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Preparation and properties of CQDs@TiO, based durable self-cleaning photocatalytic

coating for tunnel wall

XIA Huiyun* , YAN Minjie , LV Xin , ZHANG Wenshuo , SONG Lifang , ZHANG Jingyi , NIU Yanhui
(School of Materials Science and Engineering, Chang'an University, Xi'an 710064, China)

Abstract: Due to semi-closed tubular structure and poor ventilation, automobile exhaust gas accumulates in the
tunnel, resulting in serious air pollution. In this paper, firstly, a kind of CQDs@TNs composite photocatalyst with
visible light response and efficient degradation of NO was prepared by loading carbon quantum dots (CQDs) on the
surface of unidimensional TiO, nanotubes (TNs). Secondly, a super hydrophobic self-cleaning photocatalyst coat-
ing was prepared by spraying epoxy resin as the film matrix, introducing low surface energy components and using
the above photocatalyst as the photo active component. The microstructure, chemical composition and optical
properties of the composite photocatalyst were characterized by SEM, XRD, XPS, Brunauer-Emmett-Teller calcula-
tion (BET), PL and UV-Vis, and the NO photodegradation performance was investigated. The microstructure, self-
cleaning property and durability of the coating were systematically studied by SEM-EDS, ash adhesion resistance
test, UV aging test, water flushing test, sandpaper abrasion test, and the photodegradation property and cyclic
degradation performance of NO were also studied. The results show that the coating has good self-cleaning per-
formance and durability, the NO degradation rate reaches 42.9%. Due to its good cycle stability, the coating is expec-

ted to be applied to the degradation of NO in tunnels and other semi enclosed environments.
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NH;3-H,0 Ll f 0.05 g [& 4657, 7F 600 r/min T 4% 2
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Table 1 Naming of carbon quantum dots (CQDs)@

unidimensional TiO, nanotubes (TNs) composite
photocatalyst and corresponding coating

Composite Mass ratio

Coati
photocatalyst CQDs:TNs oating
1-1CQDs@TNs 1:1 1-1FCTE
1-2CQDs@TNs 1:2 1-2FCTE
1-4CQDs@TNs 1:4 1-4FCTE

Note: FCTE—Fluorosilane/CQDs@TNs/epoxy resin.
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PCD test

TEOS—Tetraacetoxysilane; PEDTES—1H,1H,2H,2H-Perfluorodecyltriethoxysilane; PCD—Photocatalytic degradation
B WRJZH 5 B A i s 2

Fig.1 Schematic diagram of coating preparation and photocatalytic degradation test process
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1-4CQDs@TNs

1-2CQDs@TNs

Intensity

1-1CQDs@TNs
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20/(°)
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XRD [

Fig.2 XRD patterns of TNs, 1-1CQDs@TNs, 1-2CQDs@TNs and
1-4CQDs@TNs
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Fig.3 XPS spectra of TNs and 1-2CQDs@TNs: (a) Cls; (b) O1s; (c) Ti2p
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Table 2 BET test results of TNs, 1-1CQDs@TNs, HFR MO e AR AL 57 B 36 A S s e b S
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S 1 Specifi f: /(m*g™ > B Al fr
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Fig.4 SEM images of TNs (a) and 1-2CQDs@TNs ((b)-(d))
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(b) (©)
1-1CQDs@TNs E2.61 eV
1-2CQDs@TNs E;~2.91 eV
> § . 1-4CQDs@TNs E,~3.02 eV
z 3 = | TNsEx341eV
2 § 5
= 2 1-1CQDs@TNs ~
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a@—Absorption coefficient; hv—Photon energy; E;—Band gap

K15 TNs. 1-1CQDs@TNs. 1-2CQDs@TNs. 1-4CQDs@TNs [1Y PL Jti (a). UV-Vis i (b) K& XF WY Tauc plot & (c)

Fig.5 PL spectra (a), UV-Vis spectra (b) and the corresponding plot of Tauc plot pattern (c) of TNs, 1-1CQDs@TNs, 1-2CQDs@TNs and 1-4CQDs@TNs

P, 1% T CQDs J5 B TNs & 58 B W] & F& A, [F s, P T 45 K6 & UV-Vis 18 563 DR
IFHAER ARG N 1 2R BRI AR, £ FHE AT LR R, wiE sb) s
i CQDs 1 £ 28 1T LA B & {2 1 TNs %3 1 19 40 B, AT, 4 FE 5 7E 200~400 nm 30 P 25 3 B0 2 60
TR e A A o g 2o 2 P 0 R fur 5 A%, DA 2K 3 1 W, I HLBEF CQDs i | Ay 34 i, TNs i %
HEA B -2 7 B, AR TR ED R W WA 588 85 7 4 %3 i L (200~800 nm) 743 21 B i
it 10 3 2 g [, A T UV-Vis )63 Xt R A9 Tauc
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Fig. 6 Photodegradation efficiency of 1-1CQDs@TNs, 1-2CQDs@TNs, 1-4CQDs@TNs for NO under UV light (a) and visible light (b)
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Fig. 7 SEM images ((a), (b)) and EDS images ((c)-(g)) of FCTE coating
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Table 3 Contact angles (CA) of 1-xFCTE coating on water,
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Fig. 8 1-2FCTE coatings: (a) Ash adhesion resistance test; (b) Water flushing test; (c) Sandpaper abrasion test; (d) Thermogravimetric analysis
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Table 4 CA of 1-2FCTE coatings to water, ethylene glycol
and glycerol before and after UV aging
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Fig.9 Photodegradation efficiency of the self-cleaning photocatalytic FCTE coating for NO under UV light (a), visible light (b),
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