54.9 cal/g
Vapor pressure: ln p=19.3−5,555/T(K)
Flash point: 52oC

Fig. 1. Schematic drawing of experimental apparatus for the produc-
tion of SiO2 nanoparticles.
1. TEOS evaporator 4. Burner 7. Pressure gauge
2. Dehumidifier 5. Quartz tube 8. Bag filter
3. Flowmeter 6. Thermocouple 9. Vacuum pump
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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� Ê �t �/< �$�¨< z RSÖ EMC� :;< �� EMC

RS �¸­ (Æ)&���� G�AB�� ���2 S��¨(.

�8� 	
��� ÐÑ�� ~�� q© EMC� :;Ð� Z±�

� ��* Æ���� �8� 
��¸� 9$� q© EMC� spiral

flow(S/F)J bleed/flash(B/F)� :;��� ¢ ��< �¯& ¢ ÊW

9­ �$� (�^ ¤(.

2-2-1. Spirial Flow(S/F)

EMC� �Y ��� %M .;3! m>¸ Ä< ¿t� æÌ� è

�; � ;j;(moldability)< e��M ­��(. � �� �>J

gel time� ã�%M �K�	 ��* Kt�>J ��� ���M

filler� Sf� qr � ��d ³­(. S/F �� 20 �p�� EMC!

�$ �U�.

2-2-2. Bleed/Flash(B/F)

m>¸ Ä< main board� � � z, solder� lead�� W� �

bonding;^ ã�%M ­�!�,  ���� Kt	 silane coupling

�� mold� è� !< ��2 "� 	J lead� #L coating%M

1p�(. �! ­�2, flashd R$�2 ÆM deflash ��� �B%

&, solder� bond ;< Õ³*(.

³� S/F� æÌM 20-40 inch� Rÿ� �Y "&, B/FM 0.5, 1.0,

2.0 mil��M %= 3.0 mm��! 3.0 mil��M %= 10.0��! ã

8%& '(.

p�J ¤� EMC� :;S�d �C ÐÑ����� (© �8�


��¸d ¾N� &fS'(Table 2)� ()6 ¢ e^d �� �ó

�¨(. EMC� :;­ S/FJ B/F� ï�� Fujiwa pressd �$�2

y ÊD93! ��* ²*(EMMI)­ moldd clamper ÷ø 1,200 psi,

transfer ÷ø 750 psi, ï�  > 175oC�� 80
 �é KF�¨(.

3.�� 	 
�

3-1.����� ��� 	
�� 
�

3-1-1.Õ-j T¡mg�� :;S�

TEOS a�d Æ��t �� S'�� 5Gãjk� 
ì!WX j

;%M Õ-j T¡(diffusion flame)� é��& T+y A�� �6

	t �M A� pkd ,é3! Õ­ c �8� 
��¸ RS S

'< \-Z[M, . �¦ G� TEOS />d |t� K 'M Table

3� A� S'�� T¡� mæPÃ � hPÃ�  >~�d ï��

¨& � S'< �03! �2 �/ RS Z±< KF�¨(. Table

3� A� S'�� j;Ö T¡� ò�M 7 cm�¯& �z� 
ì p

� T¡� mæPÃ(0-16 mm, 2
*) � hPÃ(1, 2, 3, 4 cm)� q©

 > �ô ï� e^d Fig. 2� 	Ù�¯(. Fig. 2�� ³� T¡�

 >M à} Gë�� 850oC �>�  >� ���L |t%¯34

Gë3!WX mæPÃ3! 4 mmW1�� %& >(1,600oC)d 	Ù

�(� 4 mm �p��M ��  >� ä��¨&, H* hPÃ  >

�ôM 1 cm ���� %&  >d 	Ù�¯& ��� a��� q

r  >� �� ä�(1,100oC, 4 cm)�< « K '¯(. �p� T

¡ :;e^d �
! �2 �8� �/RS Z±< KF�¨(.

3-1-2.�8� 
��¸ RSZ±

�pmg�� ���; � ;YZ ��� ��d R6�M 2) ~

K� G mg.0� 
�/> Sñ� �Y G�* Ç�< *(. mg

.0 
�/>� �<Kâ �pmg��M �� W23 V�� K/

>� ��� gõ� �* ��� ;Y� #@�L EF%6 � ��

� �;Ö([12].

�8� �/ RSZ �¦ G� TEOS� />d ~�Zi �;%M

�/� ����d Sñ�� �C� � �t PQ< 9$�¨(. �

4�M Table 3� ��* T¡ >d |t�M S'(K�, -�, ��

� «Ý |�� &�Ö S')�� �m�¸(carrier gas)­ «Ý� |�

� ��* pk�� TEOS� a@ >d ~�Zi �¦ G� TEOS�

/>d Sñ�M PQ< �$�¨&, �4�M � 4�� æÌJ $

� ��(y¸ �¦ |�� &�)�	 TEOS a@$��  >d ��

�L |t��� Æ�%M �m�¸� |�< Sñ�¨(. p� �

�t PQ� �C mg¾N.0­ TEOS� 
�/> ~�� q© �

; �/� ����~� � Z
3 �;�� ~�d S��¨(. y

5* � æÌ �� a@$� �� TEOSa�� �p ô�%6 '6�

�M yR� Ì6 %6� �	, � AB��M TEOS� a�÷ u�

X!WX p� S'< \-Z[M ü��� �±�¨(.

Table 2. Compositions for the preparation of epoxy molding compound
(EMC)

Component Weight %

 ECON 12.15
 Br-Epoxy  0.50
 PN  6.24
 Filler-1 60.40
 Filler-2 15.10
 Silica nanoparticles  2.00
 Powder  0.50
 Sb2O3  2.00
 Coupling agent  0.60
 Wax-1  0.08
 Wax-2  0.18
 Carbon black  0.25
 Phosphine  0.20

Table 3. Operating condition for the diffusion flame

Nozzle Gas component Gas flow rate

1st Ar for TEOS vapor  1l/min
2nd Ar  10l/min
3rd H2  6 l/min
4th O2  15l/min
5th Air  40l/min

Fig. 2. Temperature profiles of the diffusion flame at the condition of
Table 3.
(Z=axial distance from the burner outlet)
���� �38� �2� 2000� 4�
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�� � 4� PQ� �* �/ RSZ±3!� Table 3� 	Ù7

�± S'�� j;Ö T¡�  >d |t��� TEOS a@S�  

>d ~�(120-150oC)Zi a@�< Sñ�2 TEOS� 
�/> ~

�� q© ���� ~� � �;�� ~�d S��¨(. Fig. 3�M

mg >, mg.� ¸8Z
� ��* �± S'�� TEOS� />

~�� qr �;Ö �8� �/� �� ��(BET �ó e^!WX

B* ��) ~�d 	Ù�¯(. TEOS� />M mg�! Æ�%M

y¸�¦ G� mol/>d 	Ù�¯& Jang[11]� ABe^d o&�

2 ¢ ü�d ×��¨(. TEOS� />� 0.98910−5�� 2.50910−4

mol/l! a�� z �;Ö �8� �/� ÐÑ���� ~�d BET

�ó e^ 10 nm�� 40 nm! a��¨(. TEOS� />� ��9

�� />ü�(0.98910−5mol/l:1.40910−4mol/l)��M />� a�

� qr ����� �L ~�t ��3	 TEOS� />� S+ �

� B
(1.40910−4mol/l:2.50910−4mol/l)��M ���� ~�� Í�

�L a��¨Mu �� =* ;Õ* Có< �C D,9­ AB�

�B%¯(. Fig. 4�M p� S'�� �;Ö ���� y�1�æ

�E< 	Ù�¯Mu �;Ö ��� ��� mg.0� /> a��

qr a��< « K '¯& �z ÐÑ ����M BET �óe^

³( S+ è�Mu �M BET �óZ ���� �W gõ¸�� �

�� ��! 
ÆÖ w3! �<%¯(. �;Ö �/� �����ô

M ��9 Ñ��¨3	 TEOS� 
�/>� 1.88910−4 mole/l­ S

'��M W�93! � ��� � �¨Mu Ñ�* �����ôd

|t�� �* �5 ?@� �BÖ(. Fig. 3� S'�� �;%6 =

K* �8� �/� �� Z
3 15 g�p�¯34 �/ =KZ m

g� > � ?�X�� @�Ö �< &��� 30%�> �-�� a

�� w3! A�%¯(. �;Ö 	
��� �8� �/� e�j<

S��� �C XRD�ó< * e^ � AB�� �±* S'��M

Ô�j(amorphous)� �8� �/� n6B�< « K '¯(.

TEOS� 
�/>d Sñ�� �* � 4� PQ3! TEOS� a

@ >d 120oC! ���L |t* c Table 3� S'�� TEOS a@

S! Æ�%M «Ý� |�< 1.0, 1.5, 2.0l/min! a�Zi �C*

/> ü��� �±�¨(. «Ý� |�� a�Z TEOSa�� />

a� D^ Á� à} Gë�� �E%M �¦� 6,>(linear velocity)

� a��2 T¡�W��� TEOS� ¸8Z
� è�� �����

� 4� PQ�� RS* �/� ���� ³( è�0 w3! �ï

%¯(. Fig. 5M T¡�  >� ���L |t%M S'�� TEOS

a@S! Æ�%M «Ý� |�� ~�� �* TEOS� />~��

qr �;Ö �8� �/� ��� �� ~�d 	Ù�¯(. TEOS�

/>� 0.98910−5�� 1.97910−4mol/l! a�� z �;Ö �8� �

/� ÐÑ���� ~�d BET �ó e^ 10 nm�� 25 nm! a�

�¨(. p� � �t PQ� �* �/ RS Z± e^d ��C ³

� �ï* w^M Ï8 � 4� PQ� �C RSÖ �/� ÐÑ�

���� � 4� PQ� �C RSÖ �/� ÐÑ����³( S

+ � w< « K '¯& ���ô> y�1�æ �ó e^ S+ F

Fig. 3. Effect of TEOS conentration on the average diameter of silica
nanoparticles.
(Maximum flame temperature: 1,600oC, Total gas flow rate: 71l/
min)

Fig. 4. TEM pictures of silica nanoparticles collected from four differ-
ent TEOS concentrations.
(a: 9.5910−6, b: 1.40910−4, c: 1.88910−4, d: 2.50910−4 mol/l)

Fig. 5. Effect of TEOS concentration on the average diameter of silica
nanoparticles.
(TEOS evaporation temperature: 120oC, Ar: 10l/min, H2: 6 l/min, O2:
15 l/min, air: 40l/min)
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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la-
TÑ�* w< « K '¯(. �M �m�¸� |�� a��2 ¸8

Z
� ä��2> D, G8(laminar flow) ÂÇ� ô�%6 ¢ Â

Ã� �L �Òt �� w3! �<%¯&, �� ��� =* Có�

D,9­ AB� KF%6� � w3! �<%¯(.

p� � H8� �±e^d �óC ³� a@$��  >d Sñ�

2 TEOS� 
�/>d ~�Zi �/< RS�M w� è& Ñ�*

�/< n< K '(& A�%¯(. H*, �8� 	
��� RSd

�* %9S'� �/� $>� qr ��� ��� (I� z{�

1 !�M T¡� A�S'< %9�* pk�� ��* ��� �

/< RS�M �5 ?@� Ì6%6� *(& A�%¯(.

3-2.��� ����� ����

y5* EMC� :;e^d Table 4� 	Ù�¯(. ZN G S-1, S-2

� S-3M � AB�� RS* ZN!� ÐÑ ����� 10, 20, 40 nm

�(. S-4M 1  EMC RSZ 1Y�� �$%M fumed silica�&,

S-5M �8� 	
��� &f%t �� ZN�(. Table 4�� ³�

�8� 	
��M �	�9� �& density� �� S/Fd  �Z[

M æÃ� '(. � �±� e^��> �8� 	
��d 9$�t

�� w(S-5)� �C S/F� 1 �L  �%M �p< ³�& '(.

¢)	, ZAÿ­ Jl�8�� �C� KL;� �Å* e^d ³¨
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Table 4. Effect of particle size of silica powders on the S/F and B/F of
EMC

Sample S-1 S-2 S-3 S-4 S-5

S/F(inch) 22.0 29.0 34.0 22.0 36.5

B/F
(mm)

0.5 mil  0.5  0.5  3.0  0.2  4.0
1.0 mil  1.0  0.5  3.5  0.2  4.5
2.0 mil  1.0  1.5  3.5  0.5  4.5
3.0 mil 10.0.  9.0 10.5.  8.0 11.0.

−Remark: Silica nanoparticles of 10, 20, 40 nm in average diameter prepared
in the present study were used in S-1, S-2, and S-3, respectively. Fumed silica
was used in S-4, and no silica nanoparticles were used in S-5.
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