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Fabrication and Evaluation of CNT Spray Coated Strain Sensor
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Carbon nanotubes (CNTs) are popular in strain sensors due to their exceptional electrical conductivity, flexibility, and
sensitivity to deformation. In this study, a high-sensitivity strain sensor was fabricated by spray-coating CNT ink onto various
paper substrates, with “lint-free paper” identified as the optimal choice. A total of 10 spray cycles ensured a reliable
conductive coating. To enhance durability and broaden application potential, a PET protective layer was incorporated. The
sensor's performance was assessed through bending tests using a push-pull gauge across a strain range of 0-2%. The lint-
free paper-based sensor exhibited a consistent response up to 1.4% strain. The measured gauge factors (GF) were
121.370 in the 0-0.3% range, 70.999 in the 0.3-0.8% range, and 20.935 in the 0.8-1.4% range. A precise response was
also noted when adjusting the bending angle in 1° increments, particularly within the 0-20° range. Additionally, the sensor
was tested on the human wrist, confirming its viability for wearable applications. These findings indicate that the lint-free
paper-based CNT strain sensor offers high sensitivity and measurement precision within narrow strain ranges. Its
lightweight structure and flexible design suggest strong potential for practical use in areas such as sports monitoring and

human motion detection.

NOMENCLATURE
r = Bending Radius
I = Arc Length
C = Chord Length
¢ = Bending Angle
1. M2
AU} 2 (Carbon Nanotube, CNT)= 53} 7| 412 §-14d =}
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Fig. 1 Working principle of CNT-based strain sensing
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Table 1. Spray-coating parameters used in this work

Parameter Value / Setting

Nozzle diameter 0.7 mm (airbrush)

Atomizing pressure 14 psi (= 0.97 bar)
Nozzle—substrate distance ~15 cm
Spray duration per pass 3s+1s

Passes 10
Drying between passes Rogm temperature,
5 min after each pass
Final drying Room temperature, 60 min

(after 10th pass)

Substrate pre-treatment Substrate pre-treatment

PET

CNT

Copper Tape

- + Paper

/ PET

Wire

Fig. 2 Structural schematics of the fabricated paper-based strain
sensor
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Fig. 4 Completed strain sensor on lint-free paper substrate
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Fig. 5 SEM images of the CNT layer formed on the lint-free paper
substrate after 10 spray coatings
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Fig. 7 Geometrical relationship between the height and the bending
angle
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Fig. 8 Circuit configuration using voltage divider

(d)

Fig. 9 Sensors fabricated using (a) common paper substrate, (b) Hanji
substrate, (c) lint-free paper substrate, and (d) PCB substrate
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Fig. 10 Results of Sensitivity response comparison test of each
substrate
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Fig. 11 Sensitivity results with respect to coating cycles
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Table 2 Comparison of gauge factor (GF) and stretchability/strain range between this work and previous studies

Reference

Gauge factor (GF)

Stretchability / Strain range & notes

Yan et al., 2021 [1] Varies widely

Wide range depending on method

Kanoun et al., 2014 [2] Varies by fabrication

Application-dependent

Kanaparthi et al., 2016 [3]

Comparable or higher than CNT/graphene sensors

Low strain sensitivity

Wang et al., 2018 [4] 35.75 (tunable)

Up to 45% strain

Thiyagarajan et al., 2022 [S]  Max 31

Moderate bending/strain

Michalet et al., 2015 [6] Low hysteresis, reproducible

Moderate strain range

Wang et al., 2023 [7] Varies widely

Wide range depending on method

Waiyat et al., 2018 [8] 13.07 (tensile), 12.87 (compressive)

Tensile & compressive bending

Jehu et al., 2021 [9] ~linear, low hysteresis

Up to 40% strain

Singh et al., 2022 [10] 118

0-0.35% strain

This work, 2025

121.370 (0-0.3%), 70.999 (0.3-0.8%), 20.935 (0.8-1.4%)

Bending up to 1.4% strain; 0-20° (1° resolution)
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Fig. 14 Evaluation of bending characteristics in the 0-20° range
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Fig. 16 Repetitive bending test results at 5° bending angle
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Fig. 17 Application test results of the fabricated strain sensor in
sports motion experiments
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