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Abstract — Using a premixed flat flame aerosol reactor, the experimental study on the morphological evolution of the aggre-
gates was done. With the objectives to understand the morphological process ah&iQG, particle that matches to the
cases of the reaction-limited aggregation process and the diffusion-limited aggregation process respectively, the difference in
chemical reaction rate of SiCand TiC), was utilized under given flame temperatures. To evaluate the morphological evolu-
tion of the aggregates, the light scattering measurement and electron microscopy coupled with thermophoretic sampling
method were used. In the case of giGtidation that produces Sj(Qparticles, the microscopic observation obtained with
respect to the axial position in the reactor showed that the diffusion-limited aggregation was the dominant mechanism in the
aggregation process because that the very low reaction rates was maintained excepted the earlier reaction stage in the given
reactor temperature profile. In the case of JiBht maintains the higher reaction rate during the later reaction stage, it was
observed that the reaction-limited aggregation process is the main mechanism on the aggregation. According to the results of
the light scattering measurements, the fractal dimension of &i@ TiQ, aggregates was 1.23-1.84 and 2.81-2.94 respec-
tively, and those results are corresponds with the photometric measurement. To observe applicabilitpasfidi€s as pho-
tocatalyst, XRD analysis was conducted. Jffarticles were generated in our study consisted of anatase mainly that has high

photochemical activity.
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Fig. 1. Description of aggregation process according to reaction-limited and diffusion-limited model.
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Fig. 2. Morphology of aggregates generated by (a) reaction-limited model and (b) diffusion-limited cluster aggregation model.
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Fig. 3. Schematic of light scattering measurement system.

1. Laser 8. Polarizer

2. Chopper 9. Laser line filter

3. Rotator 10. Photomultiplier tube

4. Burner 11. High voltage supplier
5. Axial control motor 12. Beam trap

6. Angular control motor 13. Lock-in amplifier

7. Slits 14. Data acquisition system
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Table 2. Experimental conditions used for particle aggregation in the

Nemalizec Chemisa

flame aerosol reactor 0 ’ ‘ ’ Concentiaron
- - o - T\C\:
Air flow rate, cni/min 3411 S A Reoston R B
Propane flow rate, ctmin 129 £ o s Ty
Equivalence ratio 0.90 i £ e =
. . E s
Carrier gas flow rate, ctmin 60 2 ool \ £
SiCl, feeding rate, g/min 0.0758 o NG 0 g
TiCl, feeding rate, g/min 0.0419 g NG 10 3
£ os J\ : ~ g
o I - ~ ie0 g
. o . E | ~. g
Table 3. Size of pasm umt particles in the aggregates with respect to the -g 02 \.\_\ 1% 3
combustion equivalence ratios 5 - — 1
z \\ . The—
Equivalence ratiop 0.0 e et v s R
0 10 20 30 40 S0 60

0.75 080 0.85 090 0.95 0.98

Number of samples 23 13 18 17 15 10
Mean diameters(nm) 221 268 299 258 343 345
Standard deviation in diameters5.8 45 6.2 58 93 6.2
Minimum of diameters(nm) 118 212 222 186 198 1938
Maximum of diameters(nm) 328 38 449 403 49 49

Distance along Flame Axis, z |mm]

Fig. 12. Normalized chemical concentrations and reaction rate constants
in the flame aerosol reactor along to axial distance.
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Fig. 13. Angular scattering intensities by SiQ aggregates and its frac-
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Fig. 14. Angular scattering intensities by TiQ aggregates and its frac-
tal dimensions along to axial distance.
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Fig. 15. X-ray diffraction analysis of TiO, aggregates generated in th
flame aerosol reactor.
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: pre-exponential factor

: radius of primary particle

: constant dependent on the form of the single cluster structure factor
: constant dependent on the size distribution of the aggregates
: chemical concentration of x-component

: calibration constant

: fractal dimension

: activation energy

: light intensity

: reaction rate constant

: constant of order unity

: mass of i-th primary patrticle

: number of primary particles
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n : aggregate number density
Ny : total number of monomers per unit volume
q : magnitude of scattering wave vector

R : gas constant

Ry : radius of gyration
i : distance from mass center to i-th primary particle
S : structure factor of the aggregate
T : temperature
t 1 time
20|~ 2Kt
0 : scattering angle
A : wavelength of the incident light
o™ : monomer scattering cross section
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