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D B 4 2 M I 2 AR B R A AR TR PR SR A
Fk AR A H A 8 R Z R BT Hr A SNIRR
SfCER . BRTHETT R, AR IE R AR
T AR T AR FAB A 7 A =< ) Green 5P
AT 3 bR 2 7K B 1 7 R e B A P R AR
PR, BERE TR, FE RSO
PXHR R R T4k, & IR IS A TR R L R
FIFABS o M AR A TS T P s SRR
FEEERE, A X e PR S AR A mT R A S
L HH S EF YIS, P SRR 30%,
PEASEAMI R IRAR 6 . SR, SRR SRR
%, EH TR A RESR DR H b, Hof A4
HAATTERIAEE, F AR e SRR
Unal %5& PG S a9 nfdi ot (Fe. Ni, Co. Mo,
Zn, Mn. B 1 Cu)BEAEIE 8™ B e iR 176 P AR iy HY
i b B, G B g S A i e 7
BRI ARy TEEE L pH IR Ak
MR JE LA | flR G Z RIS TR S o X 7
LERISEIN , R A A RORIE . S EREA A% 5 P A
R 2 2 B S R 28 1) el AR T & A AR Ak Tt
2 D21 1ok B DR 28R TE S IR0 %ot JL A 7T BE S i 46
WA W = SN BRI PR BRI T e, S5 SRR IR
pH. NaCl ¥ | TR 4 DRI 5
WA Ry 2, WAL S R AR XA 55 . AR R
B BB RR B X A = S A R, X T B

SRR R R 2 A e, e
PR, AL S iy, H- St i e,
AT 2 A AR 2 B0 A 5 TN IRIAS IR ™ <Al
SRTI T P BT AR PRI ], LR A At A 1 22
5, FrUMEE S IR PIE RS, X AT REAIE LS
GAMER, 1 2= AR T ANERIA IR & R
FHRIARE . T351, BARA I M N R
RIERZ , (ABA A E T 2B BARZ N R AL
SN o ABIESE A TSR 2 KA RIS MRS 7K Ak P
Hh DRSAURE KRR Hh 0 300 B A R B R TR A, MLH]
IR A R A T LRI, 25
fHE, P Miseq g i 520 Fy 5 ik o e 4 o1
i P-B I B-B Wi I T IR £ 5 Ui 126 5 B e [ 3%
AL AT, L@ A SO S 5 IR A R ™
BT R B SE «

1 #R A7k

1.1 M

FEREER A 3R E 5 & R a8
I A 2 K SCH R ST I A RE B 4 o MBI CE
SIFTALLAME A BT a5 R IR 1, bl /N A L
RS FEE Coos BRI IR, HEAKZH
I BRIE . BREESENREAE A AR IR A S
Xof A a T R MR Y B DR R S s i g Y, B
M IRERE AR 2 W e 5 7 43 22 80 H (180 pm) Al 120 H
(120 pm) 2 DASRPRLEE , G0 o EAE 22 80 °C &S
THE 24 h )5, BN TEERRAELLR .

R1 HBETERSHMIASH

Table 1. Elemental and industrial analysis of lignite (%)
Aanlytic method Ultimate analysis Proximate analysis
Composition W) Wy Wo) Wy Wisn Mad Aad Vdaf FCdaf
Content/% 78.02 7.21 11.98 1.82 0.97 11.88 27.47 52.32 47.68

Wey, Wy, Wioy, Winy and Ws, represents the weight of C, H, O, N and total S respectively; M, A, V, FC, ad and daf represents
moisture, ash, volatiles, fixed carbon, air dried base and dried ash free base respectively.
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1.2 PHEEEREEMYIME

7 UBE DR AR IR A R SRR B B T K
Be— 0" BRI 2K G2 FOIT R FE A, S
HN). WS EARGEEEZE"X, 4% MD)HZ
K B A3 5 108 36 31 T Y5 K Ak R ER SR E K RE (S
WT). e S h BT IR ARG R 0 | 18 )t
BB, WEEITRMLEE R, A AR
FEPRAE R ARG (I EREE, YQX-11 ) 5g Al

FAEE FR 3 (g/L): MgCl, 0.1, KCI0.2, NaCl
2.0, NH,Cl 1.0, KH,PO, 0.4, CH;COONa 5.0,
HCOONa 5.0, M#EE 1.0; #hEEN: TRE
(0.1%) 1 mL/L, f#&EICE 10 mL/L, 44 R
10 mL/L,

WHE ARG IR AL . AR I3 o L BR Ak A
CH3;COONa #1 HCOONa. FF3IfkEszzmmiik
5.

I T (g/L) : L-F e s iRk iR ik 0.5,
NaHCO; 1.0, Na,S-9H,0 0.5

fH i JC % (g/L) : N(CH,COOH); 1.5, NaCl
1.00, MgSO,-7H,0 3.00, CoCl, 0.18, MnSO,-H,0
0.50 , CaCl,-2H,0 0.10, ZnSO,-7H,O 0.18,
FeSO;7H,0 0.10 , NaMoO,-2H,0 0.01 ,
KAI(SO,),-12H,0 0.02 , NiCl,-6H,0 0.03 ,
CuS0,4-5H,0 0.01, H3;B050.01,

e (mg/L): AWER 2, 2B 5, R
WmE 10, BikR 5, BBEEK 5, MR 2, XA
HIR 5, MR 5, Bi-rMR 5, &= 0.1,

7GR & AR B SR L R . 7E 500 mL PR H:
FORHMA 300 mL FiR$EFRAE, H R TR LR
PR TIR G (MR A 15:15 mL; —#FRA
“Jy 10:10:10 mL), £/ 30 mL #£ 54 )5 BT 35 °C {H
T R 3R 7% 30 d, I A0M 615 () (2448, 6890N)
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GaR TR Dy

7= e TR YL - 7E 500 mL PR &R SR
JIA 300 mL #H = FRAE, FFMA 10 g HEFF
VERRRUE, ZWRORA, KU, IF R R Ry
HIR R, ¥ = 57 30 mL R BB 3R
BT 35 °C fH IR (120 r/imin)iE3E 30 d, JFiEE
SYIEATIAE . A 5d, ASH GRS,
6890N)M it FH e ™= it . 48 3 URIELALARIIML S,
R 30 d B RS 2 IIARAH EEAS PR
L, T R IR R e o AR B e R
R
1.3 PRLR S EREREE R

I P BGR A RRE AR, RHH RRL
i e MR IR 2 FE kAT 0 . I YIS
PR E YRS 20 mL, Ff7E 10000 r/min., 4 °C
2.0 20 min, £ RIS, UUVEH T DNA $2HL, #
e DNA $Hcfnalifk 57 £ (E.Z.N.A. Soil DNA Kit
Fll Gel Extraction Kit, Omega Corporation, USA)
P13 5120 3 mg DNA KA, SRJ5 Tk AE)A
AL BESEE AW EALREARA A Humina
MiSeq V& AT EE s F, AT 16S
rDNA-VAPCR 5 F0 7 5 |91 e 5 ik 2 s .
JE & T AL SR Mothur (version 1.3, http://www.
mothur.org/, USA)# 4 2BrAER: SME 751 A B
AT 5 B A AR B A B 1R R X )
H, SRR NI, ERRE LT
5135k Mothur R {44 7454 53 25 BT (Operational
taxonomic unit, OTU)RISFHMHE OTU HHhasE . %
HESCHR[L6]7 245 8] OTU B4 Fh A =E BE4H il
N T E YIRS 7 b T R e ) R 4 2R OK
-, AR EI A5 RTINS 73 K B X REA
Hh R A0 B A TR 0 A R SO T geat, Al
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* 2. EFIHEAH 16S rDNA-V4A X PCR ¥ 5| ¥ & 575

PCR amplified primers and sequences of bacteria and archaea

Sequencing end Primer order of sequencing end Non-sequencing end Primer order of non-sequencing end

Table 2.
Type Primer
) ACTCCTACGG
Bacteria 16S 338F_806R  338F GAGGCAGCAG
TGYCAGCCG
Archaea 16S 5248F 958R 524F 10 ext CCGCGGTAA

GGACTACHVG
806R GGTWTCTAAT

YCCGGCGTTG
Arch958R_mod AVTCCAATT

A R TRE 2 A KE5#r . AT Mothur
T THA Alpha Z 1 (Alpha diversity), £
}§ Chaol fH. ACE f{E. Shannon LA} Simpson
TREL
1.4 Plackett-Burman A% (P-B, FFiiEiAmi%iT)
1 Box-Behnken R4 (B-B, Wi h; AL 1)

FIH P-B RS AILEE . pH . BERIEE . A0
LT RE TR BN URE . R 4%
iz 8 4K Z& Ak S e PR B SR G BRER R
B IR AL 3 A-PATHRE, R E SR 20 d Y
7= e (umol/g), S5 RBCFE. HPEE PHE
/T 0.05 R 2, BISCHEZR . X P-B ik
0 5 A5 38 e 7 AU S R el PR 3R 64T B-B ik
55 I3 28 1) 1 TR A3 AT A5 B R O 8 H e 7 R AR A N
S LA 7 F o A TR0
15 F=HLERESH

FIFHASAETE L (Z5E 1R, 6890N)I3 BT <4
e M TR, 308 3 s o ot 20 i) e Ty R 960 5 ol
Sy GE s, B SEI R B ny, BRI
Hibeit M, A1) 1HEA52,

M,=(n1xVo)/(mxVy) (1)

b M, g B T A AR FR e & (umol/g)
na SN 4 R e (umol) , m R SR A 38 R AR A
Jii(9), Vo MIREIEFM EAIAR (ML), Vi hiK
PRI (ML)

2 Rtk

21 PHRIGREEHNESEMIL

K1 Ry bR G R S bR T AR fh h 2k
ATLLEH 3 AR A BH (HN+MD+WT) 7= S 8 i K
(101.35 umol/g, 30 d), H.IILMEE=H e i 4
(28.4%) . AMIEFIAYE & 4 DR TR & o W0 15
Lt m TR A S . — AR, AR
PR A B A BB N BE T, T A= SR 2
FHMETERE, SR EAMNE R DU HEAS IR
BB B — AR B A T, ARG o A
HREAS (W) I St i T HAt 2 s AR AR
SR, ARHE WT 77 m T 2 1~ HN AT MD 4,
FLSCHREREA = e D eI E P 0 L eI R AR ey
VPRI T AR AT A AR R
SRR RE S A B e R, T LAZERTARBIE
SR FRVA AR/ N A WU 7= B e, Rl {45 3
XA R R B R E AT, A IR, B
FER B R EAF AR 3 BB, iy
10 d Ry =R, R ARRZEgIE R 10-25d R
ARG, AR A 25 d LUR A A,
B HN Ab, HABREA =S Ra G, (AgRE
A IREE . 25 5 18 TE e SR AR s BB
S AT 38 DRAE 5 KA BRI 0 A g 4 R B
AVRRA YL FRYI(HN+MD+WT) 20 d j7* ekt
ARy o (B 26 R 3R I A LR AR5 95 2548, IR
FH e 0 P B AR B AR G T T 43 HT
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Figure 1. Methane production with different enriched
and domestication culture.
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22 FERERA R ARSI

164 [ N A0 6 T2 A0 H A T A P Z2 1k
Witk Z , FEMBIHAA 16S rDNA gk CER
R0 20 0 22 ke T A S
FORM UL, BB 2w . MEMAEA T
YIRS B, COO B RS R 2 A R
AT T T-Be . 3R 3 ATLLAE SRR G
HE(HN+MD+WT) H 4 T 1y 3 9 2 55 2R 0 3k 3]
T 99.9%VA I, FHI 45 A REAS A 55 A i 4
KRB IREE AR S . OTU DA B
V&Gt 105, HEREYESEITA 85 Shannon 454X
F1 Simpson F8E0E FRANEAE b P RUEYI B 24
PEFEAR, Shannon FEEE KRR Z VB F
H, Simpson FEE0H/INR A RETE ZAEE R

DG, HCTR 5 TR P 20 B A v 22 AR T o
HREIE Z RO B —

HI1E 2-A ATRUSUIR TR G B R b 2L am
T 1AL G T4 1] (Bacteroidetes, 26.19%) . JELRE
24.75%) . 7 JE Il
(Proteobacteria, 15.07%). H.3# [ ](Synergistetes,
13.36%) . #HIE [ ] (Thermotogae, 8.66%)LL & #2
Jig w11 (Spirochaetae, 6%), H:rfidAd il #I %425
B BE % FF & 1] Deferribacteres (2.77%) #H
Cloacimonetes (2.71%)4%, MKl 2-B 415 & /K F I
AE v 0 B R R R AR TR R T A A I R
Desulfovibrio (15.07%) /2 1% & S FEA o 3= 5 e i
MY, ENTEES 55 RIER . KRHN
J it Ak s 2024,

JEEER TR A RS S R AR | i
A Y R A, Hh R EFL Clostridiaceae
(9.77%)7E—LEyERy . £F4Em . JLT SRR P
P A P R DU P WL, 2
— REALBE A SR B, IR A HEA TR TR T
AW T 204 BB IR & Macellibacteroides
(14.6%), Mariniphaga J&(3.65%), Proteiniphilum
J& (3.49%) FI A J5 Je 4w J& Draconibacterium
(2.21%), EMNFEESHRGTMEAR. B £
e R FROREME, KRR . AU A
WP IR Sphaerochaeta J& (6%)AH X} = JiF
HAm, 2 MRIERVZE ] ok b a9
FEOEE. OTR . FLRR . A A Ak, 2R

W 1] (Firmicutes ,

*3. BEZHMERFEEHBEHS
Table 3. The community diversity and abundance index

Type Total sequence number ~ OUT number Ace index Chao index Coverage rate/% Shannon index Simpson index
Bacteria 17611 105 114 116 99.93 2.96 0.1087
Archaea 25300 8 0 100.00 0.81 0.6539

actamicro@im.ac.cn
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(A)

Finmicutes 24.75%

Synergistetes 13.36%
(B)

Bacteroidetes 26.19%

Tenericutes 0.10%
Cyanobacteria 0.10%
_ /- Lentisphaerae 0.30%
~ Cloacimonetes 2.71%

—__ Deferribacteres 2.77%
. Spirochaetae 6.00%

- Thermotogae 8.66%

©

Euryarchaeota 100%

()

Macellibacteroides 14.60%

Clostridiaceae 3 unclassified 9.77% |

Dethiosulfovibrio 8.76%

Oceanotoga 8.66%

Sphaerochaeta 6.00% _-

Peptoclostridium 3.87% / 7
Mariniphaga 3.65% /|

Proteiniphilum 3.49% . Geovibrio 2.77%

Aminobacterium 3.45%

Methanomicrobiaceae uncultured 4.33% /
Thermoplasmatales norank 10.58%

Desulfovibrio 15.07%
Methanomethylovorans 0.74%
—_ Others 6.38%

‘Synergistaceae_uncultured 1.15%

~-vadinBC27_wastewater-sludge group 1.20%

“._~Lachnospiraceae_unclassified 1.20%

; - Draconibacterium 2,21%
~“Clostridium_sensu_stricto 13 2.42%

. Sedimentibacter 2.64%
LNR_A2-18 norank 271%

CandidatusMethanogranum 1.10%
Methanosarcina 2.83%

%,

Methanocalculus 80.28%

E2 MEMETEEITFAEKELHEZHEBSH

Figure 2.
C, D: archaea.

KT F 2 aE B RS
T H R W T B AR W 0 A e R TR R
Aminobacterium (3.45%) . = & 5* L R W &
Sedimentibacter (2.64%) . i i 10 &7 B2 £h 9K 14 J&
(8.76%) 0
(1.15%), ‘EATEIRA RS Hh E B 24 SR K A AN
FRETT CIRI VI REA T, IS e i K
TR 241 A R0 7 P o BT P e A PRS2 AR A BT
I — 2838 2o % P sl e vk DR AU QR A5 i 1 1)
W, AR Z R 2 A, T TR R
Geovibrio (2.77%)4k $i% 1 2 B A 73 i A= 1 F e 11
TR BRI P b i 2R R 0,

IR TR 1 I TE DA ) O R S22 o 4 1 A 3 i
B, HIgEr e FE 225 K010k B
By, RS REANE T 1844 Oceanotoga J&

=

Dethiosulfovibrio Synergistaceae

Community composition analysis of mixed flora at phylum and genus level. Chart A, B: bacteria; chart

(8.66%), TEFILEW LI ARME R I ) s T A 40
S0 A A & PR GE RS, (BRI R R
H BRI REAS KIEHE o
B E R R AE R CRE
A WEE ARG BRI, U ERiiE
] FH AL 0 35 AL A ok 4 PR e %3,
MG 262 17 BB T AT LAY 43 Sk Y BE AT T 9
(Methanobacteria) . H k¢ Bk 4 4% (Methanococci) . H
F% 1% T 49 (Methanomicrobia) #1 F % & B 44
(Methanopyri) 4 4 7 4~ H , X BRI H g
TEAE YA R R R R ER, ik 2-C Al
MBI R S WP RN R
(Euryarchaeota), M J&7K¥E4#r (K 2-D)rl LAk PR
B 75 W obe Bk H o8y WY ke B B W B
(Methanocalculus, 80.28%) i #i&4a X fi %y, #JE{A
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H 3 J& (Thermoplasmatales_norank, 10.58%) .4k,
A FEARAMN T K MW H R
Methanomicrobiaceae_uncultured (4.33%). 74, H
Lot /B FREE H 1Y H ¢ /\ & EK 1 J8 (Methanosarcina)
FIIIRE F L 7= F B2 B J8 (Methanomethylovorans) 7351 5
2.83%711 0.74%. 1 Methanocalculus Ja& 7£ i
WA N AR, K- e B nizE ™ ey
W LA TEER T . KR ETURR Y, A
Ho/CO,, Rt al LU AR BRERAT it T4
5 CO,, 8 43 F H — 9B ICO, A BT,
Thermoplasmatales 2™ H bt B HoBT 425 H
BATAT EARI Hof AR e 2 A5 P A
£ Methanomicrobiaceae J& T~ FH Leid i Bk 4N
AN H i H e AT SR IE ) 2 AR
A4l 9F, 258, HFATLIFIH HACOy, KHE
3 A] DURI T R AR b AR IR 5 COy,
A AN G BEICO, AR H g \ B Bk H
RIESRFEN—TH, AR ATZ, 6
BRI LR . CO,. Wl Wk, PAEmILY) 52
FA ML TEHLA & 2 R A e A B e 20 s it
5 CHR A T R, AR g B B B s
B R RSB A, RS R A L/
Gy FRRLE, B DU XA AT BB 5 A I RE
(WT)Hh s &2 8B e A ¢, FIrLAZ & 4R
KRBT AW A HEN, BIRIER IS A
Frite—2 037 .
23 P-BiIRARFERAER PRI RBEE R R
REMFERY], &R AN A K= # 2 A
R [ TR i R 0 A 30 7 SR B WO
Yy oa i, B RE FARE VS o0 B 1 AS [m] S B0 o e R AR
PR AR ZE S, AT S P A AR ER B 5
FAFo 0T, WA 52 A A= T H 25
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X TP A S, A AN [ DU 23 5 e A
A I GRE 22 [R] 9 1 Jo T3 S ) 7 A< %, ol
TG ZR QIR IR S8 RN R G TR 1) I M A G
LT3 e P-B R H, $55 SCR[7- 115k 5%
TEBATR AT B, XX R
JedFAT R R R 0, S IR L pH L BRI
WA . R . CoCl, #hndt . NiCl, #hm
Wl AR 8 ANEFE A BE R B A A
Fo WOk Bk 8 ARSI R, R 3
ML ER, K Design expert 8.05 #{Fi1T
N=12 f) P-B Bt > 28k & (+) A
(=)2 IR, W RAE S B e (pmol/g), FRIZR K
PR 4, P-BiEniit e R WL 5,

P-B B0y 2240 M) P {ER 0.0276, 7£
a=5%/KF AT R A NR B REUR I
%6, MERPFTLAGHIRE . CoCly IRt xt ™ F
Bet A W5, NiClp U] )™ H b i A 1 ik
o, HAW RN R I IOR
CoCl, 7 it . NiCl, 7S it iff — 2 R HL B-B it
A 22 Fe A B0 7 R o o e s e 4 F . HiAb AR SC 1R
F A BREUE

F 4. P-BRIERITEZERKFE

Table 4. Factors and level in P-B experiment design
Variable  Factor Low level (=) High level (+)
X1 T/°C 30 40

Xz pH 6.5 7.5

X3 Coal size/um 124 176

X4 Coal amount/(g/L) 20 30

Xs CoCl,/(g/L) 0.05 0.25

Xe NiCl,/(g/L) 0.01 0.05

X7 Rotation rate/(r/min) 100 150

Xsg Inoculum

. 12
concentration/%

Xo, X10, X11 Visual factors - -
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£5. P-BiRE&ItRLE

Table 5. P-B experimental design and results
Run X; X Xz Xy X5 Xg X7 Xg Y/(umol/g)
1 + - + + - + + + 7805
2 + - 4+ + + - - - 7359
3 + 4+ + - - - + + 14384
4 + 4+ - + + + - - 2527
5 + + - - - 4+ - - 10878
6 -+ + + - - - - 8474
7 - - - - - - - - 9366
8 -+ - + + - + + 8460
9 - + + — + + + + 33.45
0 + - - - 4+ - + + 11818
11 - - + - + + - - 2901
12 - - - + - + 4+ + 57098

2.4 B-B BRI KA

WKHE B-B IRXFE XTI . CoCl, #Jdt . NiCl,
WA T 3 ER 3 /KPR, MR Kk 7
fion o R iTE R RmER 8 Bos, LU H bt
R AR (Y) , $HRAEG S5 R Tk Z T RS

WY (CEHBER) . AGRE). B (CoCly I5i)F
C(NICly @ fimam) i) = It W [FH 5 R an s =X (2) i
7N, Y ShmR{E, A, B, C PR ZEKF,

Y=148.90+11.95A+10.68B-18.00C+9.78AB+
12.37AC-7.06BC-24.12A?-43.64B°~25.09C? (2)

Xf bR BB AT )y 263 0 (3R 9), HEAY P
{E<0.0001 FAFIMK &K, FfHAEMI P (EN
0.5026, XoJ M [ {EL I At 2 1k 52, 2 s rh ik
A 5E S, RNEEGATE L, R?=0.9815, i
AR A A SR #5475 AdjR?=0.9578 , it B 1245 A4
A LA RE 95.78% 1 L it A, B, C3MIHHR
AR, A5 S R B CV g 7.02%, B i R
MAs b HA 7.02%3% A A it 2 5k, R® HUIN(E K
0.8614, 5 AdjR® 4 it If H #5 RIKE 2 & Adeq
5% 16.147 (KT 4.0 HE B L5 EAriR,
FHACR T 1 Il AR AY [ HL G R BT, REIS AR
U FAE e BRI DR 28 2Z (B A SEBR G R, IR a1

FHAZASE RN 0 o7 {1 (7 Y B i ) 64 743 T R0 el
Oy 2R R B EVES T (3R 8)RT LA, — kI C
WE, AL B, £HI AB, AC 23, BC &~
BE; IR AN, B2, C2 R

Precision 1

#z 6. EHZEHEZEMHHRIE
Table 6. Verification of significant factors

Variable Factor Regression coefficient Contribution level P value  Significant level
X4 T/°C 27.83 15.18 0.0263  *

X, pH 5.04 0.51 0.5059 N

X3 Coal size/um —7.63 1.18 0.3362 N

X4 Coal/(g/L) -20.45 8.47 0.0550 N

Xs CoCl,/(g/L) -33.83 23.17 0.0149 =

Xe NiCl,/(g/L) —44.35 39.82 0.0070  **

X7 Rotation rate/(r/min) 16.84 5.74 0.0861 N

Xsg Inoculum concentration/% 12.60 3.21 0.1560 N

**and * represents significant level of 1% and 5% respectively; N represents no significant level.
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£7. BBIREGKITEZERKFE 8. B-BiRE &It KL
Table 7. Level of factors in B-B experimental design Table 8. B-B experimental design and results
Sample Level Run A B C Y/(umol/g)
Factor
number -1 0 1 1 0 -1 -1 81.38
A T/°C 30 35 40 2 0 0 0 143.17
B C0C|2 amount/(g/L) 0.05 0.15 0.25 3 1 1 0 119.38
C NiCl, amount/(g/L) 0.01 0.03 0.05 4 0 0 0 158.39
5 0 0 0 142.74
2.5 III'] ﬁﬁﬁ 6 1 -1 0 73.46
FH & 3-5 Ay L A a5 SR T LA, S5 7 -1 0 -1 122.99
28 Pl PP B R A, D ) T, 2 z 0 g 0 1?%
1 1 101.1
SRITAR I T S A IO, . . ) 5248
MR A EAER K, BRITEN R BAEFAHE 1 1 0 -1 115.50
K, WREEFN NICL ES I . IR AT CoCl, dR il 12 -1 0 1 59.16
ey .4 e . 13 0 1 -1 111.87
X 77 F ot i 5 M A7 AR 35 1 22 HAEFH, CoCl, BN iy . . . 6256
Al NiCly 3 Xg 7= B g & 52 i 28 BAE S B 15 0 0 0 144.58
2 M TE AR B R R, R e BT 16 0 1 1 64.86
17 -1 1 0 69.27

T HE T R A

R9. EPEARBEFESN

Table 9. Variance analysis of regression model

Source Sum of mean square Free degree  Mean square F value P value Prod>F  Significant level
Model 20330.0500 9 2258.89500 41.361580 < 0.0001 ok
A-A 1141.4640 1 1141.46400 20.900820 0.0026 wx
B-B 913.1935 1 913.19350 16.721070 0.0046 **
c-C 2591.5500 1 2591.55000 47.452680  0.0002 el
AB 382.6914 1 382.69140 7.007286 0.0331 *
AC 611.6966 1 611.69660 11.200490 0.0123 *
BC 199.1274 1 199.12740 3.646129 0.0978 N
AN2 2449.1580 1 2449.15800 44.845390  0.0003 xxx
B2 8018.2070 1 8018.20700 146.817700 < 0.0001 xxx
cn2 2650.5210 1 2650.52100 48.532460  0.0002 el
Residual 382.2935 7 54.61336

Unintended term  157.4295 3 52.47649 0.933480 0.5026 N
Net error 224.8640 4 56.21601

Sum of correction  20712.3500 16

*** represents extremely significant level of 0.1%; ** and * represent significant level of 1% and 5% respectively; N represents no

significant level.
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Figure 5. Response surface and contour map of the effect of NiCl, and CoCl, content on the yield of methane.
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(7=, T BLEH A D ek g A i, oM SR A s )y S T AR BRI BT
REWLHERMETFT RO =R REZE B AGE 75] 20 d BHERS TR
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% 10. AHEEITRYIERAEY =R iR
Table 10. Ex situ bio-methane production from coal

] ] Methane
Sources of microbial . Test .
. Coal source Coal rank Coal size/mm . yield Reference
community duration/d
/(umol/g)
. . . High volatile B
Formation water Illinois basin, USA . g . <0.42 20 140 [39]
bituminous
Formation water Wallon, Australia Subituminous 0.30-0.60 7 265 [40]
Wetland sediment Texas, USA Subbituminous NA 105 69-101 [41]
Formation water San Juan Basin, USA NA Ground 243 100 [42]
Well water Powder River Basin, USA Subbituminous 0.25-0.60 26 59 [5]
. . Lignite and
NA Powder River Basin, USA 9 L Crushed 365 6-15 [43]
subbituminous
Mine water Jitpur, India Hard coal 0.025-0.060 63 214 [44]
. . High volatil
Formation water Pittsburgh No.8, USA .Ig \./0 auie NA 60 91 [45]
bituminous
. Low volatile
Formation water Pocahontas No.3, USA . NA 60 159 [45]
bituminous
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Community structure analysis of methanogenic flora and
optimization for bioaugmentation methane generation from lignite

Di Zhan', Huan He'", Yuansong Liao®, Shangming Zhao', Jinghua Yao', Dong Xiao?,
Jun Tang®, Xiuxiang Tao*

! Key Laboratory of Coal Processing & Efficient Utilization, Ministry of Education, School of Chemical Engineering, China
University of Mining and Technology, Xuzhou 221116, Jiangsu Province, China

2 State Key Laboratory of Coal Resources and Safety Mining, China University of Mining and Technology, Xuzhou 221116,
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Abstract: [Objective] The mixed methanogenic flora with high methane production from Baiyinhua lignite was
obtained from several coalmines and an anaerobic polluted water processing tank by enrichment, mixture and
domestication. The community structure was analyzed and its methane production condition from lignite was
optimized. [Methods] The community structure was analyzed by Miseq high-throughput sequencing.
Plackett-Burman and Box-Behnken tests were conducted to screen and optimize the main factors influencing the
efficiency of methane production. [Results] The mixed flora (HN+MD+WT) combined with indigenous and
exogenous microbial culture produced the highest methane after domestication. The diversity of bacterial community
was abundant, in which the dominant portion was Desulfovibrio (belong to proteobacteria, 15.07%),
Macellibacteroides (belong to bacteroidetes, 14.6%), Clostridiaceae (belong to Firmicutes, 9.77%), Dethiosulfovibrio
(belong to Synergistetes, 8.76%) and Oceanotoga (belong to thermotogae, 8.66%). All the archaea were assigned to
Euryarchaeota, and its diversity was single comparatively. Methanocalculus (80.28%) was the most dominant genus.
Plackett-Burman test results indicated temperature, concentrations of CoCl, and NiCl, were the most important
influencing factors. Box-Behnken test results showed that the optimal conditions were as follows: temperature 36 °C,
CoCl;, concentration 0.17 g/L, NiCl, concentration 0.02 g/L, under which the methane accumulation is up to
159.3 umol/g (20 d). [Conclusion] A mixed flora with high methane production could be obtained by domestication.
The productivity of methane could be enhanced significantly by optimizing the culture condition.

Keywords: lignite, bioaugmentation methane production, microbial community analysis, condition optimization of
biomethane generation
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