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1.1 SERREBRAHIEFIRIE

YK (CNT)Y N L BERL,  f R B A AL
A BRA T AP (KEE 10~30 um, #ME 10~20 nm, 41
FERT 95%). 1§ FH AT A EER(# HNO; 5Kk H,SO, 1
AN 1:4)7E 140 CEIAREE 40 min, TIEHE
CNT HEBEFREETHZH. Ag@AgBr/CNT/Ni
R AR R AR LE B Ag@AgBr/ Ni flZ L P25
TiO/ITO P25 5 s (1)l 4% 77 1 5 SCHR[2 1A A,
AR FRIA .

VR 1) S AR 28 ) 2500 7 X SR AT S (XRD,
HAH ) 5E, Cu K, $E(A=0.15406 nm), AN 1°,
FRVEH 10°~90°, LAEHEM BG4 40 kv F
200 mA. H SU8000 47 & b 444 o B4(SEM, HAH
SE)MER OIS, F NS7 BURERE{(EDS, 3
] A )il o v R T ZH B . FH PHI Quantera SXM #
i AR X200 FL 7 g A (H 48 ULVAC-PHDI E X
BT REIE(XPS), ALFE, JEZRABE 200 pm, A
S 450, AT Lg% 1S (UV-Vis DRS) H

U—-3900 A4LAh—n] W= 2040y ok FETH(H A H 57)
M5, ik BaSO, NS M. R+ 2 (Raman) )t i
F HR800 Bt IL £+ Z 614X (72 E Horiba JY)MIE,
BRI 633 nm.

RALGEREY: BETZTHEN Ag@AgBr/
CNT/Ni 2 /D BRI E ( CNT) MR TGN
K Ag KiF(25~100 nm)i¥] AgBr SRR 2 LE &
VI, AZIELE 200~700 nm 3K TG N A BRI
Wk, BAWIER SPR M. FHXTTHA CNT
Ag@AgBr/Ni K, Ag@AgBr/CNT/Ni {5 5 (1 W) ) i
FEH PR, 54 AgBr g MIFEIIHERAE . FAE
(1 ELAAGH T WL SCHk[21].

1.2 SEHEELSIE

Eim@25 C)F, Kb as e U V(N AE 2
em. K7 em)AVEAN 14.0 mL K E N 5.0 mg/L. pH=7
(1% FHI] B(RhB)E R (L & SCHF U ST NapSO,, WK
¥4 0.5 mol/L), L Ag@AgBr/CNT/Ni j ol 5 % i
JERRE T AR, Pt Rt AR, WEANH R HR (SCE)
NS R = R R G, T 90 FAR 5 VT ) A
HIAAN 1.0 em X 2.0 cm. AN & B HDV—7 Z44E HLA7
{3t FH 150 W s 54T e, dlid Jig % i (UVCUT
420)75 29K KT 420 nm (] WO, IS IR A
(PEE B9 18.5 em, 3 A VAR SR &9 50 mL/min.
T 1 725 AN S S A A5 8 P AR B 30 min, AR JETF
JEYCIRIEAT O AL SE S . AR I A ECRE,
722G R4y Fe T K 554 nm)illl 52 RhB FIROGFE,
WL RhB 1) A5

2 BRI

2.1 SMBRIEXT Ag@AgBr/CNT/Ni B B AR L ER

LM RERY SN

B 1 s A OGRS T X Ag@AgBr/CNT/Ni
RS AL 2 TP, N ) 43 it n S ) 7 A R T
136 HLEAL ROB 1) B A 22 il S A0 I (8] PR AR AL E 20 Eh
1 AT O, TR e e A e Sl B A e S 1 48 %o (LT
BRI, 1 J5 S 5 e 246 063 A8 (38 K980
i IE-0.120 V B, HEREA Sem OB AT . 1E
UEAR R R AE 3.0 min, RhB [ A 93.8%, A
[ o TP Y R A P 3R.(8.8%) I 10.7 5. F A 1 [ ]
W, B EZERHME N T 0.080 VI, Y HL LI
PEANF A I B AT 1, 5 TR 2 g v
W8 s s PRV AR A AN R 24 Bl R PRI 46 6H (KT 0.100 V
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Fig. 1 Effects of cathodic bias on photoelectrocatalytic

activity of Ag@AgBr/CNT/Ni thin film under visible light

irradiation
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Fig. 2  Photocatalytic, electrocatalytic and photoelectro-
catalytic activity of Ag@AgBr/CNT/Ni thin film
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2.3 Ag@AgBr/CNT/Ni FEE RIS BB TEM

T U Ag@AgBr/CNT/Ni I B b 78 7] W
Hse i I R (-0.120 V) HLAEALIE M, AR TR
T Ag@AgBr/Ni L 5 A 6 K R (—0.100 V)22
e HL LR RhB (351 o 25 58 16 M Ak STk A
2 1L P25 TiOL/ITO A LU BhRitE, AT 1%
F B AE fo HE 7 R (—0.400 V)Rl e (AL 1 g
TR B3 Bl BIR = R e S5 R . B
3 AL, AL 3.0 min, Ag@AgBr/CNT/Ni [ L
JE AL RhB AR N 93.8%, Ag@AgBr/Ni HL
IR 17.5%, TIEZEHT 5.4 fF. XER WK
YK (CNT)TE S B T 1L 77 Ag@AgBr/Ni 1751
AN, WKM7 A DG A ERE . ] 3 (R
AL, HEAGAE FHARIEI S [R], 22 4L TIOo/ITO J#E R 4 i
FN 4.0%, B Ag@AgBr/CNT/Ni 7 5 1)t A5 ' HL {4
g SE P25 TIOo/ITO W S 30 LG PR 1Y) 23.4 £i%
XULHES RIS T Ag@AgBr/CNT/Ni {8 15 5 AT W i
PG HEAEYE . B 3 TR G B TR 9 Ag@AgBr/CNT/
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Fig.3 Dependence of rhodamine B degradation rate on nature
of thin film electrode
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Fig. UV-Vis absorption spectra in process of rhodamine B

degradation

2.5 Ag@AgBr/CNT/Ni EIEH B ERREN

R Ag@AgBr/CNT/Ni 5 LM A8 47 i i )
SRR M, AT IEIASEEG . SEIG BTt N
(1 i —0.120 V, MR IR EE A 5.0 mg/L pH=7
() RhB ¥, AN 6.0 min. —AMEH 525,
BT AR BOCHT B H_EIA RhB 0, 3H758 A
T, WUGHEATH e, HAasei &S 1.2 M
I o

Bl 5 B N seae gt . il s nla, 7EESE
BEATH S RAEFR A, AH R R A IS TR) st R2fF) RhB B fi
RBWAKR, BRIGIALET BRI 5N 97.5%-
98.1%- 95.3%. 92.4%FK1 92.2%, ZZALAE/NT 6%. £
Bl Ag@AgBr/CNT/Ni JHJEAE A7 fi L5 AT AT WOGAE T
AT AT E I

2.6 SEERERARAIEBILFERRITIE

HRE Ag@AgBr/CNT/NI 5 BA W E s Ak
RS FEAE AL R 0 P 78 S AL, o2 e 4 A 30 iR 3 i
AURRAPEEAT T AL FHPTRE (BIS)ME . 9 7Tt
5, X Ag@AgBr/Ni AT 7€ . WA= I
AT, 5 H AR 5T SR A T A = AR R A
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Fig. 5 Cycling curves of Ag@AgBr/CNT/Ni thin film for
photoelectrocatalytic degradation of RhB
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SAELR(INER a), U0 I H A 4 328 B LA 2 N
FBH )R . Ag@AgBr/CNT/NI 8 i ) BELFL B4 4 42 (Hh
24 b)i/h T Ag@AgBr/Ni HEEIYT, FEPK CNT 51N
AT G, 8 Ag@AgBr/CNT/Ni T8 5 (1) B fif A4 3 Ha BEL
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KFAE S . IR, R b
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Fig. 6 Electrochemical impedance spectra of Ag@AgBr/
CNT/Ni and Ag@AgB1/Ni thin film
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3.0 min B EHEAL RhB 1 AA S B 10 & 112848,
mhek. B 7 wran, fEfUm XA, ks 4a0E
49 0.080~0.140 V' I, S F AR AR 1 v T AN I 1 19 0
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JELE PR B o FEIEAR I DX IR], TS 9 o R P A s 1 3
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Ko
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Fig. 7 Effects of different bias on photoelectrocatalytic
degradation of RhB based on Ag@AgBr/CNT/Ni thin film

under visible light irradiation
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Fig. 8 Cathodic bias scanning experiments of Ag@AgBr/
CNT/Ni thin film for photoelectrocatalytic degradation
Rhodamine B
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AR TARAE— 5 fi F 108 ] A 0T A R TG 6 R R o Ao
IR HHAT T e BT . RS TE 3.0 min K
ZERNEE 8 Fiw, B ARARAR RoR G AL FfEE
IR 2 % BRI 8 AT, AR H5 KA FITAH I i
JEN—0.120 'V, Ho i e 5 0 R R £ e gk 1 e o i
FF. BRSNS B E T AT 0% Rk
BEf# RhB IR E RN iR RENRQ), X540
PL TiO/ITO {H 5y FAR 7E v WL A0 6 fi T e H i
TR SR Gk 4518 — 3
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Fig. 9 Effects of different scavengers on photoelectro-
catalytic activity of Ag@AgBr/CNT/Ni thin film (Applied
cathodic bias is —0.120 V): a—Without any scavenger; b—
With hole scavenger; c—With hydroxyl radical scavenger; d—

With superoxide radical scavenger; e—With electron scavenger
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BN W RO B 95 AN h 3R 244 e
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RIANAE KA SPR AL IAK Ag FikAT, R
7E CNT s kAT, BRI Al R B i T 6B E
Rl A RGE % . Ag@AgBr/CNT/Ni i B AR AE 47 i [ R
JeMEAL RhB AR R I ZLIE A2 05° FilsOH,
HEFERMNIEFENRQ) TR,

X F Ag@AgX(X=Br , CI', ')A WIafEk s ML
B, YT EEGHAARAR. —2&0% 2O
FIFMH Egk Ag 7E0] OGRS T &4 SPR 248,
AgX SRR AN, ERIER T, 90k
Ag TR Ag R, IS5V O /ERH A 05
gk Ag MO Ag/AgX S, BH X
PER AR T XO, XI5 Wb o, R A5
ERJFA X oh" 5 XA X0 X — S BEE b e R R
RPN Ag BOREUE P A A T RIS R
Xf, BTIGEFERS R AgX S, I 0, WiER, &
Ji% 05° B ARTE AR, TS (W) B2 55
TR, Fais e fg . R R, Ag' TG4+
BRI TIMOEF NS R Ag. AAEH NN, P4
P I8 A R = R S [ I 7T 3 BT R D f 1 6 7 920
il 25 SR AR AN TR], BT 3 0 16 A ) A A 5 R AN T 3
ASHAIE, R R E DK Ag 1) SPR AQS 58 A
—, WOTREEANFEIMHLEE, AN, XTSRRI )
JEHMELL, 4K Ag HFORAE R L RS 7 1) SR AR BE AT
Tl 74D 1 £ DA R BUE R /NI AR A o 2% B ARt
KRR, AgX F R K, 75 Ag/AgX
FHH AIFAEFR ) AgX HI4MINE% 71, R eA: 1 i
AgX ST EGK Ag Fifi, Yok RN HAH &
T, RIEHZIK Ag M AgX AT, fiig,
TE AT WA R A A FH R A2 28— Fh R R EE . 25
JEF| DRS RILLEH: Ag@AgBr/CNT/Ni JH I H5 iR
fe ol AgBr #Hl[A], CNT FIgk Ag HIGINEA LK
IR 5 Ag@AgBr/Ni A LU, %R EOE
W AT B B AT P R R A, PR TR P DY MR SR A i A A [
(WSCHR[21FIAR S 1.1 7). 5 &3 BIS W5 45 3 -

CNT 7E AgX AT AALE, TN T WY HLgir A%
BHLPE, SR TG AT B RE Do AT DAHE T
Ag@AgBr/ CNT/Ni # 55 Ag@AgX H FAAF I
LA S RT3

HRAE SIS R RN IR 04, B2 S fm ARl WO
EFF Ag@AgBr/CNT/Ni JEHL RO FL AL F% i RhB
S SEATLER -

Ag@AgBr/CNT+hy —
Ag(e—h")@AgBr(e—h")/CNT @)
RhB+/v — RhB" (5)
RhB*+Ag@AgBr/CNT —>
Ag@AgBr(e)/CNT+RhB " (fast) (6)
Ag@AgBr(e)/CNT — Ag(e)@AgBr/CNT(e)
(7)
External circuit(e) — Ag@AgBr(e)/CNT —
Ag(e)@AgBr/CNT(e) (8)
Ag(e)@AgBr/CNT(e)+0, —
Ag@AgBr/CNT+O;" (fast) )
+O;+e+2H"—> H,0,; H,0, +¢ —>+OH + OH"~
(10)
0,°+RhB"* — Degradation products(fast) (11)
*OH +RhB"* —> Degradation products (fast) (12)
Ag(h")@ AgBr/CNT — Ag* + Br’ + CNT(slow)
13)
Br” + RhB —> Degradation products + Br~ (14)
Ag" +Br  —> AgBr (15)

K@ RRET WG T, Ag@AgBr/CNT/Ni
W 2K Ag KA SPR R4S, AgBr # R oA
A= NG ERZ ] B #] WL,
ROV RN R ST FHH B KA H S, B FEN AgBr
. R(OEREFMIEIEH T AgBr 1S 1
BTk Ag FIBRGIKE HITFE . (8)BAE UL E
G [E N T H A2 AgBr S EANGK
Ag Fl CNT Ho K (9)FR MM LK Ag AT CNT H
IR 5/ O 1ER AR 05" - S(13)RRGIK
Ag FHIZ AL E NI S Ag/AgBr FLH, Ik
Br B TN B 1T, B BEILAER AT, RN
RIS, ek AgBr FEAE A RAE IS T 25
oK, #aR(13)H ) AgBr ANFEFRVE h' . A7 (HELE,
¥ ERHIFRE T E 10 .
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Fig. 10 Reaction mechanism over Ag@AgBr/CNT/Ni thin
film photocatalyst under negative bias and visible light
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Photoelectrocatalytic property and reaction mechanism of plasma
photocatalyst Ag@AgBr/CNT/Ni film electrode at negative bias

LI Ai-chang, LU Yan-hong, LI Qing, CAO Ran, ZHAO Di

(School of Chemistry and Material Science, Langfang Normal University, Langfang 065000, China)

Abstract: In the purpose of preparing highly efficient and stable film plasma photocatalyst and exploring rule of its
photocatalytic and photoelectrocatalytic degradation of organic pollutants, Ag@AgBr/CNT/Ni thin films were prepared
by composite electroplating at a constant current. Its photoelectrocatalytic properties and stability were evaluated with
Rhodamine B(RhB) as a model compound under the conditions of negative bias and visible light. Using electrochemical
technique and adding active species trapping agents to the reaction system, the mechanism of photoeletrocatalytic
degradation for the film was explored. The results show that the Ag@AgBr/CNT/Ni thin film prepared under the
optimized conditions exhibits very high photoeletrocatalytic activity, remarkable Photoelectric synergistic effect and
superior catalytic stability to decompose RhB. At optimum negative bias(—0.12 V ) and under visible light irradiation in
3.0 min, the photoeletrocatalytic degradation rate of the Ag@AgBr/CNT/Ni thin film (i.e. 93.8%) is 5.4 times of that of
Ag@AgBr/Ni thin film, and 23.4 times of that of P25 TiO,/ITO thin film. Compared with no cathodic bias, the
photoeletrocatalytic degradation rate of the Ag@AgBr/CNT/Ni thin film to RhB is increased by 9.7 times. The
photoeletrocatalytic activity keeps mostly unchanged after five recycled experiments. The improvement in
photoelectrocatalytic activity for Ag@AgBr/CNT/Ni thin film can be mainly attributed to the catalysis of nano-Ag
particles with outstanding SPR effect and carbon nanotubes in the film for the reduction of dissolved oxygen. The
hydroxyl radical, the superoxide anion radical and the dye cationic radical have a decisive role on the
photoelectrocatalytic degradation of dyes at negative bias under visible light.

Key words: Ag@AgBr/CNT/Ni thin film; surface plasmon resonance; negative bias; photoelectrocatalysis; reaction

mechanism
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