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T 4h, Bk E AR RS R A3 AgoMoOy.
1.3 ZnO/Ag;Mo0, E &+ a0HI&

B SEFREL 0.750 0 g ZnO JIA 30 mL % 51K
B TR EE RO 30 mine AR5 430
FREX 0.3829 g AgNO5 #1 0.272 7 ¢ Na,MoO,4-2H,0
BT 20 mL EETK, B 2 IERZEAEEIA L
F ZnO Wikedtrt, 4REE8iHE 1h, Fi IR G
2 100 mL /K, 78 160 CHEFE I BV
12ho BRI N HARA I E IR, KR B
ERMYTIE AT IR A . B B )
BT 80 CBA TR THT 4 he TIRE"ME
1S 3] ZnO/AgoMoO, B S AL 1% A AL 7
i ZnO B ESECN 75%, mHN ZAM-7. H
AR LA 2 A AR P AR (R ) £ 20 3R, a2k
A% ZnO. AgNO;. Na,MoO,4-2H,0 [])i & R ff 15 )
ZnO FIR L& E N0 10% 50%F1 90% 1)
ZnO/Ag;MoO, B &AL, K el o mldr &N
ZAM-1. ZAM-5. ZAM-9.

1.4 SEERPERBSIIE

JeMEAL A RhB 7E e fb R N2 T . 18
50 mL ¥y 20 mg/L /] RhB ¥+ I 20 mg 1
3o SeBEAT 30 min FORESCN,  DLSZEIWR B Bt
S, SRJEAE 300 WU G RRN. 1he B R4
10 min HUFE 3 mL, @4t Skt P48 22 B A AL 71
8 SR AT WL A3 66 FE T — DA TR RO B

FEAEAC ISR MLX (1D IR AN AL % % RhB AH
8L, ¥ 50 mg AT ECT 50 mL KN
100 mg/L MLX ¥ . SElE RS 30 min LUk 29
B — o B P47, B S T A6 e RRRORE,  H [E) RE [) B
30 min BUFE 1 mL, ZBREARAMEAT], FIH LS T T
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Note: ZAM-1, ZAM-5, ZAM-7, ZAM-9 are the abbreviations of 10%, 50%,
70%, 90% ZnO/Ag,Mo0O,4 composite catalysts, respectively.

K1 ZnO. Ag,MoO, #l ZnO/Ag,Mo0y, ] XRD i
Fig. 1 XRD patterns of ZnO, Ag,MoO, and ZnO/Ag,MoO,
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Fig.2 FT-IR spectra of ZnO, Ag;MoO, and ZnO/Ag,Mo0,

2.3 SEM ##h

3 /& ZnO. Ag;MoO, FIE & HALFT ZAM-7
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Fig. 3 SEM images of ZnO, Ag;Mo00,4and ZAM-7
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Fig. 4 XPS spectra of ZAM-7
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Note: o is absorption coefficient; Eg is band gap; v is light frequency; h is Plank constant.
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Fig. 5 Solid UV-Vis diffuse reflectance spectra and band gaps of ZnO, Ag,MoO, and ZAM-7
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Fig. 6 Photoluminescence spectra of ZnO, Ag;MoO, and ZAM-7
2.7 BET LLREREILES
R FH S B RO R IR T AR B R T AR

LEMILE, g558 K 7 F1R 1 fin. ZnO. Ag;MoO,
1 ZAM-7 [ LER T AR 5108 4.579 5. 0.092 1 m’/g
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1) 28 fi5. ZnO- AgoMoO4 Fll ZAM-7 [ FLARAR 53 5]
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Note: STP means standard condition; P is partial pressure of nitrogen; Py is
the saturated vapor pressure of nitrogen at adsorption temperature; P/Py is
relative pressure.

K7 ZnO. Ag,MoO,H1 ZAM-7 FHE it b ith 2%

Fig. 7 N, adsorption-desorption isotherms of ZnO, Ag,MoO,

and ZAM-7

F 1 ENTIRIEERER, FLEFALE
Table 1 BET surface area, pore volume and pore size of
catalysts

Samples Sper/(m>g ") Vpore/ (g ™) Dpore/nm
ZnO 4.6 0.0150 6.708
AgrMoOy 0.1 0.0002 1.031
ZAM-7 2.6 0.0090 6.940

Not: Sggr is surface area; V is pore volume; D is pore size.

4°0.015 0. 0.000 2 cm’/g A1 0.009 0 cm’/g, ZAM-7
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M zn0 B4 )G, LA RmARHER S, XF
FIT 2 A AR 3 2 B RBRA, oAk
Bee At i AR AL T T 2 R A R, (AT G AL S
HOE7 3=
2.8 hfEriEREsDIS
2.8.1 JefEAbFAME RhB  RhB & —Fh LA Tk
Jekl, EW A K H ) RhB 28 i1 22 4R BE R
SN A AEFIE R EEE. Zn0. Ag;MoO, Al
ZnO/Ag;MoO,4 X RhB G HEAL IR AR 25 R &l 8 Fr
o [ 8a AR RhB IR BB AR AL ATE S AT WL
i, B 8b AR A B AR SR (AT 2 I, 25
BoR, fEMALFIHE N 10mg, HHIREN 10mg/L,
¥ 90 min J&, ZnO Fl AgMoO, %f RhB (1) 23
5359 40.1%F0 13.8% . E &AL ZAM-1.ZAM-5.
ZAM-7 F1 ZAM-9 %} RhB FIEBRZED5HIN 9.3%.
52.9%- 84.9%7%1 89.6%. 4iRFEH AgoMoO, %f RhB
BEARASIA N, SIS TERMK. ZnO Xf RhB 5 —&
AR, (HRCEA G 1 ZnO Fl AgoyMoOy E&H FT
PR A AL I . AR, -5 ZnO 1)
TRARTIREE S EAFIPD S, B &
ZnO WKEE RIS A MARIRETERS, A E
SR, ZAM-T G IR P

N TP R RhB 3 )25
K, WREAR I RAEAT T A, A R I
BEUFIAIR B 20 3 ] 8b AT 8¢ il , 45 5325 I P& it
BT —Wsh J15# 572 . ZnO~ AgoMoOys ZAM-1,
ZAM-5. ZAM-7 Fl ZAM-9 [{] 2 37 38 58 $003 5N
1.19 X 1072, 0.22x107. 0.09x107%. 1.17x1072.
3.60x10 min"' A1 3.33x10% min"', 1 ZAM-7 1)
R E B, A2 ZnO F1 AgaMoO, 45 i i)
345016 £, iIXFEH ZnO Al Ag:MoO, E 4 F T
PER ML A S RS T - ZnO/ AgoMoOy H &
MEDEMEALREE RhB 3 15 SCHR[26-28] ik iE
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e i TR A A AV A 2. Bl ZAM-7
BfF RhB A3 2% %2(3.60x 10 min )& T EM4RE
Wi AgaMoO4 2 AKFE AL I A RhB (1933 565 %
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(a) UV spectra of RhB
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(c) First-order kinetic curves

(7.54% 107 min"), 5 EA SPR (Surface Plasmon
Resonance) % B Y] Ag/Ag.MoOy4 #4 KL 1 3 2 5 2L
(5.20x10 "> min YAHIE .

1.0
0.8F
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Q:
o
0.4}
0.2}
0'00 15 30 45 60 75 90
Time/min
(b) RhB degradation by different catalysts
4

3.60

kx10*min

Zn0  Ag-MoOs ZAM-1 ZAM-5 ZAM-7 ZAM-9
Samples

(d) Histogram of rate constant

Note: Cy is the initial concentration of RhB; C; is the concentration of RhB at desired time after irradiation; K is rate constant.

8 MEALTRIFEME RhB IR LLBCRI ) ) 240 &
Fig. 8 Comparison of degradation efficiency of RhB and kinetic fitting diagram

b5 2 G AV FH A0 Gl FE X B A 0%
(RIREIR, AN TR 5T fE R AL 0 A (R FE RhB R B AR 2L
RN 9a Fizs. 40 alik+E 100 200 30, 50mg
ZAM-7 [&f# 20 mg/L RhB, 6B 2 h 5, ‘E4]
AR IRR AT BN 96.6% 99.6% 99.7%-
99.8%. W74 RE AT HER AR TS
B A e, RIS vy PR A7) FH B 2 A P R 1)
B4R, X2 BRI e 0 fee AL FRVR B = B b
FURI G o GRHK E 5T ZAM-7 FRARZCR B R 45
Wi 9b s, SRS LTI &N S0mg, 4%
BHARE A 10 204 50, 80 mg/L I ) FEAR R 73 5l
N 99.6%- 99.7%- 77.7%- 54.5%. Xt BI¥I4E RhB
(R B AR AT ZAM-T WIJCPE AR — 8 5o, il A 4
BHREESE . GRS FEANEA MK R .

282 JGHEALIEM MLX  MLX fEA—FEE 1k
P& ZH(NSAIDs), PRI RAMRAR . o sl /e H
SR SR NP, H 2013 AER9— TR B
NSAIDs AJ e SEMM ALK AEA R H LR
AR R AR, NSAIDs 43 DA&-Fh i in i
NIRRT (STP), Witk STP HAREA %
BREZRM BN A . FIATIER T HEE A
3% RhB G BE iR v, BB SR T
ZAM-7 % MLX G AR SR . ZAM-T B RS
75 B 00 58 A3 A R R0 B8R A 8 4T 4 PR 40 i)t P
10a FIE 10b fim. MEAFIHEHRN 50 mg, MLX
WPE N 100 mg/L, YME 270 min J&, fE4LFIR MLX
(P AR 2 AT IR B 80.6%. 45K H] ZnO/Ag,MoO,
A AT RhB A 5 IR fR SR, X MLX
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Fig. 9 The effect of catalyst dosage and RhB concentration on degradation rate
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Extended Abstract

Introduction With the increasing environmental protection and sustainable development, conventional water pollution treatment
methods have some challenges in practical applications. Photocatalytic technology has potential advantages such as energy
conservation and environmental protection, providing an effective and sustainable method for wastewater treatment. The design and
synthesis of photocatalysts are crucial in photocatalytic reactions. Silver molybdate material has some advantages of controllable
morphology, unique physicochemical properties, having potential application prospects. However, the narrow photoresponse range
and the high recombination efficiency of photo generated charge carriers restrict its application in the field of photocatalysis. In this
study, a ZnO/Ag,MoO, composite photocatalyst was prepared by a hydrothermal method with ZnO. The purpose was to improve the
photocatalytic activity of silver molybdate via constructing heterojunctions. The photocatalytic performance of different proportions
of composite materials for the degradation of organic pollutants was investigated. In addition, the optical stability of the catalyst and
the active free radicals involved in the reaction were also analyzed.

Methods ZnO/Ag,MoO, composite catalysts with different mass fractions of 10%, 50%, and 90% ZnO were synthesized by a
hydrothermal method with ZnO, AgNO;, and Na,MoQ,:2H,0, respectively.

The photocatalytic degradation of organic pollutants was carried out in a photocatalytic reactor. 50 mg of photocatalyst was
dispersed in 50 mL of Rhodamine B (RhB) or meloxicam (MLX) solution in each experiment. Prior to photocatalytic reaction, the
suspension was stirred in the darkness for 30 min to obtain the absorption-desorption equilibrium. Afterwards, the suspension was
placed under a xenon lamp (300 W) for photocatalytic degradation. At each interval, RhB or MLX solution with catalyst was sampled
and centrifuged to remove the solid catalyst. The concentration of RhB or MLX was determined by a UV-Vis spectrophotometer. The
similar experimental steps were used for the cyclic experiments. After each cyclic experiment, the solid catalyst was separated and
washed with water and ethanol to continue the next cyclic experiment.

To determine the main active species involved in the degradation of RhB, free radical capture experiments were conducted. The
free radical capture experiment followed the same steps as the normal degradation experiment. Benzoquinone, ethanol, silver nitrate,
and tert-butanol were added as a scavenger for superoxide radicals, holes, electrons, and hydroxyl radicals during the reaction.

Results and discussion ZnO/Ag,MoO, composite catalysts with different ratios were prepared by a hydrothermal method. The
results indicate the effective preparation of ZnO/Ag,Mo0O, without other impurity elements. Based on the XRD patterns, the sharp
diffraction peaks of ZnO/Ag,Mo0, composites indicate a good crystallinity. The SEM images show that ZAM-7 is a block shaped
structure with uneven size, and ZnO is deposited in a columnar form on the surface of ZnO/Ag,M00,. The minimum size of ZAM-7
is approximately 100-200 nm. The specific surface areas of ZnO, ZnO/Ag,Mo0Q,, and ZAM-7 are 4.5795 m%/g, 0.0921 m*/g, and
2.6339 m?/g, respectively. The specific surface area of ZAM-7 is 28 times greater than that of ZnO/Ag,MoQ,, indicating that the
composition of Ag;MoO,4 and ZnO is beneficial for increasing the specific surface area of the catalyst, thus providing more active
sites for photocatalytic reactions.

The photocatalytic performance of ZnO/Ag,MoO, composite materials is investigated using RhB and MLX as simulated organic
pollutants. After 90-min illumination, the removal rates of RhB by ZnO, Ag,MoO,, and ZAM-7 are 40.1%, 13.8%, and 89.6%,
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respectively. The rate constants of ZnO, Ag,MoO,, and ZAM-7 are 1.19x1072 min™!, 0.22x1072 min™!, and 3.60x107 min’,
respectively. The degradation of meloxicam is also carried out with ZAM-7. When the catalyst dosage is 50 mg, the MLX
concentration is 100 mg/L, the degradation rate of MLX by the catalyst can reach 80.6% after 270 min visible light irradiation.

Conclusions ZnO/Ag,MoO, composite photocatalysts were prepared by a hydrothermal method. The minimum size of
ZnO/AgyMo0, composite catalysts was 100-200 nm. ZnO was deposited in a prismatic shape on the surface of Ag,MoO,.
Zn0O/AgyMo0,4 composite catalyst exhibited a superior photocatalytic degradation activity for both organic dyes and drugs. Under the
optimal reaction conditions, the degradation rate of RhB by the composite catalyst could reach 95.0%, and the degradation rate of the
drug MLX could reach 80.6%. The maximum reaction rate constants for the degradation of RhB by composite catalysts were 3 times
and 16 times greater than those of ZnO and Ag,MoO,, respectively. The improvement of photocatalytic activity after the composition
of AgsMoO, and ZnO was attributed to the improvement of photogenerated carrier separation efficiency, the increase of visible light
absorption intensity, the reduction of band gap width, and the increase of active sites. The cyclic experiment of the catalyst showed
that ZnO/Ag,MoO, composite catalyst had a good optical stability. The results could provide a useful reference for the development
and design of photocatalysts for water pollution treatment.

Keywords silver molybdate; zinc oxide; thodamine B; meloxicam; photocatalysis



