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Abstract: [Objective] To study the effect of hydrogen peroxide (H,O;) treatment on biogas
production of vitrinite from coal. [Methods] Shengli lignite collected from Inner Mongolia was
used in this study. The methanogenic microbial consortium previously enriched and preserved
in our laboratory was used as the inoculum. Coal macerals were separated by floatation, which
yielded three samples containing high vitrinite (GJ), medium vitrinite (ZJ), and low vitrinite
(DJ). After being characterized, the samples were treated with 10% H,O, for 30 days at a
solid-to-liquid ratio of 1:15. Biogas production experiments were conducted with the coal
samples before and after treatment. Gas chromatography was employed to analyze the gas
composition, and X-ray diffractometry and Fourier transform infrared spectroscopy were
employed to study the physical and chemical properties of the coal before and after treatment
as well as after gas production. [Results] The coal samples after H,O, treatment showcased
reduced vitrinite content and carbon fixation and increased volatile matter. The reaction was
more intense in the coal sample with high content of vitrinite, accompanied by increased
oxygen content and reduced carbon. Methane yields from untreated coal samples on day 100
followed the order of GJ (174.24 umol/g coal)>ZJ (164.31 pumol/g coal)>DJ (135.52 pumol/g
coal). However, the coal samples pretreated with H,O, ceased gas production after day 20, with
the gas yields of 39.63, 39.61, and 41.55 umol/g coal, respectively, representing reductions of
77.26%, 75.89%, and 69.34%, respectively, compared with those from the coal samples
without treatment. Furthermore, as vitrinite content increased, the coal samples demonstrated
decreased layer spacing (dy2) of the aromatic ring lamellae, ductility (L,) of the single-layer
lamellae, and stacking degree (L.) of the lamellae and increased number of aromatic layers (N)
after H,O, treatment, which indicated that the crystal nuclei appeared smaller. In addition,
H,0O, treatment led to increased proportions of aromatic carbons, aromatic moieties, C=0
groups, and C=C groups, enhanced aromatic ring condensation, and increased number of
oxygen-containing functional groups. [Conclusion] Long-term H,O, treatment reduces organic
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matter that is readily bioavailable in coal matrix, thereby decreasing gas production.
Keywords: lignite; biogas production; pretreatment; hydrogen peroxide; vitrinite
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Table 1 Culture system for biomethane production
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Coal sample Substrate Medium (mL) Inoculum (mL)
DJ 5 g low vitrinite raw coal 100 10
Z) 5 g medium vitrinite raw coal 100 10
GJ 5 g high vitrinite raw coal 100 10
clh-DJ-G 5 g low vitrinite residual coal 100 10
clh-ZJ-G 5 g medium vitrinite residual coal 100 10
clh-GJ-G 5 g high vitrinite residual coal 100 10
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Table 2 Proximate analysis of coal samples before and after H,O, treatment and ultimate analysis of coal samples

Coal sample Proximate analysis (%)

Ultimate analysis (%)

Vitrinite (%)

Mag Aud Vaar  FCaar Caat Haat Odat Naar  Sdar
DJ 10.10 12.00 39.72 53.05 73.33 4.17 21.07 1.11 0.28 51.00
VAl 10.81 6.74 42.46 53.66 70.59 4.69 2320 1.11 038 83.00
GJ 12.54 10.37 47.33 47.21 62.27 3.83 3240 1.20 0.27 94.00
clh-DJ-G 6.11 14.44 49.61 43.11 67.14 4.01 2735 131 0.17 11.00
clh-ZJ-G 6.08 7.79 54.43 42.01 64.43 4.18 2990 1.24 0.23 21.00
clh-GJ-G 8.44  7.57 59.25 37.67 61.17 4.11 3351 095 0.24 28.00

Mag: 2 TR T Aw: BATERBERER KT Vaar: B TRIEFEHE R 5777 % Fedaf: 23T
ﬁﬁﬂgﬁliﬁﬁé\%, Cdaf: J:%':Pﬁz)%, Hdaf! J:%EP%:L, Odaf: J:%EP/?L, Ndaf5 J;%':P/fk, Sdaf: k?%qjﬁ}zli

M.q: Moisture content of air-dried coal samples; A,4: Ash yield of air-dried coal samples; Vg, Volatile component yield of
air-dried coal samples; Fcdaf: Fixed carbon content of air-dried coal samples; Cgy,: Carbon; Hy,e: Hydrogen; Oyt Oxygen; Ny,.

Nitrogen; Sy, Sulfur.
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Table 3 Microcrystalline structure parameters of coal samples

Sample 26002 (°) FWHMgq, (°) 20, (°) FWHM, (°) ooz (nm) L, (nm) L.(mm) N

DJ 26.578 0.256 42.336 0.081 0.233 3.756 0.557 3.389
VA 26.679 0.126 42.956 0.152 0.221 2.006 1.132 6.127
GJ 26.686 0.245 43.994 0.229 0.220 1.336 0.582 3.646
clh-DJ-G 26.696 0.122 40.250 0.141 0.219 2.143 1.169 6.341
clh-ZJ-G 26.716 0.144 40.288 0.142 0.217 2.128 0.990 5.571
clh-GJ-G 26.720 0.041 40.581 0.250 0.216 1.210 3.479 17.084
cqh-DJ-G 26.774 0.234 40.347 0.260 0.211 1.162 0.610 3.892
cqh-ZJ-G 26.775 0.293 40.366 0.157 0.211 1.925 0.487 3.311
cqh-GJ-G 26.836 0.148 40.562 0.240 0.205 1.260 0.964 5.704

FWHM: 77§ w5 o8

FWHM: Full width at half maximum.
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Table 4 Parameters of main adsorption peaks
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Figure 3 FTIR spectra of coal samples!®”).

Coal sample Ag00-700 Al 600 Al 800-1 650 As 000-2 800 H/C Ha/Ca
DJ 1.0370 21.078 6 5.844 6 71.854 5 0.682 6 1.8
ZJ) 0.227 1 14.068 6 3.656 4 21.057 1 0.797 0 1.8
GJ 0.1537 26.086 2 6.169 4 60.223 4 0.737 6 1.8
clh-DJ-G 5.598 7 77.450 2 44.710 5 9.877 1 0.716 5 1.8
clh-ZJ-G 8.8315 60.890 5 78.176 3 16.475 1 0.778 5 1.8
clh-GJ-G 2.8895 39.696 7 70.865 1 51.463 1 0.806 6 1.8
&5 HFTIR XIERBENEHESH

Table 5 Structural parameters determined from FTIR spectrum

Coal sample H,/H C,/C f, | DOC “c”

DJ 0.985 8 0.373 8 0.626 2 0.014 4 0.049 2 0.2170
Z) 0.9893 0.438 1 0.561 9 0.010 8 0.016 1 0.206 3
GJ 0.997 5 0.408 7 0.5913 0.002 6 0.0059 0.1913
clh-DJ-G 0.638 2 0.254 1 0.746 0 0.566 8 0.0723 0.366 0
clh-ZJ-G 0.816 6 0.309 7 0.690 3 0.224 6 0.0812 0.536 5
clh-GJ-G 0.973 9 0.436 4 0.563 6 0.056 1 0.072 8 0.641 0
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