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EXPERIMENTAL INVESTIGATION INTO DEFORMATION
CHARACTERISTICS OF ANTHRACITE UNDER THERMO-MECHANICAL
COUPLING CONDITIONS
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(1. Institute of Mining Technology, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
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Abstract: By utilizing the self developed “600 ‘C 20 MN servo-controlled rock triaxial testing machine with
high temperature and high pressure”, the investigation into deformation characteristics of anthracite specimen with
400 mm in length and 200 mm in diameter was carried out at constant stress corresponding to the in-situ stress at
the depth of 500 m (axial pressure is 12.5 MPa and confining pressure is 15 MPa), increasing temperature from
room temperature(20 C) to 600 C at a rate of 10 ‘C/h. The study results indicate that the process of
temperature-dependent deformation of anthracite can be divided into three stages, i.e. thermal dilatation stage with
temperature rising from room temperature to 200 ‘C, slow volume compression stage from 200 ‘C to 400 C
and serious volume compression stage from 400 ‘C to 600 °C. The critical temperature range of anthracite
deformation mechanism transition from brittle to ductile is from 400 C to 450 °C. Temperature and pressure are
the main factors which influence the brittle-ductile transition of coal mass. The principle of transition condition is
temperature-pressure equivalent, i.e. higher critical temperature needs lower transition pressure. The deformation
of coal mass is significantly influenced by thermo-mechanical coupling and pyrolysis gas, while the main factor at
a high temperature is pyrolysis gas.

Key words: mining engineering; temperature; pressure; anthracite; pyrolysis; brittle-ductile transition

Wk A #: 2009 - 12 - 06; f&EIHH#: 2010-04-25

BEWH: ER HRRERLETE 0 H (50534030); [E 5K [ 4R AF24 3L 4 % B 15 H (50874077, 50804033); 117444 1 5 51250 & 3 4x 10 H (2009011059 - 12)
1 RITY: B TZE(1983-), Ui, 2006 fEEE LT T K EE (R M) RAT TAE G, I LW oeAs, 32 2R R W R 1k S il v R
Fi SR J7 T BIWE R T AE . E-mail: £2)3893811@126.com



F294% el

W, A BOIRR AR TR TR AL (KR I T

* 1625«

][l

1 35l

PR — RO BE . )T BUR A HLA A .
TESER MR A 2 A ST R M TR,
N2 B R ) R G, LB e vk
AR T 45 A R R, ST S
ST TE R TE % oA DLSOR e 5 AR R AZ T
YR, MR AR TR s 28R TE 1T %
W7 BEAAATE P5m,  RIL,  WF 0 R R
B AR AR AR AR S o0 A e A< Ak i
(R P S A TSR o R A Ak AR T TR B o
PR 3 TR R 2 A TSR AR B T (1T %
PUH A T E .

KTREE - IR AR GAE RN BRI AR TR AL
WANEZIRIAZ . [H5h R, M. Bustin 254 i15%
R DGR L AL ) G AT T — PS4 FRRE S
W2k A B S A R 3 AR TR LR
X} 3 M RIA BRSO R, = 0.67%, 3.41%,
4.90%(\HREAE T = 350 ‘C~700 ‘C, P.= 400~600
MPa, &= 3.63x10 °~2.59x10"° s * [R5 A F AT
I T RIS S5 R, SRR AR TR B e
2 ()3 v 1T B AR IR IR M O, AR AR e R A
S SUR R BRI RN, FERHERER 2R v ARy
IR 2 P S [RRE IR AN I 4 1
TRHIFFT T H S AR R v R P T R i e s
AR TEASAE, Fr iR . AR B 5 45 R
ZE MR R AR TR OG22 . TR B, i
FERS B FAEH,  m g b BoE N T B Bl FE i
F M, R B X T F R EE,
AR ) P AR FIRE ORI AR TEAT AT B3
Wi o KRR BRI T 90 /K Z
e R O R v RS 0 RS P AR G SO A (D 20 T il
(200 'C~500 ‘C)HIT ) (200~500 MPa)Z<ft T
BICHFAE, A HAFERERE AT, AT
SR EAT B AR, L R B ) R e T
JE IR ;. FF4RH 200 ‘C, 200 MPa #1300 C,
300 MPa A7 IR0 AR TG — B0k e e ()3l B 0 s
WIE o

EUA 1 T il v R 1R AR B 7T 3 22
2 IR IS AR TE A B H R, i FLE BT 0 /N RS
Pe(g25 mmx50 mm)7E il e R NN ) - AR

CRFFAE o TR R ML R AR 2 SR IF R ST
TRR IR GO IEAA, /NPT TG V2% 31 S 1 s A
N EIE ARG . Beah, R TR AT 32
B RCE N ) IR, (R EAD s, IF Hsz
NN RE, W R LR A R A TR A
ARG R AR T A HEDE BT R, TR R 2 <
TSR TR rp AR P ) AR A 5 I
], DRLGA 25 RGO T Re 6% TS0 b e 1k
JEAT R A AR I AR FE R, R H A MoK 2
211 TR H “600 "C 20 MN Al ik da: il il v
AR =HRIHL” RS, W57 T 200 mmx400 mm
KIHTEHABERFEAE 500 m A A FEIE 125
MPa. [k 15 MPa), LA 10 ‘C/h [F)THi s R T it
TR AR TR o

2 RIEHER

21 REEE

L T R B e 12 R
KA 211 TR AU I H A 0600 C 20
MN -] e il it e H AR = lnalge L, iZalsepl
A2 H AT P i — 0] 8 2 BT A 2 D gk
B o RIS H K A A R 7 2K, s )
PR A O g A, R M FORS I 2 A A
T, HREIE R 5%0 mm, IR FH AR LA 22 AL o
TRIG AU ) B KAk 10 000 KN, - i) fe KA 8 Ay
10 000 kN; R 5 K4l 1 & ) 318 MPa,  f KAl [11]
J£7J 250 MPa; i) A ¢200 mmx400 mm; ik
R e IR SE IR 600 °C s fali iy i A AN 1) s g
PRI % 360 h BAL, HiE . M i sh AR
F40.3%; i iR ) s LA R R i AR e
I Thae, WA H R BEEA KT £0.3%; ),
I WSS AR RSN A
/NT-14.81x10° N/m.

TG e BORE AR T i I & 3 LA e
SN s Sk A B R E B, IS O KR
FEEEALRRANTR) A R LB 1), DR
0.005 mm.

A NaCl A4 A5, DRIk, il )
JE Sk (A8 SIE B bR AE F A R AR T R RE ) 1] A%
2 Fl. NaCl ST, #2072 508 ik oy
AT



*1626 HF S TR 2010 4
22 ik ¥ AR, MR AE 450 CUIRTASTE RN, 450 C

BURE DR B DX T . MR T A

SNl
&y
/)

=~ j

) o

K1 e
Fig.1 Grating ruler

FRIPCRHERE,  degeid & FA A0 TN T e A
BB, FERAWER I T, 153K K
RS RS 200 mmx 400 mm. KRRESARTE RAT,
Al ULBR R, B TR RS R, B IR A B
Grek, ] FH RS AR DK S R AR Sl H A
B AN

23 REPE

(1) 7EAINLRSE b, St R R e e e
IEALLP

(2) MR EHANTHREIINE TG L, #
VEFENUE N HIRS, B J7nE 500 m J5is )
R HE 12.5 MPa. [# /i 15 MPa).

(3) TREF 500 m J5lf N PR, UUF8))7
REEEM 20 ‘CLL 10 C/h HITHEE R T ER 5
A5 600 C. ARTEE KR RIS WL RS A
IR

P TR R il 7 A S, DR S £
PEAT L S R — BT R], I AR AR DA
WS AZ T B3

3 BREEZHEDNTTEERTE
FHE

fHE 500 m sl W JPIRA, WEMN 20 CLL
10 C/h (R TS 600 Co ThiatFE 5 3ok o4
SRR T AR P AR T AR ] 2 B

tHE 2 nlgn, JoHHEEA L 20 'C~600 CH

IRl i« A0 g A2 10 AR G o, WA A ] 22
Hefii o AR Tl e 2 P AN TR] it 90 Bl B PR AR T
1iifk 600 'C

{5 450 ‘C 450 C~600
400 20 C—200 'C 200 ‘C~450 C_ .

| i | L
350 - ! ! : ik
300 | i i i il
e i H : i
T B0r P i Poia
= anb s N ' ' 1
2y} ¢ —8— AR ' oI
= 150 F X 1 Il 1
—h— APNAR 1 ! L
100 7 ! '
] 1]
50 i :
0
0 24 48 72 96 120 144

I a)/h
K2 JoHEE AR TR AR 1R A T R A
Fig.2 Deformation law of anthracite during temperature rising
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Fig.3 Thermal deformation law of anthracite
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Fig.4 Curve of anthracite stress-strain characteristics at 600 C
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Fig.5 Relationship between pyrolysis gas and deformation

increment of anthracite under different temperature
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