
Dept. of Electrical & Computer Engineering University of KentuckyUniversity of Kentucky

2007 UCR Review Meeting, Pittsburgh, PA 2007 UCR Review Meeting, Pittsburgh, PA 

Novel Carbon Novel Carbon NanotubeNanotube--Based Nanostructures Based Nanostructures 
for Highfor High--Temperature Gas SensingTemperature Gas Sensing

Zhi ChenZhi Chen1,31,3 and Kozo Saitoand Kozo Saito22

11Department of Electrical & Computer Engineering Department of Electrical & Computer Engineering 
22Department of Mechanical EngineeringDepartment of Mechanical Engineering

33Center for Center for NanoscaleNanoscale Science & Engineering Science & Engineering 
University of KentuckyUniversity of Kentucky
Lexington, KY 40506Lexington, KY 40506



Dept. of Electrical & Computer Engineering University of KentuckyUniversity of Kentucky

2007 UCR Review Meeting, Pittsburgh, PA 2007 UCR Review Meeting, Pittsburgh, PA 

Problems of hydrogen sensorsProblems of hydrogen sensors

•• No hydrogen sensors available for temperature > 800No hydrogen sensors available for temperature > 800°°CC

•• Lack of longLack of long--term stability due to very high temperatureterm stability due to very high temperature
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Porous anodic aluminum oxide (AAO) templatePorous anodic aluminum oxide (AAO) template
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Growth of carbon Growth of carbon nanotubesnanotubes in AAO templates in AAO templates 
using flame synthesisusing flame synthesis
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Improvement of surface cleanness of CNT samplesImprovement of surface cleanness of CNT samples
Thick amorphous carbon on Thick amorphous carbon on 
sample grown in ethylene sample grown in ethylene 

Relative clean surface of a Relative clean surface of a 
sample grown in methanesample grown in methane
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A control sample consisting of an A control sample consisting of an 
AAO template only: No hydrogen AAO template only: No hydrogen 
sensingsensing

A sensor based on carbon A sensor based on carbon nanotubesnanotubes
and Al electrode: Limited hydrogen and Al electrode: Limited hydrogen 
sensing capabilitysensing capability

Comparison of AAO with AAO+CNTComparison of AAO with AAO+CNT
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Improvement of hydrogen sensitivity using Pd electrodesImprovement of hydrogen sensitivity using Pd electrodes

(a) metal(a) metal--electrode CNT sensorelectrode CNT sensor (b) CNT(b) CNT--supported Pd film sensorsupported Pd film sensor
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Two sensor structuresTwo sensor structures
 

SteadySteady--state response of metalstate response of metal--
electrode CNT and  CNTelectrode CNT and  CNT--supported supported 
sensorssensors

Response of the PdResponse of the Pd--electrode CNT electrode CNT 
sensor at medium Hsensor at medium H22 concentrationsconcentrations
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CNTCNT--supported Pd film sensorsupported Pd film sensor

SteadySteady--state response of the CNTstate response of the CNT--
supported Pd film sensor at dilute supported Pd film sensor at dilute 
HH22 concentrationsconcentrations

Response of the CNTResponse of the CNT--supported supported 
Pd film sensor at dilute HPd film sensor at dilute H22
concentrationsconcentrations



Dept. of Electrical & Computer Engineering University of KentuckyUniversity of Kentucky

2007 UCR Review Meeting, Pittsburgh, PA 2007 UCR Review Meeting, Pittsburgh, PA 

High temperature testing system for hydrogen sensor

Heat-resistant Pt wires and high temperature furnace 
are used enabling a testing temperature up to 1000°C
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OnOn--going researchgoing research

•• Device optimization including design of heatDevice optimization including design of heat--resistant resistant 
metal electrodes (Pt) and bonding of Pt/electrode for high metal electrodes (Pt) and bonding of Pt/electrode for high 
temperature testing.temperature testing.

•• High temperature testing of the High temperature testing of the CNTCNT--based sensors. based sensors. 
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AccomplishmentAccomplishment

•• AAO Nanostructures are modified and characterized.AAO Nanostructures are modified and characterized.

•• We successfully fabricated PdWe successfully fabricated Pd--electrode CNT sensor and electrode CNT sensor and 
CNTCNT--supported Pd film sensor.supported Pd film sensor.

•• We have published We have published 9 journal papers9 journal papers and and 5 conference 5 conference 
presentationspresentations under the DOE UCR support.under the DOE UCR support.

•• We have received ~ We have received ~ $4,000,000 research funding$4,000,000 research funding based on based on 
the DOE UCR support.the DOE UCR support.
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