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Abstract The research progresses on zinc-based photocatalyst in wastewater treatment at home and abroad

were introduced. The performances and mechanisms of metal doped ZnO photocatalyst (noble metals, transition metals,

rare earth metals,etc.) ,ZnO coupling with other semiconductors,Zn(0/graphene composites were discussed. At last, the

study of zinc-base nanocomposite was prospected.

Key words nano-photocatalyst,ZnO,composite, wastewater treatment

BT 15 Y U HR KIS Y W A 3 E Ry FR B 4
AR FE RS A TR T AR K R A A LTS
ey, T B A K A B R L 8K T A% B 1 BRI
O B RBEEAE FUR NG R AR SR S AR . Y,
T A A St HlE 5 K R AP TS Y BN A — Fp
A R A B AR R, TR A AR LR
N 3 ] 5 R e M i ) R O R M A AR R0 b R R
SRR YR B A B AR

FE A ZOG A AL R W BF 58, 492K TiO, & ZnO
BT E A e B Ak AR T A2 B R R Ok
FESS L gk ZnO & — Bl 220 O fiE Ak A R 3L
A B FFEVE, M H  TiO, EA7 5 5 i K BH G i i
AR WA, gk ZnO R A WA T Tio N,
H AR B 4K ZnO F77E 0] WG AL RCRAE DA
T2 O B AP G Tl A e T R, TR
B a5 b4 1 F BB R A 98k ZnO, DLtk —
Al AR S OB AR . EE EEANHL

ZnO g FAR B 98 K 55 B U A Ol Al Ab B 5 %
JK H R R S ST

1 ZnO REEGMAREELF B EHLIE

ZnO LA (3. 37e V) BT B 2F S b1 K
HMF R 60meVY L 2 ZnO K HE AL
AT I IO IR e 9 R T R B O T L
T AT B B — A 21 F Al XA i R
A=A A -2 O AR T RO A s
TR E ZnO MHE G MR R & A — R 514
P S BN e rp Ol A 28 95 K R SR B 1 B
AR 1 O A L K R SRR A G
AR T A, WA R A h ., A
f R AL A el R O i ST L 2 i W B AR ZnO &
HE &Y RE TS g Yy, o 5 5 2 0 i oK
CO, g2,

ZnO A& e A ) Y 2 RR ) IR R 2O

ESWBE U THAFITREIIR —BIUH (1L.2016019) 5 55 6 AR LR ML 724 B0H T T 2 5298 = (B JT R0 TP R 4 5 H (0S18-2)
EZ R R 1985-) 5 PFIm 1 b BIF 5805 10 9 KB BHG B S XRD 43 #7



< 36 - o T BB ow AT &

T2 O Y PR B S L T HOC R AR RN . 53 4h
ZnO [ 2K B E 5% B 1k E 52 HOE W RE 1 9 52 WL L
S BRI B RE A G . N, BHT Tl
KAEBE T8 1 8 2% ol 2 & 55 77 ORI/ ZnO 47 B
AE B I 40 M O A= e -2 X0 9 52 G T
ZnO TEefEfe b ae

2 &£EBZ%E Zn0 XK FKELF

WX ZnO #4748 B 28 Bk, AT DS ZnO
A 1B Il o B B A8 78 28 58 A-mT L IX, I
SRR PG A AR S, Zn & TR B
F 30 ] LA 3 A3 8 0 o' 25 H 467 AR 1 17 AR A R 4
AR 9 6 T P AT B A G 15 S e 128 X I &
EgT SN

5t 4 R T R AR BT, A 2 T AR R A
Pz (SPROZI N 45, i FH T 5 42 I $8 2% ZnO Jtfifb
FIwE ggo-118 | Kakhki 2850 & 7 B4 Al WOt
AL PERE ) Ag-ZnO g4 K e AL, IF X Hok A 1k
Rof it 7 e R PR L T B PR RE R AT TR SE . A5 AR,
5% Ag BIME A AR B A i 5 T 46 ZnO ]
B bR . HALBAE T ZnO 492K Ok 2 18 1Y)
Ag B AR ZS LB A R TG AR i 25 7R 9 43
B, N &AL IE . Ranasingha AELSI SR
A Au-ZnO S AR AR I 04 4 4k R Ee 4l ZnO
6 M. HALHEEOEA m FARAE S M ZnO 1§
FEAF] Au B K AES L ks> T AR+ 5
EREE.

A BB 2L AT ZnO X Wl . 7E T 4R
e TR RSCR  BR Ikt 07 Ol A Ak b 2 G
TR Sabet FEUR KA G T A AR
FIE A Fe-ZnO 49K G4 46 ), I % L% A 1k F
it Gk H A (PR REIEAT T HESY . SR KWL Fett
B3] ZnO fbag b A AT B/, b gl ZnO AR
T 1 M R R R R T T A A
PERE. [EIES, BT A 0 5 A 1k R B A AR = Y 2R e
TP L AT LK Yol 5 B £E 98 A 5 F 2 T  a0F aT n pe
fit it Bt . Kwong 467 R IO B ik & M T Fe-
ZnO KA IR 2 B FH F AT UL A Ak R A
GBI IEgE . 25 R UT BR B B e R T )
DL P WA, TN R T AT D O Tk I A 4 R 1 5%
F, Lu UV R R SE R BB T8 4R R Sl B
FEA .

W £IC R B ZnO R ] DL 5 0O 10 1
PELT22250 Phuruangrat 7 R FE A A6 2% 5 403l

BT AR B ZnO MR B Eu 844 50
ZnO, 5K, Eu B0 ZnO XF Jerk H 2 8 7Y
A Ak B i 5 R T 4B ZnO, Hid 3% Eu-ZnO B
ML R A R fie s . Ce B4 ZnO RIHE R AR T
4l ZnO M e e g pE

35 J 2 — R AR 4 19 4R i A RE M BE R
A Thejaswini F SR A IRIE A R T —
FRFT ALY KLAL FEB 240 ZnO 90K 6L 7] K-Al-
ZnO, FF 5t Hob b M EAT T, S5 R 2L K-
AL-ZnO XY 1 2 2% HA 0 R A9 T D' i 1k 4
fig. HALEE KA AL 1998 7 & S 80k T 008 B
HLFRE T R, SR oK AR ) Sy S 0, DT H 7 25
Gy il Nl e AR SR IO A P fE

3 Zn0 5EMELME S MR ENLF

55— LS E S E A E S0 E—
FIARLF B 828 ZnO G KC AL PR RE /Y 7 %, IR X
Pl G 4 I S A P B AT 58 i 10 6 TR IS0 65 gl 41
il TG -8 O I A A S 1 e far 43 PR
ZRIATH Tz Ko
3.1 TiO,/Zn0 & & 9k St L

TiO, fEid KL TAF i — B2 B0 5 & £ 16
AL, 5 ZnO & 4 01 LA S 300 $ H1Rb 3 i
fgle22) © Prasannalakshmi 280 3% FH % e-5E I8 1
BT AR TiO, /ZnO & & 9K AL .
I DL BH S Sy i S 15 %ok ' A b e ik % ek 4 i HR
S RPEREIE T THESE . AFRRAS SRR W TR L
PIRR G, 5 W O i AL 80R 3 8 T 4l TiO,
M ZnO, XM THHANE SR T RE R, W
INT BRI FEAR T HL AT 55 RS B J7 . Sethi %% R
FIBER B EA W T TiO,/Zn0O &4 90K 61k
R R & LM RE IR T — 44y, Wang 7%
KL A R TiO, /ZnO 48 K & B 3 5 ¥ 2 T8k
FEEREF 4 b, 9 DAY R B R A8 O B AR B A P 0T 5%
Hot b ae. 45 R B, ARAERT A LY
TiO, /ZnO 91K FEF 1 S AHEf6 P BB I8 T Ti0, 44
KM, B IS F B, 335 1 52 BR 1975 7K 4b
LB u N
3.2 Ce0,/7Zn0 £ & K S L F

CeO, HA FF IR 10 21 T R 58 A M AR 45 4
i B A fg A PERE. H Ce® Al Ce'™ (1] Bl
R AR, 5 ZnO E 4 w] 3R AL P Ret >,
Ce' " AT LURRAA AT 3K 10, O A W T Bl 98 )5 w %
B H CeO, My &< L WL BHIE T AR TS



559 4 S FRAEBEIEGN K e MR 7 75 K b B AT 5 B SR .+ 37 -

ZONEAAT . Ml ZnO G ER T 528 U E
B R, H 2 1 W R Y R A A PR R A b
HRALF CeO,/ZnO H & KLY . 75k,
CeO,/Zn0O B4 Ja W Wi & A 0% 6 7 my #
FHESE I, #E— 03 T O bR,

Kaur %5 R H K #8083 & 80T K A L b 1
CeO,/ZnO B & 9K A AR, DL H I 5 e oh 15
T3 Gy AT G AL B R A 5T . 25 SRR W, CeO,/
ZnO A KM R O PEREL T T A 5 — 4
g5 CeO, F N 5% 1 CeO,/ZnO Wy LA L
PERE SO o >R DGR G AT BRI F2 5 F fh JE
M)A BRI — 1531 CeO, 5 ZnO 7ECIRT
FRHEE R A i BN T CeO,/Zn0O B A 94K
BoRE, B H A JE O i AE P BB 15 B 1G9’ . Liu
FEDR R AL 2 DUV R G LT CeO,/ZnO & A 4
KA REIE DL B i E A7 O A Ak B A SC 56, kB
Ce0,10%/ZnO M CAMELL M RE 5o . H 3 T 26 ZnO
5 CeO,. CeO,/ZnO & G 44 K 4 BEXF T L Ath 3 1%
il A HLAL & P an iy BE RS (B PHER B AR S A
AR 1) e A AL B i i g o000
3.3 MgO/Zn0O E & MK EHLF

Klubnuan %7 % K #4324 il T A JFl MgO
T MgO/ZnO &4 91K SR, I 1R e
TERE R P LTS, S R B, BEE MgO 7 & i 3
s ZnO By dokbL ROT A2 K HOG 5% F 58t Bl 2 38 K.
MgO/ZnO & & 49 K B B 1 6 fik b M g ot T 2l
ZnO, Hrf 5% (B /R 73080 MgO & it 1) MgO/ZnO
FE S B OGAE AL E BE % 43, 90min B W Y 5 B i R
ikF) 98. 3%, FEHIE T RESE Iy MgO [ fim A
fifi ZnO B BORLIE AR H 1 3R 1 40K B R0k 28 S 75 0
TEBYSEBUIR 36K T (2000 fb T 1 58 85 R, 9F 0 4R
THYGHARTE M. Karimi 2500 5% BV -8 0 vk &
BT AR ) MgO/ZnO B & 9K 6457 . 3+
P2 AR TR R T R AR R, ST R
M, MgO/ZnO 5 MgO/ZnO-AC & & 94 K 1 K iy
JeE AL M fE ¥ T ZnO. Hod, MgO,,/Zn0Oyg,-
AC o FOGAHE AL A% 5 B 1, 20min B AT {8 30 FT 56 % [
fifoe 4 LR RE 28 R Y ZnO PR 60min,

4 ZInO/BEZEEFMRICEMLT
B T R e g KL R e R AL
Wy I 2 PR A 73 22 18] 4 1 () 2500 T 26 B 34 o 199 1 i

BRI R AT R IE S ZnO H B AE
G A TR Ak B R IR K R A ST AR R B BIF 5T

A A BRI I B R RGO AL B — LR . (D
ZnO 54 800 1 2 A i n] DUFE B AT Z ] Y 2
fl T L HEAT A AL R, T A B R N S
FL BRI GT 3 ZnO b= A 6 AR B 5 AT ) A AR
I TG RS 1 2 L 2R T BE Ak T E A AL 4 AR P i o
AT SR E ST T Z e A H TR O,
TR AR T PR R A 3 BRI R T ZnO OB
PEBE. Yang S5V R 3E T 05 — AU R AL, BT Ok
TR B A Al LA S R A B A R
A FE AR ZnO R4 b, 3E 0 O% A 1k 8 5
Cr(VDWI/KIEW . () B v] LLE 3w AH B
VBB ekt 7 48 | 5 ZnO Ml bl &, i
MR R OCHEAL BRI, (3) A7 BB I 10 52 4 18 4 1k 71
PRI S DA 58 ARG IX T K 3 1 AT DO X, 38 58 T AT Dl
SEIR RN il Chang 255 % ] — % 14
FIPGES AR T Ag-ZnO.ZnO-rGO & Ag-ZnO-
rGO JEHEA T, I 22 B FH T K BH G4 b Ab 21 e k)
HAKH . BT rGO BRI ZnO-rGO K& Ag-
ZnO-rGO GK 5 5 Wy 7E 7] WO IX A AR 38 1Y W Ik g
715 PR B e A M BE AL T 46 ZnO. 53 4h . rGO
H A AT ZoO 9 68 (s R, A T 384 i 7 3 [

5 I=ERE

KEWFFEFRI, ZnO 40K 450 2 H T B i35
KRR A BLTS G R RO AR . A K
ARBAL, L FE, H b TiO, HA E & 5 K 6 R
R, A Z R 7 ks Hokm i ae . &R
Z 5 AL ARG VB A A B EEOR T LI
ZnO et A0 300 HE A7 et DT v O A Ak
BE. 7ESCBRN H 7 T . FH Ok Ak 3T K ) R 9 KO
TEAG TR A A 7 78 75 7K B [ 58 78 4Rk b X w5 R B
2o HRTRT B IE A K U T I O i Ak R Y B 5
2%, Hot s R BUAE - R #% D910 R 1K, 5 e 9 vl i
T 1A% 32 B A A 700 1) 5 1 2 TR A5, AT B o A
e . HORE 2Z Ab7E T, 5 B4 A1 19 25 B8Ok [l i
JCAEART o PRI, 4 L G ) R e A D i 2 il
FH I T AL LA 24 1A o S A0 A 35 409 K Ol i 1k 3510 1Y)
W 22— 538k, S T A2 IO 4 Ak 50 i
A BRI o ] A BH 55 S i S U 1 D' A A Ak 315 K A
R T I0 2Z — . B ATk IR O A Ak 7
A DLFE R 5 BN TR By B A e RO 0 5 T 14T
TGKAE B, A T AR TR E [N R AT VS K AL B R
KB 5T N 1% IR T B AR A 77 A V4R & ZnO &R



¢ 38

& T BB OB

#
gl

20 K AL TR0 A FT UL O R R AR B (el Wi BE L OF BE IR
HoAts 52 P R] A

(1]

[2]

[3]

[5]

[9]

[10]

[11]

[12]

[13]

[14]

2% Uk

Steplin Paul Selvin S,Radhika N, Borang O, et al. Visible light
driven photodegradation of Rhodamine B using cysteine
capped ZnO/GO nanocomposite as photocatalyst[ ]J].Journal
of Materials Science: Materials in Electronics, 2017, 28 (9) .
6722-6730.

Ong C B,Ng L Y,Mohammad A W.A review of ZnO nanop-
articles as solar photocatalysts: synthesis, mechanisms and
applications[ J ].Renewable and Sustainable Energy Reviews,
2018,81(Part 1):536-551.

Kaur J,Bhukal S,Gupta K,et al.Nanocomposite of CeO; and
ZnO: an active material for the treatment of contaminated
water[ ] ]. Materials Chemistry and Physics, 2016, 177 512-
520.

Rajamanickam D, Shanthi M.Photocatalytic degradation of an
organic pollutant by zinc oxide-solar process[ J]. Arabian Jour-
nal of Chemistry,2016,9(Supplement 2) :S1858-S1868.
Mohammadzadeh Kakhki R, Tayebee R, Ahsani F.New and
highly efficient Ag doped ZnO visible nano photocatalyst for
removing of methylene blue[ J].Journal of Materials Science:
Materials in Electronics,2017,28(8) :5941-5952.

Tao J,Gong Z,Yao G,et al. Enhanced optical and photocata-
lytic properties of Ag quantum dots-sensitized nanostructured
TiO2/ZnO heterojunctions [ J ]. Journal of Alloys and Com-
pounds,2016,688(Part A):605-612.

T AT R RAE B A PUNE R 4K ZnO R HOE A
AW FELT AL T A il A TR 57 41, 2014 (1) : 39-42.
Prasannalakshmi P, Shanmugam N.Fabrication of TiOs/ZnO
nanocomposites for solar energy driven photocatalysis[ J].Ma-
terials Science in Semiconductor Processing, 2017, 61 114-
124.

Ong C B,Mohammad A W, Rohani R, et al.Solar photocata-
lytic degradation of hazardous Congo red using low-tempera-
ture synthesis of zinc oxide nanoparticles[ ] ]. Process Safety
and Environmental Protection,2016,104 (Part B) :549-557.
Liang S,Xiao K,Mo Y.et al. A novel ZnO nanoparticle blen-
ded polyvinylidene fluoride membrane for anti-irreversible
fouling[J].Journal of Membrane Science,2012,394-395;184-
192.

Thejaswini T V L, Prabhakaran D, Maheswari M A, Soft syn-
thesis of potassium co-doped Al-ZnO nanocomposites:a com-
prehensive study on their visible-light driven photocatalytic
activity on dye degradation[ ]J].Journal of Materials Science,
2016,51(17) :8187-8208.

Samadi M, Zirak M, Naseri A, E, et al. Recent progress on
doped ZnO nanostructures for visible-light photocatalysis[ ] ].
Thin Solid Films,2016,605:2-19.

Chang X, Li Z, Zhai X, et al. Efficient synthesis of sunlight-
driven ZnO-based heterogeneous photocatalysts[ ] ]. Materials
&. Design,2016,98(Supplement C) :324-332.

A LWL R0, ZnO 5 A BRI 5 B ' fiE 16 R T B

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

FEHBE R LI AL TR BB KL, 2016 (9) 1 13-15.

Choi K, Kang T. Preparation of disk shaped ZnO particles
using surfactant and their PL properties[]]. Materials Let-
ters,2012,75:240-243.

X, T e, AR A T A R B ZnO HEGNK T Aok
AR T 2 e LT 4B T 72, 2017(6) : 129-137.

Rezaei M, Habibi Y.Simple and large scale refluxing method
for preparation of Ce-doped ZnO nanostructures as highly ef-
ficient photocatalyst[ ] ]. Applied Surface Science, 2013, 265
(Supplement C) :591-596.

Ranasingha O, Wang C, Matranga C, et al. Synthesis, charac-
terization and photo-catalytic activity of Au-ZnO heterostruc-
tured nano-pyramids[ ] ]. Journal of Materials Chemistry A,
2015,3(29) :15141-15147.

Sabet M, Saeednia S, Hatefi A H,et al.Degradation of methyl
orange and removing Pb?" from the water with ZnO-Fe nano
photocatalyst[ ] ]. Journal of Materials Science: Materials in
Electronics,2017,28(17):12670-12682.

Kwong T L, Yung K F. Surfactant-Free microwave-assisted
synthesis of Fe-doped ZnO nanostars as photocatalyst for
degradation of tropaeolin o in water under visible light[J].
Hindawi Publishing Corp,2015,15:1-9.

Lu Y,Lin Y,Wang D,et al. A high performance cobalt-doped
ZnO visible light photocatalyst and its photogenerated charge
transfer properties[ ] ]. Nano Research, 2011, 4 (11): 1144~
1152.

Phuruangrat A, Yayapao O, Thongtem T.,et al.Synthesis and
characterization of europium-doped zinc oxide photocatalyst
[J].Journal of Nanomaterials.2016,2014(1) :1-9.

Yayapao O, Thongtem S, Phuruangrat A, et al. Sonochemical
synthesis, photocatalysis and photonic properties of 3% Ce-
doped ZnO nanoneedles[ ] ]. Ceramics International, 2013, 39
(Supplement 1) :563-568.

Mereu R A, Mesaros A, Vasilescu M, et al. Synthesis and
characterization of undoped[J].Al and/or Ho doped ZnO thin
Films,Ceramics International,2013,39(5) :5535-5543.
Subhan M A, Uddin N, Sarker N, et al. Photoluminescence,
photocatalytic and antibacterial activities of CeO3z +CuO+ZnO
nanocomposite fabricated by co-precipitation method[ J].Spec-
trochimica Acta Part A: Molecular and Biomolecular Spec-
troscopy 2015149 :839-850.

SRR, R YRR, K T %L Zn0/CeOy A 9K MR Ri-
etveld A EHLA PIAR FAF L) ] 77 30 4L T8 %6 24 B 26 4. 2017
(1):14-17.

Klubnuan S, Amornpitoksuk P.Suwanboon S.Structural, op-
tical and photocatalytic properties of MgO/ZnO nanocompos-
ites prepared by a hydrothermal method[ ]J].Materials Science
in Semiconductor Processing,2015,39:515-520.

Sethi D, Sakthivel R.ZnO/TiO; composites for photocatalytic
inactivation of Escherichia coli[ ] ].Journal of Photochemistry
and Photobiology B:Biology,2017,168:117-123.

Li X, Wang C,Xia N, et al.Novel ZnO-TiO; nanocomposite
arrays on Ti fabric for enhanced photocatalytic application[ ] ].
Journal of Molecular Structure,2017,1148:347-355.

Ma T Y, Yuan Z Y, Cao J L.Hydrangea-like meso-/macro-



559 4 S FRAEBEIEGN K e MR 7 75 K b B AT 5 B SR .+ 39 -

porous ZnO-CeQ: binary oxide materials: synthesis[ ] ]. Pho-
tocatalysis and CO Oxidation, European Journal of Inorganic
Chemistry,2010,2010(5) :716-724.

[31] LiulT,Hon M H, Teoh L. G.The preparation, characteriza-
tion and photocatalytic activity of radical-shaped CeQ,/ZnO
microstructures [ J |. Ceramics International, 2014, 40 (3):
4019-4024.

[32] Cao S,Ravikumar B, Hussain S,et al.Synthesis and character-
ization of CeQ; and ZnCeO; nanomaterials and exposure to
photocatalytic activity[ J].Journal of Materials Science; Mate-
rials in Electronics,2015:1-8.

[33] Apostolescu G A, Cernatescu C, Cobzaru C. Studies on the
photocatalyitc degradation of organic dyes using CeQ2-ZnO
mixed oxides [ ] ]. Environmental Engineering and Manage-
ment Journal,2015,14(2) :415-420.

[34] Faisal M,Khan S B, Rahman M M, et al.Role of ZnO-CeQO;,

nanostructures as a photo-catalyst and chemi-sensor[J].Jour-

nal of Materials Science & Technology,2011,27(7):594-600.

[35] Z=K4,BoKiG, BELHE. CeOr/Zn0O & 4 41K B I i 45 2 H
JepE Lt RE BT R LT AL 222 # 4 . 2010(10) : 1028-1031.

[36] Karimi M A,Hatefi M A,Kabir A A,et al.Synthesis, charac-
terization, and application of MgO/ZnO nanocomposite sup-
ported on activated carbon for photocatalytic degradation of
methylene blue [ J ]. Research on Chemical Intermediates,
2015,41(9):6157-6168.

[37] LiX,Shen R,Ma S,et al.Graphene-based heterojunction pho-
tocatalysts[ J ], Applied Surface Science, 2018, 430 ( Supple-
ment C):53-107.

[38] Yang M Q.Xu Y J.Basic principles for observing the photo-
sensitizer role of graphene in the graphene-semiconductor
composite photocatalyst from a case study on graphene-ZnO
[J].Journal of Physical Chemistry C,2013,117(42);21724-
21734.

Wk B #:2018-04-23

33IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(k4% 31 70

[18] Wang Y., Zhang X. Enhanced electrochemical capacitance of
NiO loaded on TiO; nanotubes[ ] ]. Journal of the Electro-
chemical Society,2005,152(152) : A671-A676.

[19] Cao C.,Hu C, Tian J,et al.Pt nanoparticles supported inside
TiO, nanotubes for effective ethanol electrooxidation [ J ].
Journal of the Electrochemical Society, 2013, 160 (11):793-
799.

[20] Chien S H,Liou Y C,Kuo M.Preparation and characterization
of nanosized Pt/Au particles on TiOz-nanotubes[ ] ].Synthetic
Metals,2005,152(1) :333-336.

(210 BEwk, B, ok 0, 55 S5 DU Ag 99 K UKL M — A ALk
0K A5 I ) (1 ' A A B O B I o7 g 0 R S . b e U S K
M FARBHE M, 2011,47(2) :154-158.

[22] Agarwal P,Paramasivam I,Shrestha N K,et al. MoOj in self-
organized TiO; nanotubes for enhanced photocatalytic activity
[J].Chemistry-An Asian Journal,2010,5(1) ;:66-69.

[23] o5AEFS 28k, AL BEHD, 459035 24 TiO, K4 1Yl WOt Ak b

T B B — M DR R B (B 30 [T ). 4 BRAL 2 2 4, 2011, 27
(4):939-945.,

[24] Park ] H,Kim S,Bard A J.Novel carbon-doped TiO» nano-
tube arrays with high aspect ratios for efficient solar water
splitting[ ] ].Nano Letters,2006,6(1) ;24.

[25] Varghese O K,Gong D,Paulose M, et al. Hydrogen sensing u-
sing titania nanotubes[ J].Sensors and Actuators B:Chemical,
2003,93(1/2/3) :338-344.

[26] 4w, X H 3, HE % 8 7 5T UUBUE H & PeTiO:/Ti
A ) B HAE RERTT T LC . o [ 20 RE 4 R B e b T 2 R 22 1,
2007:2412-2414.

[27] Ghicov A,Macak ] M, Tsuchiya H,et al.lon implantation and
annealing for an efficient N-doping of TiO; nanotubes[]].
Nano Letters,2006,6(5):1080-1082.

(28] 25, L H,BEH % WO3-TiO, Bt TiO, 41K 4 1l
# G PEREL) ] PR B AL 42, 2016, 10(8) 1 4309-4313.

Wrfs B #:2018-04-12
& B #1:2019-05-13

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(L3% 34 7O

[12] Zhao H,Pan L, Xing S, et al. Vanadium oxides-reduced gra-
phene oxide composite for lithium-ion batteries and superca-
pacitors with improved electrochemical performancel J].Jour-
nal of Power Sources,2013,222:21-31.

[13] Huang X,Rui X,Hng H H.,et al. Vanadium pentoxide-based
cathode materials for lithium-ion batteries: morphology con-
trol, carbon hybridization, and cation doping[ J]. Particle &.
Particle Systems Characterization,2015,32:276-294.

[14] Pan G X.Xia X H,Cao F,et al.Carbon cloth supported vana-
dium pentaoxide nanoflake arrays as high-performance cath-
odes for lithium ion batteries[ ]J].Electrochimica Acta, 2014,
149:349-354.

[15] Chen M,Xia X, Yuan J,et al. Free-standing three-dimensional
continuous multilayer V3 Os hollow sphere arrays as high-per-
formance cathode for lithium batteries[ ]J].Journal of Power
Sources,2015,288:145-149.

[16] Park S,Lee C W,Kim J C,et al. Heteroepitaxy-induced rutile

VO. with abundantly exposed (002) facets for high lithium
electroactivity[ J ].ACS Energy Letters,2016,1:216-224.

[17] Chao D, Zhu C, Xia X, et al. Graphene quantum dots coated
VO, arrays for highly durable electrodes for Li and Na ion
batteries[ ] ].Nano Lett,2015,15:565-573.

[18] Wang H,Li W, Fei H, et al. Facile hydrothermal growth of
VO, nanowire, nanorod and nanosheet arrays as binder free
cathode materials for sodium batteries[ J].RSC Adv,2016,6:
14314-14320.

[19] Qin M,Liang Q,Pan A.et al. Template-free synthesis of va-
nadium oxides nanobelt arrays as high-rate cathode materials
for lithium ion batteries[ J].Journal of Power Sources, 2014,
268:700-705.

[20] Ma K, Liu X, Cheng Q. et al. Flexible textile electrode with
high areal capacity from hierarchical V,O; nanosheet arrays
[J1.Journal of Power Sources,2017,357:71-76.

WrfE B #:2018-04-11
&R E#:2019-05-19





