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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 Sig¢lthe preparation of the EMC.
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Table 1. Physical properties of Tetraethylorthosilicate(TEOS)

Formular: (GH50),Si

Chemical family: Organic ester
Molecular weight: 208.33

Viscosity: 0.72 cps

Boiling point: 169°C

Density: 0.936 gm/ml

Latent heat of vaporazation: 54.9 cal/g
Vapor pressure: In p=19-8,555/T(K)
Flash point: 52C

Particle

Particle Collection

Aerosol Precursor(TEQS)

Fig. 1. Schematic drawing of experimental apparatus for the produc
tion of SiO, nanoparticles.
1. TEOS evaporator 4. Burner
2. Dehumidifier 5. Quartz tube
3. Flowmeter 6. Thermocouple

7. Pressure gaug
8. Bag filter
9. Vacuum pump
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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
Sh,O; 2.00
Coupling agent 0.60
Wax-1 0.08
Wax-2 0.18
Carbon black 0.25
Phosphine 0.20
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Table 3. Operating condition for the diffusion flame

Nozzle Gas component Gas flow rate
1st Ar for TEOS vapor ¥min
2nd Ar 10l/min
3rd H, 61/min
4th (O} 15l/min
5th Air 401/min
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Fig. 2. Temperature profiles of the diffusion flame at the condition ¢
Table 3.
(Z=axial distance from the burner outlet)

o] wgwkak(0-16 mm, 2H4) B 931, 2, 3, 4 eyl w2
Z 34 4945 Fig. 2] Yepdch Fig. 214 2H 2329
WU FAelA 850°C Aol 2%7t YA FAEHAH
Aoz RE wglEo 2 4 mmt-olA 2% (1,600°C)E e
4mm ol M e A vt AAEa, T WY 2k
ZE lcm =olollA HX 255 YA Zo|7t Srisdel ut
7} A2} 7442(1,100°C, 4cmire & & USAh o] &
£ SA4AHE V2R sl Ayl 2EAR AES sk
3-1-2. 487} Zv|EA A2
1=|

7174kgolA] YA B ARA ALY 2718 Alehs ol W
FE T NHEAY FE 2Ho| /MY T8 9 Gt} wke
B 271557t B85 7P E B9 RoT dEe] &
b zobd gell olgh YArel o] dukaiA Fd=o] & YAt
7t A TH12).

A7t B2 AZA 712 F¢] TEOR FE2 HIAA AAE
T A=AV IE 2EE] 8 7 A RS A8sisith.
HAE Table @] AT BZLEE fA8te AL, AL, 37
g o fFo] IAE 2)elx 2RV (carrier gas)l o] 3
o] AA3 Aol TEOS FELEE HIAA 712 F2| TEOR)

=

24 e

Fr

p

A FABEA FYEE SWIAe] R AL A F

H B W3l 2 A
A BEael Yt 2 A7 A WskE 2k A
o TEOSE7 17} & 2sl=|o] glefof
B Az E TEOS] F71% Hlo)
= HSelM Asisit



A7t el Alze EMOe] $& 247

50 L) o 1

£ 40 I~ -

=

k)

£

& 30 | -

()

o

2

5

[a 20— h

o

jo)

©

g

< 10} -
0 NI BT A DT STy
10 10 104 10%

TEOS Concentration {mol/l)

Fig. 3. Effect of TEOS conentration on the average diameter of silica

nanoparticles.
(Maximum flame temperature: 1,680, Total gas flow rate: 711
min)
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Fig. 4. TEM pictures of silica nanoparticles collected from four differ
ent TEOS concentrations.
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Fig. 5. Effect of TEOS concentration on the average diameter of sili
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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 S5
S/F(inch) 220 290 340 220 365
BF O05mi 05 05 3.0 0.2 40
(mm) 10mi 10 0.5 35 0.2 45
20mil 1.0 15 35 05 45
30mil 100 90 105 8.0 11.0

-Remark: Silica nanoparticles of 10, 20, 40 nm in average diameter prepared3F A]°ll
in the present study were used in S-1, S-2, and S-3, respectively. Fumed silica®22] H4=7]+= 10n

was used in S-4, and no silica nanoparticles were used in S-5.
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