ULRR

The potential for development of
an NH3 optical fibre gas sensor

ltem Type Meetings and Proceedings

Authors Chambers, Paul;Lyons, W.B.;Lewis, Elfed;Sun, Tong;Grattan,
Kenneth T.V.

Citation Journal of Physics: Conference Series;85, 012015

Publisher |OP Publishing

Download date 2026-08-14 00:14:56

Item License https://creativecommons.org/licenses/by-nc-sa/1.0/

Link to Item https://hdl.handle.net/10344/9113



https://creativecommons.org/licenses/by-nc-sa/1.0/
https://hdl.handle.net/10344/9113

Journal of Physics: Conference Series

OPEN ACCESS

. . Recent citations
The potential for development of an NH, optical . o
- Optlical gas sensing: a review

fl bre gas Sensor Jane Hodgkinson and Ralph P Tatam

To cite this article: P Chambers et al 2007 J. Phys.: Conf. Ser. 85 012015

View the article online for updates and enhancements.

This content was downloaded from IP address 78.17.179.63 on 14/08/2020 at 14:37


https://doi.org/10.1088/1742-6596/85/1/012015
http://iopscience.iop.org/0957-0233/24/1/012004
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssNyM3yGeJivcjigGtd64EfYw4RoxoTKIVji7M8jqnlC1ubY6IVu-NnMTQAY42Aw5uCp404GlX-8lRDrXk48VvDtwwDaVnC5k8RFxV1JgWzAaHuyejjI5qaQntH-6OGF9bsOrtwg0P8_3IiHRpMGVtsjwrWcBZuw9LWeq_0v3t4MPb9hnWJfreBBDfWJJXMfr-MO8ZjpYBg3JQlD39_pPId0zwnnS9PqvLKONymrAGUNDWeLCWI&sig=Cg0ArKJSzLS659582tL_&adurl=http://iopscience.org/books

Third International Conference on Optical and Laser Diagnostics IOP Publishing
Journal of Physics: Conference Series 85 (2007) 012015 doi:10.1088/1742-6596/85/1/012015

The Potential for Development of an NH; Optical Fibre Gas
Sensor

P Chambers' W B Lyonsz, E Lewisl, T Sun® and K T V Grattan®

! Optical Fibre Sensors Research Centre, University of Limerick, Limerick, Ireland

* School of Engineering and Mathematical Sciences, City University, Northampton
Square, London, EC1V OHB

E-mail: ' paul.chambers@ul.ie or * william.lyons.1@city.ac.uk

Abstract. This paper describes the potential for the future development of comparatively low
cost ultra-violet optical fibre ammonia gas detection systems. The potential for the construction
of these systems using low-cost optoelectronic components is described. By experiment, it is
shown that sub-ppm limits of detection that can be realised.

1. Introduction

There is a need for ammonia (NH;) detection equipment addressing the needs of several different
industries. This paper reviews NH; gas detection methods and discusses how Ultra-Violet (UV) fibre-
optic sensors can complement existing NH; sensors. Experimental results are also included indicating
the likely performance of low-cost NHj fibre optic sensors. Existing NH; gas sensing technologies are
deployed in semiconductor, agricultural, medical, petrochemical, refrigeration and meat processing
industries and this paper gives a description of where an NHj; fibre-optic gas sensor could complement
existing technologies.

The issues surrounding a number of important applications areas are highlighted below.

1.1. Agricultural Industries

Accurate NH; gas monitoring is required in agricultural environments. For example,
concentrations of 10s of ppm of NH; can be present within, or in the emissions from, Feed
Operations (AFOs) [1]. This presents an environmental pollution danger and poses risks for
human and animal health. Existing established micro-meteorological diffusion ammonia sensors
for agricultural application are mostly cumulative chemical sensors that measure NH; exposure
over a set time period [2] and consequently require regular onsite service. A present optical fibre
NH; sensor technology uses the evanescent field to detect the presence of NH; in the near-mid
infrared [3].

1.2. Semiconductor Industries
The difficulties that NH; gas, or other amine gases can lead to in a clean room environment, are
channel deformations or T-topping [4]. Currently available clean room ammonia sensors are
typically gas diffusion conductivity sensors, which are located in the ventilation ducts of clean
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rooms. Typically the NH; gas Limit of Detection (LoD) requirement in this field is of the order of
parts-per-billion (ppb). Gas diffusion sensors, which are currently deployed in clean room
environments, attain this LoD. However, the response time is slow. An UV fibre-optic direct
absorption fibre-optic sensor would offer a fast response time, and if a distributed measurement
was made it would locate the source of the contamination.

1.3. Other Applications of NH; Detection
NH; gas is recognised as an irritant. It is recognised that long term exposure to concentrations
exceeding 8ppm and short term exposures to concentrations exceeding 35ppm may be harmful to
human health [5]. NH; gas is used frequently in petrochemical plants, as a refrigerant and within
meat processing plants. Low-cost optical fibre ammonia detection systems would also be of use
for monitoring process performance and health and safety monitoring.

The gas spectral absorption data for NH; at around 200nm is included in the Mainz Spectral Atlas of
Gaseous Molecules [6] and was originally measured by Chen et al. [7]. This will allow
comprehensive evaluation of a UV NH; gas detection system.

2. Experimental Arrangement

An evaluation of the NH; detection system developed for this work was conducted and a schematic of
the apparatus used is shown in Figure 1.
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Figure 1: Schematic of the utilised NH; gas detection system
The apparatus used is described in terms of four major sections, which are:

1. The optical source shown in Figure 1 is a DH2000 deuterium optical source. Currently this is the
most readily available deep UV source, which emits down to approximately 190nm, enabling
interrogation of the NH; gas absorption located at around 200nm. For this reason this deuterium
source was chosen as the UV NH; demonstration source. In the longer term a suitable replacement
for this could be a super-continuum source that would allow access to the deep UV. LED based
sources are not currently available below 250nm in the deep UV.

2. The gas cell employed for the experiment was a stainless steel cylinder, with appropriate gas
couplings (605mm long and 8mm Inner Diameter). This was suitable for previous experiments at
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higher wavelengths. However, for the NH; experiment it exhibited a high optical power loss. In
the future it is proposed to construct a similar gas cell with higher optical power transmission.

3. An Ocean Optics HR2000 spectrometer was used as the Optical Detection equipment. In the
design of an NHj sensor from discrete components this could be replaced with discrete optical
photodiodes and UV optical filters.

4. In this experiment the computational analytical software used was an installation of LabView ™.
Equally, a custom application could have been implemented.

3. Experimental Results

Figure 2 shows a deep-UV spectrum that was recorded using the equipment. This shows that with
100ppm NHj gas present in the gas cell and a measurement integration time of 1s, a relatively low
noise UV absorption spectrum was measured. A Limit of Detection (LoD) of the order of 1ppm was

obtained.
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Figure 2: Graphical representation of NH; absorption spectrum between 200nm and 220nm. The
measurement was taken using the apparatus shown in Figure 1

Future optimally designed gas cells and optimised calibration wavelengths in a DOAS system are
likely to allow the detection of at least 100s of parts per billion of NHj.
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4. Conclusion

This paper has shown that, with future optimisation of low-cost UV optical fibre sensors, the detection
of NH; at sub-ppm LODs will be achievable. This will enable the widespread deployment of high
resolution optical fibre based sensors into semiconductor plant and agricultural environments. Work is
continuing in this area.
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