[DEXyESI

Acta Microbiologica Sinica

2022, 62(6): 2328-2339
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220183

Geomicrobiological Applications iR xIv

éﬁéui E%?E3A2 %ﬁ?u,ﬁiﬁll

1 RO TR BR S IR Bt , 8 Mg 232001

2 R TR IR R Bl i 5 K FE PR R RS A, ER WER 232001
3 E MR AL RO RE R #BE, JbaT 100083

4 VEAEGEZE AL S I ARE EVEEE I E S %, JEaT 100083

5 AR MLRSR SIS & TR T E N SR %, JbaT 100083

Ve, JEAE, PR, PRSE. SR U AL B AR AR B R TAL BT . R AN, 2022, 62(6): 2328-2339.
Li Yang, Tang Shuheng, Chen Jian, Chen Ping. Physicochemical characteristics affecting biological coal gasification and coal
pretreatment. Acta Microbiologica Sinica, 2022, 62(6): 2328-2339.

 E: BV B AT, HANE RRERIIRAR., RERRTREES. 2H, ¥R
T REBER TR AN EATAEA RR AT RO ETEZANA. Bk, FFRAEMREBE A gL
HEZNEAFINEEL., BAEDANGELREI T H, (@S AELZROSH A FHIE. ABTEY
WEAG A AN AN ERE F, RIGRE A I F AR A A Fvh . e AR AT A A
JR) #4978 B2 A B FRAL BEEAR & 3 A A R R AT & Gtk A AR R TR EE 6 SR B & A RS A
GBI E AR ER, KIS LAY AIE F 5. TR A WBE R e A 4t
A2 oL TR BB T R G R, A FREAFLERET AR AR A AN L&
BB &, IS A FTRLEFBRR GEAMN AN ERFF, MRER CO, FRAMEF X
BIERYTFTRAAT DT AIMA FTAMEIN., EMRBEEAGE ZEHAER, 2T A £ELMHF
5 EREEFAR, BRALE ZHFRANFL, BEAIM AN RED FRRTTAIFTE.
REVEM . REVEE IR A 4 AR b 0 42 B AT 50 & 52 DUBE 69 A 4 A AL T AT & 64 R 4L,

x82iFE: FVRE: BEA; #MAY;, Al

HETH : LR T RAH GBI H (xj2d2020-05); [H5 H ARFA RS (42102216, 41972173)5 NSFC-1PYBRIE{LHR
WA L BT BT H (U1910205) ;158 -5 P00 ) 5 T 592 360 2 T B iR <6 (PRP/open-2005)

Supported by the Foundation of Anhui University of Science and Technology (xjzd2020-05), by the National Natural Science
Foundation of China (42102216, 41972173), by the NSFC-Shanxi Coal-based Low Carbon Joint Fund of China (U1910205)
and by the Open Project Fund of State Key Laboratory of Petroleum Resources and Prospecting (PRP/open-2005)

*Corresponding author. E-mail: liyang@aust.edu.cn
Received: 21 March 2022; Revised: 18 May 2022; Published online: 30 May 2022



VR | AR, 2022, 62(6) 2329

Physicochemical characteristics affecting biological coal
gasification and coal pretreatment

LI Yang"?’, TANG Shuheng>**, CHEN Jian"?, CHEN Ping"?’
1 School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, Anhui, China
2 State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mines, Anhui
University of Science and Technology, Huainan 232001, Anhui, China
3 School of Energy Resources, China University of Geosciences (Beijing), Beijing 100083, China
4 Key Laboratory of Marine Reservoir Evolution and Hydrocarbon Enrichment Mechanism, Ministry of Education,
Beijing 100083, China
5 Key Laboratory of Strategy Evaluation for Shale Gas, Ministry of Land and Resources, Beijing 100083, China
Abstract: Under the goals of carbon peaking and carbon neutrality, traditional fossil energy will be
gradually replaced. China’s coal resources feature huge reserves and wide distribution. The biological
gasification of untapped coal resources can provide additional natural gas resources. Therefore, it is of
great theoretical and practical significance to study the mechanism of biological coalbed methane
stimulation. Biological coal gasification is promising, but the difficulty lies in its slow dynamic
characteristics. To reveal the generation potential and internal factors of biological coalbed methane, we
discussed the influence of physicochemical characteristics of coal on biological gasification, the
response of coal physicochemical properties to biological action, and the improvement of coal
utilization by pretreatment. The internal factors and environmental conditions of biodegradable coal had
been identified through indoor research. It was found that low-rank coal had a higher potential for
biological coalbed methane production than high-rank coal. The biotransformation of coal by
methanogenic microorganisms is bound to cause changes in the physicochemical properties of coal. It is
a challenge to continuously provide available substrates for methanogens, which thus limits the
biological coal gasification. Chemical pretreatment of coal is mostly used to improve the efficiency and
methane yield of biological gasification, while supercritical CO, extraction physically dissolves small
molecular organics in a macromolecule network for gasification. The production of biological coalbed
methane can be further increased, but the in-situ increase needs to be further studied in light of the
obvious differences between indoor experimental conditions and reservoir environments. The
microbiological research on the biotransformation of organic matter in coal seams should be improved.
The study of the main factors controlling the influence of different coal ranks and different reservoir
environments on biological gasification is the key to the commercialization of biological gasification.

Keywords: methanogens; coalbed methane; microorganisms; carbon dioxide

FEE BRI Z . AT, mMERE BRI R R A 4 0 e R T A R
FERYRETEN 2245 M S BREFI IRCRIRT 3 B, SR B S B RTAE R AR BT I
B s e E U F AR P B IR SeAk AR R AR R i R A )
KB, KRR TT KRB R IR LB A2 B Be , R AR fE
WRIR U RPEARNCRATE T, <&M #80 BRE/NEILER 2R TR NE

http://journals.im.ac.cn/actamicrocn



2330

Li Yang et al. | Acta Microbiologica Sinica, 2022, 62(6)

A, B LI N A A R s R 07 A
HER, s AT B L A A TR
R, W A P A U SR rh ok o)1
NHRESE AR, WA F LR IRE T K
HECE . B R A R AR A
PR T BRI, X R T RGN
PERI KR E T R T L. Ak,
—LESCER AR E T A AR R AT, (AN
B8 L R Al AT 22 HE T A A
BLR > T-38 0 efigp EL 2™ A=y R B iy ad e
Tl A P A LA AR5 5 ey T L e 1o A PR 23
G5 0] R A ML i, S EUE A SRR T
BRI A TR, 2R =TI L BRI,
FE BRI A 7 F e T ] S m] e L T
BRIV AR AR R BT R, ]
iz A O R AR Y A R, (™
AR B 1K 3 Tolb A A B H 2E i E5E
5B

1 o ELFRENREDAM
H %

R 049 BHLAR P o 32 AR B B MR AL 1o A A
i, e A R N TR R, A b
14 A BV g 6 AR 22 Bk SR R R i 1 291 R
S EIRANTT AUk W A= P R R = <ORT 7= A T
AN [RVIERFY g it U8 IR A3 05 A AL L
. SR 5P AU A REE L
T A PR E SRk R R LR B R A
TEID 7K 23 55 v e BB 2 A T2 SR vkt IX s
A Py 1 RS2 R L (ELERL ™ R g v ] ]
JEE WA BRE0™ H A A ) s b DR AU AR i
FEFBUEY A ARG 2. oA v R
7 B e — R EE AR B, RS A A s
8 2 T AR R /N b SR S e A AR, T Y

<l actamicro@im.ac.cn, & 010-64807516

SLHERTE 05 K LUR . AR EE NS T 3
PR IR, e LS 22 T A )
P 00 53 PR AT B B AL U5 T

=]

MRk S B FLBE @ Ry, R
R Oy RS . S EAT RN, B

A T 1 R4 o) BRI L R
KW R MR B PR ATER T, AR
A PR e el T R TR, R A PR
KT L G BRI 2R AR 4 AT REIRAL TR BT AY
SN A 2 A T B AL B AR sl SR A
FWOR Ay AR 1 R g el 08 9030,

2 MEAFFAERAFNERAM

2.1 MEUFTLEERFER

R IR I35 B B RS i 2 A 0 P
LI SRR L RS L R AT . B A
Tl A o I SR A ik A AR ) D7 VR E T IZ RS
(EUBEAS By (10 ) A i R o) A e e ) 2
DI, S T AR A AR L R
PR T AT R A T B A A A BT R
SR A ) 200 T R PR b oty T 28 Bl A T A BB A
(AR > -4, 7 e % Bl BRI 4 R B 3%
TN ZRAGE NS Ky e 4T 3 A A= R 2
[ (4 il AR, LT AR S g T B
YR RZREE . BRIREREE L SIAERYIAR
St S2 A, DT RO 2 e Rl AR
SeI R B AL O AR THE L R
B AR P | BEAR A TAL B | A B A
(BB EMELIE T IRUALA8 ) , A FEGE . 1
AL PR AR = A WA T B A oAz, £
TR AALH . B e, A BLEST) L R )
VB 45 70 S5 o R HEA T T4 3R g 1213

AL B IR S50 . B a] A Bl
B PREE S R R A, SisE Ak
F T A AR TR0 18 e JEE o R 1) A OR S A T A



WG | MUEY IR, 2022, 62(6)

2331

FH o 50 T 5k A R R H o 1 0 v o AL 1)
AR R EERO2I S AR 80 °C R FH Ak R A b B
BT, 238 25.0% AL A LR, 15.9%
MR AC R TS B IR o o S PR A ZE BRI A Jo v 7Y
INRREES = {IEINNIE 275 3 <% PSS A L AW sl
LR (TR . B IR . LM MRS )Y,

IR B b 2 B RD IR 245 4 7 5 B U4k B
FBEIR P BOE PR R T, R HNO;,
Ak R — R A AL . A AR EE R
N, FE BN PR 5 T G5 ) 32 9 ok v S IR
NEMFZEHS o i, W IER BRI, Tl L
AL RIS R A M FCR R iU
HNO; XHE MDA T AL B, %% Bl HNOS 38 44 ()
AACRREE, HETAE B A ML BV i,
P A A B R T HNO; b B ][] 2 )3
WS [ BEB B R 254, T T LR R T 3K
B3 10 32 2 BR 1 22

oo M, R JHL ek B ok e 5 | R Y o A% 245 A D
AN DS IREE R AS ARG AN L T S T B2 ) o
ZPN0 ] SEE, H ARG AR R 1 o W e
R AW . IR AT A ) s A=
FEA PLER T 7= A i3 BB AT DA A ) I
HL BRI RRVE R AT, A8 ) T 5 B2 ) A ) i o
BRI pH fEBR R . LR, BRI AR
SR B R KA A I 438 1 Y
AT DA 0T A RO I A R R . ZE AR IS
S LSRR BT, L A IR 1 5 pH
B A PO Bk B NaOH ¥ Wk 1 i b AT 1) i
FRE AR, oS NaOH ¥R R IEM &,
1M = e B NaOH O A=A 3, AT RE &l
il LA AR R MR . NaOH I3 08 0 1) 2
SERATREIN 4 I T Y P S AT P e
Ak HR I i U

2 1A1 I P 70 A el AR S0 1) 2R TET FL AL 2R K
P, AR UEA W B AE BT AR, RRARE G R

115K 77, DTG R AR A« 38 AR B4 A A 3K
AN, &8 & FEm A e T, PR
(1445 Fh &5 P BT 2, B e —if . LR =2 I A 77
RE Xk s 4 B B T R A N, TR LA B B A T
fift L) o F 450 . PR A KIE N

it )2 I L A 858 5 S0 2= 55 57 S50 T BT
YRR SR R ARV B 22 R PT IE)2
b 5 5 7K ST A% S D G S AR S ) [ B R
8RR | pH FIE S SR FREE N & 1
P R R B G SE B, W R B R
KBRS A AT B AR TS 2 1 A R0 5
LR S TS V| AN NS ) 8 5 . £ ST =) U DA
AR A A O S R B G
2.2 H,O0, AEEHEMARER

o T Ak B o D0 ) Ak 22 5% 45 W . pH
B FIER BEXT IREE (A5, i DA X T b B 1
IS A TR AE S RUE Y AEAE . HO, 02
— P R iE B AR, BEXT pH {EAIER B
AR /IN , AN 25 ASN AL 2E Y 5 PO H,0,
A RRAR DS B i & o L KRR oA LR, AT
PR AR R . R4S HL0, Tk 3
G, HOGEEGMEL . FERICHEEM, JE
B TR S A LR o e, T I e B
H I ERY MR SE 4R A 1% H.0, W,
A Rt 7 A T TG 43 A LR Ak 3L
[61] {4 42 T3 52, Haq 2612V ] HL,0, I8 0
f R I, 3 L B ST IR R R W TR AR B iR
AL R BE Y A TS T o BRI AR AR OR
H,O, W B UMK, 5% H,0, AL 315 B
AL R B . AR, 24 HLO, IR A% 10%
B, AR R e IR A R B U . IR
B R AT H0, FE AL A 3E [ i RSB,
17 e T BE HL O, V5 R 8 v 1 K 73 43 ek 5
SEEE R CO,, PR ad B R AL KRR RRARIA AT
BLAR o U

http://journals.im.ac.cn/actamicrocn



2332

Li Yang et al. | Acta Microbiologica Sinica, 2022, 62(6)

FH H,0, b BV AR S5, Vs A ALIR NG
MU BN B i & 3 n, LR SR G Y,
WRBIWIGRIR . . Tk . MR LR 5 4 B B g D
W RIS B ke SR 30 ) Chen ZEPYH H,0, A0 BEY
HRE e B = A 30 d ISR 10 F%, H e
TR H,0, M 38 RN T4k P A A) SiE K 52 6 %K
B, AH R — o TR R A (R 3G 7 RO AN B
Wang 11 Liu 0] H,0, Wb #E Powder River
i 1 T AR AR SR 2R AR B B A BILAE R R
oA, BHEERIR(C, & CoENRREIA Y
ZAH BT AR B RN, Ao Yk
il JL 53 A, A A R A B A . MR HLO0 AE B
HAT Ay & e ig . BV I, H H,O,

A P fE A T A RO Guo 2P HL0,
XPTCIR AT AL BE , R B . R
H,O, AL AT & m A b - &, 5 /. e
IR | BT SURE S5 TE HoO, VR 6 A2 i 3R AR A
TRERER, DA RN 2D R S A E R
, PRl 2 HLO, T4 2 AT 45 1 v A
H e = i BT

REE H,O, TiAb IR 5 A= 9 H e 1) A6 AR
W1, W25 B XA R 2 R R A [ v
JE H,0, BALFE(ER 1), WFFEEEREN], RHE
22 e S HyO0 A PR R e 57 £ 35 ke R M 55 0
TR IR S R IR HL0, 12t ] i 5 B 4
PE A AT T . Aramaki Z2P2HE Y HL,0,

x1 FREEHER H0, ABEM S KE FHEMLER

Table 1 Experimental conditions and results of H,O, pretreated biogasification in different coal reservoirs
Coal particle Solid-to- Methane

Site Coal rank 7/°C t/d pH size liquid  ¢(H,0,)/% yield/ Literature

ratio (umol/g)

Tempoku Lignite 25 180 7 <0.106 mm 1:100 1 500.000 [32]

coal field,

Hokkaido, Japan

Surat Basin, Subbituminous — 30 7 <300 pm - 10 234.000 [34]

Australian coal (R,=0.45)

Bowen Basin,  Subbituminous — 30 7 <300 pm - 10 223.700 [34]

Australian coal (R,=0.45)

Bowen Basin,  Bitumite - 30 7 <300 pm - 10 0.212 [34]

Australian (R,=1.13)

Powder River ~ Subbituminous 25 529 7 8x5x4 cm - 3 500.000 [35]

Basin, coal

America

Powder River ~ Subbituminous 30 184 7 <0.25 mm - 3 552.600 [36]

Basin, coal

America

Qinshui Basin, Anthracite 35 23 8or9 0.15-025mm 1:100 30 254970 [37]

China

Red River Basin, Low-rank coal 30 500 7 <250 pm 1:30 3 218.500 [24]

Vietnam

Tunlan coal Bitumite 35 15 7 <0.075 mm 1:5 0.05 179.970  [30]

mine Lvliang,

Shanxi,

China

Qinshui Basin, High-rank coal 35 35 7 <0.15 mm - 0.5 68.000  [31]

China

Shanxi Zuoquan Middle-rank coal 35 35 7 <0.15 mm - 0.5 57.000  [31]

county,

China
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