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Graphical abstract

Synthesis of carbon nanotube (CNT) hybrid material
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Abstract

Since the discovery of carbon nanotubes (CNTS), they have been a vast research field. The extraordinary
properties of CNTs have enabled the integration of CNTs in supercapacitors, patch antennas, and fiber-
reinforced composite applications [1,2], to mention a few among the different industrial, commercial, and
defense applications. Synthesis of carbon nanotubes (CNTSs) by the floating catalyst chemical vapor deposition
(FC-CVD) method is apt to meet the demands of the growing field of CNT applications [3,4], among other
CNT synthesis methods. Carbon nanotubes are produced using different synthesis methods and usually have
reasonable properties. However, achieving the extraordinary properties of single-wall carbon nanotubes is
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challenging when integrated into macroscopic CNT sheets. To improve their properties in macro-structure form,
CNTs can be combined with other nanoparticles and microfibers, which enable them to enhance their properties
at the macroscopic level [5]. Different methods exist to integrate metals into CNT sheets and yarn, such as
sputtering, electrolysis, physical vapor deposition, and plasma functionalization. All the mentioned methods
are two-step processes. This work uses a single-step in situ method to integrate metal and non-metals in the
CNT sheet. We propose an in situ integration of CNTs with nanoparticles (NPs) and microfibers to form CNT
hybrid material with new/improved properties and lower cost using the floating catalyst CVD method. Various
metal, ceramic, and chemical compounds can be used to synthesize the CNT hybrid material. The nanoparticles
or the nanofibers are introduced inside the CNT synthesis reactor with a particle feeder and fuel injector
systems. The injected nanoparticles or the nanofibers integrate into the macroscopic web of CNTs right in the
reactor during the synthesis process. The synthesized flexible CNT hybrid fabric can be used for clothing,
filters, and other textile applications. This paper gives an overview of methods of forming various CNT hybrid
materials and discusses several applications.
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