
Study of High-Temperature Carbon Nanotube Yarn Sensor

Camille Crump
Mentored by Dr. Liang, Dr. Evers, 

Dr. Gibson, and Dr. DeGraff

Electrical Testing

• Testing highlighted CNTY resistance’s dependence on length

• Four point probe setup is used to control length along with linear 

density 

• Thermal processing was used to simplify the 

overall system of the CNTY 

• Carbon Nanotube Yarns (CNTY) show piezoresistive effects

• CNTY to be utilized as high temperature multifunctional 

sensors

• Amorphous polymer, moisture, residual iron catalyst, and 

CNTs are present in CNTY’s

• This research focuses on utilizing CNTY

 as high-temperature sensors 

 

Thermal processing Results
Thermal Cycling Methods

• Type K thermocouple used as yarns were heated to 200C at 

400RPM

• 2 point probe connected two yarns to the Data acquisition 

system

• Additional copper fins were attached to samples

Conclusion 

• 200C and 400C CNTY respond consistently to temperature changes

• 1200C CNTY show significant drop in resistance before increasing 

with thermocouple

• Highly aligned CNTYs after graphitization show little change due to 

temperature

• Application of Carbon Nanotubes as Temperature Sensors

• Determine response time differences between processed CNTYs

• Heat CNTYs to temperatures ranging from 200C-1200C monitoring 

resistance response to temperature

• Apply CNTYs into a glass fiber laminate to characterize damping of 

temperature effects

• In laminate apply multiple yarns, decoupling strain and temperature 

effects to simultaneously measure both

Future Work 
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Introduction

Challenges

• Maintaining proper contact as 

copper tape adhesive softens

• Mitigating resistance due to 

measurement set up

Thermal Ramping Set-up

Microscope Image of CNTY and Spool of CNTY

Measurement Control 200C 400C 1200C 2000C

Resistance (ohms) 2.77 2.79 4.40 8.58 7.42

Linear Density (mg/m) 10.87 10.83 10.38 8.79 8.06

Temperature Purpose

100°C Eliminate Moisture

200°C Glass Fiber Composite Curing

400°C (in Vacuum) Eliminate Amorphous Polymer

1200°C (in Vacuum) Leaves only CNT’s

2000°C (in Vacuum) Improves Alignment of CNT’s
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Thermogravimetric Analysis in Air
• Thermogravimetric analysis (TGA) in air showed synthesis 

starting ~500C and an 8% weight loss at ~400C

4 Point Probe Sample

Failed Trial due to poor contact

Amorphous Carbon 

and Polymer BinderAligned CNTs

Iron catalyst

• Four point probe eliminates contact resistance, and variance 

in length
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• Type K thermocouple used 

as yarns were heated to 

200°C at 400RPM

• Two point probe connected 

two yarns to the Data 

acquisition system

• Additional copper contacts 

were attached to samples
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Conclusion 

• 200°C and 400°C CNTY respond consistently to temperature changes

• 1200°C CNTY show significant drop in resistance before increasing 

with thermocouple

• Highly aligned CNTYs after graphitization show little change due to 

temperature

• Application of Carbon Nanotubes as Temperature Sensors
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