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Evaluation and Prevention of Electrostatic
Hazards in Chemical Plants

Sumitomo Chemical Co., Ltd.
Process & Production Technology Center
Kiyoshi Ota

Nowadays, electrostatic theories are usefully applied to various industries. On the other hand static electricity

cause ESD (electrostatic discharge) problem in high technology industries or fire and explosion in chemical

industries. In order to prevent incidents caused by electrostatic discharge, it is important that operators or staffs

working in chemical plants find electrostatic potential hazards and have consultations with safety experts. Elec-

trostatic charge and discharge phenomena, countermeasures against static electricity and some methods for eval-

uating electrostatic hazards are described in this paper.
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Volume resistivity [ - m]
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Electrical ‘ Moderate ‘ Insulator
conductor
Sufficient effect of Moderate No effect of
grounding grounding

BGEEEM Volume resistivity and effectiveness of
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3000002
gooobooobooobobooobbog

55



obooooooboobobooooboogoo

obooocobOOoobOoooOobOO0O0oO0oOoooon
oboooobooooOooooobooOoOobooooo
oooooo

4000
obooooooooooooooocoooooboooo

50000
obOc/gq0O0o0O0ooooooooocoooon
oooo

600000

0000000000000000Q[C]lO0OD
v[v]DOOOODOoOoOOO[FlocOoo/000000
0000000000 00000000000 U[J]
0DO0UD 1/20C0V2000003 000000000
000000000000000000000000
oooo

0o0o0oo0g
oov/mOOO0OD0200000000000000
oooooboooooobooonozo0b000n
oooooooooobooooboobooooboooon
oooooooooooooooooood

suonon

O0O0F/mOO0O00O0DOOOEOOODODO €E
oobbOeDOOOOO0OOOOOOOOCOOODOOO
oooooo

ounnoong

Fig.3lj0O0o0oooooooooooooogoon
oooooooobooooobobooobooooDbon
oboooooooooooooboobooooon
oooo

oobooooooonog
goooopoobooobooboobooboo
gbogobogbbobbbboobobooboooo
gbobboooobobobobooobooooo
gbooobobooobobboboooobobobo
gboboooooooboboobobooooooo
ooooisQoooooooooooooooon
gobobobooooobobo

gogbboooooggn

1ngooo
000000 Fg.2000000000000OO

56

Material A B s :

S)
S)
S)
S

0/010/0

CICICIO)
g

(c) Electrification by
by contact electric double separation

(a) Transfer of charge (b) Formation of

layer

BGEE A Mechanism of electrostatic charge
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(f) Electrification during
transferring liquid
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BGEEEN Example of electrostatic charge
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metal fiber native material ~ synthetic resin
*) ) *) +)
asbestos
hair/fur
glass
mica
wool
nylon
rayon
Pb
silk
cotton raw cotton
hemp
wood
human skin
glass fiber
Zn acetate fiber
Al
paper
Cr
ebonite
Fe
Cu
Ni
Au rubber polystyrene
vinylon
Pt polypropylene
polyester
acrylic fiber
polyethylene
polyvinylidene chloride celluloid
cellophane
vinyl chloride
polytetrafluoroethylene
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B Examples of series of frictional electrifi-
cation
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-5 Classifications of electrostatic discharge

Types of discharge ~ Characteristics

Hazards of ignition

Condition for discharge

Corona discharge It can occur when an electrode with radius
of curvature less than 5mm experiences a

strong electric field.

not sufficiently energetic to ignite
almost materials except sevral materials
which has very small minimum ignition
energy such as Hz, CSz.

potential : more than several
kilovolt

Brush discharge It can occur between a conductor with
radius of curvature in the range 5 to 50mm
and either another conductor or a charged

insulating surface.

sufficiently energetic to ignite gases and
vapors and some dust cloud which has
low minimum ignition energy (less than
several mJ)

potential : more than dozens of
kilovolt

average of electric filed : more
than 1X10° V/m

Cone discharge It can occur along the conical surface of
the powder heap during filling of a large

silo with powder which has low

sufficiently energetic to ignite gases and
vapors and some dust cloud which has
low minimum ignition energy (less than

diameter of powder : around
1~10mm

conductivity. around 10 m])
Lightning-like It can occur in a large container and along  sufficiently energetic to ignite gases and  average of electric field : more
discharge spark jumps from the cloud to the vapors and dust cloud than 2.7X105V/m
grounded container wall.
Spark discharge transitional discharge phenomenon which sufficiently energetic to ignite gases and  electric field : more than
lead to arc or glow discharge. vapors and dust cloud 3X106V/m
Surface discharge It can occur along the surface of thin sufficiently energetic to ignite gases and  thickness of insulator : less

insulating layer backed by a conductor.

vapors and dust cloud

than 8mm
surface charge : more than
250uC/m?
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Test conditions
room temperature
atmospheric pressure
Upper spread in vertical tube
(diameter: 5cm)

about 15%
S

about 5%

100 90 80 70

50 40 30

Oxygen [vol.%]
B Flammable limits of methane
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111578 Safety margin of oxygen concentration

in case of continually monitoring  in case of non-continually
of oxygen concentration monitoring of oxygen concentration
LOC = 5% : LOC-2% LOC >5%: LOC X 0.6%

LOC < 5% : LOC X 0.6% LOC < 5% : LOC X 0.4%
LOC : Limiting oxygen concentration
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® : flammable solids
( Each data was evaluated by)
Tag closed cup method

{
> > [\
T T T T T T T T4

Tag closed Cup <—§>Pensky Martens closed Cup

20 0 20 40 60 80 100 120 140 160 180 200
Flash point (JIS closed cup method) [°C]

Lower flash point — flash point by JIS method [°C]

BGEEE  Relations between flash point determined
by the JIS closed cup and lower flash point
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Wiremesh [/

Cylinder
le«—(clear vinyl
600mm chloride)

Electrodes

2000mm

800mm |

Y N—

Mist recei
2 Fluid nozzle (ni)st ;f ::SIZ:Z d) Test temp. : about 20°C

v Sample : aqueous solution
of organic solvent
(flash point 58°C)

Mist receiver \Photo of mist explosion )

A4

>

o Wire mesh

g ™

BGEEEN Example of mist explosion and test appa-
ratus
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Poisson’s equation

2 2 2
2o ? . ® __ p o
ox?2 ay? 072 €
Energy calculation
1
U= ) Je-E2dV )]
o : Potential [V] p : Space charge density [C/m?]

€ : Dielectric constant [F/m] U : Energy [J]
E : Electric field strength [V/m]

BEEEEN  Basic formula of electric fields
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Faraday Cup
(aspiration type) S et

A
v

Thick paper

Coaxial cable Purge

Wire mesh \4_
>

Electric field
Probe
Insulator 2
— Pump
GBI Measurement of charged density of dust

cloud

Insulator

@“_-:

Filter paper

Wire mesh  oaxial cable

IEEEEN Details of faraday cup (aspiration type)

Shape of paddle

G  Simulation results of electric field strength
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1% Recommendations (potential of insulator)

Minimum ignition energy [m]] Indices of potential [kV]

< 0.1 <1
01~1 <5
1~10 <10

> 10 <10

1 Results (human charge)
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2000000000000 RNS-TR-87-10000
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30Heinz Haase Translated by M. Wald O Elec-
trostatic Hazards Their Evaluation and control,
019770, VERLAG CHEMIE

4000000, D200 0O 240020040

s 0ododoooooon oooooood,
00oo490

60Jones T.B. and King J.L.O Powder Handling

Items Case 1 Case 2

Case 3

Case 4 Case 5 Case 6

Floor polyurethane floor + polyurethane floor polyurethane floor + polyurethane floor + polyurethane floor polyurethane floor
conductive grounded plate conductive grounded plate  conductive grounded plate
Shoes antistatic shoes antistatic shoes antistatic shoes slippers slippers slippers
Clothes antistatic working antistatic working polypropylene polypropylene polypropylene antistatic working
wares wares working wares working wares working wares wares
Maximum potential [V] 70 420 940 6100 7420 7970
Electrostatic capacity of
120 98 120 64 60 60
human body [pF]
Energy accumulated to
2.9E-04 8.6E-03 0.1 1.2 1.7 1.9
human body [m]]
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and Electrostatics 0 Understanding and Pre-
venting Hazards, 199100, LEWIS

70Glor M.O Electrostatic Hazards in Powder Han-
dling,[0 198800, JOHN WILEY & SONS INC.

8ONFPA O NFPA77 Recommended Practice on
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O, 50019770

100NFPA O NFPA69 Standard on Explosion Pre-
vention Systems, 700 19970

11O 0000000000000 oogdooRIS-
SD-86, 100000000 DOOOOOOO19860

12[Rolf K.Eckhoff: Dust Explosions in the Process
Industries, second edition;] 199700, BUTTER-
WORTH HEINEMANN
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140 1SO 6184/1 Explosion protection systems -
Partl: Determination of explosion indices of
combustible dusts in air,00 19850

1500ohn BartonO DUST EXPLOSION PREVEN-
TION AND PROTECTION, 20020, IChemE

16Daniel A. Crowl and Joseph F. Louvar 0 Chem-
ical Process Safety: Fundamentals with Appli-
cations,[1199000] PRENTICE HALL
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59020010
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2000hsawa A, Powder Tech. 1350 136, 216120030
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