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Abstract — Dust explosion hazards are always present when combustible dusts are manufactured or handled in the process.
However, industries is experiencing difficulty in establishing chemical accident prevention measures because of insuf-
ficiency of information on dust explosion characteristics of combustible dust handled in industry. In this study, we investigated
experimentally dust explosion characteristics of two kinds of multi-walled carbon nano tubes (MWCNT) different in
particle size distribution and examined classification of dust explosion hazardous area for MWCNT manufacturing or
handling process by applying the NFPA 499 code. As a result, P,,,., K, LEL, MIE and MIT of MWCNT 1 having 124.2 pm
median diameter are obtained 6.3 bar, 56 bar-m/s, 125 g/m3, over 1000 mJ, and over 650 °C. P,,,., K,,, LEL, MIE and
MIT of MWCNT 2 having 293.5 um median diameter are 6.2 bar, 42 bar-m/s, 100 gm3, over 1000 mJ, and over 650 °C,
respectively. MWCNT 1, 2 are not categorized as combustible dust listed in the NFPA 499 Code for classification of dust
explosion hazardous area because explosion severity and ignition sensitivity of MWCNT 1, 2 are below 0.35 and 0.01,
respectively.

Key words: MWCNT, Dust explosion, Dust explosion characteristics, Explosion severity, Explosion sensitivity, Dust explosion
hazardous area
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deposition), & 3}2171°3-5-2 (Thermal chemical vapor deposition)
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Table 1. Dust explosibility parameters
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Table 2. Dust explosion classes

Class Ky Description
St0 0 No explosion
St1 0<K,<200  Weak or Medium -scale explosion
St2 200 < KS, <300 Large-scale explosion
St3 300 <K, Extremely Large-scale explosion

Table 3. Relative explosion hazard rating

Relative expl'osion Explosion severity Ign.it'ioln Inde?c of
hazard rating sensitivity explosibility
Weak <0.5 <0.2 <0.1
Moderate 05<ES.<1.0 02<IS.<1.0 0.1<LE.<1.0

Strong 10<ES.<20 10<IS.<50 1.0<LE.<10.0
Severe >2.0 >5.0 >10.0

S, NFPA 499 Code[6]°1 A& 71173 2%](Combustible dust)S
Class 1% 7311, o] & EM E, F, G 150 Wro] gae-d
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Parameter Units Description
Prax bar Maximum explosion pressure in constant volume explosion
(dP/dT) bar/s Maximum rate of explosion pressure rise in constant volume explosion
K, bar-m/s Volume-normalized maximum rate of explosion pressure rise in constant volume explosion
LEL g/m’ Lower explosion limit
MIE mJ Minimum ignition energy of dust cloud
MIT °C Minimum ignition temperature of dust cloud
LOC volume% Limiting oxygen concentration in the atmosphere for flame propagation in dust cloud
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Fig. 1. Particle size distribution of MWCNT: (a) MWCNT 1, (b) MWCNT 2.
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Fig. 2. Schematic diagram of Siwek 20-L apparatus.
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Fig. 4. Schematic diagram of MIT measuring apparatus.
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Table 4. Dust explosion characteristics of MWCNT and Pittsburgh

seam coal
MWCNT1 MWCNT?2 Pittsburgh seam coal
D, [um] 124.2 293.5 75
P, [bar] 6.3 6.2 7.1
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K,, [bar-m/s] 56 (St1) 42(St1) 143 (St 1)

LEL [g/m’] 125 100 43
MIE [m]] > 1000 > 1000 140
MIT [°C] > 650 > 1000 580
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71552131 Pittsburgh seam coal®] 31 &3 EAJ 415 Table 401
YERNSITE. Table 40l YERA 7154 5249700 2] ()¢} 2] 3)<
Z-8-3to] MWCNTS] Z7 =9} A e 55 AlAls}o] Table 501
HERNSITE. Table 5914 & <7 Q5201 MWCNT 13} 28] 7 e
77} 0.35 IRER} 0.26 BREO.E el o H Astes 217 0.04
u|qkz} 0.05 BIREOZ UpERgeE, g o) st 5o
2 A2 EE Z9 A9 (Index of explosibility)= MWCNT 13} 2
T 0.01 1]RkO 2 LFERY Table 300 )3k At ik 995
(Relative explosion hazard rating) 2F&H(Weak) 2.2 47 = T},
o]+= NFPA 499 Codeolld AAI3E 7}dA] B2 9] 2710l Eid
0. 5o]}¢o]741,]. 3| §]_ 7 0.2 o]/\L ] ﬁﬁl—;]x] O}P_EE MWCNT:=
71174 3121 Class 2 75| 9=TH6,13-14]. weA] MWCNT
12} 28] AZ-FF 332 TAFL AFALE FEHA A5 E
o = QISITE

Table 5. Relative explosion hazard rating of MWCNT

Relative explosion Explosion  Ignition Index of
hazard rating severity sensitivity ~ explosibility
MWCNT 1 weak <035 <0.04 <0.01
MWCNT 1 weak <0.26 <0.05 <0.01
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5.4

rhu

oﬂg].s]— 7] xl— “GL/\‘]H]—Iﬂ o= ;q Té] C]):]__l—7]- 124.2 umg]_
293.5 umQ! MWCNT 13} 298] #7153 5498 AR Ay}, Zak
73eE Yehdle kb ERL P, (dP/dL),,,. B KA~ MWCNT 1

ol Z+Z} 6.3 bar, 207 bar/s 3! 56 bar- m/s(St DE eSO T,
MWCNT 2014 242} 6.2 bar, 155 bar/s 2 42 bar'm/s(St 1) 1}
Ebsiet. st W Vel skEbe| el LEL, MIE B! MIT=
MWCNT 1914 27} 125 g/m?, 1000 mJ 23 H 650 °C 272
el o w MWCNT 2914 = 2+ 100 g/m?, 1000 mJ 23 2
650 °C ZI}= LERSITE 221358 54 gL =78 MWCNTE &
]_—-L_tﬂ—o uL/\g/\]@_ 2= 011‘: % 10]1]\31— :_:L_IHL7]—EQJF x%g].z_}_\:_ %_L

A=

gy EeodRl 53 22 AnbA Q] 7R £X191 25ER1o]
[e)

U ZeAE RN R A A 0 7 Ads] vt 2e
MWCNT 17} 2 A|Z-F 5 3749 31353 9

E35H7]

$135Fod NFPA 499 codeoll uhef &7 w9} Halt =&

MWCNT?] (231359 543 gk o]8-81of ardsh A, MWCNT 1°]
A= Z82E 035 n]eke) 0,01 B]9ko 2 LEREO 1 MWCNT 201144 2+
7} 0.26 HIRHE 0.01 WREO R LFERGTE FAd e} F e s
E] MWCNTZ} NFPA 499 Codeol|A] AAE EXZd 3442
Tslojol sl= 719X B o7 BEEX okS-S o 4= Qi

Nomenclature

D, : Median diameter [pum]

P : Pressure [bar]

t : time [s]

t, : Ignition delay time [ms]

\" : Volume [m?]

K : Volume-normalized maximum rate of explosion pressure
rise [bar-m/s]

LEL : Low explosion limit [g/m?]

LOC : Limiting oxygen concentration in the atmosphere for flame
propagation in dust cloud [Volume %]

MIE : Mimimum ignition energy [mJ]

MIT : Minimum ignition temperature [°C]

P : Maximum explosion pressure [bar]

(dP/dt),,,. : Maximun rate of explosion pressure rise [bar/s]
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