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Aggregation of Nanoparticles Using a Unipolar Charging Technique
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Abstract

Effects of electric force on the morphology and growth of aggregates were studied experimentally. Nano-sized NaCl
particles were supplied to a flame to perform the unipolar charging state. This electric precursor did not modify a
temperature profile of the flame. The morphology of aggregates was measured by TEM image processing technique and
the light scattering technique. In the unipolar charged state, the fractal dimension of aggregates was smaller than that of
the electrically neutral state. This result was in good agreement with our previous numerical simulations.
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Table 1 Fractal dimension by light scattering technique

Flame
Neutral Flame Unipolar Flame
Height
10 mm 1.19£0.08 1.03£0.12
20 mm 1.38 £ 0.06 1.13£0.09
40 mm 1.54 £ 0.06 1.36 £ 0.07




2

=
of
l'Ol!

I{Volt}

P
Height = 40 mm Q?A
%

O Neutral Aggregates
A Unipolar Charged Aggregates

1000000

a(e)

Fig. 9 Light scattering intensity for different charging
state

Yate) A 4ol we YA Tag
A wae Yvmdth BIHoE A

ot A ma daos ge Age
% 54 SHA Abolol B

g34oz 3dd 4

o] WAl °%MM 8o F2 &3IA
o Ztoll A o] Fo|A7] W&o, SIA AFA
ZEo] dojye ASEY 9 v Fx9
SHA FAHZD, oA ¢ @G ZTEg
AdE 77%~ Aoz .!#_°1E}

e, U Fol AL UARE AA HA
i ol ﬂ% SR HF A& vz & A
o}, Fig. 92 40 mm o} A 3}AFRA & 2 F
9 7&5 Yeld Rolth dEAoR sHdE 7

32

SRk A Fo FErt o @ikt
ojR& %%xﬂ«l A717k o FAde AL orse
o, @34 3td 429 4§ 3ol IPdsE
o 2% HHo] gt FHE AAlshy] wHFd
Uelhd Axtgla AzbEn, oo X RAN0¢ o
Agte 4FE 290

4. & B

SFolA A7tE ol2o] sANENE B A
e sPA 4Pl vl
o

olg8te] AT
ool W7HE NaCl & FHhel 2RO FPL
FA @0 A4S BIYSR S AR NaCl
of 3FE HFe HAYY FFRANE FFF o]
& ARE WANRAG. BIY Bl ofe YA
d $AAE 34 sdol o8 g4 AN

o @ Tdg Aqde gedsE AL & AN
I, TYE SxExANN SHAS 277 A &
stch. webd B a3 dAds oAz 3y g
o] HEHAC] Y& AAE YeE e FTAH

Z9uch ge 1ag (98 etk

T & Aol Vv

= 7

2 =52 Ui I7AY d7A A
7 wEAHAAR S T 21 A, 283
g2 el 5 7] 2 AT 7 A (no. 98-02000-03-
01-3)9 AAAYE Pol FP=on] oo T
2 A& A =gy h

i
r

e

(1) Kruis, F. E., Fissan, H. and Peled, A., 1998,
“Synthesis of Nanoparticles in the Gas Phase for
Electronic, Optical and Magnetic Applications-a
Review,” J. Aerosol Sci., Vol. 29, pp. 511~535.

(2) Zhu, W. and Pratsinis, S. E., 1996, “Flame Synthesis
of Nanosize Particles: Effect of Flame Configuration
and Oxidant Composition,” Nanotechnology, eds G.-M.
Chow and K. E. Gonsalves ACS Symposium Ser. Vol.
622, pp. 64~78.

(3) Fotou, G. P, Pratsinis S. E. and Baron, P. A., 1994a,
“Coating of Silica Fibers by Ultrafine Particles in a
Flame Reactor,” Chem. Eng. Sci., Vol. 49, 1651~1662.

(4) Fotou, G. P, Vemury, S. and Pratsinis S. E., 1994b,
Synthesis and Evaluation of Titania Powders for
Photodestruction of Phenol,” Chem. Eng. Sci., Vol. 49,
4939~4948.

(5) Pratsinis, S. E., 1998, “Flame Aerosol Synthesis of
Ceramic Powders,” Prog. Energy Combust. Sci., Vol.
24, pp. 197~219.

(6) Xiong, Y., Pratsinis, S. E. and Mastrangelo S. V. R.,
1992, “The Effect of Ionic Additives on Aerosol
Coagulation,” J. Colloid Interface Sci., Vol. 153, pp.
106~117.

(7) Vemury, S., Pratsinis, S. E. and Kibbey, L., 1997,
“Electrically  Controlled Flame Synthesis of
Nanophase TiO,, SiO; and SnO; Powders,” J. Matter.
Res., Vol. 12, pp. 1031~1042.

(8) Hyeon-Lee, J., Beaucage, G., Pratsinis, S. E. and
Vemury S., 1998, “Fractal Analysis of Flame-
Synthesized Nanostructured Silica and Titania
Powders Using Small-Angle X-Ray Scattering”,
Langmuir 1998, pp. 5751~5756.

(9) Julien. R. and Bodet, R., 1987, Aggregation and
Fractal Aggregates. World Scientific, Singapore, pp.
52~57.

(10)Park, H., Kim, S. and Chang, H., 2002, “Numerical
Simulation for the Non-Spherical Aggregation of
Charged Particles”, Transactions of the KSME (B), Vol.
26, pp. 227~237.

(11)Kerker, M., 1969, The Scattering of Light and Other
Electromagnetic Radiation, Academic Press, New
York.

(12)Beme, B. R. and Percora, R., 1976, Dynamic Light



w3 e o8 txdR A4 Aol 53

Scattering, John Wiley and Sons, New York, Chapter 8.

(13)Mountain, R. D. and Mulholland, G. W.,, 1988,
“Light  Scattering  from  Simulated  Smoke
Agglomerates,” Langmuir 1988, pp. 1321~1326.

(14)Chang, H. and Biswas, P., 1992, "In situ Light
Scattering  Dissymmetry Measurements of the
Evolution of the Aerosol Size Distribution in Flames,"
J. Colloid and Interface Sci., Vol. 153, pp.157~166.

(15) Smyth, K. C., Miller J. H., Dorfman, R. C., Mallard,

W. G., and Santoro, R. F., 1985, “Soot Inception in a
Methane/air Diffusion Flame as Characterized by
Detailed Species Profiles,” Combust. Flame, Vol. 62,
pp. 157~181.

(16) White, F. M., 1984, Heat Transfer, Addison-Wesley
Publishing Company, p. 552.

(17)Hurd, A. J. and Flower, W. L., 1987, “In situ Growth
and Structure of Fractal Silica Aggregates in a Flame,”
J. Colloid and Interface Sci., Vol. 122, pp.178~192.



