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✓ Three roll milling has a stretching effect on carbon nanotubes, improving electrical conductivity and sensitivity. It also induces

a breakage of CNTs so this improvement is less pronounced when shear forces are more prevalent.

✓ Toroidal stirring enhances sensitivity of CNT-based nanocomposites. This is due, probably, to a better homogenization effect.

✓ The highest values of sensitivity are obtained at a combination of toroidal stirring and three roll milling. This is due to a

synergistic effect between stretching induced by three roll milling and homogenization by toroidal stirring of CNT dispersion.
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Summary Electrical and sensing capabilities of different CNT-based nanocomposites have been evaluated. It has been observed that three roll milling

process has a stretching effect on carbon nanotubes inducing disaggregation of larger agglomerates and breakage of CNTs. It leads to an

improvement on electrical conductivity in the first steps of calendering process. From monitoring tests, it has been noticed that gauge factor

of nanocomposites manufactured with toroidal stirring is higher, probably, due to a more pronounced homogenization effect.

THREE ROLL MILLING

In the last decades, the use of carbon nanotubes has increased due

to their exceptional properties. Specifically, their addition into an

epoxy matrix enhances its electrical performance by providing

conductive pathways. This has made it possible their use as strain

sensors. However, although there are a lot of research about SHM

capabilities of CNTs, the correlation between manufacturing

processes, dispersion state and electromechanical behavior

remains unclear. For this reason, a detailed analysis of these

parameters has been conducted and novel analytical models have

been applied in order to get a better understanding of SHM

behavior of CNT-based nanocomposites.

Electromechanical curves for (a) different steps of three roll milling process and (b) calendering vs toroidal 

stirring processes.

Electrical conductivity measurements

Values of electrical conductivity measured for each step of three roll milling process.

FEG-SEM images of (a) toroidal stirring and (b) toroidal stirring + three roll milling.

SHM capabilitiesElectrical conductivity

- ↓ Gap distance → ↓ Waviness ratio. Stretching effect.

- Breakage of CNTs → Stabilization on electrical conductivity

- ↑ Calendering steps → ↑ Sensitivity. Better homogenization

- Best sensitivity → Toroidal stirring + Calendering. Synergistic effect.

Values of (a) waviness ratio and (b) average size of agglomerates as a function of three roll milling steps.

EXPERIMENTAL PROCEDURE

Cycle Gap 1 

(μm)

Gap 2 

(μm)

Speed

(r.p.m.)

1 120 40

250 

(fastest

roll)

2 75 25

3 45 15

4-7 15 5
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