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	Notes
The selected results and records highlight approaches identified in recent patents and journals for optimizing hydrogen sensors. The use of nanostructured materials is something that we might want to investigate more closely. 
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The present invention has been made to solve the foregoing problems with the prior art and therefore an object of the present invention is to provide a method for manufacturing a hydrogen sensor using Pd nano-wires, which has merits such as micro size, operability in an ultra low power mode and ultra high sensitivity.
Method for manufacturing hydrogen sensors using Pd nano wire
Patent: US, 2011, Academic Cooperation Foundation, Yonsei University, US7875194
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In the hydrogen sensor structured as described above, even if the buffer layer prevents the constituent of the catalyst layer from diffusing in the thin film layer, the above constituent of the thin film activation layer diffuses in the thin film layer and promotes the hydrogenation and dehydrogenation of the thin film layer, resulting in a further improved hydrogen detection sensitivity of the hydrogen sensor.
Hydrogen Sensor
Patent: US, 2010, Kabushiki Kaisha Atsumitec and National Institute of Advanced Industrial Science, US20100178209
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To produce a Pd0.65-Au0.35 alloy thin film, we first deposited a 0.6nm of gold over the fiber cladding surface, using thermal evaporation at an evaporation rate of 0.1A/s applying a current of 9A at 4×10-4 mbar vacuum atmosphere.
Tailored Pd–Au layer produced by conventional evaporation process for hydrogen sensing
Journal: Optics and Lasers in Engineering, 2011, Luna-Moreno, Donato, Monzon-Hernandez, Calixto-Carrera and Espinosa-Luna
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AAO nanowell hydrogen sensors coated with Pd nanostructures can be achieved either by thermal evaporation or chemical coating Pd metal on an AAO nanowell surface.
Porous anodic aluminum oxide membranes for nanofabrication
Patent: US, 2010, UChicago Argonne, US7820587
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In the long-term, it is believed that improvements in the SiC semiconductor material itself could have a remarkable effect on the development of SiC hydrogen sensor for harsh environment applications.
Advances of SiC-based MOS capacitor hydrogen sensors for harsh environment applications
Journal: Sensors & Actuators: B. Chemical, 2010, Soo, Mun Teng, Cheong and Noor
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The salient features of the H2 sensor prototype developed by Los Alamos National Laboratory (LANL) are (a) the low power consumption, (b) compactness to fit into critical areas of application, (c) simple operation, (d) fast response, (e) a direct voltage read-out circumventing the need for any additional conditioning circuitry and (f) conducive to commercialization.
Development and testing of a miniaturized hydrogen safety sensor prototype
Journal: Sensors and Actuators, B: Chemical, 2010, Sekhar, P.K., Brosha, Mukundan, Nelson, Williamson and Garzon
Geo: North America; New Mexico, United States
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	Themes in research (journal publications)
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	Notes
Recent trends in research on hydrogen sensors as evidenced by this selection of journal keywords from the past two years of journal publications. 
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The work function of palladium is known to be sensitive to hydrogen by the formation of a surface dipole layer or Pd hydride.
Hydrogen sensing with diameter- and chirality-sorted carbon nanotubes
Journal: ACS Nano, 2011, Ganzhorn, M., Vijayaraghavan, Dehm, Hennrich, Fichtner, Krupke, Von Lohneysen, Green, Hersam, Voigt, Rapp and Kappes
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1 Palladium hydrogen interaction is unique and well known.
Intricate nature of Pd nanocrystalhydrogen interaction investigated using thermolysed Pd hexadecylthiolate films
Journal: Sensors & Actuators: B. Chemical, 2010, Sagade, Abhay A., Radha and Kulkarni
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Self-heating effect can be applied to develop gas sensors avoiding use of external heaters.
Self-heated hydrogen gas sensors based on Pt-coated W18O 49 nanowire networks with high sensitivity, good selectivity and low power consumption
Journal: Sensors and Actuators, B: Chemical, 2011, Zhu, L.F., She, Luo, Deng, Chen, Xu and Ji
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We present a hydrogen sensor based on metallic photonic crystal slabs.
Hydrogen sensor based on metallic photonic crystal slabs
Journal: Optics Letters, 2010, Nau, D., Seidel, Orzekowsky, Giessen, Lee and Deb
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N-polar and Ga-polar GaN grown on c-plane sapphire by a metal-organic chemical vapor deposition (MOCVD) system were used to fabricate platinum deposited Schottky contacts for hydrogen sensing at room temperature.
High sensitivity of hydrogen sensing through N-polar GaN Schottky diodes
Journal: Materials Research Society Symposium Proceedings, 2010, Wang, Y.L., Pearton, Chu, Chang, Chen, Ren, Zhang, Sun and Han
6.
[image: image13.png]



Response time is a critically important property of hydrogen safety sensors.
A comparison of test methods for the measurement of hydrogen sensor response and recovery times
Journal: International Journal of Hydrogen Energy, 2010, Boon-Brett, L., Black, Moretto and Bousek
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1 It is well known that hydrogen is a clean fuel with a very high caloric value and thus it is a potential alternative source of energy.
Effect of porosity on the performance of surface modified porous silicon hydrogen sensors
Journal: Sensors & Actuators: B. Chemical, 2010, Kanungo, J., Saha and Basu
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	Potential problems in the use of nanomaterials in hydrogen sensors 
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	Notes
The insights about the problems highlight that the use of nanomaterials in hydrogen sensors is still fairly new and there are some issues that we need to be aware of. 
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Even the most durable hydrogen sensors are too costly and cumbersome for automotive use.
HYDROGEN ODORANTS AND ODORANT SELECTION METHOD
Patent: US, 2011, Enersol, US20110121237
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Moreover, because Pd and Pt are extremely expensive metals, hydrogen sensors that use these metals in the protective film have high manufacturing costs.
HYDROGEN SENSOR AND METHOD FOR MANUFACTURING THE SAME
Patent: US, 2010, MIKUNI, US20100089123
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However, the diversity in CNTs' structure and chirality may lead to varied device characteristics, and thereby cause device reliability issues [31].
Wafer-scale synthesis of graphene by chemical vapor deposition and its application in hydrogen sensing
Journal: Sensors & Actuators: B. Chemical, 2010, Wu, Wei, Liu, Jauregui, Yu, Pillai, Cao, Bao, Chen and Pei
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However, besides its long response time, Pd-based hydrogen sensors have problem of poor reliability due to material instabilities resulting from the large volume changes that occur during PdH phase transition.
Hydrogen sensing performance comparison of Pd layer and Pd/WO3 composite thin film coated on side-polished single- and multimode fibers
Journal: Sensors & Actuators: B. Chemical, 2010, Yang, Minghong, Liu, Zhang and Tong
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4 Either pure or low alloy content Pd films often suffer from slow response times at these hydrogen levels due to the critical phase response dynamics of the film undergoing phase transition.
Using Pd/WO3 composite thin films as sensing materials for optical fiber hydrogen sensors
Journal: Sensors & Actuators: B. Chemical, 2010, Yang, Minghong, Sun, Zhang and Jiang
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Another drawback of conventional hydrogen sensors is that they monitor the conductivity change of the sensing element upon exposure to the hydrogen.
SYSTEM FOR HYDROGEN SENSING
Patent: US, 2010, REN FAN, LIN JENSHAN, NORTON DAVID PAUL and PEARTON STEPHEN JOHN, US20100170325
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Fig. 6 illustrates the evolution of diffusion-induced curvatures of the hydrogen sensor involving the effects of residual stress due to the film/substrate misfit.
Influence of residual stress on diffusion-induced bending in bilayered microcantilever sensors
Journal: Thin Solid Films, 2010, Xuan, Fu-Zhen, Shao, Wang and Tu
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Discussed previously, and especially for the oil-based sensors, there are conditions of hydrogen and temperature that induce morphology-based stress into the sensor, possibly altering its future operation.
Continuous Range Hydrogen Sensor
Patent: US, 2010, NANO-PROPRIETARY, US20100005853
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However, for application in a hydrogen sensor a passivated Pd surface in the presence of a surfactant or a capping agent would result in a lag in response time and would lower the sensor the detection limits because of the reduction in active surface available for hydrogen adsorption [7,14].
Bare palladium nano-rosettes for real-time high-performance and facile hydrogen sensing
Journal: Sensors & Actuators: B. Chemical, 2010, Zou, Jianli, Hubble, Iyer and Raston
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However, gas sensors with single 1D nanostructures still have a number of drawbacks, such as an expensive photolithography process, an infinitesimal sensing signal, and less reliability in current values with significant variation.
Room temperature sensing properties of networked GaN nanowire sensors to hydrogen enhanced by the Ga2Pd5 nanodot functionalization
Journal: International Journal of Hydrogen Energy, 2011, Kim, Sang Sub, Park, Choi, Kim, Na, Yang, Lee and Kim
Data Provided by illumin8 © 2011, Elsevier Inc.



	
	Hydrogen sensors in the news
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Ultimately, this technology transfer effort will allow NREL and Nuclear Filter to further develop fiber optic hydrogen sensors to deliver commercially available solutions for nuclear waste packages, automobiles, industrial plants and anywhere else hydrogen may be present.
Link to Document
Web: Government
2.
[image: image26.png]



In addition, Crowcon provided linearization of the IR sensor for pentane and also provided a bespoke hydrogen sensor.
Crowcon keeps workers safe at Dow Corning’s Barry manufacturing plant
News: 2011
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Makel, a leader in high-quality hydrogen sensing for NASA's shuttle missions and other notable applications, will be employing Argonne's sensor design in a package developed for the automotive industry.
Link to Document
Web: Government
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Process engineers who need to protect people, equipment, and the environment will find the TS4000H hydrogen sensor well suited for a broad range of industries where hydrogen gas leaks are a hazard.
Toxic Gas Detector continuously monitors for hydrogen leaks.
News: 2011
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A new chemi-resistive ceramic hydrogen sensor, recently introduced by NexTech, is highly sensitive, selective and exhibits rapid response to the presence of hydrogen in ambient air and rapid recovery when hydrogen is no longer present.
NexTech Materials signs global agreement with Therm-O-Disc to Commercialise Hydrogen Sensors
News: 2010
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One of his current projects involves using hydrogen sensors to help clean up the oil spills in the Gulf waters.
UCF scientist spearheads hydrogen research
News: 2010
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These disclosed nanoparticles fabrication techniques save effort, time, and cost for the manufacturers, and simultaneously enable producing low-cost, compact, durable, and easily maintainable hydrogen sensors.
The Critical Hydrogen Fuel Cell Accessory - ICAP Patent Brokerage Announces Sale of Patented Advanced Hydrogen Sensor Technology
News: 2011
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NexTech Materials has signed an agreement to jointly develop, manufacture and market a new-technology hydrogen sensor worldwide with Therm-O-Disc, a subsidiary of Emerson.
NexTech Materials signs global agreement with Therm-O-Disc to Commercialise Hydrogen Sensors
News: 2010
Data Provided by illumin8 © 2011, Elsevier Inc.



	
	Trends in volume of journal and patent activity related to “hydrogen sensors” 
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