550 TR T IR 244R 5 17% 5 61 2023 % 6 A

Eco-Environmental Chinese Journal of Vol. 17, No.6  Jun. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

TEE XE&B: EfREVMLESEEL
e .. N \ e
i DOl 10.12030/j.cjee.202301079  HE2ES X705 CEkARIRGS A

IRz, WP, T, 55 &4 T AR IB LR 5 Z /7™ W ke 8 3)) 01 2 B R 1 AL (7], R8s A4, 2023, 17(6): 1955-
1966. [ZHANG Peiyun, ZHAO Danyang, DING Lizi, et al. Kinetic and thermodynamic mechanisms of methane production from propionate and
acetate enhanced by biochar at high temperature[J]. Chinese Journal of Environmental Engineering, 2023, 17(6): 1955-1966.]

AR N Y RBAANIR S MR W s S
F e T EALH

kAR =, RS, TwR, LY, FAF2E g 1 R
L VRSP RS ST TR 25, PE% 710055; 2. bk TR AR EARSHWE TREA, HAM
£ 980-8579

W OE XA sR AL EE e 3 ) 2 BRI EAE AL AS BT () R, E ek SR L TR Y e R A
HBEdtt ik S, 25 G Mt sh 2% . A AR 1Ml BRI 200, MR T AYRELCER .. WK
HAE TR AOILE . A5 R, 55X A I AR IMIET L8R . TRBR BT R R R Y 6 A R
HIBE SR, C TR -5 T TR 14 R fi ok 26 4 78 T 8.4% M 3.7% 7= R o i 38 43 Bl 185 T 31.3% 1 23.1% TAE W AR
KA R, AR T E WA K AR AGE TR B S , RI R AR HE A E W ARG, B0 A 0 i (S 45 T IR I i it
PR 77 B A W B K L AE KRR & T 113.8% NS B 20 R, W RIEIRT LRSI E 8™
F ot 2o Bt 40.6% 55 19.4% W9 & e, AT BE AR T 55750 4 e A G OB 9 ) i fig, #E8h T A0 A & 54 B8 (interspecies
hydrogen transfer, IHT) S M B #E4T o J0Ab, A= W42 TR RN I FAA B30, XFTReE M TH B 84
AL VB BE A T 5| & 0GB 32 P (8] By 7 ¥4 8% (direct interspecies electron transfer, DIET) /£ Ay, X AR LIS
S B TFRER ROR, RISt BB s I 2240 Be . T HE o IHT /2 b IF i — Ak B8 7= e . A=W o vl LAGE
SR PERUE YA BCE I ) A B IHT BLAGE AL DIET /R, LRI B8 = B e et . ARWFR 45 R/l
R W A TR AR A it — 2P i SR B BRIk S

KHEIR EECHEG BEAMIRNIG; Wik, % HMETA MR Bk

PRAEIH AL R LA A AL B e A o W e, © AR T L 5 e A BILE 540 LA K ik B AR LK
IKALFEE ) E AR . 5 (35 C) AL, mR (55 °C) Roni E A AR P 3R DL A
JE A I R R A AR LA, SRR IR A A AR b, K= BR R T b %, s e a2 it
— PN AR S 77 T b i B AP, 3 U R PERR TR (volatile fatty acids, VFAs) fyid 1
£, NMFBUR R pH T FE LR A AR R R, BRI T Ml K AATH AL RGN m e e 1817 .

WL R, CMRAMNIR A VUL FY KL T 5 LRI VFAs, HIERR ALK R 1Y & VFAs
(9 7 LEA T3k 70% DL BB MBS TRIN F , BARTIIR &7 e AR, (H AR W 2 v 3 BOHAE IR 0N
el B P B B N IRXE . AMANI S5 BRI 58 & B, 7 e TR 5% 1 T 01 1 1) i o DR 4 S o i Ak 2 3
Hle, RIS SER RN R, I HAES 50 d N ZHEHME A 40%~60% A8k KA. =il sk
Wi EEA: 2023-01-19; EFA AHA: 2023-04-18
EGWH: EXAKRFFESRIITA (52070148) 5 BEVGA FSHFR TRV BI0TE (2022KWZ-25) 5 H A SRR % 23 1 SRR 1 BF
FEO BB H (P20794)

E—1EE: K s (1997—) , &, W LA A, 1304759423@qq.com; BREEIESH: 245 (1987—), &, M+, ##,

Qian.LI@xauat.edu.cn


mailto:1304759423@qq.com
mailto:Qian.LI@xauat.edu.cn

1956 EZ N D $17 %

T, 89% By e W IE SR A T AR BE AR R, BITE £ S Ak i AV &0 77 20 7 F o i
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Table 1  Properties of biochar
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PR AT AT BB IR I AE R 100%, SR 9 A KARBE =8 (2) U E 471153 .
C,H,0, +cNH; — f.CH, + f,CsH,0,N @)
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(90 R . SoBT 2N =5 A 5 b B T e its standard free energy
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nzt (12) 29 5 N
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aA +bB — ¢C+dD (11
SAO  Acetate+4H,0—2HCO,+4H,+H" 104.6
cyd
AG = AG? +RT 1n( ) (12) AM Acetate+H,0—HCO, +CH, 31
apb
A'B HM HCO;+4H,+H"—CH,+3H,0 -135.6
K. AGZELBRIHE 1 B A BE; AG® &7 Propionate +3H,0—2HCO,
298 K 1 1 atm F f9b7 M7 45 07 (1 s R2 MM +acetate H'3H, e

W SESARE B, 8.314 Jmol "K'y T ML PR
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1) AN TR BT iR T T F N TR 7= B Bt o [ 1(a) ATIET 1(b) T 7 Ry & TR DS R 7E e L1
T BC 41 A CT 4 AN [ Jot f v B A L S 3oy F Be = 232, T AR, BE B I ) 0 o Wk 32 60 5 A 18
F IO JE I RE 22 3, PR e PR 2 TR, X T RE S T B s T v DA R B AR T S B BT
TSN A= 4 i B S AR TE T 20 TR AN N IR B A R e R, (EURST TN R R T R, XEH T
AW R S MR T N R S N R S B . A, AW A R T RS AR R NI AL . YRR AR TR 5
SR E AR, XA RF BAR S T UL LR E AL (syntrophic acetate oxidation, SAO) & i,
{H 2 1R %4 f# (acetoclastic methanogenesis, AM) if BT SRAEFE , 31X 7] BE S P R 184 &0 5 hy B e iy Ji 1A
K I Gompertz J7 #2555 Rt 77 Gt i 905 15 3 b i B2 3h 1 S 8L EL 1) fE 1), ATHRI: 5
CT 1A, BC A M K7 B B R KR TE, 1.000~10 000 mg-L™" 4 £ T8 F1 A IR 14 7 B g 33 2R 3
HIHR B T 10.7%~62.8% 1 7.7%~36.4%, 3 000 mg-L™" [ 2, % e K 7= F g s SRl 35 CT 410 1.6 15 [
EE IS0 A 4 % R A 5 (o PR R S I BC 4t 4 8 0.3~20 d, A3 R T 7= H e S Ry A B s 0k A7 . B9
i B VS MBH B A2 HE T 2 TR R TN R B 7 R BN L T AR A e X SR 5 T R 7 R e i R A O 1Y) 2
] e S i T AE R T RN A E T T B B0, R R R T W B B A TR A RE 7 B TN TR R
g

2) TR FNDN R 11 Rk R o T 2 Sk 2 W e A1 T 302 P S LG Joi o R 0 61 1) 8 000 mug-L™" i fi
SN 3 A 2 T AR T T R R A AL R B R . T 2() TR AE R — RN B[] T, BC 41 2 1R i 2 Tk
FEAL R CT 411 51.0%~96.5% X LR 80 B4 ik [ Bt o 2k Wk 3 0 B8 4 3l 1 L4 1 38 43 i A 2 M UL 6 T
I, CT 4H & RFFEMER N 15812 mg-L-d", i BCZHAIiA 1 7142 mg-L-d™!, AWy mfdits 2 %
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Fig. 1 The change of methane yield and kinetic parameters in the reaction process
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Fig. 2 The mass concentration change and degradation rate of 8 000 mg-L ™' acetate and propionate reaction process
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Bt R 0 E W= T e TN IR R S MRS R, H B ORORE O A AT AR T YRR Y R e Al i
Fio NIRFEM SR A CTRIRZ, B LA LR Ak 7 W) 2 9 7R L8 7™ T o ) PR 20 3R
22 HMRNSTCHRMABRELE~REBEYE N FRHFE

A4 N7 SR AT B Y B R EE AR R g, L R R K DR e 21 s o 2 ) 22
Ao XFCMRLBLTF , AW AR gE 1 7 ke i 2 ) BUE W AE K S XA R A& B, 5 CTZM L,
BC 4 p,, BN T 48.1%, WA LW A im T SR W ot o T2 o A U 1 185 50 3 238 DA T i 6 e iz 3
13 Ko WD T 65.8%, DLW AW 5 A5 7 22 DN 0 1y S DR )i o 05, BID 0 S B A M) P i
FRLERE o AR T CRREE 7 W b i R B B YR KA B R SR AT 7 e e 2
AL, R p /N T S w,,, HAUHN 2R
fo 19 29.6% , 35K 8 I 7R R A 17 I A e e R4 RRAEWEDERDNFSH
o s A A K TR K, WK T 2 W Table 4 Kinetic parameters of microbial growth in reaction
Kow 57V t Ba SR I, 2 9 501 T e
BC 4 u,, LT CTHIETH T 113.8%, ifi 4%

SRR ol pg/d K (mg L) Kpf(mg-L™)

T IR R BB K oy FRpBC L STRCL L o s
K, 5 CT AU WIS T 43.9%, BLIIAE W5 f O\ » - 235410
T 80 2 99y 560 R B T UK R FE I o X 2 AR - s = 658
W i BT 2L AR W A AT 2 R A R#BC L8 14 628410 13216053
B 0069 1 K5 2 A B 0 03 e v
BC 41 2 i, 1 K, M E T CT 414 B4 75 7 L 176 1138 638 439

17.6% FFEAL T 63.8%.

AW A CE A KA AR EER, TR S AWK B 5 £ & LS5 (nEl 3(a)
FioR) AP, —J5i, ATUCA R TMAY S J0— i, el I —a B LR Y e
AR (L& R SERIE SR EEE M. A, BB K 8T &
Yo ) pH — 200, 298 8.2~13.0. 2 AWF5E 25 2 B 2 W e R e A e HL 3 i 8 42120700,
PRI I 35K AT g 2 A 4 o e Tl A P 2B A R L

Jei it M

| mCo-C

VAo
; 35 & HCEC, WICEO
Usmim-cu i ’

| F/)3-OH

BEHTEE a.u.

4(.)00 3 :500 3 (‘)OO 2 ‘500 2(.)00 15.00 1(.)00 5(;0
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(a) JEZSH5H (b) FKifi B REA
B3 E¥ReIFHRsYT
Fig. 3 Morphological characteristics of biochar
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SEI 10kV WD19mm
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Kinetic and thermodynamic mechanisms of methane production from
propionate and acetate enhanced by biochar at high temperature
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Abstract In order to address the issue that the kinetic and thermodynamic'mechanism of methane production
boosted by biochar is unclear, the synergistic mechanism of biochar enhanced methane production by acetate
and propionate was investigated using batch tests of methane production by high temperature degradation of
acetate and propionate, combined with the analysis of thermodynamic reaction kinetics, microbial growth
kinetics, and batch experiments. The results showed that compared with the control group, biochar accelerated
the degradation rate and methane production rate of acetate and propionate. The degradation rates of acetate and
propionate increased by 8.4% and 3.7%, respectively, while the methane production rates increased by 31.3%
and 23.1%, respectively. According to microbial growth studies, biochar might offer an environment that was
conducive to microbial growth and microbial growth. The addition of biochar increased the maximum specific
growth rate of methanogens using propionate by 113.8%. Thermodynamic analysis of the reaction process
revealed that biochar decreased the hydrogen partial pressure of the syntrophic methanogenic reaction of acetate
and propionate by 40.6% and 19.4%, thereby reducing the free energy of reactions related to hydrogen partial
pressure and promoting the interspecific hydrogen transfer (IHT). In addition, biochar considerably increased the
system's electron transfer efficiency. It might be because of the direct interspecific electron transfer (DIET)
generated by its own redox functional groups, which might not only increase the reaction’s efficiency in terms of
electron transfer but also in terms of thermodynamic efficiency, hence promoting the IHT reaction and
enhancing the syntrophic methanogenic process. In conclusion, biochar can promote the IHT process and DIET
by increasing microbial growth and thermodynamic improvement, as well as improving the efficiency of the
syntrophic methanogenesis process. The results of this study can provide a reference for the further practical
application of biochar in anaerobic digestion.

Keywords syntrophic methanogenesis; volatile fatty acids; thermophilic; kinetics; gibbs free energy; biochar
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