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PE(HD), PE(LD)-1, PE(LD)-2, PMMA®] 7 #x1¢] AAg & 4] 2434&

[27 4-2]~[27 4-5]° Hetdllth. 4= W)= PEHD), PE(LD)-2 &3
WA HE FEXE Yl ¥l PE(LD)-1, PMMA®Z S AdiAo® F&

]
Hhalo]l AL A 218 v) 4 (SEM ; Scanning Electron Microscope)S AF83191

SEM¥ZE Aol Ardh 4= @7 93k Sy WA o 5383 dAgE

Diff. + Cum. < Volume

6 = - 100
M 0.375 um to 2000 um
1111 Volume:  100% 90
= Polyethylene(HD) M1k Mean:  81.83um
i r L Median:  61.54 um —80
— SiDY 77.80 um Q'\
o dio: 26.04 - o
S 4 i d;Z: 149.6 7 70 B
£ I 60 E
2 | )
> 3 -50 =
£ I ~40 2
o 2 I o
g | —30 g
o 3
20 ©O
1-
lm«mﬁﬁﬂi N
0 T [ T l \ 0
05 1 5 10 50 100 1000
Particle Diameter (um)
[2¥ 4-2] PE(HD)9] 4=&X 54
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Diff. + Cum. < Volume
9 5 [~ 100
0.375 um to 2000 um
0 2 % —90
i Polyethylene(LD)-1 (Y [Meam: 16BAum
Median:  166.1 um - 80
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£ ) -60 §
3 5 N 32
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Diff. + Cum. < Volume
4] % 100
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< Al || dio: 23.51 um 70 =
S il doo: 376.9 um [0}
g 2.5 1 60 g
s I - 5
S 24 1l ~50 =
© | .y o
8 40 2
§ 1.5 5
£ re g
=) 1 - =
~-20 ©O
0.5 U —10
0 —F5 { I T , T 0
05 1 5 10 50 100 1000
Particle Diameter (um)
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10 71— 100
o 0.375 um to 2000 um
g I Volume:  100% 90
8- i Medion: 1566um | 80
. | S.D.: 6.457 um ’\c?
o\o 7 d1o: 7.284 um ~70 2
g L dao: 24.24 um o
E o I ~60 5
S o P | 0 %
'% 4 SEM of PMMA particles | I 40 .%
g 3 | -30 2
e 5 L O
1 —10
0 | T [ T T T [ [ | T [ 0
04 1 2 4 6 10 20 40 60 100 200
Particle Diameter (um)
[2%] 4-5] PMMAS] JJE=8¥ E4
<E 4-3> YRR A Ay
Samples dio dy S.D. Mean Median
P (um) (um) (um) (um) (um)
PE(HD) 26.04 149.6 77.80 31.83 61.54
PE(LD)-1 48.27 286.5 38.25 168.1 166.1
PE(LD)-2 23.51 376.9 159.7 152.2 97.10
PMMA 7.284 24.24 6.457 15.72 15.66
2. E[|AFSI0|LH XS] ZAL

1) Al

o] g}

=

[e}

E




41

~
S e

x
o

ES

[m]

Iv. 3871 Mo x|e] F7t

RN AN TS KA T T o o) Ao T T
X oo ox oF .m m oo T o 0 oﬂ_ﬁ "R o now 4

— o — \H I
5 ﬂ o R — & E o) & M;|o ™ M B~ M L
TN A B = S B e T T W OW o T oy
w P o T T v oo Mo+ MWl B W OF e~ 5 T T v
WD do W Sh ooy L wow oy oo T
oy gm % L N oy EM X N o T 5 = - ol
) ) hal AL
%_EZTHExﬂm.lzwmeJMM T E
R T BV B e N CINC S
saBrex iz E X mrsg, Py
TP BN g g smg T E T g e R
Q T . p— A
PR LBRLTEE ST RE T a2k TR
H_T._ Z.L m_wo o 0_1_ o = m = N _nl BH ﬂo N e =N TR ol
TRy o T B W TS m P ow
e G IS G = G ROW oo B o
FETE M e S oy H xRy T
L.OH O_:i}‘Ul eJI\_-/‘Aﬂ_A,anL( OMOL ~
O 2o %o N oo o0 v QO OE ol M
< Xoxr 9 X o LB < ! >
T PoX]n,a MLHE:JILJ._; -~ G =) —
o T ) S o BOE oy X e X I X
oY =mmk S B oo Boos My
n.m <0 5 X m o7 o N g I WL 0% Nk - do 1H “
ﬁ;_mﬁwﬂ%ﬂ@mo%#ﬂHTﬂq&Hmﬁwﬁ
o T 3 = 5 J e = o < ]!
@%%Wm,ﬁ%w ngaﬂmpgamg%meﬂﬂ
Fefrzicicict8zisragied
o2 Z R KR GV IME L HE LT oy o
w R 2T g Ed T s Ty gy R Ew
M M = o TR om o S WL o T NL & T B o @M of oy
ﬁWﬂ%M%A%Hmﬂ@%@%moﬁﬂAﬂﬂ
) — o) o | palls
iz I RN S B~ AN = o M.* N ] = % E]E DN~
aolE o o= B X W= § NN T
wf X O m xr ST o PN e W ow g Mo Mo B A=
MW R oNr 2oL T ORE M o— o - N B o ~ N g
.o M m 7o ) O NI WHLM7LZ|.6
o N ‘IEO_LX o ) <o = ol <o
ny B G LA m X T M 5 K
- N S ~ B o < oo o2 W
T = L)) = B ﬂ_OI]MﬂU wm_;o
CHER F B % H 8w T o ©okfowl o) 8 oo wp
TEmAFT A EESE E R YW B T o~ = a

7}
g

=]
=

x
=

Al
~

3} E 7HHartmann)

|

Aol wbA = 10 mJEEh B gholl A

O 92 | el A s Aol

T

_?/‘IL_‘

Fes =of ok ¥ MIKE 39 A3 el A

°©

=

thﬂ

=

dl, MIKE 3¢] 5

-

-

7t

[e)

=

T MIE%
=

[€)



@7

Nz

4

FH2| A=t oot 2T SASFHAL

42 ..

2 FAH Ut

Fo

A

A A

4

7R 3 A E 2t

ol o,
wa

I =0l M 103] o] A7} o] Fofx] 4]

S

kel
T

2t gof Y 4]

EIER

uE

g HaFstouA =

=]
-7

’

13821 @ 2002”7

o AgH FATFAL AYPUL EN

stolux] S48 9

=k

o= Electrode

th [Z23 4-T191A Fo1 31 Aol A e} 2ol

[e)
A%

10~1,000 m]

T,

S

ek
movement® A A AlES AA]

High—Voltage Relay=

T
-

s

2~
T

st
=

% 994 A

2

bol mh mAQ) Qb

AE

MIE= &A% MIE(Es)E A%

= Uth

a
= T o
E= WWVG
D 2 2 8 &
s e & o 8

= =2 o =
o pm..qmualh
= & g £ ° =
o = S = o =B
= E g e = 2
— T T 8 o —
: & 5288
- L |2 T
* STEL
@ *e
a =
mmw k2
=
g & & 2
e‘erJ r=3
e =
£ 3 5 8
O%d
mme
S. &
s o
S &
(=]
&
<
o

A

(27 4-6] #2238t |WA(MIE) Al



Iv. 3871 Moo x|e] F7F A F=F .. 43

<3 4-4> MIE A @7d=] o] AL

Items Specifications
Maker MIKE-3 (Kithner, Swiss)
Volume of glass tube 1.2 liter
Dust dispersion system Mushroom-shaped
- Diameter : 2 mm
Electrodes - Material : Tungsten or stainless steel

- Distance : 6 mm

- With L in discharge circuit

. ) L=1~2mH
Condition of inductance(L) | Without L in discharge circuit
L < 0.025 mH
Ignition energy(E) range 1~ 1000 m]
for test
A Dblast of compressed air 7 bar
T . 2 _yy2
E = f I(t) - V(t)dt = M
0

E, < MIE <E,

_(I[Ez]-(log E;—10gE4)
£, = 1078 Bt e )

E : Minimum ignition energy (MIE)

El : Maximum ignition energy with no ignition

E2 : Minimum ignition energy with ignition

Es @ Statistical MIE

I[E2] : Number of ignition in E2 energy

(NI+D)-[E2] : Total number of MIE testing in E2 energy

(27 4-71 MIES] 54 2 $A4 MIES] A%t By




R AdRFE dA A7 YA E Jtetd Exlo] #3}std]
Fbs Jog|A wHed o W dasgh P AL AV duAE HA
2 A/MMIE)2t a1 gheh, [1%] 4-8]2 PE(HD)®] #HAZsteUA2A &
2] 90, 120, 150 ms®] A AAIZHt) S AR W] A
spolix o] Y Az MIEE < 1 m]J2 fojfth =3 PELD)-1
PE(LD)-2, PMMA®] MIEZ#E [29 4-9]~[2% 4-11]°] Jeldlct H71 o
A 4Fe] BRe MIE 54 Z3E <& 45> AAsIYH. PE(LD)-1
PE(LD)-2, PMMA®] MIEX Z+2F 100 < MIE < 300 mJ, 30 < MIE < 100
mJ, 3 < MIE < 10 mJe] @Rt gAA o] 45 wg Jdyo=z 9
CRIVF HETE ZAEUE HY) HeEiA e o 2 AU destrs
MIEZte] S7Fstth. MIEv= 3 Z % 5438 YEds T8 AAZA
Aol A ATty 98 &&= Jdow, 53 Fdr] $d 5
e wjg 2o #Zskdo] At edowM HESOF s F¢

Q

of Fa3k xw7} H}

>
Mo
r>~

o{,

ty set [ms]
L1000 m) AR ~
-90
L 300m) - 120
I - 150
u] E I L 100 m)
on @ i mian L 20m)
L 10m)
Iml Inductance
L=1mH ~
1ml
150 600 900 1200 1800 2400 3000 3500 mg Ej X

[71%] 4-8] PE(HD)®] & A2tsteyA|
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Info Table Graph Audit
v set
- 1000 mJ ® n
; l Om S0ms
O - 300md Qumm 120ms
& O (¢} (&) O 1om
O O L som
L 10md
- 3md
L o1ml
T T T T T
300 600 900 1200 1500  mg
E2= 300 md <300 mJ <300 mJ
Es=  150mJ moms B 150 mJ l
El= 100 mdJ > 100 mJ > 100 mJ
L=1mH v 90 ms 120 ms

(29 4-9] PE(LD)-19] # 22 s}ol|L]#]

Infa Table Graph Audit
{ 1000 mJ
+ 300 mJ
100 mJ
O + 30mJ
~ 10mJ
- 3mJ
- 1md
T T T T
900 1200 1500 1800 mg
E2= 100 mJ <300 md <100 mJ
Es= 79mJ 130 md 9 md
El= 30mJ > 100 mJ I > 30 mJ
L=1mH v [ Wms 120ms

[2% 4-10] PE(LD)-2¢] #H2#s}ojuiA]

tv set
® Al
Om 90 ms
Om 120ms




Info Table Graph Audit

+ 1000 rmJ ® Al
Om %
| - 30m
= i - 10mJ
O O | 3m
5 s[;g i S
S vams [ | >am
[71¥ 4-11] PMMA®] #Ax2slo YA
<3 4-5> H7F o #x1e] MIE 54 23
Samples Median MIE Es of MIE
P (um) (m)]) (m])
PE(HD) 61.54 <1 05
PE(LD)-1 166.1 100 < MIE < 300 150
PE(LD)-2 97.10 30 < MIE < 100 79
PMMA 15.66 3 < MIE < 10 4
3) B2131z}e] 3l EA
% 31474 2HOptronis CR3000x2, Germany)ol] <] & ?‘i‘—x]?g,x}sq 28} ES
aApegE 2ata g Ao Aol e 43k AL (17 4-1209) AN
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TOo ..

=4 7] (Electrostatic Field Meter, ESFM-Exd-1000A)+= %Z3 A%(Ex d O
C Te)o.2A =A7|9 AL <3 4-8>0l A3 T

[ZH 4-17] At =4 Es

T FA e
(D 2= @ 21~22 C
A% 54 =4 (2) F%= © 40~45 %RH
o

(3) 71+ + 1009 kPa

(1) #AF 44 5 barG
N, @) #A FE 30,900, 1500 mel
(3) #AF 3l T = z7l0|A

13, 53], 103]
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Explosion—proof type Ex d Ic T6

Range

-40,000 ~ +40,000 V

Electrostatic probe

SUS316 (12 x 200L)

Data acquisition

Bluetooth method

2) BABES] o3 JaF BA

PE(HD), PE(LD),

o 5pe

[¢]
=]
fﬁé

35000 .

PMMA £ tfgt 4 £5d =7}
FS [19 4-18]~[28 4-20]°l vebWich. PE(HD), PE(LD),
F7F Bold4E HH ko] SUte e

y L.

T T T A
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| | -A-PMMA 1
25000 A
>
@ 20000 + .
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2 15000
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10000 F i
5000 i
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0 300

(19 4-18] 24 57
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Concentration, mg/L
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25000 . . . T T
22500 - |—— Min. value of PE(LD) .
—@— Max. value of PE(LD)
20000 - | A Mean value of PE(LD) T
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>. 15000 - .
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© 12500 .
e ot .
~ 1000
7500 -
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2500 | A .
O 1 L 1 N 1 L 1 .
0 300 600 900 1200 1500 1800
Concentration, mg/L
[19 4-19] PE(LD)9] s=®¥sto] & Ao 54 23
40000 T T . T . T T
| | —ll— Min. value of PMMA i
=i —@— Max. value of PMMA
30000 | —A— Mean value of PMMA i
> 25000 | J
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© 20000 | .
2 15000 / i
10000 f A -
5000 - .
0 1 1 1 1 1
0 300 600 900 1200 1500 1800
Concentration, mg/L
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Abstract

Study on Reduction of Dust Fire and Explosion Accidents by
Electrostatic Discharge

Objectives : In this study, we examined the preventive measures of dust
fire and explosion accidents by electrostatic discharge in dust handling process.
For this purpose, we proposed the method for estimating the electrostatic
1gnition energy by measuring electrostatic voltage and the legal improvement
measures related to industrial safety and health Act.

Methods : The calculation methods were conducted to identify the minimum
ignition energy by using the measured voltage data with electrostatic field meter
We investigated the dust fire and explosion accidents caused by the ignition of
electrostatic discharge and analyzed the main causes of the accidents. In order to
examine the method for estimating the ignition energy, the ignition energy tests
were peformed on sample dusts such as PE(HD), PE(LD), PMMA using the MIE
test apparatus(MIKE 3). We also measured the capacitance of PE(HD) and
presented the application method of capacitance data from experimental results.
The estimation method of MIE(minimum ignition energy) with the dust
concentration condition was investigated by measuring the electrostatic voltage.

Results : As a result of analysis of dust fire explosion accidents caused by
electrostatic ignition in Korea, the causes of accidents occurred in workers’

work(67%) and during process operation(33%). The formation of flame during
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the ignition of dust clouds occurred after a certain period of time, and the
flame kernel after the ignition of PE(HD) dust was about 8 ms and the flame
kernel was not observed in center of ignition occurrence area. The voltages
were calculated from the measured MIE and capacitance(C) of PE(HD) and it
was almost similar to the result of the calculated voltages obtained using the
literature capacitance(C) value of PE(HD). The capacitance(C) for the
electrostatic ignition hazard was presented in three category with in
operationthuman charging), dust and process equipment, and dust without

1°° using

capacitance data. We proposed the calculation method by Ve=[(2-E)/C
voltage and MIE data for efficient investigation of electrostatic ignition hazard.
The voltage increased with increasing the number of dispersions and the
Increase rate of measered voltage with dust concentration was the highest in
the order of PMMA, PE(LD) and PE(HD). As a result of investigating the
effect of dust dispersion condition on the voltage in PE(HD), the voltage
increased as the number of dispersions increased and as the concentration
increased under the same dispersion number. Also, the range of the minimum
and maximum values of the voltage increased as the concentration increased.
The safety voltages for the prevention of fire and explosion accident by
electrostatic ignition showed that PE(HD), PE(LD)-1, PE(LD)-2, and PMMA
were 2.58, 44.72, 25.82, and 8.16 kV, respectively and the improvement of legal
standards was proposed.

Conclusions : Fire and explosion accidents caused by electrostatic ignition
have caused similar disasters repeatedly and this accident tendency is due to
the 1nadequate results of the electrostatic ignition measures. Therefore, in
order to solve these problems, it is necessary to develop a method for

evaluating and managing the hazard of electrostatic discharge and to attract
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the workplace’s interest in the safety of electrostatic ignition by distributing
the electrostatic safety data to the workplace. In consideration of the current
safety status of static electricity, it is important to monitor the electrostatic
ignition hazard by using the measured voltage, calculate the ignition energy
using the measured voltage, and manage the measured voltage with the

minimum ignition energy data.

Key Words : Electrostatic discharge, Dust, Dust explosion, Minimum ignition

energy, Capacitance, Voltage
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