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Abstract: [Objective] To investigate the coal’s pyrite on the biological gas production.
[Methods] In present work, we took the coal obtained from Yulin City, Shaanxi Province as
substrate and the methanogenic microorganisms domesticated by our laboratory as inoculation
flora. The simulation biological gas production of coal was carried out by dosing different
content of pyrite into the anaerobic system. The changes of CH4 content, total volatile fatty
acids (VFAs) concentration, coenzyme Fiy¢ content, organic functional groups of coal before
and after gas production and microbial community structure were investigated by gas
chromatograph, liquid chromatograph, microplate reader, Fourier infrared spectrometer and
[llumina high-throughput sequencing platform. [Results] The addition of pyrite could promote
the production of CHy in the early stage of gas production (15-22 d), while inhibited the
production of CHy in the late stage (29-50 d). The gas production of 0.5% dosage pyrite in the
early and middle stages was 48.1% higher than that of the control group, and the cumulative
gas production reached 193.67 umol/g-coal. The concentrations of VFAs and coenzyme Fg; in
the experimental group were higher than those in the control group, indicating that the addition
of pyrite promoted the activities of acid bacteria and methanogens in the reaction system. After
adding pyrite, alcohol and phenol hydroxyl, -NH— and —NH; in coal were more easily utilized
by microorganisms. Adding pyrite could influence the community diversity of bacteria and
archaea, and greater effect on the latter. Adding a small amount of pyrite could improve the
community abundance of Bacteroidota, while more pyrite could increase the community
abundance of Bacillota. Pyrite had the most significant impact on Proteiniphilum, Desulfurella
and JGI-0000079-D21 bacteria in the system. After addition of pyrite, the abundance of
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Halobacterota and Methanosarcina changed greatly. Pyrite had the most significant effect on

Methanosarcina, Methanomassiliicoccus and Methanobacterium.
amount of pyrite can promote the biological gas production of coal, and affect the

community structure in fermentation liquid.

[Conclusion] A small
microbial

Keywords: biogenic coal bed methane; pyrite; volatile fatty acids; coenzyme Fiy; microbial

community structure
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Table 1 Common medium for methanogenesis

Reagent Dosage (g/L) Reagent Dosage (g/L)
MgCl, 0.1 NaHCO; 1.0

KCl1 0.2 L-cysteine hydrochloride 0.5

NaCl 2.0 Na,S-9H,0 0.5

NH,Cl 1.0 C,H¢NNaO, 0.001
KH,PO, 0.4
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pyrite of different mass fractions.
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pyrite of different mass fractions.
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Figure 4 Comparison of infrared spectrum
absorption peaks between coal sample and raw coal
after gas generation with the 1st, 4th and 7th gradient
of pyrite addition in the experimental group (H-1:
0%; H-4: 2.0%; H-7: 8.0%).
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0%. H-2: 0.5%. H-3: 1%. H-4: 2% . H-5: 4%,

2 EHRTREERN o ZHEEMER
Table 2 Alpha diversity index of pyrite test group

H-6: 6% . H-7: 8%)11) o ZFE 5%, Hi Sobs.
Chao Fl Ace =845 AT UL 2 W iU W0 ) BE V% 3=
& J&, Shannon F1 Simpson P48 bp Al S5 A
HEYITETE 2. R 2 RRTIAE T, LR
H-4 (2%)40 1% = & & Sobs R 5k M, LK
ZH H-7 (8%) M 41 7 F- & B Chao 55 Ace 5
o s, UL X AL R R A AN S iR
&, MSEK 4 H-3 (1%) 171 3 F 5 & Chao
FEEOR Ace f8 8 m, HOly B F & B Sobs 15
b g m, VLB S E AR IR E R 1%, 57
SERPHEOMERTE. FE, H-1(0%)
1) 2 T Shannon 4§ £ = 11 M Simpson 45 £ i
%, X UL BN B R B, 7R R A
W2 R, T H-4 (2%)AY 7 Shannon
F8 B = 11 H: Simpson $8 FuE A%, U6 B 24 #E ek
W BN 2%, SRR Pl R A
ZREMERCK
ghiR 2 5K 6 RgE R AT LIE Y, Wi
B XA PR I ) 2 B —E s o (H

Sample Sobs Shannon Simpson Ace Chao Coverage

Bacteria 1 162 3.389 341 0.060 756 187.113 5 185.214 3 0.999 265
2 164 3.266 365 0.067 084 193.859 1 191.3529 0.998 911
3 154 3.372 546 0.062 481 175.5519 175.083 3 0.999 336
4 175 3.268 652 0.066 576 192.979 190 0.999 291
5 160 3.305 033 0.068 827 190.591 5 182.2353 0.999 159
6 165 3.367 911 0.059 638 183.113 1 183.071 4 0.999 343
7 154 3.098 979 0.082 921 224.888 5 197.153 8 0.999 079

Archaca 1 39 0.815 753 0.639 567 64.513 84 55.5 0.999 69
2 45 0.885 507 0.613 335 55.220 22 56.25 0.999 809
3 63 0.674 428 0.721 071 160.151 9 109.428 6 0.999 476
4 54 1.060 702 0.532 388 66.391 73 65.142 86 0.999 644
5 50 0.444 724 0.825 69 98.305 05 88 0.999 427
6 66 0.863 349 0.639 06 74.941 82 72.6 0.999 719
7 51 0.891 979 0.611 669 98.689 77 81.6 0.999 634
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Figure 6 Significance of adding pyrite on bacteria and archaea. A: The impact of pyrite as an environmental
factor on bacteria. B: The impact of pyrite as an environmental factor on archaea.
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Figure 7 Community structure of bacteria at phylum level (A) and genus level (B) of pyrite added test group.
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Figure 8 Difference analysis of pyrite added test group community at phylum (A) and genus (B) of bacterial
classification level between H-2 (0.5%) and H-4 (2%) (95% confidence interval, Fisher exact test).
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