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Abstract: It is difficult to monitor the concentrations of volatile organic compounds (VOCs)
quantitively since the response coefficients of VOCs on the infrared sensor are different due to
their molecular structures. To solve this issue, an online testing system based on gas
chromatography (GC) and infrared sensor is constructed to determine the concentrations of some
specific volatile organic compounds in a container. In the online testing system, the correction
coefficients of the infrared sensors towards the specific compounds used in the nuclear
containment during maintenance, including ethanol, isopropanol, n-butyl alcohol, toluene, xylol
and n-undecane, are calculated based on the data obtained on GC and infrared sensor, and the
correction coefficients maintain stable in different concentrations. The correction coefficients can

be used to correct the data obtained from the infrared sensors. Six main VOCs in the nuclear
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containment during maintenance are tested with this system, and the correction coefficients of the

six VOCs are obtained based on the data from GC and infrared sensor. The concentration of

relative chemical can be obtained through multiplying the infrared sensor datum by the correction

coefficient. Furthermore, according to the lower explosive limits of VOCs, the VOCs monitoring

method in confined space based on infrared sensor is then established.

Keywords: volatile organic compounds; concentration monitoring; infrared sensor; nuclear

containment

FERMER N (VOCs) 8 WA KI5 54
VOCs RIET 32 . anfb T JhigE T As i i .
REM AR EE MRS, VOCs TE=E N E
B 15 NARBE BT FAEAE KT HE KU, 5t
B W VOCs fy e B 2 % L A7 806 JE A S Al

MHT VOCs ¥ BE /Y Wy ik 2 F, 224
FEAM AR R O g R AR AL R AR
A, FOMETE LR BT Rk E Wk Z —
FH 0 T 0 s AR R R B 0 2% S ok S BRIR
VI 43 85, R Je A K I 28 A A B o LA
S T HLAE 5 RN 5 T 4 A ik B e R O
AT S BAS R A5 BIL ) 1 5 o 0 5 o AR, SO 8
Tk BT o M R = i R xS TR A AL
VIR S0 BURS  19 0E (RR L T 4 ad BORE L2
IR A5 2 AR R B, FLANCR 18 4 AR 5 4R 2%
PR 20, 38 % HOREAE SC 0 & N S8 R, AN B & IR
PENT SR O R G AR R R R R 1 — R A
AR I BE 7R RN 8 A A A5 0 S5 R A R
FEAE R AR S B Ak R 7 R X R SR R
AR s R RS T O O vk L W
TN SRR RN R L LR 5 TG T 9T Ak BB AT 3R AT 0
A AH R B R AR BUAS BR i) T X VOCs e B /) 78
SR, DRIt SR AT BRI AR ) ARG I
BRI R R,

ANAAL TR AR SR — Tl B A A X 58 {1 5 485 1) A6
D2 L BR A B SRR B2 A L5 5, 52 B VOCs
W BE B S B0 E RN A% i L 7E VOCs ¥k BE I Jr
T ELA RAF R R AT . AR SR A R B E L L
AW N S PO R [EAN D 2B N = ) ) = o
P8 5 A A DN A e B B A AR M L T L R
AR RAEAE B (AR ME R RN &
AR R R O S v RS P L B XS T Y
15 YT 5 o A IR 0 ) L 2R B2 A 9T 22 501) s i
SE 45 5 FUSE 22 R B 25, 5 e 45 R Y R AR

Sy fift e 21 A% SR AR I S AN W] VOCs iR BE I A7
TER2E MY (], AR SC5 | A RTRS A VOCs R BE Y

http: // zkxb. xjtu. edu. cn

SAHEGEAL BT # T — 25 % M 25 8] 9 A MLk 2
AR R E RN R G . D 5T K B I R
ST At ) A B R 2 A MLAR A 4 Sk T s 3ot 2000
SE A IR AR X R R AL B Wi LI 0 o DA S 3
W5 S5 SR8 R 2 58 T B AR OE R B AR IR 21 4h
A A A 0 5 5 S 5 AT /N A T B T 7= A 1 5 22
T 7 5 2 245 ) B4 21 9 A TR g W 0 4 s ) 4 4
. DAUL R 3 Al 20 B 7oK AR % e e se i s
WAl VOCs v B W i 7 35 i nl A5 1
1 WX RS Hik
1.1 EEZHENYIRENLZRSE

WE 1 iR MR R G 3 841k - O % ] 1
TR, AR B R I S A s I L 1 3% T 4 4%
T AR Gl 15 J0 L2 0~100°C RS EE R 170,
i A T A /AL s — ity 2 AR T AR A T Ol s A
AR T — i S S U 0 Ch I R R
Ui ) B 0% BRI RGeS ARIE SR A R 0
PRI BE R 35— AR I 10 S S SR AR A
J B R TR AR DU S AR ER R AR R
B R ML 78 B A 5 R I i — o R A
BLA SR VR 2 P 2 [ i W 4 . @ VOC 414k
S AN L ot i R R N A s o e R NI
F s EAT 45 & A ML) e B (S sl . @A
TEA . RN I E sh AR L S FE LR A B
T 5 R A ML Bk B S T AR AT ) B TR R

ik MEL!!
7
6
1—AREN ik, 28R, 3—OAMERRSE; 4+—RERE T

5—SAER; 6—THEIEN T—tEbL
B 1R R A ML NS R 5




168 W% %

Ko

R

1 %55 &

IR SR ZE 4 R 20 AME T3 X 45 % M A7 HL
VIR IE R B
1.2 MRAERREMNIEITHIZE
1.2.1 AméEn sz SHEEGC, %5
& 7890B) FL £ A I A B T AL KL #7 (FID) , 3% 4%
S HP-5 ms &40 A, dE 0 07 X0 A shosid i it
FEL A 50 1, [ 1Y 5 & R AR R Ry 250 LY,
BATHA R LA R AR TE 60 CHILR IR T O/
¥ 2 min, A 5°C « min ' R ZE 150°C.HLL 20°C -
min '[FiE £ 60 C J53iZ 17 5 min, #£i1 29.5 min,
HEREHE A I 8] 2 0. 5 min, AU K331 30 min, H
rhHEAE IR R 200 °C L R TN g8 B S 250 °C
1.2.2 445 BB B AT F ok AL RS
(LARK-1HR i-C, Hg , 75 JH 7 B0 SR e 2l /R
AT ATTE T AL o R AT B5H SR AR . Bl SR AR it
PR OB R AL BR LB N 30 s AR A6 2 1 B Bhis
BRI R REIN S S PR A RI AT DA T SR AT
TFJA L1 AME B o 8 1542 SR A 7R BURR A » [m) s 0] 3
R VOCs W EEAE IR IEZ H .
1.2.3 AR%iE4H % VBRI H LY N *t
G5 57 0 LA LT % 8% 25 B ASAH 0 338 0 4k G 7 % 1A =5
(] P B B . Horh  BESRE HLA R S B L S TN T A
IE T EERWEGE HAR A ALY LR 2R L 2R RNE
e bR, M6 ALY R L 2.
W 2 VOCs™™ , Si b, 43 08 B4 B R
MHEAT DU S RN HLIU S 22 1 2R FH LSO 3R
BEEAT vh Uk . DL B A AR R B .

RGBT, 1 0 B B G R Oy 40 °C L 5§
ToF JE A T B R A 5 4 A T A0 MBI AR O iB 4T 30
min DA b5 ARG FEFE LTI CELAR N 65 mm, 3 1 7
33. 2 cn®) A 5 mL VAR FE I R T % B
L A 500 mL e minT ', I IE AT A £ 3
A, AR A 15 I S ) AR 2H 43 T X I
5 %I 5E J5 B B B 2T AME RS B s UE AT DT
1.3 WX EEA B E
1.3.1 A& a® i [F e E
T R B VRO R AT DU, SRR (V) Sl 1 L,
SRR 501, AR @I &M 1.2 5 ik A A .
T L D P A A R R o 1 0T v B 0 o ALY G
0 LR AULE T AR R R 0 T AR Y O AR =
Mz 1 frmR.

H JIT AR 0 T B AR o i O R R AR
A5 3 AH R HEAE B AE SRR L OF AR 4 O %0 00 1 AR AR
RV, . 250 L) FlEE IR J5t &, A] LA 5345 31 AR

http: // zkxb. xjtu. edu. cn

R v 5 Iy 1 SR RE R
A1 AAE PN T A AR R WA
FE TR L B/ R AR G

ALY I -
(g+ L™ R’

M ¢, =8.312X10"S ~40.0 0.999 8
SNEE ¢, =7703X10"S ~32.0 0.999 9
ETHEE ¢, —4887X107S ~16.0 0.999 9

A ,=3272X10"S ~16.0 0.999 9
THZE =3375X10"S ~18.0 0.999 9

IE+—HE ¢, =3630X10"S ~10.0 0.999 9

WS Ak EE A oo IRER TR g - L1,

cn = .V, /V, X107 @D)

1 T2 A% AR I 5 45 R LA 10 ° 3 C AR
B Fomannz—) . UMM e 45 Rt & 77 05 1
ANTA] e B AT IR T R

_ 22,4 T +4273.15 (2)
M " 273.15

KM SRS o> F i o WK EGT H
P QIR .
1.3.2 AR AZ&ayt 3 DU @5 I e <
REERT B @u » LAME RIS 2 S5 1 ¢ M
NN R T &)

k= §0v1/90v2 (3

2 ZRHWHE

2.1 MK RSGLEWKINBE

Z 45 b 5% B it SUS304 7R 45 89 1 . 45
TR 26. 85 L, 19 sy e &5 PRI 17T 5 5 (B A i 0 FITHR
o B B AN R T T O R R R B IR AL
B R AT I T E W UG IR . IR R 9 A B
o A5 4 2 % B Sk 12 A R A 58 4 A A 2
[R5 . ZIIE, A R EE R AR E KT
A 4EFF 0. 52 MPa ()48 %F K 71 K3k 24 hORE R %
/INTF 5 kPa), HZLAME B 78 % 41 IEH TAE.
AR b TR ARG R IR L 9K Bl SR A A 44
F SRR BE 2 50 L el N 21 AME R 5 S 3
ESRWERN RGIR2E . RS A& T
AR IS0 T B R AN ()R D 3t 2% 4 1 —
FOME. K RES BT A B L AR R N A R —
E Y BT B A AL L 3 g 21 A IR S SO 8 1% AR
(18 TR) 2505 A5 1 R IO 1 R B 8 0 e 1T 3 A5
LAY
2.2 BEREZEENHHINE

BEIALA Y28 WL ). e S L 5 B




$e

OV 55 I T L A% RS B R 22 A2 7 N R VA DL 2 A ik B Y D D ik 169

IE T BEEAIRS— o AN L A 5 #5 % 6 i VOCs
BT T LA 2 RS E R B GHE AT I E
IR K 40 °C VRN 500 mL « min I, 20 A 4E
JEAR RS AR TS X 3 AR A R I 2 SR R 2
FR . FER 2a SO I E 25 W 8 T AR
TSR N7 AL 156 I L 3 0Re ) 41 A% B 2R T 22 2 B
A 25 1 Lt S ARG T 2 T Ik R 0 3 T o O B TR
ST GR35 B R T N . LEEFR RN
JE T iR B IE R RO AS PR FF RS E L B E R 1. 495,85
e 22 R 0. 044, 15 B A 52 55 Wk B 3 161 9 4% J8% 2% )
ST N A E 1Y i DR AR B A AL IE R Al R

0.040- 120
LTHME R —e—KRIERH
0.035| S 1.8
0.030 S
B/ {14
§ 0.025F Jizg
%ﬁ 0.020f 10 hlfl
g 0.015F o8 ¥
Jo0.6
N o010k
04
0.005 1oz
0000 s 56 78 9101112 >0
WREL
(a) T
0.030 12,0
I e lis
0025 =M :
—e— X IE R 41.6
¢34 14147114
E - ~
& 0.015 110 h};«
&
= o8 &
o 0.010 loe
0.005 104
Jo.2
0.000 0.0
1 2 3 456 7 8 91011 12
R EL
(b) SN B
0.004 - 12,0
I s I
et N
0.003f T RER¥ o] 1
® T (| 414
= A LRI RIALA {12 &
& 0.002 . 110 %
e H
= Jo.8 &
= Jo.6
0.001 F
Jo4
Jo2
0000 = s 6 7 8 9 10 11 12 0
WREL
(o) IE T

Pl 2 Jiig i e £ 20 A0 A SR R AUAH €8 335 00 2 45 2R X L

http: // zkxb. xjtu. edu. cn

TE M o AE— 0 BRI 25 A T o OO B vk R 1 AR AL
1M A, 31X 55 21 AME B2 2 3l 2 W 5 4y T C—H
i 45 9 2 21 40 W s B N T S B XE VOCs #E 47
S R A — 2

2b SR A IR B AR R S 2
FEAH oL, HEAS IE RBCKI(E O 1341, bR Uk 22 8
0. 0465 & 2¢ 1E T 78 AR 43 B0 SOM €835 ) o2
G5 JAR T A5 122 I 5 {8, A2 E R B E R 0. 810, bR
HER 220 0,018, LR 25 R M, & IE R A B &
T 25 3G, BV b2 i P 2 AH DL L A% IE R B TR A
—EES LR A AME AR AT AL R RN
e B HEAT I S IS B R R AP B VOCs, i 2k FAH
N B AR TE 22 B0 28 (H AT RS OE . KAk, S VR T
FERIIE T AR R W R, R OE R Z W B A — &
AR R o B B 2 43 T B G 3 K M IE &R R0 A
fiK, TRE S P& M P Y C— H SRR A %,
2.3 REFEZEFNYHNE

B T EEAN, R R IE T — ke R K
JEH HBAHLE R, I E 45 R 3 TR, A
T )0 2 2 SR IR T £ A R A I R A T A
TR 2T HME IR 5 & 25 e VA WL SR & 1
L 5 5 R A = . ORI R E R EOGE S 0. 795,
FRUE R 25 0 0.007; — R IE R A H N
0. 751, bR EAR 22K 0. 006 ; IF +— ke i 15 IF R 51y
M 0.505, bRl 224 0. 013, |- 3R B [\ Bk %
B, 76 2T A& I 09 I HE Y R Y L RS IE R B KN
P VR B TG 5 TS5 0 0 ) I 1 T S A A G
2.4 KR RUES BA G BT AT MR 4G

Wi % 4 5T AR N A% H DL B 47 Y 12 4 Bt
B 7 %% 5 G A ST 101, BT (8 FH 09 A AL AL 2 i 25 3 W
TN BB BN ZeRE ., ACHET
() VOCs e B 7 26 52 2 U 7 2% o S AT L SR A%
IE LT AMEIEER T VOCs ¥R BE (1 I 52 45 5 38 7T 95 1t
TEAG R o 22 25 I VOCs MR AE 22 4 .

RN E [ 6 FhAT ALY N A E A A SE A A6 0 1)
FEAE R BB KR ALY . AT R AL I R
BT T HME I I 38 5 S 1A T4 IE o T f £% SR
S SNBSS A DL SRR B . S5 G A R i
RAMEA B B T BR B, R DL AT M IR A
DA A O 2 0 4 TE R BUB B T HAE AR T 5l W 3
TR HE T BRE, BE AT IA S i JE B VOCs ¥ B 51
A KRR . 2 2 TR E R TR VOCs 1)k
IR A S8, AR AR AR T BR S5 (3) AT kAR
LT HIME A T 2 (A 22 4 TR B TR BR S B 24 2T ) A JK




170 [ S S R N S SO 14 %555 %
] B BB 2 4 3 MO8 10 L R SE B B
& J18 < . : :
T =utai A A2 REF) VOCs Atk g K 9 R e 42 4] A4
0012 —e— RRIEAM B 41.6
—n [ @1 W BIETFR I 28 (1
2 0000} M - {12 x , y eIk o
§ ‘ o LRI % Ao wRE S RSO " AR HO
£ - LD 10y /C /% # /107
ﬁé‘o.oos- = Jog & _
J06 YA 11 3.39 1. 495 22 675
0.003 - 104 LAV S) L 12 2. 37 1. 341 17 673
102 ETE 35 1. 80 0.810 22 222
0000 s 6 7 8 9 10 1112 0 e 4 1. 23 0. 795 15 472
e * e :
) 3 %30 1.21 0. 751 16 112
1E+—% 60 0.78 0. 505 15 951
0.007 120
I o sh s I
00061 1At o | 4+
——RERE A ] 116 3 gn 1/t\J
ﬁ0.005- o ] d14
Sooud 1 T ILILU LKL HL Rl BB R B2 2 ARSCH S T — b VOCs 76 2 5 kW5 077 3%
% ool [ I T 1y MIE T 2B, SRR IE TR P8 % E - —
B 108 " "
Mol loe e 55 6 I LY 0 B IE 380 56 B0 T X215 14 8
{04 W5 25 R BB IE . I 25 30 3l /0N . WAl ol &8 i T
0.001} NI . "
102 38 15 9% 7 R I LA A S RS IE R B
0.000 i . . - N
N o 00 BT 6 A AL S A el 5 4 7 A 06 391 ) £ ]
P13 N e Y
A 1 B I 0 BB AT — 5 B AR
T8 3 X 2L MG IR AR B AL I, BT LUK N T R
0.0025 TR 42,0 45N VOCs IR EREL N, 46K ERES
[ Ge-FID ¢ Iy iy e B fy 2 A vl B S S
e N R T B 5 42T A 2 1922 A W S
ﬁ i 114
n§<0.0015— -1.2?12 52k,
B ;Zg (1] KAMAL M S. RAZZAK S A. HOSSAIN M M. Cat-
-'l-‘_-_l. silsinin=1N=IRRINRINnINnINnIRn —0.6 alytic oxidation of volatile organic compounds
0.0005 d04 (VOCs): a review [J]. Atmospheric Environment,
402 2016, 140 117-134.
0.0000 1 2 3 4 5 6 7 8 910 11 12 0.0 [2] KHAN F I, KR GHOSHAL A. Removal of volatile
WE organic compounds from polluted air [J]. Journal of
(O IE+—%t Loss Prevention in the Process Industries, 2000, 13
B 3 BREAL AR L E SR TS AR £ T 2 (6): 527-545.
S5 X bl B AR T R A [3] DROBEK M, FIGOLI A, SANTORO S, et al

il E SRR TR 2 i Z 2 TR, BN &4
56N VOCs Mk IS LR Z 42N,

L5 AT R0 % P S 18] N SR 1L A A% 8 g W
VOCs ¥ JZ LA B i AH ¢ K 9 R 1Y 7 ¥ 52 AT AT Y .
X F S bR VOCs J853 45 2 (1 0 o AT % I o [ A
IR AN T 60 C) Yl A7 32—k, JRA5 1 IE &R
B, LT AT B I (A /N T S AR R T R, #EiE
B VOCs e BE i Ar 5 35000 48 1 B i T DL HEBR .
L PRERVE D, R R G e N SR AR

http: // zkxb. xjtu. edu. cn

PVDF-MFI mixed matrix membranes as VOCs adsorb-
ers [J].
2015, 207, 126-133.

[4] LIOTTA L F. Catalytic oxidation of volatile organic

Microporous and Mesoporous Materials,

compounds on supported noble metals [J]. Applied
Catalysis: B Environmental, 2010, 100(3/4): 403-
412.

[5] OZTURK B, YILMAZ D. Absorptive removal of vol-
atile organic compounds from flue gas streams [J].
Process Safety and Environmental Protection, 2006,

84(5): 391-398.




EHR ] ZE Uk 5 T LD AME RIS W A% L 28 A2 50 N R P BIL A 42 4 i T 1 M T Oy vk 171
[6] SCIRE S, LIOTTA L F. Supported gold catalysts for al oxide nanostructures-based gas sensors: a review

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

the total oxidation of volatile organic compounds [J].
Applied Catalysis: B 2012, 125;
222-246.

GALEZOWSKA G, CHRANIUK M, WOLSKA L.

Environmental,

In vitro assays as a tool for determination of VOCs
toxic effect on respiratory system: a critical review
[J]. TrAC Trends in Analytical Chemistry, 2016, 77
14-22.

TSATI W T. Toxic volatile organic compounds (VOCs)
in the atmospheric environment: regulatory aspects
and monitoring in Japan and Korea [J]. Environ-
ments, 2016, 3(4). 23.

BOLTIC Z, RUZIC N, JOVANOVIC M. Cleaner pro-
duction aspects of tablet coating process in pharmaceu-
tical industry: problem of VOCs emission [J]. Journal
of Cleaner Production, 2013, 44. 123-132.
PIETRANGELI B, BRAGATTO P A, PITTIGLIO
P. Potential of biofiltration for VOCs emission control
and safety aspects [J]. International Journal of Envi-
ronment and Pollution, 2008, 32(1). 57-67.

ERY], R, BE, & AP VOC R 5 s i i
REBRGE T [T, e AR AR K% 24, 2011, 25
(2): 104-107, 138.

WANG Liming, ZHOU Yao, ZHAO Jie, et al. Status
and development direction of detection method for
VOC in air [J]. Journal of Shanghai University of En-
gineering Science, 2011, 25(2). 104-107, 138.
VESELY P, LUSK L, BASAROVA G, et al. Analy-
sis of aldehydes in beer using solid-phase microextrac-
tion with on-fiber derivatization and gas chromatogra-
phy/mass spectrometry [J]. Journal of Agricultural
and Food Chemistry, 2003, 51(24): 6941-6944.
SAHU L K, PAL D, YADAV R, et al. Aromatic
VOCs at major road junctions of a metropolis in India:
measurements using TD-GC-FID and PTR-TOF-MS
instruments [J]. Aerosol and Air Quality Research,
2016, 16(10): 2405-2420.

R, MAET . EELE OLAOLIEE R IEAT A
MAFFE LR [J] KIGEBE M, 2011, 28(5) . 29-32.
LU Meihong, HAO Ruiyu, WANG Zhijun. Research
on the photoacoustic spectroscopy for C, H, gas detec-
[J]. of Changzhi
University, 2011, 28(5): 29-32.

MIRZAEI A, LEONARDI S G, NERI G. Detection of

tion and applications Journal

hazardous volatile organic compounds (VOCs) by met-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

http: // zkxb. xjtu. edu. cn

[J]. Ceramics International, 2016, 42 (14). 15119-
15141.

AR, THIW, A E. TR AR BT ik
Whog ik (1. ZrHriil s 4%, 2015, 34(6) . 724-733,
LI Lirong, WANG Yanli, CUI Lianxi. Progress on in-
strumental analysis methods for malodorous substances
[J]. Journal of Instrumental Analysis, 2015, 34(6):
724-733.

LEE D D, LEE D S. Environmental gas sensors [J].
IEEE Sensors Journal, 2001, 1(3): 214-224.

FEr, ZHH, R, S OGO
Sk LT R AR 2% 4, 2006, 19(4): 1206-1211.
WANG Jianye, JI Xinming, WU Feidie, et al. Photo-
acoustic spectroscopy method for trace gas detecting
[J]. Chinese Journal of Sensors and Actuators, 2006,
19(4): 1206-1211.

IR I E, O, & KB e
W R HULAL S 358 R FE R 5 [T, V6 % 3838
K2, 2020, 54(8): 157-162.

WENG Wenging, YANG Honghui, LI Jianbo. et al.
Determination and evaluation of volatilization rate and
time period of organic compounds in nuclear power
containment during maintenance [ J]. Journal of Xi’an
Jiaotong University, 2020, 54(8) . 157-162.

PRI, BT OO, WA, S %M S E A A PLAL R
RS ERLR W R G [T V0258 R4l
2019, 53(12). 177-182.

FEI Ruiyin, WENG Wenging, YU Qi, et al. An on-
line system for determining the volatilization kinetics of
organic compounds in an airtight chamber [J]. Journal
of Xi’an Jiaotong University, 2019, 53(12) . 177-182.
YE Weilin, ZHENG Chuantao, CHENG Xiyun, et al.
Mid-infrared ppm-level methane detection device using
small-size absorption pool and dual-channel lock-in am-
plifier [J]. Infrared Physics & Technology, 2015, 71
339-346.

FoCPS, A, T X, O EREEFITRRE
AT RR Y SR A R BR A S IR B [T, W 22 585 KA A
i, 2019, 53(9). 176-182.

WENG Wenging, ZHANG Ke, WANG Dingyi, et al.
Experimental research on lower flammability limits of
the combustible vapors in containment test [J]. Jour-
nal of Xi”an Jiaotong University, 2019, 53(9). 176-
182.

(G AFD




