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Abstract - Recent years have witnessed the increased usage of flammable metals, such as aluminum or
magnesium, in wide range of high-tech industries. These metals are indispensable for the improvement of
physical properties of materials as well as the design capability of the final product. During the process, un-
wanted metal dusts could be released to the environment. This can lead to an occupational health and safety
issues. Due to their flammable nature, more serious problem of an explosion can happen in extreme cases. The
explosion is the combustion of tiny solid particles and vapor mixture, caused by pyrolysis. This complex com-
position makes engineering analysis more difficult, compared to simple gas explosions or vapor cloud
combustions. The study was conducted to assess this light metal dust explosion in an effort to provide the bases
for a risk assessment. Dust explosion characteristics of each material was carefully evaluated and an appro-
priate analysis tool was developed. A comprehensive database was also constructed and utilized for the calibra-
tion of the developed response model and the verification for its accuracy. Subsequently, guidelines were pro-
vided to prevent dust explosions that could occur in top-notch industrial processes.
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Table 1. Influence of dust properties/characteri-
stics on dust explosion parameters [8]

Group Factor Description
The lower value is
Lower incr losi
X . creases explosive
Explosive Limit p. .
affected by particle size
Minimum .
L. The lower value is
Ignition . .
increases explosive
temperature
.. The lower value is
Minimum . .
Lenition Ener. increases explosive
£n & affected by particle size
Chemical
characteri . The lower value is
Combustion iner losi
i creases explosive
stics Energy P. ]
affected by particle size
Some metal dust is reacted
.. . with water vapor to
Reactivity with . po .
tor increase the explosive
wate .
(Mg/Al generate H2 with
water)
. The higher value is
Combustion . & .
speed increases explosive
pe affected by particle size
Increasing inert dust
Inert dust concentration is same effect
concentration decreasing dust
concentration
Particle The lower value is
diameter increases explosive
Water .
. Water containment
Physical containment
condition Oxygen The higher value is
concentration increases explosive
Higher inert gas
Inert gas & . . &
. concentration will decrease
concentration .
oxygen concentration
Volatile Volatilization of other
chemical chemical will increase dust
concentration floating
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Table 2. Constants for probit equation [10]
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0 0 0 | - |267]295|3.12|325|3.36|3.45|3.52|3.59 | 3.66
10 |3.72|3.77|3.82|3.87|3.92|3.96 | 4.01 |4.05 | 4.08 |4.12
2 10)ol A Y= B 02~059] W9 #e z2a 20 |4.16|4.19|4.23|4.26|4.29 |4.33 | 4.36|4.39 | 4.42 | 4.45
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A ©01A T8 Erre) A 5}4 Wae o] 40 |4.75|4.77|4.80|4.82 | 4.85|4.87|4.90 | 4.92|4.95|4.97
*flr’} ©) = S T 50 |5.00(5.03|5.05|5.08(5.10(5.13|5.15|5.18 | 5.20 | 5.23
g3t AA FAlAYgE 7& & ATk 60 |5.25(5.28(5.31]5.33|5.36|5.39 | 5.41|5.44 | 5.47|5.50
70 |5.52(5.55|5.58|5.61|5.64|5.67|5.71|5.74 |5.77|5.81
,_ R 13 80 |5.84(5.88(5.92(5.95(5.99 |6.04|6.08|6.13 |6.18|6.23
« T A (13) 90 |6.28|6.34|6.41|6.48|6.55|6.64|6.75|6.88|7.05|7.33
AT 7= S pote] APAL o] g3 % | 0 [01/02]03]04|05]|06]|07]|08]09
of AL 4 Ut 99 |7.33(7.37|7.41|7.46|7.51|7.58|7.65|7.65|7.88 | 8.09

KIGAS Vol. 21, No. 4, August, 2017 - 88 -



i

fs A
i=]

o)
M

o7 FubA 2YEE FY Ee P2 (Impul-
se)9] Tl Probit Al4b& o] &3hH 2& th
3}

P.o=k +klog, V (15)

2l (15)5 o] &3t Al A& iy s
Fe 43817 98l AH8El= WHE EisenbergZt
ARkstg o sERTeE v 3Eef Z2TH10].

IV. CIO|E{HI[O|A =
BEZoF A3 ZTHALTHMYA] g]2TE H435)
A Al } | A8l E sllE B39 & EA4E o]

\1 Olr

Aol 7V Fasith £319 UL A
%6}04 AL & UANL tdEd A HLA7t
Beete =y - 9%40& ?4_ Edo ARt
AA ARo] o] Folx Adejoltt

E =RoAE 7t F5E7 FUE
g HolHE 73 3 Ao Es
223 A9 7lhke] F e
3 g =3k

7t BEH R E% el st E3e)o]
ol A@deolHE +3 9 At tlolewo]x
= —?L%‘é]-sagfﬂ, Table 49} Fig 49} 22 dloleH|
o2 FAA7IE B TAHEE °] &3t
TS 74 2583 TEEA dolEuo]

22 Table 59} Zth

< od O ki
Lo 2
fr

Aol o)
FapAe

delgulo] =&

V. Al

2 wwolM AN FASH golEmel~E
Edz A dTE sdstth g8 At
e Adehs 289 7198 SEEAE 0187
=8 3o, BEo] Hud ¢ e7oE BAE 1
oF BARE & 180 T 2ER 7}%%9&1 s
Ol AlFEe] Hobso] s JHES she
oItk

0 He&A

> BEAY : A(E 47 30 um)

O

En H 7] }\-1]3

3 o 33 %12 (Bag-Filter)
2] . Air Pulsing Type

. 200 m’/min

714 31 A]

OH 011) ofl :‘O

HE-Soll B3 AT

Y

Table 4. Symbol description of using in data-

base
7] & A
Median( 1 m) FHdA 27]
Cmin(g/ni) HAZUFE
Pma (bar) HojZ et
X | Con.(g/nd) A F A o] BA= T
Kst(mrbarys) EAX g
Tmin(‘C) Haysex
dP/dt(bar/s) AN FLG G sE=
Explos. Class 5T
Source AREAM : ZHEIE, E -
Aol 8)

-89 -

Tkind & Bitems

Alloy ||
Matal

Skind & 15items

Single I
Metal

Literature
Data

Expenment | ————————
Data
Alloy
Metal

2kind & ditems

Single |
Metal

dkind & Gitems

Fig. 4. Logic Diagram of Database.

e 7 7 : 1,800W x 2200L x 6,150H
e A Z : S5400(3.5T)

F3] 2] Al219 A4% 2017 8¢



R R B

Hd
B
=
N
ool
&
o

Table 5. Explosion characteristics database of Combustible metal dust

Pmax
. Cmin Kst Tmin | dP/dt . -
Type Median (um) (g/ ) (bar) con; (mebarfs) ) (barjs) Explos. Class | Data
(g/n)
<10 60 112 n 515 560 n St. 3 M
16.1 30 9.8 1500 502 n 1852 St. 3 E
2 30 115 n 110 500 n St. 1 M
Al 23 30 11.0 n 320 850 n St. 3 M
249 30 9.8 1500 499 n 1838 St. 3 E
29 30 124 n 415 710 n St. 3 M
33 60 79 n 87 n 32 st 1 E
41 60 102 n 100 >850 n St. 1 M
(’;(1:5}:06) 21 250 9.4 n 230 760 | n st 2 M
Al+Ni <10 <10 11.4 n 300 n n St. 2 M
Al+Mg 130 130 n n 10.4 52 n n M
(5&15;)1:31[%‘7) 151 60 8.7 60 151 n 558 St 1 E
. 0
) ﬁ;ﬁ‘fw 152 60 8.0 60 122 n 449 St 1 E
! 0
(632)2%7) 160 50 9.4 50 123 n 4n St 1 E
! 0
28 30 17.5 n 508 n n St. 3 M
Mg 150 30 6.4 750 27 n 100 St. 1 E
240 500 7.0 n 12 760 M
Bronze powder 18 750 4.1 n 31 390 M
ggf;\lo) 2 n 112 n 420 600 n n M
(ﬁon?ac;illone) 21 60 98 n 200 770 n n M
(from :r‘; filten 12 500 52 n 50 580 n n M
(526,3‘5%%) 17 n 9.4 n 169 670 n n M
gﬁi%%) 21 n 99 n 267 560 n n M
Si <10 125 102 n 126 >850 n n M
(ﬁomS‘ﬁher) 60 95 116 n n >850 n n M
o d?; o) 16 60 9.4 n 100 800 n n M
Ti 30 n n n n 450 n n M
Ti
(preoxidized) 35 n n n n 380 n n M
Zn
(dust from colloctor) 78 500 55 2750 87 n 321 St 1 E
7n
(dust from collector) 10 125 73 n 176 n n n M
7/n
(from zinc coating) 19 n 60 n 85 800 n n M
7/n
(from zinc coating) 21 250 6.8 n 93 790 n n M
(dust ﬁﬁ:’illemﬂ n 500 4.1 1250 30 280 112 St 1 E
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Table 6. The results of overpressure and rupture
pressure pf bag-filter system in powder
coating process[11]
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