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Abstract:

The proposed research project focuses on the adaptation of carbon
nanotube (CNT) yarn spinning techniques, currently under development in
laboratory facilities, to mass production industrial level. CNT production
methods, based on chemical vapor deposition (CVD), are to be evaluated
and CVD reactors optimized, so that production output may reach industrial
levels. CNT yarn spinning techniques are to be modified so that vertical
integration into the process chains of carbon fiber production facilities is
straight forward and with a minimum cost and risk. Based on the unique
properties of the CNT yarns, their industrialization will open new markets
for carbon fiber yarn and textile industries, with positive economic impact
and new job openings.

Description:

The proposed project focuses on the adaptation of carbon nanotube (CNT)
yarn spinning techniques, currently under development in laboratory facilities, to mass production industrial level. CNT production methods, based on
chemical vapor deposition (CVD), are to be evaluated and CVD reactors optimized, so that production output may reach industrial levels. CNT yarn
spinning techniques are to be modified so that vertical integration into the
process chains of carbon fiber production facilities is straight forward and
with a minimum cost and risk. Design and optimization of CNT yarn production equipment will be based on computer modeling (e.g. computational
fluid dynamics for the CVD reactor) and demonstration prototypes. Computer modeling, based on molecular theory and molecular mechanics/dynamics, validated by experimental measurements, is to be used for CNT
characterization regarding physical, mechanical and tribological properties
and for investigating interactions between CNTs in a bundle. Based on
these, equivalent macroscale models of CNTs will be developed for simulating yarn behaviour with an acceptable computational cost. CNT yarn characterization will also be supplemented by suitable laboratory tests.
Due to CNTs’ unique properties, industrialization of CNT yarn production will
open new markets for carbon fiber yarn and textile industries, with positive
economic impact and new job openings. There is a multitude of foreseen
consumer products like lighter, multi-functional, highly customized and personalized, more durable and far more efficient clothing and apparel with
anti-ballistic, anti-radiation, anti-odour, antimicrobial, heat, fire and wrinkle
resistant properties, textiles acting as electronic components capable of
storing energy, emitting radiation, transmitting signals, sensing biometrics
and even moving as artificial muscles, sensors in construction materials
capable of sensing cracks or temperature changes in a structure, lightSTEP-C, N. Plastira 100, 700 13
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weight wiring in aerospace applications, leading to lower CO2 emissions,
more efficient power-transmission lines, resulting in significantly reduced
power losses.
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