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Chemical Agent Disposal Technology by a 2-step Process(I)

(Agent Hydrolysis followed by Incineration)

oz o g 2N E sU
Lee, Jong-Chol Lee, Yong-Han Oh, Sok-Chong Hong, Dea-Sik
ABSTRACT

A 2-step process for the safe disposal of chemical warfare agents(agent hydrolysis followed by
incineration in the submerged-quench incinerator) was studied to obtain basic data for the design of pilot
plant in the future. Sample materials used for the hydrolysis reaction were sarin(GB), sulfur mustard
(HD), and methylphosphonic difluoride(DF). The hydrolysates of these materials were thermally destroyed
in a submerged-quench incineration system. Experimental conditions for achieving destruction efficiency
of 99.99% in both steps were established and phosphoric acid was recovered from the waste water when
destroying DF hydrolysate in the incinerator. Treated water could be reused as process water for the

agent hydrolysis.
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S AAs Hgslm oy Hyres BFE
gAY AYdaZ, F3 F ¥y 2 58 &
1xE AgAE Pgez Eeagt

2HgAlE Bolu grAd BEAR JlsEEEhE =4
o] A TAHO FHFo &olsAY EHEAd=
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7ires 2 A7 dAA ZEA Elagd E
B39 #AELL 74 99.99% o) dAshe AL
EX5FoE Asta g E2L GB(isopropyl
phosphonofluoridate), HD(bis2-chloroethyl sulfide)
4 GBY 14—?%78°1 DF (methylphosphonicdifluoride)

2 g9 oS 2AL HArlE 2ARH 4 ()~
D% 2ol Aied 894 9 FoA B0
s

GB : CiH;oFOsP + 2 NaOH
— C4HyOsPNa + Nal' + Hx0 (1)

HD : (CICH:CH)2:S + 2 H,0
— (OHCH:CH),S + 2 HCI (2)

DF : CHsP(O)F2 + 2 Hx0
— CHsP(O)(OH); + 2 HF 3)

AEAE 7R 1h79 54 dEE AA
g F8 BEH<9 MPARX, DFY A% =
TDG(HDY] 7%= TTXH%%JO]UE oA AN &=
NEE Ao g} Ed, E3EZD= NaFet
2e 27|93 HC 2 HFQ} 7EL° AHdEAo| XF
5o 3lof At g 9G-S WAty ¢d BIAE
£33 A3ty F3b & A9 do] A4ET Hol
FHE AANHTIES dFur]d AZRA AFH

o2 &7 @ & k. ¥, &% F A5 FHE
Be 33, %, AzEY A5E PAAA gt ¥
IR N2EE TET 5 o ol WYl F
BAde] DY A BPRES A Fo HAL
a7} Bk

GBU MPAS &73t% 77t 4 (4) 2 (6% 2

o] ;X EE3N =i POs7F A

CiHiFOP + 6 1/2 Oy
— 4 CO; + 92 HO + HF + 1/2 P20s (4)

CH3P(O)(OH); + 2 O
— CO; + 5/2 H:0 + 1/2 PoOs (5)
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2 P:Os + 6 H{O — 4 H3PO, 6
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71oA ARREA 2 FEZLEA ] WEE é‘ﬂ GB
¢} HDE 7Miathel £ 23jgtdth

GB9 7lEsle whg71el 205 B HAag
FgAe ¥a 10wt%e GBE 9% F 2xws
(50, 70 ¥ 90C)o wWE WEEE FFE
7hEs) Al 7HAAT ol Frletd - &3l & NaFrt
AA=o] Fo] FUBIER o5 FHasldle o] ¥
Ag Al fFElER HAFS AHEsth HD 7k
BT GBS} TYs wEo 90T B 10~20wt%
o] HDE U3t 15A1F g 3 F F2olA 7t

Art 848 201 BFHOE 08 F7 whs3}
o A7 % %E %}9} Auk-go] <3k HD AA

% pololng eldn, 44 2 pohey
£ B4 GB-4 § GC-MSD ¥ LCQUIMZ,



HD #&&4d& GC/MS(SIM)E A& 3ot

L, ASH7|Y Az}

a7 APe a3 29 o] HAY)E 10kg/hr F
o] AFAE AZur|A AZtEE AMR3El GBY 7}
FEHEAHANN HAHE £S5 A(MPA)FH HDY F
8 7}EEs) E42 TDGE AxRste Azs)dch
AZt2E 4R wurt 2EE glon Fi9
o FARAA7 BIE 224 AL azE g
o WZAlAge] 427 dAFPew FAHY wjrix
AR 9 2Ho] BAE Q. TH] e #
o], FHE, f5% dudivt ddse] JoH
He 33 75 2 Az X9 QAISFE 9T 3
FAX 2 &5 ¥gE B2AIE Y8l o]
AEFAYE HE HATE F ok W) 7k X Al
WS Hee thE-E quencherdld Az F
Ag 92§53 Gagrids g% 23k 2744
2" AEda)E ¥ =2 A3 7lesigol

AZEZR] MPA §9& olaznEy(LC.)
Z BN A3} MPA 264~321wt%, HF 0.8~1.02
wt%% B2 FAEYOH pHE 20~29 ®Holxm
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1. Incinerator 5. Downcomer 9. L.D Fan 13. lon Exchanger
2. Burner 6. Cylone 10. Stack 14. Discharge

3. Injector 7. Absorber 1. Waste water Collector  15. H3PO4 tank
4, Quencher 8. Water fluidizer  12. Evaporator

(08 2] AZeH7I4 222 W EX2| Alad

wggo] wlg ol d4x4de wo)7] 93 Exds
2 oES 11 F¥uE EFT F 900~1100T ol
A 2789k TDG 27+ 10wt% 9] TDGE &9
L8N A 3kg/hrE 900~1,000CoNA Aztetgon
RS Al B Gake AT E 38 3
$E EAEY 9 Agel M2 TDGO @4ta 7t
BAEGE 1wt% F7F & & &7 3§19

3. dg&n

7t &l
1) GB9 723
GBE= ¥ 13 o] 2x37ld ulg} 71eEert &
ZAEPon 9QTaA 147 o4 ¥kg-8hd 99.99%
o} BT HAEEAAE 1A 54 FHE3Y
ETATE e &5 9EAL Arrhenius A9

(2 1] 7Hdact YoM 2Z 2 Jt5EslAlziol

ue GBol JtEs F8(%)

bRl AlZHE)

(cy| 5 | 15| 30 | 60 | 120 | 140 | 200 | 240

50 | - |82.27|89.91(9268| - |9827| - -
70 186.55|92.81(95.68(98.69(99.75| - - 19992
90 19357|98.35199.72199.99| - [9999| - -

[ 2] 2slgs 2o 225= 8h8AIZt

st IRETEEE
22| 9| [ Lok
() 99% |99.99%

50 | 3.096 |-451530| 10940 | 7.0 140
60 | 3.003 |-3.84940| 21.293 | 36 7.2
70 | 2915 {-322233| 39862 | 19 39
80 | 2833 {-263079| 72.022 | 11 21
90 | 2755 |-2.07184|125954} 06 12
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2t 2xo WE 7R AQAHE ¢S3 A9
99.99% o] HlEv WEEALE F 29 Zo] 80T
ollX] 2A1ZE 0TlA 12412 o1 olgler Ea44
E2 jsopropylmethyl phosphonate((MPA) ¢},

2) HDe| 7=l
HDE 90T EoA 10~20wt%E Fste] 154

s 33 "}£°ﬂ}‘1 7Hdat AL 201 2
At 0E7F F7F wkst AT 99.99% o)
2aggon BEAe 22 thiodiglycol 68wt%,
1,2-Bis(2-hydroxyethylthio)ethane 8wt% % Bis-
(2-hydroxyethylthioethyDether 24wt% ©]%itk. HD
2=t mj$ Fof Ed Yo & ofgfzos
e gd el EHE 37 Y SA=E St
Al7le Bo] F83H4h

T H3K10, 15 2 20wtk)el] W& slEd 2
e ¥ 33 o] ZE FEAAM 1A F 99.9% 7t
2 BAEAT WSAITESE 247 o) SUMAARE B
qage A S7I8HA stk 3, AAgEE) A
A== HClol 93 9 whgo= HD7 A€ 7t
FAL wiAIE7] st HkE & AdRoAM JHAT
& FYs A7 Rl &o] vMsA S8ty 21
A E3&e 2 wske itk HD9) 7t
e gellgzol A 4&5}‘31 2Z8nk ohujet
| Feio} ST & JFo] glonz W
HE A NS 7 i"]? & qn¥
AFE CorningAl AES] A4 mukz)e] A 3mn
AR E o] &3l H&m oA Aoyt

II o Y
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[E 3] s&ol e HDel ZHrEdl (%), 90T

N

Fraol AZHhn)

HD
(wt | 90 ColjlM FH=&3f
%)

R F 420
7t ot Hot

1015120 105 10| - 21
10 199.990(99.992|99.993(99.991(99.993| - ]99.997
15 |99.981|99.987|95.990|99.988/99.994| - (99.997
20 199.970(99.975199.985|99.092/99.993] - |99.999
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3) DFe| 7lr25)

g B3} 1 : 152 70~90°CoA 2A1Z o)A 7}
FENG § LC.2 B4 A7 & 45%, MPA 39%
2 HF 16%7} 4A435R2em DFe #AEHA gt
EZe HF7F oh& Erso] glof o8 473}
272 gy 2 3 HAAd $45 doF
Roe2 By HFe FulHE oj43 wiE =5
53t HFE AA3:= 89, MPA: Y &3
E(323wt%) 7R Bl £3AA s Aol AA
2o g woeet. ety AZEFY 24E& MPA
oF 32%, HF < 1% ¥ B2 TAHXE DF 758
3 B2 E& F7|HoE FRT F FFH3H HF
& 3sta oy FF3e MPA 2 HF EF89¢
&7} ST

i rR M

L}, =7 (A] &2t
1) MPA 29 Az}

MPA &2 7ZabAo|n ko] yo} é*é
=o|7] Y3l RXUEE oNES 111 EFHE
3k 900~1100ColA 4A2% A7 TOC 7lEoz
99.99% o4 FH|HUL. ¥ 7k=(CO, SOx, NOx,
HF)e wWENES 9Essou 9 a77 o
WA mel o] AASH] fst] FAE FR]
7Hatt 898 EFsIRo AR AAE F3
3 5 AZste Aol /A EARF ot old 74
athe] BEEke A0wt%E ZIsPA FAo] wAys)
o HAL FQste AAH =5S HHAZ 4 gle
o2 JHo| HASA g HUerEls FI ¥ &
23 A3 {7)88(DRE) 99.99%E 2A5HA
AA77} gr)Hoz FZAHYHE,

WAA7)E 9 3FEQ MPAZE 220X g
ol MAF POsoIBE T3 A, $9 &7 H“M*
2 2E POCE IC.2 &4, vuslgrh F 4 5
AE(S-1; MPA €94 S-2 ; MPA Z3-84)9] #
71&88S THC(otal hydrocarbon) ¥ TOC(total
organic carbon) 7]1E2.2 &A% Roly #E 59 &
Zexd wE % wjE7laE vusgdoh HF ¥
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(£ 4] 22t MHZIHTHC ¥ TOC 7|&)

S-1 $-2
22t

NE THC TOC THC TOC
em) | (epm) | (epm) | (ppm)

Win 9,210 | 350,700 | 7,371 -

Wout 0205 95 0144 -

DRE(%) | 99.998 | 99.997 | 99.998 -

(5] =% tj&rtAe v

22t ZEIIA B
o = ec CHAb o
(kg/hr) L;) Alz| CO | NOx | HF |POq
(€ (ppm) | (ppmy}| (ppm) | {mg/)
S-11 0 71
912 1.53
S-2| 1 | 70 | g1 | 51
S-1| 5 | 91 |:049 | :86.7
6.6 |1056 139
S-2| 6 | 9% | S-2 | S-2
s-1| 7 | 190 | 017|218
1124 19
S-21 6 | 124
S-1: MPA &9

S-2 : MPA 38, m : HYF7H

POy %] ¥E& MPA 8§98 336kg/hrZ 35713
A7 BEN2E 7 TPl TS Y
FR ¥ gA9er aer Wedae #3ss
g Yo

2) TDG 2%¢9| 42zt

10wt%2 TDGE Eo &3A1A 3kg/hrZ 900~
1,000CelA 4Z8 A3 DREE 99.99% o) gAl
HAow & SESOx)e] #Hol 300ppm FAEA
g mex SOx FE=E dr] #iE71%(100ppm)
o3tz ZAA7]7] Hg APAT FAY Alx¥ F
55 udrld /Mt §98 8A7E Ao
74 AnEoldlon o714 389 pHE FA
Fo2A SOx TEE 3L7E olstz &ol3A &

Ag 4 9J9ld. pH 2F& Ry 108 /M4t

FEAE At dAFY HMiat
$4E & 53 AXA YT vs &8 pH
g s AT A wE ¥4 pHY
7t & SOx &5 &34, vlusigt. 43843
gr9] pHE 4014 fAI5PH SOx B=E 100ppm
2 A 4 A A, TDG gaksdt 7}
AAOE 1wt% 37t ¥ 427 3 25 DRE #|H|
T 932 sk

Ir ox o My

3) el

A274AEAH TDGE &zbo] o3t ey MPA
= B TAAE LAANAY MPA £9& 6kg/hr
2 35hr &7 3 ¥ HErb A ol wAlEe
quencher £94-& £4% A3 ¥ 67 2] pH,
g B4vl BF g dE71Es 29313tk MPA
L4 FHHATE 40wt% 7HA F3HS-2 Al &)F o
aZ3le A HE wEV|ESE 2Psd o)
FEAN717] st E8) Hd 7Y 4AT T4
ARl 78 AR wiEv|ELE HIE At
& S 2T o] Ag B4 EF<19
71#& 242t 15mg/l 2 8mg/t olsto]c}
Quencher 85 HFAHZd Bule il &
FoEEete AR EEEhE AARY 2 e
SHe ARATIE TAl A4k 3 & 4 Qi
A¥8-e Buchirbe] R-205 A2 7|8 ARE-3}
o] 29 bath 2% 150TC, E8123 IIEE 30rpm,

M o XN

2O i npm
i off

(% 6] Quencher |54 4H6kg/hr2 3.5hr 22)

, COD ol | 224
TE (mal) PR g | (mah)
%)
481 10~50 olat|58~68]4 o1t| 3 o1
g | A4
7IE 7 o)s o]3 o]3
e 70~90 ©°)&}|58~6.8|8 o)} |15 ©)3}
MPA
S-1 11 20 | 5850 | 260
S-2 11 28 | 3400 | 160

TNE FESHEEY 8%, B AAFH A 8%

= FAe7 |48 R A)10E A13.20079 39)/ 121
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AT, B4t Qe SHEA Aol o]83}
W B IEFE, ik ARdoE FF 5T
T AT Q4 FgEte o] &she dH, $FF
THE B o]2n 34X (Purolite A-300)2 A A
st o]2udrA o] FHLE A AE&HoR
AR & g Ao FHolw ARESE] A, IN 7Hia
o &40z A Ay FYh §F5F g £A9
BYEF AFL A 25ml9} 854 100cc
Aol Wi A4 wutzig 10 B3 wwkgh
Ay #/F ¢ F EAFEE AT
of TP Bxolo] 99% ©]4 AA=HAT
2E 3FEHY 57} H5 sjE7lE okt wi¢-
of AAY oulz} ATk ©o]F A3y 3t
BFE ol 2ud FAR Ay & £ ICE 24 2
# PO AEEA ¥t

=
e
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o S o Ay S

4. 4 E

AR R FEAEAE GFsA H7IE] st
AEAE 7rid @ F FAEES &4 A F
A 22 H7FAE ASEHAT. &4 A DANA
o B 9999% oFE FRE H4YxTE ¥
3t ZRE A o] AL F&A JheEs)
A7 Zo] gol Fird e EZs s
Azl & £ de A Ve dgdn F83
e 7hrEs A A1y 247 A 2 795
o AERHE A2EE 74T 5 g o7 §
F 5% 3 A2 FANE FFeE A A"l
ALAE SRE FE7HA A HTE 3
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TDGE 27 A SOx7} B TAsgoy E4%
A B TMIATE FUstd pHE 24
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