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Abstract 
Sunlight irradiation on earth can provide solutions for renewable energy supply. Solar energy is harvested by technologies like photovoltaics and solar thermal collectors. In solar thermal collector devices, absorption efficiency of sunlight affects the performance. So here we design nanocomposite black coatings by using two different materials i.e. carbon nanotubes (CNTs) and vanadium dioxide (VO2).  CNTs act like perfect black absorbers with solar absorbance of 99.5%, VO2 has a semiconductor-to-metal transition (SMT) at 67°C, which shows a sudden change in the optical properties. 

The CNTs coatings investigated in this study are prepared by the thermal decomposition of ethanol through the catalytic action of cobalt nanoparticles and the promoting effect of MgO. This CVD process implements the pulsed spray evaporation technique to supply a single feedstock: dissolved 1M of Mg(acac)2 and Co(acac)2 in ethanol. A sustainable growth of CNT can be obtained with this process at temperatures below 500°C. Vanadium oxide thin films are synthesised from the ALD reactor.  Here the Vanadiumoxy triisopropoxide (VTOP) precursor is hydrolysed to get the VOx films.  VOx is deposited at 80°C, optimised ALD cycle conditions are 8s VTOP/15s purge/6s H2O/15s purge with growth rate of 0.03nm/cycle on silicon substrate. The as-grown films on CNTs are identified as amorphous. Post-deposition annealing at 500°C in the vacuum (10-2mbar) is performed to convert the VOx/CNTs to VO2/CNTs phase. 

ALD of VOx results in conformal coating of CNTs with core-shell structure. XRD, Raman structural characterization confirms the formation of VO2 phase after annealing of the nanocomposites. Annealing of lower ALD cycles film resulted in a decorated VO2 layer on the CNTs, while the higher ALD cycles gave continuous VO2 layer on CNTs with slight surface roughening. The VO2-CNTs nanocomposite emissivity 
showed an upward or downward emissivity regulation across the SMT. Emissivity modulation direction depends on the morphology of the VO2 grown on the CNTs. Decorated CNTs with VO2 nanoparticles features decrease in the total hemispherical reflectance (0.3-2.3µm) and increase of the thermal emissivity (3-5 µm) above the SMT. The VO2 covered CNTs feature an increase in the total hemispherical reflectance (0.3-2.3µm), decrease of thermal emissivity (3-5 µm) above the SMT.  Based on the morphology of the developed VO2-CNTs nanocomposite films, they could have potential application as smart absorbers for solar energy harvester and in thermal management effects, which decrease quality of life.
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