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Development of Innovative Ultra-Light Weighted and High Strength Composite using
Densified Untwisted CNT
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The aim of this study is to fabricate innovative high strength CNT yarns in
which excellent mechanical properties of CNTs are fully demonstrated. Untwisted CNT yarns were
fabricated by dry spinning method using a ceramics die. Strengthening constituent CNTs of the CNT
yarn and improvement of the load transmission efficiency between the CNTs were revealed to be
necessary for development of high strength CNT yarns by strength evaluation of a CNT and molecular
dynamics method. Untwisted CNT yarns were purified by graphitization treatment and combined with
polymers such as PVA and PAN, and their strength reached 2.4 GPa.
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Fig. 1 Schematic diagram of the spinning process
of untwisted CNT yarns.

Fig. 2 SEM image of surface of untwisted CNT
yarn. CNT bundles were highly oriented to the
longitudinal direction of the yarn.

Table 1 Physical properties of untwisted CNT
yarns.

Diameter Liner density | Apparent density
um tex g/em®
36.2 0.834 0.795
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Fig. 3 Specimen used in single fiber tensile tests.
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Fig. 4 Tensile test of CNT using the slope
deflection method.
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Fig. 5 Observation of MWCNTs: (a) As-grown
MWCNT and (b) graphitized MWCNT.
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Fig. 6 Stress-strain curves of untwisted CNT
yarns.
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Fig. 7 Fracture morphology of MWCNT in
tensile test.
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Table 2 Mechanical properties of CNT yarns.

Diameter | Strength
um GPa
CNT yarn (a) 57.7 0.58
CNT/PVC yarn 66.2 0.44
CNT/PVA yarn 38.5 1.94
CNT yarn (b) 36.3 0.90
CNT/PAA yarn 27.5 2.33
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(b) CNT/PVA yarn

Fig. 8 Fracture surfaces of CNT yarns.
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Table 3 Calculated interfacial shear strength.

Interfacial Shear
strength r MPa

CNT-COOH/PVC 4.5
CNT-COOH/PVA 14.6
CNT-COOH/PAA 20.1

CNT/PVC 4.0

CNT/PVA 6.0

CNT/PAA 8.1
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Fig. 9 Change in fracture stress and Young’s
modulus of CNT/PAN composite yarn according
to treatment temperature.
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