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Gas sensing: fields of application

- Environmental monitoring
CO, CO2, CH4, H2CO, C2HF5, N20O, NO2

- Industrial processes control
HCI, CO2, CH4, CO, NOx, CH20

-  Manufacturing processes
SFs, HCI

- Medical diagnosis
NO, CO, NH3, C2Hs¢, H2S, VOCs

urban emission, rural emission, toxic gases, planetary science...



Quartz-Enhanced Photoacoustic Spectroscopy

« Optical LASER absorption

* Non-radiative relaxation through molecular
collisions (ty_7 — us)
« Acoustic wave generation

Detection of the acoustic signal S with a QTF

Main advantages
Custom QTFs

. :'9h‘Q elemTenJ: . Reduce resonance
« Narrow spectral passban
; Bas - passodr . Standard QTF reqserey
« Anfisymmetric vibration inactive _
« Gas samples volume of ~ I mm?3 Qam ~ 10000



Custom 2nd generation QTF results

Resonance frequency Quality factor

Fundamental Overtone

* AIR DAMPING LOSSES

* SUPPORT LOSSES
« TED LOSSES
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Quality factor vs resonance frequency

Thesis work

Combining both trends for different Starting from:
geometries

« Euler Bernoulli equation (f)
« 2ndgeneration results (Q)

® 39 generation QTF
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Influence of molecular relaxation on QEPAS

PAS-based sensors: f << 1/ tp

QEPAS sensors: f~ 1/ g

Signalis strongly dependent from
molecules relaxationrate!

Slow relaxing molecules
(NO, CO, CO,)

Fast relaxing molecules
(HO, SFy)

BJECTIVE: QEPAS response independent from the
gas species.

Study QEPAS signal vs QTF frequency, for different
gas species

« The presence of a catalyst opens
an additional relaxation path

NO at fixed concentration

Dry NO: S ~ 5900 Cnfs
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Design and realization of QTFs with
different frequencies for the study of
molecules relaxation times



Simultaneous dual-gas detection

Standard QEPAS \ W
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Delay in time in the measurements of two : 2
different target gas concentrations R L e e BERERE M a3
. . Fundamental Overtone
Design and realization of QTFs capable to work at
both fundamental and first overtone mode for Lower fundamental frequency
QEPAS analysis 1
Simulianeous dual-gas QEPAS 1st overtone available!
Freguency Division Multiplexing
LASER 1
i —
o/ Monitoring of gas concenftration in a Lz
matrix that rapidly changes in time b \i
LASER 2 I

« Rigorous measurement of isotopic ratios

 Measurement of slow-relaxing gas
concentration

Possible application: NO/H,O detection for breath analysis



Acoustic coupling studies

Double-tube dual-gas detection

Acoustic coupling between QTFs
and AmRs for QEPAS SNR
enhancement
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 SNR enhancement shows a strong dependence
from tube length and internal diameter

« Arecord value of signal enhancement in the
MID-IR spectral range was reached o 5 10 _ 15 20

Acquisition time (s)
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Objectives of the first and the following years

First year goals

« Design and realization of a set of custom QTFs (4th gen) for QEPAS having resonance
frequency in the range 3 — 30 kHz, with high quality factor

« Realization of a setup to measure the electro-mechanical properties (Q, f, R) of QTFs,
at different pressure and gas matrix conditions

Following years goals

» Realization of a setup to detect different gas species (fast and slow relaxing) by
using different laser sources

« Study of the acoustic coupling between QTFs and AmRs in the conventional and
dual-gas QEPAS system

« Study the influence of molecular relaxation rates on QEPAS signal

« Readlization of a QEPAS sensor for the simultaneous dual-gas spectroscopy.
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