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ABSTRACT

Upon chemical agent release, it is of importance to study the characteristic persistence and evaporation of

chemical agents from surfaces for the prediction of dispersion hazard. We have recently developed a fast and near

real-time wind tunnel system proving the controlled environment(air flow, temperature, and humidity), continuously

collects agent vapor and analyzes it. A thermal sorber/desorber is unnecessary to collect the vapor in the system
we have developed. Instead, a tandem thermal sorber collects the vapor, which is then directly transferred to a fast

gas chromatography(GC) for analysis. As a proof of concept, the evaporation of sulfur mustard agent(HD) was

studied from glass, sand and concrete. The results were in an excellent agreement with those obtained from the

conventional wind tunnel system.

Key Words :
Real Time(=2 A7

* Corresponding author, E-mail: dhkah@add.re kr
Copyright (©) The Korea Institute of Military Science and Technology

Chemical Agent(3}22-8-All), HD(X3}82-8-A), Wind Tunnel(23 ¥-&), Evaporation(3%), Near

AEAZ TR, Sarin e A dEo] F Fal
Aol M x|l A dharste] @e ARAE 2T
Aol glom, HAFY|Z Zgd AbTE e A
Fonk Hg 44Es 71kl kg o] gt
gk A5 skl xRS SAT 5 A, 33}
eAe TS Ao AT F UxESE &
d Fe AA 8 F4 Aa"E A &%
FTE] A¥IGe A7)+ 5 x5 x 5 emE FHAFE



V) - 4@% -

el
oxl

2

o o KT =

Zol A A g
.]]XLO}OQ ol 13
B4, 22
EREEET EgRr
%

XN
T
al

e

Lo,
N

il

B E:

S offt offt ot

\ci[g

g

2

x @ | oofd ofd K
(g

Thermal
desorption

Cold trap | |
(TENAX)

Wind | |

tunnel sl iy

signal

Fig. 1. Schematic of a near real-time wind tunnel

system
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Fig. 2. Velocity profiles in wind tunnel
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Table 1. Parameters of detector system

Device Parameter

flow : 100 mL/min

pre sampling time: 1 min

Auto urein flow: 100 mL/min
sampler purging time: 1 min

flow: 100 mL/min

sampling time: variable
absorption trap temperature: 0 °C
. trap temperature: 280 °C
D desorption time: 5 min
carrier gas 10 psi
pressure
initial 100 °C (1 min)
oven ramp 40 °C/min to 250 °C
(0.5 min)
GC

temperature: 250 °C
detector H, flow 50 mL/min
(FID) 0, flow 50 mL/min
N, flow 50 mL/min
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Fig. 3. Calibration curve of HD standard solution
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Fig. 4. HD concentration of glass as function of time

Fig. 5. Photographs of HD droplet in wind tunnel as
function of time

3.2 7|& AAHD v

FAHAY A Az §EAS WA 9
gt ZE &y FoolA 71EY oE
Agstol ZEy Ane wwsg. Jee 53
A= Tenax TAYE W4 30709 S25HH9 At
2] dlZoolg WIHE AFe A|2E|(Variable Tube
System) 0. & 4% FF MEY XES dAZst 3070

o EARNE g oA F1E AH =



30

© 49 F8 Fol Fsw AT Aol Yk
W 931
2 2

= =1 j=
G A4S @ 7 den, ¥ AR ANesE 7
SsHAl WA 4 Qlvh 1A AR AE FALO
EATA AEH R o|FA ] wite| F7Izke] Ak
AL A Bl &8 4 9tk Fig. 62 35 °C
28 FEolA HDG pL)E F ol oEA F A
Zhol| w2 = Z

A BA A2"E3 7)|E2E A 5.
ot}
100
o ZAAIZHI)
s EHAZH2)
— 80 - L] =5
S\_o, 7|I_E;tl-x|-j;|
£ 60 |
N
g 40
< &
Q fm
T 20 4
0 | !
0 200 400 600

Time (min)

Fig. 6. Vaporizing rate of HD from sand as function
of time

35 °C 349 mgo|E %7] 300 E7+A HD7}F
70 % AE FEEH, YR 30 %E 2 W 14

of &Ko VY FuE gon Are Ad ¥
e}

6 -
5 r /’W
o0
€ 4 F Y
-~ H
g : £5.00
23 b ®
2 : £ 4.95
S, I % - $
[a] b !
T . Sas0
1 ;’ 900 1500 2900 3900
1 Time (min)
O 4 | | | |
0 1000 2000 3000 4000
Time (min)

Fig. 7. HD vaporizing rate of concrete substrate as
function of time

g Al ZAFECA 27] F 50027
A HD 5717 7] To2 =Egs & 5 9
om I Foll= SR Wshh gl X melxrh 900

o =
ARE b e AEE 2l 380027

A
(e}
2] wgolARF &Aoo HDY} T Fow Zw

700 ng2] HD %717} 54 ¥tk HD 4% 20 ngm’
©]’¢ TEEL-O(Temporary Emergency Exposure Limits for
chemicals)o] 221, w]== DOE|A] 23+ Protective
action criteriaPAC) 74 PAC-1 ~ PAC-32 F-E5u,
HD 9] PAC-2 32 130 ng/m’, PAC-33t-2 2008 ng/m’
o|tf?. = mlgFolx|nt &Aoo s}etatgAld w

99 W 428 98 240t 9 & ek

= -

fel mE 034 ERIA SeAgAl] U 5
4 QTE Sistel BRF= WolA B4 2Ag 22
e ¥ FEA B ke B4 AZES A%
stk 28 Bl okl 849 B L
#E 20 Ao 2§45 AN ewE Aol
FAWAISE B, 2%, FE A AR 89

S TALE 7|4 8k8] 2] A2 Al15(20199 29) /139



AgAls] FuFs

4 Az AE

FIN
1
>

=]
SN
off
iy

i
0,

;

>
ru1c>:l
$5 ¢
Sz L
S

R

5

E
oo L

2L

ok
o
i
N,

ojN rE

Y o
ot =
k)
W
S
=
T

\

g pE ot fo

i)
=
=
1
o

[o

o ol
fl

o3
A

Jo >
ok
+

r
b4

S
B~
oo
ol
oft
>

il

[
Ac)
2
N

olN o oZ
N

ih)
x
1)1

QEF{E‘D‘N

=

oy T

> ot [

> o 2 p
s

=~ 32 qo
32

N
>
>,

t:O F‘-,~
>,

N
DS

i
w [
N

U

Ay s A
)
=X
N

oo
e rlr
30,
s
N
h
i, Lo
o

References

[1] Balali-Mood. and hefazi, M., “Comparison of Early
and Late Toxic Effects of Sulfur Mustard in Iranian
Veterans,” Basic Clin. Pharmacol. Toxicol., 99, pp.
273-282, 2006.

Suzuki T., et al., “Sarin Poisoning in Tokyo Subway,”
Lancet, 345, pp. 980-981, 1995.

Dan  Weber

Evaporation and Desorption Instrumentation Systems

(2]

[3] and Mary Scudder, “Laboratory
(Wind Tunnels) for Measuring the Environmental
Fate of Toxic Chemicals: Comparison of Velocity
Profiles with the Earth Surface Layer Profiles,” 2004

Scientific Conference on Chemical and Biological

140 / Sr=rA 28783 X)) A22d A1E(20199 2¢Y)

[6

[9

[10

[11

]

]

]

]

—

Defense Research, 2004.

Yang Y. C., et al., “Decontamination of Chemical
Warfare Agents,” Chem. Rev., 92, pp. 1729-1743,
1992.

Tang H., et al., “A Preliminary Study on Sorption,
Diffusion, and Degradation of Mustard(HD)
Cement,” J. Hazard Mater. B, 128, pp. 227-232,
2006.

Weber, D. J., et al, Development of the 5 cm
Agent Fate Wind Tunnel, ECBC-TR-327(ADA
464938), U.S. Army Edgewood Chemical Biological
Center, 2006.

Hyunsook Jung and Seungki Choi, “VX Evaporation

in

and Degradation from Urban Land Surfaces,”
Environmental Engineering Science, Vol. 35, No. 6,
pp. 645-653, 2018.

Jiyun Seo, et al, “Analysis of Velocity Profile
Charateristics for the 5 cm Agent Fate Wind
Tunnels,” KIMST Annual Conference Proceedings,
Vol. 2016, pp. 1887-1888, 2016.

Kah,
Tunnel for Chemical Agent Fate,” KIMST Annual
Conference Proceedings, Vol. 2015, pp. 1803-1804,
2015.

Kah, et al., “Research of Nerve and Blister Agent
Fate on Porous Material in Wind Tunnel,” KIMST
Vol. 2018, pp.

et al, “Development of Small-Size Wind

Annual Conference Proceedings,
2386-2387, 2018.

DOE HANDBOOKS, “Temporary Emergency
Exposure Limits for Chemicals: Methods
Practice, DOE-HDBK-1046-2008, Aug. 2008.
J. Leppert, et al., “Near Real Time Detection of

and

Hazardous Airborne Substances,” Talanta, 101, pp.
440-446, 2012.



