O] y=i-& FAEA 2] A =A%) bis 2-chloroethylsulfide(HD,
sulfur mustard)E FH3HA H7[517] flete] 15 %e] HDE &2
¥Rl S8t kSRS EEeh Bl EA o) Haa] uhi
< g=lsh=d| E4o] 9t} Distilled mustard2 % 227 HD= <=

&Y Al 1,500 mg-min/m>E QAo wi-$- S-3ECH1].
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FEALA S AFQ! sulfur mustard(HD, bis 2-chloroethylsulfide)S- 733t B4 2 23ksl7] 93t 374 +9x20s
Z7) 915lo] Bof 25k HD 7}ial] whe-g sl BAEAAE 8T whe-e 2dA = )

HD 10~20 wt%= 90 °C EollA] 2413} 5k 7128l 3F § AbollA] 7 an) -8-M (2.1 i) FsHA] 1t
SA7k)] WE HDY) RS S48t} o] A3 x7elr HDL Bl &8 99.99% o4 o]3lon 714=k-3)
F9] HF BEA-L thiodiglycol 68 wi%, 1,2-bis(2-hydroxyethylthio)ethane 8 wt% %! bis(2-hydroxyethylthioethyl)ether
24 wit% ©]it}.

Abstract — The hydrolysis reaction of sulfur mustard(HD, bis 2-chloroethylsulfide), one type of the blister agents was
studied in water to find the operation conditions which can convert HD into less toxic compounds. The reaction was pro-
ceeded into two steps. First, 10~20 wt% of HD was hydrolyzed in water at 90 °C for 2 hr and aqueous sodium hydrox-
ide solution(2.1 eq) was subsequently added to the reaction mixture at room temperature. The efficiency of HD
hydrolysis at this experimental conditions was greater than 99.99% and the final degradation products of HD were 68 wt% of
thiodiglycol, 8 wt% of 1,2-bis(2-hydroxyethylthio)ethane and 24 wt% of bis(2-hydroxyethylthioethyl)ether.

Key words: Sulfur Mustard, HD, Hydrolysis, Chemical Warfare Agent
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2-1. Al & BMEH|

HD(C,H,CL,S, CAS 505-60-2) 3! HD2] 7|53l A& 1,2-
bis(2-hydroxyethylthio)ethane(C¢H, ,0,S,, CAS 5244-34-8)7} bis(2-
hydroxyethylthioethyl)ether(CgH,505S,, CAS 7426 -02-0)= <= 99%
olgel YES AHEIILOR HES F ool Folgl HDE) ¥
A& flato] FE8uEM ethyl acetate®} methylene chlorideZ- A
SRl B Aloke SRS AAISA] AL ol ARgStaL
W gk 42 GC/MSD 2—1 LCQ(ion trap)E ©]& AT A}
G 1A g 9 g o) 29330 Table 19} 2Tt

2-2. HD & Eol=2le| AMzF gl HAM xp)g

7ial F Sgolell dolgli= DSl g2 GOMSD(SIM)E
m/z=109(base peak)— o] ga}o] AEkar walEHRl thiodiglycol
(TDG) 5] A2k LCQUN)E ol galo] ARS A3},

2-3. MEER U

HDY| 7M-i8llis 255 90 °CE A fA8P) $lsk =
Zlo] ¥-2¥ 48 WRS7)E circulatorol] 1431 ARSI A
A T Yjof] g TR circulator 255 90 °CE
243 & SHSE WES71e] Wil 1.0 ml gas-tight syringe®ll 10 cm
needle2 A3 TR HD(d=1.27 g/ml)E wH37]o Yich. ol
HD7} RES-8719] WdoluL} 9] o] 4] U5 needle W=
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Table 1. Analytical equipments and their operating conditions

Analytical equipments  Operating conditions

Injector temp 250°C
Oven temp 40 °C (1 min), 10 °C/min, 280 °C (5 min)
GC/MSD: Detector temp 280 °C
Agilent 5973NMSD  Column SES54 (HPS), 5% diphenyl 95% dimethylsiloxane (10 m x 0.530 mm i.d., 2.65 pm film thickness)
with 6890 GC lonization mode Electron impact(EI)
Electron energy 70 eV
Extracted ion m/z 109
Infusion sample flow Split mode, 10 pl/min
LCQ(Ion Trap): LC Solvent A 0.5% formic acid/water (90%)
Finnigan LCQ-Max LC Solvent B 0.5% formic acid/ MeOH(10%)
lonization ESl(electrospray ionization) mode

Table 2. HD concentration used in the hydrolysis reaction

HD (wt%) HD (ml) Distilled water (ml)
10 0.7 8.0
15 1.0 72
20 1.4 7.1

A2 e §- Foste] Welth HDE] 5% Table 291 7] 10,
15 9 20 wt%= H3IA]7]| 3L 714=2-3)] Hk-g-of & HDS] Ealas
AXrela B S B9
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7 EE T 1 FAEIT. S91e] Fo] #2]EW ethyl acetate

rE‘z
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T e 5 A8
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Asto] Whg7] £EE 20 °CE ST o]0 HD 2.1 d&ell
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ARPE A E AFste] 7PdAttel 9§ HDE] 23k RS/

& wasiint.
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BaEde i 24 3elEg EA8E R LCQR Ao A

spgict.
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Fig. 1. Calibration curve of HD(GC/MSD, SIM, m/z=109).
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Fig. 2. Experimental procedure for the HD hydrolysis.
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Fig. 3. Degradation of HD depending on the reaction times at 90 °C
in water (initial concentration of HD was 10~20 wt%).
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Fig. 4. Degradation of HD depending on the reaction times at 20 °C
with NaOH solution. NaOH solution was added after hydrolysis
of HD at 90 °C for 2 h.
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Fig. 5. Further degradation of the HD hydrolysate with NaOH solu-
tion. NaOH solution was added after hydrolysis of 20 wt% HD
at 90 °C for 1 h(@) and 1.5 h(H) respectively.

50%7H] 7} Pl %i‘:}.

9 b MR AL wkelA Ho kel a3E A
2QEE HRARES %%:6}71 2?18l HD &=k 255 247} 20 wi%
4l 90 °CE A B T 7l BA7HS 2417 A 1~1.54]71 0=
58t} Theial st A3} HD Abs e Fig 59 2ol 747}
40.1 pg/ml(1.543F 7H=5-3) 9 43.4 pg/ml(1A17+ 7}j—r )= A
Z71552] 99.98%7} 3=t HD Wl &8-S v #o17] 9
3] $19} FU o Rl 255 20°CR %T 7}
At 808 F9Jskar 3093 Wit F HDO| w55 5% A
3} 9.0 ug/mlz 74sol] W} 99.996%2] ¥-a &-8-3 At o] A
HE ool T2 ARE 1-1LARE 7§ % 7T &

e Z?Jo a1 18.541%F 5 HD s s 5798 49 1.2-2.0 ng/
T ORA E—SH £ 99.999%c] Z3I3ict.

$1 A3A7 T8 HDE 90 °C EollA] 1~2413F 7123 &
- elA 7}*4*5} Gelow Fokabd 1A1ZE el 99.99%0 1
Wall= 3L 18.5A%F Folli= HD7F 99.999% oFd Rallgs & 5 2
et

3-3 HD 7}‘1—"—0” I

3-3-1. GC/MSDe]l 23t g2l

7238l 229 912 Fig. 63 20| #71-8vlQ] ethyl acetate

2 FE3 & ol TAleh= =T T3 F dathE B8
SR & FEAslsle] GOMSE F8k= F 7 WPHE AF
43191 o H 7l B4 2] 4943 Fig, 72 339] thiodiglycol,
1,2-bis(2-hydroxy ethylthioethane 2! bis{2-hydroxyethylthioethyl)ether®]
350 R ERIE

3-3-2. LCQ(ion trap)ell 2]+ &l
GC/MSD°ﬂ 946} 7VRE] B4 8918 Tl -80S pH
72 F3} 3t & B8 AFskL FRASAA Ao Lo/

Korean Chem. Eng. Res., Vol. 45, No. 3, June, 2007



296 o183t - oFd - 2

1. 5,0, A
2 NaOH, 20°C

O/\/S\/\O
HD

« e e 4

1. Bxiraction with Ethy! acetate 1. Neutralization with 0. 1IN HCI

2 Drying with MgSO, 2. Dryress with N, stream
3. GG/MSD 3. BSTFATHE
4. GOMSD

Fig. 6. Analytical procedure for the HD hydrolysates by GC/MSD.
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Fig. 7. Final degradation products of HD analyzed by GC/MS.
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