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Abstract : Microbial fuel cell (MFC) is a potential green technology due to its application in wastewater treatment and renewable energy
generation. Phosphate buffer solution ( PBS) has been commonly used in MFC studies to maintain a suitable pH for electricity
generating bacteria and/or to increase the solution conductivity. However, it has some drawbacks using PBS in MFC: One is that the
addition of a high concentration of phosphate buffer in MFCs is expensive, especially for the application in wastewater treatment; the
other is that phosphates can contribute to the eutrophication conditions of water bodies if the effluents are discharged without the removal
of phosphates. By adding PBS buffer as the comparison ,the study investigated the effect of borax buffer and in the absence of buffer on
the performance of electrical power, coulomb efficiency and effluent pH. 200 mmol/L PBS was the best, conductivity was 1.973
mS/cm , the maximum power density was 36.4 mW/m’ and the maximum coulomb efficiency was 2.92% ,effluent pH was almost at
(7.00 £0.05). 100mmol/L borax buffer solution, conductivity was 1. 553 mS/cm; the maximum power density was 26.2 mW/m”,
coulomb efficiency of 6. 26% , which was 2. 14 times to PBS and greatly increased the electron recovery efficiency with the effluent pH
was (7.35 £0.05). While free buffer solution conductivity was 0. 314 mS/cm, maximum power density was 27. 64 mW/mz; coulomb
efficiency was 2. 82% and the effluent pH of approximately 7. 43. The electrolyte which in absence of buffer solution conductivity was
1/6 of adding PBS buffer, 1/5 of borax buffer, while its power density lower 8. 76 mW/m” than adding PBS and higher 1. 24 mW/m’
than borax buffer. The results showed that adding the suitable concentration of borax buffer may improve the electron recovery efficiency
and under batch conditions, MFC run successfully without adding buffer solution to MFC.
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Fofr % o YRR 7= R S L R R - R % R IR R G
F IR IR Hlor b & A S AL 8T 3% v & 3 A BT
TR F WAL B R A 28 1 0y 2 i il 25 %6 T LA MFC
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(0.5 mg/em®) #4200 XF A M, JE 2 A0 %t 25
SLARORFLN 12,56 em®. [ # A SEFUN 150
mL. FBRER % H2 B A% M4 o s M T b . b 42 17 3
S ELBHAE (ZX21, KK, E) 71 000 Q.
1.2 M ERiEf 5ia1T

T 56 SR FH 4 422 b 1 7 8 B 1 DG 2 5 L S M
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IR R R A 36 5 K, 15 K B AL R R #80. 233 0
g/L, B #E0. 170 0 g/L, A ¥ L JE #50. 160 0 g/L,
FEHME0.158 o/L, iR — A 400.070 0 o/L, iR &%
0.028 g/L, 4K 12.5 mL, # ¥ it 12.5 mL, H kK
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Table 1 PBS buffer recipes

50 mmol/L 100 mmol/L 200 mmol/L
i H e RE WeRE e RE
Wit/ IhF B C o Filg 5 F Bk T, Bl ST Bk T
/mmol - L /mmol- L /mmol- L
Na, HPO, -10H, 0 11.542 358. 14 3.222 23. 084 358. 14 6. 446 46. 186 358. 14 12. 896
NaH, PO, -2H,0 2.772 156. 01 1.777 5.544 156. 01 3.554 11. 089 156. 01 7. 108
1) 5 5 pH #4E 25°C A E N (7. 00 0. 05) mmol-L =", F[A
F2 WR-TIER-SLINEMRE S
Table 2 Borax-boric acid-sodium chloride buffer recipes
50 mmol/L 100 mmol/L 200 mmol/L
mH - B W B B % - B ez
it/ R T ke R N 7 I T Rk o
/mmol - L /mmol - L /mmol - L
H,BO, 5.873 61.83 9. 499 11.746 61.83 19. 028 23.492 61.83 37.995
Na,B,0,-10H,0 0.572 381. 37 0. 149 1. 144 381. 37 0.299 2.288 381. 37 0.599
NaCl 1.391 58.33 2.398 2.782 58.33 4.769 5.563 58.33 9.537
e T 1 000U° () R
RA K, U R A E.
. N 2 3R 2 N N \
X, P IR , mW/m’ s U 4 A1 WL % 97 280 4 i P c C, (3)
CRF, g =
N . N S q 2 )
M,V R B, Q; A A BHRA ZOE A, m®. C
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t A HLLAZE AT A ] s
C, = Fb(S, — S,)v/32 (5)
HH,F=96485 C/mol e 5 b=4; S,.S, J I %
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2.1 PBS 2z g0t 7 L (4 5 )

R % MFC iREHR R PBS 28 b i ke 374 15 FH 4%
MRV pH. ABFSE R T 3 F PBS ¥ JE (50,
100,200 mmol/L) "~ " g HLA i 3] - SCHRE K AR AL
A E TG K R BRI X R L s . I 3 RO [
VB 1 BH A PR i VR LSR5 I R 1. 745 1,898 FlI
1.973 mS/cm. [ 1 HAN[EI BE PBS 22 v il 19 7
Mk, NE 1 hnl & Y PBS ¥ B K 7 e T R
B 24 PBS W EE A 200 mmol/ LI L S % 5 K H il
M e Kb 269.8 mV, By i I R & KA 36.4
mW/m”, JE S8R i KN 2.92% . 200 mmol/L Y
PBS 2% i 11 7K COD #4924 (90 + 15) mg/L, 100
mmol/L{) PBS 7K COD 24 (110 +10) mg/L,50
mmol/L¥) COD £k (125 +10) mg/L, H 7K pH
TE(7.00 £0.05) , A= HAFK 28 50 h. M
B 1R A HAE 30 h iR MEC i 2 2 35 5%
50 mmol/L I 100 mmol/L i 7 B, 2 & & T 200
mmol/L. AR Z5 5 0] IA R 30 h Z [ 3 R 72 47,
14 3 FEE L, 200 mmol /LAY HL A 7 HL 3R T T A
50 mmol/L. 1fif 30 h Z J5, H1 F 200 mmol/L3E JiT {4
FE TR LU At 2 bk BB BE AN 724y HALR T8¢
Z R IR Y S 2CH B I RS K F 100 mmol/L
150 mmol/L.

—=— 50 mmol/L
—— 100 mmol/L
—e— 200 mmol/L

| | | 1 1 | | | | | | | | | | | | | | | | |
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t/h
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Fig. 1  PBS buffer with different concentrations of

an electricity generation curve

2.2 BED G2 phoigox 7 E Y 5 )

AL BRPE K ) MFC N & A K E R T R
WY PBS 22 ph il , AT G KK AL BRI 0N . dn SR A 52
Y R T R S AR FL AR pH ORI FR 0 R
AT DAKE T A 5 50K 2 2 A PRI 2 R 2R Y X
MFC Ab 3% /K HAT R 5 R TR T8 3 2 . oAb 22
PR B S SR FR BT RD R AN T R MFC FH AR
FL AR VR pHL Y S L, LA 4y v A S AR A T
Home SR, R T 3 B oh Bk E (50
100,200 mmol/L) , %5 & 48l A= {if 15 7K /1 (COD 24 H
600 mg/L) ik 3 FiAS [ v B 1) 2% W Js FH A Al
FR R 2 o 1,315, 1,553 il 1. 768 mS/cm.
M 2 Hoa] & S B RD 9% vh MR BE R 50 mmol/L
WA KH R A 217.3 mV, B KE ISR N
23.6 mW/m’, i 7k COD &y (160 + 10) mg/L, il 7K
pH N 7.39. YHIADZE vl e BE S 100 mmol/ LI i
WK R, M 228.9 mV, f i i K I R K 26.2
mW/m* 7K pH & 7.35, 7K COD & (165 £10)
mg/L. 100 mmol/ LB 0 22 i 7™ v, Ji] 0 B < fie K
119 h, FECRCE N 6.26% B, T M WCR A WL 1
P, 2 W PBS 28 0O R CROR N 2. 14 £5. 24
BN 2% w34 € B 184 0 1] 200 mmol /LI HL 5 A
HR R EAL N 141.7 mV,IE K 10 mW/m’, 5
100 mmol/ LA 22 vh i AH L D) A #l R 19 F B T
COD EFF% (220 +20) mg/L, /K pH K 7.32. 2
BN R A e VIR B A B O M T A i Ak AR T
PE. A LU IRV B PBS 22 o s 7K, B B Ab 92 o i
7K COD ¥4 Frsfin. pH Rk /K AH b s 3 1
TFA4 x5 Hfh MEC BF 58 BLA AR 0L 44y
B pH 3802 PR Sk 30 42 v Sy 7 HY e TR R
PEARTE S AL 0P bt B e = R =4 T
— BB, SR D 2% b R 2%t CR AN pH A

250

—=— 50 mmol/L
N —— 100 mmol/L
200 ; ! —»—200 mmol/L

>
2 150

£ 100

0
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2 WREDEE N R R BB TR 2%
Fig.2 Borax buffer at different concentrations

for electricity generation curve
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Fig.3  Recovery curve for electricity generation
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Y E RO R W, 5 0 KA 3R N AR AT B RS 5% W
ANREAR L b T pH, 7K COD Tt 5% 2 Fly ik 78
R FEAFAEA . BB H TR BN SE Wil MFC
RB S IEH 384T, AN BN ZE i i B35 4 K Ab B AL AS |
546 MFC BRT5 7 R ) gk A R 2R g il 1
ANHEINGE MR 3 A4 JE T AS B0 2 ) FH A
R SR M 0.314 mS/cm, ¥E/K pH 4 6.8 +0. 1,
45 R L 4.
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= AN
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Fig.4 No buffer solution for electricity generation curve

M 4 s B R BN ZE v 3 A JE 3597 B R
FILAR —F, YN ZE vh i MFC &b B A= 15 15 7K
TR . BRI RO 235. 1 mV B K H

FEHLIIR N 27.64 mW/m”, ECRE N 2. 82% , i
7K COD #J}y 140 mg/L. 5 200 mmol/LAY PBS % i
WAH o, ANz h Wl B K% T BT 8.76
mW/m’ , FECRCRA Y, (HH B 5% Uk PBS 22 of
TR 1/6 s AN 2 vh W FH A FEL A 80 1Y) PR 32 30 02 4
JNT WD 5% e BE A R 175, TR &
THOMGRES 22 v . AN BN 52 o T B i Y
SR HETT SZ W MFC gt R (8. IR 7K b 3 £
7% [ PBS 2% o il 55 0 A 2% R LA KA B 2% o
W3 A, AT S M 2 MFC A 31 % /K 1 5 A
IBATHAF. ABRBOIM G2 vp i d 45 7K pH T i 8 i
TOKAN B R B R AR A AT EL. 350 T A S
019 AR F ff MR pH ZE ARG B, IAIEL S AT R R E
FEHL G R A AT pH M 6. 82 L TFE 7.43, pH K
ot 2 K B HETSORR . B R LR 231.3 mV. i
TERJE BN MFC iz 17 i ]l R 22 bl 245\
R AE AN T 1 PN R TR A TR B A T I
PR - D] T 2 5t 78 8, R 7 W 0 A BIL A R A o il o
B @ B Ry H o A I AR ) AN T 2R (AN pH 1Y T
) AT E AN B S P T 38 R B R Bl R
FH % 252 3 % 20T fff g st ) 751

250 7.5
. . . . 4174
200 - 173
. * 4172
E 150 . 471
& 1 7.0,
Sl &
soff — FAE 6.7
6.6
| 1 | 1 | 1 | 1 | 1 | | 1 1 | 5

6.
0 255 75 1012.51517.52022.52527.530 4042.545
t/h

5 BARBMABEE. pH M EHEWL

Fig.5 Within a single cycle of voltage, pH variation with time
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JTF 3K 2y J3 R B I AR A5 A b )y 2 A o BRI

YE R Bk 15 77 RE B T B (G MFC I £ BN o 2
— KA BEH R B Ay, N BRI ABF R R E A,
MFC 7 5250 % MU FH T 4b 395 R K A o8 & 3
RPN R G € OB RN S E R S uN
ANRE FRL 7 T B SR i A s 0 D TR BR TS 7 e Y
P AN s Gy o s 0G inas A7 A iX 5 MFC
B ¥5 7 Be BR O K A BRI AN FF . AR 56 i — R A
R 7 B BRE T BT MFC 38 17 R 4% i 2%
iR LI A AR B P X MFC A 3 A= 3 5 7K
(R S B 07 AR T A R SRR AR i R A 2
R A 35 V5 7K, 5 S BRTE K AR HE, AR 4 38 2 T A7
B SRR K T A BB BT DA K TR 4y ) AR X
MFC Ab 28 A= 1% 75 7K 1 5% i i 8 55 0.t T A2 0%
V5 KK T 2 A G P 4 F 1) JB E R R ™
CINWRRCI A Y Wil & S K s Ae w e i) v g SR
MFC b3 A= 3% 15 7K I F 52 07 0] 2 —.

4 £

(1) PBS & Wil 15 pH &0 e, L 3 % iy
KAE 3 T2 A G2 i v 7™ W ) 38 h v, e K i )
A 36,4 mW/m”, GIE B AR K 5 I 1 % 5 H At 1k 56
FUERA —B 81T IEHR .

(2) WADSE W m) AR W Rk R 7 L
100 mmol/ L1 § b 22 i 7™ Ho 2% 38 o5 K, e Ko i
DA 26.2 mW/m®. BIAD 28 b 7= f ) 30 i KR
119 h, ECRE N 6.26% . Tl Hb 28 vh W Af 15 3 i
COD EZH T = #&m T T IR, &k 2 ol
T 28 b X T 2B 0 7 F T A R A

(3) BB % 2R 0k ek vl st Ak BRSO A TR
TR AN H N 2% w1 PH AR F AR R Y RS SR AN R
PBS ZZ Wil 1Y 1/6 , BAD 5% oh i 19 1/5, 7= FL SR AIG
TN PBS 2% vh, A T HON 0D 22 v, K
pH 5615 K Ab BHE bR e, 28 A % 18 B A% 8 17 i
A K B3 77 RE I R AE ) as AT R S B R A
MFC 32 17 I AS$ i 2% vh g
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