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One-step Synthesis of Black TiO, Composite Coating on
Glass by Pulsed Laser Spraying

ZHANG Li-Xian', LIANG Yan-Qin', WANG Shao-Dan', LU Hong', LIU Ai-Feng’, WEI Qiang'"

(1. Tianjin Key Laboratory of Composite and Functional Materials, School of Materials Science and Engineering, Tianjin Uni-
versity, Tianjin 300350, China; 2. First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin

300193, China; 3. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: To achieve effective load of black TiO, nanoparticles and improve the practical application ability, the
pulsed laser spraying was proposed. The composite coating was prepared on quartz glass substrate, which consisted
of amorphous molecular sieve and rutile TiO, nanocrystals. The surface morphology of the composite coating was
characterized, and a series of test about composite coating powder was conducted including absorption properties,
phase structure, chemical valence, and photocatalytic properties. The results show that the coating is porous struc-
ture packed with 2-5 um ball and has strong absorptive capacity in the visible region. In the process of pulsed laser
sputtering, the molecular sieve changed to amorphous structure, and TiO, changed from anatase to rutile type. Ti*"
ion was reduced to Ti’"ion, which resulted in reduced band-gap. The pulsed laser spraying technology achieves the
fast load of the black nano TiO,, which still has good photocatalytic ability under the full spectrum and visible light

conditions.
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Fig. 3 SEM images and EDS scanning mapping

(a) Surface morphology of coating; (b) Ball structure on coat-
ing surface; (c) Cross section of coating; (d) Map of Ti element
distribution
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Fig. 5 XRD analysis of coated powder before and after pulsed
laser ablation (a) XRD analysis of pressed powder after 700°C
and 1 h heat treatment; (b) XRD analysis of composite coating
powder prepared by laser sputtering

T 13X 2 FIR I BOCIS WR i % 2 SR
XPS A E b I T AR TG 3R . B XTER G ER XPS K

..
7
w

'
A

K6 WEZEKARN TEM B
Fig. 6 TEM analysis of coated powder

IR, SR XPSPEAK #AF3EAT /305, an i 7(c)
A~ PR B P AS 085 A0 T 458.7 Fi
464.5 eV, 43 HAJE T Tidpsyn £ Tit 2py 00 28T, *f
THEBIEM 456.8 Al 463.2 eV HBLT Wi,
Xt REF Ti* 2psn A1 i 2p 1, H T W TR L 0 T
T 12% 03X Ut WA TE 1= R kb o6 8 S 1 iod 2
— A TV B TR TR . K 8 B
TROEEAWRZE NIRRT e R, B
g=2.00 KLATAAAE T, X {550 H IR IIFE
SR IEE R T, IR XPS 4 b &k A — g,
Ti HIAFAESAE FAFILLZE LU 0.8~1.0 eV AL TEK
—ANRERE, g T AR AR SR, M T
X ] L B Wi, AR G R BN A OB
TR E e ae 1,

Binding energy / eV

454 456 458 460 462 464 466 468 454

i = A
@ 3 . () S
~~ I o ~
e & |2 5 2 -
< &= S d =
> > 2 374
g g “ 14 .
g 8 = o}
E = 2
&8¢ o &
n A =
0 200 400 600 800 1000 1200 0O 200 400 600 800 1000 1200
Binding energy / eV Binding energy / eV
- 458.7 eV .
© S @ 4587 eV
3 3
< " 464.5 eV S
2 : 2z
@ .
= : |
; 456.8 eV

456 458 460 462 464

Binding energy / eV

7 XPS i ]
Fig. 7 XPS analysis spectra
(a) Survey scan of raw TiO,; (b) Survey scan of composite coating; (¢) Ti high-resolutionXPS
spectra of the raw TiO,; (d) Ti high-resolution XPS spectra of composite coating



ERR SKOLSE, S MK EOLER P AR O T H R E SRR 113

Intensity / (a.u.)

315 320 325 330
Magnetic field / mT

K8 MEREIRZRIIR D Hra R
Fig. 8 ESR analysis of black composite coatings

25 ESKREEMLIERE

BRAUUK RO 4 i A1) WG N B & IR RO
AT I B BEACR, w9 Fros. dEwE L,
FE DG E 6 I T OGS R I i 46 1 R R AR
R B, O N AT 30 min I, %
FHUI B BIFIARFART 5%; £ e lEMET, 2
JGHEA SSIEAT 60 min N, P AR MIE 70%
Pl b XRUWEEREZEBA RIS el fmr it
AT DL RE

1.0
—=— Simulated sunlight
—e— Visible light
0.8
.06}
&)
Coal
p
02+
0 1 ! 1 L
0 10 20 30 40 50 60
Time / min

K9 AFDGHEFA T EEIRERDCHEE h 2
Fig. 9 Photocatalytic efficiency of composite coatings under
different illumination conditions

3 &g

A FH I O G AR 158 % 5 VAR A S B L i |
— Bl T ARR TR AIE LA Y TiO, 49K A i) 2R
BEGRZ, BRIE 740K Tio, KA MR, R
I TOLIERGEE, KBl T kS e LRI i
gia.

1) BEGEWREH 2~5 um BRKE 2 HERT L,
BAT 2 JUBR IR A, AR AT L IX B AT 558 (R
YeBE s

2) WOLIRS B 5, 4 T4k Tio, JL[H
DUBTE A BB LR o 4 70 M I i 2 A AR
AR SR AR GE R, TiO, W) AR T B6 48 4 41 47 Y

3) EERETELAR TIO HFAER) T B 1,
ARFD T AR LR, BN TR R LU BOB IR

4) AIEREEATT WL KT, BREEERER
A RUFHEIEA T RE .

S % 3k

[1] FUJISHIMA A, HONDA K. Electrochemical photolysis of water at
a semiconductor electrode. Nature, 1972, 238(5358): 37-38.

[2] RENGUI LI, YUXIANG WENG, XIN ZHOU, et al. Achieving
overall water splitting using titanium dioxide-based photocatalysts
of different phases. Energy & Environmental Science, 2015, 8:
2377-2382.

[3] ZHAO DAN-DAN, YU YAN-LONG, GAO DONG-ZI, et al.
Properties and photocatalytic activity of rutile TiO, nanosheets.
Journal of Inorganic Materials, 2016, 31(1): 1-6.

[4] CHEN XIAOBO, BURDA CLEMENS. The electronic origin of
the visible-light absorption properties of C-, N- and S-doped TiO,
nanomaterials. J. Am. Chem. Soc., 2008, 130 (15): 5018-5019.

[5] DIAZ-REAL JA, DUBED-BANDOMO GC, GALINDO-DE-LA-
ROSA J, et al. Evaluation of transferable TiO, nanotube mem-
branes as electrocatalyst support for methanol photoelectrooxida-
tion. Applied Catalysis B: Environmental, 2017, 222: 18-25.

[6] LORENZO GRAZIANI, ENRICO QUAGLIARINI, MARCO
DORAZIO. The role of roughness and porosity on the
self-cleaning and anti-biofouling efficiency of TiO,-Cu and
TiO,-Ag nanocoatings applied on fired bricks. Construction and
Building Materials, 2016, 129: 116-124.

[7] CHEN XIAOBO, LIU LEI, YU PETER Y, et al. Increasing solar
absorption for photocatalysis with black hydrogenated titanium
dioxide nanocrystals. Science, 2011, 311: 746-750.

[8] DING HONG, JI WEN-WEN, LIU YU-LI, et al. Review of Load-
ing methods of nano-titania-loaded. Chemical Industry Times, 2010,

24(2): 61-66.
[9] MR, HRLMRLSEBEECR. b5t % Tolk i iR, 2004:
68-73.

[10] RFEEE. BkMPEOEITRR TINAIN 99K 2 2 R 46 J AR T AL B
W, BUM: WL AL R 2 A0 5, 2010,

[11] WANG XIAO-TONG, LI YAN-MIN, CHEN YU-JING, et al.
Preparation, characterization and visible-light photocatalytic activ-
ity of Ti*" self-doped TiO, nanoparticles. Journal of Ludong Uni-
versity (Natural Science Edition), 2015, 31(1): 44-51.

[12] UNO M, KOSUGA A, OKUI M, et al. Photoelectrochemical study
of lanthanide titanium oxides, Ln,Ti,0; (Ln= La, Sm, and Gd). J.
Alloys Compounds, 2005, 400(1/2): 270-275.

[13] LI MING-HUI, SONG WU-LIN, ZENG LEI, et al. Effect of oxy-
gen vacancies on the photocatalytic activity of titanium dioxide
and the advances in related research. Materials Review A, 2014,
28(8): 22-26.

[14] MING KONG, YUANZHI LI, XIONG CHENG, et al. Tuning the
relative concentration ratio of bulk defects to surface defects in
TiO, nanocrystals leads to high photocatalytic efficiency. J. Am.
Chem. Soc., 2011, 133: 16414-16417.



