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CHARACTERISTICS OF ELECTROSTATIC
DISPERSION OF AQUEOUS POLYMERIC SOLUTIONS

Manabu YAMAGUCH]I, Yoshito CHIKANO and Takashi KATAYAMA

Characteristics of electrostatic monodispersion were investigated experimentally for
aqueous carboxymethyl cellulose and aqueous polyacrylate solutions in the air. The
solutions behaved non-Newtonian pseudo-plastic liquid. The electric field was formed
a metal nozzle applying positive DC voltage and an grounded copper plate.
Mono-dispersed droplets of the liquids were formed in the range of the flow rate of
dispersed phase prior to formation of a liquid jet. It was shown that the size of
monodispersed droplets depended significantly on applied voltage and intrinsic
properties of the polymeric solutions. Empirical correlations for charged
uniformly-sized droplets produced in the electric field were proposed for each solution
used.

Key Words : Aqueous Polymeric Solution Electrostatic Atomization, Non-Newtonian
Liquid, Uniformly Sized Droplet
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1 : Nozzle, 2 : Copper plate, 3 : Faraday
cage, 4 : Electrometer, 5 : Stroboscope, 6 :
High voltage generator, 7 : Dispersed phase
reservoir, 8 ! Air damper, 9 : Peristaltic
pump, 10: Burette, 11 :3-way cock, 12:
Silicone oil reservoir, 13 : Burette, 14 : Silica
gel, 15 1 Constant temperature box

Fig.1 Experimental apparatus
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Table 1 Physical properties of liquids used at 25°C
liquid P yq o K q N 4* n
(ke/m]  [mN/m] [S/m] [mPa-s"] [—]
0.5wt% aq. CMC sol. 1002 68.2 0.0837 0.0217 0.947
1.0wt% aq. CMC sol. 1004 69.8 0.164 0.0823 0.898
1.2wt% aq. CMC sol. 1005 69.5 0.196 0.144 0.862
1.3wth aq. CMC sol. 1005 70.3 0.210 0.181 0.855
1.4wth aq. CMC sol. 1006 70.8 0.213 0.212 0.848
1.5wt% aq. CMC sol. 1006 72.6 0.207 0.303 0.821
1.0wt% aq. PA sol. 1001 69.2 0.0487 0.0257 0.835
1.5wt% aq. PA sol. 1001 68.2 0.0704 0.0351 0.829
2.0wth aq. PA sol. 1003 67.9 0.0911 0.0424 0.830
3.0wt% aq. PA sol. 1003 68.1 0.138 0.0564 0.832
4.0wt% aq. PA sol 1004 69.6 0.180 0.0701 0.834
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Fig.2 Schematic diagram of electro-
static liquid dispersion
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Fig.3 Size distribution of polymeric solution droplets
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applied voltage [V]
dimensionless electrostatic
stress, £,E,°D,/ 0 [—]
electric field strength defined
in Eq.(2) [V/m]
percent of droplet number to
total droplet number [=]
frequency of monodispersed
droplet formation [Hz]

frequency of stroboscope

flash (Hz]
electrode gap [m]
Rheological index [—]
volumetric flow rate of

dispersed phase [m/ s ]
Reynolds number defined in
Eq.(5) [—]

linear velocity of dispersed

phase through nozzle [m/s]

droplet volume [nt]
Weber number, P4 U,2D,/ 0
[—]

dielectric constant of liquid
(-]

permittivity of vacuum

[F/m]
Rheological viscosity of liquid

(Pa-s]
electrical conductivity of liquid

[S/m]
density of liquid [kg/m’]
surface tension [N/m]
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