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Hierarchical structure of CNT material
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Compositional space

« CNT-epoxy composites consist of a mixture of three phases.

CNT mat composites (this study)
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CNT/epoxy composite with various composition
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CNT-epoxy composites

Volume fraction of three phases Thickness of cured composites
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« CNT volume fraction mainly changes in the out-of-
plane direction
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Tensile properties of CNT mat and their composites

Tensile tests Stress-strain curves
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« The mutual effect of CNT bundles and epoxy resin, together with the intrinsic
anisotropy of the network, produce a large variability in its tensile response.

8 UNIVERSITY OF
¢¥ CAMBRIDGE




150

100 |

(MPa)
50

3

Anisotropy of CNT and CNT-epoxy composite

Stress-strain

0° —

45°

90°_|

Oys

1 0.2% offset
1

P=0.1 MPa

Composite (9)

OO

Mat (1)
4/50\

90°

10

€ (%)

3B UNIVERSITY OF

4P CAMBRIDGE

20 30 40

500

400

300

(S/cm)

100

Electrical conductivity

P=0.1 MPa

200t

Dry mat

Composite (9)

Samples




Tensile response of composites
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In-situ test: deformation mechanism of CNT mat

o
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* Rope-like CNT bundles form random interlinked bundle network.
* Network deforms like a foam, with transverse deflection (bending/shear) of struts.

léi%%{ﬁllggg [1] J.C. Stallard, W. Tan, F.R. Smail, A.M. Boeis, N.A. Fleck. Extrem.Mech.Lett, 2018 10
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Micromechanical model
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Whether epoxy has infiltrated into CNT bundle ?

EDX mapping
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* Epoxy contains silicon side-groups

Epoxy does not infiltrate into the gaps between adjacent CNTSs.
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Unit cell model in the finite element analysis

CNT bundle: anisotropic, elasto-plastic

(Hil's model)
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Calibration of anisotropy and bundle shear strength

Anisotropy: Bundle shear strength: 7§
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« Calibrate the degree of anisotropy w from measured values.
« Calibrate the shear yield strength of CNT bundle.

3B UNIVERSITY OF

4P CAMBRIDGE



Finite element model of each composition
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Comparison between predication and experiment
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« Micromechanical model achieves a reasonable agreement with the
measured modulus and yield strength of CNT-epoxy composite.

o %ﬁ%%{%ggg [2] W. Tan, J.C. Stallard, F.R. Smail, A.M. Boeis, N.A. Fleck. Carbon, 2019
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The origin for the enhanced bundle shear strength

A significant increase in the longitudinal shear strength of CNT bundles 15.

CNT bundle pulled out from epoxy

Interfacial layer

SEM Gun

/ ¥ = 250 MPa

CNT bundles are coated with a sheath of epoxy

[Chen et al, 2016]
7; = 350-630 MPa
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The effect of increasing epoxy fraction
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The effect of increasing CNT bundle fraction
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Concluding remarks

* The mechanical properties of the composite are sensitive to epoxy coating, the
epoxy volume fraction within the pores, and the CNT bundle volume fraction.

« Micromechanical model achieves a reasonable agreement with measured
modulus and yield strength of CNT-epoxy composite.

Unit

Epoxy
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