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Inhibition mechanism of glutathione on the active structure in coal
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Abstract: The antioxidant glutathione (GSH) has obvious inhibitory effect on the process of
coal oxidation spontaneous combustion. To clarify the difference in the inhibitory effect of
GSH on active structures in coal, the active structure model compounds were prepared in this
paper. The inhibitory effect of GSH on the oxidation of each active group was investigated by
temperature-programmed experiment and X-ray photoelectron spectroscopy. The interaction

and reactivity between GSH and active structure were analyzed by quantum chemical method.
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The results show that the initial gas production temperatures of different model compounds are
different, the initial gas production temperature of each model compound increases to varying
degrees after adding GSH. The CO content is basically lower than that of the untreated sam-
ples in the whole process. During oxidation, the variation of high valence oxygen-containing
functional groups in model compounds treated with GSH are lower than those before treat-
ment, indicating that GSH can effectively inhibit the oxidation process of these active struc-
tures. This is consistent with the decrease of indicator gas release in macroscopic experiments.
The reaction sites in each model compound are concentrated near the methylene, hydroxyl,
carboxyl, methoxy and sulfhydryl groups. The active site of GSH is concentrated near the
S—H bond. During the reaction, except that the interaction between GSH and thiophene al-
ways maintains Van der Waals” force, the interaction between GSH and other model com-
pounds can be converted from Van der Waals force to covalent bond and spontaneous exother-
mic reaction occurred, indicating that GSH reacted with key active structures in coal to inhibit
the process of coal spontaneous combustion. Comparing the reactivity of GSH with various ac-
tive structures, the inhibiting effect of GSH on hydrocarbon functional groups and thiol sulfur-
containing structures is significantly better than that of oxygen-containing functional groups
and aromatic functional groups.
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Table 2 Basic properties of active compounds
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Table 3 The configuration ratio of the model compound
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Table 4 Thermal kinetic parameters for different states in R1~ R8 reaction

KA eyt H/(k] * mol™ ") G/(kJ + mol™ ") AH/(k] » mol™ ) AG/(k] + mol™ ")

S —4 493 146. 960 —4 493 264. 093

R1 —576. 884 —655. 326
=) —4 493 723. 844 —4 493 919. 419
SR W) —4792 284.134 —4 792 584. 491

R2 —217. 670 —203.197
) —4 792 501. 804 —4 792 787. 689
RN —4 597 761. 207 —4 597 842. 930

R3 —445. 568 —397.518
'] —4 598 206. 775 —4 598 240. 448
JLE ) —4 597 749.726 —4 598 047. 478

R4 —387.001 —370. 888
=) —4 598 136.727 —4 598 418. 367
SV —4 594 736. 982 —4 594 958. 318

R5 —131.799 —156. 692
7= —4 594 868. 780 —4 595 115. 010
S —5 104 094. 998 —5 104 119. 408

R6 —222.591 —179.558
=) —5 104 317.588 —5 104 298,967
S —5 342 383.713 —5 342 678. 860

R7 —217. 381 —260.124
=) —5 342 601. 093 —5 342 938. 984
RN —5 139 588. 259 —5 139 806. 122

RS 136. 333 100. 827
7] —5 139 451. 926 —5 139 705. 295

W AH RRMBA AG FRHF AN A b aEE.

H1 3R A BT P, GSH 5 0 v 22 B0 1 45 4
¥yl | kAT RO X b GSH 5 45 28 B fig A [ B
I FA T 2 2 B oy 1 1R AE T 5 26 BT R B B
TG MEHE T AR B8 08 = O i > O B ik > 2R

PR = % T I > 4 B > 4E > WE y. GSH 531 1 3k
S5 D e 2 L 3 R A B R 2 0 9 M 45 A A7 AR B
0 A EL A W B 52 RIS AT 2R RS A2 7 4, LR
FE FAH] 5 %o R 2 R R 28 3 M 5 b e A TR
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