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Abstract: With the increasing enclosure of modern buildings and the widespread use of decorative

materials, indoor air quality has become a critical environmental factor affecting human health. TiO,
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(titanium dioxide) photocatalytic technology is regarded as one of the most promising approaches for
addressing diverse indoor air purification challenges owing to its environmental compatibility, high
efficiency, and stability. However, the wide bandgap (approximately 3.2 eV) of pure TiO, restricts its
photoactivity to ultraviolet light (<387 nm), and the rapid recombination of photogenerated electron-hole
pairs significantly hinders its practical performance. This article reviews recent advances in modified TiO,
for indoor air purification. Through modification strategies-including metal and non-metal doping,
heterojunction construction, and oxygen vacancy introduction-the material's fundamental properties are
enhanced across multiple dimensions: the optical response is extended into the visible-light region, charge
carrier recombination is suppressed, and the generation efficiency of reactive species is improved, thereby
accelerating the transition toward real-world applications. Nevertheless, most modified TiO, materials and
their composites remain at the laboratory research stage, and a considerable gap persists before
commercial deployment.
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Fig. 1 Crystal structures of different TiO, crystal types[m]. (a)
rutile; (b) anatase; (c) brookite; (d) mesoporous titanium dioxide
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Fig. 2 Schematic diagram of TiO, photocatalytic principle
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Fig. 3 Formaldehyde removal efficiency of C-TiO, and TiO,

catalysts (initial formaldehyde concentration 0.5 ug/L)m]
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Fig. 6 Effect of different calcination temperatures on

antibacterial performance of Li-TiO, antibacterial material "’

Rychtowski 25 ™ #F & T 4§ Fh 48 2% ol M Tio,
Pk —FlJ2 28 NH,OH 4 #IF7E 500 °C F #Auib 34
i) TiO,(RT-500) , 53 — Fltj& LA CuSO, 4y if K 14 i
#% 1 Cu 48 4% TiO,( T-CuSO, F1 RT-CuSO,) . 7E A
TARBHBEAT RS, 3 2o b4 k% 45 > QM B K
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TE BRI [R] P 52 30T 2805 ) A 7 KT, BN T )
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i 26 52 R e 5 ELRR A Y 1 KT 5 T G ) R i
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—_
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—_
=

0 60 0 60 0 60 min
W% D (6]
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Fig. 7 The inactivation efficacy of Ag+Cu/N-TiO, under visible
light irradiation against SARS-CoV-2 variants, where W, D, and
O represent the Wuhan, Delta, and Omicron variants,
respectively[m
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ORI . ZRT T B U SRR RAE, 2Ot fil di
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7
6

g . .

g5 30 min illumination

g 41 ™ 60minillumination

S ® 90 min illumination

<

S 3

g2t :
1L 1
0

Pl 8 MS2 Wit 1 {7 #22 fik 30 min, 60 min 1 90 min Y fi i
(nTiO,. SGTiO,. CNT/nTiO,. PTiO,. nAg/nTiO,) 7 )4k i 5
By (“NC Al

Fig. 8 Inactivation of MS2 phages after 30, 60, and 90 minutes
of exposure to catalysts (nTiO,, SGTiO,, CNT/nTiO,, PTiO,,

nAg/nTiO,), with "NC" indicating "no collection"™”’

SSRGS OR, DL R R | MR AR A S A, H
SRR SN S R | VTR | R | BRI R | A
R PR AR S PEANE SR . IR SR I
5 4%, 8l H AL E NH,, HS S5 % R, A
PSR . 25 3 B R A, (EL 20 vk i 3 5 A1

AP B % T AE AR N B 48K Tio,
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95%, FE W) NL(GEERE: 73.7%) , NO, it #PEAY
H 6.3%; 24 Ag B 75N 4% Bf, Ag/AgCUN-TIO, AJ
fifi NO, #EH L E TF . X F H,S, 7€ N-TiO, i
A 16 g, 2 NESMT . WIRHE 30 mg/m’ (19 41
T, 3 /N B R 3T 95%, HhiE] P24 SO, i A&
A BRIRAR . HAZ D HLEIE T N B 245 Tio, £ 1
PR 55 T 25 OB R 4 N TR T U s R
il b Aol 2 T 52 55 P, AT 398 B GF R 1 SR NH;
H1H,S BB RE 715 [FIAS, N #4251 A S BB I
R H R TR, ARG FHOE R I CR 5 -4 0
Oy BRCR, ARG R A YA (ROS) AR 1, SEBLUE R
S SR . Ag/N FHAB R 4 B Ag 1
Je 3 % 1T 45 S T A 4R (LSPR) R4 7 0F— 45 145 5t
W B, Ag 40K OB AT 4K NO, F 4 it HR TR
H Ny, WA F R YA S A, RS
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I8 RS RL R RUBE B BE 1 5 A R ) A R
P, B < SR B - (1A 38 8 =7 B D R I e,
TE BRI AR Bl 2 36 TLAE 8] % B 85 97 Bt 55 2
S HAT ) R R

1.1
1O
0.9 |\
0.8+
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s 06r

T 05f
0.4+
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Fig. 9 H,S removal rates under different TiO, loading

e [36]
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), Hop R iR n T 48442 (Y,0,) o it R
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EFERDIRE . AR SEELN A, B8 2% ol
PE TiO, A1 RERE FH 45U 4 S5 8K, [5] if e 48 75 T 24 Al
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T i B T Bk R —
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WO,(Cw/WO;) = Fh 2 7Y, 5 15K ' ik 53 2 o ke
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e 2 BBR oy - R BB f ol CO, PTG HE AT WL -
i Ah PR AR R A T T 40K TiO, MRS E PE S 4
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etk =H D RIER, ST m SO Ak A
U K BTIE IR . AT 18 5 A o
SRR 4 4 2140 Y TiO, 4548, SE 45 L 5%
W% 52 G 4R 0 D' A A B A M BB 5L 8, Ol THO, 25
FPEACSRAL T B A5 7 1]
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B 2T 4k 52 4 W ORE LA B B 41 4 Sl 4044, SR FH v e -5
JBE 92 7E H 2 T U4 7 TiO,-Si0,-Ag Wi 115 . il &
AR R BRER DU T IR . DY 2SR R R B S A R AR
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Fig. 10 (a) Contact angles (CAs) of different liquid droplets on various fabric samples; (b) photographs of colored liquid droplets
deposited on THNWP4; 3D topography and surface roughness curves of the fluorinated (c) - (g) PET, (d) - (h) LDHP, (e) - (i) TNWP,

and (f) - (j) THNWP4 samples, respectivelym]
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S 7 1 L 25 0T U X5 SiO, Y i R 5 2k Ak
(R T, Y R 2 AL A 3 R R TR Ag
4l K UKL 5 TiO, JE il Schottky 3 £, i 7F % 4=
THERS, W 725 5O 2 A, He LSPR %0 iE—
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B ARS8 X PUE MR ER A m B
JRUAEZM R LA T U 1 R, {7 O R R
R A B (AN R = &R, B LA 18 3 K
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Fig. 11 The photocatalytic —performance over
photocatalysts under RH = 40% 2l
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Fig. 13 The preparation process of the cement-based compositesm]
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