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Static Electrification of Dielectric Liquids Caused by Agitation

by Tsutomu Kopama** and Yasuyuki TABATA**

Abstract; Agitation of flammable liquids is often conducted in many manufacturing factories for
various purposes such as suspension, emulsion, solution, blend, mix and so on. It is well known
that when low conductivity liquids contain impurities like solid particles and water droplets a
large amount of static charge accumulates in the agitated liquids and thereby fires and
explosions may take place due to the discharges of statics electricity.

The purpose of this study is to investigate experimentally the mechanism of static charging
caused by agitation and the anti-static effect of additives for suppressing static electricity.

In the experiments, liquids are stirred in a cylindrical stainless vessel of 310 mm in diameter
and 315 mm in depth with an impeller of paddle type and measurement was made of the
electrostatic field strength with a static field meter set on the top cover of the vessel. This field
strength was transformed into the charge density by multiplying a certain factor cahbrated from

- the experiments.

The results obtained from the experiments are as follows:

Neither pure liquids (kerosene, methanol, ethanol, acetone, xylene, n-hexane) nor the
mixtures of pure liquids (xylenemethanol, xylene ethanol, xylene /n-hexane) yielded a
significant level of static charge by agitétion.

When the water content of kerosene was above 0.3% vol, the charge densities increased with
the increase of water content of as far as 30% vol and reached a high level of about 10 u
C./m® at higher rotating speeds than 400 r, min. After the stop of agitation under the condition
as above, the static potentials continued to increase for a certain period of time, and as the
result the relaxation time of static charge also became longer up to about three times as long as
the value calculated from the conductivity of liquid in the exponential-decay theory. These
phenomena were caused most likely by the charge separation at the interface between the
continuous phase (kerosene) and the dispersed phase (water), which settled down to the bottom
owing to the difference of specific gravity.

The kerosene deteriorated by the corona discharge with or without water was also charged
up to the same level as the pure kerosene with a high content of water during and after
agitation, which suggested the presence of impurities dispersed in the deteriorated kerosene. -

Addition of a conductivity additive “ASA-3" to any kinds of kerosene with or without water
could greatly reduce the charge density down to a level of 0.1 x C,/m® during and after agitation

*  ZOPFEO—Rik 22nd IEEE,/IAS Annual Meeting (1987, Atlanta US.A) WTREL,
*x BEPFE Electrical Safety Research Division
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when the conductivity of the liquid was just raised up to about 1000 pS,/m.

From the discussion on the generation and leakage of static charge, it was guessed that the

static electrification of liquids with the dispersed phase caused by agitation was mainly ascribed to

the preferential adsorption of ions, which were produced a lot at the interface between the dispersed

phase and the continuous phase, to the wall of the vessel.
Keywords: Static Electricity, Static Charging, Agitation of Liquid, Suppression of Static Charging,
Prevention of Electrostatic Hazard, Fire and Explosion, Conductivity Additive (ASA-3)
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Schematic diagram of experimental set-up.
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Fig. 2 Schematic diagram of experimental set-up for measuring the relation

between electrostatic field-strength and charge density. {»
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Photo. 2 Conductivity cell of immersed type.
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Table 1 Results of measurement of electrostatic field-
strength of various liquids caused by agitation.
ERBFROBBLCLZIFTEEOATER

Liquid Conductivity Electrostatic Charge
field-strength density!
(8/m) (V/em) (c/m%
Acetone 1.0x10-5 -1.3 -1.3x10-7
Ethanol 1.1x10-5 -0.58 -5.8%10-8
Methanol 1.6%x10-6 0.24 2.4%x10-8
Xylene 3.2x10-12 -2.2 -2.2x10-7
Hexane 6.6x10-14 -0.044 -4,4%x10-9
Kerosene? 2.0x10-12 -3.6 -3.6%x10-7
Kerosene? 1.5x10-13 0.29 2.9x10-8

Notes:

Speed of rotation, 800 r,/ min
1 Calculated by equation (3)
2 Before filtration
3 After filtration
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Table 2 Results of measurement of electrostatic field-
strength caused by mixing of liquids.
RBREOEREABRCLIHEEDHERR

Liquid Contents Conductivity E! Ep?
of B
(% (8/m) (V/em) | (V/cm)
A, Xylene 1 6.9x10-12 -4.1 -
B, Methanol 3 2.1x10-10 -1.3 —
7 1.3x10-8 -3.8 -
10 5.5%x10-7 -2.8 -4.1
A, Xylene 1 1.3x10—1 1.0 -
B, Acetone 3 2.4x10-1 2.3 -
10 7.5x10-10 -3.4 -5.1
A, Xylene 1 1.7x10-14 0.53 0.81
B, Hexane 3 3.5x10-4 -0.22 -0.43
10 3.3x10-14 -2.3 -3.2
30 1.7x10-14 -1.9 3.7
50 1.7x10~14 -2.6 -3.9

Notes:
Speed of rotation, 800 r,/min
1 Electrostatic field-strength during agitation
2 Peak value of electrostatic field-strength after a stop of agitation;
— shows no peak
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Fig. 3 Recorder traces of electrostatic field-strength;
liquid, kerosene; speed of rotation, 1000 r, min.
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