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Fig. 1

Experimental system

1. Nitrogen source; 2: PTFE tube; 3: CS200 flow control valve; 4: BTX standard fluid; 5: Silicone hose; 6: BT100-2] precision peristaltic

pump; 7: Atomizer; 8: Mixing gas chamber; 9. Heating device; 10: Filter; 11: Ultraviolet enhanced xenon light source; 12: Absorption cell;

13: Exhaust gas outflow end; 14: Data acquisition system; 15: PC data processing system; 16: Waste liquid recovery tank; 17 Shell
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Fig. 3 Schematic of Wavelet transform denoising
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Fig. 8 Differential absorbance curve of benzene
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Experimental Research on Monitoring of BTX Concentration Based on
Differential Optical Absorption Spectroscopy

ZHENG Hai-ming, ZHU Xiao-peng, FENG Shuai-shuai, JIA Gui-hong
Department of Mechanical Engineering, North China Electric Power University, Baoding 071003, China

Abstract  Benzene-toluene-xylene ( BTX) is an important component of atmospheric pollutants VOCs ( Volatile Organic
Compounds). Long term exposure to benzene series will greatly increase the risk of human carcinogenesis. BTX has obvious
characteristic absorption characteristics in the ultraviolet band. The 250 ~275 nm band is selected as the research band. This
band can include the characteristic absorption of BTX, and a set of equipment for preparing standard gaseous BTX from standard
BTX liquid is designed. The continuous light source and differential absorption spectroscopy are used to monitor the
single-component benzene and BTX mixed gas. Wavelet transform filtering and polynomial smoothing filtering method are used
to evaluate the denoising effect. The results show that the polynomial smoothing filtering is often used in the traditional method
of processing the absorption spectral noise, and the detailed information or high-frequency components on the absorption section
will be lost in this method. The wavelet transform has good time-frequency localization characteristics. It can perform
multi-resolution analysis on the signal through scaling and translation and can focus on any details of the signal. The wavelet
transform denoising method can maintain the characteristic structure of spectral lines better, and the signal-to-noise ratio is
better than the polynomial smoothing filtering. The absorption cross-section obtained through experiments is compared with the
absorption cross-section in the HITRAN database, and it is found that if the absorption cross-section value in the HITRAN
database is directly used, it will cause concentration inversion errors due to temperature and pressure changes. In order to be
consistent with the actual monitoring environment, the absorption cross-section obtained in the laboratory is used as the standard
absorption cross-section. The integrated area method and the least square method are used to retrieve the concentration of
benzene. The results show that the measurement accuracy of the two methods can meet the environmental protection
requirements, but the least square method is more stable and accurate. For the measurement of BTX mixed gas. the method of
inverting the differential absorbance by the concentration value is used to invert the concentration values of benzene-toluene-
xylene one by one. The study found that the measurement error of xylene inversion for the concentration of mixed BTX mixtures
is less than 2% , but the measurement error of toluene and benzene gradually increased. The maximum error of benzene inversion
reaches 9. 07% , and the measurement accuracy of benzene is affected by the measurement accuracy of xylene, toluene and the

characteristic absorption band characteristics of benzene.

Keywords Benzene-toluene-xylene (BTX) ; Differential optical absorption spectroscopy (DOAS); Wavelet transform filtering;

Integral area method; Least square method; Monitoring
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