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Investigation on the characteristics of energy dissipation in
the preparation process of coal bumps
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Abstract ; Based on the theory of the non-equilibrium thermodynamic and energy dissipation assumptions, the energy
conservation and dissipation process of the “coal-surrounding rock” system was analyzed. The variety of the system en-
tropy and the development of the dissipation structure in the coal seam were studied. Furthermore , the method adopted
to evaluate the stability of the system was developed. Based on the XRD,EPR,SEM tests and petrology analysis, the
variation of the coal microstructures before and after the coal bumps was discussed. Investigation results show that the
coal bumps will begin as the fluctuation of strain energy reaches a threshold , which is satisfied with the minimum en-
tropy principle. Coal bump is a kind of self-organized phenomenon. In the preparation process of coal bumps,the coal
rank will be increased by concentrated compressive and shearing stress and associated chemical and physical processes
will occur.
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Fig. 1  Different stages of free energy stored in the

“coal-surrounding rock” system
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Fig. 2 The diagram of coal thermodynamic regions near roadway
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Fig. 3 The diffraction pattern of samples from Xinzhouyao

Coal Mine before and after bumps
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Table 1 The comparison of XRD parameters of the coal samples before and after bumps

WSS 2000,/ (°) Boo/rad 20100/ (%) Bigo/1ad doypp/nm L./nm L,/nm L/L, (L,-L.)/L, Agan
XZYCQ-1 22.1 0.241 43. 4 0. 258 0. 402 0.613 1.183 1.930 0.930 whds R
XZYCH-1 23.6 0.241 42.4 0. 349 0.377 0.614 0. 876 1.427 0. 427 whil JE AR
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Table 2 Reflectance ratio of vitrinites and EPR test results

of coal samples before and after bumps

. R/ R/ R,/ HHEEKIE(Ng)/
TR G 5 ' " f’
% % % (104~ - ¢g™")
XZYCQ-1  0.76 0.85 0. 81 24.323 68
XZYCH-1  0.82 0.93 0. 88 16.950 53
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Table 3 The statistics of macerals in the

coal samples before and after coal bumps
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Fig. 4 The SEM observation results to the coal samples

before and after bumps

MRE KT RSB R R I S E R wi s R A
i R BV bl SRR B A I TR R R L
e i 22 B I 5L A0 RR B O 2 BE A K VR 8 B A — K
(2) Ml bR R A S IR S B AR G 45 &
AT 2 T R s IS | X oo oo & A mip s
TE R E O X TR 43, 45 T S e AR L
B AR DG B = A 1 B IR A, IR RS PR
S AR A JR RS TRk H W - L R R E
P, B Le PR 25 A8 ) 2 DI, >4 00 7 A B ) 1]
ARAE/NT O B, R Ge A B AR 2 5 AR AR e PR
ATy 5 OB, Y A% T 0 B, RER
(3) i e & A TS S FE RS XRD L EPR
SEM i o 2l . sl Mo IR 22k A2 it AR R
RERFEREL S L B AL 2= ad B L 5 B B R
SYY) 738 UAERE 0 T i, FE R 3G 9 JF TR
WOCHARG MPEEAE T, (R AT AL T 2
A MR OAER Y R, & 408 BUE W S R

S E Mk
(1] AR, SRS Vel 8 7 R 5 o i FE 4 BB I

M7 EAIWEFELT] . 4, 2004 ,29(2) :159-163.

Zou Deyun, Jiang Fuxing. Research of energy storing and gestation
mechanism and forecasting of rockburst in the coal and rock mass
[J]. Journal of China Coal Society,2004,29(2) :159-163.
FERAR, B AR, T, A5 ok e AL AR A 0 0L S 36 B Y
[J]. A4 )55 TARSAR,2007,26(5) :901-907.

Jiang Yaodong, Zhao Yixin, He Manchao, et al. Investigation on
mechanicism of coal mine bumps based on mesoscopic experiments
[J]. Chinese Journal of Rock Mechanics and Engineering,2007 ,26
(5):901-907.

L. AR SO RIFE A [ M ] JEat . 1 A K2 W
#t:,1986.

Li Rusheng. Non-equilibrium thermodynamic theory and dissipative
structure[ M ]. Beijing: Tsinghua University Press,1986.

WrsBE. BR I8 A AR BTTE [ D], AR - VY e 528 2 ,2002.
Chen Xianguo. Study on failure and criteria of tunnel structure[ D ].
Chengdu ; Southwest Jiaotong University,2002.

Bk, BT R AR AR i B A A B SR EE [ D). L

H AR (JERT) ,2005.

Peng Ruidong. Damage and strength research for rocks based on the
analysis of energy dissipation and energy release[ D ]. Beijing : China
University of Mining and Technology ( Beijing) ,2005.

. B b RS [ D] AL st s E L K2 (b
) ,2006.

Zhao Yixin. Investigation on the mechanism of coal mine bumps
[ D]. Beijing; China University of Mining and Technology ( Beijing) ,
2006.

I 2R, X UE , 45, XS ZATT SR FTIR it 28
KR G [ 1], FEPROR 2541 ,1999,22(4) 12327,

Xu Longjun, Xian Xuefu, Liu Chenglun, et al. Study on structure of
the outburst zone coal by X-Ray diffraction of FTIR spectrometry
[J]. Journal of Chongqing University,1999,22(4) :23-27.
Shepherd J, Rixqn L K, Griffiths L. Outbursts and geological struc-
tures in coal mines: a review [ J ]. Int. J. Rock Mech. Min. Sci. ,
1981,18(1) :267-283.

FETROMR, AT R . 5 TU A 5 ) 3 A b R A RO A A F 5T
[J]. MEAcE4R 1996 ,21(2) :173-178.

Jiang Chenglin, Yu Qixiang. Rules of energy dissipation in coal and
gas outburst[ J]. Journal of China Coal Society,1996,21(2) :173-
178.





