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Volatile Organic Gas Recognition Using Conducting
Polymer Sensor array
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Abstract

We fabricated gas recognition system using conducting polymer sensor array for recognizing and
analyzing VOCs(Volatile Organic Compounds) gases. The polypyrrole and polyaniline thin film
sensors which were made by chemical polymerization were employed to detect VOCs. The
multi-dimensional sensor signals obtained from the sensor array were analyzed using PCA(principal
component analysis) technique and RBF(radial basis function) Network. Throughout the experimental
trails, we confirmed that RBF Network is effective than PCA technique in identifying VOCs,
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Table 1. sensor manufacturing condition according
to spaces of sensor film materials.

Sensor| Dopants and Solvent Sensor
No. | sensor conditions | (chlorform) | species
APS 0.1M -
1 5 ml
DBSA 0.15M
aniline
APS 0.2M, _
2 5 ml
DBSA 0.15M
APS 0.02M, _
3 5 mi
DBSA 0.15M
pyrrole
APS 0.04M, _
4 5 ml
DBSA 0.15M
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Fig. 2. Schematic diagram of the measuring
system.
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Table 2. Antoine equation and VOCs gas partial
pressure.

B
T+C

source gas_flow
carrier gas flow

log 10P*:A—

gas concentration
calculation

vapor pressure
= (working pressure— vapor pressure)

Substance |Range(TC)| A B C
Benzene - 6.90565(1211.033 | 220.790
Chloroform | -30~150 [6.90328| 1163.03 | 227.4
Ethyl
- 8.04494) 1554.3 | 222.65
alcohol
Toluene - 6.95334|1343.943 | 219.377

1. MA olzlolo 54
of#lolate] AlAEe] thak shzell haf drht

we) wheahes) she A A7 ZUEY

—288—



Bo15. oy

olelE, W] sFs 35

ZRiolMe Thas] 94 B A Az A4 -
o7 e o] 9\}\1:}1 C A E ofElo] Alel 9) 10 | —=sens. 1(oyrrole)
47 M2 B2 3 249 1000ppm § 8 | oo Smine
—Ffl‘ci‘_ 7]_’/_\_0“ 1-413]_ /K] _%_% E _]_E_ _-_-LEU] 30” 1/]— g 6 | —e—sens. 4(aniline)
ehlisdeh. b Fo) Fol 102 A% Avd % 12 ]
& ey AabeA 152 AR weAZE '
Fof whgo] EsbHy] Alstdet. Eabgde] o |8 3000 4400
tEm bl o ol whgel gltbh ag |
= > o 1 =, r s]o -6
XﬂﬂT 10'%}}10“ J?,H./] g EHE 01-7]- 7 = Concentration of Gas (ppm)
B 5 9lgdrh 2§ 3714 Polypyrrolel.2 A
2hgl AlA= Ryoll vlste] R U oo A= (b)
£ vehllgl 2y, Polyaniline2 2 A2kl Al o
~ —a—sens. 1(pyrrole)
Ae Ryoll Blale] R} =& 29 4% S U} 20 | —a—sens. 2lomole
shigdel. 29 3¢ EBal sl AAuel mea | 0| i ted
A% Be e sba R B w2 [T
& AFe) shtg wo) FoAck a9 Sl w2
AL Tt EFddd EFqe Wil oEgr] s e 3000 4000
3}“/}'7]‘ ]51'% EX]E/H ul leoﬂ B‘ H —:_ILA % X] -10
iz 9l7] ool st A el -15
Concentration of Gas(ppm)
12 (e
10 —a--aniline
—a—aniline
8 —a—pyrrole 10 )
s pyrrole —&—sens. 1{pyrrole
g 6 pyrol 8 | —a—sens. 2(p§rrole)
= 4 ——sgens. 3(aniline)
zZ 2 3 6 —e—sens. 4(aniline)
20 >
° 0 & % 2
—4 g 03
-6 S 0 4doo
time (s)
] -4
a7 3. diMojalole] EFA JEA(1000 ppm)oil Concentration of Gas (ppm)
e AZFSHEHEAM,
Fig. 3. Time response of sensor array for 1000 (d)
ppm toluene gas. a3 4. Al ofzfolel o] JIXl JiAel sTof
o2 2E E4. (a) CiHsCHs (b)CeHs (c)
25 CZHGO ( )CHC|3_
og [*sens ;E wro:e; Fig. 4. Sensitivity of sensors as a function of gas
I i concentration. (a) CeHsCHs  (D)CsHs (o)
g 10 —e—sgens. 4{aniline) CzHGO and (d)CHC|3
Z s
% 0 flell A A 2b=l **“Mfiﬂ = WA, G223
S g 000 3000 4000 2 oEhe EFo Thd wWE 7S EAS
-10 23 4o Gehisdn b e 54 2 ¢
~15 . Ql=E 500, 1000, 2000, 3000 ppm Z7}oll
Concentration of Gas (ppm) /H"] 71_/\ %E’S‘ 4§] bﬂ_% %"*@3}-04 7]‘_/:. ‘1:‘)'—5;
(a) o FrA 2AEs depiddeh. 23 45 =)

—289—



36 AmAd 3EA A4 ool & o]

249 shzymol] Bfald 434 (linearity) &
Hebde @ & aldleh @Rk sy e
WA S gl Y g Y 59l

& et e 2 o+ 2

o] dlo]g] 2H-& #3sle] 4
A7 3z dxe|Zel RBF Network% o]&
slod A3}t

e 282 A4 ofdold FHeeaye
2 8 A%E Y 5l yehign, e

He AHeE A% A

4]
£ 540) A2 $qel et 4 et
:

K
e

>
2
x
2

%

=3 WalA 5}7] §l5te] AlzjEA A

slz2e] & FFal RBF Network-% A-8-3

ot L Haxlel —3{]./\ 2Rk}
[e]

=g GA 34

R T o L o - RN
Axql Al3E vpehya, o] %2 RBF #al=
S 2@, ALGTFEA T BEE AME
8]_‘;}_[12—13]

QA7 2 AREE RBFN2 §iHy=& 471E
ARgslR T, e ke 15708 ARSsieleh 1
gli &Y xTe 9] ZRzel wid 500,
1000, 2000, 3000 ppm FEE FHIES
1270e] E¥Fos FA3IY. ¥8EHs 7k
o] =l wa} e 23 vl EHIEE
AAstAct. 1= "ol g EHxrse vha
o] g 388 13 6o et & &0
Toluene 500ppm¥ % outputd] 1H =

oAl 19 & Yrehdega Toluene 1000
ppm% 7% outpute] 2¥ wmx=olA 19 &
vehlls 23 2] gl AR o] 7bs
{5].\:} 013:1 ,.HE{o]] 1:].]3]- gaﬂ EMO 71—7LO] 7}
2% tiaA UES =] &Ho] & ] 5
S 2 57} gl olE o] njAdgAal H
oJelgl &=z}l RBF Networkel «] H 3]

e + E2N 500 ppm
o j ' + BRA 1000 ppm

< 4 thEhE 3000 pom

¥ chioroform 500 pem
i & chiorform 1000 ppm
w chicroform 3000 pom

32 2 ABTE AR 44 43 B 48 B
g 890 : 784105

CMEAM

Lo

IE2A MAMofeolel FHAEEAM
& A3}

Fig. 5. PCA result of conducting polymer sensor
array.

Output valve 12

Ttoluere 500ppm

W toluene 1000ppm
Ditoluene 3000ppm
® benzene 500ppm 0.6
B benzene 1000ppm
M benzene 3000ppm
ethanol 500 ppm 04
& ethanol 1000 ppm
0 ethanot 3000 ppm
& chiorform 500ppm 0.2
& chloform 1000ppm
@ chlorform 3000ppm 0

toluene 500ppm \Tgy

toluene 1000ppm

14

(o]

]

B
-
d
I>
o
Hn
2
2
ot
2o
o>
o
1o
)]

B

M

Fig. 6. Output result of RBFN for input concen-
tration after learmning.

v. &

r

B A3E FaM A=A i) 7
#o)E FAstL, VOCs 7}¢% TAYEkaL Q1A
sl7] Yste] AEA wEA} AxolH o] E o] 83
Al2dlS pAstdnt AZE AlAojge]l= Po-
lypyrrole® Polyanilines 338E3bHon
Aol AxA] 7Bk g Alslgdet VOCsY
A<l 7}~2 Benzene, Chloroform, Et-

—290—



o7, T, Y- F3bE oy
hanol, Toluenesl W& 5Al& o} B Asx}
2 Xd]:"h:r?}“‘i i%%}"% oA At

&

(1]

(3]

(4]

=
i, %
=3
2
2
-
2
i
L,
op
o
2
e
2,
4

e
ol
—m

o

AU
s
0,

| = <
C e, Al

o N
[o5(W)
i2hd
gl
i
L
X
>
o,
to

N fu =

i

rlo

2 o] Fozl
2 ARgo] HgehA|
s 2ke] RBF Networks &
1A AE Bl

&2 2 P oox oL O
¥ 2 omx oA o T

o 1>
_\9{4 "
X

1]
d!

e

A. Tkegami and M. Kaneyasu,
"Olfactory detection using integ-
rated sensor”, Proc. 3rd Int. Conf.
Solid-State Sensors and Actuators
(Transducers '85), Philadelphia,
PA, US.A, June 11-14, pp. 135~
139, 1985.

M. E. Hassan, Amrani. P. A. Pay-
ne. and K.C. Persaud, "Multi-fre-
quency measurements of organic
conducting polymers for sensing of
gases and vapours’. Sensors and
Actuators B, Vol. 33, pp. 137-141,
1996.0f piezoelectric crystal sen-
sors”, Anal. Chem, Vol. 59, pp.
1529-1534, 1987.

W. P. Carey, K. R. Bebe and B. R.
Kowalski, "Multicomponent anal-
ysis using an array of piezoelectric
crystal sensors”, Anal. Chem., Vol.
59, pp. 1529-1534, 1987.

S. Zarcomb, and J. R. Stretter,
"“Theoretical basis for identifi-
cation and measurement of air
contaminants using an array

(5

(7

(9]

(10]

—291—

37

of sensors having partially over—
lapping sensitivities”, Sensor and

Actuators, Vol. 6, pp. 225-243,
1984.
K. Persaud, and G. H. Dodd,

"Analysis of discrimination mech-
anics in the mammalian olfactory
system using a model nose”,
Nature(London), Vol. 299, pp.
352-355, 1982,

J. W. Gardner and P. N. Bartlett,
"Monitoring of fish freshness
using tin oxide sensors”, Sensors
and Sensory Systems for an
Electronic Nose, Kluwer Academnic
Publishers, pp. 257-272, 1992.

H. Nanto, K. Kondo, M. Habara, and
H. Nakazumi, “Identification of aro-
ma from alcohols using a Japanese-
lacquer-film-coated quartz reso-
nator gas sensor in conjunction with
pattern recognition analysis” Sen-
sors and Actuators B, Vol. 35-36. pp.
183-186. 1996.

P. Althainz, J. Goschnick, S. Ehr-
mann, and, H. J. Ache, "Multisen-
sor microsystem for contaminants
in air’, Sensors and Actuators B,
Vol. 33, pp. 72-76, 1996.

J. H. Paik, H. R. Hwang, J. G.
Roh, J. S. Huh, D. D. Lee, J. O.
Lim, H. G. Byun. "The fabrication
and sensing characteristics of
conducting polymer sensors for
measurement of VOCs(Voltatile
organic compounds) gas’, THE
KOREAN SENSORS SOCIETY,
Vol. 10, pp. 40-41, 2001.

J. W. Gardner. "Detection of
vapour and odours form a multi-
sensor array using pattern reco-
gnition Part I: Principal compon-
ent and cluster analysis”, Sensors
& Actuators B, Vol. 4, pp.
109-115, 1991.



38 A=A TEAL AlA ofEe] & ©]

{11) Dae-Sik Lee, Jeung-Soo Hubh,
Duk-Dong Lee, “Recognization of
Inflammable Gases Using Sensor

Array and Principal Component
Analysis”, THE KOREAN
SENSORS SOCIETY, Vol. 10, pp
28, 2001.

ol A &

19734 4% 22944
20004 2% AE
T 3ta = (FEAD.

2001 3¢ ~ A A E e
ekl F&53ea Akt
TR Fok ¢ ARAIEA
environmental gas monitoring sensing
device, computer

programming, &FX|-5A1A]

FI F4

F1 4

19744 129 2394
20001 7Ho)st ALyt
A

_E,
4o

P RERER

\:'1 /1]/\1%1

N

’é%?.(#@’r*})
1992+ ~ @A AbHefsha A
Az e} 25

19961 H-EHEu AakgEt

4 (T
20009 849 ~ 3 Aroistm F&EEs}

RER
Fa 2o} 1 AR AAAAY, 34
shehalA

£33

B §7] SHGE Tk Y

"Neural Networks
Pre-

(12) Simon. Haykin,
a comprehensive foundation”,
ntice Hall, 1998.

(13) S. Y. Kung, "Digital Neural Net-
works”, Prentice Hall, 1993.

o] § 4 :

19759 59 1094

20019 249 <dddigtm Mg
I E4(FEAD
20019 3¥€ ~ A
o FEska) AatakA
F%A] Hol : Polymer gas
Envir-onmental gas monitoring

A%epet

Sensor,
sensing device

ol |J %
AA et Axpgetat uhalehs]

"= Stanford W % Cornelld &7|-A-2-%
el ki
R %EH?‘

AR et g A
A7) ed 7oA 2

Fg=Alx et 5

l"

W 3 7
1961
19844

84 144

29 WA ek Q71 et (FHAD)
1990 129 <35 UMIST (#3444
19959 129 4= UMIST PhD.

1996 ~ A Aty AREASI TG4
FHA Bof 1 AlMAIA"] HEQlA

LRSS |

—292—



oE, T R HAE oM oldE, W] HEs 39

T3 %4
1967 64 1044 1960 64 1044

1993+ d=rdisha A ggast 24 (T 1983 249 Medista F4Fatst Faal
199561 wh=rdfsha diehsl Asgsts 2 19859 24 Aedstm gy FEe 3
1A a4k

19954 39 ~ &A (F)oo|2FEE 7lxaly 198793 749 Cornell Univ. ¥l

¥ 3 199441 29 M.LT. Fshapa}

19984 3Y ~ &) ABsta FL3ebn vk 19949 39~199549 29 AAYEtE A g TE
A1 3 a4

FR4 Fob ¢ environmental gas moni- 1995 3¥~¥A ARART F4-Fetn) Las
toring sensing device, ECD, VOC 20004 ~ x| NRL(ZF7IXAA7A) A%

sensor, CH series sensor. #Hg3t7)7], T84 °F : #747}2414, Display A& %
Computer programing E

—293—



