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Research and development on nitrogen oxides removal by semiconductor photocatalysis
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Abstract: Background, aim, and scope In recent years, the haze phenomenon is more serious in China, especially
in some typical cities. This phenomenon has a serious impact on climate, air quality and human health. Nitrogen
oxides (NO,) is one of the main components of haze. And NO, (NO, NO,) generated from the combustion of fossil
fuels have attracted lots of attentions, which can lead to a wide variety of atmospheric environmental problems,
like acid rain, haze, photochemical smog and so on. The exhaust emissions of motor vehicle and combustion
of fossil fuels are the culprit, which causing air pollution in urban environment. Therefore, taking effective
measure and technical of control NO, levels in the atmosphere, which has an important practical significance
to improve air quality of our country. Using solar energy to solve environment problem has attracted increasing
attention. Photocatalysis technology can direct use solar energy to remove contaminants at room temperature.

Therefore, photocatalysis is considered to potential technology for air purification. Materials and methods This
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paper reviews studies about the developments on NO, removal by semiconductor photocatalysis, focusing on
photocatalytic mechanism, modifications of photocatalyst, practical application and the development prospects in
removal of NO,. Results When the semiconductor material is activated with light of wavelength equal to or greater
than the band gap energy. The electrons of semiconductor valence band are stimulated transition to its conduction
band, at the same time, the same number of holes left in valence band, thus creating electronic-hole pairs.
Discussion According to the recognized photocatalytic model, the charge carrier diffuse to the surface of catalysis.
On the one hand, the holes with oxidizing ability can directly react with NO,. On the other hand, the holes also
react with water molecules adsorbed onto the semiconductor surface to form OH-. The electrons can react with
oxygen molecules to generate - O,. The OH- and -O, have strong oxidizing, which can oxidize nitric oxides.
According to our investigation, in the case of sufficient oxygen, the purpose of photocatalysis is to transform NO
into NO; vis the formation of intermediate (NO,, HNO,). In the current study, The NO photocatalytic oxidation
main mechanism for photocatalysts went through three states (NO — HNO, — NO, — HNO,). The development of
high efficient photocatalytic is incomparably important to the practical application of photocatalysis technology.
There are three methods to improve photocatalyst performance. (1) Enhancing the light absorption efficiency of
photocatalyst. i. By narrow band gap semiconductor sensitization broad band gap semiconductor, can broaden
the optical response of photocatalytic materials to improve the photocatalytic efficiency. ii. And that, Metal
or nonmetal doped-semiconductor can form impurity level, which can reduce the band gap of photocatalytic
materials to improve the absorption of light. (2) Promoting the separation and migration efficiency of charge
carrier. i. Manufacture heterojunction, and the built-in electric field can promote the separator and migration of
photo-production electron-hole pair. ii. The electron of catalyst spontaneously migrate to metal, which enhance
the migration and separation of carrier. (3) Increasing the surface active sites. i. Synthesizing catalysis of
special morphology, which can increase specific surface area and reaction sites to improve the photocatalytic
performance. ii. Synthesizing catalysis with high active exposure crystal faces or surface defects. Above
modification strategies can effectively regulate the band structure, interface properties, specific surface area and
active site of the material, which can improve the light absorption ability, electronic-hole separation efficiency and
surface reaction rate of semiconductor photocatalyst. Conclusions Semiconductor photocatalysis is a promising
technology for low concentration air purification, with strong oxidation ability, no energy consumption, no
secondary pollution etc. Therefore, it drew great attention from researchers and developed rapidly. However, the
current photocatalytic technology is not yet mature. So there are still some problems on the theory research and
practical application. Recommendations and perspectives The depth exploration of photocatalysis mechanism
and the development of high efficient photocatalyst will be the focus of the future development direction.

Key words: NO,; NO photocatalytic oxidation mechanism; photocatalyst

ARk, FREAR A IGER | Frgid K
RGN R T R ENIME SR 260 &
WREARL T (PM, ) WIAFETE, 2 RBORAREILE
BEAG . IREFRER ARG R . PR, FRE
AL 358 T i g G rh R LA S (Secondary
organic aerosol, SOA ) Xf PM,; [ JE Wi H. A &
Foimk, SF4 5 o 30% —77% (Huang et al,
2014) . Hr, AAEMLY) (K NO,, FZidE NO
FINO, ) &I M YA HL ) S SRR 2
—, JZRIE TSR TR . AW Beikbe e L5l

FRAHAE KK A Y i 5t HE o
T ARAER WAL, AU SR
PIE I, 2 550025 % B OT 5 30U A 5%
TWRIGG A, X AR B R B R G A
FURNE O EE . R, SR R 48 B A4,
At s A A AR, R IR s AR
ROEE 2% (Xu et al, 2015; Zhang et al, 2015;
Pan et al, 2016) . H {7 & E £ X KA 5 9
NO, 15 4 £ 2R PR 2 L Hl B AR, W K HL
T IR AHEBO Iz e A A I8 S5 B (Selective
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catalytic reduction, SCR) , $& & M < i il K,
XFHLEN 4N = oo Spk Ak k3 # 4F (Ellmers
et al, 2015; Chen et al, 2016; Castellanos and
Marie 2017; France et al, 2017 ) . X2b6F AR 50
WA AT, FEE T AT Tk S,
AN GE T v B TS e i I Sk ), HLAZE AR 3
PR AAE Z R A AU (Lietal, 2016) . Ff&
I Tl AL FR RSP DL R T3l 247 1
BAEB Y, PSP BOR T AR Jo ki R PR
AR EARER R . B, R TR Sk R
[F]F, A0 AR T 2 Gl AR T H R T B Ak 3 e i
ERIAE TR NO,, Hosiadl. PM,; ikbr
FEREBIEAE

AR CAE A B S — o B e 80 BR B A A
HAb RS, TaE K FHBEME e A, TEAK
2 AR AR L R T AR SR TSR, PO
b - R JFN, SEIUAR TS R bR . S G
A, Sl N o] DU &R T SIS G
YR AL R AR e B, —RiTs e, HILEE KRR
5 ge g iy T BAT BOR A9 T ) (Fujishima and
Honda, 1972) . JEE. HA MM ELIKER,
SeJa AR S FHITZ 2T G AL v Ak H AR 1Y ik
RS FHWTSE . TiO, LUH B 15 . IREEFRE |
PEALTE PR = SR 3, 1o H RGP BT vk 2
WO Z ek, B8, HREDGHE RS
FEA T WS E, AR SR AT A
FETE— SR AR IR, L, NO, Stffb A ik
PLEE M AN RE , BOREXT R BHBE I ATRAR . B F AL
B ANME ST EEA W

AR SOl 1 ROGHEA AL 2 BR NO, HLEE, 2
OB NO, BB 5T J DA S E A0
PEAHOARTE A2 S5 T A L H 55 D7 T A TAE A
DU Ry e A SR £ B NO, HR BB 58 Fi W FH 32
PECHE
I SRR NO, LI

PR BB FREF SIS
WM AT . R IR S LR
TRER A RMES . H AT OGAE AL FR AL
W AR (B 1) o ZERFDGIET T, &
PRI OR B R RE S, By b Y H o g A A
WUR BRAE B 517, Rl AE fealy B D AH [ 45 Y 28
7, MTE L F - 2570 (i 1) XFo BT
SRR AL, MR T () MK
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(h") 3 5res, ik y 8w Jr 20T 2 AR &
Mo Al B 2s o (h) a) R o S A 3 i g B
190/ 7w R A S SR ©) & B = 55 e S i R o G o £
L] DU AR OB AR Y -0, A 2. Tio,
TG TR A AE T DG AL 7R 2R 91 S L
7 (1)—(4) ( Dalton et al, 2002; Lasek et al,
2013; Wangetal, 2016; Giannakopoulou et al,
2017) .

TiO, +hv—=TiO,(e s +hyp) 0
HO,,, +hi,—=OH,,, Q)
H,0,pithys—=OH . +H., 3)
0, ™0y 4)

EBG \\
1 \ 2b
\
1
1
\
Do
VB h)e==-" ///
7
3 OH+H
H,0

B S 2R (1) HF - 28 7O i A
(2a) R TrEg, EHERMA A (2b) BT -
27O EAAN (3) TR AR SO
Fig.1 Mechanism of photocatalysis with main reaction:
electronehole pair generation (1), charge separation and
migration to surface reaction sites (2a) and to recombination
sites (2b) and surface chemical reaction on active sites (3)
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b EBR NO By 2 CH %L, 1 Bi/Bi,M00,-0.5 J't;
AL A NO i 2 324 - O, A %25, Huang
etal (2016a) jif it ESR i AREH, -OH [ k2
Bi,0,/(BiO),CO; St i b A Ak 2 Br NO s ey 32 %2
TEPEYA, R - O, B M A MR
[, #EfLE RS S50 EMEYFCONE, M
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Wi NO, ffb 2 Brigte .

H, R 28 AR I B8 o 7 b B Fe AR A ) P B
R HAEE G, BUE B AH B T SA% B AR
FEGE R LOGEIR L R H, i, SRR
TR 5H T - 257 O A B2 [ 58 s
MDA RCR . — IR, SERER T, 2
o B ST S R AT B DA AR Y
B SO O = RN W A 2 A S S O
BZJEM BN A5 A R

Ot AL A A NO #% 4k O NO;, oo & v 25 4R
J NO, il HNO,, EJI & NO— HNO,—NO,— HNO,

(Lasek et al, 2013; Papailias etal, 2017 ) ., Y@/

e B A -OH | R - O, A AL E—26
AALRE AR IEE R, o B ME A NO, 1)
A LRR. Az (h') WnT DL 5447
T TR B ) NO, &A= AR I B b 1 M Fh 5
NO, fEHFE L (5)—(8).

No(ads)+'OH(ads) - NO;(ads)+H(+ads) (5)

NO;(ads) +'OH(adsf'_H:ads)_>Noz(ads)+Hzo(ads) (6)

NO, . +-OH, —NO,  +H, (7)
.O“

NO, . — NO, (®)

ek E AL NO, i fE v, A=W fi etk i &
FEAEACTR R TET, YA AL ) R 1 OB AT it A 25 B
AL 3 P, PR 25 2 /K k07 AR Bk
i fiz £ (X (9)) (Dalton etal, 2002; Wang et al,
2007) , TR T Sk B il R h AR 25 B 0 A Bk AN A
EYWBCRIA, #E AR FOE AR, Az B il
M JLF- A R, 584 m] DI as <P A 2B R A
RIEEY T, I AS 2 5% ) B /K A A 2R 85 1) pH
T AN B A

NO;(ads) —NO, (@) )

H i & T g LMLl i B 58 K 2815 8
ECHEN 2 TR B B Bt. Luévano-Hipolito
(2013, 2014 ) ¢ AFEDCMEILZBR NO, Jr g 7K
WUAE, W R T BA & R BRACER Bi,Mo,0,,
WO, AL, At B] =4 NO, S
D, 4 H NO — HNO,— NO,— HNO, 1) 5t 1k
J: B it 8, Zhang et al (2017 ) 3% 14 2% NO, s
D47 AR DA R 88 (0 15 5 it S A A 791 2% 1 7
ZLEA ALY (NO,) , il NO 7E LaFeO;-SrTiO,
AL BR R ) BARIE S5 . NO—-NO,—
HNO;,

WF 5% 35 0 IR A7 R AEFBE (LA 2098 )
#E4T NO, YL A LR E . Cuietal (2017 )
iz J5 57 21 A Cin suit FTIR ) 48 5% T Ag/AgCl-
(Bi0),CO; =JCH A1k R % NO b Ak, 5L
B R, B OC RS R A RS, NO,. AN IR &
T RHIEPIRN . RSERER B REAE 06 5 B Bl 2 AR Ak
WEBHSCARALTR P= A TG P FP AT LA S NO L) e Hh
] 7= 1) e 2446 NO, (NO+2-HO—NO,+H,0,
NO,+-HO—NO, +H") . i fk b4 b 3 1 J& +
NO A BEAER A, 2Bk NO, I HLEE A S AH
[f], Wu and Cheng (2006 ) F|FHJEA L4 (in suit
FTIR ) JGik i 55 7 2240 4T B F NO 7E TiO, L)
Ko ik I 4 A 4% TiO, Sl Ak 7R R T B 1Y B 1 AL
i, &2 FE 3 430058 T NO FE TiO, 2 [ (1)
W BfE DA R AL S BRALEE SR 2T Ah2h SRR
TiO, XF NO [y W fff it ## v i #L T7 NOH, XL 5 Fl
PGSR EY, W E R EL, TIOO— LAY %
1 2o % {6 . Wu and Cheng (2006 ) 43 #Hrik
NO Rt TiO, F1h () OH M, SR 5w #1H
TG P AR ST Rk B W R R o GRS o A T i
SIS T BT SIS I kA A Sk LA S il TR & LA
J TIOOH. Bl B[] HERS, Holal =W 4L
MR SHFE VSR FE AR AL, TiO, Ytk 8 ik 2214 NO
Pt R AN R . 7RSSR R OB AR T - 25 Ok
PR, 2%k R kAR Ti(O,) R Ak 8 AR
TiOO- ., HE R B SUBC AV IV il R ER Wk TIOO- b Ak,
AP HIBAE Y R Eh . Zhou et al (2016 ) % i
PELLAMETT T Bi,0,CO5 W B A K Ak 4 1k NO
AR, K 4 0 Bi0,CO; JEHEALTIXT NO Ay Ik it
DL RS S A A B o 3 e X ) A A 0V
TR 5 J3E PO T FR, - DRI B T LA B YA A S Ak ) o
R NO fft 56 # X Bi,0,CO, fi: fk 7 K 1 i) OH
LW, Bl Dl 2 T e AR AR B B A R S
i T Bi-O HERY 45 G REM A ME L, HEmTisp
Vi A R R 1 A R XU W i R £ o 7T DGR R,
HL - - 25 O AR B, 28 /ORI ER TR B 1Y HL,O/ F3 25
L BN AR R -OH i 3%, [A] s HE -4 O, Jri 4R
AR O, A, dRJa, 2 I BRI R0 I TR
AR A L S A A AR AL A B B i R £
zi BT, ik 25 Bk NO, 1) — B HL B 3 7 N
NO — HNO,—NO,— HNO;, {HF £ T 5 NO
() BT SRR, ASFMEA R LB NO,, =AY
)= R] . SRAREAIRA (B R A A1)
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Fig.2 The possible mechanism of NO adsorption on TiO, (Wu and Cheng, 2006)
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Fig.3 The possible mechanism of photocatalytic NO oxidation on TiO, (Wu and Cheng, 2006)
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2.1 HESEEAFIA SRR E

ARG AR R T BUAE T O AL B R A
Bt BB 2 B A BRI A il W 7 7 2B A ARG, A
LG AR R0 9 S IR IS 3R 5 2 S A OSEAE AR R Y
G N P (WU S X N R v
TiO,. ZnO FFHAG B KM, T E
IR AR L bR % . B hn, Tio, 1y 4%
WO 3.2 eV, HEEFIH] 5% Fik M3k R 1 1)
KA, AR RHERHRMT . Bk, HN
VAN N 1 R R SR R o e S NS B L DA e
DASE i R 3

(1) 77 B SO GAE AL F E 5E T Bt =
{0 A o I 1000 o0 0 A Y i o N S &3 28 SN
Rk FE SOLAELRCR . FIHRE G2 O
M EAME T, BRI UL B L, R A X -
T B R0R, iR GG s — Ak
FEIH AL TG P, Ma et al (2016) DL
Al P25 i = SR U S TR A ok 28 2k B A T il 4%
g-C;N,/TiO, E &M 5HMAT WL+ (DRS ) %%
REW (E5) , g-CN,/TiO, Z-5 WY EI AR
P TIO, (LA WOCml ) kAa, e 1Tx
ATRLCR R, 7R TR, g-CN,/Tio,
A WAE T DLOE IR R R 4F 9 LBk NO,
B L RE (27%) , T g-CN, (7%)
DL & TiO, (17%) . Xiong et al (2015) 3@ it XF

BiOIO, {& & 5| A Ag/AgCl 1458 T BiOIO, %I 1] I,
SERIIRI, [RIBHE i TOCA R T I A R B R
Ag/AgCl/BiOIO; 7£ Al WLt R T 25 B NO %%
&Ik 64%, I & T Ag/AgCl (30% ) Al BiOIO,
(13%) .

(2) M EEECH ARG BB AIE N BT E )
RO AEARH AT FE R, S AR AT I
6 W RE 77 (Li et al, 2015a, 2015b) . —fi
NN, BAE AT DA R S B i 45 T e
W2 E, B RS A BR YUK b
B4 Re g, M52 M2 SR i e Mot BE .
Sofianou et al (2015) & T Mn* 2441 4k5" TiO,
() DFT i3 % W] Mn" 848 S 3 TiO, AkH7 58
JEAR A, JEM R 2185, He et al (2017) 42iA,
T C 2%, C-TiO, MR EIRIGHH 218 2
ATULOGIX, AR T E A ED G RE
22 RADRFHBMEBE

o T2 SRR ARELL M, AT - 25T
XA LA B, 7% 284 AR 3% 10 s I o7 i AT 4R
RN o BRI, AT - 27O R Al
WS kA, FEOBA B 7% B, e
fetEfg. B PSR RERY], BT - 25X
PR AN G ORI, B RRAL T R
P (Michael et al, 1995) . Hit, #5620
FHTESEREXLEE,
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F 1 HT NO, £EREEAELT
Tab.1 Examples of photocatalysts used for the photodegradation of NO, in air

JepEAH iy EEY) F A AR B R 275 30k
Photocatalyst Pollution Main products Reaction conditions Max. eff. Or selectivity Reference

Img-L', 3L-min", HAXHEE N

CaCo; &4 =
aC N3/1l"ig]Ii 50%, FSE (10W-m™) Papailias
Ch NO NO,, NO; 1 mg-L",3 L-min"", relative 30.2% P
CaCO, modified 2. . . etal, 2017
C.N./TIO humidity is 50%, UV light with
et ? intensity 10 W-m™
Img-L', 3L-min", HIXHBEN
50%, 448G (10W-m” Al il
%, f?ﬁjl:ﬁj'ﬁ( ;00() luxn; ), Al HHE, 52.28%
TiO,/ f1 2 . = ot . oG 29.34% Trapalis
. NO NO,, NO, I1mg-L ', 3L-min , relative ;i
TiO,/graphene e . . UV light: 52.28% etal, 2016
humidity is 50%, UV light with Visible licht: 29.34%
intensity 10 W-m, visible light with Bt: 27297
intensity 7000 lux
550 ug-L ™', 3.3 L-min"', NG
JEH 60%, Rk pa kT
. _ (420—800 nm ) Ayt 52.8% Feng et al,
Ag-(B N N NO, _ N
&-(BI0)C0; © 0., NO 550 pg-L™, 3.3 L-min ", relative Visible light: 52.8% 2017
humidity is 60%, commercial tungsten
halogen lamp (420 — 800 nm )
600 pg-L™', FHXHBEE N 50%, &
Ag B g-CN, ;Ilg\ e i T/El;j‘] & B
Ag decoration NO NO,, NO, BLIEHER (420—780 nm ) 5439 Sun et al,
& o 2 5600 pg- L, relative humidity is 50%, 7 2015a
S visible light region (420 — 780 nm)
5% ( mol/einstein ) :
NO: (1.61+0.10)x 1072,
. Img-L', 3L-min"', MIXHEE N NO,:(0.90+0.06) x 107,
ZnO/TiO = S
Fi élﬂg o 58%, #£SMT (10W-m?) NO,: (0.69+0.16) x 10 S
i i T NO NO,, NO; 1 mg-L", 3 L-min ', relative Mean value of the photonic il RIS
© ousﬁlms ? humidity is 58%, UV light with  efficiencies (mol/einstein): ctad
intensity 10 W-m™ NO: (1.61£0.10) x 107,
NO,: (0.90£0.06) x 1072,
NO,: (0.69+0.16) x 107
400 pg-L™', 3L-min"', AAXHEE
iy N 10%, K
FiL ZnWO, HEK ( ngO = ll) 1 00& r:L:n ) Huang et al
P Z N NO, _ . . 409 ?
r?qri(:;ljs E:Ze(? NO O 400 pg-L™', 3 L-min ", relative 0% 2016b
P humidity is 70%, wavelength
(200— 1100 nm)
600 pg-L™", FAXHEE N 50%,
Tl X 45KT (420 — 800 nm) Sun et al
Bi/(Bi0),CO, NO NO,, NO, 600 pg-L™, relative humidity is 50%, 37.2% 201 Sb’

commercial tungsten halogen lamp
(420—800 nm )

100 ug-L™, 0.3 L-min", AHXHE
JEH 50%+5%, ARG (44
JEFIAT WEIR BE 5 N
TR (a-Fe,05) 25W-mZand 580 W-m *) NOL(17% Sugrafiez
Hematite(a-Fe,0,) 100 pg-L™", 0.3 L-min ', relative (17%) etal, 2015
humidity is 50%=+5%, artificial sunlight
(25 W-m* and 580 W-m >, which are
UV and visible irradiances, respectively)

(f¥%Z  To be continued )
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(%:# 1 Continued Tab.1)
Tt mHY FETY) F g A ORI SR
Photocatalyst Pollution Main products Reaction conditions Max. eff. Or selectivity Reference
Pt/WO,- 4k (F 500 W Hg- 910G (2£5MT)
B, WO, 500 W AT (BHUREHE)
Tk, EAk5h) 500 W AT UEER /N T 420 nm i1
Pt/WO;-carrier NO N,O, NO,, 3¢ (ATt ) 90% (AL PFHYG ) Dong et al,
(ceramics, zeolite N,, O, 500 W Hg-arc lamp (UV light), 90% (Simulated sunlight) 2016b
molecular sieves, 500 W Xe lamp (simulated sunlight),
activated carbon, and a 500 W Xe lamp with a cutoff filter
alumina) of 420 nm (visible light)
600 ug-L™', 2.4 L-min"', X
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with a cutoff filter of 420 nm
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=JLEEY) Rl B BT UERR /N T 420 nm (11 Cui et al
Ternary Ag/ NO NO, 500 pug- L™, relative humidity is 50%, 56% 2017 ’
AgCl/(Bi0),CO; 150 W commercial tungsten halogen
composites lamp with a cutoff filter of 420 nm
500 pg- L', 24 L-min", FIXHE
JEH 50%, 150 W Rl b 34T U R
/NT 420 nm #G .
Bi/g-C:N, NO NO; OI,\IOZ 500 pg-L"', 2.4 L-min"", relative 60.8% J‘anfoelt;l’
’ humidity is 50%, 150 W commercial
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filter of 420 nm
9.75+0.25) mL-L"', 400 cm’-min ' o
et sovasvi, geabar MO 1N 100%,
TiO, 4K (1.25mW- cm’; )/ \ ERPIA/INRRSER 74% Nguyen and
Titanate nanotubes NO, NO, NO; ’ 4 5 . 1 NO, removal was 100% for .
(9.75+£0.25) mL-L ', 400 cm” -min , Bai, 2015
. e the first hour and 74% at the
relative humidity is 50%+5%, UV-A 4th hour
irradiation of 1.25 mW-cm °
500 pg- L', 1.2 L-min ', A[EREEE,
"l ot (=420 nm ) Hernandez-
Au-TiO,, Pt-TiO, NO NO,, NO, 500 ug L', 1.2 L-min ', different 90% Rodriguez
degrees of humidity, Visible light etal, 2017
(=420 nm)
800 pg L', Ny, 0,. NO [JiLHsr
5% 324 mL-min ', 100 mL-min ',
47 mL-min ', FXHEE R 50%,
LED 4] (360—365 nm)
15247 / TiO, NO 800 pg-L™', The flow rates of the N,, $1.4% Yang et al,
Graphene/TiO, 0O, and NO gas were controlled at ’ 2017

324 mL-min ', 100 mL-min ",
47 mL-min ", respectively. relative
humidity is 50%, LED lamp
(360—365 nm)
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Fig.5 (a) UV-vis diffuse reflectance spectra and (b) plots of (a4v) ™~ versus photon
energy (hv) of the MO, M400, MO+g-C;N, and g-C,N, (Ma et al, 2016)

(1) 5 g ol & S AHSS, TN dm
Yitetp e Ot - 20O 5 512 (Zhu
etal, 2016; Pengetal, 2017; Zhangetal, 2017) .
Wang et al (2016) F F] ¢-C;N, A 4 4 $2 4k COT
SLPL, Gl — K AR I A A TR T AR Y
B1,0,COy/g-CN, JZ2 IR 5 T 45 9 oK k. RS
M) 107 ST 46 A K A 27 BHAT SR E Y 1 Sl T A
N S BT 45 o I AR AE T, Bi,0,CO4/g-CoN, 5
T 45 AR Y 20 T 70 B RO DL BT 7% Rt &
T Bi,0,CO, il g-C;N,, Xf NO #y25 Bk 5 i & 1%

SR Z AU R B4 v Ik 1A% 58 R A Ot ik
MDA R - 25 7O AR I R IR sk e, H
KRB A AL B R IE i A fLRE ST (Li et al,
2015a; Liuetal, 2017) ., Zhangetal (2016) #R
16, FEIGEI A mpg-CN, 5 PACI1 454 7] LIA
R NO Ry L BRACE AR, [FnA A HlA
BEHE] ) NO, BA L. mpg-CN,/PdCI L 5
ST AR RS T Z BD A 7 T A R
(K 6) , feffirfraRore, (it -0, H iR
77 Af PACL / mpg-CN I w8k AR A 1 1 o

Kl 6 PdCl,/mpg-CN 73 SOGAEMTITE AT WG IR AT BERDEHEILHLER ( Zhang etal, 2016)
Fig.6 Possible photocatalytic mechanism of PdCl,/mpg-CN molecular/solid-state hybrid photocatalyst
under visible light irradiation (Zhang et al, 2016)
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(2) &RV, EHE 54 m nTE 4
Py, FEECAERIR TR B AR, — %
LR, RN AZ R LA
HAD, HILEERNTRREIN T ik, RiE6e
R, PSRRI R SR (Ag.
Au, Pt%) Bf, HFMNPESESH LB EK
RERBAR M &R b, B3 F kB VC Y i e
g HRUBHIE B T2 SR Ao Zhang et al
(2014) F Au it F 503 5) 73 BUE TiO, SG AR Ak 7
P2 I, Au/TiO, 76 0] WG T X NO LBRFRIM
1o B B E AR IS M LA K A& 2 ( Zhang et al,
2014) . X FEFEHAINT Au 8150 R E ik
PR . Au FF5AE ] UL RGN ik TiO, ik
R, BEREAL T BT - 2 9O Z AR, [FEd e it
T NO 43F1iEfk. Sun et al (2015a) LA T
FKiRiE, Ag GORIRI S HE g-CN, 99K 3R,
HSERAIREN], Ag/g-CN, AMUAT LA g-CiN,
ok R rCAEfLTE M, T AT LUK NO R FE 1k
4 NO,, Sun fFENHEMSCR L R EEA P —
SEH T Ag G105 B IR ILIRAON , #HiTE T
S B E ;. O Ag B TROKBE AN T g-CoN, 1Y
AL, G4 T g-CN, 1 Al T RS B Ag
YRR b, PEFEH T - 2S5O R B . Dong
et al (2016) 3 i — /K IGE AL A K Pd/Pd” St
[ & (BIO),CO, Bk, BttE)a A1k NO Lk
BN 23.4% KIEEEHE =3 51.4%, DFT Fipifa
T, PA BN T (Bi0),CO; MIAE 5 1,
Hasm ] WU RE J1, Pd MUTEUE UE T R 1
SRS, AT UWOGCIEE R . R R
KGRSO G B A R S TR A R 3k,

2.3 MIFREEMEA

SeAEAL SN R A 28 N, 2 TR PR A
DL R RSE RN (AR R TR ) 52 i Pk
RES ML

(1) BRIEHRER, KA m ik
#oRE, #E 8 Ot A fk M fE (Dong et al, 2011a,
2011b; Huang et al, 2016a, 2016b) . %I T X
AECAHEAL R, K bR TH AU AL TR AT
g e, HOmFRm kMR, K, ALk
AR R R AR, R RSN, A
T TE 32 (Liet al, 2014a, 2014b;
Miao et al, 2016) . Guo et al (2013) I5WbHyFIH
L FE 5 TR TR A SN 18 BT ) 7K A Sk A%

O 58 I TR B R K A, 120 B FR A R A0
H A FL TiO, Bk, N, MR - i i 25 R 4 3R W1 Ot
WAL RO E LK /N A 3.4 nm 247, i Hm
FERIE SN, KnY L3R 1w AR LA R AT DGt B,
AFL TiO, BRI A AT 1Y NO, Jefi b 2 BRACE
[F#£AY, Dong et al (2011b) I & i B -5 4
KA AARR) = b2 ek, MG haE R
FLEE M . HOA KX RE R ZE M4 R T ROV 4 F A
A4S A G W, T A G A AR AR A 4
5. Dong et al (2011a ) 3 12 8 7 155 25 A0 i 1 il
i S L5 R B POWO,. JEAE AL It 4s S B
Hi2s POWO, B4 NO L BRFURA W E i mEH,
X B Ty R 19 25 s 25 R 1G5 T 6B G A
M, NRGE D KGRI, RALIRFRISG N T 3%
T SV A%

(2) A B Ta 55 T 2 R Rk, il 2
o Jeffb R NS — 2 R 7 - 28 fE e b
FIER AL AT A L RE , DRI GARELR 75 %) it v A0
BRBEXT AR PERE R T SRS ] it
R HEAT A, B AR IR B R A AE
IR TEGFWEAR, FHA RS TR
PEPEE RAMAR A, Ou et al (2016 ) LA FIH
(T A Bl S G e (040 ) THIZREEY 3D ARk
BiVO, MBI EZ A, A BEHSI ALY T 3D BiVO,
mRIE S (040) MIZEK . A SEEFIELS IR
(Lietal, 2014a) , (040) Tfi=485CRER M BiVO,
e TE MR L. BT OtAE L E S 7E BiVO, 1Y
(040) T I, BiVO, 547884 2 [l A B4R in
EEE TSR ASE L, BINTHEF - 25T
XA L%, BVO/AGONS & & Y%t F BivO,
T AL R B efEAIE . Nowotny (2008 ) #ftiH,
BRBA R AEAE AT LR GRS RE 1 SO iE 2, ot
WEAGRIPERT, QISR 451, ariets . Rtk
JiAE, #85A S8 B (Livetal, 2009)
A AR BRE A SR Y T 37 5 ( Ahmed et al,
2016) , {Hit ZMEFETTRERCHHF - 25X E &
Huls, SEMZIDEAEE R PERE. Maetal (2014 )
SR AR 7 12 P il & 3 B 48 Bk Fa 1Y TiO, Dt fi
AT IR N TG 2Bk NO,. TiO,-200 FRIE
R DGR T, — Oy TR R B LR TR
k1 NO A AL S LA K =) 1 W o B A o &2
MR s o —J T, 55— DR B pR B T T
WEI S N AR TE R BT S SR8, ¥ 1 ]
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TR R UL NO, BIPERE.

3 SEEAMEIERR NO, BYSEERAL F

TEBRIE ML (0 3L 6 b, Bl AT AR A
TR mOCEIL AR BE BB AR RUE ik, 6
Ak 22 Bk NO, & JE B & H br 245 e 1138 H 2
KAEGRE R . HARC LG I I
RTE IR T RO R 5T g Ak P BE ( Maggos et al,
2007 ) o FESEIE ., BRUHSE— 2 3k [ 5 i X Al
B2 IR T R = N2 Sd by T 9T . R G
A AR} R T 7E 2 SR A 3% DL B [ S5 R B AN 2
Al SEELME Bh s Sog b S A e — IRk, ik
BAREARMNUES TR EHT, ELHFIHEIE
TRAE 2 N R E b as b b
3.1 HEUBRAREEZNHNEA

A=Al —Fl s S BmARRENER
(Sundell, 2004) , KRZE5 A KPS
BN ARG Hit, ENES R IR,
Maggos et al (2007 ) BE£ZENIEEGIER TIO, Ik
REEBRE NS RIS R ORCR A . 1E 43K
TEAR ) R RIR (O IER TiO, TR )2, EH s
ERRREHNE S . BRERBFREE,
KOMTHE S h, AL RFEN, Setb LBk
NO Fll NO, [k 433k 19%, 20%, JafifesiAR
HA B3 LB NO, (WEE Ty, tuii] T Z A5
A LIAE M 2s S Bt i —Fh .. Chen and Chu
(2011) ¥ TiO, S AL Ak IR e £ i NO,
ik, SIS Z K. S5 E TR AR (AC)
B AR, I e i 1 VR A il o 2 PP IR VAR
NO, #ATWR, FE B TiO, Yo fb i A fb LB .
TF 5% 38 K5 1R R U 7R TR 368 b TT PP SR TEAS B4 ) X6t
NO, fE LR . e T KRR AL E N
NO, F b RE 19 PPA 25 o 78 S 21 TR
SEHG AL R, W A 5 P TR - B A R
SR S . HIREEREZRE S, FBR NO A
NO, BN HIik 37.40% Fi1 25.84%,, [F2 400
Mgs SRR, et E e AR, EAK
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