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Abstract

This study explores the application of a novel Microbial Fuel Cell
(MFC) in energy regeneration and water resource treatment. With the
intensification of global climate change and pollution, developing low-
carbon and sustainable green energy has become a pressing priority. The
MFC utilizes microorganisms to convert organic matter in wastewater into
electricity, offering advantages such as low cost and low carbon emissions,
along with the added functionalities of wastewater treatment and power
generation. This research employs a coal ash ceramic separator membrane
free from per- and polyfluorinated alkyl substances (PFAS) and modifies
commercially available graphite felt electrodes to investigate the effects of
electrode surface area (3x3, 4x4, 5x5 cm?) and different materials (graphite
paper, graphite felt, modified graphite felt, and carbon cloth) on MFC
performance. Results indicate that a 4x4 cm? electrode surface area
achieves optimal power generation and wastewater removal efficiency,
suggesting that minor variations in surface area have a limited impact on
MFC performance. Among electrode materials, graphite paper performs
best; however, modified graphite felt also shows power generation and
wastewater removal efficiencies comparable to graphite paper. This study
provides essential data references for the application of MFCs in

wastewater treatment and energy regeneration.



ke
ak
w}

- Bk

WWE K 2 F R B oRE T LD F o B R R

BB TR E F ARECeIR AT S A I L 2 T e o

BEGES 0 LSNP be- FRTOBREFE T

ik d A

e L ouH % AR (M B 420 2011) ¢

ECE <3 SERY

ETINS

B E KA RS A EH RN - o il Pt

FR 0

gh‘{

- FBATE A S R 7R - R T K 42

b R R R I R

g R REFA R DB BZEARE 7 = AoxE o W S
i =

R LT R RS e R RT FE RS

|
b

B2 AT S E B A R S kR 2

72 N

WE Y AR PRR M P RET S PR ¢ RS

RA L RRIFF DG ARHT B RS PR

\\3
na

FRSOEE S A H AR ok v 50 o



P gt T B v ORBORY chg R S R FIRAK
TR R A TR T ERRY A L HBRT

R B RRET LR R B R LT T R Nk

FSLINEETE J INE R Rk 8 R I R e
jprt > MFC 1% gk ® eng #4585 2 > ¥ - 7 £ 24 it (i
ZHE2022) ¥ ¥ b AR AuEARY § AR A NirE gk Bt
SRS L - 5B AR B P AR(W- ) chSDG6 ¢k

L feis kg2 SDGT: ¥R 2wk &R KRB ARM o B R

ZH

RSB REAEE T e PR L B R

eNSE Ry SRPLAT o

Ze

S,

\%**/‘
Q» - .

Z\@

i
2

s

(Bl- )X 5% E p (B % % k:National Library of Medicine)


https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=_74_yD/search?q=auc=%22%E6%A5%8A%E9%9B%B2%E6%8D%B7%22.&searchmode=basic
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=_74_yD/search?q=auc=%22%E6%A5%8A%E9%9B%B2%E6%8D%B7%22.&searchmode=basic

CRENEE ER TET Rt

=\
1=

B
BERMA PRSP WP E T ARy R 5

=3

SRS AEE ST L ECE AL SR

R S P 5 o AR (MWONT)S 7 - 5

o
NH

e
=
=
|

PR o TN AR B P D PN At e B A

=K
=h
N
W

=
oo
N
P
—=\

AT M 1 E FoREJE G F S $i5 3 o

AT g BRI TR PR P T R R R

FORBMAFBETH BN O BT T
I A1 2% 6fi MFC & T it i

2. T RtmE G AF MFC % 1t okon chs 8

3. HENAMFCET B2ATHL ST B
4. &iE 14 MFC % Bk s F iR B i 7 et



= é%’eﬁbéﬁ
AR s ¥R AR L STk R (Dual

chamber MFC) ~ ¥ # ;% jic 2 4 %2 & ¢ & %i(Single chamber MFC) > #

SRS E I L RN TR T S |

F

2

FeniEdm B Nk AR R THEAET S F
AT S (PR 0 2021) o W ALEH S A F AL T b A
(B= )57 - L&A BAEF Joth ~ 518 F ih 2 @ B enfis 2 gim

e e LHERT ST RET 0} P ek P e T giRFd



)

¢

—

e \ fefif

GRS TN ER LR EXF TS TN TN
48:CeH 206 +6H,0—>6CO,+24H+24¢ » 14 4&:60,+24H+24e” —6H,0 -
LR TEBET R HE S AR E G
AHA SR AR PR RPN ET S CF

Hu s PRl AY - FERPOEFTF LER S LR TERBA



Pt FE R 3.6/l kR LIg/L RS § 49 0.021g/Ls
BT A 02g/L KRB FHBACK - R BOK B AT Rl de
(=) REBEBHET S AR TERAG A2 9om’ s RiEH T
PTEPEITHRAGH S loem® s THEHT L F EEREE G H

25¢cm? ~

IR

THHT T FEERIEL G F 5 25cm? T T
AAE Y THRA R R 25em?E RHRM T AR TRA G
25cm? VR A A TR R R CODE T F A
MEE S FE AT - ‘Bﬁﬁ,rmmaw@uf&w 3 B FdF en

TiREL o

(- )W RF TR s 83 AT EH T MFC

REFEVME | HF | B | BEH | LHOER

L*G5em? v v v v
A*4em? v
3*3cm? v




C PR iEAR

Eﬂi‘"‘i@ﬁiﬁr(@;)ﬁﬁ-ﬁ , 9"}%1}:}% .

ER

T4 PR AR EE 0 S R

SR TR~ Wi

ERHNMEMRHENNZE

v
EBLR

v
1.BIEFiE
v
2MATFIE, HAEMFC
v

B ERIEEE

(F1= )3 5% Zim £

(" ) '5’1'%} /; /):L

A 1

R 30 Ak PR kY g

D

Fa Ak T AR A 2 k- AT

10

=3
14
F_*
(7
.\_\_
f=
=)

» COD 4 " FJELis > Rl AR e



(=) Biefcs Pkl g s
1. iR H
#-3mg % ¢ % B (Polyvinyl Alcohol, PVA)+4e DI -k I 20ml -

4o £ 3] 80°Cx % 3| PVA f it > £ % 17mg <h MWCNT 4 » &

M)

TESCERF SRS P ER-ER P S R E

\

3% 14 ) E%%’,ti‘i'ziﬁ? € * o

2. m%k

LR (e ) r e B BAIER AR B Y
MRRE R 50ml 2O EEACK 200ml kB A R Tt ke
e o Mg DIk ¥k TR L4 HAE T 2 (1000

) BREDAERT ¢ RSN -

(=) ##
%47 R pH e ~ORP % #cdp » % & kb B3R B A 18

AL Bk COD R R * MR % &R i & 5 -~COD 2 ",% s

TEE B IDRE LD o

11



(Flw)i e p T s H k2 SR 7 LF > BEGEAS 2

—_\

4550 o (B % JR:TE 4 4 o)

12



P L RELHG
- I E%
(IR AEH TN L F BT S R
LT R
T & (Voltage) €7 A8 & » TR AT TR
FBREm 4 o E T E R DR AR ENAE - BI(T)5
3 H TR At B 1000 B T BT A A TR o fi 13

YL

i

AT RKF O TRA ] Bo= [T F B> F PR T

M%

0.08

—a— HEE
0.07 - —e— =4
—h— T} 7

0.06 - —y— WE =B

0.05 -

0.04 -

0.03 -

BEEB(RE)

0.02 -

0.01 -+

0.00

B 8 (X)

BI(Z)? FHEF DT HRATHR 1000 gt T o™ 22 DT R o

13



2.COD 4 'ﬁ X

COD 4 “,% % (Chemical Oxygen Demand Removal Efficiency ) &_
Ip iAok gAY o EokY PEFE R (COD) AR A
oo COD & - ¥ * chfpik » % RRIE-RMY ohg 85 4 5 iy
2 -CODAF » 27 °k? 58P 7z £24&F - B(= )5 2 FHTHT

ANWE

N
&
=)

S
_‘2\63
~=h
&=
et
:p'
SR

&7 COD 2 “,$$ - COD 2 “,ff_%"iﬁr‘s v &
w3 '%r?iﬁ:-‘icﬂﬁii%o—‘l'ii:ﬂi'ﬁ ’ COD—i%i«r“sfﬁé: 3 N

L~ LR~
Lt > &l

100 —

90

80

[ [ —=p
— i
o\o 60 —_—— Em ok iy
~ —h— ff% 7h
W 5| | ——murme
&
1 40
()
@) 30
@)

20

10

0 . ' . ' . ' .
2 4 6 8 10

B 15 (K)

[ (7)) A [EAE R E R COD KFRE -

14



3L A

& v & 4t (Polarization Curve ) # g it ¥kl g ¢ &7 1V 8 ki
N ERRE o TEA T BET S Y T RET AR S
B F Y RTEET S R e F o TR o BI(- )5 A
PR AR R S R SRS S PR TR AR RT T

BRE MR Fl Rt RIS R RS PR

0.8

0.7
—— EE

0.6 —— L B4
—— T 7

0.5 —V— NEREE

BE(RE)

()4~ [F) b B A LR R -

15



FHRRE AR

i

E R 1R o UL TR P B FRR

AAH S ) TR ARAR DM B(N)E R

CRREW R HFTBRA ﬁ&gﬁx" TR fri <

2
%
_.1

% R4 2 (Power Density Curve) #_ ¥ — B % RiTG g

h
0w

BB MFRL T EAC=T BT 5>

4.7 F
I __—2‘ v
BRIV g &
(& 5 =a #
B s 5
%fi ’ ';:] I—L
o
4.0
E
=
£
1B
|
B
=

0.0

10 20 30 40
&% E (MmA/m?)

[ (/) R A [E) A B HY DR AR -

16




LR

B(4)5 P24 # 231000 4 T 2T & 3 chg B o f8

BSRTUPT R Ky » TR ) G 5%5em®™>4%*4ecm*>3*3cm?

0.07
0.06 . 5*5em’
0.05

~

¥ o004

K

N—r

t)

2 0,03

e
0.02
0.01
0.00 |

2 4 6 8 10 12 14

B 8 (K)

(& (L) A [l B R AR A BB

17



2.COD 4 % %

F(+)5 7 B L& 6 7 COD 2 % 5 - COD 2 4 S 485 > 4

TRk S W5 B nd ek AR o Tya% 4 COD 2

F 3B G 4%4em?>3*3ecm?>5*5cm?

COD % = (%)

100

/\
yap

T

90

80 =
0-
60 -
50 -
40 -
30 -
20 -

10

—a— 5*5cm’°
—e— 4*4cm’
—a— 3*3cm°

4 6 8 10

STEIES)

& (+) FIEEMmFBEEN COD LR

18

12



3L A

DICEDHEN S SR R EAIEE S AL S Y Lo
R BRIRT TR E ML FP AR W SRR S

4 >k4-CIl’12>5 * 5 Cm2>=3 * 3 sz

0.5 =

—a— 5*5cm°
—e— 4*4cm”

0.4 ,
—te— 3*3Cm

©
w
1

BB (RF)

0.1+

0.0

B(+—) FIEEmFRERT COD LXK -

19



4HFHRY R

B(t-)i 2k RiEia s FHAY R #FRAY RILF
B R RAERASFRR > TR SRR Mg G
4*4cm>>5*5cm>=3*3cm?

4.0

3.5=

—a— 5*5cm°
—e— 4*4cm’
—a— 3*3cm°

3.0 -

2.5=

2.0 -

E (MW/m?)

[l
DAY
ad

1.5-

Tk

1.0 -

0.5 -

0.0

: : _ : _ .
0 10 20 30 40
== 2 2
EREE(MA/M)

A\

B(tZ)i 72Tt HFos IR Ko

20

50



=~ 3w

(- )R S

B ROREAGHT KA BB R R CRIRA R
FHA kg AT RF A ] G 4Rem®™>5*5em™>=3*3cm” 5 j£_COD 2
i Fkg o AR RISk I G 4% 4em®>3*3em’>5%5em? -

MR R TR BV R A STABRAE R AP SFR

BRAkF o AT RF AL PEK SSHTTEESEEPORT ;A

(=)¥F R A2 FAL PR T
§ ORI E S R ] - A LR R L NG e
AT (Rok)eh COD kR R =% § imicen g 5E » 87 i § F Aokdh X

F¥ahR S R TR L R AR TR TG L kAR

(2 )i P e 2

PN
—\\
L

A

TR AT A Y Sy 0 RIS DR R S -

! m;y_,}_frmb LA S =



d 3 A 7 ek X o] L 4*%4em®>5*5cm®>=3*3cm? ; £_COD 2 “ff &k

A0 PRI R YR G 4%¥4em™>3*3em”>5*5em? o F]pt 0 o] ihd

BHAIER BN SRS RETE Y

ARPTTLRARRT 0] 50 FER >F RP>MT > RFH D
FEPEATHFTAOGENGRESF DL LN AT Rl

22



:\%1"
AT R EFT R IUT ARG

(=) 1 FA-k2 453875 ke COD 2 of LI § i e
AFTT S FRKfrd #A ke COD (M55 ) 2%
RN I AL ISR S SRR G g B 9
WAk S AR R RO TREE

(=) COD T it § it Hpireral s fofojivsg B
Fp iR di COD it i et - 3 B4k S M4t
IR kg e L 3 B LT R Y LR L
e L S Y S L S

(2) AR s ahk ARy S TR
AR EF I TARE G o FH MFC kst € i

g’
A

?

*

T LAk his ok ASEEALY 17 MFC i 7

o TR R A Ay e

23



E~}%¢ﬁ

P 44(2011) o fic de bl 338 2§ Mec 4

&H
TE
;‘J
e
it
Y
A
|4
Jm}
ias
M-

EHLHm=

¥ORFF(022) c xR E F AR E T R IB M S RHT S A
2T Rz AR FRLA?

B ZH2022) c fieA AT p FL AL B ER YT REP
Rt 2P F B2y R A PR F
HAEEQO21) » Bt A FRNTE PRI P48 S
(RN R e S .

BARE(2009) c MET F A FRB AT RE F EE Gk S/ R BT
L ER S SRR S N e
FH4(2022) o e FE TR B Bz st ik it o F2 4 A
FEE- N YRR
FME2023) I F F TR AG AT HRIPBETH B £
bRtz Ay R~ 8

3% (2022) » #FE3tin o BH 2 B PS3 FjtkiiLET W F v
EORFIEMIP TS TNk R AR F L
E

FUEQOO) ALY S A FAA LAY TR AHL LS F
24


https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=_74_yD/search?q=auc=%22%E6%A5%8A%E9%9B%B2%E6%8D%B7%22.&searchmode=basic
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=_74_yD/search?q=sc=%22%E5%9C%8B%E7%AB%8B%E8%87%BA%E5%8C%97%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%B8%22.&searchmode=basic
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=_74_yD/search?q=sc=%22%E5%9C%8B%E7%AB%8B%E8%87%BA%E5%8C%97%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%B8%22.&searchmode=basic

RO R S T

B2 3 (2012) = SRS M R £ RE R AR SR R T

e
[ 3;

AT AR R MAIMGE ST R F AT Ml e
Poif 53 o M= A0 A Fagdhz

2 AAB(2006) 17 % 5 1 5 AL R AR TR R
SR A Sy I R

5 FE(2009) A RIREMAF T HE AT 2R W2 2 HA
HABHLHm

B54 F(2010) 0 i % WA S pEE AR AL AT H 2]

PEFRECFERLG?

Robin M. Allen & H. Peter Bennetto. (1993) Microbial fuel-cells.
Volume 39, pages 2740, Cite this article

Rezaei, A., et al., Oxygen reduction reaction enhancement in
microbial fuel cell cathode using cesium phosphomolybdate
electrocatalyst. Fuel, 2023. 352: p. 129040.

Peng Liang 1, Xia Huang, Ming-Zhi Fan, Xiao-Xin Cao, Cheng
Wang. (2007) Composition and distribution of internal resistance in
three types of microbial fuel cells. 77(3):551-8. doi:
10.1007/s00253-007-1193-4.

Ramaraja P Ramasamy, Zhiyong Ren, Matthew M Mench, John M
Regan. (2008) Impact of initial biofilm growth on the anode
impedance of microbial fuel cells.1;101(1):101-8. doi:

25



10.1002/bit.21878.

Bruce E Logan, Ruggero Rossi, Ala'a Ragab, Pascal E Saikaly. (2019)
Electroactive microorganisms in bioelectrochemical

systems.17(5):307-319. doi: 10.1038/s41579-019-0173-x.

Long Zou, Yun-Hong Huang, Zhong-Er Long, Yan Qiao. (2018) On-

going applications of Shewanella species in microbial

electrochemical system for bioenergy, bioremediation and

biosensing. 19;35(1):9. doi: 10.1007/s11274-018-2576-7.

26



[#%:% ] 200015

A TSI ML AT A R A IR X8 B
FPERBEST > MFEHTRARHFZ G B AR NFC i
HeoR gt Fy Sk R 30 A4 RS kY g £
?&)QEE“(#%?&COD_;K//‘};&E_4~8 —‘Q"ﬁ AT B A RRY A

K iﬁaﬁlji F‘:H%E ’ {%4t 1 ?H,FIH o



	200015-封面
	200015-作者簡介
	200015-本文
	200015-評語

