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Abstract: The laser-assisted rock breaking is a non-contact technology employed for the rock fragmentation, with its efficiency
contingent upon the laser power, irradiation time and defocusing distance. To explore the effects of various irradiation
parameters, the rock-breaking tests are conducted on three distinct rock types, including limestone, sandstone and granite. The
temperature field, perforation parameters, specific energy, thermal-cracking energy, crack distribution, mineral composition and
microstructural characteristics are studied. The results demonstrate that the rock surface temperature subjected to laser
irradiation experiences a substantial increase, with the maximum temperature and temperature gradient of 2000 °C and 1500
°C/mm, respectively. The granite sample exhibits the highest surface temperature and temperature gradient, followed by
sandstone, and the limestone displays the lowest values. The perforation diameter, depth and speed of rocks are closely
associated with the corresponding irradiation parameters. The sandstone, limestone and granite exhibit the maximum
perforation speeds of 3.18 mmy/s, 2.68 mm/s and 0.8 mm/s, respectively. The relationship between specific energy and
irradiation parameters mirrors that of thermal-cracking energy under the same irradiation parameters. However, the specific
energy values are approximately 1-2 orders of magnitude higher than the corresponding thermal-cracking energy values. The
specific energy ranking for the three rock types is as follows: granite > sandstone > limestone. The rock samples exhibit a
notable presence of radial cracks that extend to the edges. The limestone and granite samples display extensive development of
the secondary cracks, whereas the sandstone shows no

significant presence of the secondary cracks. The irradiated EEWB : bR 5 TR W s % A BOm H (104023006);
R HARFEE S TUH (51978653); [ 5 i S 3R RO 51 8 &I
TiH (B14021) .
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rock samples demonstrat evident alterations in both diffraction
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intensity and microstructures when compared with their corresponding original samples.
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W/i(mK), FKFEEEY 0.15%~0.46%.
TOERYMNESY

Table 1 Physical parameters of rock samples

Ytk B/ F#y/ SRR FKkF/

ZH (kgm?  (Jkg"K') (Wm'K" %
FIRE 2714 720 3.06 0.46

¥ 2661 781 1.78 0.40
ARk 2630 714 2.60 0.15

L XRF WA, 152 7 3 Flos i = B2 0 &
JRENE, W3R 2 Fim. AR, AREH CaO 7
HiK, WA NN Si0: & & i .

1.3 RWHR

BOGIRG A A AR R B R S H0em,
BOGThZ BRGTET (R AN S AR R B 5 . A SOR A R
— B EFIF AL, BOLIhERIEEY 400~1000 W,
FES I (R YE A 5~20's, SFEREBSYERIA 6~12 cm,
BEARBOCIRE S HUNE 3 fin. [0 R A,
S 1) T 25 A2 B 25 2 3B 58 O 20 s T 6 em 4RSS
B [ AR AR, SO T 2 R B AR 2 43 S 1 B 1000 W
M6 cm; 248 A EE B AR, SO T AR SR I 1] 3
HICE N 1000 W F120 s. BEAk, A REYE R
RIEZAETE, Irf RS ESEUES ISR A
2 = i e AT I
1.4 HiEALIE

LL BE RN AL RE R VP O B A MR M R E S
o Hr, LhREE XONBOE 2B B RS A BT R
RemUY, HFRA T FR:
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X ECARE Jlem®); P OABOLIIZR (W) 1N

RIS TR] (o) VRO RS LB A AR AR (em?) .
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ReER S, HE T PR:
P-t
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i R LA MBS S HOPIR T RIRHE 1
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Table 2 XRF results
2y Nax0 MgO ALO; SiOx K20 Ca0 Fe203 CO; He
HIRE 0.13 2.30 1.17 6.21 0.08 51.23 0.37 38.39 0.12
WA 1% 3.99 6.16 16.10 50.35 1.25 7.87 11.96 — 232
e A 1% 3.53 0.69 13.91 68.55 5.16 1.63 2.46 — 4.07
=3 HWeH
Table 3 Test parameters
ZHHE WOLThZ /W T8 55 I 14 /s SRR ES /om
I 400/600/800/1000 20 6
I 1000 5/10/15/20 6
111 1000 20 6/8/10/12
YL BREOETh R B AR RE R, 18 R R R I [R135 4 30 s,
x4 MAEERMTAEE
Table 4 Test accuracies and uncertainties
Bl R/ PC Fig/g £ 5% /mm PEF/em? Es, Etc/(kJ-cm3)
TR B +2% +0.01 +0.02 — —
e B +2% 2%~5% 0.11% 0.08% 2%~5%
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Fig. 2 Radial temperatures of rock surfaces under different
irradiation parameters

WEEHOETIA 600 W BRI 6 cm. RS I [H]
20 s IS A Wb A AAE R A IR A, i 2 (d)
PR e RIBURIRIGLEALAE B A IR e W a IR
FRERERAR, W 7 mm LKA A AH
AR EES BN 812°C, 645°C, 430°C. HITAK
HEBERSNASA TR, HiREGEE 700°C)E
BWR A RN, SRRSO R, AT
B R FERA A FER AR TR AR ea,
P B o BT Y R A BRI RLIR S, HAEK S
SRARBELRY A, SOOI R AE R I AR X
B tbAh, WHHFEIRESEN A ICE . WA TE
RAIL A, TERARR] T NR IR, A
3 KA BRIR R T 1000°C/mm, e A7E K]
HANIA 1500°C/mm,  FLAH [FIA7 B AR b 5 2 i I A%
FEfmR, WAk AERDN, WEE 7 mm A4
K Wi EKERMRERE 27308 192, 292,
1108°C/mm. Uitk sy (AR BE AR FEAR L, K (EA R
AP FE MO ORI AN AN g, e AR B
B SECE AT,
2.2 REAE

(D HILZH

Kl 3 NARIBZHOR 3 K AsfLERS, W
53 KA AHHLERYBEEOGThE . IR ) A £



9

FIUT, & BOBRS S HEE SR 1813

PRSI N 2R K. WK 3 (a) B, AAHAL
BRI BE IR ThZsE g o, 40T Z M 400
W I E] 1000 W, A A S FLE AR 6.1 mm 340
B 7.8 mm. X2 FONEOCDI R B, R TR FA
wEHE, SEULESREBO -3 (b)) mA,
A AL AR I RS B T 384 T B8 o 24 L S B i) A
5sHNE] 20 s B, WA B FLEAR M 8.6 mm G NF] 9.6
mm. X2 BT Bl A BOE D E ARG R, AR
B Wi it etk 22, UL E ARG s B 3 (o
RI, AASFLERRE SRR S K. s
FEESM 6 con BEINF] 12 cm I, 6K A S FLEARM 7.0
mm HINE] 104 mm; JEFRBOCE AR, ¥
FECHR IR AR, BN FLE ARG KU,

101
- AKE
—o—ha
—— XA

oo
T

HFLEZ/mm
EN

400 6(I)0 8(I)0 10I00
HOL#/W
(a) B0t

100 o mws

—o— WA
ol ek

HFLER/mm
-]

5 1‘0 1‘5 2‘0
T gFat A /s
(b) MR

[ ——mxH
—o— WA
L —=— HRE

HFLE R/ /mm

6 é 1‘0 1‘2
BN /em
(c) BAEES

B 3 TRIBHSHTHILER
Fig. 3 Hole diameters under different irradiation parameters
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Fig. 5 Specific energies under different irradiation parameters
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b, KA NERER AL AW R, &R
VIRORLRIVE  BHR S 3 nUS 19058 Rk e bl 2 FE
Ko BEAL, 3B RTINS A i HE ST B 1) 389 v 386 0
WIS 5 s B, A KCE AR E AR KA
SRR, BEEIRSES R 10 s ZEKF] 208, 7K A
1654 AR RLRE 4> BN 0.039,  0.459 kI/cm? 341 E
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Table 5 Thermal-cracking energies
HEUHE/(K) -em )

HE B S5

RS TRE DRt A

400 0.122 1.51 1.628

e ThE/ 600 0.103 1.36 1.450
W 800 0.090 1.08 1.138
1000 0.078 0.68 1.072

5 — 1.51 —

FESRF I R]/ 10 0.039 1.65 0.459
s 15 0.043 2.04 0.570
20 0.078 3.18 0.838

6 0.078 0.67 0.860

ER e 8 0.092 1.02 1.072
cm 10 0.097 1.26 2.490

12 0.137 1.51 2.680
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Fig. 6 Radial and axial computed tomography images
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Fig. 7 Three-dimensional reconstruction for samples and cracks
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Fig. 8 XRD results
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