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The Effect of Residence Time on the Generation of Silica

Nanoparticles in a Turbulent Diffusion Flame
In Jae Kwak, Soo Ho Bae, and Hyun Dong Shin

ABSTRACT

Silica(SiO2) nanoparticles are used as additives in plastics and rubbers to improve
mechanical, electrical, magnetic properties and optical material. Silica nanoparticles were
synthesized by the gas phase thermal oxidation of several kinds of precursors in many
types of reactor. Diffusion flame reactor has some advantages compared with other
types of reactors. In this study, we investigated the generation of silica nanoparticles on
the effect of residence time by tetraethylothosilicate(TEQS) in a turbulent diffusion flame
reactor controlled by providing reactant flowrate and reactor geometry affect particle
morphology, particle size and particle size distribution. To determine the flame residence
time, flame length should be determined which was examined by ICCD image. Particle
size, distribution and morphology were performed with TEM.

Key Words :

dp = particle diameter
TR = residence time
L= flame length
V= flame volume

silica nanoparticle, turbulent diffusion flame, residence time
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dp = fuel nozzle diameter
do = oxidant nozzle diameter
up = fuel velocity

uo = oxidant velocity
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Fig. 1 Schematic diagram of the experimental
apparatus
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Table 1 Physical properties of Tetraethyortho
-silicate

Formula : (CoHg0) ,Si
Molecular weight : 208.33
Boiling point : 169T
vapor pressure : log;;(P) = A - (B/ (T + C))
P = bar, T = 289K ~ 441.6K
{ A =4.17312, B= 1561.277, C = —B87.572 }
Flash point : 52T
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Fig. 2 The variation of the flame length and
residence time with various methane velocity
without oxidant
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Fig. 3 The variation of the flame length and
residence time with various methane velocity
on the overall equivalent ration = 0.8
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Fig. 4 The effect of Oz/N2 (1/1) velocity on

the flame length with constant methane
velocity
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Fig. 5 The effect of Ox/N2 (1/1) velocity on
the residence time with constant methane
velocity
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3.2 TEM micrographs
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Fig. 6 TEM mlcrographs of the overall equrvalent
ratio = 0.8 (a) uz = 5m/s, (b) ur = 10m/s, (c) up=
15m/s, (d) ur = 20m/s, (e) ur = 25m/s, (f) up =
30m/s, (g) up = 35m/s, (h) up = 40m/s
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Fig. 7 The relation of the global strain rate
with particle diameter and residence time
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