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Table 1 Physical and chemical properties of raw materials for aerobic fermentation

FKFE D T AL (nm) AL (e’ /) WA (/)
JEH R C/N pH {8 EM . 0 A " P | g Specific surface
Raw materials 1 oH value oisture verage pore ore volume (m? /)
content (%) size (nm) (em®/g) area {m-/g
Sludge waste 7.69 7.02 74. 40 - - -
Rice husk 49.72 6.31 9.15 - - -
Beech wood biochar 101.73 9. 40 5.01 1.67 2.623 9%x10 2 62.883 7
Rice husk biochar 55.22 9.48 10. 80 3.42 2.569 2X 102 30.012 7
Corncob biochar 112.10 10. 63 6.74 35.40 1.671 0x 10 ° 0.188 8

Note:" — " indicates no data
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Schematic diagram of aerobic fermentation reactor
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Fig.2 Pore size distribution of biochar based on density functional theory
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Fig.3 SEM images of surface morphology of biochars (1 500X )

2.2 EYRABEHXNTEISRFREBEHEEIRE
E;ur]

WB Y i & Bl B2 AT 36 72, 6°C ,RB.CB #l CK
(1) B e T 4y B S 70.9°C L 67.1°C il 68.5°C [ 4
()], IR KLZEELR P .CK.WB.RB 1 CB # & i
W (>55CH o3 R 4 d.8 d.8 d FI 7 d, TEREA K ¥
JA SR b i A i T 2H 1Y) IR RE AR Ak L TR B R AIE L 7
ez JG W E Bl T A R BRI PI4G NH, -N
RO R R L R P A A NH, -N 2 e
JE U AR AL R, HOSCE A1 NH, -N YR LT
CK [ 4(b ], 7EREES 3 K.CK.WB.RB.CB 1y
NH, -N & & ¥A 8 K. 2 7 &8, & 449)
G pH {E R 7.75 - 8.00. b % 4f | & B #E 47, pH
SRR A R R RS RS &5 KA pH
R 6.72 - 7. 00L& 4 (o) ], Ut B jiti FH A= 9 ¢ IF & ik
I HE AR 1) 18 T 145

2.3 £YRIABLEH CH, BigME.MPP MOP
sk

Kl 5Ca) FTE 5(b) 7R T4 4 CH, B i AL A .
CK.WB.RB F1 CB ) CH, iU 2R 5 K AH 551k
21.58 mg/(kg » d).9.58 mg/(kg * d).12.93 mg/
(kg « &) F115. 64 mg/ (kg + &), PEAJEHW 5, CH,
BT R B WD I T A E . R RS AT, CK,
WB.RB fil CB iy CH, Rl B4 514 5 296. 89
mg.3 080.99 mg.3 517.51 mg #il 4 862. 76 mg, 5
CK #H ., WB.RB #1 CB 43 513 /> 41. 83% .33.59%
F18.20% ., Horh WB Al RB 9 CH, sl HESUR f4E .

MPP 1 MOP By gl 228 f an &l 5 (o) F & 5(d) fr
IR. WIGRHE Gh Y MPP iE T A & B, X 5
CH, B i AR A X N . FEREE 7 d )5 . %%
Ky MPP & e T Fa i H W #5855 s MOP 1E & T#
HI A 55, M AE 11 d )5 . 45 43 F T o



Temperature (°C)

757
701
651
60
551
501
451
404

EE B, DAL, MEID, X RE . AR FL IR A X T BT R U R & BT AR R R e AR A R

—_ —_— -
o] S (o))
[} (=] o
I I

1001
801 |
601 |
409 |

NH,-N content (mg/kg)

201

20
Time (d)

30

20 30
Time (d)
. WB "

10 40

- CK RB

Time (d)

-—~+CB

B4 Gk B AR IR (2 JNH, -N (WAl pH (o) 9725 4k
Fig. 4 Changes of temperature (a) ,NH, -N (b) and pH (¢) during aerobic fermentation

25' 6'
(a) (b)
o0
— g
s = 57
2 x
B ©
£ g 47
e (2]
2 °
< —
— (0]
2 Z 37
5 =
B g
2 8 21
£ 2
[} <
= £
5 14
=
O_
T T T T T Ll T T T T T
0 1 4 8 16 32 0 10 20 30 40
Time (d) Time (d)
27004 (c) g4 (d)
1800

=
1

<
[o)}
1

Methane production potential rate [ug/(kg-h)]

e
o
1

0o 3

7

Methane oxidation potential rate [mg/(kg-h]

11 16 23
Time (d)
I ck

B vws [ RrB

0
30 37 44 0o 3

7 11
Time (d)

B cB

[E 5 G4 R B R R B B R (s b) L B B (o AR E A (D Y 2B 4k
Fig. 5 Changes of CH, emissions (a,b) . MPP (¢) and MOP (d) during aerobic fermentation

16 23 30 37 44



T A RZ,2022 £,29 %, 5 6 #§ Guangxi Sciences,2022,Vol. 29 No.6

2.4 EYRABEMXNTHSTEFELXBERRKRE
RS E B ENF N

I 6 Ca) T LA H . SW 322417 1Y F e 1 ol
15 B J8 (Methanobacterium ). W % % ¥ # )&
(Methanobrevibacter) M §¢ 22 B 5 J& (Methanosae-
ta), WB A RB 2 B eg 5 A 77 W GE T 1w (Meth -
anothermobacter) sMethanothermobacter £ WB HAg
B i R BE (45.45%), 78 RB B F BEAH X 28I
(9.09%) MM 7E CK M CB 1 A K I £ Methanother-
mobacter ., 5 WB 1 RB #f [t . CB 7£ & & 831 F1 )i 2,
B GE A 2 B R

eIk A b R e SR A TR B R i R UL IET 6(b)
SW Y H ot 281k b1 Bl 28 6T (B BE & B B E AT BT
A A HY e AR A TR A 2 B D R N
Unclassified {_ Methylococcaceae "N % 40 W) 2 H
e, LI JB (Methylocaldum ) 1 H e AT 5 - B 3%
B0 K B (Methylobacterium -Meth ylorubrum )
A B RS B L T A IR U B 25 A A I
B HEH 2 Norank { Methylococcaceae » H AT
JEXIIRE] 90 240 LA b, 5 i U 0T RE A A HE P e S AL T
FRAST A — 2% AT, BT A R I 4 PP o S A TR 17 i
R R A TR AR P AL B 45 AR X R o 48 A TR 1) T
B e W ol 2H B RY B el AE AL

16 (a) Methanorgens

—_ W Methanobacterium
§ 0.8 Methanobrevibacter
g W Methanosarcina
g Methanosaeta
'g 0.67 W Methanothermobacter
B Methanosphaera
3 0.4+ W Methanolinea
E W Methanoculleus
% 0.21 W Methanomethylovorans
~
0.

N RN P RN R P TN R PN I
SEREILRP ST

Sample
. (b) Methanotrophs

s 1 I W Norank_f Methylococcaceae
§ Methylocaldum
8 0.8 M Unclassified f Methylococcaceae
g Methyloparacoccus
'g 0.64 W Norank_f Methylacidiphilaceae
2 Methylosarcina
2 0.4 B Methylobacterium-Methylorubrum
= W Unclassified_f Methyloligellaceae
E 024 BSh765B-TzT-35
&) M Others
0.0
NN P I N R P RN I NN RN
VU XR oV o X R oV o X R oV o X
OCTFE VLRI T TR
Sample
P 6 J@ KT b e v R e Ak T R B

Fig. 6 Community succession of methanorgens and

methanotrophs at genus level
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Effect of Biochar Pore Structure on Methane Release during Aer-
obic Fermentation of Municipal Sludge

ZHOU Qian', HU Zhanbo'" " ,ZHENG Yukai’, LIN Zeshuai', LIU Guoying'

(1. School of Resources, Environment and Materials, Guangxi University, Nanning, Guangxi, 530004, China; 2. School of Environ-

ment and Energy,South China University of Technology,Guangzhou, Guangdong,510006,China)

Abstract: In order to explore the effect of biochar pore structure (pore size, pore volume and specific surface
area) on methane (CH,) release during aerobic fermentation of municipal sludge, the beech Wood Biochar
(WB) ,Rice husk Biochar (RB) and Corncob Biochar (CB) were used as conditioners for aerobic fermentation
experiments in this study,and the Control Group (CK) without adding biochar was set up. The specific sur-
face area test (BET) ,Gas Chromatography (GC),16S rRNA high-throughput sequencing technology and Re-
dundancy Analysis (RDA) were used for determination and analysis. BET result showed that WB and RB
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were mainly microporous structures,accounting for 87. 84% and 73. 72% of the total pore structures,respec-
tively, while CB was mainly macroporous structure,accounting for 89. 94%. GC result showed that compared
with the CK without biochar,the CH, release of municipal sludge aerobic fermentation group with WB, RB
and CB decreased by 41. 83%,33. 59% and 8. 20% , respectively. The result of high-throughput sequencing
showed that WB and RB inhibited the relative abundance of methanogens by increasing fermentation temper-
ature, while the addition of CB enriched the species of methanogens in the reactor. RDA result showed that
the pore size of biochar was positively correlated with CH, release rate. In summary,adding WB and RB with
a microporous structure has the best effect on CH, reduction in the aerobic fermentation process of municipal
sludge under the conditions of this study.

Key words: municipal sludge;aerobic fermentation; methane;biochar;pore structure
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