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Effects of Particle Shapes on Unipolar Diffusion Charging of Non-Spherical Particles
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Abstract

Unipolar diffusion charging of non-spherical particles was investigated for various particle shapes. We
researched with TiO, agglomerates produced by the thermal decomposition of titanium tetraisopropoxide
(TTIP) vapor. TTIP was converted into TiO, in the furnace reactor and was subsequently introduced into the
sintering furnace. Increasing the temperature in the sintering furnace, aggregates were restructured into higher
fractal dimensions. The aggregates were classified according to their mobility using a differential mobility
analyzer. The projection area and the mass fractal dimension of particles were measured with an image
processing technique performed by using transmission electron microscope (TEM) photograph. The selected
aggregates were charged by the indirect photoelectric-charger and the average number of charges per particle
was measured by an aerosol electrometer and a condensation particle counter. For the particles of same
mobility diameter, our results showed that the particle charge quantity decreases as the sintering temperature
increases. This result is understandable because particles with lower fractal dimension have larger capacitance
and geometric surface area.
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Table 1 Projection area equivalent diameter and fractal dimension of TiO, with varying sintering temperature from
800C to 1300°C when mobiljty diameter is 50 nm, 100 nm, 150 nm, 200 nm

Sintering Mobility diameter (nm)
temperature 50 100
() da (nm) D: da (nm) D;
800 48.63 +2.81 1.68 +0.09 102.22 + 16.53 1.72+0.12
900 59.79 + 8.48 1.76 £ 0.09 108.55 + 9.63 1.76 £ 0.1
1000 58.23+£3.45 1.82+0.07 1059+ 12.98 1.82+0.08
1100 62.38 + 8.65 1.89 +£0.06 110.94 + 13.35 1.82+0.1
1200 52.78 + 8.25 1.92+0.04 107.37 + 16.90 1.91+0.06
1300 55.75+£8.02 1.96 £ 0.02 113.55 + 12.68 1.95+0.02
Sintering Mobility diameter (nm)
temperature 150 200

© dy (nm) D, da (nm) D
800 178.8+30.1 1.78+0.07 201.6£11.1 1.80+0.09
900 169.6+19.6 1.7840.08 199.7+£23.7 1.75+0.08
1000 160.5+14.6 1.81+0.06 203.4+11.2 1.8420.06
1100 158.6x14.4 1.82+0.06 198.4+12.0 1.80+0.07
1200 156.5+21.9 1.88+0.04 204.8+16.1 1.84+0.07
1300 166.1+£33.6 1.92+0.06 206.9+24.2 1.85+0.11

z 2.0
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Fig. 8 Projection area equivalent diameter of TiO, particles
with varying sintering temperature from 800TC to

1300°C when mobility diameter is 100 nm

Fig. 9 Fractal dimension of TiO, particles with varying
sintering temperature from 800C to 1300
when mobility diameter is 100 nm
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Table 2 Average number of charges per particle with varying sintering temperature from 800°C to 1300°C when
mobility diameter is 50 nm, 100 nm, 150 nm, 200 nm

Mobility Flow Sintering temperature (C)
diameter rate
(nm) (V/min) 800 900 1000 1100 1200 1300
1 4.55+0.05 4.18 £0.04 4.07 £ 0.04 3.08+004 310003 3.04 +£0.05
50 2 323004 2.92 % 0.04 2.76 £ 0.02 2.54 £0.03 2.46 £0.03 248 £0.01
3 2.73£0.04 2.46 £ 0.04 232 40.02 2.41 £0.03 2.40 £ 0.03 2.38 +0.02
1 9.79+0.12 9.06 £ 0.10 9.14£0.17 823+0.14 7.67 £ 0.08 740 £0.11
100 2 7.37 £0.08 6.65 +0.08 6.49 £ 0.08 590+0.10 5.42+£003 5.30 £0.06
3 6.76 £ 0.07 5.59 +0.07 5.56 £0.08 523+0.07 4.53 £ 0.07 4.44 +0.09
1 15.01£0.12 14.65+£ 0.08 13.89+0.17 12.99+0.14 11.49+0.12 1042+ 0.12
150 2 11.19+0.10 10.99 £ 0.12 10.38 £ 0.19 9.75£0.11 8.5+0.18 845+0.16
3 9.73£015 9.46 £0.18 9.21x0.16 8.38+0.15 7.24£0.14 7.08 £0.14
1 18.71 £ 0.17 1721 £ 0.21 18.17 £ 031 1571+ 0.26 14.8 +0.22 14.54 £ 0.23
200 2 14.58 £ 0.19 1390+ 017 13.47£0.13 12.06+0.15 11.71+0.16 11.05+ 017
3 12.64x0.10 12.21 £0.14 1248+ 011 11.29%0.18 10.76 £ 0.25 10.13x0.10
2 Z3¢ 49 SFIA e geA A
blank : Calculation for continuum(upper symbol) 1:} 51_: . TEM )\}‘ ;“_]_ o= _:_ Zé 3H B 23 J»]-, A7 L

and free molecular(lower symbol) range"
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Fig. 10 Effect of fractal dimension on number of charges
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