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ABSTRACT: The work aims to prepare ultrastructure nano-crystalline composite coatings to decrease the dust adhesion on
cover glasses and recover the power supply of solar cells by cleaning the deposited dust furthest through a flipping operation in
Mars environment. The nano-structured dust proof coatings were fabricated by aqueous chemical growth method with three dif-
ferent reaction times and surface modification procedure. The microstructure, visible- near-infrared light transmittance, surface

properties and dust removal efficiency of coatings were analyzed by electron microscope, spectrophotometer, contact angle me-
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ter and flipping dust removal test. The unique coating structure formed by ZnO nanorods with ~27 nm made the contact area of
dust grains with the composite coating dramatically decrease by one magnitude, compared to bare glass. The transmittance in-
creased by 1.1% in visible region and 0.4% in near IR region. The water contact angle changed from 25°~45° to 155°~165° after
surface modification by fluorochamicals. Through a slow flipping for 90 degrees, pre-deposited dust on the nano-crystalline
composite coatings was cleaned by 80%~90% for grains of 50~100 pm diameters and by 60%~70% for the ones of 30~50 pm.
At the same test condition, the dust proof efficiencies of bare glass were only 37.5% and 6.3%. From the dust distributions on
the flipped samples and the force diagram of an individual particle on a tilted plane further, the particle falling included two ba-
sic modes of slipping and rolling, and the kinetic energy of a falling particle transferred to one or more static particles at the
lower position resulting in an “avalanche” morphology. ZnO nano-crystalline composite coatings can not only improve the
transmittance of visible light and near infrared light, but also greatly reduce the contact area with dust particles and reduce the
adhesion of particles. Under the condition of not using high-voltage electrical energy, the removal efficiency can reach more
than 80% through flipping operation, which will provide a safe way for removing dust on Mars.
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Fig.2 Transmittance curves of bare glass and coating samples
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Tab.1 Improvements of transmittance in visible and

near IR region for coated glasses
%

Samples Visible region Near infrared region
Glass with Coating 1 1.01 0.39
Glass with Coating 2 1.12 0.41
Glass with Coating 3 0.73 0.26
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Fig.3 Water contact angle changes of nano-crystalline coat-
ings before and after surface modification
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Tab.2 Dustproof efficiencies of bare glass and
nano-crystalline composite coatings

VOC . VOC after

without flipping Dustproof
Grain Sample Angle/ Efficiency
dust ©) ")/ 1)/%
Vo)V \% n
Bare Glass 0.24 813 0.18 37.5
50~ with Coating 1 0.25  51.7 0.23 80.0
100 pm ith Coating 2 0.26  48.6 0.25 90.4
with Coating3 0.26 494 0.24 80.8
Bare Glass 0.24 0.15 6.3
30~ with Coating1 0.25  64.6 0.22 70.0
50 um ith Coating 2 0.26  65.5 0.23 71.2
with Coating3 0.26  65.2 0.22 61.5
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