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Abstract
Environmental pollution and energy crisis have become the concern of the world today, A large
number of wastewater containing sewage is discharged into the water, causing serious environ-
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mental pollution. However, most of the energy in the wastewater is available, and the design of
photocathode microbial fuel cells (Photo-MFCs) can achieve the dual benefits of degradation of
pollutants in the wastewater and productivity. In this paper, the research progress of Photo-MFCs
at home and abroad is summarized. Firstly, the principle, advantages and classification of Pho-
to-MFCs are introduced. Then, the preparation of photocathode catalyst and photoelectrode is
discussed emphatically, and the influence of operation parameters on the performance of Pho-
to-MFCs is further discussed. Finally, the current problems and future research opportunities for
Photo-MFCs are prospected.
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1. 5]

BTG Y A BEIR FEALIE 24 At T I A R e Bk, b, PRKTS e\ 2 R B IRTG e 2
—o SRIT, PRIKBIAL BRI AL Z B SA M B IR FIBR Gl BT LA, 20 5 — /N W] 4R LR 1 7 VE R AL BRI K
FEED LR L (MFC)E N — R AT . AT A A VS PR ORI R A AL BR RO P2 B e R, B KA A 2 K R
IKAERIRYD, TEACER PR K IR ] L= AR s RE, X FTHY 1A S0 K AL B 22 [1] . MFC IR AEE R
ALV AL K B LR P 4 I8 5 FH AR 28 5 A B A BB A, (R 7 A 5 s T8 i A8
Pl AE BIFARL, HoF A5 FAE A AR R T A, TR & B, A= AL FfE . {2 MFC R JE IR 52
B A SRR FLAT A2 135 e B8 Ao 2 RV Th 25 i o P PR Ak o H w2 s 110 B M e 7 3o HL A7
MFC PEREM L Z R R K, BT AR s B M REXT T MFC ) SERR B A & 45 S BB [2] [3]

FEHEAIENE N — T AL Z R T BoK 5 fe i Lb . ME N TRERNTESE T34k
(AR 8 BE R R IR A1 SRR, 2 SR LRI SO R BRIT B 3 b, AT = AR e AR BT A
HAEAET HTIAS O B BB RS Y AT I N, BT DS A AR s TR A s I 1 SR AL A0 (ROS) ]
R RIS JeP[4]. SelEMEEAMREA ., KEEME. Sl tESE e Hi TR ERTFREsRg82E, §
FOCMHEA I RCRBARS] [6]. N T B IGER TR A, EECHAARERE RINECE, K
155 A0 E A AR RO B AL R — R R V7] B B AL R S S pR ) — A E R KSR AN
B M RA. S, ShERE T EE 2 MRERMRA . 1 MFC VEN—Fh &5 A U 771 T H it
K. BTLL, RS HEARTIE A MFC B RR A 4k 7704 B Photo-MFCs AN AT A Il Az 25 7R L7 )

A AT DA K H B8RS MFC FIBH R S Mi[8]. 7E Photo-MFCs w1, Y6 HLEH ) I e A4 25 /T LS
RE AT 25 A, IR AT DR G B BR G AE 2 7 P I A, A5 58 2 16 A6 e 7 mT DU T B AR
FIRE, MITTEET T RGEHITS G 2B R R P= M RE[9] . Photo-MFCs 1 A A BH AR AN 2= S 44 't H B A 45
A K RPBHAESI AN MFC 1, S R/K s 5 et 2 B A R 2 1 [ USCER (i 7 A AT I e % .

AR SCHER T T K Ab F K & L) Photo-MFCs (1 18 9 41 1 T 7% 33 Ji (2009~2020), At 4% T
Photo-MFCs (144 52 J% Ji 23 AR H AN 7] (1) B AR S B 8 R JLEAT 73 2%, EE U387 Photo-MFCs B Al A4
BEEOGIR AR A H 4%, SRIG 1T T #:/E 2806 Photo-MFCs PEREISAI, #Jo J9dkilt Photo-MFCs 52
BRI, Xt B IR PR RN A J5 B s A 5 Rl AT T R,

Tk
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2. JERRFARRE AR R R, B RS

Photo-MFCs £y — i A P ii ket B MOG AL RE S B0R, bt SR B an 4 1 Ffrzs, Photo-MFCs
FH BE AR 2 A B AR A i, PEAR = P BRES . o SRR S ) S5/ E N i 38 dA, H B O /N LUE
AR, HREAIENOF RO B E A S AR, b B E A R CURIEORE T,
FH AR = 0T o7 B8 i e DGR IR = Y, IR = R0 B A =8 pR 0T S e JBERR . AERI AR =, Ak
YA DR BUR T AT, o ] i AR P I I o - A e A BB, T FE R D E e A E
Rt B, BIRREN, BIGRT R CHEAGRITE GRS TP AR T A A2, A2 Rk 5 5
FEAR AR S SR I 725, BIRRER T 106 A W TR A 25 A ) RS2 S5 BRI B0 SR 1) HY R AR IR 5
S, BEEF, Photo-MFCs #— A& REIEE, RERSTERE &G RERE ffTS Y it (R 7= L BB . Photo-MFCs
PEREMISE R KA R Z, CURRRE Rk et 2R A | R it SR BRI PiE v . BHARGRRN 2. FHAR
FAAA L BAR FARIBR A . IR FE T S2 AP S R B AR P A R S DR 32, R A& 50 Photo-MFCs
(I RER) 2 BRI R 2 —, FATE Photo-MFCs 12 1T i A2 FR A7 75 B AR FL A 453 2 17 F AW FELASE 453 2 32 LR IR
FRAMIEAL 52 . BRI LTS, $2TF Photo-MFCs (3R RE, 385 A1 F 56 A5 285 BH A R Ak 7715k
Bee AR BRI AR S A0 A3 2 J2 42 1 Photo-MFCs P RE I e AU 72— BRI, ARSCKE M Photo-MFCs FRIBA R H
#, M\ Photo-MFCs BHHR FRIAN [ B 52 40 B 2 A L S BB A A 791 B S B A 1) il % )% %% 2 2506) Photo-MIFCs
PERE ISR S5 7 TR T IR IR

Figure 1. The basic principles of photocathode microbial fuel cells

1. SCERBRAARIAE MR B it B B A SRR

£ MFC o1, BHARZE R AU = A (1 FL 7 22 S R R AR 3 BB, X 28 FE 1 R8T F L T [ Al = R
LTS, TSR T DU A A LS s TS G o T 22 A P BH B R ' R B R 3 2 4
Photo-MFCs i, FHT LA ZMIAFAE, IE T AV BT I FE AL TR AE R . SR BRI BT 50k
HLBAMR B eA G A, BB UEBRAIER, MRS TR TR E S, fERES
16 A B T AL i [ S2[10] . #F Photo-MFCs 71, oK BH B 4 ' B B R WA e Ao AT S8 0 s A= 400 1 A
B, B TR ARSI Rt =82 11]. EHIERE . TP Photo-MFCs & i f#175 4ut 22 14
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FF=REMIWE A TAE . Wik 1 iR, 45T Photo-MFCs (¥ [E Py 4N etk e S L His , A da1E A 2 (91 FH
WARL), BATSECRAS el IR 5 RN A A )4 . 4R Photo-MFCs BRI % BRI
2R, Photo-MFCs 73 = KK, RS2 =FANF SR GEI I B AR Ao

Table 1. Summary table of cathode and anode materials, operating parameters, and power output of photocathode microbial
fuel cells

= 1 CEBBAREIE AR e B RABRAR ARl IRIES B ThEMUIT R

3 . =g TR u a
s B LR BE RS e DR s
R EAve] 1 MKCI UV-Vis / Cr(VI) / Yan, 2009
T
i Al 1MKcCl UV-Vis / MO / Hong, 2010
kL
T Culns, 0.1 M PBS Vis A / 0.108 Siwen , 2014
A
%% Cu0 0.5 M Na,SO, UV-Vis A / 0.004644 Zhe, 2015
ek PtOX@M-TiO;, 0.2 M PBS Vis H / 0.000434 Sajid, 2015
ORI PE IR FeITio, PBS Vis " MB/Tetracycline / Chao, 2016
PR AgsPO, / UV-Vis H RhB 0.00349 g, 2016
W4k TiO, 0.01M Na,SO, uv / Nitrate / Zhi, 2017
it Pd-SiNW 0.5 M Na,SO, Vis / MO 0.0119 He, 2017
T Bi-TiO, HskK UV-Vis H / 0.0224 G.D, 2018
. g-C3N4/ o i
Tt Cu,0ICF K UV-Vis H / 0.01107 ZHANG, 2019
s Cu,0 K UV-Vis A / 0.0249 Yu, 2019
Fi )
. BTNA KH,PO, uv H ABRX3 0.00001 Xize, 2019
kL
Tl Pd/SINW PBS Vis / Cr(VI) / He, 2019
FEBIESER Cu,0@AUNA PBS Vis / / 0.2849 Dan, 2019
B
”;?:Eff% ’f}iil/ﬂm LiNbO3/CF 0.1 M Na,SO, UV-Vis H ofloxacin 0.0546 Peng, 2020
i B Cu0/Zn0 0.1 MKCI Vis H / 0.005184 Rana, 2020
Bt MoS,/TiO, 0.1 M PBS Vis / Cr(VI) 0.01474 Yu, 2020
R AgBr/Cu0 PB Vis / RB5 dye 0.006111 Tai, 2020
RNz - TRan )
s I 1MKCI V B 011 Peng, 202
R CulnS, 0 c is H u 0.0119 eng, 2020
VeL-Yat PANI-CdS PB Vis / Cr(VI) 0.016693 Elahe, 2020
TR A 4 Cu,0 0.01 M PBS Vis / Cr(VI) 0.1107 Amol, 2020

2.1, SR R AR

£ Photo-MFCs 1, Il A ERA R TEA TG RYAAAERS, 15 31 aME— 1) i 732 A gEa
Photo-MFCs [{IRA I % b &35 it i E AR R JE S80IRES . BUMRIESA A S A Rse 40 1, AT AE
B B RIS SEBL ™ g NG LRI RAE 2, — 4 BL [ Photo-MFCs J& TIXFh3EAY, R0 F 2R
EWAR
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PHR % -
FE A + CH,CO0™ +2H,0 — 2CO, + 7TH* + 8¢~ @)

B = -
Pt Bl + hv — hy, +e, 2
(hi +e ) +e” >eg, )
159+ e, — B @

X Photo-MFCs & Jif [ M ¥175 e F B2 02— SU AR By el 300 J B8 2 R SR PR 6 AT 9035 4, iz
MEE RIS Gk . RGPk 2 IR AE AR = A= i il A e S BAMR B e e &, A
TR T PIRGEJF SR, TSR MFC FIOGEIRR MRS & . Yan Li S5 [12]0] FH 4 204 6 2 1A S8 R BTk
S4B R E) MFC H B S SZEL T /S8 (Cr(VI) B BA R SR AT [F]25 L, O iF 90 6 IR T 1220 B 1k
REFRISZM, 4 AIAE DG REFI SR IS 00 R EAT S8, BEFRM, BT RGN Cr(VI) R Rk A i 1t fe 22
WAL T RSO FEOCIRETR, Cr(VI) (WIARMEEy 26 mg/L)TE 26 /NI A IR R A2 97%, J2 RIETE
BN 1.6 5 o G HEAN SRS R AR (1 s KR BAMR HL AL 43 5912 0.8 V H10.55 V, JEHE T FRA LE RIS 1 00 T ey o
XTRE TS5 TR B, e n] WGBS N, AR H AR AN 4 20 47 A S A A B8 6 B A 2 18] A Bl TR0 F T L3R T
RS ThRE A Cr(VI)BF AR .

22. MERRE

2 Photo-MFCs B % i R BAT — & BV i S K AN, BIAR R ZE R SRR TN, AR 5 e
1 MO IR J e RSk, 4804 Ji I B BE 25 55 1 MFC IR R A=, 3t T8 ST MO Sk B 3
FEAGIE IR AL IR A AR R 5, RG24 T 58 e B B AR F 3 A B PR RE 1A SR R 22— [1.3]
Jit LAERT 21X K Photo-MFCs (FITERERS , WA HE LSRR 48 AL A PERE R 3R TT L, Bl R 94 S i) 2
g, EARBIAEE . AR GEH BRI A 2 S N A S SN

FRYESRAE R

O, +4H" +4e, — 2H,0 (5)
TR

2H,0+0, +4e, — 40H" (6)

TERRMEZAE R, BT RS2 B B3 BRI, aniti Al B iR (.0, ) [14]. &t A B %5 (HO,» )
[L5]RIA S B T3 S 7= 2B g sk SR AL (H20,) [16]

FIHL L) Photo-MFCs —FF, R 22 BHAR A L1 5 AR (1 AR 28 XA & o (EDRAE i 5 5 45 B ik T SUE
JE RN Zhe Sun ZE[17]5R 1 CuO 9K 48 [ 51 't L [T AR RO s il A2 40 BH A ¥4 i Photo-MFCs, F#K & 0.5
M Na,SO, ¥ BAE N AW, F T IRFFH T3 S SOELLWHE BIBAM R, PARIIE 7S L RSB N T 5244
WHFL 7 LI Photo-MFCs St HIPEREIZ I . BFFER I, TEHHRHT, MFC PR KT R % H 46.44
mWm 2, =T SRR 36.99 mWm 2, GRS TR, MFC IJFER LR N 466 mV, T BB H ) 412 mV,
I A TAR S IR B R MFC B A ZEMEREIEAT T VFMT, CuO StH BRI & R« &
(LSV)IEH T CuO BIARTE G R (1 F it LU /E SRS R K, CuO s Ha BA AR I b2 BHATEE (EIS)IE B 7Ok R
T~ BR 2 R BEL(Ro) FH R 328 PR (Roo) 15 22 L BB P ) 41K . JBHET P2 B MR RE A B4 7, B Photo-MFCs
LT ORPHEE S AV R RS -
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£ Photo-MFCs H, 75 34¥)—RORAE IR IR IR, FEARA AE I S 3 . {H Rana Tajdid Khajeh %[18]
SR AE RS v AT SR AR CuO/ZuO et A 224 43 il /E /9 Photo-MFCs I BHARAIBARK, A A — AR
TEfE MRS A SN 3208, FIRE S A KHPOJ/KHPO, E RIS, A Wi FIEE Gk (AOT)
YERBENIRIBEFE. BEFERIE, CuO/ZuO B4 MR BRI 0L S5 I St AL IR RE /7o 72 T WO RS A
AHESF IS OL I X MFC BIYEREEAT T VR4S, RIS 2 A MFC 7£ 47 h BB FRISCKHIE R
363.5 MV, LA A7 B F AR A B0 K HLURR AR T 32.22%:; FE T UL R R (K135 K (K Th =R % 1% /2 51.84 mWim?,
SRR SRR 2.74 5. I AL BRPTE (EIS) R IMR 2235 (CV) VRN T IEIR H il ) etk 2= 1 R, IR
1B Ay B A B H Ak M i LU RAS MR () A B B A I . X CuO/ZuO 1841 47 52 [ A ) MFC 44 R 78 [ b
ff) COD EBRF At (L RCE AT A, KA T ) COD £FRr#F N 82.42%, i 4y 92.41%, COD
) 2 o Rt €0 A2 A A IS v A 0 S M e S ) 85

2.3, ISRUNELS B

4 Photo-MFCs B & S A5 Gt RIS A7 AE IS, BIAR S LI S R ARDR B0, 3 el DL EL R b
i, T AR A B S B S A MR (ROS) AL 7 il . ROS SR Z T BRI BAMR AL 1™ AL DB T
ARG A A B (.0, ), B R R A R G K BRI I B A A E iR (-OH ) [19]. T
i TOC WK AT WOLHE[20] TS A 53 2 BT [21] LA KR53k P 45 73 9 R I A = L £ e
R, WA 1R, 1X2K Photo-MFCs W TR LD, R GERIRG & 1) 2 B N A :

BHAR FAR + hv — h, +eg, )
hi, +H,0 - H" + «OH 8)
ey +0, =<0, ©)

0, +2H" +e,, > H,0, (10)
H,0, +hv —+«OH +OH" (11)
H,0, + «OH — HO,+ + H,0 (12)
hi, + 7544 — CO, +H,0 (13)
«OH +75 %) — CO, +H,0 (14)
<0, +{54¥) — CO, +H,0 (15)

BH AR AR AR AU 7 A PR 3 A L B AN T A 5 BB AR, X S8 AR 5 R AR b e A 2 s &
MBHSR AT AR T ASRE IR 7 H 58T IRN[22], HeAE2S 7R DB A5 G
WIE A AR E AT 4 [23]. BEI, Photo-MFCs JEEL T —AN 8 B HLER 18 B ARA HLA I [R] N Rl &
HerereAEHRE. Peng Xu ZE[21 R H AR - Mg E NGB BHAT CulnS, YL A% AE y Photo-MFCs
{14 FH BRI BA A 3 F -1 A3 25 (1BU) B RN ] ) R R o TR B A 264 T BIRL, IBU B3N 75.94%, X v
[ f KINZR B )y 0.119 Wim?, HLJR N 0.75 A/m?. LR THAF] 950 mV, FEMERER N 31%, i
e 11%, BB H0, REE N 52%, WAL HLALEE N 65.1%. 64, B IR RSLISIER, «O, A
OH & E B N A, B sl J1 2 5dRIEsE T IBU fEAFIWIGEIR EE AU H pH 4504 R B i 72
FEEM—ah SRR B E B USRI 20 AT 1BU BRARBLEE, $2H T —FaT BEM B A E ML AN 1BU
Feffigit. 455K, Photo-MFCs 1] DA - SO CEA T 1050 55, SG5R TS R R fig, =& — b
KR8 BOME R A TS e B A S A AR
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3. JeFAR 1L 77 X SRR A H &
3.1. JERAtRMELLTH

JEHIRRHEAL 2 Photo-MFCs i L I ALAFZ —, 52 MFC ADGHEALBE ™ AR S ISR AE, RGN
7 LR REATTS QM AR RCR AR 5 G AR AL R PR RE A ELAE R AR o B, JPROBHEALTERESS . RasE PE
FRAARAN T R R A R HEAL 7% Photo-MFCs SR/t A8 G B . T 1 B 4 AT T 6 IR K (AL 771

311 TiO, RAS&WH
TiO, R il i 2 &8 SRR, TR —M A =M EERAREIT n BS54k,

BRI 4204 BRI . Horh G40 A 5o F 7 Photo-MFCs (¥ 56 BIARAT KK Bl Cr(VI) RISk .
TiO, i HAFAE I — AN Al A B, RIRISCER AN, N T R FIFHRBHRE, $EEDBHEISER, Tio, 1Tk
WAZBLE/IN B AT W HE(ViS) IS Bl o 5 HROK AN [l # (1) — AN 7 il 6 K452 1) TiO,. G.D. Bhowmick %£[24]
FKRIEREA KT Bi-TiO,, ¥ Bi-TiO, /£ Photo-MFCs [{IGRAMR AT, 2GR 3RS L Pt LM MFC
BRI i 2()fs: FIH UV-Vis OGO Tio, M1 Bi-TiO, #EAT 1 FELHAIDEIE 7 KT EE,
TiO, 7E 380 nm AbHHLE R IR SRRV 7EPT WOGIEVE I, 7E 442 nm AbWLER R Bi-TiO, FIMOGEEME K
2%, FEH Bi-TiO, I BRAE BN T TiO, FUHEBRAE, 1 WIS A0S 24t 1 i IS 288 = s K ya e, 42
w7 A G OB . Ak, ERAERGURE FES (TNA) 2 B i — B S T () — Fh 53& 1 7
1%:[25] - Xizi Long 25[20]7E KH,PO, FfA R it B ARG J5 & B T i P R A0 68 — S ARG K B BE B (BTNA)
KL K TNA FI BTNA 43 3I7E N Photo-MFCs (1 BHARATBAARA LR B 4kl . dnls] 2(b)En T BTNA
A TNA 2641 - 7] W38 563, 7T LA 2, BTNA A TNA 7E 1] JL(>400 nm) X 3848 B Ui, IF H BTNA
TE4841M(<350 nm)FH AT UL(>400 nm) X 351 R s #R L T TNA, 1] TiO, R7EERAMX S R i, S0 TNA
Eb TiO, SERE TS 43R K BH G o 3 — Rl i 2 il 4 TiO, B &Mk 7 TiO, FFin N i —Fh = 5 B2 S4R4E TiO,
AR /N Yujie Shan %5[2020] LA RSRMEEEAT A J5RE, e VRO I B AR AL K AR 46 T MoS, KRB i
[ TiO, 9K E A MoS,/TiO,. #4 MoS,/TiO, /4 Photo-MFCs (1)) FL AR B % Cr(VI), 7EYGHR FIh3
B AL Cr(VI)IE R AR AR FITiE . Photo-MFCs 1 B R4 -5 BH AR AR A 7 A 1k o s DDA 9%, G 2(c) Al
2(d)E7R T MoS,/TiO, Al TiO, 158 4h- 1T Wi [ S i Ay BRAe, wTLAE R, 46 Tio, 7E/NT 400 nm AbF B
WIS, 7E MoS, 524 TSR, 7ERT WL IXEERE 400 nm AR 82 BRI IS ZIZ0F% , 3 H MoS,TiO,
HBRE/ANT TiO, Mt BtBE . b4l MoS, 90K i I A AR AL T BAMTE AL i A Bh T T i .

b
a " -
= = TiO; =—Bi-TiO; 204
~
5 g
< <
B N
< 2
= 2]
3 <
et
2
=
«
200 300 400 500 600 700 800

250 300 350 400 450 500 550
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c 1.0 d
—Ti0,
0.8 —— 1wt.% MoS,/TiO,
7] =
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=
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Figure 2. (8) UV Vis diagram; (b) BTNA and TNA UV visible diffuse reflectance spectra; (c) UV visible diffuse reflectance
spectra of MoS,/TiO, and TiO,; (d) Band gap energy of MoS,/TiO, and TiO,

2. (a) UV-Vis E; (b) BTNA 1 TNA 55 - ATIERSTHIE; (c) MoS,/TiO, # TiO, KYEE5h - AT LB R S1EIE; (d)
MoS,/TiO, # TiO, BB ¢

3.1.2. CuO. Cu,0 REEAWH

A (CUOYE N — AR (1.2 eV)If P UG dk, BRIELNMARARAR. & i IR AU LR AL
[ SR AR RE SRR A, TER I AR R B T T2 M L. 7 MFC 1, CuO fE Ntk AT
PAFRTH MFC 7= L BE[26]. Zhe Sun ZE[17]FH AR ZEEAZ 1K S0 Ja xS AT 75 A B, ARG IR
1 NaOH F1(NH,),S,0s /KR, 5 Jef T45d 5 W8 (o ) A S 75 5 IR b 450°CR%J56 1 h 1931 CuO
Hitlk. ¥ CuO HLEkAE N Photo-MFCs I, WHFARIL, ZRGU ] WA R e, Jf B aHE
TERRREEHET &, AR REE. SRR SARTER WG XA A & ot pit, (22
Fire A i - 2370 B R AL T HOob A3 T . K A A B SR S TE T B e AL 45 A AR
A SR A5 B pon G52 1) 2% e 1 G ML 55 — R :[27] . Taiebeh Ahmadpour 25 [28] % FI TS i /E I 5%
PRI T AgBriCuO ek 7, LLekst AgBr FIDGHEALYERE, FEHITERE MFC I B AR A Ak 77 R B
Jepl, HEFCRIL, AgBrICuO fF A YERA AL MFC Gt A 25 28 AT 5 K T 3R 35 i 0 i v T ik 1)
AgBr B H2 MFC # CuO S MFC. J& R AgBr F1 CuO [ & LA 1 AgBr AL/ iR,
AILARG IR CuO JeAE T2 A, MIi#ETH T Photo-MFCs HIEEAYERE. 4h, AgBr/CuO 2Pk
REZAL T AgBr, M AgBr F1 AgBr/CuO B &HEHE UV-Vis 18 S 5% K (14 3(a)) Al B A (K 3(b)) AT LA
|, AgBr/CuO 7£ ] WG X [ Sl T AgBr, XZ2HT AgBr Al CuO #RAEAE T Hoc4ii
AgBI/CuO I BRAEE KT AgBr, JF HA# T CuO KIFEBRAE(1.2 eV), UiHITEE A LUE il T8 1 IRk
JSLRAELE, AT BR A BE B R RT3 K

AL (Cu,O)E R —Fh A A5 B A p 2 S4K(2.0~2.2 eV), BABIERAMG. B RER A, 7
FIa%, Je R B EANE F Ak 2 R G b G AR (0 B [23] o 883 72 4 97 b AT faT B 2 B AR S Ak, 7T DA
#H Cuy0 [29]. HIEHRIE, Cu,0 IR R EALA T BRTU N, fERIRT, wisit 2 Raki b 75
HEMLEE IR, SEHEAKERPREEAE, Wik, ATLEE Cu,0 AR R 514 )@kt
SHRZE A KRS Cu0 HIETER M . Yuhong Jia S5 [30]/E B EE N TAR AR, ARG AN s bk, HU/EALER
Wt RZ R, BN CuSO,. AR NaOH (1) = Bl R 45 th BTN ) % Cu0 JeliMk. SRIGTE
B AR IR I, SRS, 78 Ny U N IR KIERL CICuO/ B MR . 248 AR Kb B s 78 R T
TR — Z R, B2 MTERCRT CAT 1k Cu,0 B s il b, G &chols e o7 0K 50 1) Ao b/ P AR R
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FE=E,

jiE

FLif, MRS Cu,0 MG MEREMFR E M. IR, CuO B TYEKIEW R AR e 2 oh, I HE
BRI IR, HARARR R R Cu,0 MIrBREs, oA TGRS E G SR A F @ ) —
MITiER S A AT RS, S6E AR SRS, H & §egZE ] DA &3 e A4 d
T - OGN, BeE IR Cu0 MG AL RE[31]. 5Kl S5 [32] ik A IR A £ Cu,O/CF(Hk
H) R, SRIFHGL, g-CoNg TP R 75 3 J5 IV RAE — H R R GiHp LA Cu,0/CF HLAR Ry TAE R 5 — kit
1T HYTRF 3] g-CsNo/Cu,O/CF Hill. Cu,0 EIL/\THARRRLIRIEIL, 510 TR . TN %
[ g-C3N4/Cu,O/CF Fitl I g-CoNg Fikii b Cu,0 Bk K, HAARTE Cu0 ki (6], 454 /M biE K XPS
REBE 74T, BHSETE CuO RIHMIMI TN g-CaNyo I LR P A AR I s AT N BH, 1 g-C3N4/Cu,0/CF
HLAR ) 6 FEL L 5 22 KT CupO/CF Hifl, WIBHZE/NT Cu,O/CF bl Tt W et Ja AR R I 1 g-CoNy 5
Cu,0 EHTERNEEY), MR TOGERFRERER, G T4 B s s, RMHRRDE
HLPERE .

2 2.5
a —— AgBr/Cu0  AgBr/Cu0 b -
— AgBr ]
~ 15 ] 24 —AgBr
=
: 4
8 > 1.5 1
§ 11 g
E 5
E 3
< 05 -
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Figure 3. (a) UV Vis diffuse reflectance spectra of AgBr/CuO composite materials; (b) Band gap energy of AgBr/CuO
composite materials

3. (a) AgBr/CuO EA KN UV-Vis ;8 BT EIERE; (b) AgBr/CuO E &M RIBYHERRE

3.1.3. CulnS;

CulnSy /& —FHEZf) [ -I-VIERA P AR, B SIEREH G (L5 V), HUTRFHAE A kLT
REESRT RS 1.45eV, REWRSCRER 20 KOG, IF BN RSB RFIEBONOREE,  HE N TRt
SAAEAIR[33]. ARXT T TiO, BLBE M B, CulnS, 1F — s BRAL A AR RL, B B i 7 3R
AOCHEALIERE . TIAEXT T Cu 0 FIGE MAIALZE AR ETE, CulnSy s — Ml REEEIERIC AL . BT
L, FEJGIER, CulnS, AT LASE MFCs F B s 2 s AR B st SEEIUR FHRE RS #e . Peng Xu S8 [21156 IR EH . £
WA 2 B Tkt s [P RE AR BEIGE T 2 &R, RN InClydH,0 BEEEBUH ROV L. &
JE R Py MBS TR v 1 S P EEAT K R RS E] CulnS, FEUB . 2115 4(a) BT /2 CulnS, f4 4t R ],
RAGR A B A7 KBRAKRZRES] . 15 4(b) R ILEEAN - T g 561, ATLAEE], CulnS,
HLBAE 200~900 nm AbAT B C IR RE T, e KRS AE 550 nm Ak, 5 BT ot ml OB MR s fee K
FE— AR HOG AR AL EL . CulnS, JGEAL FI IR AN SRR - BRAUKE AN VI B REAT /&, M T
— R AL Photo-MFCs “EALIA R, REFEINSE T ANLMREMR ORI A . 534, AT LLEIE %] CulnS, 1
SREHOREE CulnS, JeAM IITERE . 202 S5 A1) 22 SR AT BRI ORISR i, F HAT R4k
MR ANIEST, O TR T R I RERBEIR G R Gt . AEVFZRAL I R IRE IR, TEIRES
AR CAGIE WA R 0] I A EE A I FRT BUINSESG UM [34] - Siwen Wang ££[35] ] CuCl. InClz4H,0
ATHEGE T =HEET, RERZIEBINAAE M 5 S AT KRN AFE] CulnS,. B 4(c)Fm, 11
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EEFE, G

FiHB R ER T CulnS, FIERIEACIRE /> Z 450 . B 4(d) T I, BRIEAEIR A B VF 2 a0 f H TR 1) 4T
R, X FAEIR 1B R R 2 AL AL e g e YR AR RE 7, A R TR s 1t 4. AT
{3145 CulnS, 76K BH e B S A& — P 20 e AL ). CulnS, /£ 24 Photo-MFCs 11 5% BA A At 14,751
SRIETHH =R RE, BEFCRE, FAMTESCHR R P2 A s, INtR T i 2, 5T MFC Ik
&, JFHHEAYS PYC itk MFC A4 Th 3.

1.5 4 b
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1.3 1
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Figure 4. (a) Scanning electron microscopy image of linear CulnS,; (b) UV visible diffuse reflectance spectroscopy; (c)
Scanning electron microscopy image of spherical flower shaped CulnS,; (d) High magnification scanning electron micro-
scopy image of spherical flower shaped CulnS,

4. (@) Z4K Culns, BOFAHEEERE; (b) K - FRIBREAE; (0) BRLIER CulnS, 1MERIRE; (d) BRFERK
CulnS, & & R1IMEBIRIE

3.1.4. REARER(SINW)

REAE NN 112 eV (1) p B 4k, S5ORPHOGTEICHAC R 47, 755 @i 5 g e s 7, (HEHIRI
FOCRER IR 1 AL oA 27 U % ST T BT [36] « BEAG K BORBIR R, REGURIRLZ BT K
Hok. o, SINW ZIEN—Fp SR ) — 4 i REGOR AR, HAT BOR LU R AR S A U7 S5 . JF
HAEBIEGPKRGON LG, BT 87 RPN IAELE, SR RE AT I HL T Be G dil 4 RV 2 7 R 2L,
MNITTSE N T RERIEE AT FE R, HH (A1 BRI 3o B B R, REAR KRR B R my RO RR[37]. A4k, @
B 445 S 4B T LR IR TT SINW DG M RE . He-Xing Han 25 [38]45%E iR\ AgNO; Al HF 5
B 1 h g, B HNOs IR /N LR B 1 Age SRS, FH N TERRREGNKZE, FFH 0.1%HF %02 i
LEBRAENE . K BRI PA)UTRE SINW 135 Pd 9Kk S I HE 40K 25 (PA/SINW) .
WA 5@ PR, Son T REGUKZR) SEM K, fid b2 i i fE, R 713 BA% N 50~100 nm
MK Z, LRGN K L . I EGR A I, R Fi il S F AR A AR, AT
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EEFE, G

REE A AR S BB (I B 22 IRV VR i e FERAL 22 DTRUG , ZEREGKZR R TR A T 2 100 nm (1) Pd 99K KL
T, Pd 9KREF AN IR S SR T 22 (S A7 A . T LR R e B e BRI, 1EeiR
T PdISINW 1E24 Photo-MFCs ()56 IR T H& 7+ F 40 (1) 7= FL PR RE DL & Cr(VI) [k J5E R A e, i B
Pd/SINW EA R 47 (5% HL 14 B8 - He-Xing Han %5 [39]K H ik AgNO, 4l HF ZI it v 1 75 1451 4 SINW,
FEH (1) SINW IR A NapPdCly 1 HF IR i .75 21 PAISINW . 4 ] 5(b) 2 A 5 ek A il £ 1) SINW
FILLAME RSGRE, FTLLE R, S5ARMCEEAEL, SINW A SRS RAN AL, X2EHT SINW Z A
T IR LU I SO R BAR, Jelleae Ak, Wl S(o) s, HEFIESF K& ERENL A A D &
MgKRiT-, @it EDS UEBHA Pd [AFAE, UiBHIEIE NaPdCl, 4h2 SN 7 v AB BE T (104 Pd 1 2k 7E
WYKL . B PA/SINW 1E Photo-MFCs [RGB IRCR 32 7+ 2 4o = M RE 58 5 B A A 8 g k. B FER
B, EGIRTR, REGYRHI B R DL R G 1 VR REES A BT P T, ULEH PA/SINW & —Ff R 4F i 6B
WAL

80
N Unpolished Silicon b

Silicon nanowire

60

40

Reflectance (%)

20

T T T T T T T T T
20 400 600 800 1000 120

Wavelength (nm)

Acc.V SpotMagn Det WD
500kv 40 80000x SE 7084 “USTC

Figure 5. (a) SEM images of silicon nanowires; (b) Infrared diffuse reflectance spectroscopy; (¢c) SEM image of Pd/SiNW
5. (a) BEZNKLZERY SEM [El; (b) LIMNERETHIE; (c) P/SINW SEM &

3.2. JERAREEIE

JGAM A Photo-MFCs [I4%-LodLft,  HGMEACTIANSL A R . H T 6B BEA ORI Dt e
Photo-MFCs A fEWE & e BE S BLTS R BN (R 7 Lo TR, B 7 OGHEATRI AN, GBI A il 2 th B 2
% Photo-MFCs [ITERE . BhAh, HIT OGRS B E R B, SERHR 1] 83 mT LA e A 771
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EEFE, HE

[EIYSC %) 1] /R [40] o 6 AR Bl 2% 5 YA AR P BRAL S PE BB UIAR oG . HL AT, BB i) £ 07 32: 32 B 4E
FEGRATRL T LIRS AN 0 S5 L S R b A7 B0 fhe A4 71 B LR AE 42 J8 FE AR Uit v b AR O AR 77 55

IR PE BT 5 SO Be g B 4 OGN, R 2 2 i $EA AR 7 3 B A ) A BT
FARR . LI 57 3 1 s — B R M R 5 3@ VA R RS & R & 1 51 5, B w77 sUK R A
A S FERAE R AR b o BRI S i, T BN — 2 Ll R R S R R T IR &
FHA BRI — MK oK CEE . TEREK S AL IR

BIRREE . KiG AEA R A — @ R, A5 IR BT, & H kG 755 Nafion R
R LIF 2 HE 4 R . X5 [411K MoS,/TiO, S5k B A% IR 7:3 B & TR &, I IE &1
(1) Nafion FRFITC/K ZBE 78 53 1R 63251« Nafion W2 4 o B3 P REEE 7, Bk B T 20 R Ml of 28
WREMELZ AR S EM. BETRE, ABBREIUREGH, MREWRHAMIAEASEK L, ART
KIS BRI . ZTTPARAE—Se RN, R BN G IR, WO B — @ R Bk EA,
MG EAFIRBOLRE. HR, MRHEIS AN S R TR S, B A MA RIS, ki sz
A L AR AR 23],

FLYUR R — PRV E TR, 19 REA R AR 45 738, FH LAk 235 T A Sl gl vy A2 1) e ) P A
REFE R ESREE R, I H & AT BB R AF . AT DUERRBCES . WA BRAR. &R RS S I
JE SR 2 S MR, AR AT DATE SRR AR R, AN S AMEAEAL R S B el b, HA A
5 AR 2 TE) R4 (3% 2 5 A R T F - AR i A B AT [39] . AR UTAR VAR A T R B 1 i1l %%, Dan
Guo ZE[42] KR 4(CF, 1 HK x 1 JEK)FEBRIA T (3MNaOH) H i F i 25 /& AT B A %84k, 7E CF Lk
TE RSB A R 20 K £ B 2 i B R (Cu(OH),NA) . BEJS, Cu(OH),NA FTIRIALE N, <4 F 600°CHGE K 4h
JE A =4 Cu,ONA G . thmT DU Ik A iR i) 7 2R AR ] e 72 B A k) . Taiebeh Ahmadpour
SE[28]H & Bt AR AgBIr/CuO 73 HUE St AR Hh kA5 A B 20 miin, 28 5 o AN 47540 BH R P B R A SR8 19
WA KRN S A AR, ISR R IIEE A Lem, 76 40 V 1B Pl in B fdg, 4
il 2% 2 G A RHE 2 R A SRR EIE RO . EAR EITAR IR GE K S R I R A AT, R A
MR KA O A EIR N, 75 258 AR R R SRR R R

S W% N 115 K £ e 290 VA W R 5o = N = S e 2 2 B~ Ol W 1 o R R 0 % MDA 34
M77ik2 —. Peng Xu S5 [21]56 FHIA R LBEFI 2 B F AR UG gedi i, [FIRRES SR S BEE T 2 I
W, I InCladH,0 B 2IEBEEECN 1k o e F 4 Fr AR U s e 22 e 180°C N AT /K FA S B
18 /NI o B JE, Kl 45 LF 1K CulnS, S FAR FH BRI Z5 AR /K AR IR B A FH o 127 925 45 TR 6 BA A T R FE O
TR 5 B JEEAA BH B SRERR I SIS B8OP IR . AL REEE S e a4 1) 1) ), 384 )T
TIAE A 2R G5 I S 34T

4. BAESHFT Photo-MFCs M4 EERY RN

Photo-MFCs 7= B VE RE FNY5 YLV PR SR B T 52 2% O 2 A Y6 B AR B AL A RS2 41, 38 52 2 i
FLAER . pH CLES G AR FE OS2, R T R B EH— T IX LS50 Photo-MFCs P RERI52 M
4.1. BER

£ Photo-MFCs 1, Ay3si i 7 K i A5, PRARHIB AT B, 2378 SN A B3 H N — 52 B 1) FELAA R o
PR, T 3G 0 TR B T DA OB LT, (R AT RS, AT B e AR G AR I R B A R [43]
HE—1]LAE 2], Photo-MFCs Ak FH (1) FRUAECE BERR 2% 1 Bh VW (PBS) . BERRZZ M (PB). &L
FR(KCI) FIER4M(NaSO4) 55 . PBS Fl PB Z2 i MR E N MR, REFEAS SO pH ARk, A [ NG 44
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H S N AT, AR T ER PR AN F AR G, P R B G SR R T M AN S R 2 A [44].
Gb, TSI TE] B R BT 22 7= AR IR R A A A LA, AT R AEAS B R SOSE o AR5 1) 2 B 85 1 e Ak 7%
RERW, JEHOE, SOi . CIrZEBIE 1 1] LS5 58 4+d M A (ROS) Bk /b OHe [T EL, Sk MEL
R [45] . {H SO CI X el b b BRIz, Ko SO\ CI7E e N T LA SO, « « OHe
[46]. Cl,« Ff1Cle [47]%H B SEAIG YN, Tan ZE[48]0F 71 K WG b Ak} B it (PFC) XS F 245
(MO) Z: BR BB Na SO, W FE 3 N 34 . A& B BEAE NapSO, Wk BE I3 I, SO, « b2 38, M
R LT AT MO [ . EHUEPT IL,  FRAT RN AR FE AN R MIVEREA RN . F34h,  HLMR I ik
B R R B ARG, TEIE R AR, R EDERRE R P R BRI, SASHHRE
JRRAE IR, RSN F2 41 R AR AR A FH A 2 $0 i FH 45

4.2. pH

[ AR == R T pH 5 AR R 5 )M 5%, /& Photo-MFCs Hh— AN EE S5, pH AMUL
JERAMR R VAN T, 3 e SR B RS B35 eV LE G BB A A 70 L PR B B i AT 2E G FEUR SR T
(195345 A S CB Rl VB (¥ HAT ZE[49] o 171575 SR 6 BH AR P W B4R FE ER e B B A e 751 P 22 FEL T 25 (pze)
A5 G AT o 235 Qe B B B8 T s R A, D T A OB, e ARIR T 20 I LA,
A pH UMUK T pze, AH FIT 6 AR5 44[50]. Peng Xu Z5[21]1H CulnS, YA AR EL
HIJIBAE pH 725009 2. 5. 7 A1 9 IFFEMATISSF(1BU) . BETCAIL, 4 pH 9 5 I FEMERCR . POILIS
f) pH /£ IBU ) pKa Ja [l iy, . CulnS, ¥ pzc 7 6.0, A HIF 1BU /EFAML LI, 5T 1BU S5
MRS R I BRI RS T 1IBU HIRR . 24 pH RRE, B3R S8 OH /i, Mt
FEIBU BEARSR TR TERIE IR B TR AT 1BU #53 ffs, AFIT 1BU W, AT 520
T RGN FIERRCR . 5ok, BN AR E AR B Cr(VI) L S5 BRI, 15 eI B R AL
o R PLHEE pH BT = pka . XREAEE pH 7S, BTS2 8] 7 BRE], R R I R R M
B F (R S, BT LA - Pk BR il 795 S (300 SR B ik o 6T Cr(VIDSR 3, BRI pH B AT BA#R ) 2t
feidk Cr(VIIBJE A Cr(lll). 534k, 24 pH 3] 6 i, Bk 732205 -FIBREIZh, =AM Cr(N) Rl fE7E AR
FM A S Cr(OH)3 YTTE 23 FHAG Cr(VIIIL J5 & M o
4.3. 53

1E Photo-MFCs 1, 5 Qe 7E BARR A B AR, 15 S (0 14 o R 5 1 1135 e 1) e A 8 3 2 e g
HL1HRE . B¢ 1 W] LU 2, Photo-MFCs 4 FH TSRk [ A 1075 B ¥0A Cr(VI). Z4EH (MO MB. RhB. ABRXs.
RBs) & Zi#¥)(Ofloxacin. 1BU)% . {EMESETE YLy, B IS5 a5t e A F TRt fr, s+
HEGEMO) 5/ & FIEE A G RHMB) I EL R B 73X — £1, MO 2 & B it R-N = N-R* 1AL A
Y, Horb RARVGEE 5 HE, MO FIESF IR R B TR L A RIAFETE . 11 MB & —FhPH & T e g
KBl BAH =M R, B AR TR e AR T Fo RSN T, DU IEFLAT 1) ZnO 1N
FEHEATIFE AL AL I (PFC) X MO A1 MB #E TRt te, BFFLRIL, B 715449 MO 7E4E I (R Y
SEAMLE, T PHES V5 Y MB BB 2 . RN SRR A G 1) MO BB S0 B AR S AL
RIMBAT I, 17 MB 7 IEHLfT, AREE RO SRR T, AR T MB B R RF#E4T[51]. 5
Gb, ARG 3B AR OSHLE], Cr(VIFE R Gk T REpR IR B AR, BT A% 5 (6 B AR A5 21
TR SR TR ENE R B B, SRS RSB, FURRERE R A R Ti5 5
BT M. 5 — 7T, X HARA WG R Rk Ul B B A N, B AR
B EHIEE R, A IIAPERR A R 7 B EH S, BT DUOR BRI S S A BB A2 15 e M R P i«
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FLREET 5 5 7 PRI A v AR BT (075 ) — BT AR, RS R T AT AS A W P T Bk A 2
I TS5 G AR 8 MTTREAE —E R LR RSV RE[S2] » (IS S BEME R 515 D16
IR UMR, ATRER IR A AR LA

(1) 1SRRI N2 3 BOE 2 e gl e m @il et A RO,
T B A S P D LA T Y B AR PR

(2) FEICIAM ERITE AL SRR — € 1, BEETS AR RISE N, KRS AR R HI R T
FPHEOEVECL R AT ELB B, AR 15 A £ BR[53]

(3) BEHETTUMDIR L (KI3G I, R 2 135 G AR PR D' BRI A R T » 3 BB B = K T Pk =2,
MM R B = A, AN 15 G I B e o

(4) MEBGHIRET, SRR 858 2 1 ()71 5 15 G e B AT TR, 2 80 AR AR

M7 — WLV B A Photo-MFCs (17 FiE BE 515 A MIRI AR S IR ARG, BERAAE — € IR BEVEHEI Y,
AR S Ay Gt %, R PR 0 FL P ADG A TS AR AR, BN L B 3AR J S I 30 77 2 A 21 24
o MIMTFEAR GG I e (0 L

5. ZRSRE

AL M Photo-MFCs (IR H &, % Photo-MFCs I J LA IR 7 3 R HEAT T 488, 1 Jeilad gl a4,
R4 Photo-MFCs A [A] (I #2528 2678, 4 Photo-MFCs 43 A= k2K, FEA4E =R A RGeS S
JR . SRR Photo-MFCs ‘i F 16 B AR AR AL 770 S G B AR R ) 2% 523k AT T 02, s 0 1 B AR 2%
YEZ 0% Photo-MFCs TERERI S, LA Photo-MFCs 14 BE4 5l & Photo-MFCs B #% 14: B (i 5t B A5 —
SEFRFIER . Hi&, HHT Photo-MFCs 177 Hi P BE RIS G4 B8 M 200K G0 b T AR K, X BRI T
Photo-MFCs (¥ & RERISERRN Y, A e BRIZ &L 1, nf DU CAR JLAN 7 T TR 5L

(1) BABRAN AR AL R M A BB %] Photo-MFCs 1ERE. H AT, Photo-MFCs H 1) BH BH A A 1 #5 Eb
Bfkg, BrLL, RAUEEICEOBEET RO B AR R b, RSB AR BE RN B R Gk XY
Wk, 2R GHE . RAMK. T thir . Jam SRR LA B R AP B AR kL. 7E Photo-MFCs
H, X BHARIIE TR, BHARA R R TR 0 R I T A e, RE DR E N . E i
XoF B BAARAA IR 78, 5T HLBE TR A AR R Ht It e 2 RO 2R

(2) Photo-MFCs Jx Mast R B T RGN B R/ AR SPIRE R T IifE s . BarTR
SRR — AU H AL, AT DU 2450 SN 2 (AL R R R B AT A Ak R 4 I R R S A2 22 ] f P
DA I RS B A BEL, S R e D, EESLAROA . e M DR S RC% ) Photo-MFCs.

(3) FEH S H AT S H 4 Photo-MFCs 175 44 2 B Rl = PR REAZAE AN R A 52 ma . 4
Photo-MFCs £ 1T i Ji7 P RS Gt , 1A A MTE G0 P2 ke A e Ft, (BV5 e
F . fE— @ IREEVEEN, TS QPR BT, Pl Re A BTt T, TS Je R R A i R .
BRL M 388 3 3 24 1 5 3T & RS, 7T AR AE Photo-MFCs HITERE, {8457 B P REANYS i 22 R R HIA 5|
TR OR o

&E 3k

[1] Do, M.H., Ngo, H.H., Guo, W.S,, Liu, Y., Chang, S.W., Nguyen, D.D., et al. (2018) Challenges in the Application of
Microbial Fuel Cells to Wastewater Treatment and Energy Production: A Mini Review. Science of the Total Environ-
ment, 639, 910-920. https://doi.org/10.1016/j.scitotenv.2018.05.136

[2] Janicek, A., Fan, Y. and Liu, H. (2015) Performance and Stability of Different Cathode Base Materials for Use in Mi-
crobial Fuel Cells. Journal of Power Sources, 280, 159-165. https://doi.org/10.1016/j.jpowsour.2015.01.098

DOI: 10.12677/aep.2024.143091 691 SR AT T


https://doi.org/10.12677/aep.2024.143091
https://doi.org/10.1016/j.scitotenv.2018.05.136
https://doi.org/10.1016/j.jpowsour.2015.01.098

EEFE, HE

(3]
(4]
[5]

(6]

(71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

Wei, J., Liang, P. and Huang, X. (2011) Recent Progress in Electrodes for Microbial Fuel Cells. Bioresource Technol-
ogy, 102, 9335-9344. https://doi.org/10.1016/j.biortech.2011.07.019

Lianos, P. (2017) Review of Recent Trends in Photoelectrocatalytic Conversion of Solar Energy to Electricity and Hy-
drogen. Applied Catalysis B: Environmental, 210, 235-254. https://doi.org/10.1016/j.apcath.2017.03.067

Liang, H., Jia, Z., Zhang, H., Wang, X. and Wang, J. (2017) Photocatalysis Oxidation Activity Regulation of Ag/TiO,
Composites Evaluated by the Selective Oxidation of Rhodamine B. Applied Surface Science, 422, 1-10.
https://doi.org/10.1016/j.apsusc.2017.05.211

Hu, Y., Chen, W, Fu, J., Ba, M., Sun, F., Zhang, P., et al. (2018) Hydrothermal Synthesis of BiVO,/TiO, Composites
and Their Application for Degradation of Gaseous Benzene under Visible Light Irradiation. Applied Surface Science,
436, 319-326. https://doi.org/10.1016/j.apsusc.2017.12.054

Jung, H.S., Lee, J., Lee, S., Hong, K.S. and Shin, H. (2008) Acid Adsorption on TiO, Nanoparticles—An Electro-
chemical Properties Study. The Journal of Physical Chemistry C, 112, 8476-8480. https://doi.org/10.1021/jp711689u

Kudo, A. and Miseki, Y. (2009) Heterogeneous Photocatalyst Materials for Water Splitting. Chemical Society Reviews,
38, 253-278. https://doi.org/10.1039/b800489q

Fischer, F. (2018) Photoelectrode, Photovoltaic and Photosynthetic Microbial Fuel Cells. Renewable and Sustainable
Energy Reviews, 90, 16-27. https://doi.org/10.1016/j.rser.2018.03.053

Qian, F., Wang, G. and Li, Y. (2010) Solar-Driven Microbial Photoelectrochemical Cells with a Nanowire Photoca-
thode. Nano Letters, 10, 4686-4691. https://doi.org/10.1021/n1102977n

Lu, A, Li, Y., Jin, S, Ding, H., Zeng, C., Wang, X., et al. (2009) Microbial Fuel Cell Equipped with a Photocatalytic
Rutile-Coated Cathode. Energy & Fuels, 24, 1184-1190. https://doi.org/10.1021/ef901053j

Li, Y., Lu, A., Ding, H., Jin, S, Yan, Y., Wang, C., et al. (2009) Cr(V1) Reduction at Rutile-Catalyzed Cathode in Mi-
crobial Fuel Cells. Electrochemistry Communications, 11, 1496-1499. https://doi.org/10.1016/j.elecom.2009.05.039
LA 5. AR A 5 R G AR R A B B 4 A A T [D]: [ LA AR 3] PR /RIS G /RIE TR, 2015:
143.

Liu, Y., Xie, J., Ong, C.N., Vecitis, C.D. and Zhou, Z. (2015) Electrochemical Wastewater Treatment with Carbon

Nanotube Filters Coupled with in Situ Generated H,0,. Environmental Science: Water Research & Technology, 1,
769-778. https://doi.org/10.1039/c5ew00128e

Raptis, D., Ploumistos, A., Zagoraiou, E., Thomou, E., Daletou, M., Sygellou, L., et al. (2018) Co-N Doped Reduced
Graphene Oxide as Oxygen Reduction Electrocatalyst Applied to Photocatalytic Fuel Cells. Catalysis Today, 315,
31-35. https://doi.org/10.1016/j.cattod.2018.02.047

Zhao, K., Zeng, Q., Bai, J., Li, J., Xia, L., Chen, S., et al. (2017) Enhanced Organic Pollutants Degradation and Elec-
tricity Production Simultaneously via Strengthening the Radicals Reaction in a Novel Fenton-Photocatalytic Fuel Cell
System. Water Research, 108, 293-300. https://doi.org/10.1016/j.watres.2016.11.002

Sun, Z., Cao, R., Huang, M., Chen, D., Zheng, W. and Lin, L. (2015) Effect of Light Irradiation on the Photoelectricity
Performance of Microbial Fuel Cell with a Copper Oxide Nanowire Photocathode. Journal of Photochemistry and
Photobiology A: Chemistry, 300, 38-43. https://doi.org/10.1016/j.jphotochem.2014.12.003

Tajdid Khajeh, R., Aber, S. and Nofouzi, K. (2020) Efficient Improvement of Microbial Fuel Cell Performance by the
Modification of Graphite Cathode via Electrophoretic Deposition of CuO/ZnO. Materials Chemistry and Physics, 240,
Article 122208. https://doi.org/10.1016/j.matchemphys.2019.122208

Khalil, A., Nasser, W.S., Osman, T.A., Toprak, M.S., Muhammed, M. and Uheida, A. (2019) Surface Modified of Po-
lyacrylonitrile Nanofibers by TiO,/MWCNT for Photodegradation of Organic Dyes and Pharmaceutical Drugs under
Visible Light Irradiation. Environmental Research, 179, Article 108788. https://doi.org/10.1016/j.envres.2019.108788

Long, X., Wang, H., Wang, C., Cao, X. and Li, X. (2019) Enhancement of Azo Dye Degradation and Power Genera-
tion in a Photoelectrocatalytic Microbial Fuel Cell by Simple Cathodic Reduction on Titania Nanotube Arrays Elec-
trode. Journal of Power Sources, 415, 145-153. https://doi.org/10.1016/j.jpowsour.2019.01.069

Xu, P., Zheng, D., Xie, Z., He, Q. and Yu, J. (2020) The Degradation of Ibuprofen in a Novel Microbial Fuel Cell with
PANI@CNTSs/SS Bio-Anode and CulnS, Photocatalytic Cathode: Property, Efficiency and Mechanism. Journal of
Cleaner Production, 265, Article 121872. https://doi.org/10.1016/j.jclepro.2020.121872

Reza, K.M., Kurny, A. and Gulshan, F. (2015) Parameters Affecting the Photocatalytic Degradation of Dyes Using
TiO,: A Review. Applied Water Science, 7, 1569-1578. https://doi.org/10.1007/s13201-015-0367-y

Wu, H., Lee, S., Lu, W. and Chang, K. (2015) Piezoresistive Effects Enhanced the Photocatalytic Properties of
Cu,0O/CuO Nanorods. Applied Surface Science, 344, 236-241. https://doi.org/10.1016/j.apsusc.2015.03.122

Bhowmick, G.D., Noori, M.T., Das, I., Neethu, B., Ghangrekar, M.M. and Mitra, A. (2018) Bismuth Doped TiO, as an
Excellent Photocathode Catalyst to Enhance the Performance of Microbial Fuel Cell. International Journal of Hydro-

DOI: 10.12677/aep.2024.143091 692 SR AT T


https://doi.org/10.12677/aep.2024.143091
https://doi.org/10.1016/j.biortech.2011.07.019
https://doi.org/10.1016/j.apcatb.2017.03.067
https://doi.org/10.1016/j.apsusc.2017.05.211
https://doi.org/10.1016/j.apsusc.2017.12.054
https://doi.org/10.1021/jp711689u
https://doi.org/10.1039/b800489g
https://doi.org/10.1016/j.rser.2018.03.053
https://doi.org/10.1021/nl102977n
https://doi.org/10.1021/ef901053j
https://doi.org/10.1016/j.elecom.2009.05.039
https://doi.org/10.1039/c5ew00128e
https://doi.org/10.1016/j.cattod.2018.02.047
https://doi.org/10.1016/j.watres.2016.11.002
https://doi.org/10.1016/j.jphotochem.2014.12.003
https://doi.org/10.1016/j.matchemphys.2019.122208
https://doi.org/10.1016/j.envres.2019.108788
https://doi.org/10.1016/j.jpowsour.2019.01.069
https://doi.org/10.1016/j.jclepro.2020.121872
https://doi.org/10.1007/s13201-015-0367-y
https://doi.org/10.1016/j.apsusc.2015.03.122

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

gen Energy, 43, 7501-7510. https://doi.org/10.1016/j.ijhydene.2018.02.188

Ye, Y., Bruning, H., Li, X., Yntema, D. and Rijnaarts, H.H.M. (2018) Significant Enhancement of Micropollutant
Photocatalytic Degradation Using a TiO, Nanotube Array Photoanode Based Photocatalytic Fuel Cell. Chemical En-
gineering Journal, 354, 553-562. https://doi.org/10.1016/j.cej.2018.08.064

Zhang, J., Yu, J., Zhang, Y., Li, Q. and Gong, J.R. (2011) Visible Light Photocatalytic H,-Production Activity of
CuS/znS Porous Nanosheets Based on Photoinduced Interfacial Charge Transfer. Nano Letters, 11, 4774-4779.
https://doi.org/10.1021/nl1202587b

Reza, K.M., Kurny, A. and Gulshan, F. (2015) Parameters Affecting the Photocatalytic Degradation of Dyes Using
Tio2: A Review. Applied Water Science, 7, 1569-1578. https://doi.org/10.1007/s13201-015-0367-y

Ahmadpour, T., Aber, S. and Hosseini, M.G. (2020) Improved Dye Degradation and Simultaneous Electricity Genera-
tion in a Photoelectrocatalytic Microbial Fuel Cell Equipped with AgBr/CuO Hybrid Photocathode. Journal of Power
Sources, 474, Article 228589. https://doi.org/10.1016/j.jpowsour.2020.228589

Shao, F., Hernandez-Ramirez, F., Prades, J.D., Fabrega, C., Andreu, T. and Morante, J.R. (2014) Copper (Il) Oxide
Nanowires for P-Type Conductometric NH3 Sensing. Applied Surface Science, 311, 177-181.
https://doi.org/10.1016/j.apsusc.2014.05.038

Jia, Y., Zhang, D., You, H., Li, W. and Jiang, K. (2018) Benthic Microbial Fuel Cell Equipped with a Photocatalytic
Cu,0O-Coated Cathode. Journal of Nanoparticle Research, 21, Article No. 3.
https://doi.org/10.1007/s11051-018-4444-7

SR, M, B, S LRI g-CaNy B2 Sz AL e i A il S (0 B TR e gk e [9]. BRARAL T, 2018,
38(11): 67-71.

sk, R, Ju%E, A5, BYEE. g-CaNy/Cu,O/CF AR S AE AR it ip (S A [3). BRBE A2
#2, 2019, 39(9): 2945-2952

Meng, W., Zhou, X., Qiu, Z., Liu, C., Chen, J., Yue, W., et al. (2016) Reduced Graphene Oxide-Supported Aggregates
of CulnS, Quantum Dots as an Effective Hybrid Electron Acceptor for Polymer-Based Solar Cells. Carbon, 96,
532-540. https://doi.org/10.1016/j.carbon.2015.09.068

Zhu, J., Wang, S., Wang, J., Zhang, D. and Li, H. (2011) Highly Active and Durable Bi,O3/TiO, Visible Photocatalyst
in Flower-Like Spheres with Surface-Enriched Bi,O; Quantum Dots. Applied Catalysis B: Environmental, 102,
120-125. https://doi.org/10.1016/j.apcath.2010.11.032

Wang, S., Yang, X., Zhu, Y., Su, Y. and Li, C. (2014) Solar-Assisted Dual Chamber Microbial Fuel Cell with a CulnS,
Photocathode. RSC Advances, 4, 23790-23796. https://doi.org/10.1039/c4ra02488e

Hou, Y., Abrams, B.L., Vesborg, P.C.K., Bjorketun, M.E., Herbst, K., Bech, L., et al. (2011) Bioinspired Molecular
Co-Catalysts Bonded to a Silicon Photocathode for Solar Hydrogen Evolution. Nature Materials, 10, 434-438.
https://doi.org/10.1038/nmat3008

EO, B, R, A G LI RESR A TR OGS R O] SR, 2019, 40(5):
738-745.

Han, H., Shi, C., Zhang, N., Yuan, L. and Sheng, G. (2018) Visible-Light-Enhanced Cr (VI) Reduction at

Pd-Decorated Silicon Nanowire Photocathode in Photoelectrocatalytic Microbial Fuel Cell. Science of the Total Envi-
ronment, 639, 1512-1519. https://doi.org/10.1016/j.scitotenv.2018.05.271

Han, H., Shi, C., Yuan, L. and Sheng, G. (2017) Enhancement of Methyl Orange Degradation and Power Generation in
a Photoelectrocatalytic Microbial Fuel Cell. Applied Energy, 204, 382-389.
https://doi.org/10.1016/j.apenergy.2017.07.032

Payan, A., Fattahi, M. and Roozbehani, B. (2018) Synthesis, Characterization and Evaluations of TiO, Nanostructures
Prepared from Different Titania Precursors for Photocatalytic Degradation of 4-Chlorophenol in Aqueous Solution.
Journal of Environmental Health Science and Engineering, 16, 41-54. https://doi.org/10.1007/s40201-018-0295-5

Xg. REET AE TiO, 1A B R A= PRt s b BH AR FI/E I [D]: [ 2208 30]. FRRnsssE: M
51K, 2018.

Guo, D., Wei, H.-F., Yu, X.-Y., Xia, Q., Chen, Z., Zhang, J.-R., Song, R.-B. and Zhu, J.-J. (2018) Plasmon-Enhanced
Cathodic Reduction for Accelerating Electricity Generation in Visible-Light Assisted Microbial Fuel Cells. Nano
Energy, 57, Article 30948. https://doi.org/10.1016/j.nanoen.2018.12.043

Liao, Q., Li, L., Chen, R., Zhu, X., Wang, H., Ye, D., et al. (2015) Respective Electrode Potential Characteristics of
Photocatalytic Fuel Cell with Visible-Light Responsive Photoanode and Air-Breathing Cathode. International Journal
of Hydrogen Energy, 40, 16547-16555. https://doi.org/10.1016/j.ijhydene.2015.10.002

Yan, K., Yang, Y., Zhu, Y. and Zhang, J. (2017) Highly Selective Self-Powered Sensing Platform for p-Nitrophenol
Detection Constructed with a Photocathode-Based Photocatalytic Fuel Cell. Analytical Chemistry, 89, 8599-8603.

DOI: 10.12677/aep.2024.143091 693 SR AT T


https://doi.org/10.12677/aep.2024.143091
https://doi.org/10.1016/j.ijhydene.2018.02.188
https://doi.org/10.1016/j.cej.2018.08.064
https://doi.org/10.1021/nl202587b
https://doi.org/10.1007/s13201-015-0367-y
https://doi.org/10.1016/j.jpowsour.2020.228589
https://doi.org/10.1016/j.apsusc.2014.05.038
https://doi.org/10.1007/s11051-018-4444-7
https://doi.org/10.1016/j.carbon.2015.09.068
https://doi.org/10.1016/j.apcatb.2010.11.032
https://doi.org/10.1039/c4ra02488e
https://doi.org/10.1038/nmat3008
https://doi.org/10.1016/j.scitotenv.2018.05.271
https://doi.org/10.1016/j.apenergy.2017.07.032
https://doi.org/10.1007/s40201-018-0295-5
https://doi.org/10.1016/j.nanoen.2018.12.043
https://doi.org/10.1016/j.ijhydene.2015.10.002

EEFE, HE

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

https://doi.org/10.1021/acs.analchem.7b02402

Xin, Y., Wang, G., Zhu, X., Gao, M., Liu, Y. and Chen, Q. (2017) Photodegradation Performance and Mechanism of
4-Nonylphenol by WO,/TiO, and TiO, Nanotube Array Photoelectrodes. Environmental Technology, 38, 3084-3092.
https://doi.org/10.1080/09593330.2017.1290143

Ajmal, A., Majeed, 1., Malik, R.N., Idriss, H. and Nadeem, M.A. (2014) Principles and Mechanisms of Photocatalytic
Dye Degradation on Tio,based Photocatalysts: A Comparative Overview. RSC Advances, 4, 37003-37026.
https://doi.org/10.1039/c4ra06658h

Hasegawa, K. and Neta, P. (1978) Rate Constants and Mechanisms of Reaction of Chloride (CI2-) Radicals. The Jour-
nal of Physical Chemistry, 82, 854-857. https://doi.org/10.1021/j100497a003

Tan, X., Bai, J., Zheng, J., Zhang, Y., Li, J., Zhou, T., et al. (2019) Photocatalytic Fuel Cell Based on Sulfate Radicals
Converted from Sulfates in Situ for Wastewater Treatment and Chemical Energy Utilization. Catalysis Today, 335,
485-491. https://doi.org/10.1016/j.cattod.2019.02.014

Daghrir, R., Drogui, P. and Robert, D. (2012) Photoelectrocatalytic Technologies for Environmental Applications.
Journal of Photochemistry and Photobiology A: Chemistry, 238, 41-52.
https://doi.org/10.1016/j.jphotochem.2012.04.009

Antolini, E. (2019) Photoelectrocatalytic Fuel Cells and Photoelectrode Microbial Fuel Cells for Wastewater Treatment
and Power Generation. Journal of Environmental Chemical Engineering, 7, Article 103241.
https://doi.org/10.1016/j.jece.2019.103241

Lee, S., Ho, L., Ong, S., Wong, Y., Voon, C., Khalik, W.F., et al. (2017) A Highly Efficient Immobilized ZnO/Zn
Photoanode for Degradation of Azo Dye Reactive Green 19 in a Photocatalytic Fuel Cell. Chemosphere, 166, 118-125.
https://doi.org/10.1016/j.chemosphere.2016.09.082

Soltani, T. and Entezari, M.H. (2013) Photolysis and Photocatalysis of Methylene Blue by Ferrite Bismuth Nanopar-
ticles under Sunlight Irradiation. Journal of Molecular Catalysis A: Chemical, 377, 197-203.
https://doi.org/10.1016/j.molcata.2013.05.004

Talooki, E.F., Ghorbani, M., Rahimnejad, M. and Lashkenari, M.S. (2020) Evaluation of a Visible Light-Responsive
Polyaniline Nanofiber-Cadmium Sulfide Quantum Dots Photocathode for Simultaneous Hexavalent Chromium Reduc-
tion and Electricity Generation in Photo-Microbial Fuel Cell. Journal of Electroanalytical Chemistry, 873, Article
114469. https://doi.org/10.1016/j.jelechem.2020.114469

DOI: 10.12677/aep.2024.143091 694 SR AT T


https://doi.org/10.12677/aep.2024.143091
https://doi.org/10.1021/acs.analchem.7b02402
https://doi.org/10.1080/09593330.2017.1290143
https://doi.org/10.1039/c4ra06658h
https://doi.org/10.1021/j100497a003
https://doi.org/10.1016/j.cattod.2019.02.014
https://doi.org/10.1016/j.jphotochem.2012.04.009
https://doi.org/10.1016/j.jece.2019.103241
https://doi.org/10.1016/j.chemosphere.2016.09.082
https://doi.org/10.1016/j.molcata.2013.05.004
https://doi.org/10.1016/j.jelechem.2020.114469

	用于废水处理及发电的光电催化微生物燃料电池研究进展
	摘  要
	关键词
	Research Progress of Photocathode Microbial Fuel Cell for Wastewater Treatment and Power Generation
	Abstract
	Keywords
	1. 引言
	2. 光电阴极微生物燃料电池原理、优势及分类
	2.1. 污染物的还原降解 
	2.2. 氧还原反应
	2.3. 污染物的氧化分解

	3. 光阴极催化剂及光阴极的制备
	3.1. 光阴极催化剂
	3.1.1. TiO2及其复合材料
	3.1.2. CuO、Cu2O及其复合材料
	3.1.3. CuInS2
	3.1.4. 硅纳米线(SiNW)

	3.2. 光阴极的制备

	4. 操作参数对Photo-MFCs性能的影响
	4.1. 电解质
	4.2. pH
	4.3. 污染物

	5. 结论与展望
	参考文献

