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Abstract — Special chemical warfare agents are lethal gases that attack the human respiratory system. One of such
gases are blood agents that react with the irons present in the electron transfer system of the human body. This reaction
stops internal respiration and eventually causes death. The molecular sizes of these agents are smaller than the pores of
an activated carbon, making chemical adsorption the only alternative method for removing them. In this study, we
carried out a Computational Fluid Dynamics simulation by passing a blood agent: cyanogen chloride gas through an SG-
1 gas mask canister developed by SG Safety Corporation. The adsorption bed consisted of a Silver-Zinc-Molybdenum-
Triethylenediamine activated carbon impregnated with copper, silver, zinc and molybdenum ions. The kinetic analysis of
the chemical adsorption was performed in accordance with the test procedure for the gas mask canister and was
validated by the kinetic data obtained from experimental results. We predicted the dynamic behaviors of the main
variables such as the pressure drop inside the canister and the amount of gas adsorbed by chemisorption. By using a
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granular packed bed instead of the Ergun equation that is used to model porous materials in Computational Fluid
Dynamics, applicable results of the activated carbon were obtained. Dynamic simulations and flow analyses of the
chemical adsorption with varying gas flow rates were also executed.
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Fig. 1. CK gas adsorption experiment equipment.
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Fig. 2. CK gas adsorption breakthrough curve.
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Fig. 3. The amount of CK gas adsorbed according to the time in
the adsorption bed.

S| =M C/Co #ho] 0] obd glo] S H & AlRlS ThAl
7ro g Aeolsith 1wl CK 7k~ S2F A3 595 (1)l ¢/co
%ol 0014802 At o] /37 gfafr|7ko] SAE o 2t
bed E3FAITHS 14287 (12) 0. 2 73T W =04 9] CK 3}
3} Avps, g3} o] F AJ- AL oF 1108 AlF A C/C, A F=A)
7} Akl et A3 el A ”*OM~ AEE Holal §lont Aktel A
3} B eke] SRS HA4% 7R o R TP ste] ks

= FARE YR 7Pt 1428 @)elM =T} aEsfE =
707 71T}

o] w, Hl=ol] F&%= % CK 7F~9) HaE o2 4 ()-8)% &

o] tpepd % et
52 Bed & S&=(m) - m(1) + m(2) e))
m(l):CO(%) x Flow rate(?) x [time(t,) x 1.0] Q)

m(2):C0(%) x Flow rate(K) x [%(time(lz)—time(tl)) % 1.0Y] 3)
m(l)y=CK 2 for 0~1, 3)
m(2)=CK 2% for t,~t, 4)
m(1)=CO(%) % Flow rate(;) x [rime(t,) x 1.0]=

4000mg / m* x 20ml/min x 59min=4.7mg Q)

m(2):CU(%) x Flow rate(%) x [%(time(tz)—time(t,)) x 1.0)]=3.3mg

(6)
&2 Bed & SZ%F (m)=m()+m(2)=4.Tmg + 3.3mg =8.0 mg
@)

2-2. CK 71 3i5M g4t HAHLIE

CK 7k~ 7k of 7)o 29 @ ebe]] ok Agte] FejQl
E2)4 F2o] dojih}, CK 7tAE A 0 AAS S8 3}
8t o] et %Lal, %, olel Wl g H|F o] Lo] &t
# 13 ASZM TEDA B4 el 881528 ah= CK 74229]
& HAUEE 2 9013t ﬂu} FAEelA CK 7k H3te] 31
WA= Telo]- 23 TEDA(C4H Nyl &3l 7123l 7} X))
[21,22].

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019



478 A - A - A
CNCI + H,0 —& 5 HOCN + HCI )
C,H,N, —"2%> (C,H,N,)" + OH" (10)
CNCI—25 HOCN + CI” an

FRIEE CK 7FAE Felo]s Sl ARgshaA ti7] 52 4=
} BF-8-510] HCIZF HOCNS A 3T, wiE ol x|= HCl 7k~
Az 24 247 ksste] #8Eit). TEDAE: t)7] 52 4
2} 2R o] FoXH (CeH 3Ny ¢k OHE /9319 CK 7}
= 723l eb191% OH A9 e oEs sith Ade
OH*:= CK 7FAE HOCNE 7E-iallsta A= HOCN 7=
A& o7 TR gkg3to] o] akslghae) PR Yot ZEAE wlE st

of RS HIAYUES 4 (12)-(14)9F 2t}

]

e A
[t

CNCI + H,0 —%2— HOCN <—> HOCN 12
HOCN —° 5 NH,COOH ——> CO, + NH, a3
2HCl+CuO ——— CuCl, + H,0 (14)

2] (124(14)2] A3 53 72 ©]&3} TEDAZ 53 CK 7FAE &
g < ol AOR FANIC T3 CK kA0 38k FAA S
& A28 ejo] 27 TEDACS] ol AES <& & Alrh23).

38} WSS A 91814 Arthenius HHS-2]0] ARE-¥] v
el @ stelluA] 9] gro] A e w k. sk f-51%
£ CK 7k9} Mg etel] ks o7 F-ejo]&, TEDAC]2] FE1)
ek g stellA] gl g ets] Bzl nph glo] & Al
Fig. 37 2] (1)8)°ll Ut AR AR S npgo 2 K 7k &2
Kinetic -2 58l CFD°l 2]-8-3}3]tt.

ol

[ of
~ L

=
=
C

for

3.CFD Z2HZl 3! DA}

B Ao SG-1 7F~ o) 77] A E] & HEPA ZE| S AL
slom CK 7F~9) 38t FaE glsto] &, e, ofdd, e H |
T o]2o] oA gl= ASZM TEDA SA e 7IAZLE 2 A}
g3to] ZAbe] A831Qleh. PN AEAlF tEAQ] FTRAE AR
& CK7EAE ti o s BARS XI3slglom 71 9] o= iy
= shEdet, ARt S 9 7k 3] ol 53l gk
ATE 2133t

D,

B

D,
Fig. 4. SG-1 gas mask geometry.
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Table 1. Design conditions of SG-1 gas mask

Parameters Value
Canister height, H 66 mm
Inlet diameter, D; 78 mm
Outlet diameter, D, 10 mm
HEPA filter thickness, Ty 10 mm
Activated carbon thickness, T, 28 mm
. Max skewness 0.54944
Quality . .
Min orthogonal quality 0.50913
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Table 2. Simulation method for SG-1 gas mask

Method Models
Multiphase - Eulerian model
Viscosity - Realizable K-epsilon model
Species - Species transport model
- Particle size
Packed bed - Packing limit

User define function - Chemisorption
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Table 3. Simulation condition of SG-1 gas mask

Condition Value
Case 1: 0.04 m/s
CK gas flow rate Case 2: 0.0947 m/s
Case 3: 0.2 m/s
Materials Air, CK gas, Activated carbon
AC diameter 65 mesh
Bulk density 0.55 g/ml
Breakthrough time More than 1800 s
Max. adsorbed CK mass Base on 1800s: 6000 mg
AC packing mass 1449 ¢
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Fig. 6. Simulation with different inlet flow rate (a) 0.04 m/s (b) 0.0947 m/s (c) 0.2 m/s.
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Fig. 10. Amount CK gas adsorbed on activated carbon over time: mg.

Table 4. Comparison of SG-1 gas mask simulation results with reference

Reference SG-1 simulation
Materials Air, CK gas, Activated carbon
AC diameter 60~70 mesh (ave: 65 mesh)
Velocity 50 L/min — 0.0947 m/s
Breakthrough time More than 1800s 1918 s
Max adsorbed CK mass ~ Base on 1800 s: 6000 mg 6515.6 mg
Pressure drop 160 Pa 154.74 Pa
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Fig. 11. Velocity distribution for different inlet flow rate: (a) 0.04 m/s (b) 0.0947 m/s (c) 0.2 m/s.
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