
Figure 4: SEM (a-c) and TEM (d) observations 

of the as-produced SWCNT paper
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Introduction

Experimental details

Materials fabrication

Original material

SWCNTs synthesis in free space by induction thermal plasma 

[4]

Figure 1: Induction thermal plasma process

• C source: Carbon black (CB)

• P = 40 kW, p = 66 kPa

• Δt ~ 20 – 30 minutes

• SWCNT films is collected from 

porous metal filter elements

Experimental details (continued)

Materials fabrication

Purified material (bucky-paper)

Dispersion with surfactant and vacuum filtration

Figure 2: Buckypaper fabrication process

Properties:

• ~100 % of SWCNTs

• Electrical resistivity ~ 2.0 × 10

-3

 Ω cm

Pressure measurement

Materials characteristics

Figure 3: Pressure measurment

• Thick multi-layered paper (~1 mm)

• CNTs are lightly wowen

• Amorphous carbon and catalytic 

nanoparticles connect small 

SWCNTs bundles together

• Thin film, uniform (~20 µm)

• CNTs are densely woven

• Big SWCNTs bundles without 

impurities

Scanning electron microscopy (SEM)

Figure 6: Raman spectra of the as-produced (a) and purified (b) SWCNT films. 

 Inset shows RBM bands

• Radial breathing mode (RBM) → diameters of the tubes are in a range from 

1.2 to 1.6 nm in both materials

• Similar chiral vectors (n,m) distributions

Piezoresistive sensitivity

• R/R

0

 decreases exponentially as a function of the applied pressure for the 

mutil-layered paper and the purified film

• We describe the piezoresistive property of the films with a percolation 

model

 [5]

• The applied pressure changes the tunneling resistance between the 

nanotubes:

where, P is the applied pressure, M is the compression modulus of the film, γ 

is a constant depending on the potential barrier between adjacent nanotubes 

and where A and B are proportionality parameters.

• Original material demonstrates a higher sensitivity to pressure and a more 

important dynamic range.

• This can be explained by two mechanisms:

1. Original material is very lightly woven → its compression modulus is 

estimated to be three orders of magnitude inferior to the one of the 

purified film

2. Metallic nanoparticles and amorphous carbon participate to the 

percolation current by altering the height of the potential barrier

Conclusions

• A simple and straight forward approach for in situ fabrication of 

macroscopic SWCNT paper exhibiting high piezoresistive sensitivity to 

normal pressure.

• High sensitivity originates from the unique multi-layered structure and 

excellent electrical conductivity retained by the in situ fabrication approach.

• The lightly woven mesh of nanotubes suggests that the original material 

could be used to measure very small pressure values.

• Manufacturing cost of this new material is low compared to other existing 

methods, thus this SWCNT sheet would be ideal for large-size sensors.

• Future work: integrating the CNTs-based material as sensing elements into 

orthopedic applications.
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Properties:

• ~35 % to 40 % of SWCNTs + amourphous carbon and catalysts

• Electrical resistivity ~ 40 × 10

-3

 Ω cm

• Fast and scalable process
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Raman spectroscopy

Figure 5: SEM (a-b) observations of the 

purified SWCNT film

Figure 8: Piezoresistive behavior of multi-layer SWCNTs paper and buckypaper samples 

under applied stress a) and strain b)

CNTs/polymer

composite 

[2]

Bucky-papers 

[3]

Single-CNT 

[1]

Problems:

• Single-CNT applications are not practical for macro strain/stress sensing

• Composites and bucky-papers involve intensive acidic treatments and 

dispersion with surfactants which usually results in unwanted degradation 

of the intrinsic property of the CNTs.

Here we propose a straight forward and cost-effective method for in situ 

fabrication of macroscale multi-layered single-wall carbon nanotubes sheets, 

which can be used directly as pressure sensing materials. Our work on 

nanotubes-based sensor technology for health and orthopedic applications 

also serves as case study in the context of an ethics research on the 

development of nanotechnology.

Since the discovery of the carbon nanotubes (CNTs), numerous applications 

of CNT-based materials have been proposed actively in a variety of areas, 

including microelectronic, biomedical, polymer, energy, environmental and 

sensor devices. This is mainly attributed to the superlative thermal, electrical 

and mechanical properties of CNTs which makes them exceptional 

candidates for developing novel multifunctional devices. Particularly, CNTs 

piezoresistivity demonstrate an extremely high gauge factor that is 

advantageous for the fabrication of strain/stress sensor.

• Three common approaches




