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Abstract: Strains with transformation effects on Xinjiang lignite were screened, and a compound microbial
agent was constructed. The coal transformation tests of 13 strains in solid culture media and humic
acid production tests in liquid culture media were conducted, and Hyprocrea lixii AH, Penicillium
janthinellum H3, Trichoderma reesei, Aspergillus oryzae, Bacillus thuringiensis Y and Bacillus subtilis
were initially selected as the combination objects for the microbial agent. The inoculation amount of single
microorganisms and the optimal combination ratio of the microbial agent were studied based on the total
and soluble humic acid content of the corresponding residual coal. The research results showed that the

optimal inoculation amounts of each strain were 2% for Bacillus subtilis, 1% for Bacillus thuringiensis
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Y, 3% for Penicillium janthinellum H3, and 1% for Aspergillus oryzae respectively. In the compound

microbial agent, the inoculation amounts of each strain were 1.5% for Bacillus subtilis, 1.5% for Bacillus

thuringiensis Y, 1% for Aspergillus oryzae and 2.5% for Penicillium janthinel/lum H3. This compound

microbial agent had a good transformation ability for Xinjiang lignite, and the total humic acid content in

the residual coal transformed by which was 64.41% and the soluble humic acid content was 33.44%.
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Tab.1 Proximate, ultimate and humic acid analyses %
Tk JLRITHT JEEHE R
KTy My KIF Ay $ERIY Ve [EERR FC, Our  Car  Haur Ny BUEHRR 7 EEHIR
JEUAR: 4.80 8.91 38.83 55.72 2450 71.56 322 0.65 29.75 6.24
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Tab.2 Ly(3*) orthogonal factor level table
B 5 R G SE AT I PN H3

1 1 (1.5%) 1(0.5%) 1(0.5%) 1(2.5%)
2 1 2 (1%) 2 (1%) 2 (3%)
3 1 3(1.5%) 3(1.5%) 3(3.5%)
4 2 (2%) 1 2 3

5 2 2 3 1

6 2 3 1 2

7 3(2.5%) 1 3 2

8 3 2 1 3

9 3 3 2 1
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Fig.1 Dissolution coal effects of five strains bacteria on plate
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Fig.3 Dissolution coal effects of three strains laboratory isolated fungi on plate
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Fig.2 Dissolution coal effects of five strains of fungi on plate
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Tab.3 Humic acid content of lignite treated with different strains %
R SRS 7 ATV SR IR 1
JEARE 29.75 %0.15d 6.24 *0.36b
H R E R AH 38.39%0.12a 3.91 £0.36¢
MR E 5 A H3 37.82£0.42a 2.52 +0.28de
PR 22 (CGMCC 2.637) 29.98 +0.29d 1.77 £ 0.20ef
HIUAR%E (GCMCC 3.13241) 35.52%0.23b 1.35%0.15¢ef
St AR% (GCMCC 3.15484 ) 22.80 = 0.22h 0.46 +0.17f
MR ARE (GCMCC 5.1213) 26.66 +0.21f 228 +0.30de
Kl E (GCMCC 3.13905) 32.66 * 0.24c 4.95 +0.30c
il (GCMCC 3.11529) 27.93%0.19 0.45 % 0.53f
BB FRFFE Y 28.16 +0.43¢ 7.28 +0.40a
i B 2R B (GCMCC 1.821) 28.19 + 0.46i 7.27 £0.28ab
AR ZEALFF B (GCMCC 1.15832) 19.06 = 0.12j 6.37 = 0.26ab
E R R (GCMCC 1.16094) 21.81+0.16¢ 4.89 £0.32¢
SE/NZEATR (GCMCC 1.15832) 2530+ 0.41g 6.19 £0.37ab
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Fig.4 Results of antagonistic experiment of strains
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Tab.4 Humic acid content of lignite treated with pairwise combination of strains %
FEfih SRR ATV RIR &
JEARE 29.75+0.15¢ 6.24 % 0.36f
Y+AH 48.88 * 1.63cd 16.26 + 1.12¢
Y+ Kl E 59.02 + 1.89a 7.44 + 1.46f
Y+ HIRARE 46.58 +2.14d 24.93 0.97ab
Y+H3 51.63 = 2.37bed 22.88 +0.85bc
i F AT +AH 50.90 * 1.63bcd 5.80 +0.78f
M2 AR + oKl a2 56.12 % 1.22ab 17.16 % 0.84de
M F AT I + IR % 51.31 % 1.29abc 20.35 % 0.69cd
R R ZEAUAT I +H3 51.15 £ 1.95bcd 27.50+1.17a
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FZEMAT I +H3 3 NG RORBAE, SR Tk
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Fig.5 Single factor test results of inoculation amount
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X R £ v P — TR ARIEA T R A Y HL IR R
K, W B ERE B R R AR
PRI R BT IEAZ IS, REFKT 28 “CHiJR
3 KJA, S g Bk, FREHRGALEL 10 K. B4
BEE 2 PATIAE:, WAL PR SR, A%
B P IR RIR &5, F TG A TR LA,
i et dne UL A B ) S RC EE 491 o IR SR AR 5. K 6.

W2 A 45 SR AT T, Y ORG EEF A AT B R
HOH1.5%. Y HER R 1.5%. K il & 5 Rl R
K 1%, H3 B Ry 2.5% I, &5 Ak 18 08 7 i Al
FR R R e, BDAGREZEAIAT I - Y Okl % -
H3=3 : 3 : 2 : 5, ¥MUAT L Ll T sk ik e,
DA EEAL G FR b B E MR & R 64.41%, WTE
PEEAEER & ol 33.44%. AT EL, BRUESS SR S5
BRI 45 ALY o
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Tab.5 L,(3%) orthogonal factor level and orthogonal test result %
VST TR AEAEIR 5 R AT R R £ NI a
1 63.32+1.19 29.53£1.20 46.43
2 5821 +£0.65 29.36+1.14 43.79
3 59.58 +1.17 32.15+0.83 45.87
4 58.74 £ 1.61 30.70 £ 0.86 44.72
5 57.93 +1.41 29.49 £ 1.56 43.71
6 56.78 £ 1.35 30.20+0.50 43.49
7 48.35+0.68 14.61 £0.74 31.48
8 50.97+0.72 2228 +1.29 36.63
9 56.59 +1.50 19.55 +£0.57 38.07
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Tab.6 Mean response table of orthogonal test %
K- BRI Y Kz H3
1 45.36 40.88 42.18 42.74
2 43.97 41.38 42.19 39.59
3 35.39 42.48 40.35 42.41
WY 1 3 2

(1) B AR SR B8 R AR M e A 5™
FEARR RIS, 030 HH R A8 K T oA L e Ak ™ ML R
MTEY FEA OB E R AH. TR H %W H3.
HIGAR (GCMCC 3.13241) . k1% (GCMCC
3.13905) . Hh o BIAEMAFE Y. A A AT
(GCMCC 1.821) .

(2) WEMEFZERATE . Y. H3. SKilliE 4 B
PR EA T B — T AR W R AR ™ IR A RS, e
5 TR IR 11 S AR 42 Pl i 20 ) R ol B 2R AT IR 2% . Y
1%. H33%. K% 1%,

(3) FEE AW AW &b, % E R
Tl 5 43 00 A AE R ZEAAT B 1.5%. Y 1.5%. K
B 1%. H32.5%, BIAG S ZEMAFE Y « oKkl
o H3=3 : 3 : 2 : 5, WA AR HEeE
A RAFFEAGRE DT, FE AU M b SR MR 5 A
64.41%, TIHTEBSHEIRR o8 33.44%,
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