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B 353 Ko LB TR R 98.2% Ak £ 4 0. 148 m*/(m’ - d) . AP AW, TAMAL 2
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Optimization of operation conditions for degradation of
sodium acetate using microbial electrolysis cell
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Abstract; In this study, an orthogonal test was used to investigate the effects of factors including the NaAc
concentration, buffer concentration, applied voltage, and agitation speed on the removal efficiency of sodium acetate
and gas production rate in a microbial electrolysis cell (MEC). The results of range analysis show that each factor
was positively related to the removal efficiency of sodium acetate and the gas production rate. The results of variance
analysis show that the factors are ranked in the following descending order according to their effects on the degradation
of sodium acetate ; the NaAc concentration, agitation speed, applied voltage, and buffer concentration; and according
to their effects on the gas production rate, the factors are ranked in the following descending order: the applied
voltage,, buffer concentration, NaAc concentration, and agitation speed. The MEC had optimal performance with a
sodium acetate removal efficiency of 98.2% and a gas production rate of 0. 148 m’/(m’ - d) under the optimal
conditions of the NaAc concentration of 1.5 g/L., the buffer concentration of 50 mmol/L, the applied voltage of 0.9
V, and the agitation speed of 1000 r/min. This study shows that the operation conditions of the MEC could be
optimized in terms of treatment efficiency or economical efficiency. For example, increasing the agitation speed,
applied voltage,, and buffer concentration could enhance the NaAc removal efficiency to some extent, and decreasing
the agitation speed could result in a similar gas production rate with reduced energy consumption.
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ol A Wy L it ( microbial electrolysis cell, MEC)
SRR I — R A e A R IR AL T
A= W4k} it ( microbial fuel cell, MFC) , F FH 7= Ha,
T (exoelectrogen ) A LA HLY), I 4% L F 7 = [H
7 A e S G = 1| IR (1 & SN O N
K, [Fe(CN) 1) i3k, e /M s i sp I B T LG
MEC [ W ATEAE 0, il K, [ Fe (CN), ] %5
T2, 24 MEC PR 2 [H] S8 i3 /0N (8 B R (0. 2 ~
L2V) B B HY %28 0 H, iz | B R T
150 F K il 5 SR, B AR BEAE , A 2
MTE T REIRARBGE AR B, LY b R G
IEYIRE P RE RN = SRR 32 B 2 R0 R R 52, 40
MBS pH {E ML R | HL AR 22 e T IR VR B
LA HEr, AR5 R, R e 4CF, A
7 M R R MEC 77 S i 3520 i A5 i 2K
SR PR R R RN, AR R, TR g
TR IR S 20, RN AG AR pH (EJL-F- A2 (pH {H
AEAE/NT 0. 1) s RESINZE vl 150 4, SO IR R
(¥ pH {HAE 7 ~8 ZIHWEE, M4 Gil 55 iR B,
FEEHAE pH{ER 7 ~ 8 B P AR e df . W UL pH
(EX AR B9 oI s, BT, MEC J b g AF
F 2R PR R, m7EA Y oA RN
25 Fhsg e R R Z 6] A7 £E AR B2 e (B H R8s A B
YEHIHLEE A AR G 1B 2/ Btk AR F 58 LA NaAc
R, K HE SIS, % 48 NaAc W 22 il ik
JE BN A S RO 4 3 B2 45 TR 36 MEC B i 1 fE
FRSZIR, JEAR Bl SPSS B A 234 4% 52 e X 3R 22 [ /Y 52
M KA E R, LU MEC 21T IR L3RS %

1 KWERERTTIE

1.1 EXREAER

AHF 5L R PR & =K IF 38 ik % % it
Lo(3*) ,4 A5E M 2 b NaAc W 28 w0 I |
AN RSP, L BRER & MEC [ — Fh]
fRRIC A AT IE R FH NaAc IR ,3 DIRY)
IR R 0.5.1.0 Fl 1.5 o/L, ZEIRAW A
AR (NH,*-N) , XF R [ COD ot 2 ¥k B AR Kk
55135107060 F11592+96 mg/L, 2% Mk R k#E
Wl Eh 22 ik (PBS) |, Call 550 & BL7E PBS Mk JE Hy
200 mmol/L FIAMINHL A 0.7 V & N 21T MEC
i, BEAR A= I e A T AT 3G A IR B T vk
V£ % wir ok 0 e R P R R B T B R AR I e
U, ASHIF ST SRR A 28 i B, 3 AN MR B /K SF AR YR
J9:0 .25 F1 50 mmol/L, MEC ) J5 B2 7E AN % /s
HLFE (0.2 ~ 1.2 V) 4 B S2 BB AR AT & s 1>
RIS S BU™ S 3 2R T B, 357 e T

XFEAITHAE" ;i i v B AR I v, R A
SERRRY T, P, ASBIF ST SR B 3 4 L FE K 4351k
0.5.0.7 0.9V, F JEFIA [P 8% BT 1) 5%
MR EE , Sl 1 I H B PEHEE (100 r/min) Pk
T FE (500 v/min ) FVRE J7 400 FF A 09 S5 R4 $F 12
(1000 r/min)3 K,
1.2 MEC RMz2§i%it

MEC Jh; #% R FH A WL 38 D 4 a2 4 7 1k
EEREgasy ) , EBIR T8 70 mmx70 mmx60 mm , BRE
Uk 294 mL,  BHARCR FH IR EF 2 Wi FEL AR (1 50 mm, FL
2 50 mm ; BREF 4k 22 K15 . Toray T700 24K ) , B &
AR AT (50 mmx50 mm , 5 TR AE WOS1002 ; 2540
wHNO0.5 mg/cm2 LNEEFIALS . M Hispec3000) , 7
T FH T, Bl 2T Al 12 11 e A MR AE DI TR TG 7K 2 B
Ak i R ¥ 10 min, TR HM . B1 R
MEC J i ¢ i 3 A

HEHASR

1 MEC RErg8iE#

1.3 REBBRISIET

DI T 35 K A BT 00 i R 4y T TR Sk 4 A
PRI R MEC (B R 3T AR, (] % 5 1Bk
1kQ HLBH) 77 94k BH AR ™ H B, 7 3% (CEM,
DT-118 ) 1 55 L BH P4 v L R A, MIFC BH AR %500 A 42
FR RN FE TR A, IR A AL B NaAce 1.5 /L,
50 mmol/L PBS (KH,PO, 2.42 ¢/L, K,HPO, - 3H,0
7.35¢/L) ,NH,C1 0.31 g¢/L,KCl1 0. 13g /L, f# T &
VAW (trace mineral solution) 12.5 mL/L Fl4EAH: EE
& (vitamin solution) 5 mL/L"™™; FA#% % 4 50 mmol/L
PBS, 4 r B it FL (AN P T s, v 25 B AR =
TP S LA, LA A R R E B 3 N S, T
g B B SRS, AT SR AT AR A5 2= MEC

MEC LA NaAc MJIEY)E1T, 91 B 3K 10Q HFH
FIEE R H3 J5 ( Lodestar, LP2002D) |, 55 2H 18 56 19 24 5
B SRR Ly (3%) IEAS IR i &,
B 55 1Y TR A W L NH,CL 0.31 ¢/L, KCl
0.13 g/L, Wi L E W 12. 5 mL/L A4 L R
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SmL/LU M B R T 1 mA B RS T4
W, BARBmER 3 AW, TAXEERR
(20 ~25°C) FHEAT, SRR 00 55 R FH 0 ) e FEn
il (IR T ,85-2A) .
1.4 SHAE

R HIAMRAEAE (E-Switch , 200 mL, ) W5 [ )
TR MR BUAEE (L ERS) R R E I
Bt SR B Ol AT N 2 25 LR B 7 B
AN (m/ (m? - d)) o R NaAce
MKW, FIL, F COD Ji i ik 3 £l it £ TR AR Yk i
(AR 4L, COD Jo s v B 0 s SR FH PRk V1 fife o3 St ' B
e IR 4 SRR A SPSS 17. 0 # 4k 4r
BT, A AR TR WL SR 16 ] .

2 FHR5THE

2.1 RIWER
10 L(3*) IEA IR B iy ) g 75, o A B
C 1 D 535K/~ NaAc WRBE 2% sl R BE AMIne &
FERI L, K2 2% R ) pHL A R L 3 R 080 B 3
2 I A AR,
1 L3 ) EXRBHREEHE

e A/ B/ D/ MR/
% (g- L") (mmol - L") ¢/my (r-min™") pH (mS + em™!)
1 0.5 0 0.5 100 7.01 1.57
2 0.5 25 0.7 500 7.19 5.48
3 0.5 50 0.9 1000 7.18 9.01
4 1.0 0 0.7 1000 7.05 2.06
5 1.0 25 0.9 100 7.19 5.88
6 1.0 50 0.5 500 7.19 9.40
7 1.5 0 0.9 500 7.25 2.51
8 1.5 25 0.5 1000 7.19 6.26
9 1.5 50 0.7 100 7.20 9. 65

2 B L,(3Y) B as R, BB ER 3
AJEY 493 3 4 F AR R IR AR, B AT COD [ fift

J=t=0 (1)

Ap(COD) (2)

A7 [ B o O S SESE ] 5 1 R — T
PIHL(H ; Ap (COD) k COD P fi it ;0 — R
S COD FEfi %

R2 L(3)EXRBER

WPy CEHCOD  cop BB/ AR/ (e m )
B W Rk
% mA (% . d—l) Xl Xz X3 Yl Y2 Y3
133 129 60.4 621 59.8 0.018 0.016 0.019
2 132 583 67.8 66.7 68.0 0.090 0.084 0.09%
3069 81.7 753 76.8 775 0.137 0.125 0.145
4 17 233 938 937 95.2 0.078 0.078 0.073
5 139 49.8  89.3 881 91.2 0.138 0.125 0.129
6 9.6 3.5 9.9 9.8 925 0.083 0.090 0.091
796 24.7 952 955 96.0 0.097 0.092 0.097
8 7.3 17.1 97.9 955 947 0.081 0.079 0.083
9 12.9 3.5 936 925 933 0.116 0.112 0.118
2.2 RESH

2.2.1 COD x%%F

e 245 B AT DAL 255 1 4% B 2K B4
F 3G T COD E£BRFR MMy RIERAF KK
R I ARMEZE A 95% BAS X ], I 45 R 2%
B R AE A (TR B B /N T 1 mA) B Y COD Jii
WP TR E G (74 ~ 120 me/L) |, BRI, SR 46
) NaAc R BEBE T, 71 3]0 COD Bk

SR PIRE E AR RN P B X COD KBk
SR FE A S R A G, BB Z8 bR MR B 3 RS e
JERRA MEC 1% J5t %5 48 it A7 F) T 42 & COD PR
R EEEIREEFAK(3.6% ~7.8%), Hrb, %%
MR B AN X COD [ i R 5 M A K, 2%
M HEFE M 0 F] 50 mmol/L, COD [ i 3 4R 5 1

£33 L (3 EXKBRRESTER

COD %R/ % SMFEEE/ (m? e m e dT)
1 95% HE{FIX [H] 95% 171X [H]
¥ b2 ¥ brfE2E
TRR FRR TR IR
0.5 68.3 0.4 67.5 69.0 0. 081 0. 002 0.077 0. 084
A/(g- L) 1.0 91.8 0.4 91. 1 92.6 0.098 0. 002 0. 095 0. 102
L5 94.9 0.4 94.2 95.7 0.097 0. 002 0. 094 0. 101
0 83.5 0.4 82.8 84.3 0. 063 0. 002 0. 060 0. 067
B/(mmol - L") 25 84.4 0.4 83.6 85. 1 0. 100 0. 002 0.097 0.104
50 87.1 0.4 86.4 87.9 0.113 0. 002 0.110 0.116
0.5 82.8 0.4 82.1 83.6 0. 062 0. 002 0. 059 0. 066
C/mvV 0.7 85.0 0.4 84.2 85.7 0.094 0. 002 0. 090 0. 097
0.9 87.2 0.4 86.5 88.0 0. 121 0. 002 0.117 0. 124
100 81.1 0.4 80.4 81.9 0. 088 0. 002 0. 084 0. 091
D/(r+min™') 500 84.9 0.4 84.2 85.7 0. 091 0. 002 0. 087 0. 094
1000 88.9 0.4 88.2 89.7 0. 098 0. 002 0. 094 0. 101
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2.4 5 AMIELE M 0.5 V 3] 0.9 V, COD R fiff i3 %
PEE T 2.6 fif, Yossan 857 HFSEAE MEC B, R
FHT 10,25 .50 F1 100 mmol/L % 4 Fh A PBS ¥k
JE 45 R K], COD LBRFAE 94.3% ~97. 9% Z|A]
Wl , %% W BE AR AR /N, Ding %5 58 &
L MEC &ML M 0.6 V 3412 0.8 V, COD 4
BRR M 76% 38K F) 80% , (A #E — 25 ¥ o 1K
COD LPRE T WG K, 24 TRHEHE, XH5A
WEFT B R R 2 R — 3K,

2.2.2 AKFER

NaAc ¥JE5SMR= R EIEMH K, NaAc IREH
0.5 g/L B, S A EEFAL(0. 081 m*/ (m* - d) ) ;
WIEEH 1.0 o/L B B SR 7 38 35 {8 5 K (0098
m’/(m’ - d)) WRERFE 1.5 o/L B Y MRER
IE (0.097 m*/(m’ - d)) 5 1.0 g/L B AY{EARIT
XEW, ARG S NaAc YR, FE IR T, SR
FIR P W AE , FEHE TF NaAc Y B, SR 77 RN R4
fne #£0.5 ~1.5¢/L iR ByE N, NaAc W 5L
RR/NEIEA G, =W NaAc AT LARRAG R 48 9 B
ARG 2h i, NI REAIRBEFE . (H i T 7 TR Y
FEELPERERR I, JE— A5 BE T NaAc W B | AR =R %
AL,

G R A0 R A P R S AR R
WERIEASE, 2% b ik BE AR (/NF 25mmol/L)
ST H TR K (58. 7% ) , HE— 4R 5 2% vhh
WS SR A 2 (13.0% ), PBS W FE &,
—J7 T, P2 T LR L SR FT LRI MEC )5 30
L, AR REARE ; 5 — T, vl A RRAI B A &t FL o
(hydrogen evolution reaction overpotential ) , M T Jill 3%
BTV 5 AR R AT Pk B A 6 B R P
XA R UM 0.5V 39IZEE 0.9V,
= ZRIENN T 95. 2% , i H# B2 A 100 v/ min 3 i1
2% 1000 r/min, AR T 11. 4% .,

2.3 HEHNH
2.3.1 COD £Hh#%

J5 25547 AT LAGH A2 45 PR 3R 0 e 46 R 52 e 1) 32
WHRR I E RS LA SR ERiRR
TEHEERIR 4, R 4 WH, NaAc W &%

PR BE AP ITHL R R R R X COD K BR R A
B ER I (P<0.05) , FWMF A NaAc HE B¢
BREE M HL R0 G2 ol R BE . NaAc ¥ BE X COD
F BB 5 e RS S T 5 DL ), A e R 28 ot
TR BE RS M A/ I | T A0 A B 2% A2 AT LA = v
BRI DL A, Ak A AL 2585
2.3.2 &k EH

NaAc W& B G2 vl v B | A1 i, Fe R0 i 3 3
XS HRERA 5 (P<0. 05) , EXIUT Ry oh
TR R 2% hiR e BE  NaAc W BE R FE A, 76 H:
AR I LT, A ™ 5 5 5 (PR
SV 2R FEL A ) B IE BB T A E X R 9
B A RIS, PRI, A0 e 6 A0 7 4 14 5 Wi
oK, G — 7 1 AT LA 4E S pH (EfE 2, S —
TN T F R A H o RN T RSN, B T
PR B, AT B2 A S A = 5607 NaAce e B R
FIHRE XA R B A /N EU: R R NaAc
AT AR T AR T 5o AU Bl e SR B IR 7
FEMIE I,
&
AWFFELL NaAc N IEH), 8 i DU R =K 1E
RIS, BEE T NaAc YR G2 shi vk BE . Ahm
P, I3 4 2 45 [ 4 MEC [ NaAc Filj=S,
PEREMSE I, AR PR 0 45 5, $2 H DU R Ak MEC J2
N BT AT

a. NaAc WREE 22 v B AN r R R e
JEAE R E X MEC F&f# NaAc MERER 355 m H &2
TEAASE, FWFE A NaAc W RBE TEFE R A e
JEAZE R A T, X T LA NaAc AR MEC 2
JNE s, AT LA 3G IR B S0 r e RN vk
JE LI SR MEC XF NaAc B9ZBRER  (H I % & fig
FEFNSAS | R R 388 T i) i B A B s MEC B NaAc 1)
S NaAc W 1.5 o/L, 2% op il WKk
50 mmol/L AMINHLE 0. 9 V Al FE 3 1000 r/min,
I, COD Z:fR%4 98.2%

b. NaAc ¥REE 2% Mh i ik B A1 in e RN
JESEHZXT MEC 7=/ M REAG 135 5 i L 52 15 AH G,

3

F4 L3 EXHRBHENTER

o COD LR/ % SRR/ (' e m™ - dT)
jfig’éyﬁ 2. 2 2. . " 2.
B2 A HEE = F P B2 A i1 B E= F P
A 3824.4 2 1912.2  1682.8 0.0 0. 002 2 0. 001 34.751 0. 000
B 64. 4 2 32.2 28.3 0.0 0.012 2 0.006  244.994 0. 000
c 85.8 2 42.9 37.8 0.0 0.015 2 0.008  310.553 0. 000
D 273. 1 2 136. 5 120.2 0.0 0. 000 2 0. 000 9.141 0. 002
TR 20.5 18 1.1 0. 000 18 0. 000

- 65 -



TR 7 - SRR 5% ik B NaAc V& B AN
FERJE . MEC A7~ RE I T-4 M in e gz
MR, X LA NaAce AT MEC R ids , —J7
T T LA 40 0 AN e R Rk B L (ELY % FE B
FERNZE MR X A T A 5 53— T AT LA S R ATt
PR LITTRE, DL NaAc KNI MEC [ 4 , et
PR R K EAE NaAe W 1.5 o/ L 28 Wil vk I
50 mmol/L AMINHLE 0. 9 V A HEH B 1000 r/min 1Y
AT T R RN 0. 148 m*/ (m? + d)
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