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Abstract — We investigated experimentally the ignition characteristic of dust and the hazard evaluating for electrostatic
discharge. The ignition energy experiments were performed on sample dusts such as PE(HD), PE(LD), PMMA using the
MIKE-3 apparatus. The formation of flame during the ignition of PE(HD) dust clouds occurred after the delay time of
about 8 ms, and the flame kernels were not observed in center of ignition occurrence area. The voltage increased with
increasing the number of dust dispersions and the increase rate of measured voltage with dust concentration was the
highest in the order of PMMA, PE(LD) and PE(HD). For the effect of dispersion condition on the voltage in PE(HD) dust,
the results were obtained that the voltage increased as the number of dispersions increased and as the concentration
increased under the same dispersion number. The safety voltages to prevent fire and explosions by electrostatic ignition
were estimated that PE(HD), PE(LD)-1, PE(LD)-2, and PMMA were 2.58, 44.72, 25.82, and 8.16 kV, respectively. We
proposed the method for estimating the minimum ignition energy by using the measured voltage data for efficient
investigation of electrostatic ignition hazard.
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Table 1. Particle distribution of samples

Samples dy (um) dog (um) SD. (um) Mean (um) Median (um)

PE(HD) 26.04 149.6 77.80 81.83 61.54

PE(LD)-1 48.27 286.5 88.25 168.1 166.10

PE(LD)-2 23.51 376.9 159.7 152.2 97.10

PMMA 7.284 24.24 6.457 15.72 15.66
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Fig. 1. Scheme and MIKE-3 apparatus for minimum ignition energy (MIE).

Table 2. MIE and statistic MIE(Es) of dust clouds

Items Contents
r C-(Vi-V;
E =J' I(t)- V(t)dt = (—'2)
0 2
MIE
(E, Es) E,<MIE<E,
1[E>]- (logE,—logEy)
log ’{ (NTHD) (B +1 }
E, =10
E : Minimum ignition energy(MIE)
El : Maximum ignition energy with no ignition
Variables E2 : Minimum ignition energy with ignition

Es : Statistic minimum ignition energy
I[E2] : Number of ignition in E2 energy
(NI+I)-[E2] : Total number of MIE testing in E2 energy

moving electrode ———:
compressed ar for ME ——
’
compressed air for purging ———— .
|

onfoff switch — il

Table 3. Measurement conditions of electrostatic discharge in dust clouds

Items Contents
- Temperature : 21~22 °C

- Humidity : 40~45%RH

- Atmospheric pressure : 100.9 kPa

Measurement
conditions

- Dispersion pressure : 7 barG
Conditions of - Dust concentration (mg/L) : 300, 900, 1500
dispersion - Dispersion number under the same concentration :
1, 5, 10 times

319 AT Lﬁ}i}‘éO] H“@EPB} il ?JXP] Z‘%H < *Hﬂ ]
ZAFe] $18ked %3147 2H(Optronis CR 3000 x2, Germany)s
AFE-3FS] 1000 frames/sS] 2702 Z3}9d-S 23T}
PE(HDY:Z- el thal] Auh= whdel o3k 213} A|2] 313 842 Al
ALGZl st 712 AFE Fig. 200 AAEFSITE Fig. 20014 2 5
Qo] BA3ld-L 23} Fof] AA 77]9) A AA|7H(Delay time)
Sof @At 9o, Whxlo] Al ZHE A(t=0 ms) 3} H (Flame
kernel)o] A3AJ3F71714] Al = A17ES oF 8 ms(t=8 ms)= AL

25eIA) 9197 361

?— door lock

w— high-voltage electrode

@— dispersion pressure
{ (7 bar overpressure)

@ —— keys for: mlet valve
.---.% ME / outlet valve

Atk A oE dRAE R} dAGS o) AujE oy
[11], &3lo] &s}alr] S8l E H3dE37]2 Ao st
o1& H3lX T YAkl sz HA o] Foj Aok }UEX]O’V‘V}
(8 ms)> YRS Gtk e] A T} bl A Q E = ATl &
Fetttar & ¢ qlot. gigd o] WhAlsh= T34 A& AAE ¥
3} (=0~14 mS)*E“ B3l AR A, B4 o] dojuke
748 F4F(t=0 ms)7}F obd 23} $-9] 8~14 ms?] AJF
o] dojuk FRF oA st o] vehe], 2k (E4 |
| S FRtelX = 3Fo] FAEA diS & 5 T
Ao g el A ghglo] B S ARl R E B3
= 9lsf ‘é“‘@ﬁi v 4| %2 3H(Micro shockwave)”} &3l ¢
A= 1 (Al dlrectlons)j o i 257}
317] #i -ir J=lm, Whd e 255t Srlshd

vlA FAT ]| o)gt Gk A 7/4\05 kTt AT
E5E 23] A= 2ehe A= wA Zek e vA
o] Jro 7 gldde] o] o)Fd 4 glom sl 3
2 o]o]d S & T U

o

=
OF mr o M
2ok

! o
RO

A

r{n

O{N'
ooy

=T SO P

b
@

2 50X
82718} 2L A E 7}8}?45_ 7 Y=
= S 7)), o] W Aslel At P A
AR & FHA st IA(MIE)eta s Edvkct 14 545k
/3> MIE®] 719} ol A] Fa<ieel
MIE= 2215 S48k Yehdls S3
dheprelEA] A7) T 22 22 Zslelel] o] gt s of
H]—];Hz“ ° 7—1;0]._‘ 0 ]‘_: %JOLE;]— ]-JJ_E ﬁ%ﬂ_,_ h:]. Flg 3£
FE 28] W] & gle|UAE AN AFEA, T8l
AEZ-L 237} dojut HiolUA1E YeRf I Qlvk. 24 i 4
%<1 PE(HD), PE(LD)-1, PE(LD)-2, PMMA 2] MIE+= Table 48}
Zo] 2}z < 1 mJ, 100 < MIE < 300 mJ, 30 < MIE < 100 mJ, 3 <
MIE < 10 mJo] @oJF e}, MIEZA| (Fig. 1)+ 1 mJ ©]5}2] 23}
YRS A 427} Q7] wliEell, PE(HD)S] MIEE “< 1 mJ"=2
EAE T Qo B3 Y FERO] X AR 2R E AR
3mo)| wh2 23} FE-S v g 5714 MIEGk(Es)S Table 22 3
gl ol AAtal o 1 AIE Table 401 AAISFITE 23} $)

Korean Chem. Eng. Res., Vol. 59, No. 3, August, 2021

036]:_0_ uLo Di[lz

I8
]



362

r =1 B
Dust
ignition

Electrodes

mixture

Discharge
spark

t=14 ms 16 ms

18 ms 20 ms 22 ms

Fig. 2. Flame propagation and ignition of suspended particles in PE (HD)-air mixture by high-speed video camera (1000 frames/s).
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Fig. 3. Variations of ignition energy with concentration of dust sam-
ples.

Table 4. MIE measurement result of samples

Samples Median (nm) MIE (mlJ) Es (m))
PE(HD) 61.54 <1 0.5
PE(LD)-1 166.10 100 < MIE <300 150
PE(LD)-2 97.10 30 <MIE <100 79
PMMA 15.66 3<MIE<10 4
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E (mJ)) : (MIE : Minimum ignition energy)

C (pF) : Capacitance
Q (Coulomb) : Electric charge
V (Volt) : Electrostatic voltage

Fig. 4. Method for estimation of PE(HD) capacitance.
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AARE] el 44.72 kVOlER, 37 A Foll sk 4t 7o 2 st # T = olok et FHE St ) 23t
°] 4472 kv ot 2| gstie = e divhd P 7] 2kl o A A-E 1eEhE Aole TY T/ ExlojgE EAIEA
SF S B T A S W] Akl AZEO R oojd 4= Qi o] ¥atd MIER GebA 22 ARE- wxlof gk MIE A5 & 941
MIE ¥ 23} &55 188 5412 MIEEs)ell tidt (7, )= Aoz grd FArtgirt
Table 5. MIE and MIE(Es) of samples

Samples Median (pm) MIE MIE(ES)

MIE (mlJ) Voltage (kV) MIE(Es) (mJ) Voltage (kV)

PE(HD) 61.54 <1 2.58 0.5 1.82

PE(LD)-1 166.1 100~300 44.72 150 31.62

PE(LD)-2 97.10 30~100 25.82 79 22.95

PMMA 15.66 3~10 8.16 4 5.16
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BG Bro] FHgte]
54 E
2 Aol B B0 et 9 shed b 39 gAle)
Zoka BAFF) FEol] mhe Zfeluix|sh JAstel mA:
S Al A o 7 AT B3 gt S ol o3t &3l A
o] 37 WS ZAL, BA] Tl e RS Atk

(1) PE(HD) #71--2] 23} Alof] Wk 319 ) (Flame kernel)
o] A AIRES oF 8 ms® FARE Gl O], 23 A3h= Ashlo]
Aehs 57 obd sl o) T FolA spdslo] A= g}
A2 skl Wy FrhellA] TRk okt

(2) PE(HD), PE(LD)-1, PE(LD)-2, PMMA 2% 2] 57974 &
7}7} 61.54, 166.10, 97.10, 15.66 pm % ZAFE Qo1 o] ¢} -8
A5 A ZAHE PE(HD), PE(LD)-1, PE(LD)-2, PMMAS] 3

223t Y A|(MIE)=, ZH2E< 1 ml, 100 < MIE < 300 mJ, 30 < MIE
<100 mJ, 3 < MIE < 10 mJ2] A3}E ATt

(3) PE(HD), PE(LD), PMMA #3129 7t g Ff w4k
o] BTt STV R g s Al 2319 Aol st
ES5E TURIAG e 2R S A SRRl HlA|
+ 98-S FARSE 43}, PMMA, PE(LD), PE (HD)2] 2.2 7
q—E]'}‘)\T;]—‘

(4) A7) A Z oS 93 b FHde 2AME Y8l
=[Q2-E)/C]%l oJgt AbE WS Alkslelom, aﬂixﬁ@wbﬂﬂ
(MJE)A =74 7k5 #8310 PE(HD), PE(LD)-1, PE(LD)-2, PMMA 9]
bl S 4% Ay} 747} 2,58, 44.72, 25.82, 8.16 kV7F A
o 5iet.
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