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TEE. LT —Fal TPl & e AR SR T B R 5. X8 T8 RGN ORISR 3 44
J& FACI L AT B — S TR IS (PID) BT A4 U A AR B . FEF Xt 9 88— A wmif AR 5 2R B An i A A U
TR SL T ARSI R SR 5 T8 3 bR 5 56 5 A (4508 EL A IR T 7 5 RGN 1A R, S5 E . O T
B AL B A AR R A AR R B A 22 5. PID X SR GE b T me 7, % G AR A R . (R > 0.997) . fE &SR
TGS2602 X PUEALHE (CT) . =& HEE(TCM) Fl 1,2- "5 258 (1,2-DCA) B8 R, RRTWIE 10 8 B 8T B X% 1,2-DCA iy
RPEM R IR 2. BIRES TGS2600 Fl TGS2620 X — 44 H % (DCM) 1 1,2-DCA ¢k R, HZR MmN 2RI (R >0.995). Q&
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Implementation of an Electronic Nose for Rapid Detection of Volatile

Chloralkane and Chloroalkene

WEN Xiao-gang' , LIU Rui*, CAI Qiang®, WAN Mei’, TANG Ling-rong’, CHEN Lii-jun*"
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Abstract: An electronic nose, core detector of which was composed of three metal-doped SnO, gas sensors and a photo ionization
detector (PID) as a sensor array, was developed for rapid detection of volatile chloralkane and chloroalkene. A gas recognition model
was developed based on test and analysis with nine of pure gas and five of mixtures, and then the electronic nose was applied to several
water samples and the validity was evaluated with a gas chromatography. The results revealed that the sensor array responded differently
between the chloralkane and chloroalkene. PID was less sensitive to chloralkane, while linearly responded to chloroalkene ( R* >
0.997). Sensor TGS2602 performed sensitive to carbon tetrachloride (CT), trichloromethane (TCM) and 1,2-dichloroethane (1,2-
DCA), with a linear response to the former two but a poor linear response to 1,2-DCA. Sensors TGS2600 and TGS2620 were by far
more sensitive and linearly (R* >0.995) responded to dichloromethane (DCM) and 1,2-DCA. Therefore in the final gas recognition
model, PID was used to determine the concentration of chloroalkene, sensor TGS2602 was used to determine CT and TCM, sensor
TGS2600 or TGS2620 was used to determine DCM and 1,2-DCA. When applied to gas mixtures, sensor TGS2602 responded less
sensitive than the sum of the response to each single component, while other sensors responded equally. The electronic nose showed a
determined result linearly correlated to GC ( R* >0.96) as applied to samples with a mixture of DCM and perchloroethylene.

Key words: rapid detection; chloralkane; chloroalkene; electronic nose; sensor array; gas recognition

— & & ¥ (wrichloroethylene, TCE ) | VU & £ ¥ A1 AT Rz N H B Kk, Al
( perchloroethylene , PCE ) . %4 H %t ( dichloromethane , FH . A7 T 0 B 4 BN AR 25 5 I AR
DCM) . =& H %€ (trichloromethane , TCM ) . VU & Ak ik

(carbon tetrachloride, CT ) 45 ¥ & 4 & X 1% (volatile Wrim BHA: 2012-02-14; EITEHI: 2012-04-07
. - - ELTE . AR5 V5 Yudiil B F H S 3 = Tk 4 0 A
chlorinated hydrocarbons, VCHs ) Tk ik, HEEM AR 7 ( ]E)%KHESPL?TAS; BB E b ﬂli P ﬁ;ﬁlﬁ} H
2w I Ay YL [ [A] B35 kb > PANI=y (2008 DFA91300)
qﬂ—& n {bﬂﬁ{gﬁ?fﬁlml-*@jﬁﬁﬁﬁ$ﬂ H hj YEE B SCRNI(1973 ~ ) 5, W, B, R AR5 05 1) i i
JEURH b AR 2700 PR T OB LB, 25 B AR AU E-mail : wenxg. thj@ gmail. com



11 SCHRRIAE ;. — 7l [l i A 0428 2 P S AU R A AU e ) v S A T 4013

ShET5Y. VCHs BA7 2k | SO SR A2 1Y B 1%
YEFIN B S 45 K, B A SE Y 129 Bl e
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L IHEAEAERS S AR IR . VRSG5 VCHs
B, KA 3% (gas chromatography, GC) EAG &
i R AR I B 1) 010 A5, L[] B o A7 15 B ot
R 2 i, AR A 2% DL R T vk S B B I 1Y
R L
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AT RE RY AL & BA R RN | R AR ER K
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1.1 X510

S FHAX A% A 3% 4L ( SHIMADZU GC-
2014, Bl & ECD ., FID ¥l #%) ; HL 15 (iSA-M2,
FWE) ; bR SR (GASTEC PD-1B).

S A A, A Ak (CT) . = A B b
(TCM) . ZSE W ke (DCM) | 1,2- "5 Lk (1, 2-
Dichloroethane, 1,2-DCA) . =& LK (TCE) | U
ZH(PCE) | 2K 20K | 1,3-ZH 2 o Hrat.
1.2 SEEUrik
1.2.1 fREEREEA MR 5 T S 1 T s

L S AL BIRE 8 | A2 Bt B 1) AR T et
PR AT, R Ab PSRRIl Ak
TR A FH Ffc 0 B 255 o A v B JORE B0, FH T HR 40K
IR T B T FL - 55 e 7 19 5 e, FH 36 ] RAE 4 A 1Y

RAE-SEP i fUke 7 B 4 B FE M LR R R 45 T
P, ROk B i AR R AR K.
TR R A A A AR R TR
URER SUL ORI PN JUTE WP iy ol S W E R
WAL S Ul 5 7 A A 5 R o &
HL I RGEAL B % 2 PC ML, A i S I 7E 2 A U
UG FIRAE SCAS 5 S5, ORI 48 1 0 A5 SR <
JEE AR TR R R HEACR . TR
AN ) B RECRT L3k - B Rk AU T
WREE S . RN 4 ot e, Hh Aa e R 2y 2
min, A B 302 B RS2 3 min, FELGE V2 5
min, 33127 10 min.

FEJFA L 1O AR A M v BR JAT 1144 b
JT4 10. 6 eV 132 [E Baseline Y6 & FALAZ S ( photo
ionization detector, PID) &b, M5 A% Jiads v i 156 444
W T 3 A HARZINY (Figaro) 23 H) A = 1) JE AR 4 42
L B (TGS2602 . TGS2600 ., TGS2620) , I 5¢ 35
LS BRAE D RE. PID A8 22 Tl s
T R RPN R AR AEE T A R, X be e e
MR TGS2602 121 1 SR wig R Xk R A P28
LB MBS ; TGS2600 12 2% Y Ui 7L me 1 X
GAIE A | A FTR IR SR . TGS2620 28 1Y
S O R SR A DL R ZE RN, ik -
ik 3 MRS R A S R R B i R R R
FHT ARG S A Rbe)E.

1.2.2  ARIEAAYE AL

RH] GASTEC PD- 1B HUbR i UM & A 45 7 A=
PR B B A, AR A & AR A% AR O R AL
PHUE | HRKR R BESER G (E 1), 4rbral
WRAY WS T & TR RS RS —E i
D) 25 A A 00 T P AR R B 2 S 0 R W o )

B TS
4

B

B1 RESELZERFETE

Fig. 1 Schematic diagram of standard gas generator
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RSN S REA K.

ASHITFE T IR AR A B A A A A P
Firs. AR R A IREE R 40°C , B R aliaE A

F1 RESEHRESFGEIRE pg- L'

Table 1 Generating conditions of standard gases/p.g-1."!

VCHs PHENE PERERE AW/ L min !

FREAE /mm /mm 2 1.6 1. 1 0.8 0.6 0.5 0.4 0.3 0.2
PCE 5.0 40 41.23 — — 82.47 —  137.47 —  206.16 274.86  412.33
TCE 2.6 50 31. 11 — —  62.21 —  103.68 —  155.52 207.36  311.05
TCE 5.0 40 — — —  291.05 — — — — — —
TCE 4.0 50 — — —  148.63 — — — — — —
CT 2.6 50 56. 61 — —  113.22 —  188.69  —  283.04 377.39 —
DCM 1.6 50 61. 60 — 10267 —  154.01 205.3¢  — — — —
TCM 1.6 50 39. 65 — — 79.30 — 132222 —  198.31 264.39 —
TCM 2.6 50 — — —  196.50 — — — — — —
1,2-DCA 2.6 50 30. 26 — —  60.52 —  100.86 —  151.27 201.68 —
FHoR 4.0 50 21.50 — — 43.01 — — 86. 03 —  143.39  215.05
V% 6.0 30 26.92 — — 53.80 — —  107.59 —  179.31  268.97
1,3- % 6.0 30 — 26. 87 — —  53.80 — — 107.57 143.42  215.14

1.2.3 78RN

HL - S X B — B A3 AR o BT e, AR R
KA ER ARG 1 7= A A TRk BE 1) o — B o AR
NG AR RS | B A SRR I, WAL 4 A4S
AT TS R i L ) 1 R

L B R B LA SRR 2 B s, AR R
KA S RN & AR 2 b VCHs SRR MEIR &S
M, Zead i b A A ARG T s | 58 L B
AL RS 1 W VAR 55 5 S 5 e R 2 (] )
KA.
1.2.4 B SXG YRR IR A SR B

I AR E AR 2K TR i PCE i DCM i 5
TR AW 5 Gk i B 100 mL V5 Yok FE B T
250 mL TS rp, 5 B TR L TR ERY, #
BT SRR s SR R B BOEAT 10 mL
TSP KR T 2R -GC R, AR A SR (035 20 B 5
I R

2 #HR5ItHE

2.1 ARIRERFE G X B — S AR A 5 i g AT
AL A A [ ) T AEA R SRR B N Y
M 17 56 S35 NPT 2 s A T 1 i 7 I 37 391 40 J
AR IR ZE R, HAE RIS EFE L TCE
F1 PCE Y5 1) Jo7 LW 7 568 B <A o B8 T 1 i 336
K, PID K I ) R LT TGS 12 1% 4%, PID
X AR 5E 4 WA T [, TGS2602 1415 5 5if i Bl
AT AR A v B R 38 i 36 K, TGS2600 il
TGS2620 %F CT JL-FJemip; , xf Hp 3 Fhatheie L
SRR PRI R, X R LAY R 1, 3-SR Z,

REERZR YT A AL RS TGS2600 F TGS2620
(RIS M I AR AR | PID) g 7 R J3E o T A Qs e
1A% IR TSG2602 1M Ji 8 B A K, 76 S 3o vk B 3
FE A A e {7 5 Y9 761 100 mV LA b, ¥R EE 200
pg- L L T 600 mV.

2.2 ARIRGR B A AR B A ) 2L 37

R T G b A P A% S A v A AR SRR 2 i
PEVE TS 0w 7 A7 8, K 25 AR R X AN R ) Jo
(1A R —R 85 2R AR A T I UE A0 A, 5 SR AN 25 2 .

PID BG5S ARG . KRR YA X 5
(LA Wi MR R Y B R bk 7
SEU TR BE VI LY, PID M i 5 B 5 S A I AR &R
YIS AR 5 22 B 4 1 I A 56 R 8L R > 0. 997.
PID X PCE F1 TCE (% Wi b R & B2 B AR T 1.0
mV-(pg- L) M ARRYHREE ST 1.0
mV-(pg-L7") 7"

RIS TGS2602 J2 % 2K 72 W) 4 ) A5 1) 4% Jk
. ARG XA R YA 5 OB 5, R AU R
1.38 ~2.78 mV« (ug-L™") =" B0 vp & o048 Hh A
BR2 000 mV. ZzAE G &AL S CT, TCM
1,2-DCA M M B3 K, RS @3k 1. 10 ~2.42
mV-(pg L") 7 MERHERHE, m  E BE 5 1, 2-
DCA R R BELR PE A G PEAR 22, S H e YR
W R AEA DGR M A (R >0.920).

IR TGS2600 Fl TGS2620 %F DCM #l 1, 2-
DCA P 28 5 B 378 5 T I B W BT, 199 A et i )
5 E 5 DCM 1 1,2-DCA & BE 22 [B] (4 288 181 I3 A 56
ZH R >0.995  ERMEL

25 b W E ) PID 5RO B AR
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400 400 400
350 | (a)PCE 350 +  (b) TCE 350 (c) TCM
5 300 | > 300 5 300
§ 250 | ——TGS2600 § 250 g 250
w200 |-, Top262 = 200 - = 200
B 150 | ——PmD B 150 | B 50
=y g E
100 | 100 | 100
50 f 50 | 50 h‘%/j
0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 n 5 — Py
150 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 50 100 150 200 250 300
W /pg L /g L W/ L
400
350 | (d) DCM 700 | (e CT 1800 + (f) 1,2-DCA
- 300 , 600 f N 1600
E 250 E 500 | E }‘2‘88
2 200 5 400 B 1o //_/»/4'
& 150 2 300 B 800
E 100 E 00l E 600
400
50 100 | 200
0 e e 0 L, 8
100 150 200 250 0 100 200 300 400 50 100 150 200 250
B/ L W /gL B /ug L
2000 2000 F 2000
1800 | (e) HE 1800 | 1800
1600 1 £00 1600
> > r >
5 200 EOLA00E () 13RI EOL00 G zp
Y = 1200 1200 -
zg 1000 = 1000 | = 1000
2 800 2 800t 2 800
E 600 £ 600 | £ 600
400 400 + 400
200 / 200 / 200
0 0 —s 0 —
100 150 200 250 0 50 100 150 200 250 50 100 150 200 250 300
W /gL W E/ng L W HE/ug- L7
B2 (ERESEEESIX AR Y R IRE—N R E R
Fig. 2 Concentration-response of sensor array to each objective chemical
x2 BERBWNIEEy( mV)5E—WRIRE x(pg- L") HEEERIIFRARED
Table 2 Concentration-output linear equations of each sensor for pure gas
Wi PID TGS 2602 TGS 2600 TGS 2620
TCE y =0.95x — 14. 82 y =0.21x+27.7 y =0.17x +8.07 y=0.09x +8.33
R? =0.997 R? =0.970 R? =0.976 R?=0.976
PCE y=0.62x —8.43 y=0.19x +21.2 y=0.06x +5.43 y=0.27x +10. 95
’ R? =0.999 R? =0.980 R*=0.972 R* =0.978
T o y =1.84x-129.3 y=0.05x -0. 55 y=0.04x +3.75
R? =0.920 R? =0.984 R? =0.517
) y=1.10x +84.3 y=0.13x +2.28 y=0.23x +0. 17
TCM — 2 ) 2
R? =0.992 R? =0.997 R* =0.994
r=2.42% +852.0 r=0.71x +10. 64 r=1.22x +4. 84
1.2-DCA o yz x + y2 x+ yz X+
R? =0. 852 R? =0.997 R? =0.996
DeM - y =0.34x+71.5 y =0. 66x +33. 87 y =1.15x+31.4
R? =0.956 R? =0.995 R? =0.997
— y=2.13x -9. 60 y=1.38x+1717.9 y=0. 11x +25. 00 y =0. 19x +26. 00
- R? =0.999 R? =0.513 R*=1 R*=1
e y=1.24x-6.53 y=2.78x +1069.2 y=0.07x +3.47 y=0.09x +3.43
R? =0.999 R? =0.967 R? =0.9948 R? =0.996
23 y=1.71x-8.22 y=1.81x+1527.2 y=0.05x +4.24 y =0. 06x +3. 05
R? =0.999 R? =0.949 R* =0.993 R* =0.996
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Fig. 3 Concentration relation of GC and electronic nose for PCE and DCM detection
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