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Study on the Thermal Characteristic Comparison of Fire - Explosion
Hazard of Fugitive Dust Generated in the Manufacturing Process
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ABSTRACT

KEYWORDS

This study carried out an experiment in order to compare thermal characteristics after
collecting dust generated in the process of disposing of waste tire, plywood flour in
the process of manufacturing plywood, salicylic acid dust in the process of
manufacturing  functional soap, and dust in the process of manufacturing wheat
powder, which has potential fire and explosion hazard. According to the results of
experiment, the analysis showed that all samples subject to the experiment were in the
condition where heat flux decreased and temperature decreased as the quantity of
added talc was increased. This shows that decomposition rate decreased, and hazard
decreased. However, in all of samples subject to the experiment, as heating rate
increased, endothermic onset temperature moved to the low-temperature part, and the
amount of absorbed heat was largely increased. This showed that the decomposition
hazard of sample increased as heating rate increased, according to the analysis. Besides,
TGA experiment results showed that thermal stability was secured because total weight
loss decreased as the amount of talc was increased for all samples subject to the
experiment regarding the ratio of weight loss. It is expected that the continuous
research and supplementation of dust explosion mechanism in the future will
contribute to the establishment of measures for the effective dust explosion prevention.
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Table 1. Status of each type of dust explosion

Material Type No. Accidents % Casualties %
Coal 12 6.5 45 9.0
Inorganic compounds 25 134 36 7.2
Metal 39 21.0 131 26.1
Cereals 36 194 108 21.5
Resins, dyes 27 145 51 10.2
Organic compounds 32 17.2 64 12.7
Fibers 14 7.5 63 12.5

Others 1 0.5 4 0.8

sl 2t 187549 olgelel Eefie AlRAdMY o] AE2 eld BAZW Alzolth 19874 59 29 oY)
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Table 2. Status of the process of dust explosion

Process No. Accidents %
Milling, Grinding 46 24.7
Collecting, Separating 37 20.0
Drying 25 134
Handling, Transport 19 10.2
Storage 11 59
Combustion chamber 3 1.6
Others 45 242

Table 3. Status of the source of ignition of dust explosion

Ignition source No. Accidents %
Friction and impact 56 30.1
Metal heating 10 54
Fire 11 59
Static spark 31 16.7
Electrical equipment 9 48
Blow welding flame 22 11.8
Spontaneous combustion 23 124
Others 24 129
3 Table 28 AWEY T8 I TAHFoR AL 2 IRIE T4] 46102 247% % A8}l
ool 7Hg Be TANEE Holi 91, 1 thgo] EeFFo] 37A2E 20%, AERFAHC] 25719 134%, +ETH
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Table 4. Total results of DSC when the talc quantity extends in wheat powder dust
(Raising a Temperature 10 * C)

Type Talc T AH, T, AH,
(%) 9 (J2) 9 (J2)
Wheat 0 126.2 389.4 255.2 46.99
powder 30 158.2 100.7 254.7 47.99
dust 50 126.2 389.4 255.2 46.99
0.4
0.2 |
o |
02 0 100 150 200 250 folo] 50
a—talc50%
= O ~@-talc40%
:'_-‘: -0.6 =f—talc30%
i - ==talc20%
0.8 - A
= A A © * talc10%
A o —=talc0%

-1.2

-1.4

-1.6
Temperature

Fig. 2. Results of total DSC change when the talc quantity extends in wheat powder dust
(Raising a Temperature 10 ° C)
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Fig. 3. Results of total TGA change when the talc quantity extends in wheat powder dust
(Raising Temperature 10 ° C)
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Table 5. Results of TGA on wheat powder dust when the talc quantity extends

Wheat Powder Dust TGA-Talc 0 %

DST (* ©) DET (° ©) RTV
177.89 374.74 10.03 © ¢/min
DSt (min) DEt (min) WL (%)
15.45 35.08 70.18
Wheat Powder Dust TGA-Talc 30 %
DST (* ©) DET (* ©) RTV
199.28 368.85 9.96 ° C/min
DSt (min) DEt (min) WL (%)
17.15 3417 47.96
Wheat Powder Dust TGA-Talc 50 %
DST (* ) DET (° ©) RTV
188.09 370.56 995 ° ¢/min
DSt (min) DEt (min) WL (%)
16.08 34.41 33.83
ol &Lt Folee Aol o]AL APl Fide AL YEle Aol XS Fig 3 W Table 5+
g A5 "7FFER el &4 S 10%4 F7HA7IH TGAR #4138 232 279 49e 284
239 B9 ol TAUFE FAGYe] FolEt Aoz BY Hnk ot AiBEY 27 5, B4 Fuot
Soldss Qua) wel AWHIAL A3 BA9 BE Z/) WARENY ARE 2RE Aoz v,
AR AHuR BALRAL A g 70" ORI B o 50% Fwe] FrgFel WAE AL 2
T UNATE EZ Table 504 Uebd 3o} o] AR IfFETt ADAFEEAY do] ASFF) T9F 2%
N FAREE ZoET glow, TR Fg 39 YEhHle} o] LA FAAR5E Azke) 249 Aol HA
ARE A 2 % dth ol AR $Eo} F7hSHE AHEA Fo] 4L5E) R Balrt =2y WE
o WS @Yoz e DSCATNN SEEEI R Aol Bl 4@ WA=} o]F02 Yehke &
A3t X s A2 AL ETh Table 594 A3 ofol= tha-3} 2t}

DST : Decomposition Starting Temperature, DZET : Decomposition Ending Temperature, DSt : Decomposition
Starting time, DEt : Decomposition Ending time, WL : Weight Loss, R7" : Raising Tempera’rureO] c}.
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Table 6. Total results of DSC when the talc quantity extends in salicylic acid dust(Raising a Temperature 10 ° C)

Type Talc T AH, T AH,

(%) (-9 (12 (-9 (12

- 0 155.4 2124 259.2 466.9

Salicylic 30 154.6 1632 2511 3752
acid Dust

50 1535 103.9 2472 2423

7



Journal of the Korea Society of Disaster Information. Vol.10, No.1, pp. 71 - 83
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—talc0%

Heat flow

Temperature

Fig. 4. Results of total DSC change when the talc quantity
extends in salicylic acid dust (Raising a Temperature 10 ° C)

Table 7. Results of TGA on salicylic acid Dust when the talc quantity extends

Salicylic Acid Dust TGA-Talc 0 %

DST (° ¢) DET (° 0) RTV
102.13 185.25 9.71 * ¢/min
DSt (min) DEt (min) WL (%)
7.79 16.35 98.74
Salicylic Acid Dust TGA-Talc 30 %
DST (- ¢) DET (° 0) RTV
99.75 184.3 9.80 * ¢/min
DSt (min) DEt (min) WL (%)
7.55 16.17 69.16
Salicylic Acid Dust TGA-Talc 50 %
DST (° ¢) DET (° ©) RTV
90.19 175.22 9.81 ° C/min
DSt (min) DEt (min) WL (%)
6.56 15.22 48.85
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Fig. 5. Results of total TGA change when the talc quantity
extends in salicylic acid dust (Raising a Tmperature 10 ° C)
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Fig. 6. Results of total TGA change when the talc
quantity extends in dust (Raising a Temperature 10 ° C)

Table 82} Fig. 6> Y& Ul Al5o] 45 10% H71et oo wE FARZES £4¢ ZHZA Table 95 4
HEWH o] 10% 7t A9 FAZE 10%E 325.09° ColAM, FAZE 50%E 422.05° CoAlA dojgs & &
AT, FE AR S 30% MU A FAZH 10%9Y w7l 327.00° col A FALF 50%Y wie=
47490 ° ColA dojds & < ATk &9 kS 50% H7F Alole FARH 10%2] 9= 33391 ° CollH, FA
W 50%9] A= 599.94° CoAlA dojue= RS B F AT AAHoE AuEA &9 Hutge] Tt E
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Table 8. The weight loss due to changes of temperature in waste tires(talc addition)

Temperature Weight Temperature Weight Temperature Weight Temperature Weight Temperature Weight
(o) Loss% (0 Loss% (9] Loss% (o) Loss% (GNe)] Loss%
talc 10% talc 20% talc 30% talc 40% talc 50%

324.76 90.05 33848 90.09 326.67 91.02 33214 94.19 333.58 96.33
324.85 90.04 338.56 90.06 32675 91.01 33222 94.18 333.66 96.32
324.93 90.02 338.65 90.04 326.84 91.01 33230 94.17 333.74 96.32
325.01 90.01 338.73 90.02 326.92 91.00 33239 94.17 333.82 93.32
325.09 90.00 338.82 90.00 327.00 90.99 33247 94.16 333.91 90.31
421.72 50.12 439.68 50.10 474.57 50.92 599.60 61.84 599.61 72.37
421.80 50.09 439.76 50.07 474.65 50.91 599.68 61.83 599.69 7237
421.89 50.06 439.84 50.05 474.73 50.91 599.77 61.83 599.77 64.36
421.97 50.03 439.93 50.03 474.82 50.91 599.85 61.82 599.86 51.36
422,05 50.00 440.01 50.01 474.90 50.90 599.93 61.82 599.94 50.36
=3 28AR0] B A7HE Fg 69 et TGAZTHE 4iuwl o5k 71858 2zke 349 4
ol Y AAE e & F vk olv A7 849 w7t SUske A WE=Ae Zelivh =2)7] wil
ks ddorX, 49 HrtEe] SUtEeE dRES fastal 2Ee ot Fadhs Aoz F4HIIH. of
o] A o] TR E AA FARGe] EolEe AR UEET mEbA o= Table 83 22 A¥E H
JFI glom Hej&Erl Folst AL @Al Padte AL ovdith 3 Fg 7 < Fig 8% UIEG Aoz
TERRE ATl me} wEd golth ole TEFHATE Dol 9 Ea7E o Ak A E AGS o vl
& o e dolgolr|® sh=d o] ™A F o] M=3<l Peak7t UERFIL Sl=dl 370.23° CIM 7MY H4
SHAl EEsl7h dofum, B ThE 43784 CollM dEsi7E 543 dojdria & 4 3lv ofvki Blojo] 544 o
& 7bx 24o] £l Yool N the BAY Qe SHL HFE Ao AU
o
57099
5]
;3 5’: 437.84T
I
Z 2]
o]
2
’ o Temperatire (€) .
Fig. 7. Results of DTp change for the raw waste tire dust (Figure 6 derivative)
3.4 SEo| UMAHH|DHT
529 Q¥4 209 Fg. 891 TCAZHE Buind, B2 349 FFL& 37H17A TCA #4 A 923 2%
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Fig. 8. Results of total TGA change when the talc quantity extends in ply wood dust
(Raising a Temperature 10 ° O)
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Table 9. The weight loss due to changes of temperature in plywood(talc addition)

Taz'gag)une Weight Temperature Weight Temperature Weight Temperature Weight Temperature Weight
tale 10% Loss% ("9 Loss% o Loss% (-9 Loss% (-9 Loss%
talc 10% talc 20% talc 30% talc 40% talc 50%
240.20 90.05 246.03 90.04 263.89 90.06 260.74 90.04 260.74 90.04
240.28 90.04 246.12 90.03 263.98 90.04 266.82 90.03 2606.82 90.03
240.36 90.02 246.20 90.02 264.06 90.03 266.90 90.02 266.90 90.02
240.45 90.01 246.28 90.01 264.14 90.02 266.99 90.01 266.99 90.01
240.53 90.00 246.37 90.00 264.22 90.01 267.07 90.00 267.07 90.00
342.50 50.27 350.55 50.22 458.87 50.02 588.47 52.66 599.22 54.64
342.58 50.21 350.63 50.17 458.95 50.02 588.55 52.65 599.30 53.63
342.66 50.15 350.72 50.12 459.04 50.01 588.64 52.65 599.38 53.63
342.75 50.09 350.8 50.06 459.12 50.01 588.72 52.64 599.47 51.62
342.83 50.02 350.89 50.01 459.20 50.00 588.80 52.64 599.55 50.62

81



7ol

J

&

ZAHFE oMY £

p

o

7V AZxEA, 7
HS £33 Ay, AAFo 2 DSC A A7 49

pp. 71 - 83

Journal of the Korea Society of Disaster Information. Vol.10, No.1,

3} 849 o] FA5E HA A7

ek

At ob&e TGA

it

e Aoz g

S

R

oA E&

mJ
-

ol @4 ¢ & He Aoz EAHUT HEolole] B9+ 180° C

&

Azt

¢+

w
g

j—

F

N

o= A(Ete]ofel 5o

=
=

BEe guairt dopA o

Huw 5 7)o W2 Peaks} Ve

a7} dojud, & o 437.84° ColA

5

37023 ° Coll A 71 FA5HA 9E

)

[e}

ar

o)

gEo] 7)ol Mz g £2

TGAZA =

X

3}

1o} olelE Eholo] B4 olg 7x gdo]

2~ 0o
T M

s}
=

1

Ll

ol

=1
o

7k =g]7]

=]
RUS

&7k Al

9

132, 200° C2 HolMHA 4%

3

pul

713

=

o

=
ol FEFol Ha

(talc)

VS|
a

I

EXNRY &

]

s
Rt

[e]

o} o}
TGAZA T} 100 ° C7HA = 8-

L

L

al
o1A

Heke BRoRA, B4 Hrheol

oA A 27

}

XO
ey
Nd

£ dqlxe Al

Mo
o|J
il

ﬂl

ojn

R

wm

o

ofp
o
Br

o
=
px
i

i

3]

i=]
o

19(2)

*

3 9)=)
o]

sl =

[

Arlel s A AR

3

T

A719, wieTtel 2718 24

=
o] WAL W NFPA 6547F=2}
zg)\

=
=

AANE ZAoE Yeh} ol YyiEZ
IR

=

2

© g A} olFoldor
H

L

L

]_

L

R

Al
|
st
317

0

o) Aol

A
Bz
=

‘1

1w
A

< o1&

L= =
i1 O
] =
o
82

pud
T

lg—ﬂo]—)\
3k

o]

| QH7IEE Bhaisolo}
A

T
3
=

2)
o &

Zlo

—_L

I=]

g A=

2 59 77}

2 o} B8A7Ie0) ALg] HiNE
4

7)
A

o

o o
Y 5o Wz #Ad A

o] #g/del o

19
1

°
o

Rupture Disk, Bursting Diaphragm,

L

L

‘iA
g # ohfet Al Aol

o] A Zkg]
Vent Ratio®], Cubic Root®, Theoretical® S©°] Atk

2213}
o



J. S. KO - Journal of the Korea Society of Disaster Information Vol.10, No.1, 71 - 83, 2014

ZALe| 2
E =52 204d% sUUsty aljgtedFu|Ado g o o]d ZA=HYL,

References

NFPA 253, (2009), "Standard Method of Test for Citical Rdiant flux of Foor Cvering Sstems using a Rdiant Hat Eergy
Surce", NFPA 2009 Eition.

NFPA 654, (2009), "Standard for the Pevention of Fre and Dst Explosions from the Manufacturing, Processing, and
Handling of Combustible Particulate Solids, NFPA 2009 Edition.

CRIC, (2009), "Chemical Incident Reports Center DB", CRIC.

EM, (1997), "Factory Mutual GLOBAL DB", FM Global.

OSHA, (2000), "Integrated Management Information System DB", IMIS.

USDA, (2002), "Grain Dust Explosion DB" U.S Department of Agriculture.

Santamaria, (2001), "Risk Analysis and Reduction in the Chemical Process Industry", Kluwer Academic publishers.

Japan. Ministry of Health & labour and Welfare, (2010), “Dust Explosion Accident Casebook”, Industry Safety and
Occupational Health Institute.

ASTM, (2001), Designation : E789-95 (Preapproved), "Standard Test Method for Dust Explosion in a 1.2 Liter Closed
Cylindrical Vessel", ASTM.

Rolf. K Eckhoff, (1977), "Pressure Development during Explosion in Clouds of Dust from Grain" Fire Research.

J. 5. Koh, (2012), "A Study on the Comparison of Explosive Lower Limit Concentration & Thermal Specific of Wheat
Powder Dust & Salicylic Acid Dust", Journal of Korean Institute of Fire Science & Engineering, Vol 26, No.
4, pp.1-9.

J. 5. Koh, (2012), "Study on replay experiments and thermal analysis for Autoignition Phenomenon of Waste Tires",
Journal of Korean Institute of Fire Science & Engineering, Vol 26, No. 4, pp.10-18.

Waylemd C, Griffith, (1978), "Dust Explosion", Ann. Rev. Fluid Mech.

83





