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Effects of Cu,O/r GO modified cathode on MFC electricity generation,
denitrification performance and bacterial community structure
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Abstract: Cuprous oxide/reduced graphene oxide (Cu,O/rGO) composites were synthesized via reduction
methods, characterized and tested by SEM, FTIR, EDS, XRD, XPS, N, adsorption-desorption and cyclic
voltammetry curves for analysis on structure and oxygen reduction performance. Cu,O/rGO cathode was
then prepared by loading Cu,0O/rGO composites obtained on carbon fabric and used as the cathode of
microbial fuel cell (MFC) with nitrate as model pollutant, followed by investigation on the effect of
Cu,0O/rGO cathode on the performance of MFC for electricity generation, nitrogen removal and the
structure of microbial colony. The results showed that Cu,O/rGO composites had a mesopore-rich structure
and good redox reversibility. Compared with those of Pt/C cathode, the exchange current density of
Cu,0/rGO cathode increased by 47.77%, while the charge transfer impedance decreased by 65.53%.
Moreover, Cu,0/rGO-MFC exhibited higher average maximum output voltage (662.54 mV), maximum
power density (26.27 mW/cm?®), NO3-N removal rate [83.33 mg/(L-h)], and average coulomb efficiency
(32.02%) than Pt/C-MFC [485.33 mV, 16.98 mW/cm?, 7.38%, 41.67 mg/(L-h)]. Meanwhile, the activity of
denitrification key enzymes and content of extracellular polymer in Cu,0/rGO-MFC cathode biofilm were
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increased. The abundance of functional microorganisms Betaproteobacteria and Alphaproteobacteria

were also increased by 35.66% and 36.96%, respectively.

Key words: Cu,O/rGO composites; microbial fuel cell; electrochemical properties; power generation;

denitrification; microbial community; water treatment technology
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Fig. 1 SEM images (a, b), FTIR spectrum (c), EDS spectrum
(d) and XRD pattern (e) of Cu,O/rGO composites
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HH & 6b AJ A1, WiRh MFC 343 /2 2 28 35 B 5 iy
W BE 22 ] A LA G & | Cu,0/rGO-MFC #il Pt/C-MFC
i R IR FEFE BN 2627 H 16.98 mW/em?,
Cu,0/rGO-MFC [t Pt/C-MFC ¥&hnT 54.71%, i
Cu,0/rGO-MFC /= PEREML T Pt/C-MFC., MFC
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PN BEL R B2 T R 2 R/ N BN R, m KT
SR AT AEAR P BH A FERE P SR EIS #hZk oMt
Pt/C-MFC Fl Cu,0/rGO-MFC N PHA A0, 455
W 6c FFE 1 s K 6c fIZE 1 AT AR, Cu,Of
rGO-MFC Hl Pt/C-MFC 14 R, 73514 20.32 #119.27 Q,
W 2R K, FE L Cu,0/rGO-MFC Hl Pt/C-MFC
P R B R A S VR R Tt 2 A AR — B
{H 2 Cu,0/rGO-MFC 1) R.( 71.64 Q )l W(2.13 Q)
P10 /N PYC-MFC (R.=130.6 Q, W,=4.57Q),
Ui Cu,0/rGO A b BME M B4R 5 B AL T 5%
FEBHBTAA EE F W BERH AT, 2% T MFC By HLf#
TG R RS ROR . Ik, Cu,0/rGO-MFC 1]
DISEEUE AR =i bR e . DA B S5 IR K, Cu,0/rGO
B EMEME M IS T MFC 7 B P fE .

# 1 PYC-MFC l Cu,0/rGO-MFC 4L 6 (1 P01 A 45 21
Table 1 Fitting results of Pt/C-MFC and Cu,O/rGO-MFC
based on the equivalent model

S £ RJQ R/Q WJ/Q  CPE/(uF/cm?)
Pt/C-MFC 1927 130.60 4.57 0.72
Cu,0/rGO-MFC 20.32 71.64 2.13 0.63

232 Cu,O/rGO 144h A3 MFC Bt &b 4R 69 % o8

FHFFE CuyO/rGO BRI F 5% MFC 1935
P, 4 Pt/C-MFC il Cu,0/rGO-MFC X} COD Al
NO;-N [ ZEBR%E . NOy-N i B, 455 e 7 fr
o HIE 7a W41, Cu,0/rGO-MFC 1E 3 iz T i
th COD £ [543 51 H 82.70%+0.20% .92.58%+0.39% .
99.53%+0.42%, “FHEEFEN 91.60%. P/C-MFC
1E 3 ANzt AR coD EBRZFNNHN 77.40%+
0.45%. 92.26%+0.66% . 99.47%+0.75%, F¥JE
FH 89.71%; Bl Cu,0/rGO-MFC *f COD Ay 2= 3k
WHRIEF PYC-MFC, [FREF Pt-Fe 1&HiBAHL 1
MFC 4bFE A3 15 K 1) COD 22143 (155.7% ) B7), i3
% Cu,0rGO EHMEMEMBIG, MFC i i
COD “AEm e FHEIFRZ AT, HK
Pt/C-MFC FEA &5 . H{HRCERZ, Cu,0/GO-
MFC ()% H fLEE B 2 & F PYC-MFC (&l 6a ), J&
CRCRIEARTE— AR P DL R IE S B B 5
LS B T 1 E 4 e, TR PEA MFC HL 7 [k
. & 7o W40, Cu,0/rGO-MFC 7E 3 iz AT
PR (24.63%+0.25% . 34.77%+0.21% . 36.65%+
0.11% ) #% T Pt/C-MFC ( 13.48%+0.16% . 3.80%+
0.16%. 4.85%+0.10% ), H. Cu,0/rGO-MFC [
PERE (32.02% ) [ PY/C-MFC (7.38% ) 425 T
333.88%, i H., i T F BAKCYIRIE 19 MnO,/GNS
BB ) MFC BEERCR (15.4% ), 455HR%N,
Pt/C-MFC &S ML= A 0 FE I8 8™ HL B8 72 0
TR, 1E 2R B E T A B4 KRG N
NO;-N /KERES , 3l Pt/C-MFC i o R T Cu,0/

rGO-MFC; i Cu,O/rGO AW N E A K I 1Y H ik 2
PERE, 425 T MFC FAA oL FAOTHFE, [al4EksE T
FHAR RIS TR, INTAEE T MFC i 7= PERE
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Fig. 7 COD removal rate (a), coulomb efficiency (b), NO; -N

removal rate (¢c) and NO3-N accumulation (d) of
Pt/C-MFC and Cu,0/rGO-MFC

& 7¢ AT41, Cu,O/rGO-MFC T L) 52 3 %

NO3-N Yk JE, i Hik R34 Pt/C-MFC 5% .
7E 3 h i}, Cu,0/rGO-MFC T.5E 1% NO3-N 124,
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F BRI E N 83.33 mg/(L-h); ILH}, Pt/C-MFC ) NO3-N
Y SR (13.6849.04) mg/L, EBRF Ty 94.28%+
4.20%, HFE 5 h i, P/C-MFC {/3777£(0.36+2.56) mg/L
i) NO3-N, ZEBR#EF N 41.67 mg/(L-h), Hgs R dm
FLL rGO/PANT B4 A ) MFC X NO3-N f9 % Bk
e P2 R Cu,0rGO &AM BHME AN k% T
MEC ()i Z SR . 118 7d 7T %0, Pt/C-MFC F1 Cu,0/
rGO-MFC Xf NO,-N [ R A fbifa b 2 e T
J5 I, 3 H Cu,0/tGO-MEC H1 NO, -N [ KL
1 H(37.66+3.33) mg/L, % PYC-MFC 45 T 27.03%.
2.4 Cu,OIrGO 1&4fmBARIT MFC BAtR N E W B %

g ialiabAl|

TE MFC 77 Ha I Gt & v, 3= 0 v 8 B Al AR T
FE 2RI H T 28 L A B A AL 3 20 IR AL A S
NO3-N 7E A AR DBl A9 VR FH R 58 Bk S e g, H
1, NO3-N EERFCRR KRR NAR Fl NIR
ERFRIETE . WANG SUORFIR I, @t iR e
NAR FI NIR 76 MR G5 NO3-N B L BR % . 1fif EPS
RS PN PS G BE 0T 55 0 n] VR Sl HE 5 RS O R
BT, EEEFM NAR Fl NIR AYIEHEH4 5T
T Cu,0/rGO E A MHBEAT MFC B 2 18 2 BB
AR o RTINS s, i PYC-MFC
H1 Cu,O/rGO-MFC BHMR ol A= 0 v S A A A 56 il 1)
P . EPS [ & s ML 5y, XL YIS A A T I o
2.4.1 Cu,0/rGO I A4k A 2y 7 R AH AL Bl 76 P

& 8 4 Pt/C-MFC 1 Cu,0/rGO-MFC BHH it &
1L FEH NAR I NIR B35

<
)
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RS NIR

e
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Fig. 8 Pt/C-MFC and Cu,0O/rGO-MFC cathode enzyme activities

m & 8 AI%1, PY/C-MFC BA#% NAR 7iEHE ((0.19+
0.10) “mOlNog—N /(min-mg zrx) ) A NIR 3G ((0.25+
0.001) pmol, _ A(min-mg ) W/INT Cu,04GO-MFC
B NAR f5 M (0.23+0.20) pmol o
FINIR P (0.27+0.001) ”mOINo;-N /(min-mg sq) J,

X R Cu,0/rGO B A M BHE R T MFC B 9

% NAR F1 NIR {&E,

2.42 Cu,0/rGO MR A4+ EPS 45 fntil 4
EPS 4N LB 0 FZ 5, HA WS Yy

/(min-mg ) )

YIRZE & a5, 58 H EPS A5 NAR
Al NIR 7 PHE# VA, EPS & EE & PN Al PS
fy EANH . PYC-MFC Fl Cu,0/rGO-MFC B 304
YT PN R PS B3 ( DA% & P 7 [ R Y o
i, FIED) i 9 Fiow.
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Fig. 9 EPS content of Pt/C-MFC and Cu,O/rGO-MFC cathodes

& 9 AT L, Pt/C-MFC BA# ) EPS 75 i 4(23.32+
0.77) mg/g, H:H PN H1 PS )5 #4351 4 (13.00+0.17)
F1(10.32+£0.60) mg/g; Cu,0/rGO-MFC BA# ) EPS
S H N (32.04£0.24) mg/g, Hidb PN ORI PS & H4)
S2R(10.6240.11)F1(21.42+0.13) mg/g. Cu,0/rGO-MFC
M PN 2 iR ILT PYC-MFC BI#% , {2 Cu,0/rGO-
MFC [t EPS #1 PS & i Bl . & T PUC-MFC. £k JL
MW FE 0, PS Al AN NO5-N (if 5, Wil
P25 NO-N LR, X T Cu,0rGO-MFC H
NO,-N B 25T PYC-MFC 5N ; X1 T EPS
A DAER i ok /R R b NOS-N XA B ) B
FEEHE ) BFLL Cu,O/rGO-MFC 11 it & % 31 K 52
F| NO,-N FLE H 52

K EEM X} EPS # T E &0, Bl 10
“} Pt/C-MFC F Cu,0/rGO-MFC B ¥4 ¥ EEM 3%
[, %2 & PARAFAC BAI A5 . Bl 10 Figk 2
A1, PYC-MFC FAMA 3 A octel sy, 4 Cl A 1
AR (Amae=280 nm ) F1 1 AR K ST K

(A=330 nm ), FIWTHZH M W EOETR. 4 C2 A 1
MR P R (Amax=285 nm ) Fl 2 DEFEK (1=
310/360 nm ), FIWribeH s AR AR, 41457 C3 A 2
MR B (Anax=260/350 nm ) Fl 1 DERE K

(=455 nm ), KWL MISEF T, Cu,0/GO-
MFC FA#AEA L E 3 FhZH 43, Cu,0/rGO-MFC Ak
th C2 F1 C3 %G5 EE( FI=4380.519 Y4 {ik T Pt/C- MFC

(FI=4400. 569), 1H C1 ZOEHRE (FI=6509 ) B
5T PY/C-MFC (FI=6311 ), Hrp, C1 fi1 C2 ¥JE TN
BREAN S, FESMAEYKEREA LD, EA
HA A IME R IEH, Cu,0//GO-MFC [
MR 2 C1 3G ] fi 2 i s e AR -5 oAb i
Yiz o Wi TR 4h G 240 SR,
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Cu,0/rGO B AW EMEMT MFC FItRES, $25 T MFC

BAM A E S BY NAR . NIR 1GPERT EPS 2 A

SR, T RHEY Z BB TR R, XA REE

Cu,0/rGO-MFC HA R4 /= i mERE A IR A
PR /..
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)
#3008
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i) EEM i
Fig. 10 EEM spectra of EPS on Pt/C-MFC (a) and

Cu,0/rGO-MFC (b) cathodes

# 2 PARAFAC RIS BT B AR Sl A 40 2 R oy
Table 2 Composition of cathode biofilm obtained by PARAFAC
model analysis

5% Amax/NM Jo/nm Yy & FI
c1” 280 330 EKEEm 6311
c2” 285  310/360  KEEEMR 4400
c3” 260/350 455 KB 569
c1? 280 335 KEER 6509
c2” 285  310/360  KEEEIR 4380
Cc3? 245/350 455 BJEAE R 519

DPt/C-MFC; @Cu,0/rGO-MFC,

243 Cu,0/rGO MRS 40 b A S REE 4 4

J T 1Al Cu,0/rGO & A MAME i BA ) Xt MFC
WMAEREE R, SRZET 16S tDNA (15l &
M, 15 PY/C-MFC Fll Cu,0/fGO-MFC BFF £
A AN R AR I RE T A R Sk 3 FIE 11 s .

#* 3 A MFC YIRS o ZRIESEL
Table 3 a diversity parameters of different MFC biocathode

samples
Chaol Shannon . Good's
JeR e Simpson coverage/% OTUs
Pt/C-MFC 570.94 3.97 0.05 99.85 530
Cu,0/rGO-MFC 567.14 3.61 0.09 99.88 526
1 I%ﬂ:i’l‘assiﬁed bacteria %I gﬁﬁzﬁ;ﬁ;gchanbactena

Gemmatimonadetes

= Chloroflexi

I Deinococcus Thermus [ Bacteroidetes
[ Actinobacteria B Firmicutes
1 spirochaetes [ Proteobacteria
100 ———
a
80 [
S
B 6o |
.H.I_
%
40
20
0
Pt/C-MFC Cu,0/rGO-MFC
g 2
1 Spirochaetia
O s [ Norank Candidatus
[ Unclassified Chloroflexi Saccharibacteria
B Unclassified Bacteria ] Gammaproteobacteria
Il Unclassified Bacteroidetes 1 Flavobacteriia
Gemmatimonadetes Anaerolineae
B Deinococci 1 Clostridia
[ Actinobacteria I Alphaproteobacteria
[ Planctomycetia 9 Betaproteobacteria
100
80
S 60+
i
#
X 40+
z
20
0
Pt/C-MFC Cu,0/rGO-MFC
LR
K11 MFC BIRAET K (a) FMAKF (b) BIEY
AHXT
Fig. 11 Microbial relative abundance of MFC cathode at

gate level (a) and class level (b)

HE% 3 AT, BRRE S OTE 3R 3R 3 T 99.00%
PA b, DB e SR T LA e kR B SE PR L . PY/C-
MFC Hl Cu,0/rGO-MFC FA# ) OTUs 4351128 530 Fi
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526, P, Chaol #8401 Shannon 8% n] IV A4
Yy B E MR Cu,0rGO-MFC B Y
Chaol 5%UF1 Shannon $5%0437M 567.14 1 3.61,
fi-F PUC-MFC (570.94 F13.97), BLEHAHLT PYC 44
K, Cu,0/rGO E G MEMEMTEINET, KT MFC B
WA Y P E R E BRI AR . X AT REE T
Cu,O FURLEYHTRTEME, PR 1 B R i A ey A=
K HIE AT LI, Cu,0rGO A RHRHME i B )
WF, FTLALE Cu,O/rGO BIIRK b2 55 B 2 i 0 J5h
PR A

M 11a ATLAUR B, 7EITKF b, MFC BT %
YRR 1 EZN Proteobacteria, AR F-FE 3
WK 48.87% (Pt/C-MFC) il 64.46% ( Cu,0/rGO-
MFC ), #X #545Tf1 DING #4238 T MFC £
BHR S BEALOPLFENEE T 1 Proteobacteria ., Proteobacteria
IV A SR BURE H R A NO3-N BYTIRER?, DL 125 3
AT, Cu,0/rGO A5 MR B il BED 1S 17
A REME AW e 2. & 11b AT, Pt/C-MFC
- Cu0/rGO-MFC  FIAK A= W RE V& 0 3420 3228y
Betaproteobacteria F Alphaproteobacteria ,Pt/C-MFC
BH#% Betaproteobacteria F1 Alphaproteobacteria WA
XiF A4 B R 19.46% 1 26.11% ; Cu,0/rGO-MFC B
W Betaproteobacteria ! Alphaproteobacteria WX}
F R H 26.40%F1 35.76%, # Pt/C-MFEC 435I 1#
T 35.66% 1 36.96% . Betaproteobacteria Fll
Alphaproteobacteria WY JET Proteobacteria, BA
JfL A1 55 R BE ) A SRS AR R RE T, DR TS
S EN A0 H PR AT R 324, S KR NOs-N
HLF 2 R e R34, 2B T Cu,0/rGO
BAMBHES T IREMERA Y R R, SEmske T
MFC i AYERE . AR 2.4.2 545 R —3,

AR A4 L6 MEC P RE Y 520, — 5 T AE T34 8
H, A2 3% P A e A R T AT P A s 1 1) L T A% B
J15 507 AL T4 RE 2 T S0 228 5% 0 ) 8 14 1k
VRIS . ABFFE AL, Cu,0/rGO-MFC K™ i,
AR T PUC-MFC., Hirf, Cu,0/rGO &
MBS TR ITES (B 1a), R4S T
NO3-N i Jit F I P o s5ORT L 4% 353838 ; Cu,0/rGO
I8 2% T ff 2 ) B o o SR AR XA, (H k2R 4y
Brids, £ Cu,0/rGO &4 f5 fir A HA T = i HL Ak
SEEME (2.2 97), FW Cu,0rGO & ARET LIRE
R AR S B Y HL TR RS BEL g, O HL ORI AR T 1
EPS &Ml 16S rDNA MF4R B7R, Cu,0/rGO-
MFC WA Y ZREVE AR, B 5 S Ak i FE AR
K EEM . KEARMIIRE RS DR,
Cu,O/rGO  BFIAR skt 26 1y e 1 1 i 3 mT A 4 BRI 6T F
TIOTHFE, 48 PR A% 3 2 BB i W fer it , (45

Cu,0/rGO-MFC ELA R 7= Ha i A 1 BE .
3 i

FET Cu,0/rGO & A # BHEM A X MFC 7=
F 0 R B S A Ak W o 25 A4 1 B ) 7 45 1Y Cu, O/
rGO &AM RHEAT F it 1A FL A5 A8 T R 480 aA T
g, JFH Cu,0/rGO HA M EHGE T B Y H fh 2
PERE ; 24 NO3-N 1 ¥ & 4 250 mg/L i}, Cu,0/rGO-
MFC 315 B - 5 i F % (662.54 mV ), Fek
R (26.27 mW/em? ), FIPECRR (132.02% )
A3 S PYC-MFC 40N T 36.51% . 54.71%F11 333.88%;
[} Cu,0/rGO-MFC ffj COD PRl k%
91.60%, JF#E 3 h Bf5ERL T NO3-N Byid g, 16
Cu,0/rGO B G M KHUGE T MFC 197 LU AP fE 5
T4, Cu,OGO A EHELEE R T IR AP+ NAR
A NIR A3EPERL K EPS FUZREE A& CuOf
rGO-MFC (IR TIBERERE A Betaproteobacteria F
Alphaproteobacteria #W, H.FFF4: Pt/C-MFC #5/nT
35.66%#11 36.96%, Uil Cu,0/rGO % T MFC [
WINFErEE M. ASCRA Cu,0/GO B &M kMBI
B FERR S MFC 7= R0 K 75 e My W i 5 Tl B A
PG RS RN {H
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