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Research advancements in the use of TiO,-based materials for the photocatalytic
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ABSTRACT Human health and environmental concerns caused by the massive volatile organic compound (VOC) emission have
attracted widespread attention recently. VOCs are toxic and difficult to eliminate; moreover, they come from a wide variety of sources.
Efficient and environmentally friendly removal of VOCs has always been one of the primary concerns in the catalytic chemical industry.
Presently, the commonly used methods for VOC removal include absorption—adsorption, biodegradation, thermal catalysis, and
membrane separation. However, these methods have several drawbacks, such as high initial investment, expensive materials, high energy
consumption, low catalyst efficiency, and incomplete treatment. Photocatalytic oxidation (PCO) technology is considered to be one of
the effective methods of environmental pollution control. PCO can directly use solar energy to remove various environmental pollutants.
Thus, PCO has inherent advantages such as low consumption, environmental protection, no secondary pollution, and convenience.
Photocatalyst is a core step in the PCO process, and as aphotocatalyst studied for the longest time, titanium dioxide (TiO,) has the
advantages of high cost-effectiveness, good stability, strong photocatalytic degradation capability, and producing no harmful byproducts.
However, bottleneck problems such as the inability to utilize visible light and low separation efficiency of photoexcited charge carriers
have always restricted its advancement. Thus, the inherent limitations of TiO, need to be overcome, and its capability to degrade VOCs
via PCO needs to be improved. These modifications can improve the PCO performance through the following mechanisms: (1) By

introducing electron trapping levels in the bandgap, which will create some defects in the TiO, lattice and help trap charge carriers, and
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(2) by slowing down the electron carrier loading rate to increase VOC degradation. Thus, considering the basic principle of TiO,

photocatalytic removal of VOC:s, this study focuses on the key factors affecting the photocatalytic reaction. Beginning with aspects such

as metal/nonmetal doping, semiconductor recombination, defect engineering, crystal plane engineering, carrier adsorption, and

morphology control, the research on the design of TiO,-based materials and their application in the field of photocatalytic degradation of

VOCs in recent years are systematically summarized; moreover, a brief introduction of its control parameters and applications in

practical engineering and prospects on how to further improve the use of TiO,-based materials for the PCO technology of VOCs is

provided. This review will provide parameter support and optimization suggestions for the research on the degradation of VOCs by

TiO,-based photocatalytic materials to help researchers lay the foundation for future research.
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P TR AR AR . Lincho %17 ¥ C #8241 P25
TR T URER b, 78 o S 4 58 A 6 R aT AL
G BR )R 5 bR & A RO EE A L 2 TR
(MEK). 7EREUIE S ARSI A5 F T, C i
ST BUM 0.1% 1Y C—P25 X} MEK [ 6 [ fift % f =1
AH H T P25, C-P25 #E 55406 F MEK L BRECE M
77% & 7 B 94%, 7E 7] WL M 50% 42 5 2| 67%,
MEK B0 fL 334 T, @ =9 & 0. o, 4553
& U I Bz R AR X R RE Y R AR A W T AT Lt -
PCO N 20%, Xt F 4 4ME-PCO Jy 40%. N Jj&—Fh
HAWAES BB E T, oy e BA 1K B AR
5 OMYMETF A2, XEWKE Nl IRE S H
H#EA TiO, A%, [l I, N 82 1] LA/ Tio, iy 7k
B I o F A K U F 19 % #2 0 B2 . Khalilzadeh
L) S % N BB 2R Y TiO, 44K k: L) 3 58 TiO, XF
TSI 10 AL T35 1, N-TiO, B WO 1% 1 3%
PR ) AT UL Xk, AT U % o 4 b TE M R T
P25, 7 1000 mL-min™" {5 3t 3 M 311 R 5 # HHOoR AT
T 2 W 58 A WA, N=TiO, Y 5 1 M 7T 05 P T
WL RAFIES S OBOETE R G X Y RS
DA K 15 A5 5 R T

RAEIE 4R B 2L FI7E PCO g R Z 1
e i 5, HJE 4 & 48 24 o4 RH A it B K 2 80T
PR R SR, A B BB ANRE B2 A R
FHIEHNER, I HS BT EE RS A BN RN
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I8 2 DL R A A I 7 A i B, BRI T
TR 7= DL R S B g
2.1.3 B

LitREREFBREEESESE R, B—
PIvE ¥ 7 /3 S| A N IO Y 17 S
AR EMEAE 2. £EMES BB IRER T
PATR] B 51 AT AT X0 iy /) A HE A RS2 4,
7T A N A0S (A PR Ly 22 3 )17 000 I T F T
D AR RI B, BT BT B2 Y ) e
G, 3B AE AT L6 XS5 | S T 5 B 1) S 1 e
Hy—ERBRME, 4548 R B 2 3
TiO, JEAHE AL i, A6 Ak By i R 30 Hh T A 5
IR

Tian %5 ™ 38 2 ¥ 8 —E B vk & B T 0T ULt
5 1Y PR 4B AR A 3L 8 4% TiO,( Bl Fe/I-TiO,. Fe-I-
TiO,) , Fe—1-TiO, A &% #u 8 /IN T 1 dis R I 38
T e FEwm L. [F B, Fe-1-TiO, k4l TiO, F1 Fe/I-
TiO, HA B 2 (1) K M 455 72 1 31k 27 e B4, JF:
HEAE/NR B, Fe-1-TiO, R H 5t 5+ 1906
TR RE, XN K BRFE ] A 59.38%, = T
[F] & £ °F 14 4l TiO, (4.72%) . Fe—TiO, (37.35%) #
[-TiO, (45.29%) .

Li %7 R R A6 2 T AR 4 8 vk 48
&1 TiO,, WY T Bi 844 #1 Bi—Zn L4248 TiO, Xf
JE R ff S 2R MERE R sZ . I3 AE O B A
PEAT, 2R R RN 1071.5 mg-m ™, YEIE N 200 W
WAT (B R 420 nm /9 #% 1R 98 6 /), TiBi, 99,0,
F1 TiBi, gq,Zn,0,0, JEAMETIE R H 2R3040 510 51%
H1 93%, izt = T4l TiO, 1) 25%. Bi 152443 TiO, i
¥ H 2 1E TiO, 1 CB M2k LA F = AE B iy Bi H Rl B
. M\ VB % Bi HiE 19 B T IOE S B0E BN, X
GRS L) T S AR E N TE T =R S R &
Zn B3 AL — 25 15 T AT DL X s Y I i, T

H Zn B245) LA T Tio, A1 LAY ZnO i e =X
FEAE A BRI 78 9 B 1 AL far 57 A 0 A 5 LA ) E
T2 E A, XY RO R B G e e Y

FE R UL W 1 1 RPN, W4 R T R S i ]
DL S G AR P, A RO R AR TS O Y
24, BA R Z 80 U R 200 A6 % 5 4 b 745 fb
B, kB SR, (HE, B E AR
il 2 UL A e v, At BRI A Al
B G A MR R m LS H 58P Tolk b, 30
AT BT R R R W R R R B AR TR,
TE R LA IR R IR R 40, F5 Btk — 2 o
22 ¥BEKESH

TiO, 5 M B 2 & 1 i fb 2 LB ARE
IEE /SR & I S X UNC RS LI R i
SR AL B o R L AR R R R B K
A GRS AR S, %y SRR S B = AR L T
FAE TR 43 B RO, P4 B F s S A

B R B O R S L, B O T

A Ry B 80 1 78 2 R K TR, Ag,O P BR B 1L
H 1.0 ~ 1.46 eV) 5 TiO, (Bik# A BRRE N 3.2 eV)
VEECHT, EATHH R H v DLAS E p-n 50T 45, iX
Bsm T MM A AR B 43 . Xue S50 il
#THTEBRIESHEMN Ag/Ag,0@TiO, Ytk
. 2O AE S5 . B H LR H 2R H G
HBSF T 6 FE R [ i 2350 40 S0l R 99.3% . 48.3% Fil
28.5%, & L OL 5 0 Se 4 Ab P g Angs e 1k, AR AL
FAE T R AR A T AL A R (1)
Ag/Ag,0@TiO, I p-n 5l 45 A B F ekt Al 7
ST o0 B FEE RS, Ag v] LLFE Y i TR RS 0, A
1M 3 5% ] DLYEIO. I, Ag/Ag,0@TiO, 75 6%
i S T 2 T 2 TR 3 A Mk A R R

F1 AREMEATT PR LR

Table 1 Photodegradation of toluene under different catalysts'’!

Toluene concentration/ photocatalyst

Catalysts Y Time/min Removal efficiency/% Light source
(mg-m™) dosage /mg
. 300 W xenon lamp (simulated
Pt/M T
t/MoS,@TiO, 50 50 25 91.5 sunlight)
Ag/TiO,/CA 300 1000 50 95.7 UV light
Bi/Zn@TiO 780 100 50 93.0 300 W xenon lamp (simulated
2 ’ sunlight)
TiO /WO 360 100 50 65.0 300 W xenon lamp (simulated
2 3 ’ sunlight)
Ag/Ag,0@TiO, 331 100 15 99.3 8W UV lamp
- 300 W xenon lamp (simulated
Ag/Ag,0@TiO
ZAZO@TiIO, 331 100 25 48.3 sunlight/visible light)
Ag/Ag,0@TiO, 331 100 45 28.5 Natural sunlight
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TRERLF2ER, 26 45 5, 5 4

B OV PR HG L e T R L WO R B RO A
L5 25 740 85 BE 0 58 A5 R AN 4 &2 6. Guo
AEWTVY W W B 5 THO, YA Ak R AR S 4, 52
T W B e AL AR VOCs (19—1&1k. C-TiO, #1
BEY L2 TR TiO, A3 KRB, &4 4 kL% H
TR F R 23 5 T AR e W 25 B S R THO, 16
AL fif 32 22 L, B A R BOCH 10.45. X AU 25
F A=Y e W B SRR FH R #M T TiO, W 6E ) A
SERBRG, T A JE TiO, RARW /N, 4315 5 1
P, PR HE TR R 7 M TiO, R T, HsE T
XTI RE T, B2 T G A AL ROR.

A B TIO, 7T LSS &, I H ez m &
A= L I, 3 A O R T R e A RS R ) S Ok B
A R L T R S AR AR T R AR R,
PR TR LI M. Tobaldi 45 i 4% (5
R —BE I & T 3542 77 TiO, ARG TiO,/ A1 8804
AERE. T8 S W PR A A [F] 28 B Y VOCs (R FIL S TN
B ) B B AR AR, WAL T BT R ik k. 45258
T, A BIEIMAER T Tio, Mobmib it &
oM B 58 05 —TiO, (A 88 M 1Y 5 i 43 50N 1.0%)
FERTIL R BHYC S5, D A0 36 PR 2R L BR i
VIS AE S R 5 T3 T —f5 DA . #ESChR T
TR, B 6058 0 G BRI -TiO, o (LR i
T VOCs JER. maFEEAMIWIHA —5KAET
L E MR EAIE S, FERFIESRE TR
fist, RSN 6000 m*h!, R FHE A £ 8544/ Tio, B
A A0 I b Ak A E AT AL B, ULER B AT
BOR. BRESSHNE 2 fin. HEREBiT—
Bemf g, o i L AR BORAE Y. SR
br HI38—2017 S AH €8 15 75 XF B & . B e Mk H
St AR HEA TR I O, S o R AT DB323151—
2016 VL34 A2 Tk 4% & M A WL HE AR 1 )BY,
B T A B /TIO, B A A Y S i Ak S Ak ik
X CEER A UE SA SR R BR R, £t

A B i e 9 AT BILIE <0 RT 3k 3 0 SCHE kR o, HL
AN A RS Y H Bl A SR B 038, K BR
AT BT AR, E A0 VR FEAE 250 mgom” LAY AT
I8 Bl A AL PR

2 TREATEERESH

Table 2 Main equipment parameters of the project case

Device name Device parameters

Photocatalytic 5 1111400 mmx1200 mm;Power=5.25 kW
oxidation device
Graphene—nickel foam/TiO,(nickel foam is the
carrier)
ZYF-6C-11kW, flow = 600 m*-h™", power =
11 kW, full pressure =3000 Pa
ABB Inverter:ACS 510;Siemens PLC: S7-200
Distribution Cabinet smart;Schneider series: Intermediate relay RXM;
Contactor: LC1D

Catalyst of light

Fan

Collection line Pipe diameter: DN450 mm

Chimney height = 15000 mm;Pipe diameter:

Chimney DN450 mm;Plexiglass material

T, TiO, 3 = JUIR F A 16 70 A 58 PRl
&, =YL R AR T W RE, S A O TR
WAL T Z 4R, A S I T RE B R
. Wang %5 B2 ] £ 1 g-C3N,/Ag-TiO, & A 1k
FITE AT WG T JCRE i R3S SR B 1L 5 0 6 A
3% M, BT A B — R BEE & g-C3N,/Ag-TiO,
(H i, g-C3Ny 19 5T 5 43 20K 50.0% Fil Ag 1Y it £
U 2.0%) T RE B AR, £ T R i R00O% S 4l TiO,
Y 5.8 4%, H N < T (9 4 4k A% 3 A L 46 TiO, 42 /&
T 3.74%, 5 HALSE T Tio, AR BG4 1k % i <
B ORI L (3£ 3), % = oo bR WA H A
P S e A T 1

b SR E A RS s L DAL R, A
PANEA AL G- I (EPSRI N =R A g SR S R UNCTIEE)
TR LS, EAF A R R Z E
PERRHRR L, 45 G AR, SR AR R Y 5 il T
1) ) R

#3 REDEMILFLEA LB PCO ity ™

Table 3 Comparison of different photocatalysts in the PCO of gaseous acetaldehyde®*

Photocatalyst Sper/(m*g™") Photocatalyst/g Gas/(mg'm ) Dynamic/(mL-min ") Light Time/min Degradation efficiency/%
2-C3N4/Ag—TiO, 71.62 0.1 45.8 20 Visible light 160 69.5
Cu/WO;@Cu/N-TiO, 93.60 0.1 1116.4 static Visible light 1440 66.0

Fe-TiO, 13.30 0.17 173.9 7000 Visible light 1050 65

N-TiO,@aTiO, 142.40 0.1 915.1 10 Visible light 360 25.0
Ti0,—UiO—66—NH, 280.56 0.1 54.9 100 UV light 720 70.7
MT@rGO 16.80 0.1 915.1 8 UV-visible light 150 70.0
rGO-TiO, 227.30 0.1 45.8 80 UV light 160 42.0
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23 HREETEE

B TR E O b 2 AN BB M B A 5 A
TiO, Z5 M, 35 S8k (Ti) 848 (0) 28 7 Ak, &%
IR (SRR NI R DR o5 ota e s R o S R
B R AR B B IR TR, R TR SR
B TR BB, BT 78 24 Hfar 17 3R A 8 5 456 /)
7B LAY G e X s, DA T $E R A AR SOR.
AT B I8 IR BE e N A A RN TS H B4k
51 AR TiOy, AV 2 J7 vl LIS, ) n & #kk
. 48 (Al Mg, Li) iR, 58 A R 4 8 | i

Zhao S5Vl 1 IR T (1Y y 54 5R BEGA R A L
HA £ & E AN BT Tio, 94 K okr, & 45 7
W 3 B A e R B A S B . 5 Tio, (e R
HE) A Eb, #F 0 (49.5 kGy fig /48 BB 726 1T WL R 4
it 2R Ty 0 SR B 5 T 20 3%, 360 min A & BRAUR
H 94.5%, AL G0, TiO, -49.5 B4 1 F ik &
PE, 5 URAE B B2 I 35 PR -5 v 280 0 75 e 0 B it 7K T
Xie %P LI CaH, MBS A, RGP T — e
TiO, WAR I 51 A R 1fi 48028 A0 SR Bi 37 7 .
Ak CaH, &b 3 4% 14, 7 [ 2 A0 6 A 1k B2 N 5 v
500 W kT @ BT, Bk B TiO, 1 BRO 4H 1k B fif 2%
MIBCRSE = T 340%. BB, I kA5 1 TiO, ik H
Z 0] LUF T E SR R AT R R Ak, ik = B
HAE e Ak Ty T ) O A5 1.

Bl pa TR R — A2 5 TiO, JGME AL RE 1 A A 3%
Ty, AER, 25 60 Rk B JR) S 78 1 o A W far 2
T B BERE, $m T e E G 3, B N T
P, X AFF PCO . R, Eas i/l T [ 3
A B B AL 20 A e B4R b X DLE S FORS B 425 )
PRI I, 0 A 2 T 2 07 Bk o 1) Wk 38, ) o ol i HL AR AR
PP IE B, PLSEIR TiO, R Mt VOCs 1) fi HE i b
S Qi
24 MEIFRE

Z MOC AL R B = B R AR AR TiO, (R, #
TP o TR ALK B . R [E S i
JE - 8 HE B WORE AN [, {3 45 P Ak 19 £k 2% 3R 858 4 BT
225, i B TiO, M R G M BB I S AR Z 4. HE
IEREARKFMET, TiO, fL4e SRR HE(0.43 T'm ™)
{10117 i — 2 2B K, SR M, /& fE & (0.90 J'm ™)
{001} I X PCO T. 20T H B [ . TiO, {001}
A7 b AN AN 2 %) 57 A9 K (TiSe) A — 3 Fic 47
(1505 F (02¢) 78 PCO i & i S 2 4R H, I Ui,
H A % {001} 1 AY TiO, XF T VOCs By A 1k 4
feAEH A A

Weon 2555 & 15,1 {001} 5 1 22 52 74 TiO, 44K
& (001-TNT) , 5 Z XF b B9 /2 {101} & Il 2% &% /1)
101-TNT. 7€ 3 P S R 2% H, 2248 6 RTAT ok
FEIR Y ZE T, 001-TNT X FF 2 (1) S i A ok it %
F/DJE 101-TNT AU FIAE. 101-TNT 7& H At i 4k
ok i 1) 32 52 10 A T 8 9T 00 (LT A [ A 3 4%
47T, 001-TNT 3 A5 2 B H AT ] 44 1L 770 2% 305 (1) 3
4. HAT, 001-TNT 33 J8 2% £ D 8 7= I 2 28 7 7
ks b (- 2), BUS TR E s s
PR3 SR, HEBh T TiO, 18 32 PR i .

—
. H,0 Co,

LTI

001-TNT filter

B2 iz S ds LAYECR 001-TNT i JE4E"
Fig.2 Amplified 001-TNT filter on a commercial air purifier ©*°!

T B Sy = == S v VA RE 5=
HJR, MR B A b e T e R i K AR DA
— LAY R A H A B o ) L AR R B ] TS R
FH, ey {5 FH IG5 TS T3 L 19 /N o3 - AF R 3 o 7 A2
B R, [ B >R FH 87 BRL 0% 7 1 KBS B A ) 3 1
fm AT 1Y) TiO, {1542 H R e ZEAR R B 98 i P s DR
2.5 F IR

FECAE AR B, 75 G g D ASORE I B ) 44 b
) 2R TH I HE A FLAL B Y B A 0 2 AN T] D
). L, TiO, B GAE A TR AR KRR B L HR e T
Sht vk mT (R AR LR LIRS ) F R T
AEFI AL, BRI, 45 i TiO, AN BAG K 25 1 AL
fe LB 38, H 5y 3R A UK BT 78 7 AR K BR i 1
XA AT ey (e 2 s K A& ) 10 W B e
J1. R T SR, TiOo, 7] DL HAT 5 1 R
FORT UL 28 P A 25 ST e W EL A 25 R Y I Bf 5)
SAMH. EHE ST, R 2SN
B Gk WA B & JE A HLE AR AERY B
FH oK 2 TiO, il 4 2 & M kL, H T A 1k % fi
VOCs, [FJ#E s T R 4F 0y 0 F 5t

Hu 5857 Sk A 1E R TiO, By 244, 38 i fif
FARIK SR DTIE R A L T — A IR BAR (1) TiO,/ i i A1
A MR, 755 A OV A5 300 WRAT 1Y 4R IR,
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TRERLF2ER, 26 45 5, 5 4

S M RE I HE 1R I T B 7 200% (90 min B fif
RIKF] 91.8%) , JoA AL 6 P 1% 2 3 T 3 N F R 4R
TR A1 FN TIO, Z [ iy DR Rl AVE . B 5%, 46 TiOo,
T H AN e Fm R (757 mPg ), W FiERE 7 4
£, 5l AN A5, TiO, g9 K kiR 2 B/, B4
R AR K (1353 m2-g '), FEBRH i 1o
BRI B E 775 HOUR, 38 S ) T S R A S A S
) v T BB ) 1) 7 A R SO o e A 3R T 4 B A
2, T2 LA e

Man %558 3 2 8] B ) /K A8 T & T Uio-
66@ TiO, YA AL, I T 78 58 P 't B G T B i
R LR (DMS) . 78 35 ] 6 Ak S 2 v 4%
ST 5 IR R, Ui0-66@TiO, & & # K H A L ih
TiO, B = () )6 B i 35 1, DMS 7E 80 min P [ fiff 5%
ik E] 99%. 11F PR 5L 50 3R B Ui0-66@TiO, St 1k 7
BA R n] 2 AR E M. BB DL N
M RHRHE T B Z %R B 28 2O I BRI
TEAR, L T HEA I 1 .

(SR =R =Ry W A N N T I RAJNE A
I8, Wil AT L B AR L BEREAR . A IR
PEIY TiO,—8AR 5 A Ak, 32 T W B i Ak Bp [R) A4
L 25 7K B BF 52 07 32 1 A, Tio,— 2k iR B & 4k
o 5 A T 4 R FH 5
2.6 FERFE

TiO, &5 #) (B2 ) mT LA 5 35 o028 HL v -
S AR AL SO R RCR. 4 A Ik, B4R
HOIEIERE T KB T PCO 2 S Y Tio, ¥,
AR . A0 Bk GORAE RGOk A, LA
B, FEBOR R K RUBE | AT 8 o 45 T 75 T 25 A 4
4 (R 45 Flt TiO, S5 K4 AT 98 B A kS b ) 2 v (14 52
KBk .

Weon 5 Choi™ & i T -LFIE & TiO, If-IF
18 T #ORHE 28 S i % MEK B SG AL A AL OR . 45
JAnlE 3 froR, AHFESAE T, MEK 23 BRASCRFS20
Bk (TSMS) </ FL 3k ( TMMS) <44 % 45 ( TNT) <3-D
4322 $L(THP)<3-D AR (TSU) <55 L ER (THS ) <
g1k B (TNS) IR PAEFE. TiO, 40K A B B AL+
HABIE R, LR N 71.3%, KA 2R P25 1Y
Wi, TiO, K R IR M EREIA N T A o e &
R {001} fh AT . K i 1Y K v Ti—OH 4 5t Fl 5% T
Ak

REGVFZ A TiO, g5 b A bz <s
YW g, A5 i T 04RO 0 SR E AN TR
T AR AT, R I G 92 A e WO 4R 4t i
fEPERE. D3 — i, BME7E — S50, & i

joxide photocatalytic activity dependence on morphology
- ® & 8
i I

7l

MEK removal efficiency

B3 TiO, SeAEfLI HEXIE A At (LA 2: Bk MEK St
Fig.3  Dependence of TiO, photocatalytic activity on morphology

(taking MEK removal as an example) °7)

T AR ZSH) TiO, 78 PCO H i VE B, ZIARMES
S A 300 1 B B AR 1R T OB S, TR R
S Al 7 EL AT R R R A 45 L Fe AR AL
%R R

3 REERE

P A LTS Y W) (VOCs) 45 22 5% i A4 {gkt
B 1 EREE IS YL, TiO, FE G P fit VOCs & —
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FH R BH G & 850 38 O ks 15 Y W B i D CO, AN
H,0, {H &, PCO if & A 1T sk 50 b 23 8 il — 2647
7 ) DT 5 ) ' A A AR Ak R R e R
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AL RE 1 51 1 B SE B A 16 rp R A IR R R R 2 BR
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(2) R FH 22 Pkt O 325 45 4 il 4% 8 0 1 Tio,
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