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Abstract

Under high temperature and high pressure, cyanogen disinter gration distruction mecha-

nism brought followings results through continuous plug flow reactor system.

1. The temperature was a important reacting factor in cyanogen disintegration. Over 612.8
°K high disintegration rate or 99.99% was shown even under 2000mg/{ cyanogen
density.

2. The conditions of cyanogen disintegration was gained through experimenting the super-
crietical condition of water in basic. To gain 99.99% disintegration rate under 1000 mg/ ¢
early cyanogen density, the pressure showed 52.8 seconds at 523 °K and 84.2 atm and
gained 0.56 mg/ £ operating density.

3. Here is the reaction velocity formula of cyanogen disintegration by hydrolysis:

This formula indicates the high possibility of cyanogen disintegration within a short time.

And it also implys the potential possibility on treating NBDICOD and the technology in
developing the environment cleaning progress as small size automnatic controlling equipment.

I. A 2 7bedk AR ghe] AE AIEH o AA et
AFEe] videl i Feoljth A A7 #7%
S8 vege Ad 3080 45AANFeE T ode 2987 Mo vy oguwsin slesda
tjgtol FUAEo] Ades) ERHA F/E ¥ FHBHE 2 Hojojof B A3xE AFE B
A7F7tE Ags), BAIsL, T Ay 2 gazoez @AAMAIE AF

A F7HE Y RE BA7&e Hedorn?
8 257 3719 ¢ Y4 HFAAAEHSCF:fluid at supercritical
BHLE AXGL AL state)s SR ALY &5 BEREL 1H

KOREAN J. SANITATION Vol. 13. No 3. 1998



142 A8 - 0y

ENG Ztn §AQ JAY A7t 2EEE G
B A= IAY, 3 dALE YAYes
YALES FEd o ARG ¥ G
o2 7)goht gyl o nﬂ%wﬂ45%@qa

YA FANEZ B RS FAAS, GAE
£ $E, $22847), FEEYY 5o U%
o gzsslel Ha u),

3, #7ley 874
=

e

2of AL T ookl e %
¢3 Qe BFAHHA HPr)golnt?

. AEAX]|

e & $H3NAM AdsEde T}
NE F337) Y&t stainless steel 316&
*}%J plug flow continuous reactor system<
AbgEE T O F2F2E Fig 1.3 o 2 A

H‘I .

A2 HA A2 ¢ F pump (LC
1500, ICI: mini pump, duplex, Milton Roy)Z ¢

ERES AU 9| REe dAsEz #49%
T UxEE ok R AL stainless

steel 316°1% 21733175 mm) X W72 (1.44 mm)§)
#o2A FZo] 4907 e/t AHEEHY o, R &
He 8Mcmoln HS§4H L 6122 atmolth
Hhg-R ol Q7o &FolE K-type thermocouple
(KQIN-111G-12, Omega Eng.)& AFgs] w7
WiHe 2xg sttt dgy
¢} Hhgr) AAle 252 dASA #A357) 98
fluidized sand bath (SBL-2, Techne)& A}t
1, sand bathe AF2E=ZA7](TC-8D controller
/c, Techne) 2 ¥Hg7) W9 258 2™ Pump
discharge linedl= AX9 #d F GG s
93t rapture discE A3tk

248 & Y==

HAx o] FTAHL AlEFYR vhe R WzkRel 7] Back pressure regulator(Model 10 VRMN, Au-
T P
High Pressure
fFeed Tonk I'_“"
Pump
[ @ Bock Pressure
Valve Reguistor
Pump lo
Feed Fomp Check Velve  Ssmpling Port
Tenk ™ n
‘ T
Feed Bott) .
* ¢ T0J Line Filter Unit
Vapor-Liquic
Separetor
1N
...... & e
&=
Sy
om0
& o=
Sand 8alh Tempereature (oS
Controlier |
R e

[ —
U

]

Quenching Weler Beth

Fluidized Send Bethr—

Fig. 1. Continuous flow reactor system

A48 ALY 3509%)

Alr



toclave Engineers)& AXste FAE e

zgs QA FASATG. WARN Wz

FE ¢8AA JAEYUE 9§ separatord] L%
& J202 FAANRG WEE Fo XY F
e ETCES AASI A linedl 7 filter

(SS-2TF-7, Nupro)E A X3lg o™, 49l sepa-
ratoroll 4] ¥+2-E-8 vapor®t liquidg E3AZ7h
Continuous reactor®] ZZ&A ¥ air compre-
ssorZ 718 {%L FH3lD heaters HA
fluidized sand bath®] &5%& WSLEZ A4

o}, R e] vt Y= A2 F w7t
e EFFHFE reactor systemol ARSI oo
Agzde) AYelgtn Fa=d vg AP A

89 Ahgdg AFFYU pumpE 371 B
o REgAIZ o WA Y, d2dd §HL line
filter® AA back pressure regulator® %3)
separatorol Al vapor$} liquid2 EAIZ £ vial
o ARE ol WA H#sin 7 IEHE=E
+A5ET B AEdYE v EY AbEE 40,
100, 200, 500, 1000 = 2000 mg/ ¢ $F pH 11904
14, 2% 3BKAA 723°K, ¢+ 6871¢elA 450
719, ¥kSAI7EE 5% A 3R o2 Fth

ARHHHO| SHARIG} DIl 2igt S 143

m e =
2 Aol AbE] o] A 5'—741:}];‘(4]0 A A L o

dutd oz ZIAA AL il 540 e
Uzot Fzrt 2, Ay A DR 3
2 ¥ FAEAHL o v 294
FALHE 3 2 U=} B34S zw FEL
ol FAAZ o] olojr] thefdt Felr)go]
&) 7Hssi”

o dA AHeHe Fig 294
2176 atm, 22.1 MPagld] &2F7k2¥= 31.1°7C, 7.38
MPaZ2 Rt} EL gAGHED & 259 ¢
go] HA xdA dge] Hol MAE AAXE of
d FE5A7T He Yzl o] FUsA g2
F718MERY ¥ &340l Yo ¢ e
29 wijAZ} Aok 2 W), 3, S71EH
' o] g Ashbgrlel o8 xJAFAEA
(SCWO : supercritical water oxidation) 528 3
WejatA ol 4= A Hk?

£3] Franke 2& UEE Fig. 3.4M-Y 4
23l 1g/en, BRTE 224§ /molec]} ¥ A
Aejoll A 0.32g/cn, ERE S6em/moleo]tt” =

A)
s

rr FE rlr 03:,

ft

HE 6473°K,

1273 100 10,000 MPa
1073 |
813
%
5 673t
f§ CP.
E 413 ,
= Gas-Liquid
I Sohd
0 - Gas- sohd :
0 500 o5 : =500

Density(Kg/m®)

Fig. 2. Temperature & density diagram

KOREAN J. SANITATION Vol. 13, No 3, 1998



144 EAE - 0y

Boiling - Critical
Point Temperature
298 373 473 573 | 673 173 873
1 2 A — ] 2 J
i g 1 T . - 1 L ]
1 Liquid .
Horsa A Near Super ‘Dense Gas (Super-
1.0 CriticalCritical: peoated Super
) liquid :Liquid Critical Water
0.5 } Density (g/ce®)
{ L 1: 1
298 373 473 573 673 71713 813
Temperature ( ° K)
Fig. 3. Density of water at 250 atm.(Thomason and Modell, 1984)
8] Johnstone E9 HFAAF(dielectric constant) 2] & So] o|FoATdE AL & 4 gt 1
@& dEst F7HEAY 257 g4agdd we & g 9EeE 3B8°KelA 726K A 34 E(flow

7t AR E 6 AR A= 2ERss}
9loj % ozl WistE W Ao 01143};}8)

2 2YAGERAA v54 HEE 21 Qo
YEot AAE NFHRKIISEERE LEA2
o aed 2YAYHe) B £ARAE W

sl S5 WSS P Hu2 87
2gBde] £R¥eR WHUSHE AFL o
COy, H:O, Ny, CI', SOy 2.2 9999% ©]d Eal
92 ¢ 5 Ao
V. 23 9 o

Yutxoz sEhigsse s13 uza 4
g F& WFE WgeEolth g B AT
NE WeeEE 3VKAM 773K Aol s}
AFIEA Aetel ABET BESHAL Figd:

5]
F&-2 % 398°K, 423°K, 448°K 2 473°Ko)A A
UFE 1000mg/ L9} FEAL WA mE
Co/Cin®l 3t& YERI Zold.

Fig. 4914 H¥ upe} go] BE2%7t Fold
of wel Mgl FNES & F U NEex
473K = ub-g-A|zk 28 o]Atold oF 9999 o]

g etsx) 4133 35(19%)

rate) 1.82 g/mino} A} 1766 g/min ¢ 77 atmol A
3M0atm BHAM AEE= 40mg/ L2 1000 mg/
o g A¥AAE el Rolr}. Fig. 2914
U4 giKo] whEexrl Eo] QALE o]itolH
A JtrEaiutge] £x& ofF wWelA 673 %Kol
Me oF 0 Bxo BATNORE 999% o4
8] AlQt #HF Lol °l—r°1%% & 4 o} whg-2
5o GEs RIg&E g AFHOE digd A
e $He 49 7}117} douy ZtasEe 7
s E?ﬂ’ﬂ-?-i AL£-5& Arrhenius Type®) ¥
Koexp(-Ea/RT)]E A}-£-38} %"*-“ﬂ-
Fih= Aol ?

3 vEhdy] #sted Ar-
rhenius type®] ¥H$& E’E}-’F—E‘ A3t vk
EEA4TE ] fsiME WA wsEzag
Hejzt 737(4510101:{7}\:}_ 473°K ©ol3l A9 k-3
&£27} g9 Xy 94, pH Fo 9%
< W7 °}:‘3}6’ weba] Bkg S Aot AjbEE
o 1ztefl Hi#lste e Pz 38 5 ok

Fig.5.& W&&% 398°K, 423°K, 448°K %
473°Koll diate] wh-g-A]ZHretention time)o] W&
In Co/Cin® TAE JERR Zolt}. Fig 5914

-

|

o,



=

1.0 W & L] T
s n: 8 398°K
ool 2 - o 423°K
8 e o asask | |
o 473°K
L ]
0.6 A4 -
3
¢ | .
U‘ ° ..
~ 04F ° .
o
i o
0.2} © * -
M L ]
]
0.0 So 1o 19 u;;
0 100 200 300

Retention time(sec)

Fig. 4. Cyanide destruction vs. retention time
at 398 °K-473°K

M T v T v T v ' ,
L T « 398°K
0.0 S0 Q. E

88 A, o.
T=423°K 1

In(C,/C,

o T = 473

-4.0 el n 1 8
0 50 100 150

Retention time (sec)

Fig.5. First-order Kkinetics for cyanide hyd-
rolysis at 68 atm-102 atm

B vhet Feo] Z} wE2xoA wEA7s In
Co/Cin® #AlE diAF o2 4Z AFE B
ol Aog wysc) fﬂr?)r*'] NgEEE AtE
Zo i3] Aoz FAY F YLE ¢ F
ol& EYiZ 3o Zt ”‘%E‘Z‘-Zi"ﬂ’ﬂﬂ
A K2 e 2 32 Table 1.o] YERY
Atk o]} Fo] dojA WEETEHS KE Ar-
rhenius plotdle] AR A3 AX k5 pre-
exponential factore 2tz 61,500 J/mole™} 1.423%

H1§2

.o A=
E-3-4

N

FHE 0188 st AOHHINO| SIERIGH Jia() 248t 2 145

Table 1. Reaction rate constant of the cyanide

destruction
TCK) P(atm) RT(sec) Couw/Cin K Exp
3704 12048 53.7 0.885 0.00227581
3646 11762 85.8 089 0.0013577
360.3 11456  177.7 0.92 0.00046927
3585 9878 2583 0.841 0.00067047
4217 9524 50.9 0.863 0.00289491
4188 81.29 61.4 0.904 0.00164379
4223 7889 1174 0502 0.00587243
4216 8503 2348 0.0392 0.01454038
4781 8190 482  0.0283 0.07355309
480.6  93.27 55.6  0.0194 0.07039451
4748 8350 1114 0.00233 0.05441499
4781 8354 2217 0.00076 0.03239618
5228  87.82 439 0.00143 0.14925635
523.0 84.15 52.8 0.00056 0.14182379
5226 8497 1041 0.00145 0.06277352
5232 859 2054 0.000066 0.04686621
4221 12340 47.8 0.855 0.00327791
4205 7694 70.2 0.919 0.00120307
3833 12762 2239 0.902 0.00046065
3954 7959 1101 0.977 0.00021125
3973 9150 74.7 0.983 0.00022945
3990 8299 549 0.986 0.00025676
4491 6905 2059 00206 0.0188569
4477 11034 1045 0.1614 0.01744896
4464 9898 70.0 0.416 0.01253549
4469 106.12 52.8 0.608 0.00941578
4473 11973 44.7 0.627 0.0104413
470.7 11556 37.4 0.208 0.04195809
4738 190.05 31.2  0.2895 0.03971488
4742  105.44 26.9 0.327 0.04151567
4727 9864 238 0.374 0.04132799
473.8 91.84 21.9 0.438 0.03775934

Kexp : Reaction rate constant
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Table 2. Predicted retention time required for
99.99% of the cyanide destruction.

Reaction Temp.(" K) Retention Time(min)

373 4489

398 129.0

423 429

448 16.2

473 6.7
Table 3. Efficiency of the cyanide destrution

in subcritical & supercritical water.
Temp. Pressur Time Ci, Cout  Destr.
("K) (atm) (sec) (mg/L) (mg/L) eff.
4216 85.0 2350 10000 3290 0967
4748 885 111.0 1000.0 233 0.998
523.0 84.2 528 1000.0 056 0.999
6128 3034 398 40.0 BDL >0.999
6741 3245 269 40.0 BDL >0.999
7212 31707 90 40.0 BDL >0.999

BDL : Below Detection Limit
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