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2-2. 82 M Al (DSC, TGA)

gi-Aolgt 549l =24 W4 (Physical parameter)E %EJ g2 Yehlle 24 W
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DTA(Differential thermal analysis) 2 X AT K
DSC(Differential scanning calorimeter) go Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =cf g(%)
TMA(Thermo mechanical analysis) 20| AL(%) m

1) AR ATE A (DSC ; Differential scanning calorimeter)

R wet s}

DSCAAtFAtE A= Almst 284 7eede &
AZIEA - 2k Ak SeerA SA4E ARt VIS
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heat flow)E& =43}

= A% (Heat flow)2 2FE(W; Watt)t} % 319} EmW)del= g
He doluA s Ttk I

&5 *]ﬂfli nEsk ouAgor b m mW - st
Az e (Enthalpy) Wstel e Am7h oy AE
Tehd dgy] Wske %%’(Endotherrmc)olfq qUuAE wEstd L (Exothermic) o] 2
gtk DSC= gy watel Hdofo osf TAs = d4 Agel e vdst A A

, 94 g3 frg]do](Glass transition), 3teHHS =4 AF

, 1w m
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A
lo

[e) = v %ﬂ
(1) A7
7h) e 2 Az
- ¥ DSCI
- A AL METTLER TOLEDO(Z= 9] 22)

[28 6] DSC(Differential scanning calorimeter)

b D] B = R

- DSCe Al=7F ®7 pan¥d EFEAE AMEHE W pano] Eol7bE
measuring cell, sample pang A5 & cello] T3]+ sample robot,

(<90 ~ 30) T 9 &A=& WYE Zr= cooler® TAHO At

<E 5> DSC measuring cell Al2F

st =2 Spec.
L

2 (-50 ~ 700) °C
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er Mo + 02K
g &5 (0.02 ~ 300) K/min
Calorimetric resolution 0.04 uW

(2) A3
7H A1 4 0 ASTM E 537-12
(Standard test method for the thermal stability of chemicals

by Differential Scanning Calorimeter)

b A8 WY BE, F BEE 1R 5

o AE =23108)  AREH FAlA ST e FeFol ¥ =4
& 540 =7tetH, =3 SA o AR %2 100 welstE Wi &
Fol7] wEol =vtd = A5 FAZH AP FEF= €
A tt.

th Al AA 0 DSCY AlER7IE dFUEAD A2 pans ARESE oW,

pand AlEE B 3 piercing kitE ©] €3 1 mm 7}¥9 pinholes <
AR 1~ 2) mg, 37 47182 50 ml/min)oll Al ZA 3% om,
(2~ 20) C/ming $<E52 (30 ~ 5000 Co ==Y slolA AdS

A sl

LS HEMI|(TGA ; Thermo Gravimetric Analyzer)

T FEA7NTCA) = dAT £z 255 WS wof AlRe AdHstE AR
d

259 shres] SAs Alge AdWsts S (vaporization) oY 7FAE A S}

&} 1F-S-(Chemical reaction) 5ol 98] 2ASHAl =™, microbalanceo] &]&] A%<
AEth TGA| o8t A% F4E o]&sl] st mE A4 A4 371 &
71kl el AeS EE = dom) AR dhAAd B R oy A
7hAlEe] e 2 2ANE 58 & 4 Utk E3 Mass spectrometer(MS)e} A4 o
T o]23E F Mass spectrum T HAHFS

TGANA 7F27F 9rgshd MSZ
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M
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-
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7h) e R AR
- ¥ @ TGA/DSC1

- A ZAF : METTLER TOLEDO(Z=9] 2~)

(a) TGA

(b) Mass spectrometer(Pfeiffer vacuum)
[O8 7] TGA(Thermo gravimetric analysis)

b gH T L ARG

= [e}
- Furnace(7}49 &), A&, A7

=
gO_ o=

d A module¥} (28 ~ 150) T ¢

Neg AR

e}

A+ TGA sensorz A
7

HIAE
3Fi= Mass spectrometer® T4 ¥ o]
4t s B IR R A=

(o

<E 6> TGA AMRF

g = A
o5 Wol (e ~ 1,100) °C
e Xo + 0.25 K

Mg 5% #el <lg
Balance resolution 0.1 ug
Calorimetric resolution 0.5 mw
Sample volume 100 ue
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oxide) A2l A5 g7]o] Yol A& H=L 3 7] BEY7|EHHF
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2-3. XA LUSIH (Auto-ignition temperature) Al

Aushs 37 39 ol 89, BE o 4347 448 4% glo T
il

B SEE AN Mol 2az HIE WgE wa, x}o_
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(spontaneous ignition), AF&%3kauto ignition), A7)} pyrophoric ignition) &2 -

71, dnbow s i 543 Adso] MSDSEOl 71 HE AAwsd2 9

FoM s FEstds A= =2 HALSEE on|3in2)
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L HESEe oA o] FAEo] wshE FEE
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(1) Au 2 A=A
7h) Au : ZPA-3 Semiautomatic autoignition tester
) A AL ¢ Petrotest(5 )
2) 748 2 9
7F) Main controller : =9 &%= x4 % 7|
control parameter 2%
) Q¥ : controllerol A 2
Aoz AEo] FdH = W flasks 714
5 F47] 0 24E EZ9 A7 (pre-heating), A4 H T2 13
off ] AAE MZo A% FHF. convection oven EFYCE H) 90 C 7t

A Pre-heating 7}s. (LA = 7AFS)
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1) AlgEH

A s S/ EEY] HU gebrgeE 4 20 Lo +E &)=
s Aot AWdA 24T 4 e g fPuEHZE Dust
explosibility, Low Explosion Limit(LEL), Maximum explosion overpressure

(Pmax), Maximum explosion constant(Kmax(Kst)), Limiting Oxygen
Concentration (LOC)®]t}.

B EAE, AN ARPEe o 2w Age 4 glow, B2
Zag A% Astgdont S AT 8] e LRE FUEy
° 2

=
B FE QAR §7] WLt AYEd

SR
wo LExAGA S ALglo} dl.

7h) & ®] 4 : Siwek 20-L Apparatus
) Al 2 AR Kuhner(2=9] 22)
) &A% 1 0~30 bar
eh gulel 74
- 20-L-sphere
- Control unit KSEP 310
- Measurement and Control system KSEP 332

)

- Pressure measure system

- Software

[28 10] Siwek 20-L Apparatus
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HAZA FdF o] Z(No ignition < MIE < Ignition). MIE =7 3kell
o1 2}= <19 ¥ ~(Inductance in the discharge circuit), W9 4%
(Turbulence, Ignition delay time), YEEE, &, 2% FEIZL So] grf dnkxow
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SR W Ao | AY, 56 ME 230 £ael 438 0= A4 559
GRe FEE adstelol 7] Bl 2 el WHE FUA #E G A shelo}

ZeH5-61.

1) A= EH

AQANE BREAR/FY] EFE)Y Ao] BaF Ao AUAS ZAse
Bulo1e), FA1E 121 $719) 242 A2 Hutmam 528 419342 2ok,
M A A AR NBI 71T B, B4 HES nohE WARge] JeE
130 9tk 7 bare] §4%F71E ALgtel Rabsl BAE Fugy) Frel T A%l
23k % AHgste] AekEE fel T AU WA S s RS Eate] Theing

TR/ EFES B 2 webAlE 10 mJEY @2 gl E MIEGHS Z2he|
MIKE 3¢] 4% 9= 8 w2 dlyA] golre 54 7beshes o] itk & MIKE 3
i Hartmann 729} AHAE 7|72 vtz d2d 5 A Hof slew, st
HESH F87])= 22 A el 45 e A dAder A5 it

7h 74 ¥ ® 0 MIKE 3

W) Al A AR Kuhner(2=9] 22)

t}) Energy Range : 1 mJ~1,000 m]

2}) With an inductance in the discharge circuit : L = 1 mH~2 mH

u}) Without an inductance in the discharge circuit : L < 0.025 mH
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Determination of minimum ignition energy of dust/air mixtures
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1. A= 2 M(Particle size analysis)

ZF A7l 33 NE gk 23E <E o YEhi o A7 2F0 L 1z
(2% 1219} 21t} ABS 48 167 me 1M 7AW, SAN 249 49 127 me 5
ks 7T

A D1o Dso Do Dmedian
o
£H2] (]
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7
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0 200 4(I)0 6(I)0 8(I)0 1000
Particle Diameter (_ )
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% (multiple heating rate)e] 23 E o] &3sto] IAstAY BxFsk dbg
Aae = 9= A EW(integral kinetic method)E 7HEdalon =
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(29 1317 [29 4]+ 242 ABS® SANS 50 ml/min %9 air &9
Jol A4 5 C/min9 0%5—.\— 2 Fgsk DSC Ad A= ABSY 4§,

eakE ZF 37M9 d9o=2 ys 9o, 274 auto-oxidation),

3}(thermal degradation), ’}}ﬁr*é 3l (oxidative decomposition) ¢ o=

N

14

FAT F k2] 548 wdo] doju= At A EE 222 T
oy $EEET UAY Fx1Y 4§ AANeET 9 volbd F 9tk E
gt =@l ot ABS #7119 whE 91342 PB(Polybutadiene)® FAME
W =xsdg(elzdeh) e A7istste] g3 won, PBo Arttstz <l
g A2 ABS FHw dAoA A HFel 2 5 doermw Fosjof gt

3
=

Integral 12.82e+03 ml
normalized 9024.70 Jg*-1

Onset 475.77 °C

Peak 520.71 °C

Intsgra! 82739 m)
normalized 58267 Jg*-1
Onset 331.31°C
o : M
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Integral 1277.65ml
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Heat flow (mwW)
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Q

[22 13] ABS2| DSC curve
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Conversion Temperature (°C)
(%) 210 215 220 225 230
10 6.57 378 2.20 1.29 0.77
20 7.35 430 2.54 1.52 0.92
30 7.96 473 2.83 1.72 1.05
50 9.07 5.53 3.40 211 1.33
75 11.23 7.05 446 2.85 1.84
90 - 945 6.09 3.96 2.60
(2) TGA
(29 2019 [29 21]+= 244 ABS9F SANS 50 ml/min #32] Air #9]7]o1A4
10 T/min® 2552 33 TGA 238 Ayz 9] 29 259 s dF
FHsE ekl TGA refjzolw, ofzff 18> TGA%H sAlol 585+ Heat
flow W3}Z el SDTA (Single Differential Thermal Analysis) —L@]Zo]t},
[13 20]ol A TGA 125 AR vjiEste] IS 7|Fos A Ths
STAR v = 9lon, SDTA L] ZoA 227 T F-olA F43% wdo] do
o 267 C F-olA A7 AJAEIL 600 C F2oA %= Ta9Y
(29 21014 SANS 288 C oA A=Fgtart Al&bEm, Ao do] Yo
U AoR Hof Abs el Qe ARFaw FAHEM. ABSS #FAFSHAl 600

C FolM A2t TREA

0w TGA Step -32.4348 %
h -0.8149 mg
804
60+
Step -37.3718 %
40 -0.9390 mg
20 Step -29.3038 %
-0.7363 mg
o
. 50 100 150 200 250 300 350 400 450 500 550 600 650 °C
mW
30
204
104
SDTA
0]
50 100 150 200 250 300 350 400 450 500 550 600 650 °C
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100
1 TGA
804
60: Step -85.97 % Step -8.28 %
i -2.43mg -0.23mg
204 Left Limit 288.94 °C Left Limit  471.50 °C
| Right Limit 435.97 °C Right Limit 600.14 °C
204 H N .
1 ' [
50 100 150 200 250 300 350 400 450 500 550 600 650 aC
mW
1 sDTA
Onset 371.03 °C
Left Limit 298.00 °C
Right Limit 385.12 °C
"3850 400 450 500 550 | 600 650 °C

100

[28 21] SANL| TGA curve
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A% AT 230 T (B4R
3819]

3. X3} (Autoignition temperature)A| &
A ABS Xl disfiAwlk A AlEke om
, AEFTE 96 %, k=4.3)01H, AlEF e oF 1.3 g9 AR FYEAeH,
ol ot Ayt <3 12>3 2o, Alf TEF ASv Bk oF 55 %o FAIA
}.
<# 12> ABS9| Atoidtstd =Zd A
2oy | =3z =3 W /EZUA
o] [°C] [’C] [°C]
13| 1.239 2319 230.5
23 1.444 229.3 2279 229.54/1.42
33| | 1.418 2316 230.23
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A= W WA AFE vpel o] MIKE 3& o]&3ste] =A% AlgAufe| tfjgl
f89kS <F 15> YeRieH, F+ Al BT AEAH Y 10 mJE Yo sl vas
Normal ignition sensitivity = &% o] %It}

<E 15> F2Fslo|HX| AlRZ T
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ABS EZI 10 < MIE > 30 | 16 mJ IEEAL 1
SAN £ZI 30 < MIE > 100 71 mJ QIEEAL) @ 1

A

ox Re o

2 A F Qi HeAdIUAS 243 9sel B FE 2
(€]

SHA AR AAE A (28 28], (29 29]9] Al@ARE afER
dstar. ¥ Agelde A9l AagseuAg S48 falel AudaT} g
(L = DA HAAsUA S =419t

2Agl LA S AeAAATHIVE 120 msE AT T st v
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] 2 nfgow g d3lgES o&ste] 4
Es gto] ALFE o1zt ABS #2312 10 mJellA= A3t @] HAsHA] egkont 43t
UA 30 mfellA 1,500 mg/12 L o]e] w&xolA A3t dide] #&EUTE SAN #3119
8%, 30 mJelA= A3t d4o] WAEA kot HatelyA] 100 mJellA 1,800 mg/1.2
L, 2400 mg/12 L sxollA 33} d4to] #&EA wepA HAF st vA= ABS #3
o] 4%, 10 mJ < MIE > 30 m] (16 mJ), SAN £x2] 7% 30 m] < MIE > 100 m]
(71 m])=2 Aak=l o] F o).
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MIE(T) = 10-+056 + (1.873 - 0.624 log T) - (log MIE(25°C) + 4.056)
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sk Q1ztolt}, VDI 2263 Part6oll A= # A% 3bol| L1 x] 7} 10 m] o]/dolH <3F 15>%F 7ol
g Ex1LS Normal ignition sensitivity® 55 o] 2},

weba] dukA el FAo A ALEEE= #271o] Normal ignition sensitivityd 749 #31Zwk
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olgA, k=Y FY Ex1EL o oA = aeks A, A6, 151992

Duh, Y.S.; Ho, T.C.; Chen, JR.; Kao, C.S. Study on Exothermic Oxidation of
Acrylonitrile-butadienestyrene-Styrene(ABS) Resin Powder with Application to
ABS Processing Safety. Polymers, 2, 174-187, 2010.

REMBE®'s Booklet of Safety and Security (BOSS) Dust Explosion

(http://www.rembe.us)

VDI 2263 "Dust fires and dust explosions ; hazards, assessment, protective
measures”, 1992.

VDI 2263 part 1, "Dust fires and dust explosions ; hazards, assessment, protective
measures ; test methods for the determination of the safety characteristic of
dusts”, 2003.

VDI 2263 part 6, "Dust fires and dust explosions;hazards, assessment, protective
measures ; dust fires and explosion protection in dust extracting installations”,
2007.

Richard Siwk and Christoph Cesana, "Ignition Behavior of Dusts: Meaning and
Interpretation”, Process safety Progress, vol. 14. No 2. 107-119, 199.

Kao, C.S., Duh, Y,S ; Accident investigation of an ABS plant. Journal of Loss
Prevention in the Process Industries, 15, 223-232, 2002.
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