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Effect of microwave-induced fracturing of Chifeng basalt by a multi-mode cavity

LU Gao-ming, FENG Xia-ting, LI Yuan-hui, LI Shi-ping, SU Xiang-xin
(Key Laboratory of Ministry of Education on Safe Mining of Deep Metal Mines, Northeastern University, Shenyang 110819, China)

Abstract: The microwave-induced fracturing of rock as a promising microwave-assisted mechanical rock breakage technology
and can release the stress on a rock mass in deep underground projects. It is of significance to the construction efficiency and
safety of underground projects. In a relatively short period of time (tens of seconds or minutes), microwave irradiation can
cause rocks to be fractured or even melted. Two cylindrical basalt samples are irradiated by microwave at different powers
using a frequency 2.45 GHz multi-mode resonator. The temperature distribution on the surface of the samples at different time
is measured by an infrared thermal imager to obtain their heating characteristics during microwave irradiation. The
microwave-induced fracturing effect of rock samples is evaluated by rock strength and wave velocity, the mechanism of
microwave fracturing rock is expounded by dielectric properties and microscopic characteristics, and the influence of
microwave irradiation on the Protodyakonov coefficient and rock crushing work ratio of rock is studied. The results show that
the surface temperature of the samples is distributed in a regional non-uniform way, and the temperature at a certain point on
the sample increases linearly with the irradiation time. The rock strength and wave velocity decrease linearly with the
microwave irradiation time. Pyroxene (a mineral with strong microwave absorption) produces a large amount of heat after
absorbing microwave, and olivine (a mineral with strong thermal expansion) produces a strong thermal expansion under the
action of high temperature, resulting in great microwave fracturing effect of Chifeng basalt. After microwave irradiation, the
Protodyakonov coefficient and rock crushing work ratio decrease to a certain extent. The higher the microwave power and the longer
the irradiation time, the greater the degree of reduction of the Protodyakonov coefficient and the crushing work ratio of the rock.

Key words: microwave-induced fracturing; temperature distribution; strength reduction; dielectric property; Protodyakonov

coefficient; rock crushing work ratio

0 5 RS : WH AP ST (41827806) fEM L EF2E S

FATIE SR AR e — MR G 05 T (2018M642958)
isHHEA: 2019-03-16

it



1116 H O+ T OB % M

2020 4F

BN A B TGRS A AR B R AR, X R T
T it T 25 3R TR B R i 1 22 4 LA i (U,
R R B AR Tl BA U 5 ) L 2 IR A 2
F, REJJEMAEGMTINE, BRI R
1), AT FAAR B T plAs, e it TR, i AL
P BB SO R AR TR S AR REAT B TR, ik
P v N A P SRR b o i T, 81 e e B A A R
JARSE, T CRAIE R A T RE (1 T2 42 .

P GURR LR U IR (B AR 5 kb o
SHbhL, XPEITEE G 90% L B RREAE KRS
AR TR A AT LR 3, Bi% 7 AR EX
FIRBIME R il TR AR AN B 5 S R M S — Rk
R AU AR B T DU R R . TERRIE i T
TBM FlJE WL R B A )2 FIRETE 42 757% . TBM
FHZEEARRIERS, IR BHE, #IIm%E, K
K T HBA, MERE T i THEESY, A%
SGiit, TR B AR 5 it 1] 23 B o I K
AFN T I 30%~40%, HAEF 2P 51005 TR
ZUS R TBM Jiti T, (B3R A TSR R S,
7 TBM 2 it 3k 2000 m it #2 Lt sE b0 J) 38
1, 7] 1668 41, JHFEH T JIMEl 858 />, i)t T A%
AN, R T T,

TG MIBEIE it Tl RE A, BT ICA s, &
BUKF BT ) EL B0 ™ E . T RAR . B e PR e,
7Nk =5 2R TE R ARIX [AB BITE R A IUA B, IEH
TEOL T ENLLE KA He— IR R, AR X A4
ATEE LK & 4 ) B, A Sty BRI B
METERSIE T T, MEMPURA TR, ZERX
()8 — 4 T, TRETCiEE, BBk A AUy “i
FEVEAERE” . T RS AT A N AR R T, PR
TR CRA RS, ELPUBE SR S R ) Y, T
FATRPE AR AT — B2 B TBM BT JJIT)
AR BTN R, SR 3B AR 4B TBM 55
JERAAL T B TREL R A 5 BRI, RN LR ) B
FRIBES5 1P, T PRRAECIE TS, SR it TR

TEFH TREM A+ TR, Hassani 2521200
FH 22 A5 s Tl 26 8 R AN TR Th R B AN R A a1
BT R 4 5 P RN R AT TR A, IR A E
AELAIF FE0T L ) 7320 0T e R S P 0 o) i 25 3 T Ui
FE K50 . Hartlieb 252252 4% 2450 MHz. Th#%
3.2 kW [T 3 BT T A A A A )
PRSP J2 W 2455 L o Peinsitt 25 55% FHTh % 3 kW,
AZR 2450 MHz [1) 2 B8R W70 T TR K 2
Fi ACREFIRDE 3 P A I Bl R AR R L RN
FHIE AR 5400 . Hong 2624, Li PSR F )% 6 kW,
AR 2450 MHz (1) 22 1R s 5o ke FE S I JE g i

B AT S B HEAT T F A . Zheng ZEPCUR A Th
2kW. HiZ 2450 MHz FSRBOEHR 07T 7 DA
5 L S I I o 2 K 23 S AR 33 P B2 ) o L 257
KT 6 kW, #%E 2450 MHz £ B IRIEEI 5T T 9%
T3 B A D R RE 77, K A R A R
BE 7795 R s A HP S e W SRR 55 s T i 3
25, ATRRYE A A TP Ry FI W TR i BB
NT SR SR BRI TR, 5 R BPIE
TEST TR B B S B, BT X st A IR
T FRR A AR T B A Fi TREN B T W
IR BRI B, AT SR 2 T S A o AL
P EE PR R T

AR s B AR IS A8 I R, AT
SFANRSHEARFE TR m#, TR 70 A
TR B FAER - AR 2.45 GHz (19 2 BB R
Ji s LN R AR Th 2R ANAS [ R A int B S st 1), ke
T Ip P S 3 O R T PR 20 A Bl ip B Je A A
[R50 B FNPEAS IEET T KA T FB i EAS
Bl A 1 B R E A A LR Th, BRAE T A TR A
TR ) o 25 A 2 B R i 4 A i o B T R e

1 REHE
1.1 R
ZRAEBEME KIS, EHEREETE AN H ERH
B E BRI, R M ER 52 A A BR A B ) S
B . XA S BRI AR AR K, AR RS
JoR S ASFLIS WU 53 B A BT R o AR SCREE R FH 1) Xl
WE WA, Xed g RRW, ZX A EEK
I REHC (65%) #EAT (23.9%) FIRME A (10.9%)
(Xrd FRAEATEHS IS WLE 1.

lag|

Plag 65.3+1.2 wt%
Px 23.9+0.8 wt%
Ol 10.9+0.6 wt%

Intensity(a.u.)

Px 78-1390

Plag 72-1246

| Ol  76-0850

10 20 30 40 50 60 70 80
20/(° )

1 FRIEZRE XRD tRAE T8 L
Fig. 1 X-ray standard diffraction pattern of Chifeng basalt
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Fig. 2 Microscope images of Chifeng basalt (Magnification of 50 times, columns at left side, middle and right sides are obtained using

plane-polarised light, cross-polarised light and reflected light)
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Table 1 Test scheme of microwave heating and uniaxial

compression strength of basalt
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Table 2 Basic mechanical parameters of basalt samples
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Fig. 3 Effects of microwave-induced fracturing of two types of cylindrical basalt samples
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Fig. 4 Surface temperature distribution of two types of cylindrical basalt samples (room temperature of 16°C, and cross cursor referring to

location of maximum temperature)
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Fig. 5 Relationship between surface temperature and exposure time at approximate center position of upper surface of cylindrical basalt

samples with two specifications
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Fig. 6 Dielectric properties (dielectric constant, loss factor, and loss tangent) of Chifeng basalt after different exposure time (frequency

range of 0.5 GHz to 18 GHz)
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Fig. 8 Microscopic crack growth in basalt samples before and after microwave irradiation (magnification of 300times)
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