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oz sdagon o

ANZAa, o] ¥& DMPATY

AAE f1s AdRFgGolA A=
s DMPAT 7|7} 719
RN SE(120 C)7HA =

Z] : CSB Issues Report on 2008 Bayer CropScience Explosion

Bayer CropScienceAl ZHAD #ZE AL

(methanethiol, dimethyl sulfide)Z <13l #}¢to] LAt F 2 o]ojx o=z FH

Sttt

(a) DMPAT

(b) AR AZALE

Latter

January

February |
03:.00AM |

0350AM |
0535AM |

4 Quality control personnel found crystalline impurities in
the DMPAT

4  Production management decided to filter the DMPAT

4 No fillering equipment was available

4 Operator decided to use reactor as a buffer tank for
filtering

4 Operator pumped DMPAT to the reactor

L 2

Reactor’s temperature was found to be 35°C, while the
room temperature was 13.6°C

Operater stopped pumping DMPAT to reactor

Reactor explosion

1 fatality and 1 injury

* o > &

Fire spread to drums containing organic solvents

(0 At Epetel

(a2 8] tH2t DMPAT Z2iAln zkH [8]

I &9l 54 9 At 1T
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DTA(Differential thermal analysis)

DSC(Differential scanning calorimeter)

TGA(Thermo gravimetric analysis)

TMA(Thermo mechanical analysis)
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Extrapolated onset temperature
Onset Temperature

Peak temperature

heat of reaction , P

Te

.
* 4 T
/Ts s
L]

| Q

Temperature T,

= % Exothermic
— ime 2 Hpoy
b = =< Area Q
- 0 — b
arar, O N —— t
. ; Time Endothermic
orT, D=ATRy, =)

R,. thermalresistence

! /

0 —
Heat flow T T T
10 H 0 | Te:: Ty

(mw) 107 .
Time  peak integral > AH

orT, Temerature / Time

a) DSC &8 de| b) DSC € /% oilA|

I

[28 11] DSC &8 &al H €75 oAl

1) Al SH|

AEA A AR AAFAL AL 2929 METTLER TOLEDO(® %4

DSCDel A Azt Algdgni= [27 12]e] Yehdideh. DSCe= Als7F w34

E=E42 AFEEE ¥ crucible(pan)©] £9]7}= measuring cell, A&7}

crucible(pan)¥} ¥+=72

=71 crucibleS A&
Zt= cooler® Al & o] 9t}

[18 12] DSC(Differential scanning calorimeter) |

‘Qz’ L — ‘

© Seal for HP crucible

- o

(a) aluminum crucible (b) High pressure crucible
[28 13] DSCE& crucible(pan)

o2 celld] FYsFE sample robot, (-90 ~ 30) T ¢ #& HIY=S
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2. €@F3TEMTI| (TGA : Thermo Gravimetric Analyzer)

AZZFEAI(TGA)E YA 52 252 HIAZAS wjo Az Axwss
AlZboly 2o SR A SAHY. AR dARWste T (vaporization)o| v 7h2
£ A= 38hHHS-(Chemical reaction) o 93] #ASA ™, microbalance?l
o3 d&HA oz FAHAT. TGAd o3t Ad7dF-L& FHE o] &s] &EWste mE
Aa Ak §7] 5o E97IsteA el Avs #FE & o, A5 dUAA
2 g Edoly HMAES dF ¢ A A& 55 ¢+ Urh g Mass
spectrometer(MS)$ A= o] TGAAA 7F2~7F #AStA MSE F5H o] o]Lsly

{0

| &S E4ete] 234

N

b AARA 3 5 A,

Ol
™

% Mass spectrums &

1) AleSH|

AdFFEA7]= 29929 METTLER TOLEDOCIA A2k Alg 4] (2
TGA/DSCHE [2¥ 14]9] YeESltt. TGA+ Furnace(7FE =), A&, A5 &
g 4+ A+ TGA sensorZ TAH 23 module® (-28 ~ 150) T2 2&H
Y= circulator, 319 75 A8k Mass spectrometer® A o] L ARG

<E 11> 2o

Y
Foop2
fo my At oF

>N

(@) TGA (b) Mass spectrometer(Pfeiffer vacuum)

[ 14] TGA(Thermo gravimetric analysis) ZH|
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(spontaneous ignition), A& %3} (auto ignition), X}ﬂ‘?:fi}(pyrophoric ignition) &
¥ 7l& v, dRbd o R ghA] i 53 A E o] MSDSEel 7 AlE &= A us)
2 QRN dYE FTEEHA S/ ELY HAAYGREE 9n| g2

1) B7r-gH|

~—

B Agul= NF T 20-036(1985) AlE HAS +83th= 54 A2 4" 2718 o
o AlZEH(cube)dl AR ARE &% (furnace)ol Fil, =9 L&
SH7PAA ST AR Al ofFE A,

N
Bx
1
%)
rlr
8

- 2 ZPA-3 Semiautomatic autoignition tester
— Al ZkA} ¢ Petrotest(5 Y
- A E %2 9
7}) Main controller @ =9 &% %4 9 7|5 ZAS 93 Z=109 A4 2
control parameter 2%
) Q5 : controllerdl Al 2A® 794w oA A7|2E stddozn AA

Hom 4o

| =5 W flask ;)
o) s AE FY7] 0 21 E EZ9 AL (pre-heating), A E Z= 9
of| A A Xé% AWZ o] 2E FH. convection oven BFY o ®E Ht) 90 T 714

2) 7|8AH oz Adwslh: EAUNe] dd& st BHRRY WHEES FYste] EA R 49 oAt s
0] Ak (Raukg) S Sk 2AsURE e Ag SAEnh UR dde] wAYS] mEA Adws
(Spontaneous ignition: -2 U] do] FHsof A, A5 U3HAuto ignition: 3l §lo] =S 7Hd
b do] FH o] wal), #7|esH(Pyrophoric ignition: A7|HFEA E@o] ¥U]E FEOIY 4Hhel whEEk 3
T Wkl oA Ho] FH o] wshz FEETh
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of the relative temperature of the spontaneous flammability of solids
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1. AR AL —E A (DSC)

Az W T oA

1))
=]
pand& ©]-&3ste] °F 50 ml/min® fr&oRE A&HEH 0w FUE

= H =
a2 Wsl #ZS 9t 23y AFS TG, F HAE 3] ToAA AR
Ha dE5s Ay pandS ol 8o =H gt eR % UYREL WES wAst]
ol 5o HEwsS #EstaA AT
<IE 13> A[AFAIL HA(DSC) ME=A
7t S24E Pan Et2l N2Z
(30 ~ 500) °C 5 °C/min HH pan (air flow) (2 ~ 3) mg
(30 ~ 300) °C 5 °C/min 2hd 1Y pan (2 ~ 3) mg
1) CCTA 24 Z1t
<E 14> CCTAS| DSC Al gZ&x 9
2’4 E217|(Air purge) £2H452|7|(N, Purge)
T | T | T AH T | T | T AH
[*C] [J/9] [°C] /9]
step1 83 90 91 -128 84 89 90 -107
CCTA | step2 92 92 94 355 92 92 93 293
step3 381 448 - - - - - -

<E 12294 TiE 7|+ (baseline) g olgdl =, &8 % H3 59 Wkso] AlZ
He A" MAREE, T, 1 HAd 28, T,.= AU,
HAE 9 Ab(extrapolation)dte] Wh}E A Ao &xE onsly WY AHE F 9

BoR V| FAN WA/FAFHOE FA BP9 WA AP,

) elrl Aol panolts AR 9 %, A7 (50~100) yme] B-E(pinhole) THEo] Uekn} 9]t HHEA.

o
4) 10 bar7HA] AY 4= = 119HAE stainless steel panoll= A|BE Y-S & coverE PO sealing toolS o]-g-ale] W&

PR Qs



DSC curve_air

6- Integral 237.54m]

normalized 349.32Jg/-1
Onset 92.32°C
1 Peak 93.86 °C Onset 448.03 °C
Left Limit 91.90 °C Left Limit 380.84°C

RightLimit 493.59 °C

2] RightLimit 104.06 °C
0 =t Py

| Integral -85.37m]
2 normalized -125.55Jg~-1

Onset 89.55 °C
4 Peak 90.64 °C
LeftLimit  83.30°C
RightLimit 91.83°C

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 €
mw
4 DSC curve_N2
12+
10
o
%] Integral 193.37 mJ
normalized 292.98 Jg~-1
. Onset 91.77°C
Peak 93.00°C

1 LeftLimit  91.51°C

5] Right Limit  103.43 °C

~ !
e/ Integral -70.75 m3
a4 normalized -107.20 Jg~-1
Onset 89.41°C

Peak 90.25°C
Left Limit 84.30°C
RightLimit 91.41°C

T T T T T T T T T T T T T T T T T T T T T T T d
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 %€

[28 17] CCTAY DSC Z =} (9l : air, ofz : Ny)

CCTA= ZA(ir) 2 2Ny ZA7INAM FA 94 Aes Holw, F24
Y= S5 8T~RT) 7|detH, Hol FEA va= Fg=2 L3
2T~104T)= A% Aoz i 4 QIvk Wk ANAI==(eF 90 T)ef

B
N 2

SE(%F 94 TC) Afolell 22 L=aE Holm Y72 WY AE Hol=d o+ +
sHA AR E L es dEdnh e F71ES 7] A 381 THE EalE il
gk 2AF3FE &l (Oxidative decomposition)7} A 2= H A wkd o] 7fA] F o},

DSCe wald, ded/iXeE 55 AdstA AS & v AHes 7HAL oy
ol MAHE T AEERY dEAde] Adety] wEol AFg A diE A%
SAY Wb T A= EEAo] Aol AA BEMAREE o Yold 9t



5o AR BMO| U UK B}
2) EEt22E &4 Zit
<E 15> galZ=z=29| DSC A2z 9
LA pan ZHE pan
MEZ | 2 ¢ 1, | T, | aH L P AH
[’C] /9] [’ql [J/g]
step1 37 42 43 -86 36 41 43 -86
oF
aEEL step?2 122 160 174 150 262 265 270 531
= =
step3 188 215 254 -220 - - - -
normalized  -86.05 Jg”-1 normalized  149.58 Jg™-1 normalized  -219.83 Jg©-1
Onset 42.40 °C Onset 160.24 °C Onset 214.82 °C
Peak 43.49 °C Peak 174.33 °C Peak 254.19 °C
Left Limit 36.63 °C Left Limit 12240 °C Left Limit 188.27 °C
Right Limit ~ 48.57 °C Right Limit ~ 189.15 °C Right Limit ~ 264.75 °C
iy : ............... —P-\_:
-
mwo| o T T T e e
4I0 I 6I0 I BIO I 1(I)O I 1&0 I 1‘I}0 I 1I60 I 1I80 I 260 I 2&0 I Z‘IlO I ZéO I ZéO I "CI
mW ]|
157
101
5_: Integral 600.19 mJ
h Integral -86.35mJ normalized  531.15Jg"-1
0+ : normalized ~ -76.41 Jgh-1 g:::t g%i(l)zg
] géff ; 2;53 oﬁ LeftLimit  26153°C
5 LeftLimit 3640 °C RightLimit ~ 281.11°C
] Right Limit 49.13°C
-10- T T T T T T T T T T I T T T T ¥ T T T T T ¥ T T T 1
40 60 80 100 120 140 160 180 200 220 240 260 280 °€
[28 18] ¥etE2=2=22| DSC Z=2t (9] : 7L pan, ofdll : HEHE 1Y pan)
uAQ detErEY dEA Z2d 523 H940~45 CT)lld &gHol FE9aE
Bom, WLd pans ARES A AAESATIOA oF 140 THZAAFE A A S
SR QAT W WY FE9AE BEIa IR VAAE 122 CoAlMTH &&=
Aniol AR A% wdo] ALHn FHolo] FUR A FAYAZ R
DAY pandlM= &8 AA9 w2 ds) (262~281) T WA 531 J/g9
B ol ALty At



3) REIE2E2EE 24 4}

<E 16> HEIZ2=Z=29| DSC AgZ 1} 29f

WL pan LHA pan
o | c}
M2 2 [, T, AH T | T, | T, AH
[’C] /gl [’q [J/9]
HE} step1 140 176 185 173 261 264 270 446
=2za2
=22 | step2 | 206 238 273 -161 - - - -
Integral 439.66 mJ Integral -408.36 mJ
normalized  173.09 Jg™-1 normalized  -160.77 Jg™-1
Onset 17591 °C Onset 238.20°C
] Peak 184,68 °C Peak 272.67°C
Left Limit 139.74 °C Left Limit 205.68°C
Right Limit ~ 206.12 °C Right Limit ~ 285.78°C
10 :
mw |
I T T T T T T T T T T T T T T T T T T ¥ T T T T T T 1
40 60 80 100 120 140 160 180 200 220 240 260 280 °C
mw ]
15
10 Integral 712.85mJ]
1 normalized  445.53 Jg~-1
] Onset 264.36 °C
1 Peak 269.86 °C
5] Left Limit 260.55 °C
1 RightLimit ~ 281.13°C
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a2
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Integral -115.69 mJ
Integral 72640 ) Integel o i m],\_ normalized  -109.15 Jg~-1
normalized ~ -90.94 Jg~-1 normalized  282.07 Jg”-1 -
70 Onset 19093°C Onset e
oy it Peak 198.20°C Peals 2697 °C
Peak 7L00°¢ 7 T lefilimt  229.03°C
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I~ At
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Z—?ZA@RTf(a) (1)
By__ L 1y, (RA
1n(7p2)— R(Tp)ﬂn( Ea) (2)

rfo
2 Ip

o714 e HEgolH, B BN UA, g & $25%, T, H3EE7 Hugl
Aol e &5, pe 71A45(=8314 J/mol-K), Ax W%
Uebdth webd dEMIZHogRE 7,252 dowd Ina/7) 9 (1/7)8 =3
st AL 718715 ol gste] BHFHIUA EE 7F 5 vk plotd Adh=
(223 23]9] YErglon] $53 S B wal B A3dA 283 Kissingerd

A4 el fETS 2 4 A

Z}H(pre-exponential factor)=

13 s
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L] i
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= e, a e
g ot Eu
. E
4 . St
19 e i 10 o
0. - 3:‘:63.;2-_?:.530 y = 7.7659% - 6.9669
7 R® =0.9795
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27 272 274 278 278 28 215 22 225 23 235 24 2.45 25
10n0/e 1000/Tp
(@) CCTA (b) LEIEZEE
13 4
»
12 e 1
i1 .-
g1 ? £ n N
= . 8 .
” ) o = = 24.813x - 41.76
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<E 18> 52%F T8 DSC curve?l Kissinger 244

AzH T, [°C] r E. [kJ/mol]
CCTA 86.80  89.71 9157  95.70 0.9619 288.10
A== 13455 153.29  166.59 @ 186.17 0.9795 64.57
HEIZZ=Z2 152.80 17149 18493  205.87 0.9793 68.62
o 2= 186.01 193.17 198.2  206.38 0.9797 206.30

[19 23]=F-H Aozl A Aol 7|71 71Ad4E wetd &4t uA =
AxE 4= glom <& 18> Al

AR (Eg) 7t A2 EZL2 A4 Falshr] 49 =
oAy wol Utk dukH o Abgste FrHAbsES @43
kecal/mol, (101 ~ 169 kJ/mol) ©]™ o] o]&te] @A sty & z2te 7| alstE e
AdA 5% o] e Abs-ghd A Suf(ef, ATE I
Ae7dstg Sujo A= A8t A7 10 ~ 15 keal/mol,
7EA] kol A 2o A EolstAl Ea7F dojuhAl drh[11]

et diEaiAl A7Eded o) Ea7F Aoyl Al&ske HEIRAIRE AL
ol Hu7E HeE FRo =Ye7IZbA 28" AIZHTMR, Time to Maximum

Rate under adiabatic conditions) @3 HIAHS H7lst=d AAAA v F a3

=
i
N
Ih
2
X
1
N
N

42 ~ 63 kJ/mol) A%

golEolt. o2 Sof Wgo] A8 4% vz nedn g, o 49 EF
Wgol Aol NRE FT = drke AL AN TG ovE e
2 : s o g3

TMRe Bt} A3e =48 gaiAes durxoz gaddaiAel ARC 5

chTo2
= 1
TMR,(T,) = (1)
2
1 R TD24 R Cp -1
_ R 2
TD24 ( Tonset Eln[ E TMRad Qonset ) ( )
E 1 1
o = fonset €XP E( Tonset B To )} <3)
TZ724 []d = 065 T(mset [K'] + 50 (4)
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\ Step -97.9437 %

501 -2.7461 mg
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] Right Limit 238.27 °C
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0] —
] o
_55 at 74.10 °C at 233.59 °C
-103
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