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Abstract: In order to improve the degradation efficiency of microbial electrolysis cells (MECs) treating butyric acid fermentation
broth from excess sludge, this study investigated the influence of butyrate acclimation on degradation and microbial communities,
with a focus on the changes of electrochemical characteristics, gas production, organics removal, and microbial community structure.
Results showed that sodium butyrate acclimation enhanced current density and gas production rate during stable operation period.
Moreover, when treating butyric acid fermentation broth, the acclimated system achieved higher peak current density (19A/m?),
higher oxidation peak (78.1mA), and higher organics degradation rate (SCOD removal of 58.67%; VFAs removal of 41.76%), with
energy recovery attaining 118.8%. Mechanism analysis revealed that sodium butyrate acclimation effectively enriched
butyrate-oxidizing bacteria (Syntrophomonas), establishing more efficient metabolic pathway in comparison with sodium acetate
acclimation, thereby ameliorating the degradation of butyric acid fermentation broth.
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RLRELRG T T AN I MEC X T 52 2%l 1) K A K1
T LR R A R 1R S 2 i S LA R U, T2
T RGeS AL A PERE IR R TT

DAL AN SR AR i e 1 IR TR R L, 73 31 A
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YR B 1 Ak 2 PR RE A 7 AT A 19 22 e O 5 ¢
TYMEEYIXT G S MEC BT IR L K IR I RE
NI SRR BLsErERE . AR LK
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1 MRETE

1.1 WMk

Pl x5k B 925 5 At U(SBR) S 3 #4511
Hede, 1% [ . #5 ARFL 6L, LA T IE B ¥ & RN v T
(COD ¥#KJE 1000mg/L) A )i, Befhys Je B 3 /e 5t i
Fo K AT i Rl e

B Tk B T 0 R % e AR R AN A 2
T o 2 WU R TR B A A
B (10 40, 7 B e PR 0 T IR L IR b AN SR
i, Y0 Ak B 5 U R T TR R R RV 1 g,
4mol/L [#] NaOH K 257 pH {HIH 2 10.0,
HAE R PR 41 (140r/min) 5 551% pH {8 10min,

SRIGAE 4 CH4AF T E 240" L 3Ry5 98 BB Ak
Y58 T AR5V AN UL PRy Je v A& 1 B,

F1 FIRISRFAWALIESRAMER

Table 1 Characteristics of raw and alkali—pretreated sludge

ks FIRTGVE BT BE Y5 T
SS(g/L) 13.8 8.5
VSS(g/L) 6.45 5.38
TOC(mg/L) 985 2405
TCOD(mg/L) 22000 13200
SCOD(mg/L) 2083 4215
pH fi 6.8 9.8
VFAs(mg/L) 842 1328
H A i (mg/L) 875 2130
% Bli(mg/L) 250 537

1SSk VT [ 7, VS S5 & V7 [l 44, TOC: i AT HLAK: TCOD: Ak 2%
A SCOD: s iR P AL 22 75 40 i Bk SS+ VSS. TCOD. pH{i4h,
HAFEARBS IR 5005 1) L3 W R, VFAs LACOD i

1.2 RFHRE

FERILEIAEBY B 150mL 6l AL 2E V5 3 5
350mL E5FRHE(F 10g/L @AM 1g/L BERFE R Sg/L
ARSI HCL 5% NaOH V9K 3 4 1%
4 pH H(5.5 F1 9.8), -l ik 78 In i 28 1 15 C/N
Eb(13 Al 150),8R 54 N, W1 )5 & T (35£1)C,
140r/min 451 T DRE R B, LA 37 ¥ U R e 34 e 1)
AR A AEARARIE TR B IR BT 1R o b i (1
W4 (pH H 5.5,C/N Lt 150), B0 B35 50mL 5
150mL B FALBEYS Y6 & 300mL ik s 7L A5 7
FFISAE T RS R, 2 R4S pH (e T 7.0 H
VFAs o TR 5 b SEA RS i HAR R i KP4
R TRI B 1) A WA AR I 450mL ik FAL By
Je J 50mL Yk s R, A HCL 30K pH A
Bh 6.0, -8 C/N R 150. Ny % EG T
(35+1)°C,140r/min #2355 & . 3 4] 45 24h W pH {5
AR K VEAS WP, KRR VFAs eSS H L
BRI £ 1l TR SO IO H AR TR B R R
1.3 MEC JH38h5iafT

K E R MEC, 45849 W& 1.8 WL 5, N
#B ST 2k 80mmx80mmx90mm( 2 AR 567mL). T ¥
AIFEAL AL A FBAR AR AL 2 2% ). BH AR Ay
ik A7 4, ]RF o 6em(K)xSem( H 138, 3 1 FL 2y
0.66m”>. [J] K% 4y % 4ii (Ce Tech, W0S 1009), % [l ¥4 74 %A1
fiEALF(0.5mg/em?). ShE B 0 0.7V ELIR HL I, - £
Be—AN 10QHLFH.
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K1 % MEC 38
Fig.1 Configuration of single-chamber MEC

1 BHARCBR 2T R 2. AR BRALT ;3. 254 FRUBIL 5. T LT 6.5 04,7 I
FEAL;8.2 b MU AL

JE BB B 180mL #l 42V e 5 360mL 4 1R £h
2% e IR A, ] NaOH %5 pH {Ho4 7.0.%
SR SRR BT BB by P — B R, % B SR
Wegr A 1.5g/L SRANER T BR8N ,2.41g/L KHLPO,,
7.35g/L K,HPO,4-3H,0,0.31g/L NH,CI, 0.13g/L KCI,
12.50mL/L o & 70 R W A SmL/L 4E A R i H
T FE: G R VRV A 0 W 53 2 L SCHR[13-14].
MEC T~ % (24 £ 2) C A B is AT, 51 R 24h Wl &4k
H, BEL 7 i PP, > H PR S DR AL I A B 4 1 &k
M IR E 2h JEE e 360mL), R LIRS K
AR 2 AT A R A R B IS MEC
B H B

EAT B B, 1) R PG % ) 5 i MEC vEA
270mL V5 KR 270mL JEHR R £5 22 M,
WY pH {E M 7.0, LATR A ¥(COD K% 3252mg/L,
1E T 1931mg/L, 7 T 1. 158mg/L, ZFR 527mg/L, N
% 263mg/L, IE %R 257mg/L, 5 %8 116mg/L)1E N
BATH BLERL 4ERF 0.7V HUE L [RIBIIA A =3 41,
& HIAY pH (A2 7.0 JERE)BitE & 10d A—AMiz
AT FE I, ) 3 45 SR s 5 ) N B JEC ) A L U
UL HE A 1) s B R ST (R S R A <5%) JiE, B H
SE I HURE(3 P AT IR0, 1 28 e 3 T [A) — I ) R 4
() 3 ANFE b I R K5, n=3) 20 #T.
1.4 ATk

WK R FERR(SS. VSS. SCOD 1 TCOD)%:
23 I S b T 5 MEEC A7 [ 5 # BEL 795 3
JE K3 Fl#(DT-107,CEM A% E) W, 338 1o W

OB 5 AR T R MR B R R UM B s R e
(GC-4000A, %< 7573 H7). VFAs e 5 K 1AM 0 3 A%
(GC-7890A, Agilent) A5l R HI LT 25 B2 L =< ad =
A0 IR AR R e & [ PPl MEC
P fig, 20 b e IR 35 B (A/m) Ky BT s Y B AR R
HL I 5% 5 A T 2 (m /(- ) ) kg BT IR ) P PR 2
S AR A B U™ #(mL/mg) o LR )R i
FOR IR BA ST COD 7= A A o B AU R
(%) MR A AR rE T A
AR A BE DR (Yo) Ay 7 AR I & ST & AT R RE
5 AN H IR R F R 0 LA, VB A S R
_ nm- AHm
- Eap"‘;o 1t
2 e Ry g IR, %; e A7 A IS S ot
(1] & ,mol; AHm A 20 < BA K8 1Y #4{H ,-285.8kJ/mol;
Eap NAMIHLIE,V; t ) RGBT 8),s; T A 0] % Hy,
LA,

BH AR A8 165 W A, 274 PR R A R AR 2232:(CV)
Wz .CV PRKH AL 2% TAER (CHI630B, R 48), 1%
P WA R 1.5~ 1OV, R
50mV/s AR 2548 53 BT 7 MEC FesEiaqT 4 4
JE W 5 EAT BT HBH BB 4T 4 R e, 25 5 1 /K ke
Ji-80° CIRAT, i35 5 WA R A T T MiSeq
P15 5 B e A

(M

e

2 FR51E

2.1 YMLIEPIR MEC JH 315200

HIP 2 Wl Ja ShB B AN W R 120 13~15d
JEATHT 5d ARSI S TR AL LG, BL T
T 04 Ay JES ) IF, — A s I S 39 £%) B i TR) B G (&Y
14~15d), 7] sy & it 110 RO R 50 R 28— AN J
B KR GE LR T 20 WM : RN N 14.62A/m°,
TR 24.42A/m° 55 AR 3 16.53,
24.67A/M’ WFFTHE WA R T 1 ek A Qg it e
B OTRERACHIS G 1%, v RE KN T R 43 1 5 KA
bt TR B MER ™ FL B LA T BUR YR I
ARG 77 LRI A A LA Y R TR
B4 P MEC 3RA5 7 HE K FLi s i, n] g H 3L
Mefgm it Ak TRELEL T RAIE
Syntrophomonas F Synergistaceae S5k 1 1%, bt
)G LRI P~ T Geobacter 1 Pseudomonas 5 H,
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BRI A I R AT e T e U,

FH I 3 A%, SFRENALAE 0.18V Ab LI H B4y B
BRI VA FA N 90mA; T TRENZHAE 0.15V
T LA A TS A (B L RTA 135mAL AR
LR R AT A A S e B B 5 (R T R A 1 T
WS P, 97 B v, I R 7 FL BT (U1 Geobacter) R FL T
LB (BET)HKEEAMIEA M 4 22 (41 OmcE. OmceS #
OmeZ)5E RIS AR B OmeZ (3t H-0.630~0.270V)
AT OmeS(FEH-0.570~0.250V) 5 Geobacter 4MEA il
{03 o(c—Cyt) /510 EET Ayt HE by, T R 4h 9
A B AP B e, T BB IR T M B ] R
B Z I JE i) EET i F2.
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Fig.2 Changes in current density of MECs with different

substrates
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Fig.3 CV curves of MECs with different substrates

HIF 4 ap DL,/ d AR B I 1) 256 TH A B
S5 LAY, IR AL i R LR S 114,

I T PR B2 5t ey 7 O R IR 26 12d, SR
By S E Ol 0.065m’/(m’-d), 111 TR 4 41 N
0.114m’>/(m’-d). 5 2 AN, R 21 % v 7 < G R
HELAE SR 6d, P37/ 3% 0 0.110m*/(m’-d); ] T 1R
B da i e AR OHCR I ILAE S 8d, T A RN
0.212m*/(m’d). T BRA YL 4L 10 77 Al R 2 i T
LR YA IX 5 FL 2 B AR A 3 — S0 T
KUATE 0.7V e R, B AR AN 2 LB B 4 ik
J5J2 W (ORR) %5 58 4 14 Jsz I3, 15 453 4% 3288 4 M % 11
TEEM TR FE AP
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—a— T
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Fig.4 Changes in gas production rate of MECs with different

substrates

2.2 ANEA 72U MEC FEi#v5e T TR I & B
(R
221 WAERRE BT BRGRE L Kl 5
Pr7s, N5 e KBV S, N 238 AT 1T 3d, FLI %
W ST 1) 32 T 1 K. s I A0 3810, JER Ak P2 25K, B A st A=
W P v, R S s S v Y PR AU S B AT R 3d, T
PR A 1A L 453 A K ) L7 23 U4 E.(19.00A/m),
i ZIRENINEAL Sy 16.78A/m’ AR T-HT 4 .3d i nl
FIH ) LRI FEFR S, HL i 2 B 52 1 Bt 3 At
FER KA FE BRI 2% MEC BHER A9
JEE 7 WL B R A K ] G ER O B — i YA
1] MEC LA IE SR HUFT 181 (Geobacter sulfurreducens)
hy 2 AXCCABH B A Ay ME— RS RS2 AL TR | L
W 2 PR T 7 A, A LUR T R e T 1™ M i
— A0S WG, W 6 B, i al s B
TR AL R, SRR AR 0.40V b
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B S AL I AR LR 63.6mA; T R AN YAk 4L 7E
0.45V AbA W] A AU I FILUR A 78.1mA. T TR
DA A B 90 R TR T AR A U B ) A LU v
IS, U 1% MEC R G5 S AR A= 40 s e 3 P T v
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Fig.5 Changes in current density of MECs with sludge

fermentation broth
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Fig.6 CV curves of MECs with sludge fermentation broth
222 EBkGE WK 7 PR, S AR ] R
SE T B 35, 5 WL U % TR AR A — B0 e v ™ AL
HEJMIAES 3d, 8 T IR 41117 Sl 8
#5(0.068m’/(m™-d)), ZIRANHILL1 N 0.032m’/(m’-d).
AL, 2538 MEC YIME T B R, ] A ™ S 445 21
KR e R AT B8 DL T IR A A IR 9L I, A A
TR B R I A A AN (R 40 B ) L SRR
RSB ) L8 TR 7™ HL BT v R A, T
M AT B R L R, BE T T AU R

HI 2 W] L, P2 S A R P8 P A e AR
I N E e Bl & B & St T E N
B ZH S I A P R [ g, e R Tl Ry

118.8%, i1 A\ (14 FEL A% 55 0 v 2050 2 A Ky S0 B8 F 0 K
PP PE SR T KT VFAs Z:BR% VFAs 25
R, R ZR PR AR b, DR AN TR YAk
I MEC R4 VFAs L% = R H SR 9IS
BN MEC &40, 4E—ANSAT RIIAN 5 1,52 5 774 it
(R BIR , #A 2 Th 8  As A E D (g 07 FR G BT A6 H
PAHEATAR S 2, S 8BRS B Liu 225
P TIAL B S Y5 Ve K IERVE ) MEC [Tk T 7
SUBE 7T, &5 3R W1 R0 B i IR R B AR R e
(12mL/mg),SCOD £ B &K 60%, fig & [1[ i % 4
155%. AR AT I T Lin 252 09T, i b
K052 VFAs 23 bR B, 535 RS g b

0.12
—a— LR

A Hy/(m?-d)]

i8] (d)

K7 LSl BN RPN MEC 77 &
Fig.7 Changes in hydrogen production rate of MECs with

sludge fermentation broth

R2 LUSRABRAIRYE MEC F=EI%RE
Table 2 Hydrogen production of MECs with sludge

fermentation broth

S A R A R s fl= %
)&n‘@]l@'l‘?ﬁfﬂ%%q: /J; ikﬁi AR HMESR I fEE iR
[m/(m>d)]  (mL/mg) (%) (%)
il 0.032 0.171 23.92 58.8
TR 0.068 0.308 50.88 118.8

223 HHMEER WE 8 FiR, BTSSRI
Ab B 240 R SRR T LR K B 1 TR 2 B, 18 1
IKARF= A KR VFAs, IR V5 e KB F VFAs & &
i, H VFAs 5y DU T RN 32, LRI L, 3 T i
W2 L0y 4:1.

N HTUE i B (0~4d), 2182 1 FE 14 %K fe ok, HoAth
S VFAs W EE B A K BAR LI VFAs 24 MEC
I3 BRI AR LR 5 ) Wk LR W LR
F e B AL 56 R SRR AT PR K B H e o
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FEUCL VIR, VEAs AL A 5 18] 7 rp /o
Bl 5 rh L B AR A R — B 4d S, SRR
L TR EaFA I T RN A BRI 5 354 B AR, 25 W BH A
A PR IE T B AN A R (R ARG R A Bl A 1R
PP R N 10d, T ERANYIALAL & VEAs ERE
BT SR I A 34 2 B e I s 2R HE P &
M>WN B> 1E T B> 1E R > > 5w T IR Bk
g0 UL DL T R N IR YA S B I MEC R4
AUAT LS i T IR R AR AR (5 SR YL JE B )
MEC RGAHLL, T IR 4 M T 11.26%), 1 0] 7]
2 s At VFAs A LRFE XX 2 T TR
B AL e A R S Re R R R g L — 3L
TR B A it — P 4, 5 2 T O L 2
PRIV 2% T8 22 B 341K 50% LA L, 3K W 4E MEC
AR R ARSERI T SR LRI R
il VEAs EBRFE N 32.74%, T RANIIL RGN
41.76%, AR M T IR 2 PR L IE i VFAs LFR%R
LRI AP

—e— E T8 ST A— LR
1R *— Sk —=— VFAs

—e— 7ifit
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Fig.8 Changes in VFAs of MECs with sludge fermentation
broth (a) Acetate—acclimated (b) Butyrate—acclimated
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Fig.9 Changes in soluble protein (a), soluble polysaccharides
(b), and SCOD (c) of MECs with sludge fermentation broth

W 9(a)fizn, 75 MEC R8P B A i S
VFAs WREARG—BU A S R BRE A RVHT 4d,%
il 1 A P 2 A R AR T, £ T 9 L ) i
TARE N 61mg COD/L, T FRENIIFL AL T %
80mg COD/L,Z%Er#537 0 38.13%41 50.00%. [ iV
WA, A Th 8 IR 078 2 T A 0 R A R v B
AR K B 3 1 B 1 5 i i 5 4, 5 B0 1A
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T ARV SN 4d S i A 2 1 Bk B 5L i
e, n e K 2 2 4 H R LR L /N A A L)
THFEHR L S Pt 8 TR ) oA A 5 AR HL 3 30
IR E FR B AT KR B SE T A A Mt
AT AR BEAE RS JRCA HLBE, 3 S0 &R v s v a2 1 o
W T PO R N A 10d, Z R BN Ik 22 8 (v i
W TR S R B 76mg COD/L, T BREN YL R 48 F %
97mg COD/L,MH M. 2 BR #7371 by 47.50%H1 60.63%.

WP 9(b) TR, SN HT 4d, ZERAN DI 4 R v i
WK R % 28mg COD/L, | BRANYIL4L N B# 33mg
COD/LAHMN. 2R3 53 510 50.00%F1 58.93%, 1% =5 1
[F) FoF PR AR P B 1 I B 36 2 R Pk 22 W
BRI RSz, i PR [F) L (40 W BE SRR I 2 WA
BUPOLod JEta TRasE, B 2B T maiteal h
78.57%(%/> 44mg COD/L) %% i T LR AN Y4k 41
67.85%(J%/> 38mg COD/L)._Lidiu 45 B2 i, LU
RITVE T RBURK RN IRPIN) MEC RGEHh itk
E2 PR S Vi N PSP RS e S )i [ s
MR SR PR O A T R B IR,

W 9(c) o, K FE T SCOD 240 4% VFAs.
TR R ORTRT I 22 B RN T 4d, SCOD K%
WEBRCON 3252mg/L & 2961mg/L), T8 & KK
VFAs [P HREHFE X R KRV F 5 1) VFAs
A 7377 FEL R AL TR FA A, 75 R 5, B T R AR R
TN RN REAT P A B, 5 B0 S R AT
3d 2 TR RV 4d J5,SCOD B~ R A 2
IR, T RE DR DA I VAR 28 v R I 7 R AT RV ™ HAL T 1)
AR PR AN [R], 5 S50 8 P A LA 00 A R N E
AP, SCOD ¥R B2 H I . A 28 i T IR
YIfb 2l SCOD LBr#ik 58.67%( %> 2200mg/L), i
FrT ORI 49.59% (k> 1861mgL).

2.3 MEC BHMR A=Wt A= it v 4504

I BR TN R 5 75 Ve K R A= ) e
SERTREEHLEL X B 23 B P 4144 2R . BF-MEC (AR,
5 TR YL+ T BRAUR M) AF-MEC(A U
1 Bk SO Z R I A+ 2 R TR R I A 73k
A TR S R 2
2.3.1 fEY) Alpha Z R0 W13 3 s, BE-MEC
FEdh Coverage 1A 0.995,AF-MEC #£ 4 Coverage 1A
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Fig.10 Bacterial community composition of anode biofilm of
MECs at phylum level
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