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Electrostatic Charging of Dielectric Liquids
Mixed with Powders Caused by Agitation

by Tsutomu KODAMA** and Yasuyuki TABATA**

Abstract: Mixing of powders and flammable liquids is often conducted in chemical industry for
various purposes such as suspension, emulsion, resolution, blending and so on. It is well known
that a presence of dispersed phase due to solid particles or water droplets in poorly conductive
liquids produces a large amount of electrostatic charges during an agitation and thereby may
lead to fires or explosions due to electrostatic discharges.

In order to investigate experimentally electrostatic charging due to the agitation of dielectric
liquids loaded with various kinds of powders and charge suppression by an increase of liquid
conductivities, experiments have been made using a cylindrical stainless vessel, 310 mm in diam-
eter and 315 mm in depth, with an impeller of paddle type. The electrostatic charging of liquids
was measured with an electrostatic field meter set on the top cover of the vessel, and the field
strength measured was transformed into the charge density of liquids by multiplying a certain
factor.

Results obtained from the experiments are as follows:

Mixing of any kinds of tested powders such as glass powders (frit), glass beads, adipic acid,
titanium dioxide and epoxy resin, into the poorly conductive liquids, kerosene and xylene, caused
not only a high level of charge density above 10 pC /m3 during the agitation but also a large
increase of electric potential after a stop of agitation when the particle size was below 200 ym
in medium diameter. These increases of electrostatic charging are ascribed to the separation of
charges due to relative movements of solid particles and liquid at the interface between them
during and after the agitation.

Electrostatic charges increased with the increase of the quantity of the powders in hqmd but
turned to decrease and reversed the polarity of charge with the further increase of the powders.

Both additions of a conductivity additive “ASA-3” into kerosene and methanol or acetone
into xylene indicated great reduction of the charge density down to a level of 0.1 uC/ m? during
and after the agitation when the conductivity of liquid was raised up to about 1nS/m.
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Table 1  Properties of powders used in experiments.
HEERAEOMER
Items Glass powder | Glass beads, | Glass beads, [ Titanium Adipic acid Epoxy resin
(Frit) GBL GBM dioxide

Specific 2.5 2.5 4.2 4.2 1.34 1.19
gravity (18°C) (25°C)
Particle (Table 2) 31,41,60 or 30 or 41 0.83 158 1000-2000
size! (um) 106
Chemical |Components, |Soda lime- Titan Barium | Rutile type | Molecular Epoxy equiv-
properties Si0y  56% |silicate system glass formula, alent, 800-

B203 18% | glass HOOC(CHz2)4- | 900g

NasO 14% | Sphere rate, | Sphere rate, COOH Molecular

AlbO3 6% > 95% > 95% weight, 1350

CaO 6%

Note 1) Medium diameter (50% volume-average) of samples, except epoxy resin, measured using Malvern.
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Fig. 1 Schematic diagram of experimental set-up.
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Table 2 Medium diameter of Classified glass powders. 0 =9 e O ()
DR 5 XD R RN
oot
Mesh Aperture of Medium diameter! -20} \.\ .
number sieves (um) (pm) .
~ a0l N
200 under < 74 32 g Bl e
200-145 74-105 71 = TNp
145-100 105-149 124 w2 -60+ Conc. of powders
100- 65 149-212 197
—o— 0.3g/1
65- 48 212-297 s | 3 g/l
48- 35 297-425 440 -0t ¢ &
35 over > 425 > 600 ~o 30 g/l
Note 1) 50% volume-average measured using Malvern "1000 2'00 4’00 6'00 3'00 1"000

(a) Glass powders (b) Titanium dioxide

(c) Adipic acid

Photo 1  Shape of powders observed by SEM.
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Fig. 2 Relation between electrostatic field-strength dur-
ing agitation and speed of rotation; liquid,
kerosene; powder, glass beads (GBM-40um).
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Fig. 3 Relation between the peak value of electrostatic

field-strength after stop of agitation and speed
of rotation; liquid, kerosene; powder, glass beads
(GBM-40um). '
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Fig. 5 Relation between electrostatic field-strength dur-
ing agitation and medium diameter of glass pow-
ders; liquid, kerosene; powders, sieved frit, speed
of rotation, 800rpm.

b OBERME L 7 5 ABROFHRZOBR

5
IS
&
Cone. of powders
—o— 0.3g/1
e 3 g/l
-40 -0 30 g/l
=50 ‘ L 1 s L f
0 200 400 600 800 1,000

Medium diameter of powders (um)

Fig. 6 Relation between the peak value of electrostatic
field-strength after stop of agitation and medium
diameter of glass powders; liquid, kerosene; pow-
ders, sieved frit, speed of rotation, 800rpm.
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Fig. 7 Relation between electrostatic field-strength dur-
ing agitation and medium diameter of glass
beads; liquid, kerosene; powders, GBL and GBM,
speed of rotation, 800rpm.
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Fig. 8 Relation between the peak value of electrostatic
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Fig. 9 Relation between electrostatic field-strength dur-
ing agitation and concentration of powders; lig-
uid, xylene; speed of rotation, 800rpm.
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Fig. 10 Relation between the peak value of electrostatic
field-strength after stop of agitation and concen-
tration of powders; liquid, xylene; speed of rota-
tion, 800rpm.
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Fig. 11 Relation between conductivity of kerosene and
concentration of conductivity additive, ASA-3.
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