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7 . Electrostatic Safety Evaluation for Pneumatic Powder Transport*
by Tsutomu Kopama**, Koujirou NISHIMURA*** and Yasuyuki TABATA****

Abstract . Recently many kinds of materials and raw materials are being handled in powder form in
industries by means of pneumatic transportation because of handling advantage. However, a large
amount of electrostatic charge generated by friction within pipe walls and collisions with other compo-
nents within the system accumulate on powders with a high electric resistivity. Loading powders that
carry large amounts of static charge into a silo from the top raises electric field strength inside the silo
and may generate electrostatic discharges and cause ignition of flammable dusts in case small particle
powders present with higher concentration than the low explosion limit. In order to prevent such a dust
explosion from occurring during powder handling, proper safety evaluations applied to real facility are
required in industries. So, for the purpose of considering evaluation methods for electrostatic safety
during pneumatic powder transport, experiments measuring both static field strength and static charge
on powder inside the pneumatic system using full scale experimental facility were carried out.

Experimental facility consists of a stainless steel cylindrical silo of capacity measured 3.5 m?
(diameter of 1.5 m and height of 2 m), stainless steel pipeline of 4 inch in diameter, a pressure type air
blower driven by an inverter motor, bag filter equipment and air conditioning unit controlling the
temperature and humidity of blowing. Electrostatic field strength inside the silo was also measured with
an electrostatic field meter. The sensor was mounted on the outside wall which consisted of an opening
for measurement. The sensor was a vibrating electrode being driven by a electric tuning fork and the
probe was provided with an air blow mechanism for preventing the sensor from being coated by powder
particles. Such a kind of field sensor was also mounted on the pneumatic pipe to measure the field
strength inside the pipe and electrostatic charge on powder during transportation was calculated from
field strength.

In the experiment, the air blow type field sensors could be applicable for the measurements of both
field strength within a silo and specific charge of powder within a pipe. Field strength inside a silo could
be estimated from the specific charge and concentration of incoming powder and powder cloud in the silo.
As the result, the air blow type field sensor was found to be applicable for safety evaluations during a
pneumatic powder transportation. Furthermore, it was suggested that field strength inside a silo concern-
ing the occurrence of incendiary discharge related to the specific charge and concentration of powder
including the powder cloud.
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Fig. 1 Schematic diagram of experimental facility.
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Table 1 Experimental results.
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1 5 25 6.5 -3 2 9 0.3 3.8 0.2
2 14 25 6.5 -11 8 8.5 0.6 3.1 1.5
3 40 25 6.5 -11 8.5 9 0.7 4.1 2.3
4 14 25 8.1 -16 8 15 0.45 3.1 0.1
5 14 25 11.8 -30 21 37 0.8 4.2 0.1
6 14 8.6 6.6 -5 2 10 0.4 3.4 1.8
7 14 42.3 6.6 -11 8 9 1 2.1 0.3
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7272 L,
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Fig. 4 Computer scanned recording chart of field
strength measurement for a pipe.
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Table 2 Some caiculated values from measurement results.
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(kg/min) | (m*/min) | (kg/m?) (C/kg) (uC/m?) (kV/cm)
6 8.6 6.6 1.3 70 91 0.4
2 25 6.5 3.8 20 76 0.6
7 42 6.6 6.4 13 83 1
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Fig. 5 Relationships between specific charge of powder
and powder flow rate. Fig. 6 Relationships between space charge density and

MFRE & ECEPRMELEER & DRIk

2 1.5
[$]
~
>
X 1
L
B
o 05 r
e}
(%]
= v
Q L. L 1
i 0
0 20 40 60
Powder flow rate (kg/min)
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and powder flow rate.

MFIE &Y D NEFRE & OBk

3.2 YA ORNEER C ADTERE

EEEE2, 6, TIXOVT, ¥4 2HAREND
WMEOEE, HER, EHEFEEY LR EREFCE
H LU 7 #& 2 % Table 2 12777,

N X3 e, BERIBES—EDEMETIX, Fig. 5
WiRT & D12, MEDILERIIHEREDCEME £ b
RT3, 2D kiR, ZEREN—ETHIIE,
MERENED > Th LIED 5 7% nEn ) EERER
HoEMNDE, TDIEIF, ERREP—EDEE,
BHEEREMLTY, HARMEYS Y ChRERE L E
% BIETIMEOENEDL LR NI EEEKRT %,

powder flow rate

HEE CEEEANRMERRE & ORIk

ZDEE, BEROEMEBREE queid, XD (11)
RWRT LI, EKHEEL LOADEBTHS DT,
MAERRESEML T Eb 55w (Fig. 6 28) 23,
MERECHA L THERBELEMT 20T, (7)
b 5 BRI EA T 5,

L=qysyVa (11)

L Lo, 4 olNOBEREER, Fig. 7R
T Lo, BEREOHEME & b WENT 2ER %
Lize ZOERERRAE LTI, MTRRT LI, 4 n
NOFEFRBEOH CABEDEIMI L 2 b D LHE
Ehb,

A4 uNOBREER, X0 (12) ReRmT L1,
Y4 oRNICTRAT 2 HEMRER T 2BFRHT &
4 O WIZEET 2 HED CARRT 2 BHRES O
LD, zhzhoBERESE (13) KU (14) RT
xEN3B,

E,=E,+E, (12)
n Q’g
Ep 2 (£ (13)
az—%%— (14)
7272 L,

E 4 oNOEFBE (V/m)
E, D ERRE THEICERT 2 BAKS (V/m)



i _ Air

| o

Fig. 8 Schematic diagram of silo regarding safety
Evaluation.
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