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Abstracts

The rapid development of medical conditions and animal husbandry has increased the use of antibiotics
day by day. Tetracycline (TC) is a common antibiotic class of drugs that is structurally complex, highly toxic,
and persistent and is commonly found in rivers, wastewater, and soil. So how to deal with TCs effectively is
a pressing issue. Microbial fuel cells (MFC) combine microorganisms and electrochemistry, have a mild
operating environment, can degrade complex organic matter through the oxidative metabolism of
microorganisms, and continuously generate bioelectricity. The performance of anode materials as carriers for
the attachment, growth, degradation of organic pollutants, and electron transfer of electroproducing
microorganisms can directly affect the electroactive microorganisms (EAMs) and electron transfer efficiency
(EET). Conventional anode materials are unfavorable for microbial colonization on the anode surface due to
their small specific surface area and poor biocompatibility, resulting in the slow start-up of the reactor. For
the anode materials, this thesis constructs ZIF 1-3 and ZIF 1-3S-GQDs as anode materials for MFCs using
zeolite imidazolium ester skeleton structure (ZIF), which has the characteristics of large specific surface area,
ordered and tunable pore structure, and heteroatom doping, and sulfur-doped graphene quantum dots (S-
GQDs), which has richer active sites, biocompatibility, and better chemical-physical properties. The results
of the study are as follows:

(1) Preparation and performance study of bimetallic skeleton anodes. The ZIF 1-3 anode was firstly
prepared using the in-situ growth method and carbonization, and the area-specific capacitance of ZIF 1-3 was
704.1 F/m?; the charge transfer resistance was 6.15 Q; and a fast start-up was achieved at 68 h, which
shortened the start-up time of the MFC. Inoculated with activated sludge, after the biofilm on the anode
surface was formed, the output voltage of ZIF 1-3 was stabilized at 750 mV, and the output power reached
2.31 W/m? which was 2.93 times higher than that of the CF; the microbial community analysis of Geobacter
on the anode surface of ZIF 1-3 was 46.6%, which was conducive to the direct transfer of electrons.

(2) Preparation and performance optimization of bimetallic skeleton S-GQDs anodes. Optimization was
carried out based on ZIF 1-3 materials, and sulfur-doped graphene quantum dots (S-GQDs) were introduced
by hydrothermal method to synthesize ZIF 1-3@S-GQDs anode materials. With ZIF 1-3@S-GQDsw After
the formation of a biofilm on the MFC anode surface of the anode material, the charge transfer resistance is
only 2.64 Q; The startup time is 20 hours; The power density is 2.64 W/m?, which is 14.3% higher than ZIF
1-3; During operation, the output voltage remains stable at 770 mV. SEM and CLSM found that the anode

interface of ZIF 1-3@S-GQDs formed a huge conductive network, which could load more microorganisms



and favoured the direct transfer of electrons; and the abundance of electroproducing bacterial gates on the
surface of ZIF 1-3@S-GQDs was 94%, which was conducive to the enrichment of electroproducing
microorganisms.

(3) MFC is used for TC degradation and synchronized power production. The degradation ability of
different anode materials for TC and the degradation path of TC were investigated. The results show that all
MFCs have the best degradation of TC on the first day. The degradation efficiencies of ZIF 1-3@S-GQDs at
concentrations of 40 mg/L, 60 mg/L, and 120 mg/L were 93%, 95%, 94%. The charge transfer resistance of
ZIF 1-3@S-GQDs increased after the addition of TC to the reactor (2.64~5.36 Q), and the MFC output of
different anode materials was suppressed with the increase of TC concentration. The MFC could degrade the

complex TC into organic matter with a simple structure.

Key words: Microbial Fuel Cell; Metal-Organic Skeleton; Anode Material; Tetracycline degradation
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RE. 20 tHh4d 60 4K, SEEATRJRXAEKIE VAT H R A ML A L BE R I HH M . 1966
4, Williams KIUFEFC AR B L 4E R MR, PO T e KB R = AV 2
FHBE AN AR, 3 PR BRRLEIBAE 6 V R774E 40 mA IUHLIR. 1976 &, kW
PRRL g H AR 225K Suzuki Bt &, 1999 4£, Byung Hong Kim /N R R HL T
SR A B T I A PR I R, e ATTRT OB T AR R B AR . 2005 4,
FH = AR R WM LK 2EIREE TFER Logan HFZ3R H 5 /KAH e & oL HIW AR,
Logan X} MFC WA A4 MFC F— R BT TR ET 2, — 225838 T MFC
HIRE ST IEFIRERAR &R, 51K TRFACRIAER] . b MFC IRELUA RO SR, Bk
KR FN 53 ZEax A0, I s e

ITHEAEsR, FRFLHEAINT MFC &7 H#EAWIT, BIAnPEARAR, J558 e
FAARAA L AR IAIEE . AT, 847 750, BeRh i E S A 7 K2 M. MFC 1)
FEHLPERE AT K AL B RE I AN WTHE T IX L MFCs BRI R M AL B FH B 1 3 35

1.2.2 MFC B9 T{E|RIE

MFC AR AL SR e R A A AE R E . W AXUE MFC HFAMk = B
e T ac B (PEMD AR PR ARCEMREPR A IURY) (24N, %
) R COx BT REME T, BHE T ARAEYLE R AR, A
BN, RS TRARME G, AR BT AL = 5 0 1 3 i 4% 21 A )
FERAN SRR REA BAL B 5K HL A B P AR SR B il %55 PEM 3 BB A = P
T AP P BV R B OB, AERK . PEM BRGS FR R P i i) pH BEAT 4ERE SN, I8
AT AN 1R R AR A R

WA EAIE R R BEAT, BT 5B A AW AE, E PR R SR ARSI
FErF L ST A . AR AR A SRR R . HEERNE, BT



B1E P AAFREMEFILT
EY KRBT E R, BT DA RUEY ARSI RE o MFC PR & 75 25 A% PR KRR
B, H— EBEH‘&EVﬂﬂi%?ﬁﬂﬁ‘]%ﬁ?ﬁﬁ*&%ﬁﬁ@Iﬁ,ﬂ’J%ZQEEEQE, P
TR K e D e R BRI R B i A = AR AR O 7 32 ik 5 i R R
SR RK, b B AR R BL K MFC i o

T Resistance

<«

(W3d) sueiquapy
abueyox3g uojoid

Jaquieys 21qolay

|H.0

v
P 1-1 SRS Gl A Ao r b 5 AR A S e P 3)

Figure 1-1 Schematic disgeam of structure and working principle of traditional microbial fuel cell
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