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Removal of RhB by Photocatalysis with Ag;PO,on Stainless Steel Integrated in
Microbial Fuel Cell as Photocathode

YUAN Hua LIU Li-Fen™
(MOE, Key Lab of Industrial Ecology and Environmental Engineering, School of Food and Environment, Dalian University of
Technology, Panjin, Liaoning, 122441 China)

Abstract: Ag;PO, visible light photocatalyst was prepared by one step precipitation method from silver nitrate and
sodium phosphate. It was loaded onto stainless steel mesh support using silica sol, then the photocatalytic
electrode was obtained after drying. Using supported photocatalytic electrode and carbon rod as the cathode and
the anode respectively, filling granular carbon already loaded with electrogenic microbes in anode chamber, and
the coupled photocatalytic microbial fuel cell reactor was established. With RhB as a model pollutant, the effects
of light intensity, substrate concentration, pH value on removal efficiency and the electricity generation were
studied. The results showed: using 100 W halogen light, a 500 ) external resistance, at pH=10, and 1.5 times
microbial biomass, after 4 h reaction, 92% RhB in 200 mL 50 mgLl.™ solution was removed ; at this time the
output voltage and the power densities were respectively 124 mV and 34.9 mW+-m™. The supported photocatalytic

electrode is stable after five times reuses.
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il T 53— R BE K A B AR IS I T AR Y Ak
22 JE IR AR PTG (microbial fuel cell,MFC)
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A, dE ST G AL AL A W ROk F Tt e R A A
HL A B G T 5 75 e W 1 S BRSO N MFC 1 7=
HL P RE  PRTT B R T R, rh BRSO
e 1101 B X A5 A R ) ) 78 5 7 Ak B A R e 7 e
AeA H TR T BT 2 RS i oA I e R R
(A AR G Rk L b (Y B 5

AUk 7R B T AR T D TR % 2T
SR — 2P e 55 AgsPO, XTI /N T 525 nm A] UL
JEH A TR WAL RE . AT BSS 45 min, B P
B B 1Y 2 BR#35 93.9%, T N-TiO, X £ B 8.1% .,
Katsumata S5/ Ag;PO, oA Ak % i Uy A i KT A
%5 10 min 1 Z2BRFIK 100% ;180 min J5 LA HLIK %
BR3IA 82.8%, 2757 AR AR U4l W vk il 45 2
1 AgPO,, & S 7 PR G AL 6 1 L BRI 47, F
G IR A B 4 Kb A R 8 T A T 25 4
(4 7 35 384 TG S 1) A Ak 1k 720

ARSI — L UIVE LA K AgsPO,, FAE 7 B F H
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HL AR AR B AR, R F B A 2 PR R T e Al 7Y
TR D BB LI (photocatalytic microbial fuel cell,
PMFC), % %¢ T H LB % FFU] B(RhB) 2503 Fl L
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1.1.1 il AgPO, JEAEAL ]

43 MR 5.01 ¢ AgNO;.11.4 g Na;PO, - 12H,0
T 28 TR B Na,PO, W WD 4 1 | 2218 Jn
N BRAR S W, 7043 R I 15 v B DT TE W), 22 g |
K5 KE,70 CF T3] Ag,PO, JEhEfLH], H
il #8 ULVE R L 2 AT 3R

3AgNOs+Na;PO,- 12H,0 —

Ag;PO, | +3NaNOs+12H,0
1.1.2 % AgPO, il £ 6k AL i

¥ 500 H 75 BRV- S0 85 09 22 4 s W 3 59 i 4
emx4 em, S JEFATNE  TE/K CBER A 2 h, T &
KRR 5 258 FKIR A B I K LB IE
RERR O TR IR AV Z S5 k2204 0.5 h, H e
BEMR TR TR Ol LB F K WRERRR IR TR L

1:2.23:2:0.55, HC— 7 5 19 A 10 500 40 1l 22 ek v e
o BERE 10 min, FH R 5 6 A 10 500 I 2 50 il )
AN L, 50 CHET 15 21 6 4856 410 50 1 FL A
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AL X S 28 A S AR AL RS A b 5 Hp A AL 3
J~ XRD-7000, M58 T Cu $E S, i3 s | H 3
539 /& 40.0 kV .30.0 mA, F HAS JSM-5600LV 14
FL - 308 R R AE A Ak 7R R AR 5 e A ) 1) 2 1T TR
M AR R 0B S L BE RAEME A T H AR JEM-
2010 2 5 HL 35T
12 XEABEREDKBBE® PFC X% %5 A

B SRR EF=R R

PFC [ N %% B A0 5 't i Ak [T B 2 F 2B 49 PH A
B, P (R BH B A 40 B I | 52 7 g 9 A g R
A, BT,

BF B 2 2 A AR FR A 200 mL W E A 10 mg - L
() RhB ¥ W, 1% %8 0 B G 3 e 25 /<, AR i 8
0.1 m’-h™', B E N ST A 174807 f f2E 90 0 1 1k
wAEY R T A R E R R 0.1 g- L
KC1,0.5 g-L™" NH,I,0.1 g-L™" MgCL,0.1 g-L"
CaCl,,0.3 g- L' KH,P0,,2.5 g- L' NaHCO, Fl 1.64 g-
L™ CH;COONa, LARsA#E A FHAR | £ 278 A L 7] f
Wb B, AR B B 5 A2 A BH i e i
>k, BA PHAEE S 5 em. BECMEALHLAL 7 em ALRCE
100 W 3 50 24T, SO AL RO

S IO B 5 i I — YRR b A R R R R U
30 min B RhB 7KH% SR IS5 AT WL 43 606 B2 3t
DU WS B AR I T S kbR B AR IR
SN F B FL B pH IR B SF L ZE X RhB £ B
SR L e L PR RE DS N I B S
S 1 A GAHE A AR B FRE

2 HR5WR

2.1 AgPO, HMELFIE XRD 5347

K1 A 2 45 19 AgsPO, B3 K B XRD, &
5 PDF brifE R A X%t & 35 PDF#06-0505 (1 &)
FHWI G TSI B, I Hh B At 2 0 136 W i Ak
N RV R B E R R Dk Vo =
2.2 AgPO, XELFIE SEM

2 2 AR SEM B, a b 43 5K
2 000.5 000, Hi & AT WASEE N L £ 2% 2 1 2540 4
SJUNE e T AN L AR o B RV I
TE R0 I SE T — A2
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1 AgPO, ¥y K KbrifE< # XRD K
Fig.1 XRD patterns of the prepared Ag;PO, powder and the standard card

K2 A Ag,PO, SEM EI4
Fig.2 SEM images of the loaded Ag;PO,

2.3 AgPO, HENLFE TEM e oRE R ST 2 10~50 nm, A V6 B30 2, BG40
Kl 3 & AgPO, B3 A K TEM B, nLIEES] KM RHMEIEFMRER S

3 AgPO, KA TEM %
Fig.3 TEM images of the Ag;PO,powder
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2.4.1 OGRRIEE 7 HLF RhB L BRAGE JOL W AR TR B ZK Hh RhB R BE T A 5 4 AS

FHIE AR5 R Feon HBRECE I 4 7T W JeyeRt A B RhB JEABEA LB, It BEeH{CE
FLNE 4 h AT £BR 58%RhB; JEHART KN 4 h Al £ BR D 2 5 A G BRI H AR AR A AR P A S O
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Fig.4 Effect of light illumination on removal of RhB
in PMFC
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PMFC B~ B P B8t H b L R RN 7™ H %% B %
N, BEALR O B H R R )R R A R T,

JCOt BB R e R 5 T F % B 43 0 4 mV A
0.6 mW-m=, 100 W Y HR % il ey, 1 A 3 5 5% i
53904 35 mV A9 mW-m?, @i 9 f5# 15 i,
SRR G B i | A1 E L T A B RN, PMFC
T AE AR B 25 W BR AR AE 22 B 15 Y ™ i R 7 T
WA DFEIER, 2R A WA
2.4.2 AMHBEXT RhB 2B A= B (5% i

1 W78 PMFC #3 AR B S E B BERE ) b
HL BT RhB 25 BRACR 152 0

i 1 ] DL A4 F B 43 51 2 100,500,1 000
Q B, I 4 h J5 RhB 25 B8 250 51 82% .90% .
88% ., i 41 K A i BEL AT LA i Gk i) 22 Bl L (H 2
Yk R HL BH 25 5 238 S T W A AT L 3 > 4 n L BEL
HAT S i s, IO RF5E M E S
ML B = Ak 70 A9 3% P 0 3% 22 1 000 O
F R R AR, AT Be 2 F BEAE R, — 5 43 i T 7
FETESM LS XM RDEA B F 52 U E A A
FHA PO s

F 1 PMFC H Xk RhB 07 BB K B 22 0 B =

Table 1 Parameters influencing removal of RhB and electricity generation

Parameter Stable cell voltage / mV

Stable power density / (mW +m?) Removal rate (2 h) 4 h/ %

Resistance / ()

100 35
500 87
1 000 149
RhB C, / (mg-L7™)

10 87
20 112
50 115
pH

No adjustment 108
10 131
12

Electricigen biomass
1.0 times Increase then decrease

1.5 times Stable

8.7 (63), 88
19.8 (65), 90
43.8 (62), 82
19.8 90
33.8 87
35.0 68
31 68
34 85
68 85
Increase then decrease 85
Stable 90

HIZR 1 BI85 Al UL 3% $ 4 ) S 4 WL BEL X PRC
Z G R R T AR B B RN | PRt ) R B

[ 4% o ek BEL 5 398 K T 480 0 AR U:R%R,p:p -

(%)ZR,%’I%EEBER ST Py B B TS A

K., % PMFC WRHE K, oMz BHM 100,500 Q
FHE 1 000 Q B, B E M 35 mV T3 87 Al 149

mV K 1.5 F1 3.3 £ IR E L 8.7 mWm2 JH 3|
19.8 . 43.8 mW-m™, 53 3G K 1 A5 AT 4 4% AR i 2k
R IE JRELRH 500 Q SMEHEH
2.4.3  WIHHPE K& RhB K BRFI7H

ZiRmME 1A 6 Fram, HHEM 10 mg- L
BEE) 20 mg- LI, 4 h ZERBETEAK, M 90%
K% 87% ;50 mg- L™ RhB 1 2:BR#%1T 68% ., HEfk
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Fig.5 Effect of connected external resistance on electricity generation
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Fig.6  Effect of initial concentration on removal of RhB and electricity generation in PMFC

FEE— B 1 PR 25 BRT Ye  B Tk e R
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L HL PR RE A 2, 24 RhB VM 10 mg- L
BN E) 20 mg- L B o™ oM RE A T AR L AR OE
HUE A 87 mV 22K 125 mV DR E M 19.8 mW -
m?2 2 43.8 mW-m2, WEERGIEE ML 1 5T R AL
PRI 5 A b R ik FE P T 1 a2 B R 42 338 A
15, (BRI B AR SEIG TN 2 50 mg- L, 77 HL 1) %
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58, RhB ¥ BE X 7= HU T & AN & R &R
2.4.4 pH {EX PMFC %% RhB 17 HL 1 52 i
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5 pH E R 10 B e K K BRE N 85% ; 4k 224 = pH
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Fig.7 Effect of pH value on removal of RhB in PMFC
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Fig.8 Effect of microbial dosage on removal of RhB and electricity generation in PMFC
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Fig.9 Repeated use of the immobilized catalysts and electricity generation in PMFC
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