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A plant microbial fuel cell includes a planting container, a plant, a cathode and an anode. The planting
container has a culture medium therein, and a microbial population is in the culture medium. The plant is
grown in the culture medium in the planting container. The cathode is disposed on a surface of the culture
medium, and the anode is arranged in the culture medium close to roots of the plant. The anode includes a
porous carbon material prepared from coffee grounds, and thus the overall cost of the plant microbial fuel

cell can be greatly reduced, and the porous carbon material is easy to process and has high biocompatibility.
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A plant microbial fuel cell includes a planting container, a plant, a
cathode and an anode. The planting container has a culture medium
therein, and a microbial population is in the culture medium. The
plant is grown in the culture medium in the planting container. The
cathode is disposed on a surface of the culture medium, and the
anode is arranged in the culture medium close to roots of the plant.
The anode includes a porous carbon material prepared from coffee

grounds, and thus the overall cost of the plant microbial fuel cell
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can be greatly reduced, and the porous carbon material is easy to

process and has high biocompatibility.
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[0005] “REFIAny—fEM YR EY ORI B B S ds - 1
7~ IEf (cathode) EAZAER (anode) - HARZE a8 N B A & I
» P B M E N BT ARV RE o AR RIS A AR B AR R s Y
BEAE T - R E R AT E BN RE 0 RE E AT
SRS AT A YA AR T o Pt A 2 4 R 5 DL R A B A Y 2 £L
e #7 -
[0006] fEA#IN—FIEG b » i EREFERM - ALEE -
i BE ~ ARt~ ORAR ~ AR~ BRI 5 5 A B SR M R -
[0007] “REFIARY S — AV M AR EN SR RS S -
Py~ AR - HRFsNTBEASMEVBENEENE - |
PIAE AN ER T wNWIBEENE T - LR EBEREREENE
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B 25t 1S L RE DLk L Y 2 FLIR AL
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B~ BKEL A -

[0014) feARSZFAMNAAFERAIS - LAEY BEEHERY
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(0015 FE AN ATAF G - Ll S PR 855 K5+
R BIRE - BACTIE R EREY E RBER D 2 SR VEMAE
CE XS

[0016] Jph bift - AR 3EHE DLRE SE Ay /& B A pl s R A% AL R
i EBEE L ZALRM  1F BTV E D) R A Y B kR A
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VA YR O R I A (B BN - NMEE IR EE
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[0020) 52 0dlEl 1> B HEH] 0y A8 Pt A Py kot 80t 100 A5
PR 25 102 ~ fEM P AE A A 88 102 N ERRYET =/ 8 104 iyl
7 106 ~ IEfK ( cathode) 110 BA & & (anode) 112 o f£—E Jiff fl
o BALIEY) 106 7T BB EMY) (foliage plants) B¢ E 2 &1y
Yy - MR A5 102 AERAYET = /0 /E 104 T DL K ~ 18~ 30K
BLLE - mA o HEsE 104 NEAREYE ML @I R R
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B> T DAIEAR 110 A[Ee B H BRIV R R o H AR A R
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106 YR AL 108 » H & fi 112 G5E DLoj k& 2 iy 2 fLak A1 114
(NI REEs T MR Z LA 5 ) - fE—BHEGI % - Rl 1L
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HoEAL 140 NaOH ~ Na,CO; ~ KOH 5 K,CO; » {1 i A i 2
Ay R A B g e E R AR HL B e BEE Z LR 114 15 5
S 112 AYRFRE > Fir DLAT AR 4 1l A B0 s Y A oK A R > e i g
(REAS o i H - o7& 2 FLGk A B ey A= P bk FE A B A B RY R
PR 75 VR LA 8 36 B8 32 90 PRI R Ay 0 B 4 URE -
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M4 M BER CP1L LHE - K EENR CP1 HIaHE AR
Rt AT ~ A REE ~ BREE - A SRAR ~ BRAR ~ B SRR~ BT A 5
A BCRE IR o TEHR 110 W] DA —FE M CP2 > B4 {H A R 7 fi
6~ G TE - OREE - AR AT - B~ BRI~ A 5 4 B¢
MR o [EAN - AEE R CP2 R0 0] 28 4 2 fLE A 116 » 2058
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[0022] DAT 1 84 8 B Ak B 36 A48 HAAY B i S0 R - (L ARG R
R R LA -
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[0024] &5 - B REFEAYUNYEE ( coffee waste > CW) (EEH R
ST LA 450°C i AL W /N ey I BR P > P O L ok A BV (L
NaOH Wy E &L @0 Al & 1:0 ~ 1:1 ~ 1:3 70 1:5S AR EY) - A%
FEERAR S T LL 800°C JEAL AT LR & VIR /N - 2R 1% 48 38 % 2F Bl
RZ KRS EI GG 1 (CWAC-0) ~ B 2 (CWAC-1) ~ 541 3
(CWAC-3) ~ B 4 (CWAC-5) k& 2 fLERk A -
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(00261 f{sf A i AU 1Rk ( CAC) 15 By bR - g A UE T 0 5 E LA
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B EE - 2% e LR -

[0030] (BET 73 #fr)

(00311 s 1 SEM R P i 52 (4 S A 15 R wk & 2 L ik A1
Y FLAE o0 A1 R BE 26 T RR S5 A7 17 2 > PRIIEG R S 04 31 1~3 /Y75 P bk
PR B 0 1 BBk A 1T BET RE&ERE oM > S EIE 3 Y
BET EL 3k M5 ( Specific Surface Area) i &% & - [E 4A 1Y FL1EE o7

A1 B 4R & DL R & 4B iy il fL. ( micropore ) Eithf, ( mesopore) 77
SO 4t 14 EEGEHRRIE)
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[0032] felal 3 FT15%] - ®HE 1 (CWAC-0) ZEE R MR &AW
ffa Bl 1~4 (> (28 10 m? gt > £ B AU BER& 2 LR A1
AL - NI RE AR MBS’ 2L - BHE T 2

(CWAC-1) N RIIAEER > HEEREBMHE R CWAC-1 7K
Ry Lok B 988 m? g > EERE UG MG (CAC) g - 1M
PP 3 (CWAC-3) ~ HEHT 4 (CWAC-5) ZEERER 7 7] &
2244 m? g ' K 2124 m? gt &y K CWAC-1 AYRIf > #0322
N Ry /G ALH 2 EE BT BT - BEVE AL BE 53 5y 617 At A3 B A4 8
NELRE RIS & 2 0 (bHE > G INE Z LR ER -

[0033] fielial 4A 745 Z0 8 (5 (1] 1~4 B bE e B ] 11y L 1SS o A1
HI7R K FL (macropore) HAZIH# /D » RGBSR 50 nm » ¢
AB A 1S BB 0] 2 WAL B 2 B L& o i B ] 3~4 7y
fLE XKML E -

[0034] mikstial 4A 0y FLEC o AR R R AL ~ b AL BLGAL 1Y 70
i > ATASEIE 5 - fEhE S fe EE UG & RG] 1~4 0y L= 8
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(00351 (/K $3fi& rm =000 )
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& 5 ul 2 28T K0 B & A 2 FLE M I R B R - W%
KPS 7 0 o Py SO R A & O S onl 2 AT KB
bt A B R Y o B K EE A A 0 /N B R 2 A K E R
BK » R IR
[0037] & HI%5 F o 7l A B 51 1 ( CWAC-0) 1Y 7K H2 M 17
147° ~ BLEGHT 2 (CWAC-1) 1y /K $2 fil 715 By 140° ~ L] 3
(CWAC-3) 7K HEfE 1 s 112° - B H 4 (CWAC-5) 1y 7K $i i
1R 116° o (R - B (] 3 BB i (] 4 H A G ny i Kk
[0038] (& EE[H &)
(0039 5 b 4t 05 A8 S ME 17 VU BE R 81 2000 - BHI4E 12 1 B R
FSEMEGR (CAC) MY H TEFH ( sheet resistance ) % 1386 mQo!
BLEEI 1T (CWAC-0) Wy )7 B FH A 1256 mQo' ~ L (] 2
(CWAC-1) By &I & 1105 mQo' ~ B 3 (CWAC-3) 1y H
FEFH A& 1042 mQo-' ~ B 4 (CWAC-5) (1Y )5 ®EIH & 832

o' e WL BEG 2~4 BABRENEER -
[0040] (EERpIL)
[0041] 5% - RFCACHIZ BB (i B ) DARALEEM (B R
L@ (PVDF) ) DLEE & EE{5180:10: 1058 AL e Akt (f4E— K ) > FiF
BB Y12 em <12 emAY A A BE(E S mm)(F & A& - Hor 1F
Fy — (I 78 8 1 — fIol R 2 (LA P 28 2 o
[0042] 2R1% - JRF 24 i (914 ( CWAC-5) iy k& 2 £L Ui A 81 25 28 B
Pl Ctie BB ) DA R BL 457 ( PVDF ) A 5 DA EE & BB 5180:10: 105 Fi 5l 4%

FH8H > 14 HEEYERTIE)
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B (IR BRI RN LIRS 12 omx12 emiy A &
FE(EES mm)fE & &K -

[0043] 3 - (SRR TR IE - ARG RM AV R - 2818 DUR MY
TN B AOKM T SE N (Canna indica ) WY J7 AU E A0 B 6 A 71k
WY TE Pt A Py et 85t (PMFC) - ELrf 2 M 3% B (£ U8 3 118 o 3l
PEAT R NREAVARTD - TR A 58 B AT R T ol 5 KKy L - &R
HE 7S a5 I B4 S cm » TR B A AR Y ERBELY 7 em > AR 7K Y 7K T AT IF
fix £ )72 cm o

(00441 (EwEER{FI2)

[0045] £ A B2 2 B () 1 AH 51 0y S fh 5 = - E s CAC A s 4 45 151 2
(CWAC-1) 1y uiuk& 2 fLu s

(00461 (& EREI3)

(00471 £k H &1 5 B 9 VAH (3 ry 2 68 5 =0 - (0 RF CAC s B 45 913
(CWAC-3) 1y uiuk& 2 fLu s

[0048] (E&n{I4)

[0049] £ A B2 2 B () 1 AH 51 0y S fh 5 = - (E s CAC L By B 45 514
(CWAC-5) 1y uiuk& 2 fLu s

[0050] (&t HA MG )

(00511 JKe g B ] 1~4 (Y PMFC B & PARE 50 » [ A 1000Q 2 &8
BF 778 2 T B B 2 R - I EL 5 P I i O B O 2 S R B P I
BB ( closed circuit voltage » CCV) {r¥FffEE » i B {#H H P=V¥R

NAGTESEHEE 2 DR E o DUANE & BT F T Y ST B
HOE » It 14 HEIRIE)
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(cell voltage ) DA R IJ# % & (power density )  JHI 5 HA fE] 6 A F/
BB o DL TR AR R 2 % {m] RS A s B LA -
[0052] FAEERBAMGIZES 10 RATGAS BB BE AR E R ET R A #
R - BEHHAKEL - BL 1000 Q SPNEEPHEEE PMFC Z1E ~ A
fi > ol & 4/ B R W i 2 B R RS = B S R R o G S
P=V*/R At RS EH S E 2 )R - 45 17157 19 & B
A28 2 R ARBREMER 1 E % RN R EEEN R E UL
Hap g w4 e /£ 0.9 (R/2 6 » CWAC-5//CWAC-5 Z & 1]
2 & FE BRI (K 7Y CWAC-1//CWAC-3 » [fj Bl CWAC-5//CAC ~ £ H
AT > A R EEE » Z ZFE S B2 R Y R I AR B
AT o BRIE Z AN o A AE 2 B LAk T T O A Ry TR - 2R i AR
AL AR RS 850 mV £ 1200 mV &R - H4EIF I REE
7 60mWm 2%E 70 mW m 2 &R 20 K -

[0053] T3 1 2HBEREI 1-4 1y PMEC §5 500 5 40 Ty 59

g -
[0054) $%=1

P 21y
B B 0 (& s/ TE ) W EEE(mV)

(mW m2)

| (CWAC-5//CAC) 922.9 66.7
2 (CWAC-5//CWAC-1) 9331 68.3
3 (CWAC-5//CWAC-3) 9032 64.2
4 (CWAC-5//CWAC-5) 894 6 63.4
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[0055] f¢ | v EE 0 2 B A b H A e 5 ] (8 20y P9 8
BR B $ T RS -

[0056]1 ( EERMIS)

(0057 $% A B3 25 5 {9 1AH [ Ay B4 85 5 =X > (EKF CWAC-5 050 &% B {5
12 (CWAC-1) ByuisE®E % fLIK A -

[0058] ( EE:HI6)

(0059 £% A B3 25 5 {5 140 [ Ay B4 85 5 =X > (EKF CWAC-5 05 &% B {5
13 (CWAC-3) ByusE®E % fLIK A -

(0060 ( FE(EE2RUAE )

[0061] ff A& B RH AR AR E B 1 - 5~6 1y PMFC 1y fix 1L gh
o~ DR DL R EBARE AL o BN E LR &R 2 BT 24 /NE RE TR
KPS < PMFC B » #2E 70 24 /NEF1% 20 8% PMFC 2 Bil 1% 76 BR
PARIESR ~ BN 2HEM o EA - FR PMFC Z 1B ~ &
fix DA R RH A3 82 - 0 H El % a% BB IH 20 o7 # 1% ~ &6 (H 5 R DA K 26 i
MRS S E ik 2 B - 480G < 8B B R 8E H 5 5 S 2
O S L R E o

[0062] F#DL LEERRAI R SEpk 2 1% » BHERE L& > 78
R A% W B PH e B i) B 2 FEIBs - A E B EE 2 S/ 5
BioLogic potentiostat ( [N 7 i) VSP > 2% EWiGi 5 Ag/AgCl -
B4 Bl A 3.6~ 10~ 51~ 100~ 150~ 200~ 300~ 390+ 1000 &
3900 Q -

[0063] S HI4&E RAanlal 7 FroR » B % 1% R DR % 1 DU 2
BILE 2t 14 EEIRIE)
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g mmstE o P EBREN 1 (CWAC-5/CAC).Z f KB it #IE &Y
53882 mAm 2 fEEH 5 (CWAC-1//CAC)HLE B 5] 6
(CWAC-3//CAC) > 5 K B8 i & i 43 7l B 248.8 mA m 2 % 300.0 mA
m e FhpG 1 Bl s BERG 6 2 PR RYIFREE T
893 mWm2?-~632mWm=?-659mWm-

[0064] 2 7> EE PHAY & W45 RBUREZE 2 8132 3

[0065] 5 2

B B (2 A/ T i) A B BH BT () ANEREH DL (Q)

1 (CWAC-5//CAC) 148.1 166.7

5 (CWAC-1//CAC) 228.9 233.3

6 (CWAC-3//CAC) 185.5 166.7
[0066] f 2 AJ15 2] - AZEHFAY kR 2 FLIK At 5E{H PMFC
AABFIEERE -

[0067] % 3

B B (& f// Ik

) ANHEBFH 5T (Q) | BxBHPT(Q) | AMEFEHPL(Q)
1 (CWAC-5//CAC) 148.1 46.2 166.7

5 (CWAC-1//CAC) 228.9 83.1 233.3

6 (CWAC-3//CAC) 185.5 45.7 166.7

[0068] {3k 3 AI{55] » fENEHEM S » TR 1 AREr A
FEPHAI Rt AR PH - FL &5 R A AR 2 g PMFC & fE -
[0069] & B fp it - A%k B DL RS S2 iy ufn uff 4 A 0 1ol 22 LR AT - 18

FH12H > 14 HEEYERYTE)
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R FE VBV ORE R A Y BE AR AT RE > AR A K8 P B A - [H]
o 3 8 B A U R A 2 FL R A1 BE 5 LT A AR LR I 0
MESEMEY RS A EEE - - I HE AU AN FEM =
ERAEL TieERYET -

(0070 7 %% HE A1 A uin vk & 22 L o A B4 i 1y 85 i 2% 47 A 36 45 1Y A8
VI Py OB R TR A Y R R (R DR S BE U DR
RIBF AV EVE - BRI A A - i HgE 5 B E Y A
P BTG B 6% - A% B B AR W) 00 2 P OOfE R A #8077 BT 1] 2% P 1
GG RT A 0 NELRE R AT R & BE TR -

[0071] AR S BHE DAEE e (48 85 40 | - 2R EC N JE A BARR i A
SEOH > (T A AT )8 Il <Rk o B R o AT R B AR S Y
o (R A [ A o R E SRR Y B B SR A o MO S Y Of 5 s [
B ALIR I Y HH B 55 R R [ P AL e

[ FF5% LA )
[0072]
100: 1897 (it 4= Pkt & 4
102: fHA A 8
104: BE4HY
106: 157
108: AL
110: IF

HI3HE > 4t 14 HEIEE)
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112: & fir
CP1 ~ CP2: EHER

MI: (i £ P EE

FHLAE > 14 HEEYERYTE)
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[ =8 B HH R S A nl# ]

[FEoKIE1] YRR S - B

A A HASMBRABENE  FriEsEnE8 AN BAEE
YEE

fEA) > FEAE Y T ZCAE A A s Y T L3 4

IEM (cathode) » B EFCATALI & MH VLT © LK

Stf (anode) » 5% B Y AT 4085 % 7 B of 12 4T A7 004 1) Y AR
B o Lo i I e R B HE DL R R B Y 2 FLGR AT o Pl 2 FLER A
A ALY EZ R MR E - Ef T L EY FLEE/NEY 2 nm o H
i LY FLEEAE 2 nm ~ 50 nm 2 -
[FEORIH2Y 405 R IE L P A iy 18 W) 3l AR Wy et et - L o iy e
TEMEFROR AT ~ AT~ REE - AR~ BRAT - BRI BRI
[FEoKIH3) MYV OR S - B
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