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Classification of Chemical Warfare Agents Using Thick Film Gas Sensor Array
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ABSTRACT

Semiconductor thick film gas sensors based on tin oxide are fabricated and their gas response
characteristics are examined for four simulant gases of chemical warfare agent (CWA)s. The sensing
materials are prepared in three different sets. 1) The Pt or Pd (1, 2, 3 wt.%) as catalyst is impregnated
in the base material of SnO; by impregnation method. 2) AlQOs (0, 4, 12, 20 wt.2%), In20s (1, 2, 3 wt.%),
WOs (1, 2, 3 wt.%), TiOz (3, 5, 10 wt.%) or SiO; (3, 5, 10 wt.%) is added to SnO2 by physical ball
milling process. 3) ZnO (1, 2, 3, 4, 5 wt.%) or ZrQ; (1, 3, 5 wt.%) is added to SnO: by co-precipitation
method. Surface morphology, particle size, and specific surface area of fabricated sensing films are
performed by the SEM, XRD and BET respectively. Response characteristics are examined for simulant
gases with temperature in the range 200 to 400C, with different gas concentrations. These sensors have
high sensitivities more than 50% at 500ppb concentration for test gases and also have shown good
repetition tests. Four sensing materials are selected with good sensitivity and stability and are fabricated
as a sensor array. A sensor array identities among the four simulant gases through the principal
component analysis (PCA). High sensitivity is acquired by using the semiconductor thick film gas
sensors and four CWA gases are classified by using a sensor array through PCA.

ZQ7)&&o(FAY) 1 SnOx(3F31F4), Chemical warfare agents(3}8t&-&-4)), Array(ejdo]), PCA(FAHEEA)

.M B AA Qe BHT BL FPFIA Fast opy
A AAHolL, B54Tse Yoz sl
T Aoke Tolft etgAE F58 wk o}
3 24 51 gojx vl$ st Aol
g, dWe B33y YaAE e w

a1
AT A Fobd NLeATEL 38840 o 2
g B2 AEE VA HAY 2L AR X U

}

+ 20049 59 139 HF ~ 200449 69 180 YAt 23 A8 GAZL  glejep U SREAE
* B g w(Kyungpook National University) 27, X, A4 283 g9 L&A Y 47MAE Uy
FAAL oMY : ddlee@eeknu.ackr SRt

ARATE 712854 A7 A2E004 64) /81



=2 /MM - 2EH2| B2

durdog WEAY szdMe B MR 3
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O g AMEL YT slad dste ws ukg
S Yehl 7] ol e dist A& 7R Q)
k. dAdle g tAE ERE] YsiA SH)
A7V AY AlA ool o] &3t Ze 99 T
7R W& 2EAM AR § oE TR BHE
o] dxgelAn g zug ojgae WL
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a8y AA ool A4 329 FAE ol&s)
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{10,11]'

ol ATAE TN REAR YT F
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7 FEgA] tiEt FHLEY tAFEE BE
3t} 1 BAS A¥ESY. HAUMEREE AZE3
A5 B¢ A#<l(phase identification) ¥ ¥
2} A7) (crystallite size)E BAAE7) Y3 X-A 3
A E47/(x-ray diffractometer, XRD, Rigaku co.,
Japanm)E o] &3Ath. EAd wE £E FgH
3 A=Y BEE Hs) FAPEAEP| A(scanning
electron microscopy, SEM, Hitachi co., JP)& ©]&
Ak ARE EFY wRHAHELE AU 3l
BET(specific surface area, JP)E ©]-&3lHth o4
o] Az RE, ¥ 7IA9 EAS dYste 44 o
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[Z 1] ABEOT 22E

Base Added Added Synthesis
material | material | amounts{wt.%) method
Sn0; | a-ALOs | 0, 4, 12,20 | Thysical
mixing
In2Os3 Physical
5n0z WOs 1,23 mixing
bt )
Sn0Oq 1,2 3 Impregnation
Pd
SnO; | Zn0 | 1,2 3,45 Co-
precipitation
Sn0, | ZrOy 1,35 Co-
precipitation
Si0; Physical
Sn0; TiO- 35 10 mixing

wt9%)9} InOs (1, 2, 3 wt%), WOs (1, 2, 3
wt.9%), TiOs (3, 5, 10 wt.%), SiOz (3, 5, 10 Wt.%)
zujg 2-gygoz st AP wix]
Bogt 7n0 (1, 2, 3, 4, 5 wt%)e 710, (1, 3, 5
wt2%)E Fujg ZEAY g5 FHYPE oF
3o zusgg zE Bgze 110TAN @
A7t 59k AFRE ¢ F, AVIZE o] &3l 600T
A T A FaE g SHlEAR BT ol&
st GFuY g A23U-ZIEFHOE 7HA]
oS FAsla, 700CTHA 3 A1 T EA &
Ao

Lt Mol A Z=

a2 7ig Hde] Pt AL DC sputterE ©)
434 100049 FA2 FA4=oza, FHY FH
T Pt pasteE o83t 2AY-TYUY HOE A
4tk 28 3o A7|ZoA 850CE 10 B3t A
4k 3B AL 1Y AYgew 10Q0% A
=& inter-digit IDT) F%& AAsgdt. 2 A
MEL 400CAM 39 B ekA4E AIg 743 ¥
o ZAsAG. AAMY AHA Z7ie Tx10x0.6mmo]



rir
Ao
~
=
>
>
ol
2
i}
4o
Ho

i, AR A7)e

6x4mmE A 2= ol F o

Ch MRt & g

FEggAe 14 FEHE BHREHAAD ® 29
Ae gAY A A HA] FRE RAFa
Aok ) 318 7tEEL w3 oE
7b Tk weh o Aol Hl%F sEd 4
A& 7ML e A ABAE o]&3t slx9
SHEHEAS AEYTh W 7IAY FAF FEAEL
LR EAS7) QR /gl wE kA B
=& ARSI Acetonitrile®} dichloromethane&
4 (19 Antoine® F24E HEHAAM ARSI L,
DMMPE 4 (2)& DPGME: 279 g =%
e A8l g Tagn

DPGME®] Z$-= 2%7} 20T 25CoM 7z
0.3 mmHg¥ 0.5 mmHg®¢] Z7]9¢ 7t

log )P = A — TZ_%T (1)
= 2.844x103% exp ( -11?1;00 ) )

o7]o)A P(mmHg)E Z7|14< 9u|sta A4 A,

[ 2] aEiaet Al 2HEF
Agent Chemical Simulant gas
gas
Blood HCN Acetonitrile
DMMP
Nerve Tabun (dimethylmethyl
phosphonate)
Choking CE Dichloromethane
DPGME
Vesicant HN (dipropylene glycol methyl
ether)

* CE$} HNS ZtZ Phosgene® AA/F~E ojuldh
oH1l.

B, C= %% golth. 28z TKI= X3 2%
Yepdth 4 (D3 4 Q)X & & %ol X3 &
=& ¥sA E}E}H ke ke g 24
g & Uk

£ 39X4& Antoine 3] et ¢ $E B
FI At T HYe o] FAA dA AHE7Hs
259 HYE 9uitt

¥ 19 AEAAT dg ZARE YeERIth
729l ke mass flow controller(MFC)1T 28 ]
&3t 2T whE £71%9 FAIE FEE
e 7tA0) FFl reference 7F=9] %S 2AFA
A 525 7t2a9 AA &L 1000 m/ming ¥
A fAS AT} Circulator® o] 43ty 33 o=
£ 4 =AY sk whgel gk PR
A &2 W3l= data acquisition(DAQ) board(E6024
NI co, USA)E o}&3ld AAZtoz AAsHTt

rulm

" DAQ boarde obgEa AEE 16AEAN =
& 500,0008] MEHL FAl wolEd £ e F
Hlo|t},

[E 3] & 10M ALSE 40 Cist Z4E

Acetonitrile Dichloromethane

T range(K) 280~300 ~-40~40

A 5.93296 453601

B 2345.829 1327.016

C 43.815 -20.474

MFC2

‘ Reference gas
[ MFC1

‘m&—>

Measurement gas

Saturator

Target
Reactant

W=

Power Supply

Chamber P

Circulator ﬂ
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AzHojA Ed-e SEM(Hitachi co., JP)& E& s
o HH FE FAY BEAS dolEta, XRD
(Rigaku co., Japan)E& o|&3led dzale] mA7E Ay
Bt WEAALS BETZ40 2 Agugith

B4 ¥ 34L& vnd 743 FEHE el
A 178w wgue ojgstd 44% Bdel 2 L
R37)E(d, SnOrALOs; 5) 25nmolM 45nmE
Ve, HIEEAL 6mYgol A ImYgolui? &
Ay FHAHE o83l AxY EHAEY AHA
7Zl=(el, SnO2-Pt, SnO:-Zn0, ¥) SnmdlA 20nm () DMMP
olQx, ¥IEHALe 7 20m*/glA 30mY/gel ek
14,15

XRD £4 ZAAGAN Az® 2E EFL JCPDS
cardsl X ReAFE A8EH Hast £IF WA
e B, gk ol Ao ofe) ZiE A}
L3471 w#d XRDAHANME Eojjo] g A=
T & F U8l

Sensitivity{%
a
g

w203 swe.x GREHEEE BHEE
WO3 1wt % C
11203 2wt.% ¢}
TiO2 10wi.% C|
Zn0 2wt.% P Egi
502 awt. % C
Pron Al 1wt. % (B EEEHEIE RIS S R
P o.1w.% | ERETEY

Sensitivity( %)
8 8 8 8 8 3 8 8

3

L JtA SE EM

o

None (R
z0 2m.% P (IR
SI02 3wt.% C [ RS
Pion Al 1w1.% | (T R AR
Pro.twi.% | [T Bt

Tio2 0wt % C i R e
z02 1wt.% ¢ RS T

A bzl Bg ¢ B4 747 te A

29} JlasEd et JPsih é—%ﬂéA g ¢ 8

$% E4o) B@ A 19 20 HYTh 05ppm e

9 %9 300CERALLAN AU T~

o &EE 40%AT BREe ANSS HYEA (b) DPGME

oA diete] 5090149 & ZEE Ul

Hq ARINE 3% oY AT JEE F& o

A%z A} AAY BE BE HolEES ZdA "

228 o sHxE Y& HolHW 1Y 29 EA .

Ak AEE T T4 4 Q) go) Hst

A,

s = Re—Ee 100 @3 . i
2N B0, ABFEH HURTE FHolu A W R

F&2318d A7kE 24 l;— ol Ue ¥& ZEE B

Het oA Enivl MM A gL o Be & () CHsCN
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H z H & 2
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Metordls
(d) CH:Cl>

¢ C, PS} I 2% 399% 2-299 Jen 9
Mg ojugn

(328 2] ul ZkX| =Mool chsh ZT st Aot

A3tE A(site) & THE A B2 FFo] ot &4
ol DMMPSF DPGMETE AlLOs InpOs ZnO,
ZrO9 Ml 7HA] 4o URE 52 =& JE
%Atk CHsCN3 CHoCle& ZnOs}t ZrOpel thdted &
2 A& Yehfdth AT A0S InpOs= %
ol A Gstrh o9 A#Z FE AlA ofd o
2 AMEEAE Y JHAe EdE AdEdy. A
Hold BEAEL Z7 4wt%-AbOs, 2wt.%-Inz0s,
2wt.%-Zn0%} 1wt.%-ZrO, oJt}.

ch MAojalo| & o| 8¢St JIARR

A olFole] HMHL v 4o AZm FEL 10Q
o] A 7tAE 3HE AZEAct A=A &
2] AA Z7)E 10x10x0.25mmel™ A F7le
22mm@Y. F ANHHS 300TY FAEE;NA
2W7F AHIEAA Aol o AnjAe i
500mW7F Hith $FeEd wE 7 Jgze
a8 3o Yehiith S EE 250CTAlA 400C=
F7VetAAN SHFAL Tty FEE 05ppmoE
dAGsH St FALEY ®isto] mel kg 1)
7} gedS & & Aok

Al203 4wt C
100

Z102 1wt P 203 2wt C
Zno 2wt P
(@) 250°C
Al203 4wt C
100
Zro2 1wt P In203 2wt C
Zno 2wt P
{b) 300C
Al203 4wt C
100
2102 1wt p —&dl In203 2wt C
Zn0 2wt P
(c) 350C
Al203 4wt C -«- CH3CN
75 —~—-DMMP
—e- CH2CI2
——DPGME
Zr02 1wt P In203 2wt C
Zn0 2wt P
{d) 400C
(213 3] MM ofzolel SER2T Hslo WE LT

2t
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FAE EAPCA)Y dF A a7 49 Je)
Atk PCAE o8 MY gujde dHolg ZFoA 7}
& 9guE e 27) 3o 37JM bolHE F&
ste] 2atdo|y 3R aYxE IR EAY
Holtf® pCAE sletatg A9 HFo azhz L
olty. 1Y 4(a)o) M TS Jp2e] B o) 3}
vetgon], 18 4(b)dAME é}?ﬂr%}%ﬂw e 25
& Yeiloh a2¥ 44 s BEE quisiy,
first PCO gtol uf¢ & AL xZo] ¥ gel= Y&
ol yZo &Rt o 2 gu|E FAFE AL I
ojg, 2o B 5 g% Wi ool E ARE-
3t A s EAE BERE 4 ok

CH,CL 0.5 co
DMMP, fDPGME 05
CHON 0.5 H, .5

1CH, 50

Second principal component(0.8%)

ol CHy 10
o CH,ON 3 @ QMMP 0.5
4
h DPGME 3]
0.04}+ 4
-0.06 NE T —_— .
09 08 07 06 05 04 03 02 01 1] 0.1
First principal component(98.9%)
{a) PCA for each gas
012
01
~—— CH,Cl,
0g) ~—— CH,CN
—— DMMP
-~ DPGME

<0.04

=]
+

Second principal component(0.8%)

&
&8

IN\L¥ 07 08 05 04 03 02 01 0 01

First principal component(98.9%)

(b) PCA for four simulant gases
[O% 4] PCARMHE 0|83 JIAER

86 / A AN EHA ATH 2520044 69)

2 3 244 ofdolg Ad

€& XRD$} SEM3} BETE o|&
e EAAAT FP) A ST 48 o
st ﬂi}%‘—%ﬂ% YVAZ A AuT B0

HENIE @ 4 9900, 9o Ad el 3

242 o83 AA ofHolg ALHT PCAZ 7
&3 WATIAS BRI,
2ol 2

B ATE Hg1eR FAGTABNQA

A 71ENEADFH FAARATA Argdule] <
a4 AF=EAS
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