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W OE LDECKFEFRIER, 4317 300, 500 Fl 700 °C 254 T #4429 B¢ (CS300. CS500. CS700), X
HH R pH, LR, Koa& 5. R M) A b2t i (i AL 6 ) (BDC). BT %18 J1 (EAC).
T (BC) AT T 3R A4E, JFH5 3 Fp A= 4 s A0 3 vl B4y B8 40 ) I AT Ak B 28 AT V5 I v I PR AR Ak A TR S
5, 5 R FEI . CS300 B A ik A9 EDC(0.598 mmol-g™), CS700 E. A7 fx & i EAC(0.740 mmol-g™"), 15815 ik
58 (2.0x10° S'mY); 4 F s AR X 15 R R A TE A R AE A (R HEME R, CS300. A 88 . CS500 F1 CS700 52 46 41 1)
F b EAH A P i L BB 20 3R 0 T 42.4% . 38.9% . 28.9% FI 11.2%., A= My REvE 45 M 0 A s S B . W e A ik
1 3 AR IR AR S CO, I JFEARGHEFRE ; 3 Fh AR e B8 8 T Methanosarcina %5 %078 3% R 7 B e ol B 04 4R G =
BE, CS300 A& MERE Sk, A SRR I/EH NN B3 . TUARA TS LW . 4 Rk b4kt 5 i Ak 22 P iR 0 IR 4R
20 R RV A R PR BRI A 52.7%, Xt DR Gy TR RE VR A LS AR I SRR R 64.4% ; FLAT SEAK IR JRUTE P 1 A i ok
W R R AT L R B A FR b AR W nT A R T R e B TSR A R R L AR R RO s TR L
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AWFFERW, BN AR ob RL AT I 3 4 = A AL IR AT AR B B B 7 % . MUMME 488 & 3R
Y5 e A S GE FR AT ML 3 R AR AL i B v 9 W 38 00 . WATANABE %50 & 30A= 99 e v] in sk %2 H
PRI AL e s R CAA T R BT, AR i RE AE LB b o A Y e /\ 2B BR T A T B 52 TR
M4 T VEAs QI bl 3 . i AP R WY, B A A 2 35 P 1 358 P o 8 A W e T A8
Tk A= W) 3% Fh 18] B, T2 3% (direct interspecies electron transfer, DIET), MIMINEE T /= H ke #2 . 1518
() DR AEH AR A BT 2 S A e DR R IR B v B AP B AR A LY Y AR A /R, 20 P A
ERGERD AN EKIE . REEG P R L MENR TR (VFAs), VFAs BYAC U Ak 0 75 4 58 DR 480 41
TRLFI 7 FR o iy TR 22 ) 1 sl 2 0 i ] P, A% 36 oF st IR A ) 4 R BE A2 U4 BRI, el £ & i A P b
6] H T A% 3 50, R TG = PP e S g, 2 i A 75 e IR R T A iR o Ml e 110 S AR m) AL, SR AT, A
AN [R) AR 2P B A 5 LB AR} G AT 5 e 75 D8 DR AR Ak R B s # , HAE HTALIIAT A ek — 20 AR ST .

Bk A4k 10 | Ak 2 1 B R B AL TS B T IE 45 i€ J7 (electron donating capacity, EDC) ., Hi, F % 3% fig
(electron accepting capacity, EAC) 15 i 1% (electrical conductivity, EC)", EDC #1 EAC il % S Wt T B
W2 T EL A SRR A SRS R B RE A BB, T EC DU 55 R R RE P R Y 5 A8 AL B 2 S5 A B SR
b, SR s R v i RE U R, 7RI IR FE S5 1 A% Y A W e R T LA B A
Z B RE T, T A0 85 55 8 2 D5 R Ak i B Bk 179 S e D A 0

AW LL T KRG FT R JFORE, 78 #5300, 500 A1 700 °C (2 4F T il 4 7 3 Fp BoA AR TR H
b2 05 PE B A 9k (CS300., CS500 A1 CS700), 7E PR 48T A0 A1 vk S 56 mf 43 51 Jin 3 b A= 40 o 1 e
AU 55 (graphite), %% T A [F]HL Ak 27 Pk BT 09 A 4 o R0 Ay 85 X V5 108 DR 4803 Ak 2ok 72 1 S ), 3 o) ST
HL A 27 P 0T -1 108 PR o 772 38 22 (R B AH DG DL SRR 3 G2 E DR 25 A AR AR 0 43 B, 8o 1 2 i L
i, AT R B U DR AT A Y e A DA B B H AR 2R T P Y S B A REAE IR AR AR T2 T Y SRR
7 FH R — 2 R S
1 MRS
1.1 KM

A=) ¢ R TR OR RS AFAE T A PR R P ORI R A, A O IR - FORFE R T S iRt O,
FERLAZ N 0.1~ 0.5 mm AR . B IF AR T, o] 5 3 rhod AR (BB 99.99%, it it 300 mL-min™')
15 min, AR5 85 A TR A FF 0B 09 HE 38 BT S gf b ep 28 2 b, S ALOR R /AT, AR RS o3
SBEE S 300, 500 #1700 Co HARFEY RIG, HEBE TKEER, SIE5 T 60 C THT LI,
X 3 Rl AR5 5152 A €S300, CSS500 Al CS700, S HL B4 88 Sk Tl 2% 77 it (Sigma-Aldrich, 5[ ).

TR AT AR YR S 55 9 IS 0 o T BTG KA BT R R Ts e, B BT RIAT AR 2 V5 KA )T
Ty, 2R 1 mm BN G IR L BR ORI AR BT, #RE 24 h e, A RIEW, HHARFEE 4 C
UKEET A . BERS B (TS) o 3.42%, L MEREA (VS) 4 2.01%, Ek2=75 % & (TCOD) iy 20 743
mg-L™', Al E T A B (SCOD) N 8504 mg-L™', & & (TAN) FLEGEJE (TA) 551 4 180.8 mg-L™
F1 880.6 mg-L™' HzFhi5 Ve B [ 55 50 % 7% Lk ia A7 1Y ) 4% v5 U6 POl R SAUH AL RN R B, Hoh TS
2.09%, VS H1.09%.

1.2 St

K HIHER S5, LA 2 LIyl o DR A A R W A%, B oy g TARRF R 1.5 L, I E 5 eIk
AL R S ALt 104l GE 1), HARE3INFAT, SALF LG GEMYIEY, %
TS 1) ¥8 20%., AW A B E N A 1 g BEARBIN | g WAl A 88, ARG I # S
Yo 45 SRV, AR s HUS 4 3 U DR AU AR TR e 7 R A e, (R ERE AN S e T 08 DR AR Ak R i 8 L
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WGEAT, DI, A5 Bk Ak SR B ) ®1 HRSEEH

B T'T:XUL ﬁﬁ;’;%\rﬁ ’ ﬁiﬁﬁ'ﬁ{ﬁ ’ﬂji%} FWFE%% Table 1 Experimental setup for batch test
R B ok . R T A A o0 ok 4 WY BRTER ShREk
A1 5] BE WU E W B A R AR B TR R TE R + * B
AHIRE G BHRHR | 80 (A 99.999%) X% cs30 ! e
BEE PO S min LLGIE PR R IR B, 45 ik osso o . .
i, SEEIA LB A . SR DU HE R csTo s ' e
MultiTalent 203 4= H 2f H e 78 1 I3 R 42 (Nova i - - Gk
Skantek, i #it), 1% 5 2R 28t HE K Bk 0 AN - + -
SRREL R PRl 3~5 mL. SC A, CS300-N - i 5300
ST EEE TR 37 C) KR, BEREEER e sk cssooN - * 5300
120 rmin', A 24 hic s LKA &R, HEH CS700-N - ¥ 8700
PR BUR T BB SRBUY 19%"7 Rk fE FiBN - + i

THACSE I 2 1k, U A S5 56 20 1 S g i vh T SRR, R AR
FRPGHLTE T4 1 mL, F5 45 S50 41 M FE TR

B )G AT A RIS 25 R BT .

1.3 ShiEE

K K S5 FL BT (Sirion 200, S [E]) WAL 4 R i kL R T TE S 854 o A1) PR 2% T AR AL
B 43 #14% (Quantachrome, & [E) F4F BET lb £ AL, FESTE 130 C . ES LA TR 6h, JHEER
BT BT, Lh99.999% 9 N, W BT, iR 0T BE 77 KRR I R B - B AR TR AR, IR 2
15T K 1.036 0x10° Pa, P/P, BUE 7E 0.05~0.35.

B A4 BB pH W SE SR BRI A3, B RS 5B K H%E 1:10(g:mL) L BR G, AW T
37°C. 150 rmin' THR¥ 24 h )5, F pH HLH: (Mettler-Toledo, i+ ) M & pH. BRI IK > & =S
B AR 5 RN AR 7% S 56 J7 ¥ ) (GB/T 17664-1999) FE 47 72, I 4 FH Hy J&HE & 45 5 71K i 1% (ICP-
MS) 43 BT H K G321 . R O 43 B4 (Vario Macro Cube, fE[E) % C. H, O BT R & i, Ik
B KL EDC Al EAC 43 31 R A 5 M v Ak 2% S8 A0 Ak D S 88 75 T 45, EC TSR A DY 48 4 4 1)
WA R B2 486 5% (FT-IR, Thermo Scientific, 3€ [F) 43 H R A ik A4 KL 10 2 10 E BEH] .

HAMSAEL S5y (CHy. CO,) SR ARG (5 GC-2014, HA) 431, Kl &% R #4054 I 2%
TCD, WA ML, OISR . KI5 IR AR TR EE 40 51k 80, 80 T 120 C. #E$: Modified
Gompertz BB PFAL 7= I BE 5 7727, HERF Origin 9.0 #0146, BIAIF RN (1) Fios .

} M

Kb Mo Z0 R B &, mLg's M, 823 HEER T, mLg's Ry, M KH B>
K, mL(gd)s AHEHE, d; N RBRRSEM IR, d; e BL2.718 3,
14 EYREESH

{4 1] E.ZN.A.® Soil 17 & (Omega Bio-tek, Norcross, 2% [E) #2111k 75 Je kL 5 DNA 15 3R &
FLR4H . f# A NanoDrop 2000 43 % 3% 11 (Thermo Fisher Scientific, 3% [F) &1l DNA ¥ B fn4li i,
FH 19 3 Aa W5 E e F UK AR I DNA it o il i P ) Ge it e i 298 B 25 AE W IR A RHECA PR
A AT

M, = Moexp{—exp[ M, -(A-0+1
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W s, 3 AR AL SR R VE BT AR R 2257, CS300 BEAIREE T A4 Wy it J5URH Y 2%
MRS, LA AKIE, RAAFEDVRGR . RN — ARG M o B AR B 19 Ty 2R
9 AL~ B R 53 T S A B, % AR AL oY it — 2545 1), R 76 3] CS500 i M Y FLER 4544
RIEEST MG, HARFERR, CS700 fLEAHE kS, LBV, X VhE
AR U AT M T A R ALBR AR I e A SRR TR, Wi A S B A 2 A S R AR
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Fig. 1 Scanning electron microscopy images of four carbon-based materials

3 A W RN A B B T AN 2 2 TR o 3 AR W R X Sk BPE (pH>8), I A1 S5 1Y) pH A
P, H 4 R bR pH 5 UK 4> i R R M IE A R R R (RP=0.939), 5 SHEN 25U g 75 45 S —
o KM EE R (& 3) Kk FE UL K 4 R F i + 4 J& JC K (alkali and alkaline earth metals,
AAEMs), H ikt = EZORIE T RAEYWOGRE B 22 b i L A, AAEMs 24146 Na, K.
Ca Fl Mg, HH K FF 45 A AR ) # At ) 28 19 2E 0 5 K 43 v AAEMs 1Y 2 ot 05l 45 e U7 1921 AR IR 58
MI45 5 DL o 45 A — 3. RIEWERKTEIE, mACk h— RS A N, P, KEFE
WEERITELU N Ca, Mg EFRITE . AAEMs AV A ¥ 5 i i B 09 IR r AL ), 4R
A A PP 2 T 80 W A E R, 3 A AE Y sk BET R AR 19.8~32.8 m™ g,
A1 7 (1) BET L 3R 1 B i (65.3 m™g ™), 549 4 v 5% (&1 VR 1 SR 45 M LR 25 R AHAT . O/C
H/C 9 B IR LU 2 B Bt 4 Ak 22 e e RN D5 AR AR B+ 4r S 2 e hn, i JLAR bt S5 mT g,
O/C 5 H/C () BE /R Lt 5 A W o 1 A AR R B S L s AHES T 3 M AE o, A1 85 1Y) O/C FE R HL AR I
I H/C EE /R L (0.27) M5 €S700 (0.28) #H3T, X 5 B CS700 B 35 44 fb i i 4 i 170,
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Table 2 Physicochemical and electrochemical properties of four carbon-based materials

AL LAl

v b
i FeE/% pH  WEREM/(m>g') K4/% O/C H/C EDC/(mmol-g') EAC/(mmol-g') EEC/mmol-g™") EC/Sm™)
CS300 4542 835 19.75 1587 021 0.76 0.598 0.409 1.007 3.5%x10°°
CS500 31.33 10.12 20.05 2043 0.13 0.46 0.317 0.309 0.626 7.0x10°°
CS700 23.60 10.39 32.76 22.06 0.06 0.28 0.228 0.740 0.968 107.3

ik — 715 65.32 1.51  0.003 0.27 0.036 0.075 0.111 2.0x10*

R3AMERMEE R EK

Table 3 Components of ash in four carbon-based materials gkg”
FEfb K Mg Ni Ti Co Zn Al Ca Fe Na Si
CS300 331.0 11.6 0.067 1 1.176 0.0253 0.330 6 124.3 44.0 4.39 331.1 1487.0
CS500 3124 12.0 0.098 9 1.108 0.020 1 0.3295 121.1 43.1 3.17 326.7 2436.0
CS700 323 12.0 0.084 6 1.134 0.0217 7.099 164.8 178.6 4.36 690.1 412.2
Vol 290.6 18.9 0.000 1 0.026 0.001 5 0.004 55.0 10.2 0.24 2143 557.2

HH 2 2 AT, 3 b AR o R A B S B O R A L AR 2 P B . CS300 1) EDC f fie sy, CS500 5
CS700 R B, 1 CS700 AY EAC i fit s, CS300 K=z, CS500 fxfik, f1&f% EDC Hl EAC 4 &%
£, EDC 5 EAC Z I/~ B T 38t 75 i (electron exchange capacity, EEC), S B AYJE 6% b1 B ) E AL ik
JRIETE, R, CS300 A1 CS700 () EEC fe s, CS500 K22, 147 #&1 EEC fieflk. M S HL R (EC )
AR fk R A, CS300 il CS500 () EC {EARAK, JL-PATFFH, CS700 A9 S HE L (1073 S'm™), {H
H8R L A7 B8 T30 200 1% o AR R A Yk AL R R EEN T2 S8z —, @I
e AET R IAE (300~500 C) FREE Y, AR A 1 AT Y BRI A 2 1 DL AR S 32 R JRE R
HAB R EDC; 244 5L TH & 500~700 °C B, A= 4 5% 1 S8 A6 38 J5L 3% M 32 8y EAC ff £ &9,
PR RS 700 °C B DL B, AR R LT BRI E BEH, SBOL AR R IE SR T
Fe, (H50LER, mE AT fEdE o5 Ak, NI ZE M BN FE BB 2 A B 2k, Rk, B
WL A e B — @ W M. DN 4 Rl b RE B 20 40 63 (B 2) AT A H ., CS300 il CS500 7F
1640 cm™" &b 4 W SC 04 A B S, 20 R A 0 2 B R o i R0 BUARE (C==0) Tk U (C==C) I fh 45 41k 5y
IR, HIELZ T, CS700 Flf7 2 A% & ok R

PP 50 , 061 11109 2% 7 4 E PR 0 - csm

I SRR JEURE T 1R BB R AT 4R 2 Ak 25 B *

BT, KA W, 1 A Iﬁmﬂﬁ“?

2 RO AT 78 2 < A VR . SUN 4507 A T “‘§'~¢.
AR TR R BT, o AR IR R A P05 o o 4 1 A R o
(H/C>0.35, 0/C>0.09) 3= ZEid i K i HA A L d I e

I VR BB RE AT R 2 S W R AR it 4 el 2 He/om

¥, M HLAE )R R R (H/C<0.35, 0/C<0.09) 2 4 BRI AN i

) =T o NP R EHE - R R HAE G Fig.2 FT-IR spectra of four carbon-based materials
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7 R 2855 8 DR AE0TH A 04 5 FR It 7 o 3 O (R R B R R A P o ZE TS AR SE B 2 o, X IR A
CS300 4 . A #2241 . CS500 ZH F1 CS700 2 i A W e 7= & 43 5l o 3 293, 5720, 5579, 5177 Fll
4466 mL, [T X B8 S50 (%) AF N 256 21 3 J0 FR e 7 A . MR TR, IS A ik CS300. A AR AR
Py 5 CS500 F1 CS700 S 55 41 iy AR e 7= 1 43 #2751 1 42.4% . 38.9% . 28.9% F1 11.2%. Kl 3(b) H
2SI 2 (4 B e H 7R B A R AR Ak, T L CS300 4 A9 FH e H PR VS 8 RS FF UG s B hn, 7R AR
12~16 KHIA], KN EME O 1146 mL-d™"), THAL N 4T 255 22 KA ik 88 b = & 1) 95%; A1
AWML H 5 10 RGP, 7655 14 RIKBNF A" H L H0R (1454 mL-d ™), ZJEH b
H = 20 AR ;T CS500 4111 CS700 41 76 2 07 #E 47 B A 2f A2 7= B be o 2R 2 8 M 9218 1 T i #
FA K™ e SR B H IR SE 18 K, 5 X HR A 1) 7= P o 3k 3% o 1of () A8 PR i R BAH B0, {3 CS500 41

(1 146 mL-d™") F11 CS700 41 (866 mL-d™") iy H %e H ™ 2t I (B Lb X B 21 (616 mL-d™") 43 Jill =3 i 86.04% Fil
40.58%
8000 o ymas —0—(CS300 1800 —o—xfmgl  —o—CS300
—a— CS500 —o— CS700 Lsoo b o C8300 o CS700
2 6000 o
= E 1200
q ]
w2 4000 £ 900
= o
= i; 600
Bk 2000 F
300
0 [0 Y o
0 4 8 12 16 20 24 28 32
SV [ /d SV I a/d
(a) RiTHLe i (b) Wk H -

3 BXWEMBL~EMEENEN

Fig. 3 Changes of methane production for different test groups

7= e gl ) 2F i B B IE Gompertz BB G, G5SR4 iR . LR A LA RECR Y42
IR T 0.99, 31X 3% W2 B H5 O B L Sz T A SE B A A Y bE i AR . ARES TR IR, RN AR
Wy e RN A 52 2 () 8 88l A T 7 PR e 4R B L CS300 2H A 855 2H %) 452 i 01 50 L v o A UM
EChERT, T CST00 H B ERRC  HRT L, AR TR T A R 0 A ) T B A M O TS
A1 S8 XY J0TE N T P8 B K i s AL i A . BeAh, JRAE CS500 A CST002% il P (pH>10), fH 1 75
Vet 27 B i 22 vhBE D ARSR ,  BOMBRE AR W ¢ 28 T Ak S o v R BEAS R THIRSE pH R A2 7 75 U 7K
fife DA 448 7 O BE A 0] A R b, CS500 41T CST00 AL AY f52 Wi ST AR B8 X IR AL 43 S AE K 1
27.4% 1 39.7%, X 1] fg ik i 2R ) 0 K o Y
Ca, Mg. Al Fe%5 A Bl %45 & & J8 (organic- %4 ZHTFEIE Gompertz BE W= RIRF HFMALER
binding metal, OBM) [H & 1 & i Fr 51 &2 19 , Table 4  Fitting results of the methane production data using

CS500 F1 CS700 E@j}?ﬁﬁ%ﬁ&%ﬂ Ca Fl Al jq the modified Gompertz model
HEERSICEHR ., XU ZLI s de gl e oINPT IB Ty NI ) 2
S b P T OBM ¥ i 9 1 111 2 B4 (gD (mbe)
UKW, M ek E 8124 19667 09967
KA S 25 3 5 R L 7 T 0 77 36 7 B 23 gz ij ﬁi jﬁj
ﬁﬁ ’ Fﬁﬁ(ﬁﬂﬂ Tﬁi)%*j*ll’ E,:Jigﬁgﬂjﬂii:":xj‘ﬁﬁ CS700 9:75 16:47 204:02 0:988 6
YA TR A IR EG e A TR 5 % B

fr1a2 7.98 27.09 234.28 0.994 9

R, HON IR B A RUE(ESE 5 T 136.0%; CS300
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H ) Fe K b= s, O FRZH A AR R B4 = T 30.0%.

Pl 4 Ry 5 S0 20 AE A TR S R B [] AR VA AR e & it o T 4 T, WS asAE 04 4 A 5230 41 5 %)
PR 2 B AR LA A L a3, 7626 8 RZAIAAR M EELL /3N CO,, Wher=mig ik, MR R
e 7= 1 (A8 A6 (8] 3(a)) KRB, 45 B0 20 7= F bl R B S5 i K IR SE 8 Rz e, SHEAH
Bi o AR — B X EERF NG IRAE KM . Bk, PO BRAE R b 4 N B E
CO, j= A=, T HH e AN AE DRI A0 1 7= B B BOE B o 8 - FRL A M AR 1) 4 A S 56 21 VR AROH ot 7 1 2

TR 12 RIBF|EME, HIHE 70%, i) g 100 )

S A TR B A U ZE 4 16 ik B W i S0 AR RESI00 BCSI0 0CS00 DA
(65%). XTHEZL. CS30041. CS500 41. CS700 41 S

FIET S 4L T 2O 49 1 420 59.69% = ol

64.2%. 62.5%. 61.3% M 62.9%, HILFIHI, 7 F 5l

I 0 BT B BT B TR R B A L (LB 20 s

T g ) oA B, B AR Wk AL ss X CO, 0 " N A B AEl den A
JFI0 10 2 0 W B s A T, 3 AT RE S R A A R i il/d

W A B 0 b R ALK, R R A B4 SLWANBSPRRE

pH, M\ T e Bk R RS o 2 b M i 18 &k b ik iR Fig. 4 Methane content in biogas in different test groups
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5L AH A A0 TR AT SE A AR T TG00 B AS AL, LR IERBETE ] Firmicutes . "BIL AT
Proteobacteria. ¥ ] Bacteroidetes VI J 2835 1 ) Chloroflexi. Kl 5 J7n T 45 5250 2H B9 40 901 41 i
BEIE a5, 45 R B R R W Clostridia. ¥ ¥F W Bacteroidia. % M3 ¥F W& Bacilli, £, %Y7% J¥ B Betapro-
teobacteria Lh X N #7228 T8 Gammaproteobacteria 25 % (WA FE 7% o AHEL T XTRAZH, SN CS300 B¢
CS500 A= ¥ 7 ] . 35 $2 & Clostridia WIARXS F2 5, AHES 0T #0847 2 ) S SCH AR X R B 8 R R
Clostridia RE 1% IK ik Z K855 Ko T A L 7 HE R /NGy 7B, IRt — DR BT AL VFAs, 2
T3 YR K fif B AL o BE Y BB DI RE S 9 2 — ). Bacteroidia WAR X =F B fi X BB ALY 12.7% 5 3 BT+ =
18.0%(CS300 £H). 14.6%(CS500 #). 18.3%(CS700 #) LA & 14.9%(f1 %2 4). 5 Clostridia i3 GE 1A
AL, J& T Bacteroidia 2R 1Y KR 53 Al T X 22 BE AR 11 BT 55 K0y A WL A B K g ie . OF
A=A TR AN A S BE G W R PN, BLAh, B 3R B Synergistia WAZ M BRI, B AT A XS F
A X HRZH /Y 4.8% 43 51 T B &= 3.3%(CS300 2 ). 3.2%(CS500 2 ). 1.3%(CS700 41) LA & 0.7%(f1 #&
Hyo RATEZR, Frasm sk pret S o toan , EATa9AHXS F B BAR ., Synergistia J& WA ) B 57
R BEAN T, G0 5 SUE SR AL W e B AR DT IR e i BE R, 2 VEAs YRR AR RIS
FERo 2, DL S5 3R T, 4 Rib BT 01 & 4R Synergistia IX 28 H IR R FEAN T . 3 HIC A 500
Tl PHEOL TS A BRAERE AT 2 PR IR AR R I AN T S 7 Y e T T T A BB H T A% 8 (DIET) AL
M SR VEAs AR e i AR . HET, © AR RE S 5 7™ B e 7y 181 &2 57 DIET HLI 1Y) B R 8 &k
1% 41 T8 £, 75 Mo FT 8 Geobacter. H.'E HJ & Syntrophomonas VA N Vi J& EC T8 Thauera™", 43 5| J& T
Deltaproteobacteria. Clostridia F1 Betaproteobacteria, H:AEAME ST 045 56 2H 15 e 18 1L SO s vh 44
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Fig. 5 Bacterial community at the Class level in different sludge digesters
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Fig. 6 Archaeal community at the Genus level in different sludge digesters
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Effect of electrochemical properties of biochar and graphite on methane

production in anaerobic digestion of excess activated sludge
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Abstract Biochar was prepared by pyrolyzing corn stover biomass at 300, 500 and 700 °C, respectively, and
yielded CS300, CS500 and CS700. Their physicochemical properties including pH, surface area, ash content and
elemental composition and electrochemical properties including EDC, EAC, EC were characterized. Then three
types of biochar and the conductive graphite were dosed in digestion reactor to conduct the batch tests of
mesophilic AD of sludge. The results showed that CS300 had the highest EDC of 0.598 mmol-g™', CS700 had
the highest EAC of 0.740 mmol-g', whereas Graphite had the highest EC of 2.0x10* S-m™". All the materials
could promote AD of sludge. In comparison to the control group, the addition of CS300, Graphite, CS500 or
CS700 elevated the cumulative methane production by 42.4%, 38.9%, 28.9% and 11.2%, respectively. Analysis
of microbial community indicated that methane was primarily produced via CO, reduction pathway, which is
attributed to the syntrophic association between syntrophic anaerobes and hydrogenotrophic methanogens. The
addition of biochar raised the relative abundance of Methanosarcina and other hydrogenotrophic methanogens.
CS300 had the best performance on enrich these methanogens, while graphite did not make significant
contribution. RDA analysis showed that the parameters reflecting the electrochemical properties of carbon-based
materials explained 52.7% and 64.4% of the bacterial and archaeal community in the sludge digesters,
respectively. Redox-active biochar could sustainably donate and accept electrons over many redox cycles,
improve the available electron quantity of microorganism in the system and facilitate electron transfer to CO,
reduction, and thereby enhance methanogenesis. Alternatively, graphite could directly transport electrons so that
promotes direct interspecies electron transfer (DIET) in syntrophic communities for enhanced methane
productivity. It provides theoretical support for the analysis of the influence of conductive carbon materials on
the metabolic characteristics and electron transport of anaerobic microbial community. And it has important
theoretical and practical value for improving the anaerobic digestion efficiency of sludge and achieving energy
efficient recovery significantly.

Keywords  biochar; graphite; electrochemical properties; excess sludge; anaerobic digestion; methane

production; microbial interspecies electron transfer
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