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2.1 ik
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HIRAF, 99.95%); Ik (B 255 H A E R 2
A], 99.5%); shiR = (H 25 % A7 A R A A,
99.95%); W HH 5 (MB, B2 R FI G R A A),
4313 C16H15CIN5S-3H, 0, 4 T 373.9; A&k
Y (NaOH, FE 28 HAA R AR, 99.5%).

2.2 MREIE
2.2.1 ALK EH &

K 7K #0225 E AL B 9 oK . S TR TR
JIR N AL R P2 I BE R EE A 1 2 2 0 40 4% 5 mM 45
FRAM. 10 mM IR AT 20 mM (1) 25 B2 2 A\ 21
50 mL (28 Tk, R P 1 h, B RIS REE
FEH VTR, EH R FR R pHAE TN
6.0, Z Ja¥s FIREW A 2 50 mL 1R DU 20
P IIANER AN S B S8 . e 28 B T AR R 200 °C
T2 h, i T EREE. N 58 G i,
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PN 2 B KR T K LB 78 43 Ve JE 1 60 °C 3
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2.2.2 AT BT S A H &

P R O A = A = W A )
(WO3/Ag0) E A KL 0.4 g IWO3, 0.2 g
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TR IS 380 W B - Al BT 7. 4R i o ot Y it
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—OFE, @I B 0AL (2000 r/min, 5 min) % kAR
AR, 192 EJ2TE W, BAECH. SR %4
4396 FE VIR A A ot A5 B 1 SRR O R A
(AW G B, AT 25 23 A IV R 3 5 AR P 9k i AR L.
FH T30 R R )RR AE RIS I AE 663 nm, 2R 4M 40
JEEETE R A B 45YE B A 500750 nm.
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(JCPDS no. 20-1324) Z=2A—3. £ WO3/Ag,0 &
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HHEASR WO3/AgoO P14 ki R ~F 414 63 nm, 5
J T8 S TEM WL 3 (1 &k R HE A 0] L
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Fig. 1. XRD of WO3, AgoO and WO3/Ag20 composite.

N T AT DA B A B A AR R T S A
S5 MIRFAE, SR F SEM X AH G M RHBEAT RAE, 4553
wmE 2 fr. B2 (a) o T8 5 mM 1453 R 6
10 mM BRIRK A B WO3 4K, 7T UE F
YK 1 3 A LA 20, Aok B (R B2 08 200 nm,
KREEZIN 4 pm, X B S &P 45 F AR A A
AR EAA BRI RTAL K2 (b) BRI 8
M £ 1) Ag2O B SEM EE, B B AgoO BRI
B E AR A A RIS, P EAZ 5100 nm.
B2 (c) T 2 (d) & AR5 20 WO3/Ag O B &
B SEM Bl 5, M AT DL ) K & B AR
M 1020 nm (17 Ago O 9 2K 0 ki 35 1 $h 43 A 4F
WO; PIKFERIRT. 2 A MBI & LR AR
T2 B R EERL S, A R R T O A R T
=, fE—EFERE B3G5E T MR b A e

NT A R WO3 /AgoO HA MR
2R, SR o e S BT R R (HRTEM) X
XM BT T RAE, 45 RWE 3 FiR. B3 (a)
XA WO3/AgO E &K TEM B8, AgO
WORL B I B T WO3/Ag,O B A 45 1. Il
I HRTEM (K3 (b)) AT LAk — 35 1 fi# 3] Ago O M1
WOs [ 5 % 45 4. B3 (b) H ff ks 45 SCIALBE N
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2.72 AF12.69 A, 4 %t B & AgoO ¥ (111) A1
WO3 17 (022) & TH. 4% B BT 4510 € S, PIFAS [
2 T A A 2 s T2 15 FR) 5 T X33 A S o 48
S T4 RV K A 2 P 2 AR BB A AR ABL D
R G5 R (0 JR 1B 5. AL 3 (b) T U 3
AgoO FIWO3 3446 B B IR ks 4544, H XRD

(2)

B 7T %1 AgoO M WO3 #v 7577 M, i W HRTEM
TRl DU B E A8 OE T WO5(022) F1 AgoO (111)
() S TET TR BE 20 9 2.69 A F2.72 A, BNz, &5
HRXWANIE, EH AgyO BRI AT WO3 48K ¥ 2
H] 45 & B %, 1E AgoO UKL AT WO3 94 K ¥ 2 8] A
IR S5 R BT R

(b)

2 FEEHISEMEIR  (a) WOs; (b) AgaO; (c), (d) 5 WOs/AgsO S AMIR K4 F i) SEM 1
Fig. 2. SEM images of (a) WOs3, (b) Ag20, (c), (d) WO3/Aga0O composite.

B3 WO3/Ag20 HARFRMGET K TEM B4
Fig. 3. TEM image of WO3/Ag20 at different magnification.

i XPS*f WO3/Ag,0 BEMEHIALE R
BEAT 00T, W 4B, B4 (a) R WOz £
FEMAFEW, OtE. B4 (b)H135.2eV f137.4 eV
AN U, 3 S0 L WO3 (W Afy 0 F1 W 4f;5 0 L
. B4 (c) RITAgO MM b EE A HH Ag, Ot
. K 4(d) AT 367.8 eV H1373.8 eV [ j§ i,

73 AR A AgoO B Ag 3d5o Al Ag 3ds/0 HLIH.
Kld(e) RHEGME T EEMLFEW, Ag, O, CJt
. B 4(f)H34.9 eV F137.05 eV WNE, 53515t
WO3 W 4f; o F1 W 4f; o BUIE, FAHBUR TR
TR ARG R HE B T A R4 2 H {8 (0 A X 72 30).
FIRE, B4 (g) AT 367.8 eV H1373.8 eV [T ANIE,
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Fig. 4. XPS image of (a) WO3 in a wide survey, (b) W 4f region, (c) Ag2O in a wide survey, (d) Ag 3d region,

(e) WO3/Ag20 composite in a wide survey scan, (f) W 4f region, (g) Ag 3d region and (h) O 1s region.
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gf b TR, o K B R Th M & T
WO3/Ag0 & & A4 KL, i Ik B 77 K (0 00 X,
R I T A RIS, TR T 471K
FIURL () KR e 544

3.2 F=E/FNRESHRIBCELIERE

R 2 Ah T W8 OO (BT (a) BF 9T
Ago0, WO3 X WO3/Ago0 & & #4 K 56 B iR
PR IR B N 10 pug/mL. Hordr, W82 3
WO3 Al AgoO 1WA 43 A AE 360 nm F1960 nm
PR, AEXT B RET 73 0 KRB R 2.6 eV Fl11.2 eV,
7 12 B IR SR B TS DA #0040 SRR AR
(1. 4566 85 5T LURZE 5 K IH: WO3 78 1] WL
TR B BT WO3/Ago O EA MR, XTI,
WO3 FE i E R WG R B G AGTEPE L WO3 /AgoO
TAMBHIK. X T DAHEWT AR fEE A 1 E —
EFERE ES5M R G B G,

FE S B O6 H Ah 3 1 I8 358 A 6 AR Ok
T B iR R OE R KOV AT o . o A
WO3/Ago0, AgOy S WOz X 7K H 1) 1 H L 4 4
BREAT £ B SC8e, MM R & I0.1 g 7l B
50 mL, 10 mg/L [ I H % 3 % 1+, 72K 40
JEAE WL T AT R B S ES. BI6 (a)—(c) M
6 (e)—(g) 7 7 N T H 5 15 7E WO3, AgOs K
WO3/AgoO FE ML T, TERAM R W F
3B LA AT WO T BoR T IX R F 75 min
P G A TS P B B s EG 25 . R 610 nm A
663 nm A [ V& Sy 7 HA 35 W 3 B0 R 7 0 R AE TR
U, TEER AN R, SR R A 1 R A U R SR
T B, R IR R 25 AE WO3/AgoO HI AL
FNRAET M. AEG6 () MEG6(h) Al LU H,
WO3/Ag20 & & M K6 4 40 1 B2 ZE AL T WO,
FTAgoO B4 53, A2 2R A B AN AT WO R X WF H
B 1) 6 B AR 03y ik B T 99% AT98%. 1K Ut
SRERERE TIPS T A A e a R AR N S T T8
J AR I AR B T AR A . X ECIE 6 (d) AN
K6 (h), RILFHXTF 52050 4L, WO3 Fl AgoO
Flob LI 456 06 52 G MR A Ve RE I B8 FHE AT
DGR, SCIGUER, WO3/AgyO F 451
UADRSEPAR R SR Op Y AR S <K fhri L (I D

DA A 7R ) R 0 L PR FH R AT 2%
PR &5 R E B R —. Bk, o[BI 4 4k 753k
A7 106 PRSI0 R B8 R ' A R B AR e PR T P

R, X WOs/Ago O HEAL AT I B Ui, 326
WREREDY K, IxE 45 REAT LLRL. S5 RR W, 1R3A
VO I J AR TR (R0 PE R A ORFF AN A, 75 min J5 £
FIE B 95% Fr A B AR R KRB WO3/Ag,0
SR A R R RS E I E5 K, O BA R IR
SE .

1.2
(a) Ao
L0 ﬂ —— WOs3
——— WO;3/Ag,0

Absorbance
o o o
=~ o %
T ="

0.2

0
200 300 400 500 600 700 800 900 10001100
Wavelength /nm

2.5
b
(b)  AmO
201 —— WO3
——— WO3/Ag0
< 1.5b
N
3
— 1.0}
0.5
= oy
0 = L Z L L L L
1.0 1.5 20 25 3.0 35 40 45 5.0

Energy/eV

5  FESEDERBREE  (a) AgeO, WO3 K& WO3/
AgoO 5 & M BHF % 4T W (b) Ag20, WO3
F WOz /AgoO & & 4B 4 a] W E % i@ it Kubelka-
Munk J5 P A4S 2150 R K

Fig. 5. (a) UV-vis diffuse reflectance spectra;
(b) plot of Kubelka-Munk function of AgoO, WOs3,
WO3/Ag20 composite.

7 PRSI i B Ak b, FRATH WO3/Ag0 &
G M RE B g 7 R R G AL AL BB T A AR,
REE LK. HAf, WO; fl AgoO 437l & N 24 2
SRR P R AR O Ay O R4 5 TH HE AN S
1 TR 1) AR TR FBLAE 43 )0 0.20 eV AT 1.40 eV,
WO 4/ 77 T340 A1 -5 17 JES 340 114 80 Ak 38 S5 A 2
SR E N 0.41 eV F13.18 eV. AgyO T JEE i1 4
I TR F AR T WO3 37 i B 10 S8 A 38 R L Ar,
AgoO 7 0L (4 4816 38 5 FEL AL A T WO 4 5 T
R AR R FAE, X TR T T2 BE AT #E (Type
IT level alignment) *2=*. BF Ag,O HAEEN
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Abstract

Dye pollution, one of the most serious problems in water pollution, has attracted the attention of scientists. There
are many methods, such as chemical oxidation, physical adsorption, biodegradation, photocatalysis, etc., that have
been adopted to handle the crisis of dye polultion. Compared with other strategies, photocatalysis has its unique
advantages including low energy consumption, environment amicableness and high efficiency. Tungsten trioxide (WO3),
a semiconductor with a band gap of 2.8 eV, has unique physical and chemical properties, and it has been applied to the
area of photocatalysis to solve the problem of water pollution in recent years. However, the photocatalytic efficiency
of bulk tungsten oxide fails to reach the expected. In this paper, a one-dimensional complex of tungstun trioxide and
silver oxide (WO3/Ag20) is synthesized via a simple hydrothermal method for photocatalytic degradation of methylene
blue. The crystal structure, morphology and photocatalytic degradation ability towards methylene blue are characterized
and analyzed via X-ray diffraction, scanning electron microscopy, transmission electron microscope, X-ray photoelectron
spectroscopy, and UV-Vis spectrophotometer. Silver oxide (Ag20), with a band gap of 1.2 €V, is found to be sensitive to
visible light. The combination of tungsten trioxide and silver oxide promotes its photocatalytic efficiency dramatically
under visible light illumination. Results show that WO3 nanorods in the composite possess a one-dimensional, hexagonal
structure with an average length of 4 um and a diameter of 200 nm. The Ag.O attached to WO3 nanorods forms
hexagonal nanoparticles and their average diameter reaches 20 nm. It is observed that WO3/Ag>O composite displays a
loose structure and a high specific surface area, which provides more reactive sites. Comparing with single component,
UV-Vis spectrophotometry shows that the composite has a highabsorbance in the range of visible light. The combination
of tungsten trioxide and silver oxide can change the band gap of the photocatalyst whereas the photocatalytic efficiency of
the composite reaches 98% in 60 min under visible light. Therefore, the synergistic effect of WO3 and Ag2O plays a vital
role in enhancing the photocatalytic performance. Moreover, the stability of photocatalyst is one of the most important
indicators of its recycling and long-term effectiveness, and the present WO3/Ag>O composite has good catalytic and
chemical stability. This investigation proves that the combination of wide bandgap photocatalysts with visible-light

sensitive metal oxide with large specific area will improve photocatalytic activity efficiently under visible light.

Keywords: tungsten oxide, silver oxide, photocatalytic, semiconductor heterostructure
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