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Abstract: A photoacoustic spectroscopy multi—gas detection system based on infrared heat radiation light
source was developed. The broadband mid-infrared thermals radiation source and band-pass filter were
used to generate the photoacoustic excitation light. Combined with a small-volume non-resonant
photoacoustic cell, the time-sharing measurement of multi—component gas concentration was realized. The
parameters of the mid-infrared bandpass filter were determined by analyzing the main factors of cross-
interference among multi—component gases and the infrared absorption spectrum of target gases. To
determine the quantitative relationship of cross interference among the gases to be measured, the
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photoacoustic spectrometer system was calibrated by using the standard gas, and a humidifier was used to
analyze the interference from water vapor. The experimental results showed that the interference levels of
C,H, to CH, and CH, to C,H; reached 10.49 pV/(pl/L) and 18.66 pV/(pl./L) respectively, and the
interference between other hydrocarbon gases can be ignored. The responsiveness of CO, to CO, CH,,
C,H, and C,Hj interference was 1.615 pV/(pL/L), 0.055 pV/(pL/L), 0.130 uV/(pl./1) and 0.016 pV/
(pLL/L) , respectively. In addition, water vapor will cause certain interference to C,H,, CH4, C,H;,
C,H,, CO and CO,, and the responsiveness of the interference was 0.591 pV/(pl./1.), 0.421 pV/(pl./
L), 0.071 pV/( pL/L) , 0.007 pV/(pL/L) , 0.051 pV/(pL/L) and 0.055 pV/(pL/L). The
experimental results indicated that there was a high level of interference when detecting CH,in C.H,
background, C,H; in CH,; background, CO in CO, background, and other target gases in high
concentration water vapor background, which should be considered in the measurement process.

Key words: Photoacoustic spectroscopy; Multi-gas detection; Infrared spectroscopy; Cross interference;
Measurement error

OCIS Codes: 300.6340; 300.1030; 120.0280; 280.4788

0 58§

Wil 5 ] 28 U5 K AN W % i i R R Tl A A et R, B AT TR I R g 0 fg Ak A s Rik
PR B RG . AR ) RGP AR el R B T AR AR, — BUR AR R R S s e e W R g st . H
I, 75 L ) 3R 40 R FH e )02 0 R T e A8 g, L 48 % ) 00RO AS 7 R A R R 2 e R IR A L AR
JE AR AE A (0] W7 iz A7 0 2 v, pl ol B S 5 e 355 4 5 il R 65 5 AR R A A, O 3 o Ak 2 B 7 A
BB R AE SR (CO L CO, . CH, \C,H, \C,H, \C,H A5 ), X 33 26 985 i 21yl v 9 R AE AR 9 B 43 F0 e 38 a0 £ Az )
A3 B, T H WA R 2 N A R O . H R, AR R A T A SR 43 B (Dissolved Gas Analysis, DGA)$ AR
S 75 P 25 012 W Je AT 40 ik L EA T AR AR Tz ikl Al

1 58 1 A8 e 28 1 A AR RS Iy ik A OR8N R 2R AR B A T SORE B v g TR
JE i FRAE SR B B B A DU, 32 5 125 R0 22 A AR 2 43 0 Wk EE AT R L (R RS I AR B SO LB AR T e
W, Ok AR FE AR IS AT RS AT AR LR I ol 2 SO TR AR A D AR 5 AT R 22 TR A
VR R SR M BE AR B AL f A5 5, o g SR o 102 B R R 1 R SBUG d FHL Ab 2 AR RS . FL2E R
A% JR 88 X A W R ) SR A AR R A v L e iy P ) R PRI 2 BT T B O T (H S B I A A
PEVE 2SS T E AR, X S0y AR L G I i B B B SRR R R R B R SRR
T U K A G TR RN O 1% D S T v R AT LAY 22 21 A REAE SR AT AE IS LGB AT ik B S IR ARE R IEAE R
P R

F AN AT 2 KA ETT R T OG5 0k SRR AR SC B AR M58 . 328 THOGCE AR MW Rl L ik
AF R O 6 G ARROR R £ 1 T 2 4L SRR I R T IO Y R T R R R D K R I
P AT DL R I K VR O T AR TR B R b R A R I A AR R B AR T O R SO R AR 4R
B, AT LR RIS B A o F 1 R % 2 B & S TR A 22 LT . MCNAGHTEN E D &5 il 17—
b 35 30T 21 A0 T IR RS AR O A I I G R G 2 2] A AR R I vk A A4 B RN 4N AR R R
W B O B HEAT I K E ), AT ARSI CO L CLHL AT CH,, A8 I BR 43 514 249.6 pL/L(CO) 1.5 pL./L(C.H,)
DL 293.7 puL/L(CH,) o {HJZ , — /OGS 8 5 HRe I i — A SRR B o b Ah , BO6 TR CRe ) 2 h 21 40 %
JGER) AR By 5, S BUE T 2RO 1 2 AR T AR S50 52 2 HOBUAS 3 B . R TN &R G 00 B R
IF BEAR R — SR o5 1) B AR | 38 58 S8 O IR 5 0RO 45 A FAVEGS B IR o B T ELAMG IR A i v
WOCHE T T2 AR T 10 BB, 3 o 5 B AN 6] v DK B 8O B, T DAL R L T IR SO TR 090k
7 G SCR I 2 A AR K. 2003 4F 95 [ Kelman 23 w28 S5 W] 4 56 1 20 40 2 R 4 51 58 3% 5 U8 19 06 70l
T O AR S T B A, AT XTI R 2 R RRAE SR AT ARG I L A A A e e TR HCURITE 4
ARG AEE W AMS B T Tz SRR T  (HH: S R ) A R R BB AN R L X R T R SR R R R G AT
AN IR LS G i I8 T B, B R AL 43 1) B 28 ST R AR, I HLUOR B B AAE S R DU 5 vk
W RE NG R W SO BE 7 AR B AR IS B A2 TR BE RDG IR B S5 mal i 77 A BRI AS o 2017 4, A e S R T —

0430002-2



M A5 OGP OGS 22 2 0 S I B A 28 ST IR PR 5

BETIAOCIR M 2 A 0 SR RS, RAELMERE R4F % T CH, M CO SRR FRMAL BRI E 1 plL /L, N
TP RO R AR, 2018 4F , K B TR PR ST T T L T AT A IR S 6 VR RN G T 7 I AL B AR O
7O 2 4 A SRR R 48, % C,H, . CH, \C,H, . C,H, .CO A1 CO, By A& 2 5 B 35 5 0.11 pl./1..0.21 pLL/L .
0.13 pI./1..0.16 pL./1..0.15 pL./L £10.48 pl./L.

R T RS G SRR D 24 B R 25 R IR, AR SO T — B T DA IR SO TR Y 6 A Dk
LA M HAL, BRIS 45 A L0 58 F AR T IAEAT T 947 -

1 EERERAREE

201 DA TR WS A S 0 7 b b R R OE TR L AR A R 2 ol IR AR G R AN BRI B Ok
A TEHCH B TR SR SO K WO o (v) R 8 B K i P SR (BN AR S
A, AT A4S 3 i 5y 7
1, 32}’3:_(7_1).371‘1
Ve vt ar v dat n
AL ]y SRR L, p S T, o R O 7 N AR Y R L H O A D AR R HORY SR
W/em®,

X2 1 IE 5 ) A3 O X p A L AR 4 A

B

X, w R AR r AR R o G TR T A R B R R

71~Hp] I(r,w)dV
o= aT w) w W
. @) -

1wH(r w) (2)

Jﬁrf‘ I(r, w)iﬂﬁﬁﬁ‘ﬁlﬁ"]@“ Nﬁﬁﬁ¥%§,Qjﬁ%/\%u .éﬁl Dy (r) A p, (r) IS, VR A
Xﬂ“?ﬂtﬁﬂ&f;‘ﬁm;‘ﬁh%%,ﬂl(n w) =Pg(r),g(r) A —1LH65 i R AL, a(v) Fm TRTE I EL

H vﬁi‘lﬁ’ﬂ%ﬁﬂ&(%%ﬁl,Cﬁﬂ%iﬂﬂ%%ﬁ’ﬂﬁif%}%&%ﬂ%UI&UHI L3 A LA ALK
1

iCPalo)(y—1)  CPa(v)(y—1) ez
Ao(w)= = ) . ; (4)
i R, w 1
] e
wT, wT,
A, R 7 2 72 o P T D Y BELR IR T3] L PRI 3B KN, A (o) BIBE A (@) |
| = LY,
nRw ( 1 )2 (5)
1+ |—
wT
St Al SR 3O 74 SR B 3t KT L R
F— VR_Zl . 1 :
TR, W 2 6
(2 ©

AR FEHIR A b P S B4 7 A S M ) o A A e O P PR 2 2R A A R A R RN AR RO R S R AR
A e R 3] ) DI 7R 5 B A D A S, R e R A A i 8] 45 Ak BEORE SR O AR R S R I R . Ot b
HOE A 5 B0 iR 2 T LR R

Sin = s5u| Ag(@) | =5, PFCa(v) (7)

0430002-3



Ao, s, R A% 7 2% RS
2 EERIEZAHSSESTIOEIT

BT LL AR SO IR RO A O 22 A 3 AR A BT AR 25 R s S RN S Ay i an B T A 2 s o ot
P A5 B K 6 TR Hawkeye 23 5 A2 7 9 TR-Si272 F 21 40P G IR, Y68 & HE 9 06 8 26 38 1o 7 O 2 b 47
S RE JE T, TR 2R L1 A0 38 BRI R e e O R E B B AR O AT B A i o S T S BN 22 41 A UK Y
Do 38 3k 4 ) 2D B R AL 2 Bl [ ' R B X B O R AT DDA, I R A S B R i v R T
Xof A5 T A U A AR A BT L R IR 0 R S R R R D T R MR R RE
b5 iR A 7 A L, AR AR A R A R RN 5 S LA R SR IR DC D, B R T T /AR
B Al SR SO A M MR AR I A R . e A AR 10 mm, KR 30 mm, UE SRR 2.4 mL AR
B AR T o 3 T PR A SRR R 0 AR R O RS I, R e R e D) O P SRR DA B A R R L ik
#% Briiel & Kjaer 24 w4 77 By 85 4y Type 4189 Wy 1% 75 28 VE O A F 5 M ook o M= () A7), 1 4
OGRS B SR B R T E AR AR . FEAR R G, B IR AR A B TAE MR TE 20 Hz B I, 1AM %5 %
B AL 75 5 A ZE AT 15 Hz J H B0 BH 8 00 80, O 1 AR A 45 i 1) £ M LU O LR GIE T 0% #8528 47 M R 1 L B

Computer

Lock-in amplifier

Signal processing
system

Microphone

/

Gilded reflector

Infrared thermal Chopper Filters

radiation source .
Gas in

PA cell

Gas out

Bl kFELESZALRGaTNNENTER

Fig. 1 Schematic diagram of the photoacoustic spectroscopy based multi-gas analyzer
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Fig. 2 Picture of the photoacoustic spectroscopy based multi-gas analyzer
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Fig. 3 Absorption coefficients of the multi-component gases
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Table 1 Selection of the center wavelength and bandwidth of the filter

Gas tape Center wavelength/pm Bandwidth/pm
CH, 3.22 0.06
C,H; 3.34 0.07
C.H, 10.60 0.85
C,H, 3.05 0.10
CO 4.69 0.17
CO, 4.27 0.15
H,O 6.08 0.20

3 FHEHMENKIBRERSSM

R T X 2 Ay SR BT AR S T AR AT b R T W A PR I R, B LR
FH 22 Pl A [R) e B 10 A o ARG 6 P i A AT A5 58 o DL SRR g 9, ) O O o A A (B R AR A,
CS200,500SCCM ) ¥ e B 8 50 pl/L ) 2B/ RS A5 WE 99.999% By & 4l &R AR E L BIR &
WS W E K 0 pL/L 40 pl./L 30 ul./L .20 pLL/L A1 10 pl./L i 28 /RS TR A, 0 HD 1 12 ) 2% 00 4G 1
N 1% IR AR BE A G R G AT I A5 B R G R [ VR B 2 B e R, O R et LG
F g5 BT RGN L IEATIRE o R RVRE 0 5 35 3 BE L Lkt O R AR — S A AT T
P s SR 0 o W AR 22 8] 58 ST 0 A9 2 o O 3R 5 e, R b 43 R Bt O T TR B AS [ v B 1 KR
Xof 24 E A7 BN RE T A 18 AT 4 BT

0430002-5



Mass flow
controller
L N
Humidifier 2
IJ
)
Standard
gas inlet
Computer
Standard
gas

4 R S A AT O H B K R
Fig. 4 Test system of the photoacoustic spectroscopy based multi-gas analyzer
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Table 2 The relationship between relative humidity and temperature of saturated salt solution

Tmperature/C 15 20 25 30 35
M,Cl, 33.3£0.3 33.1+£0.2 32.84+0.2 32.4+0.2 32.1£0.2
NaCl 75.64+0.2 75.54+0.2 75.31+0.2 75.14+0.2 74.94+0.2
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46.5% .60.2% M1 75.3% R T4 X B 19 28 75K 43 )k 285 Pa 568 Pa 800 Pa.,1 034 Palk & 1 289 Pa, X}
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to the gas to be measured.
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