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Synthesis of Ag@AgBr Photocatalyst and Its Performance for Degradation of
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Abstract: Ag@AgBr plasmon photocatalyst was prepared by the deposition-precipitation and photo-reduction method. The synthesized
samples were characterized by X-ray diffraction, scanning electron microscopy, and UV-Vis diffuse spectroscopy. The photocatalytic activ-
ity and stability of the prepared samples were evaluated by the degradation of methylene blue (MB) under the visible light (1 > 420 nm)
irradiation. Several parameters, such as catalyst concentration, pH value, initial MB concentration, H,O, content, recycling runs, and scav-
engers, were examined. The results show that the photocatalytic activity of Ag@AgBr reached 96% in MB aqueous solution (10 mg/L) con-
taining 1 g/L catalyst at pH = 9.8 under visible-light irradiation, and it almost kept unchanged after five-cycle photocatalytic test. The degra-
dation efficiency of MB had little variation in the presence of a small amount of H,O, but reduced in the presence of excessive H,0,. MB
photodegradation was greatly suppressed by ethylenediaminetetraacetic acid while slightly decreased by isopropanol. The photocatalytic
mechanism for MB degradation by Ag/AgBr under visible light irradiation was also presented.
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AgloL AUV Pl 22t ot g o AT S A Ak ). 2L
Ll Ag 5. Ag/AgX (X = Cl, Br, 1) 4K +4 BHE by 2%
B REAL RI B 5T 2. AgIAGX Dt fE AL 7 e
IR T TiO, X S BH 6 1 FH 031 11 ) 7, 8 AN {H K] 46
B8 AR LR RN T B A R R e Rl O LG
R R I PRLAT 3 A A R T B A R I A -
XK 43 85 R . Wang 251l AgMoO, Fit HCI  Jit
B, W B ARG IR VA A T Ag@AQCI FE
B RO L A TR B A R B T Lo
WAE K mT L A S, O HLRR e PEAR 7. A AT A
PO B N AR P B T A R AR T VA TR s
SRELI R WO 55— D71, 75 Ag@AgCI il
Firh, AgCl 1l 3L L CIBs 124 3, a4l o, BRI
FE IR 9k 7 & T b i . 1
PR IR R, DA -8 7O BB A5 21 R 43
2, RSB TR AE T AQTI A A, N e T
A R b, B A A S S R CI RN
A E AT AL TR CI° [ 3, A SR A A
B J. BT, Wang %5 USSR 28U 5 ik A T
AJ@AQBr %5 B TR G fEA T, A I LA
tt Ag@AgQCI B &, b4k, Ag@AgBr 25 3 1 IR | 1k
FRAR 2k 7 ] - A A 451 daig 0131719281 A UL i ¢ 126
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1.1 ENFIRHE

7150 ZUEEPE T K 80 ml AgNOs ¥ (0.1 mol/L)
3 N2 80 ml HBr ¥ ¥ (0.1 mol/L) o, 7 A2k 3
6 f Lk R, 4K 2L 3 30 min, FE 2218 0N 4.5 ml
WK, TERGR Bk (T, k20 #E 10 min, it J§,
ek, T-80°C T4 6 h. RJ5, K HDGIE vk K i
AgBr & i AQ®. AL BBy, A RE S B STl
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300~800 nm, LA BaSO, 4 Z M. ¢ W7l ¢ Hifr
% (Zetaplus, 3% [#, Brookhaven Instruments Corpora-
tion) HEAT I &, BA SWE Sk 43 WOR, FE R NN &= R
0.005% (J5it 2 43 %), A8 3L ¥k o A7 fird 1R A1 4 28 7K K 1
7 pH 4.

1.3 o iF B AR A O Bt SR 36

AT pH { (pH = 2.6, 3.3, 7.16 A1 9.8, 1 i
KR B PHS-2F 24 pH 100 5E) T S F 366 08 A o Bt
SR, =R, K 20 mg Ag@AgBr K i 4 B e
20 ml 3V H I B (10 mg/L) B TR AL, $EEE,
W Bt 30 min &, 8BS0 4 &, H AR OO B UHAE 664
nm Kb I A5 7 B3 (V9 8 BRI R 3 S T R
R mes) (Mlg) = AC-VIim. X1, AC FoR
WILR RS Co 5 G KR % C, I ZE 48 (mg/L), V &
TNV IR (20 ml), m Lo MEALF T A (9).
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Fig. 1. XRD patterns of fresh (1) and recycled (2) Ag@AgBr sam-
ples.
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Fig. 2. SEM image of Ag@AgBr sample.
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Fig. 3. UV-Vis spectra of AgBr (1) and fresh (2) and recycled (3)
Ag@AgBr samples.
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Ag@AQBr Ff A AE ] 5 WA, B T35 AgBr 4
fift 7= A Ag ik kL, Ag A E— D, IR R
AL XA R AT A s A
22 FIRXENEBTREENTMER
221 #EAFIHA=Z

Kl 4 4 pH=7.16 K& MB ¥] 4 # % A 10
mg/L (4545, AN [ 4 A 700 FH 52 30 PR 36 W 1) o i
k. d B ar W, B Ag@AgBr Jn o\ i )3
MB B fiff 1t 26 56 2 0 38 N5 b, 28 1 g/l i, RV
80 min MB [ i % 15 93%, i AL TG Pk ik 5 . X
53R [28,29145 H— 8. M b E Ak A & 2
g/L I, MB B AR 3 4R N BE. Xt BT A R
e I ORI B K, S T R K
e, T BOR ML PR B T AL, Ag@AgBr i
eI DL 1 g/l M.
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Fig. 4. Degradation curves of methylene blue (MB) solution using
different amount of Ag@AgBr catalyst. Reaction conditions: MB initial
concentration 10 mg/L, pH = 7.16.
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Fig. 5. MB adsorption amount at different pH values for Ag@AgBr

catalyst and its Zeta potential.
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Fig. 6. Degradation curves of MB solution at different pH values.
MB initial concentration 10 mg/L, catalyst concentration 1 g/L.
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min A MB [ fif 2632 87 T 5 AR 2 S R I 1)K T 9
min I, YLK EE 4 10 5 5 mg/L i MB 1) B it %
ML s A P83 (1) MB ¥R B 1, i 2L
T AR A 750 2 T 178 W R et 386 o, AT A R R T Ak
S5 ARLER] 488 22 1 A A R0 R A7 T T A g 2 fh
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Fig. 7. Degradation curves of MB solution with different initial con-

centration. Catalyst concentration: 1 g/L; pH = 9.8.
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Fig. 8. Kinetics study for degradation of MB with different initial
concentration. Catalyst concentration: 1 g/L; pH = 9.8.

HH S AR G A A B AN [R] MBI 2 IR 1 40 483 7
KB Zvg s S IV 28 05 B heapp ST 3 I 100, SRR
1 4. MB WJARH Ll 10 mg/L B 40 4f e 3 22
K, BEAE MB HIUR I 2 38K, T8 265 KL kapp 38 T I
N PR IRIE G OK. 5 SCHR[28] 45 A — 3

F1 RENEEARRE MBIKER VIR EEER, £—
B BLREFE T Kapp RETH t1

Table. 1 Initial reactive rates (), pseudo first order rate constants
(kapp), and half-lives (z1,) for the photocatalytic degradation of MB

MB initial . Y .
concentration (mg/L) vol (mg/(L-min)) Jeapp/min ti/min
5 2.46 0.493 141

10 3.35 0.335 2.07

20 2.80 0.140 4.95

40 1.71 0.043 16.23

2.2.4 H,0, 9%

76 Ak 77 ] & 1 g/, MB %) 46 ¥ % 10 mgl/L,
pH =7.16 M5 F R, 4T HOp WS N &% MB &
filtkRe s, 25508 T 9. nTLUE Y, B H,0,
PR T R T B 18 45 63 mmol/L B, MB [ figf i %
Y, 2 124 mmol/L K B fif 3 % F B, Pouretedal
25 28155 B, 5 CeO, fifb MB [ fift it F2 h, 0.1~0.5
mol/L H,O, [ I A F T fE A6 3% P (42 55 Xiao
S R RIS — A, Ho0, A& LT 32 4,
REPRAR L -8 O A L3, A I = 2R am AR A e
J11-OH A i3 (H,0, + e — -OH+ OH"), A It fig
P e A S N R REAT . ARA SC X B i kR A
B, X T e AQIAGX S5 B 1 R e 4k 750 1) s

10 —a— 0 mmol/L
—e— 25 mmol/L
0.8 | —&— 63 mmol/L
= —v— 124 mmol/L
2 06}
L I
S o4l
T
0.2 -
OO 1 n 1 n 1 n 1 n
0 20 40 60 80

#/min
B9 TE HO0; RINEFRHT MB BIFERE ih 2
Fig. 9. Degradation curves of MB solution with different H,O,
amounts. MB initial concentration: 10 mg/L; catalyst concentration: 1
g/L; pH = 7.16.
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A5 (1) AgX KT LA A7 LA 1) o 32 3 1 o 320,
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S AE; (2) 5OH A M2 Tio, Y b B fig v
Ye W i) 3 G E AR BUUR [ £ i, Ag/AQBr 25 5 T
A e i 0 B A 35 Y 10 3 S MR BT g 2 B,
O, -, -OH F h*&: 0925351 | i 5 . OH [ i1 3£ 9% )tk
gt BN, Ag@AQBr 7EA > 420 nm n] WL AR R
T BAES, W~ ER-OH s>, Kk, OH H
FH 7T L O A 3 R B R 4 AN e A oAt
AL AR K. BT EL, I b & Ho0, X Ag@AgBr
BB T RO R 1 R HEAE AR B 1Y HL0,
A R, ATRE S L (1) T RE R KR T,
W TS 0, Ak O IR, (2) W HEHE-OH
(H,0, + -OH—HO, + H,0; HO,: +-OH— H,0 +
0B (3) 5 % /& M (Hp0p+ h*—0, + 2H")E,
EERLACIIUNS O il S MO PSR RS I L TITE CX /R
T G A R PRI
225 REAFINEEN

10 *h Ag@AgBr 't A4 5] 1 = 52 48 FH 7 g
KNS5, A R R R 2y R TR — Ik
K. B AL, Ag@AgBr AL 7E ] 5 W, H
A AT PR TG B T B, 2 I A R AR R
W, 1R AgBr FEJGHEA TR AT E W, T Ag@
AgBr A6 71 X2 1 Ag 94 2K RE 1 1R H BT BH 1k ]
WL AgBr g 4 iR 4 5 AR IR LS, Ag@
AgBr H 11.24% (1) AgBr # 43 fif, {HFE & 7E T L
DX AT PR 25 it () WAL, AT T % O S 6 v T A ek

2nd run Yathrun Y sthrun

3rd run

y

. 1 . 1 . 1 A . .
0 10 20 30 40 50 60
Irradiation time (min)

10 Ag@AgBr & RIEIMER I I S L IERE MB Bk
Fig. 10. Cycling runs in the photodegradation of MB by Ag@AgBr
catalyst under visible-light illumination. MB initial concentration: 10
mg/L; catalyst concentration: 1 g/L; pH =9.8.

2.2.6 HIRFIBIF M

Z VY 2 8 (EDTA) 2 %% 7 B I il 3k
B8 S R OH (W NI R R B A
1.9x10° L/(mol-s) B%, X 57 P 1 2L -OH 1) R 247l 3
F. ASCAE pH = 9.8, YR (] 12 min, f# 4k 77 ] &
1 g/L Fe MB ¥IUGIKE 10 mg/L (44T R, 23 B A
0.1 mol/L () EDTA B A I, 2552 T nl WOt AL
fit MB N, 45 Hon T 10, e &) L, ASin i 3k
i MB %% 2 0 96%, 1fij 4ifi 3% 771 EDTA F1 5 P BE (1)
IIAALE MB % fiff 22 75 ) % 22 54% HI 73%. 1X 3K B
160 WL i Ak % AR MB g B e, A o AR
E-OH 5 K. X nf fig & T EDTA Hili 3k /U,
BRI D, 155 7S AgBr Fl OH™ /W AR Bk
SRS A PE Y BB R0 OH IE ME W RE (5 ST+
AgBr/OH —( Ag" + Br®)/OH) %&b, Fr LG4l
TG PEBEAG; 0N S A I S R OH, A H 30 - %,
EAAR 2 rpad A7 25 7ORT BrO S35 MM B, R G 1
SRAT BT A, (ELBR R 54T EDTA [fK. BrP S 4bis 4
WIRN G, ASPIREST Br, F#H 5 Ag™ 4 &
A= e AgBr, AT 4 R LA e PE

100

[e5]
o
T T

D
o
T T

S
o
—

MB degradation (%)

N
o
T T

No scavenger EDTA Isopropanol

B 11 HIRFT A SRR MB RS AR 0
Fig. 11. Effect of scavengers on photocatalytic activity under visi-
ble-light illumination. MB initial concentration: 10 mg/L; catalyst
concentration: 1 g/L; pH = 9.8; irradiation time: 12 min.
EDTA—ethylenediaminetetraacetic acid.
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T AN &) 1) v g o A, A4S AgCI kL 1~ 38 1 2l £
far, MNTIT 23 B e — AR A TR HL 37, 12 H 37 4 AR 4
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UK Ag BURLAE S IR 77 AR 1 HEL -2 O 1 ) B
ReR, A2 7S CU oM A2 et CI° [ ph 3 2 i 4
AT, SR A B A Y e ) i) R EEEE YRl Hu
255 BSURI F AR BRAR 2 1 0F 98 T Ag@AQBI/AILLO; %5 5
TS AT IR R, R A Oy Al h* 2 R
SRR WY SN 1) 3 G M R Wang 4521
Br®, .0,", HOO™ 1 H,0, /& Ag@AgBr [ fif /1 3 b5
() S Pk M, 1fi Pourahmad 25 B0 %, Br®
H1.OH /& AgBr/nanoAIMCM-41 [4fi# MB (1] 3= 2235
PER R, R SCEs 4 Tio R, AgiAgCIP* Ag@Tio, ),
Ag/AgBr= 31 it AgBri i fi Ak HLEE, $2 H Ag@
AgBr L EfE MB IHLER, Wixk (1)~(12) Biw.

Ag NPs + hv — Ag NPs ™ + e~ 1)

AgBr+ hv —>AgBr (e, + hy) )

e /&~ + Ag NPs ™ — Ag NPs 3)

e /6" +0, > -0y (4)

.0, + H* - HOO™ (5)

2HOO™ — H,0,+ 0, (6)

hvw' (Ag NPs*) + AgBr — Ag* + Br®(+ Ag NPs) (7)
hew (Ag NPs*.) + OH™ — -OH (+ Ag NPs) (8)
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