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An Experimental Study of Silica Particle Growth in a Coflow
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Abstract

The effects of radial heat and H,O diffusion on the evolution of silica particles in coflow diffusion
flames have been studied experimentally. The evolution of silica aggregate particles in coflow diffusion
flames has been measured experimentally using light scattering and thermophoretic sampling techniques.
The measurements of scattering cross section from 90° light scattering have been utilized to calculate
the aggregate number density and volume fraction using with combination of measuring the particle
size and morphology through the localized sampling and a TEM image analysis. Aggregate or particle
number densities and volume fractions were calculated using Rayleigh-Debye-Gans and Mie theory for
fractal aggregates and spherical particles, respectively. Flame temperatures and volumetric differential
scattering cross sections have been measured for different flame conditions such as inert ges species,
H: flow rates, and burner injection configurations to examine the relation between the formation of
particles and radial HoO diffusion. The comparisons of oxidation and flame hydrolysis have also been
made for various H; flow rates using N2 or O, as a camrier gas. Results indicate that the role of
oxidation becomes dominant as both carrier gas(O;) and H: flow rates increases since the radial heat
diffusion precedes H,O diffusion in coflow flames used in this study. The effect of carrier gas flow
rates on the evolution of silica particles have also been studied. When using N2 as a cerrier gas, the
particle volume fraction has a maximum at a certain carrler gas flow rate and as the flow rate is
further increased, the hydrolysis reaction is delayed and the spherical particles finally evolves into
fractal aggregates due to decreased flame temperature and residence time.
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q AP B Al 9(the modulus of scattering

vector)
R, ¥ A% (radius of gyration)
R, W7 HANA
r HY AR WANY HR
SR M2 ggehr(system response)
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is)& {FE(pigment) R 1.7} A E(reinforcing agent)
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Fig. 2 Schematic of 90° light scattering measure
ment system.
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Fig. 3 Radial flame temperature distributions at
different axial locations.(CASE II)
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Fig. 4 Radial Q,, profiles at different axial locat-
ions.(CASE II, carrier gas N, 50
scem for SiCls)
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Fig. 7 Effect of carrier gas flow rates on Q,, for
different H; flow rates.(CASE II, =0 mm,
7z=5 mm, solid line : carrier gas N, dotted
line : carrier gas O2)
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Fig. 8 Radial Q.. profiles for different carrier
gas flow rates.(CASE II, carrier gas Ny,
Hz 3.0 slm)
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Fig. 9 Transmission electron micrographs of Si0:
particles in the flame.(CASE II, H; 4.0 sim,
carrier gas N; for SiCL, 0 mm, z=5 mm)
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Fig. 10 Effect of carrier gas flow rate on
particle diameters and fractal dimensions.
(CASE I, H; 4.0 slm, r=0mm, z=Smm,
carrier gas Nj)
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bzt 1 ol pasidch FYUSE o)
A fgol FIMEeE dHNAUY w-2EF,
% SiCLY F& FrME WY =272 A
Hue] SARE $AHE H08 % A
Hoz o] F ARE 39 YA ANHEEL
B4 fgolAd Hoigd 24 W Aotk =y
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Fig. 11 Number densities and volume fractions
for different carrier gas flow rates.(CASE
II, H; 40 slm, r=0Omm, z=5mm, catrier
as Na)
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&, dA9] AAEEL 100sccmo] Fol| FAG
e ALY FV|E 200scem”tA Ald F7)ahgd
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of A& #TEL YA I} F)
ARAcke g YuEz whga Fild ua
TEEY F/IR AN §iAe] AV} FoHE
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Table 1 Mass and molar flow rate of SiCly and the velocity of chemical mixture.’

mass flow mte of molar flow rate of
carrior gas flow rate total flow rate flow rate of SiCL SICL SiCL v'lm“:lnl‘::\::omml
(ce/min) (oc/min) (oc/min)

(g/min) (mol/min) (m/s)
30 44.16 14.16 0.0980 3.769E-4 0.234
50 73.60 23.60 0.1633 9.615E-4 0.3%0
73 110.40 35.40 02450 1.442E-3 0.586
100 14721 4721 0.3267 1.923E-3 0.781
130 220.81 70.81 0.4900 2.835E-3 1,171
200 19441 94.41 0.6534 3.846E-3 1.562
250 368.02 118.02 0.8167 4.808E-3 1.952
300 441.62 141.62 0.9801 5. 769E-3 2.343
350 51522 16522 1.1434 6.731E-3 2.733

* Camer oas in assumed to be satumted with SICL conteined in a bubbler.
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