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Study on the Detection Limit of Acetylene by Enhanced
Resonant-Cavity TDLAS

Li Zhe?, Yan Zhilin'.?

1. School of Physics and Optoelectronic Engineering, Jiangsu Normal University, Xuzhou; 2. Hefei Normal University, Hefei

Abstract: An enhanced resonant-cavity tunable diode laser absorption spectroscopy (TDLAS) system was
developed to address weak absorption signals at low acetylene concentrations and increasing response nonlinearity
at higher concentrations. The system employed a 1530 nm DFB laser, a 0.50 m plano-concave resonant cavity, an
InGaAs photodetector, and lock-in detection. The 1530.37 nm acetylene absorption line was selected by
HITRAN-based screening and experimental verification. Under 25+2 ‘C, 50+5% relative humidity, and 101.3 kPa,
the low-concentration calibration yielded R?=0.9875, and the detection limit determined using the 3xsignal-to-noise
criterion was 1.0x10~ © in volume fraction. In the 2.5%-82% high-concentration tests, the raw response showed
evident compression above 60%, while piecewise linear correction improved response separation at the
high-concentration end. The relative standard deviation during a 2 h stability test was 0.45%. Under the tested
conditions, the results demonstrate the feasibility of combining resonant-cavity path enhancement with WMS/2f
lock-in detection and piecewise calibration for acetylene measurements over a wide concentration range.

Keywords: enhanced resonant cavity; TDLAS; acetylene; limit of detection; gas spectroscopy
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