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Fig. 1. Basic schematic of cavity ring-down spectroscopy.
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Fig. 2. Cavity ring-down spectroscopy measurement system (PC: personal computer, LC: laser controller, DFB: DFB laser, ISO:

fiber isolator, AOM: acousto-optic modulator, RDC: ring-down cavity, PZT: piezoceramics, APD: avalanche photodiode, PG: pulse

generator, RF: radio frequency generator, DAQ: digital acquisition, RD: ring-down signal, Trig: trigger).
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AN T, T, B 7 R BCICR A HTR],
R B AR B, X L5 S0 2S5 kA T
G3HT. SEERAR 100 ARG5S IR SR, T0h
4l N,, 50 kPa, % (~26 °C), Fzitia] 7 £) 160 us
(FLSE R 159.8 ps), MEFEIRIEZE L 1%, i EAES
S LI E S ISR IF RN 1% FIMe . 535
XF 100 0550 505 BAF S A T AL B, W 7 SRS IR
V- T | bRiE2E o, HIFRIHFEM ] T, 1EH
HERE NG5 3B R E MM AR, AR T, TR 7
BUSCR A& 4 FiR, 20 (B5) SRR RR 0 Bf5 5
PREEE IR, B SL0 RN SR S AL H A,

MBS R BUSCR VT LUE T30, 15
SALE R L R T AR o, KR,
U HH T PR SR A REALDE Sh K, BRIBORS B 5 2%
(I FR T oRAE DX B A {5 5 i B, B bkt ,

YHE 7 /T HSE, 79 BOERE R 2. A SR K
FERD T, 8, TR 7 8 3, o, Frsk
W/, T BT ELICE, R RS R A
M T, >5r)E, HEGFESW o, ST TREN.
Y T 55t b B SR B — 2, ITFRFERT T, BEE
T STALTE FE B . I AR 51 7 S8R ]
PIB Y, 24 T, s (T, < 3), 7 42 B0 B 5 1
JEEE, B T, WK, 7 SRR E ST Y
Ty R (T, > 5), Ty, WK XRS BE 5 0 1Y
WUEEVERBUIN, TTHAFERT T, bl T, FEEEHK.

159.9 |
wn
Z
I
s 159.7 [/\/kr,
= b |
B 159.5 @ |
Ld .
1.2 F
E
0
£ s 3
© S
= e
Z 04 i
- Ry
O L

AR/

B4 ARFESRAERET, 55 0 5 bR
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Abstract

Since H,S is a corrosive and toxic gas pollutant, the accurate measurement of its concentration is
significant. However, in the practical industrial processes, it is difficult to implement because of the disturbance
caused by other emissions such as CO, and CO. Therefore, in this work, the concentration of H,S, CO5 and CO
are measured simultaneously based on cavity ring-down spectroscopy (CRDS) as a viable alternative to measure
the concentration of H,S accurately when CO, and CO exist. First, the wavelength of mixed gas within a range
of 6336—6339 cm! is selected as the target region where the spectral line intensity of H,S is stronger than 10
times that of CO, or CO and the water absorption is extremely weak. Second, the influence of the sampling
length (Tm) on the accuracy of the ring-down time is analyzed by evaluating average (accuracy), standard
deviation (precision) and consumption time (speed). Third, the experiments are carried out at different
pressures in order to obtain the optimal pressure condition. Fourth, the concentration of trace HyS is measured
when the disturbances caused by CO, or CO are added, and the error of the measured concentration is
analyzed. Finally, the detection limit of CRDS-based system is calculated to be 6.9 ppb by analyzing the SNR
of four groups of low concentration H,S spectra, while the lower limit of detection of CRDS-based system is
calculated to be 2 ppb by analyzing the Allan variance of long-term data. The measured concentration and its
desired value show a good linearity at different dilution ratios. Both the high linearity and the low detection
limit of H,S indicate the effectiveness of the CRDS-based measurement system to measure H,S when CO, and
CO exist. The successful application of the CRDS-based system to the measurement of H,S shows its promising

prospect in gas concentration measurement for practical industrial processes.

Keywords: cavity ring-down spectroscopy, HyS concentration, Multicomponent measurement

PACS: 33.20.Ea, 42.55.Px, 42.62.Fi DOI: 10.7498 /aps.72.20221851

* Project supported by the National Natural Science Foundation of China (Grant No. 51906120) and the National Key R&D
Program of China (Grant No. 2019YFB20060002).

1 Corresponding author. E-mail: YanjunDu@ncepu.edu.cn

043302-9


http://doi.org/10.7498/aps.72.20221851
mailto:YanjunDu@ncepu.edu.cn

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

00,/COTHRF 25T 38 35 0 i R R, SR BE U
REM BEH Fk THE SRKRIL BHEE

Accurate measurement of trace H,S concentration based on cavity ring—down absorption spectroscopy under

C0,/CO disturbance
Xiong Feng  Peng Zhi-Min ~ Wang Zhen  Ding Yan-Jun  LiJun-Fu  Du Yan-Jun

51 Fi{% B, Citation: Acta Physica Sinica, 72, 043302 (2023) DOI: 10.7498/aps.72.20221851
TELR T2 View online: htips://doi.org/10.7498/aps.72.20221851
MM ZE View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S

Articles you may be interested in

PSR TR e A KB T i
Numerical methods of mode selection in continuous—wave cavity ring—down spectroscopy

WIFRZEAR. 2019, 68(24): 244201  hitps://doi.org/10.7498/aps.68.20190844

FLFCRDSHIWM-DASHY ¢ it A S b H, ST B 4 Il et

Wide-range and calibration—free H,S volume fraction measurement based on combination of wavelength modulation and direct

absorption spectroscopy with cavity ringdown spectroscopy

YIBR2A 4. 2022, 71(18): 184205  hitps:/doi.org/10.7498/aps.71.20220742

LT R A0 OGS UIHO LAY 23 SO 35 I B
Measurement of molecular absorption spectrum with a laser locked on a high—finesse cavity

WIFEAEA. 2018, 67(10): 104206 https://doi.ore/10.7498/aps.67.20172532

MO GG I & 4 22 S BB DT DU R 5t
Multi-branch erbium fiber—based femtosecond optical frequency comb for measurement of cavity ring—down spectroscopy

PPz 2022, 71(8): 084203  https://doi.org/10.7498/aps.71.20212162

T8 B AR e A R A I T
Wavelength—scanned cavity ring down spectroscopy based on Fourier transform

PPz 2019, 68(20): 204204 https:/doi.org/10.7498/aps.68.20191062

e BRI 35 YE i B AR AN E Tk
Uncertainty of optical feedback linear cavity ringdown spectroscopy

PFEEEAR. 2022, 71(12): 124201 hitps:/doi.ore/10.7498/aps.70.20220186


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221851
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190844
https://doi.org/10.7498/aps.71.20220742
https://doi.org/10.7498/aps.67.20172532
https://doi.org/10.7498/aps.71.20212162
https://doi.org/10.7498/aps.68.20191062
https://doi.org/10.7498/aps.70.20220186

	1 引　言
	2 腔衰荡吸收光谱测量方法
	2.1 基本原理

	3 测量系统
	4 实验结果与分析
	4.1 最佳信号采样长度
	4.2 测量工况选择
	4.3 CO2/CO干扰下H2S浓度测量
	4.4 系统检测限分析

	5 结　论
	附录
	参考文献

