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Abstract: Under different synthetic condition, the AgS/ZnO photocatalyst with visible-light response was
prepared by microwave hydrothermal two-step method. The phase structures, physicochemical properties and
morphologies were well-characterized via X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), UV-
vis diffuse reflectance absorption (UV-Vis/DRS), Scanning electron microscopy (SEM) and N, adsorption-
desorption tests. Results indicate that the synthetic product is mainly hexagonal wurtzite ZnO, of which phase

structure has been changed with the temperature of reaction and the n,,</n, , increased. The presence of Ag,S

enhances the light absorption of the photocatalyst under the visible-light region, redshifting the absorption band,
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and suppresses the growth of ZnO along the (001) crystal plane. In addition, with the n,,</n, , increased, the

morphology of synthetic Ag,S/Zn0O realizes a transformation from the shape of popcorn to cylinder, moreover, the

BET values reduce obviously. Compared to pure ZnO, when the n,,s/n, , was 1:10, the composite performs the

highest photocatalytic activity to degrade Rhodamine B under the irradiation of ultraviolet, visible and simulated

sunlight, far superior than P25 which was the most widely used at present. Moreover, there is no significant

change in the degradation efficiency of Ag,S/ZnO 200° 1-10 after four times of recycling, which shows the

photocatalytic stability to a certain extent. In addition, the capture experiments proved that holes brought out

main effect on the photocatalytic reaction of Ag,S/ZnO. Accordingly, a potential reaction mechanism was

proposed.
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Tl

0 35l

WAL HAEH RRE B ARG AT
TAE RN A 35 47 Ok T 07 AT AE | IR B Ok T IR
A ARG AL, K BHBE A BN W T W] AR AR
P, BRI el s A%k A R FHAE 8 2 ot
MCHEAL B AR R —T 4 IR R AR | B E Ak g
SR TG WS G ARREAR ERAE SRR IR T
FBRFREE TG YL 1 T R T

BT, s FHEOGAEA A Ti0,,CdS 55,
ik ZnO 18 R G A A B F 5% 4K R 2 ' i Ak 40
B 2 — ) R Zn0 15 TiO, Yol
AT BT U DL £, 78— 2T, Zn0O 16
PEAGTE P 2258 T Ti0, YAk A Rk [a] i H A HI R A
SR RE T DL K RCR IS T TiO,, XX T Zn0
15 R e i A 4 e i 52 Bn I R AR AT B L, 4ok
Zn0 & — M E B B 0 B IR (E=3.27 eV),
A5 M b R A5 FLU - R4 6E = 38 60 meV, f1
B W VR BE  TEOGHEAL B R A R A
B ROCWAE S b B N g 2 Ui
1T B TCHLAE RS+ ZnO HA T8 S il 4 K
BUA AL TR L oK ZnO HAT AR # /N RS
SO A, OF BB A 9K MR A Y T R00 AR
B0 AR 9 THT R0 A5 R R M T 8 SR 7 ' A S
BUS T Bl () &, BN, ZnO 94 KUk 400 K #i 14:
1) 2 K T I 55 24 7 A A R P A5 B T A 1 R
FHE S AH R ZnO WA —E 25 # Bl Zn0 96
i 17 2 A SR A DX AT UL s M /N | o T
25O BB AR, G R R Ak
ZnO 5 H A AR AT 52 A AT DL R O

fErERE

LR AR A b2 2R F 2k 1
SR SHE SN o 2 AP N | A A S
WL GO E A AR R SR S8 R LR A3
N AT DL R R E £ A 7 AR AR 25 A R Rg . o R
= oo s 2 Je 7 ¥ S 6 b 1R ) R 3R s ik
e EEFEZ — Wik, FIHY8K Zn0 AU
B A R A AT LR AN ZnO H B RGBS AT
Pt HOB A AL M g2

T S R 7E 300 MHz~300 GHz 3 [ 1 F il
A R E R B T R v L (O S S ),
I A AR Ak RS A% T T X I ) D S
ok BAT ndad it s R 2 35 T
T B A 0 TR B K RO A AN KR ) B A e
TE A4 R A 52 0 — o 7 1k, BIDRE 5 B A 7K B i
SRS R R RO AR R X S ) 21 T
IR R LAAS BIDRLEE A3 A A8 RH 4R | 3R T R 4
U 1R T K A4S

A S Ak GO A B K A Zn0 5 AgS
AT R A, — A Bl 545 B R IR R A
K A R e A S B WA el LI I A L1 R | LAk
SN K PG R R 5 — i fER G M
B FLRIA SR T S a4 i o A e AR B T %
TR AR A P Hoe AR L far 19 40 B RIR DT el 3 A
B AORHR G SN IE P 53 Ah AR SO i U T
U BN ek R Ag,S W G 1) it ifE — 20 B AR TSI S
AR b A S A T 1 245 R R AL PE B Y S )
BF7E 5500 W] DL B B O AF 2 B 00
KT, BT AgS/Zn0 AL H AT M | I
AT AR SIS B BT T R A MR BE O b



% 10 9

Bh BRGSO K B A 4 RS T TLEA R AgS/Zn0 K HOG ML HERE BLER 1973

&@*ﬂiﬂo
1 SLIgER4Sy

1.1 RXFENE

Zn(NOs),- 6H,0 W T~ KT 2R 1 X K R Ak 27 i
FIT™ 5 NayS -9H,0 W T T HE i1 L Ak 27 1250 A R 22
A AgNO; 18 T R EE T WA # 5t A2 ial5n ), &R
fbah . JoK CEERE PHI B 534 Ry i o b4l | 4
TSI FH 7K 348 R 7818 7K . MDS-8G TRl |2 1 #%
(VB U A B A B2 Rl BL-GHX-V b
2 ROWAL (PG % L B AR W R A BR 22 WD), TU-1901
AT WU 4356 06 BETH(UV-Vis , b 5t 8 By i
AN
1.2 ELFIHE
1.2.1 ZnO il %

58, R EL 0.005 mol Zn(NOs),-6H,0 % % T 20
mL 25 & F K H 7R 0.01 mol NaOH ¥ f# T 10 mL
LB TR R, TER RS T NaOH %l
2 i A & Zn(NO), HWOTFF 22 i+ 5 min, 5 2]
FLA AR S e, W TR AV WU A B DU 9 & 4
PRI RN 2, FEHNE G AR R 35 mL, #}
FRAWOR A 160 CRUBE ARG 30 min, RN Z5H 5
Kok AR EENE AR AGIE, ™Y
LB FKMICK B E BEs, IFHE 60 CF T
12 h WS J5 B AT 345 ZnO 90K ik
122 AgS/ZnO il &

FREC— 22 Jit & 1Y ZnO 4K FORLE T 20 mL 2
BT K BB S min, 15 E 3L AR TR TR
AN T Bt x B NapS - OH,O o L3 i | IF 0% n £
Zn0 WIFLHE ORI P M RNRE OB, 1 h
& BTN RN 2 1Y AgNO, W, W
RO R R IEI AR T Ag,S ULTE, 4k
SEREFE 1 h SR BT 100 mL 2 PUFR 24 P G 7K 4
EhmE EHNR G W WK R 35 mL, 2ol AR BF
TE 120,160 F1 200 °C (4 [ N7 ik BE N 600 48 55 30
min, TF RN G5 HG | T2 8K fJCK £ B 52 Bk
U, TRAMEAE 60 CTHE 12 h, BAWERS n,, o/
n,,=1:10 1 Ag,S/Zn0 73 5 7E % It (120,160 F1 200
CHRNRE T HEEY, WicH AgS/Zn0 1-
10, Ag,S/Zn0 120° 1-10 ,Ag,S/Zn0 160° 1-10 Fl Ag,S/
Zn0 200° 1-10, [AIEF P4F 200 CRA RS
AL E B g, sing,, M 155,120, BT EE &%
Yoy i bRic N AgS/Zn0 200° 1-5 Fl Ag,S/Zn0O 200°

1-20,
1.3 EUFIRLE

FE &L XRD 3%k 7% E Bruker-AXS (D8)X 4
AT AL AT 4, FE RS XPS 35 R VG-
ADES400 X S 4G FREIEAL (DL Al Kae X $14&
(hv=1 486.4 eV)VE NI K IE , H25 FE k107 Pa)iE 47
W B S A28 A0 — ] 0L 38 R 56 W 3 (UV -vis/
DRS) b 508 A i HI 22 W A2 77 19 TU-1901 B2 22 4~
AL A HO G EE THAER AR BRI S B SEM 23T R
FHH AR H 728 7] S-4700 (44348 H 8% (T A oL R 2 5
kV), FE & A L 2 AR AL AR 98 R SE A F Y
Quantachrome NovaWin2 %4y 35 B} A4S0 % () 22 i
FES 77 K), FE S WO BE H b 53 A 2
A AE P TU-1901 29 28 40— 0] W43 66 BETHAE A
Sb I
1.4 FME4EE

A AL S 56 e B B AR T A B AN RN S B
SEEIRGE N EOCIEAY L, 525NN 125 W S R
Hg 4T (FZEFLA T 313.2 nm), AT WL N
400 W Xe kT (FZEHL KT 410 nm, HEE R
11 5B HIVE LLE & Xe KT &G 5508) Skl
Bl S A A S I 2 T R A I I R T 2 R DL 2 i
e R H SRR A E 1 000 W Xe 4T, H:
SRR 8.5 em,, L% H R WM (BT RhB) Y
WSEN 50 mg- L7, S2A OGRS AR &2 0.15
g, SOV AR 90 mlLL; AT ULt Ak st £k 57 FH = 0.3
g, NIRRT 220 mL; BE480 H G Ak B £ ) 4t
H0.15 g, AR 90 mL,

JCAEAL ST ot A A AR A T SO
T BRI, S 10 min, #EGHEHE 30 min, 15 2
WA — 0 P A7 e ' i R AR A U T R TR
(B0 B AR AL TR KT & T OB IR Ay, S5 2o 2
AR 3 e | BB — B s [E] BRURE— R (3 mL), 250>
BB LA, B R )R WO TU-1901 %
Hb =] ULAE B 3 5 5 BE T AE A AL T IR
.

2 GRS

2.1 XRD &#f

N1 LG BT Ag,SIZn0 W i B A5 K | X B
AT T X SR AT R b A SRR 1 s, A
1AW & FES AT SN S S ZnO W FRIER
JCPDS NO.36-1451 AHW& , HAG 5 56 TN A2 245 53



1974 oMLtk

%31 4%

#o% 4R

5 2 (100), (002), (101), (102), (110). (103), (200)
(112),(201)F1(004) iy T, & B Jir 2 7= ) 3 2 i AL 245
K R 75 07 EF e 25 40, A5 A b T R AT S I AR
B USRS  UE] B RAFI S T3 Ak A v
5 H /N W DU X R T AR HE R A No.65-2356 L& T
Ag,S AT ST | BB T & L 52 G AR Ag,S 11
S RE R TR A AR AR TR AR 1 a5
M EZ A AgS LU BT HIERE | Zn0 1Y & T 45 K 0T
A B SN EE R Ag,S W JB 14 2 1 4G i s
B Ag,S HYATT SRF e 5 J32 00 Bifi A 52 o7 ¥tk A 40 Jo )
SRR L

Hexagonal ZnO
Y Ag,S

(101)

(100)
(002)
102)
(110)

¥ Ag,S/Zn0 1-10
Ag,S/Zn0 120° 1-10
Ag,S/Zn0 160° 1-10

U Ag,S/Zn0 200° 1-5

(ALE

!

ARS
.
20 30 20 %0
26 / (°)

K1 26 Zn0 BN RBE i Ag,S/Zn0 1 X BT 247 55 &
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Table 1 Crystal parameter, crystallite sizes, energy band gaps and BET specific surface area of

different synthesized composites

Crystal parameter

Sample d / nm E,l eV Sper / (m?+g™)
a/ nm ¢/ nm
Zn0O 0.326 0 0.5219 28.1 3.25 27
Ag25/Zn0 1-10 03255 0.522 4 23.8 3.13 22
Ag2S/7Zn0 120° 1-10 0.324 7 0.521 3 28.6 3.08 21
Ag25/7n0 160° 1-10 0.324 8 0.508 5 27.7 3.11 26
Ag25/7n0 200° 1-5 0.376 9 0.460 5 32.4 2.93 19
Ag25/7n0 200° 1-10 0.324 8 0.509 2 29.2 3.04 17
Ag25/7n0 200° 1-20 0.324 9 0.509 3 27.6 3.19 24
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Table 2 Absolute electronegativity (eV), energy band gaps (eV), conduction band and valence band of ZnO and Ag,S

Semiconductor X /eV E, /| eV Eu/ eV Evw eV
Zn0 5.79 3.25 -0.335 2915
AgS 4.66 1.00% -0.340 0.660
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