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Rising characteristics of internal and external temperatures of rock specimens
under different microwave irradiation modes
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Abstract: Microwave-assisted mechanical rock breaking is an important means to achieve non-blasting continuous mining of
hard rock. The microwave irradiation is of important theoretical and practical significances for studying the temperature
response and failure mechanism of rock. For the granite samples subjected to microwave heating, the unilateral and
double-sided heating tests with different power and time as well as the P-wave velocity tests before and after heating of the
samples are carried out. The results show that the reverse power of the samples decreases with time as a whole, and the degree
of decrease increases with the increase of power. The internal temperature of the samples is higher than the surface temperature,
and the change has obvious phase characteristics, and there is an "inflection point" in the temperature rising phase, and the
surface temperature gradually decreases from the center to the edge in the radial direction. Microwave heating causes thermal
stress inside the samples and generation and propagation of cracks, reducing the P-wave velocity. Heating the samples with a
single, single-sided, high-power and short-time microwave irradiation method can increase the temperature of the samples more
significantly.

Key words: microwave; rock breakage; irradiation method; temperature; power

El

WO A2 A 300 MHZz~300 GHz [ H LS, H

it

PARSY: Yn i

BUBR I #R a A UTHI T RIS BE A H i, BRI

WO T RO I A R A ER Y 915 MHz #2450
MHZM . R IR ) SR R AR b (A R T AE RS
A5 HLIAAE P AN AR A 7 A AU EE P85 A A R B
T, A IR N e, AR
PP TSR, BN R AE R TR IR
IR B HAE, AR R A i
FAEF 2 AR A 2 B i, BRIRERE, A5 A

AR IR N AR R R AT T K&
MR G AF IS 7T . BB E 2 onkg sl mE
26U Hassani 25P1 204N AL AT 7T 1 AR
WEIFGRAE N R R T R B R, BT

EE&TH: EXRARFEIEETHE (51474252, 51774323); iK%
WA E FRRAHWH (201922ts664)
s HEA: 2019-07-10



% 4 3] U, AR SR RN T R A A A AR THIR AL 1 651

R T IR B R it 2R B REAR R AL, SRR .
Kingman %5, # FH AP vang 261§ E gl
RRPH 4L 251 He 25191 Wang 251" Keangin 25!
SR A B A S AR TR AR F T TR EE R - S 4h,
HE B IR B B N R R TR
TR o AELIREAT 2 25 [ I >R T 20 A ML 2 A A A
A8 MR IS (1) £ 2[R I B FEiepe o7 =X R csont
AR (14 AP0 R T IR B ) S

ARG G R B R B R %, DB AN A AR
SN 2R A T A R ) A B U AR T A AR
fiE o 5% DLIRAHSZ Ty R R A N R, B
FAIF S N R M EHIEER IR 78 i
BEIFRGHARE N AR E . RIS . Ry R P
BB TRFEN, BI T  FR TIOB H BO LA 5 1) A
HiRFE L.

1 & AERRIESE
1.1 ORI &

RIS WE 1R, SEmPaREe R i B &
T WLKI- D9 BBV TV s b, 1Z60E R 4R
B R 2450 MHz [ 2 BRI, 450 1 B HET
WRA S MR, RN R G, I
ARG, BHSEIERERG. MARGSE. MEkE
R 3 MU E AL, B E T LS B
i), WA T A B ER AR TR . I\ AR F R
W A oy R R T . A OGRS
% FLIR SC7000 %4, 4 @38 K B4 p 5 B B R8s (]
SCHLRE AP IO SR — IR, PRI 6 %), ZK-115B
AU AR AR RS, 1R RS th &R AP e R
WEA SER, BE 6 mm. K 60 mm, ZK 5 m,
MG 0°C~1100°C, 2 iXEe 2K . P il
ROCK ] HS-YS4A B 47 75 9 5 B0 A
1.2 R

LKA 100 mm>X 100 mmX 100 mm [ 3777 {4
TR A RRE, FERATE. RKARNE SRS YK
SRR, AR BON G, B A AR
BRI, RBEECE A A B, Bk, A
AR AT L) R MREL,  HRRFEEAT P s, %1
BRSO ORI ARE o 7 3R — 2R b O B A A
R 6 mm. JRFEHN 60 mm B, HTE K
H AR A RS, R RN AL A A R TR A
1.3 WMEFFE

AR 65 B P BRI I AR OUN A pt  HA
X, HERHERAE (1-1. 1-2 F1 2-1) 3H4T “Hn# 8 min
— ERA N E FHE—INFH 16 min— HRA A 2= = H—
Ik 32 min— FARA A B IR AN, BAAL

K2, B3ME 1. (LL1-1-32 CHI-2 kW-32 min)
WG], 1-1 R Al S, 32 R it [a]
32 min, RIS = J0hn#k; SRR BT 0, 2 kw
N E IR ZD o

| -1

7 6 661.6°C

000000

-l TR 2- MG RI\ O ; 3-*2REFE Al 1 5
AP ; SAERCERAE; 6-ATEIta; 7-K- BB (ER
15145 ; 8-4MIEK-BIHE (B IE B BR 48 ; 9-FLIR SC7000BI£TSMARARAN ;
10-2E 107 B

1 RERETEE

Fig. 1 Schematic diagram of test equipment
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Fig. 2 Schematic diagram of single-sided and double-sided

microwave heating
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Fig. 3 Flow chart of tests
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Fig. 4 Change of power with time
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Fig. 5 Change of internal temperature with time

EH T & I #4 p BB OID FARH AR A 5 A A
WAy i R — B, 1-1 CRRI-2 kW-8. 16, 32
min). 1-2 G2 kw-8. 16+ 32 min) A12-1 CHfl
~4 kW-8. 16+ 32 min) FEAE IR AR (1 P 30U 5 T 28
ATEREA, WA — N 8 min P 1) PR 52
B T 88 RS = om#,  Hos DA in 7 A
R R A E AL
2.3 HAHRERE

TR R TR B NI A B 6 s, 3R
WL AL RR RIS 0 A, R B (LA T 2R i
O, FELURGPR M A SOz Bk B 2-1-32 F1 3-2-16
FEIRFE 2R rT 15, MR 0l 38 JiSH0 2 is FE 2 T
A JE PR, 7SR T O XA B i K, B 2SR
AR BSOR B 2 AR S H 3B W R AR IS RN, s Rl )
T i TR MR . i 1-2-32 1 2-2-8 30 RE 1
" R RN B R TR AT AR, AE R BT R
N []AH [FJER, [ — o AN [ 4 5 X6 I T 4D 2% T 52
AHHIE, AT T B R BV AR B 2 R )
B o A AR S . 28 BRTIR,

SER R PR AR I E MRS RN =R Pk
T80 LA 1-1-32 F1 1-2-32 A, 0 AT [R]AH R B (32
min), XUM-2 kW [P FEARFE & B M-2 kW 1
1.285 fi5, R BN () AH [F) B D R il e Pk
NP LGB, NI RE R B 2-2-8
3-1-16 REE NG, XUM-4 kW Hi#k 8 min 3 I PR
FERE B -4 kWL N 16 min 1) 1.303 1%, 2 HIHY
T2 RE N B R B K T3 ey 1), s e
S TR I PAEL AT T LR A AR B B A RO IR R
FRAR A K PARFAE
2 2 WURIMMREIE P RHIERT L

Table 2 Change of P-wave velocities before and after microwave

heating
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Fig. 6 Change of surface temperature
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Table 3 Differences between internal and surface temperature

increases
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Table 4 Increase of temperature with change of power during

single heating

ETRe] TR B W/ C PN IR S/ C
1-2 173.3 280.1
2-1 181.6 315.1
2-2 308.3 537.1
3-1 298.0 460.8
3-2 657.5 1241.5
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Fig. 7 Increase of temperature with change of power during cyclic

heating
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