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Prbslra 715 71 GAAILE] FatAlel vlE) F-2 o] wrot Aok 9l oF oke] AuEaAlE ARSE, oF
o} 7k F7t Al ghekagA| e AlsAdEe] Skl g4 Qlok i dAqtellA e BlElra 5715 ©]8-38te] HD,
GD, VX&] fAF-8-AIQ] CEPS, DFP, dimethoate F¢ll teh Al &g 13T o] & 213l AHA] 8 itk
2 713 BAAT S5 AW F=Yhste] HESAIES FAIBIRILE Als & IHR-ES GO/MSE #435H
S A=ass Arkelal, Z47ke] fAREEAl] st vk A ws Sl SetatgAle] whg wztS T fAeE
gRISHATE. A8AT} CEPSE 30%2] “dulsEelA] 60i-2] Hhe-AlTtell $HaAlS H9ar, dxyol 7k 32412 g1t
3lol|A] DFP+= 304, dimethoatet= 1505-2] HES-A|7H] $HAA1SE QT

Abstract — Vapor-phase hydrogen peroxide(VPHP) has been used as a sterilant in the field of medical and pharma-
ceutical application due to low corrosive than chlorine contained sterilant. In addition, it is well known that VPHP is
effective for decontamination of chemical warfare agents by adding ammonia gas. In this study, the decontamination
efficiency was confirmed about CEPS, DFP and dimethoate as simulants of HD, GD and VX using VPHP respectively.
For this purpose, VPHP generated from self configured device was injected into decontamination chamber and main-
tained for reaction time. After the decontamination, the residues are analyzed by GC/MS and decontamination effi-
ciency was calculated. Through by-product for each simulants, the similarities in reaction mechanism of chemical
warfare agents were confirmed. CEPS was completely decontaminated at 30% relative humidity within 60 min. By add-
ing ammonia gas, DFP and dimethoate were completely decontaminated within 30 and 150 min respectively.

Key words: Vapor-phase Hydrogen Peroxide, Ammonia Gas, Decontamination, Chemical Warfare Agent, GC/MS, CEPS,
Malathion, Dimethoate, DFP
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Table 1. Physical-Chemical properties of chemical agent simulants
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2-1. A2 Al

TARREAIE sterakgAl et = 3kt 5400] fAleh EdEA,
A1 2871 (functional group)tt T-Z(structure)s 2= =4 = A€
3} TH8](Table 1). F-AF-&-41¢1 CEPS(Chloro Ethyl Phenyl Sulfide),
DFP(Diisopropyl Fluoro Phosphate), malathion, dimethoate - 99%
ool 5o EH4Z sigma aldrichollA] FISFATE FE4m
ethyl acetatei= J.T. bakerol|lX1, 35%2] ZRiFslrAd= SHEAI] 2o
A, Z1]31 99.999%°] = QR ok= g7 kAm N THelEsict.
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319331, malathion, dimethoatet™= film FEZ T¥3}ch & AL
g4 2F U 1 gm?ZE FL 2HIIATHS]. B2 29
U 7E7] $18) glass wool diskol] FEE= %<2 CEPSE= 038 yl,
malathion 0.37 pl, dimethoate™= 0.45 mg, DFPE 0.43 pio|t}.
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Chemical agent simulant DFP(GD) Dimethoate(VX) Malathion(VX) CEPS(HD)
o
|= S cl
S VallEan il QS
olecular structure N4 s .
Y /P\o ;\ | s
F
A 7
Formula C¢H,,FO;P CsH,,NO;PS, C,oH904PS, CgHyCIS
Molecular weight(g/mol) 184.15 229.26 330.36 172.68
Melting point (°C) -82 44 29 17
Boiling point (°C) 183 117 156 257
Vapor pressure (mmHg) at 25 °C 0.58 3.38x10™ 3.38x10™ 1.86x10
Solubility (mg/L) at 25 °C 1.54x10* 2.5x10* 143 84
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Fig. 1. Operating diagram of vapor-phase hydrogen peroxide system.
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Table 2. Analytical equipment and their operating conditions
GC/MS Agilent 5973MSD with 7890GC
Injection mode Splitless mode

Injection volume 1.0 pl

Injection temperature 250°C

Oven temperature 40 °C (1 min), 10 °C/min, 280 °C (5 min)
Column HP-5MS

Carrier gas He(99.999%)

MS Quad temperature 150 °C

MS source temperature 230°C
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Fig. 2. Total Ion Chromatograms of CEPS; before (top) and after
(bottom) decontamination.
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Table 3. Effect of relative humidity on decontamination of CEPS

H,0, injection Time Relative humidity =~ Removal ratio

rate (g/min) (min) (%) (%)
50 81.9
40 73.7

30
0.5 30 94.5
20 82.7
60 30 ND*

*Not detected.

oltt. HDS} mRIZHA 2, CEPS= &l theh 8357} vhobr] &=
7t =& A5 Aol 2 HA| g Adgke] Stk whEbA, dAkslA
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Table 4. Effect of reaction time of hydrogen peroxide on decontamination
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Fig. 3. Total Ion Chromatogram of DFP methylation product.
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A9} o] L}/&ﬂ—?i S7INks o] g3t} ASAFS sl o,
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6eIA e} o] 30-0] NEgAIZE kel oF 30% Fal7k H %, whg:
ARbe 5 E H a7 WA ok A ik olefst daE
B35 Z7130) Hhg-S ool 9] kg k2 Ale] Hallell Wesh

of DFP
H,0, injection rate N injection rate Time Removal ratio Table 5. Effect of H,0O, injection rate on decontamination of malathion
(g/min) (ml/min) (min) (%) H,0, injection rate (g/min) Time (min) Removal ratio (%)
5 99 0.5 15
10 99.3 1.0 11.8
30
03 3 15 99.5 2.0 11.3
30 ND 3.0 11.4
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Table 6. Effect of reaction time of hydrogen peroxide on liquid phase
reaction of malathion

H,0, amount (ul) Time (min) Removal ratio (%)
10 254
20 28.2
100 30 31.8
60 30.5
360 343

Irbelrae] 24 gl A Wk o2t AR o] e #ik
Sl Faloll 71918k 5 & AT o] F U A B
“+ malathion®] &3l =7} Stthi= SA 07 Hwo] 7hsstig
malathion> VXO| FARMEA|Z A slshA] eksith.

Malathions thA8H= 291 dimethoatet= Itsl54~ 7 1A=
of st AT VX FAREAIZ ARGE 2ot 18]. A
2ollX 2.5%2] B3=E 7HA AL Qlo] VXS fAksE esoltt. Ik
34 71918 AlSHESoll 9bA FAtslAhol ti$h dimethoate]

wallES sl flal ks A8 SsEISIT). Table 70014
ok 7o) oF 45% Uj9] o] el EEe e o AL, WK F
HE FallFo] solvbA] e AgE 7 AT FEEES
malathion T} T 359k=4], SbA] A5 |38l 2] 2jo| =2 ket oF
UHOH“—"“’— 7t FE Aol s pl ke 25 A = Ak

S 95 = UG Table 80|49} o] trefst 227104 dimethoate
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Fig. 404 ™75 ARE 1520 A== AYE 9371 AlSATH

HlElst] ARE AS 3l & 15’15}‘
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Table 7. Effect of reaction time of hydrogen peroxide and ammonia
injection on liquid phase reaction of dimethoate

H,0,amount  NH,OH amount Time Removal ratio

() () (min) o)

5 47.6

30 447

i 60 449

100 120 48.8

30 73.6

5 30 ND

10 30 ND

Table 8. Effect of reaction time of hydrogen peroxide and ammonia
injection on decontamination of dimethoate

H,0, injection rate  NHj; injection rate Time Removal ratio
(g/min) (ml/min) (min) (%)
30 1.5
60 13.7
- 120 143
180 59
0.5 240 69
60 264
3 120 83.8
150 ND
180 ND

Korean Chem. Eng. Res., Vol. 52, No. 3, June, 2014
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Fig. 4. Total Ion Chromatograms of dimethoate; reaction time of
120(top), 180(middle) and 240 min(bottom).
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of &JalA FAE= AE & T UAATE FARRREAS} s8Rl =
AR} 7Yl s BalA] Also] o] Foixivt. whEbA, AR
Aol sk A58 8 vhg- WA US| ECBCOA Hare sjaka)
EA1S] A7 [5]9F AR & ATk & ATl ARE
CEPS, DFP, dimethoate 52| FAFRIEAE 0|43t AH A= vlE
© 7 glehahgA)| o] Aol Tt AFE v Faks] Waysh = 9le A
oJtt.

o

At

= IR SRl T A AAAIET]EAI] Y A
3} 01 o] 7} EFUTHUCI0000461D).
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