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Reduction of Nitrate by g-C;N,-TiO, Photocatalyst on Electrode
Coupled with Electricity Generating Bio-anode
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Abstract: Photocatalytic reduction of nitrate and/or nitrite is performed using g-C;N,-TiO, as photocatalytic
cathode combined with electricity generating bio-anode. Effect on photocatalytic reduction of nitrate is
investigated from hole scavenger, aeration conditions and biological anode, respectively, and the reduction
mechanism is analyzed. The result shows that the system has the best removal efficiency with a biological anode
and exposure to nitrogen, while hole scavenger has the least effect on photocatalytic reduction. The removal of
nitrate is 72.57% and the concentration of nitrite (by-product) is 0.31 mg-L™" after 210 min of reaction, while
ammonia is not detected. The supported catalyst does not fall off and the catalyst activity remains essentially

unchanged after repeated experiments, which means the catalyst and electrode can be reused.
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2.4.6 HAMATE AL TIO, iYL ER 8 R R
XF
K11 B AR 5 40 Tio, il FR +h i I AR
XTHCPE , ATLAE A 0] 0L IR SR =2 A A A
JR R E 5 T 26 TiO,, X 2k B T A AR 19 AT L
S0 7 8 =5 T4l Ti0, AR

110

100
[ —a—gCN,TiO,
or —e—TiO,
s0f
70
60

50 F

Nitrogen content / (mg-L™")

40 |

30

1 '} 1 '}
00 05 1.0 1.5 20 25 30 35 40
Time / h

Bl 11 g-C3N,-TiO, 5 TiO, B iR #h i J5 2R X Lt
Fig.11  Comparison of nitrate reduction effect of

g-C3N,-TiO, and TiO,

2.4.7 TR ER IF AL By

FEREA RN i R AR R i — BRI,
HAETF iR T [ 22 )5 S48 B AR A 1% 6 5 T
1o i A A VR 20 BT N 3t e I T AR R
A, LA 100 mlL RS R ER W B 50 mg- L IR AR
i 192 2 15 VL, FE AR R) 2% 44 R AT SOy, 2 I sk 2
WAEFRER A AL an & 12 s, g Ao A v ST il i
WP — T MR, ELWCA R 3 A R AR A A A
D, Uk B A TR 3 T Ao AR v 0 Rk 2 Bk e



642 x #l A

#o% 4R

o %33 %

S50

40+

30

20 -

Nitrite content / (mg-L™")

O 1 1 L 1 L 1 1 '}
05 00 05 1.0 15 20 25 30 35 40
Time /h
B 12 3 5 s g v I i 18 vk A8 Ak

Fig.12  Trend of nitrite concentration over time

WA o A R AL | 4t — R IFOA N, HLAE i TR
R R B R I A Ay A TR 114 i R T I TR R
i B R R DR O Y PR ER AR D BT B T
JO7 — BEIRF[R] Ji5 | i R h ok 58 R A1, A% A S I i 1R
f10 58 el /D | I S0 T R R AR BRI PR R W ik
J5, A RRER W TT R A AR BT AR R
WA A B R T, B IR R A R T A
AC B A ol A 4y L e A T B A R B B B A () 77 7
F14 P, A 22 0 007 B R 7™ A= 19 Fi 3 R Lk 4% 338 3 5]
e, 25 FIRE D 52 N, 38 5 6] s LS P pHL
ARSI | e BN pH (B W A9 L T BE T B )
AR WS, T H Y 3 2R R A B
A A Al a5 S R B R A% 3 ) B
W, Z 5B RN, Gl DA b SR o A Y TERE S
PR S TR £h A i AL AT AE S
NO; — NO,” — NO, — 1?12

AJ BB A A 1 RV A

TiOy+hy — TiOy+e+h*

NO;+2H*+2e” — NO,+H,0

2NO;+12H*+10e” — N,+6H,0

A PR R AR A AL R A T AR b ) 7 0 No,,
NO, HH&E & A2 0 N-N 8 JE B N, T 7E S i 72
ARG S NO,, W8 B 7RI J5E 52 b 3o A% H R
Tl R e DA U, A /N R A3 B i A
[ &I 7= 4 NO,, 77 A i/ NO, i 52 AR B N,
HOR S AAS NO, Hh HAE 2 RO AR N,
2.4.8  MEA AL E A S

T B 1 B A PR SR A R A 13 B R %
BLifAT 5 LIS IR ER 1Y BRI 72.57% % 5]

69.45% , T FE MR REAR /)N | Ul WA AL B Al m] E S A0 A
X P 22 YR H B AT WL O SR R T A |
TR RA R BLSR

100

90}
80}
70
60
50
40

30

Removal rate of NO,~/ %

20

10

0
2nd 3rd 4th 5th

Cycle
Bl 13 ALl A PR
Fig.13  Recycle experiments of the catalyst electrode

249 K ZR S EERE T
Bl 14 15 MU AR R = guR | onad

—a— Cell potential

e
w
S

0.25

Cell potential / V

0.20

0 50 100 150 200 250
Time / min

14 B b ER S AR ] A2 1 Hh 2k

Fig.14 Trend of the cell potential over time

0.40 45.0
A —=—Polarizati
A olarization curve

0.35 if ‘\A\k —A—Power density curve] 40-0
AL ~
i {3507
0.30 1 £
0.25F 4 30.0 %
> N2
g, 0.20 / 120%
< ‘A
= 4 200 g
§ 0.15 ‘1 %:
1150 2
0.10F z
t 4 10.0 &

0.05F /
5.0
0.00#
'l 1 0'0

1 ' 1 'l
00 0.1 02 03 04 05 06 07
Current density / (A'm™2)

P15 v o A I i 2 S R A il 2k
Fig.15 Power density curve and polarization curve
of the cell



%4 Z 52 g-CN,-TiO, S AL AR & A2 9 7 v B A U PR AR 643

e BB BN I R AT H b F A SR T B 2 1
ik, BRARAEMRER BR A M2 e B, i vt v 3 5 A TR
e B R IE ARG E SN T IR I il PR R 2 BRECER
FEL b R A T o A i R R R RS B A
TR F R AR i L Al B
e As Al il 2Rt R AR R N LA 600
QB RIPFREEN 33 mW-m?, 5 LN 2R
PR PR T D) R AR

3 & it

g-CN - TiO, B 35 76 B £ 4 A7 b i S48 1k B
e, ] Bk ) FH A= 0 BE B 7 AR 2F A 1R R 0 i | oK
E TR ER W O 100 mg - L7 I S 3.5 h, iR #h 2%
B 4RIk B 72.57% , I8 B 7R BRI R
99.54% ., 1¥ R A YIVE R BHAR B | il 7 k3 D 28
FM 40.00% = 5 72.57%, A= 0 BH AR R L $2
TR ER WA I 80R | R RIS MR T UE Y
AR ™ A= W i 5 1, 763 S B P SRR A 2
T BRI 5 o iR M RIS T A FEAS L
) 20 S BTG K AR W A 7 L DL R A R AR R i B
HOIAT T BT AR | BN A A T AN A R ) A%
A2 KRB A BT g, BAT R K0 5L Br
A,

Acknowledgements: The authors thank the Natural
Science Foundation of China for the financial support (Grant

No. 21677025).
B2k,

[1] Zang F X, Jin R C, Chen J X, et al. Chin. J. Catal., 2005,
232:424-429

[2] Anderson J A. Catal. Today, 2011,175:316-321

[3] Wen Q, Wu Y, Zhao L X, et al. Fuel, 2010,89:1381-1385

[4] Krishnaraj R N, Karthikeyan R, Berchmans S, et al. Electro-
chim. Acta, 2013,112:465-472

[5] Mansoorian H J, Mahvi A H, Jafari A J, et al. Enzyme Microb.
Technol., 2013,52:352-357

[6] Lu X F, Wang Q L, Cui D L. J. Mater. Sci. Technol., 2010,
26:925-930

[7] Jassby D, Budarz J F, Wiesner M. Environ. Sci. Technol.,
2012,46:6934-6941

[8] Ding H R, Li Y, Lu A H, et al. Bioresour. Technol., 2010,
101:3500-3505

[9] Ranjit K T, Krishnamoorthy R, Viswanathan B. J. Photochem.
Photobiol. A, 1994,81:55-58

[10]Kudo A, Domen K, Maruya K, et al. Chem. Leit., 1987:1019
-1022

[11]Li Y X, Wasgestian F. J. Photochem. Photobiol. A, 1998,112:
255-259

[12]Gao W L, Jin R C, Chen M X, et al. Catal. Today, 2004,90:
331-336

[13]Bems B, Jentoft F C, Schlogl R. Appl. Catal. B, 1999.20:
155-163

[14]Najah W, Mira J, Chantal G, et al. Appl. Catal. A, 2009,
368:1-8

[15]Li LY, Xu Z Y, Liu F L, et al. J. Photochem. Photobiol. A,
2010,212:113-121

[16]Anderson J A. Catal. Today, 2011,175:316-321

[17]Hirayama J, Kondo H, Miura Y K, et al. Catal. Commun.,
2012,20:99-102

[18]LI Yue-Xiang(Z= ), PENG Shao-Qin(3Z 4 %), DAI Chao
(M), Chin. J. Catal. (1AL 5 3R), 1999,20:378-380

[19]Li Y X, Xiang Y, Peng S Q, et al. Electrochim. Acta, 2013,
87:794-800

[20]Anderson J A. Catal. Today, 2012,18:171-176

[21]Doudrick K, Yang T, Hristovski K, et al. Appl. Catal. B,
2013,136:40-47

[22]Wang R, Yue M F, Cong R H, et al. J Alloys Compd.,
2015,651:731-736

[23]Yan H J, Yang H X. J. Alloys Compd., 2011,509:26-29



