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Over the last 10 years, about 200 chemical accidents have occurred. The frequency of chemical leak acci-
dents has particularly increased since the 2012 accident of hydrogen fluoride gas leakage. When a chemical
accident happens, the released gas-phase substances are more likely diffused into the air, which subsequently
might cause serious damage to the health of local residents and the environment. To make a quick response
to such a chemical accident, it is significantly important to promptly analyze the accident-causing substances.
In this study, a cross analysis was performed using PTR-TOF-MS and GC-MS to identify accident-inducing
substances generated in the reaction process with brominated epoxy resin and acrylic acid. As a result of the
two analyses, acrylic acid was not found to induce a chemical accident, whereas aromatic hydrocarbons and
2-bromophenol were both identified as accident-causing substances. Given that rapid analysis is essential for
a prompt response to chemical accidents, the cross analysis using two or more techniques may be useful to
quickly identify accident-causing substances.
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Table 1. Analytical parameters for GC-MS AS Arksh=t] ALgEH, X3 QlFx|o}, A jzhg

Parameters Values AHE 97 Azod= ARSETH® Acrylic acide] =)

Column JEW 122-1564 ARSERE oF 167 Eolv 26097 ARIAdolA] Hwst

(60 mx250 pmx1.4xpm) 19 o1 el e LmaoL B

Carrier gas He(99.999%) at 0.7 mL/min Ch A WM acrylic acid?] 8 =24 2= &

Inlet temperature 250°C Y} g =Foln =E7d2et AJAglo] acrylic acid=

Inlet mode split(10:1) ANl WMEA FrE AL thabE o] RIZE717E Frof <1

0, 0, H 0 - . g = =

Oven program 720;_;[1;0 ;@gggi)ﬁl)c A W 4% gEr) Acylic acide 7] = ¥=

= }o 2 ZAshy 33s)ska o 3
Scan mass range 45350 m/z A F7] o2 EASh 33y o= AJdE hydroxyl
Qion 72, 55 radical?} QEFe] whg o2 Hajd 5 Ukl

Injection volume 250 ulL
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Table 2. Analytical parameters for PTR-TOF-MS

GC-MSZ ]88 acrylic acid AHEAS a3k
Parameters Values Az 2E AFNA acrylic acide AZEA 23Uk
Drift Pressure 2.3 mbar . o I _
Proton H,0* Acrylic acid®] W7] & = Al %Lﬁ}i“ﬂ&vfﬂ o]k
H,0 5 mL/min e oF Ao R GEA ATk Al F 5A17F o]
Scan mass range 50 ~ 200 m/z Ul AJEZR 2 2447 o] BAo] F3iE A ukzk
Uit 600V 7] 4007+ 3T W acrylic addt ARHOE FE
Temperature 60 N

A wkgo] SEEA g JEE FATAE e

p TOFlens 1.05E*® mbar =74 —° | °EHE_ .E] 1= e
p TOF 1.99E7 mbar sloz ebn WA acrylic acid7t A7)
&1l o, REgo] R E7Y o dar2utgol osf w2
Table 3. Analytical parameters for TD-GC-MS oA BalE Aoz wukEt), A PRy} s o
Parameters Values PagE D v Ee] gL g8 BE A
et Ctz;lgame PB-L (G020 im0 234 A7) thae] PTRTOEMSE ARg-alo] 45
Ao =3l &led A} X Ao A _1;1_:'_11:_}10:1?1 74%
Tube temperature 300°C = _TS‘E SIS, AL 2] &7 FHA T
Oven orogram 20°C >4 min > 10°C/min > 1oo°c  USIe] S S A1E field blank #7802 g5}
progr 5 min — 7°C/min — 250°C > 5min 4}, Fig. 1o1= 37 Adel o3k PTRTOEMS 4]
Scan mass range 50~300 m/z AFE vl ANEIT, B BAE0] AEd AL g
Injection volume 100 mL 018k 2= QlTh. A}a7} WIS B 4x)7) oAk 29w o
Foll AlgEHo] o] Folxl Zlg Hiekslo] AAIK (A A
Al 248 55 S2ES At AlRAE A A

&3t} Acrylic acide] &2 - 3}5H4 548 Table 4
o} 2oh19 Acrylic acide Golvt Lol &35 AY o) ) FsRIHO AR )elA BR1E gl s o
7] & AbepAIgl uke Al GA) ddukso] S 3kexo- - response] o= UERHOL field blankolA 91
thermic polymerization)’} S22, 23 A (inhi- ATt AT response 207} U= BRI ALAIH
bitor)7} 7 ojoF FTE Acrylic acide 38H4 57 (A XR)RIM T SlEE hEze 48 Fg. 29 390
AGEZA Tt acrylateE AAdsk=t] A= Al AN B

AN 55% ©)4o] acrylate ester®] -FFEAEA] AR B2 A3 proton mass 105.07 m/z, 106.07 m/z$}
o} Acrylic acide 2284, Z8A), 7822} od  107.08 m/zolA] AFZAEA A F)e] T2 A HHT} &
A, HAE vigH I8 vpA|, o] Z8YA|, vl e A YeEbZ(Fig. 2), 171.95m/z2} 173.95 m/zol A

Table 4. Properties of acrylic acid

Formular M.W. B.P VD. VP (Pv) KOSHA TWA  NFPA code
3.97 mmHg 2 ppm
(25°C) 6 mg/m®

C,H,0, 72.06 141 25 3-2-2
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Fig. 1. PTR-TOF-MS data for site A, D and field blank.
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Fig. 2. Comparison between PTR-TOF-MS and GC-MS data (mass range 100~150 m/z).
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Fig. 3. Comparison between PTR-TOF-MS and GC-MS data (mass range 150~200 m/z).

Table 5. Library data of PTR-TOF-MS

Analyzed proton mass

Library proton mass

(m/2) Chemicals Formular m/2)
Styrene CgHg 105.07

105.07 Cubane CgHg 105.07
1,4-Cyclohexadiene,3,6-bis(methylene) CgHg 105.07

Silane, methoxytrimethyl- CH,,0Si 105.07

Ethylbenzene CgH,y, 107.08

o-Xylene CgH,y, 107.08

107.08 m-Xylene CgHyy 107.08
p-Xylene CgH,y, 107.08

3-BrCsH,NH, CgHgBrN 171.95

2,3,5,6-tetrathiaheptane CsHgS, 171.95

2,3,4,6-tetrathiaheptane CsHgS, 171.95

171.95 2,3,4,5-tetrathiaheptane CsHgS, 171.95
Phenol, 4-bromo- C¢H;BrO 171.95

Phenol, 3-bromo- C¢H;BrO 171.95

Phenol, 2-bromo- CeH5BrO 171.95

Tellurium, methyl-ethenyl- C;HTe 171.95
(CHs),N-CH=N-(4-cyanophenyl) CyoHp1N; 173.95

Benzene, 1-bromo-2-fluoro CeH,BrF 173.95

173.95 Benzene, 1-bromo-3-fluoro C¢H,BrF 173.95
p-Bromofluorobezene CeH, BrF 173.95

Germane, tetraethynyl- CgH,Ge 173.95

olHeje] AME st L A3} Fig. 200 vebd
vle} 7+o] RT(Retention Time) 17.63%3} 18.54%5-)
xylene 3eHEo] AEE ATt ARZAIR (A AF)elA T
AZE 1833% 73w gfolHeE] AMZE7} styrene©]
=92 A=A Fig 39 GC-MS 2443 A}
IAFA ADAA 2 A-ANAN HEHA Ze
24243 937} ettt o] 93+ PTRTOEMSelA

ThE - YERER] 248 171~175 proton-m/zA}0]
o] AF HARE EUZ GC-MS TICIA o]2F&2
Bl A" Aot GC-MS zhelEae] HAAE
24.24% )33 2-bromophenolo] 152912 7141=] ).
PTR-TOFE-MS®] gfolHeje] AMZAFAIE 171.95
proton-m/z°| A 2-bromophenol®] &<¢1=21t}h. PTR-
TOEMS®] exact massZdzte} GC-MSe] A& ~HEH
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Fig. 4. Mass spectra of 2-bromophenol.
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