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Abstract. As mining resources enter the deep stage, the rock strength is
high, the use of traditional mechanical rock breaking technology, easy to cause
serious wear of the drill bit, drill replacement costs increase, low rock breaking
efficiency problems. Laser rock breaking technology uses the way of non-direct
contact with rock mass to cause rock breaking, which greatly improves the speed
of deep mining. In this paper, high energy laser experiments are carried out on
mudstone. Scanning electron microscopy (SEM) is used to study the mudstone
minerals be-fore and after laser radiation, and the Brazilian splitting experiment
is carried out on mudstone samples after laser test and he final experimental
data and analysis results show that the mudstone mineral particles change from
rough surface to smooth surface before and after laser radiation. The tensile
strength of saturated mudstone samples is significantly improved after laser
radiation.
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1. Introduction

As mining resources at home and abroad have entered the stage of deep min-ing, the hard
rock strength of deep rock mass has been significantly improved compared with shallow rock
mass. If the traditional mechanical rock breaking technology is continuously used, it is easy to
cause serious wear of drill bit, in-crease the cost of drill bit replacement, and low rock breaking
efficiency [1]. In recent years, with the continuous development of science and technology, there
have been many new technologies in rock breaking, such as hydraulic rock break-ing [2], blasting
rock breaking [3], microwave rock breaking [4], laser rock break-ing [5], etc. The emergence of
these new technologies has greatly accelerated the speed of rock breaking, and most of these
new technologies are caused by non-direct contact with rock rock breaking behavior, perfectly
making up for the dis-advantages of traditional rock breaking technology.

Based on the new rock breaking technology, this paper mainly focuses on la-ser rock breaking
technology. The principle oflaser rock breaking technology is mainly that after the rockisradiated
by high-energy laser, the rock in the radiated area will rise sharply to more than 2000°C and
undergo physical changes such as thermal crushing, melting and vaporization under the action
of high temperature, forming a state of multi-phase coexistence, and significantly reducing the
strength of the rock by promoting the generation of cracks [6]. In this paper, high-energy laser
is used to radiate mudstone, and mudstone states are divided into dry and saturated states.
First, the sintering state and fracture distribution of mudstone samples under two states of
laser radiation are observed by naked eye to briefly analyze and compare the damage effects
of high-energy laser radiation on dry and saturated mudstone rocks. Secondly, by means of
scanning electron microscopy (SEM), Brazil splitting test and high-definition camera recording,
the changes of mudstone, rock sample internal structure and splitting characteristics of high-
energy laser radiation are accurately recorded and analyzed.

2. Laser Experiment

The size of the mudstone sample used in this paper was selected as a cylinder with a diameter
of 50mm and a height of 25mm, which complied with the rec-ommended standards of the
International Society of Rock Mechanics and Rock Engineering (ISRM). In order to meet the
requirements of the mudstone sample radiated by high-energy laser, the Brazilian splitting test
was conducted to test its tensile strength. Dry mudstone samples need to be kept indoors for 7
days to dry naturally, and saturated mudstone samples are treated by soaking in pure water in
a sealed container for 7 days. The laser radiation power of the test is selected as 3KW, and the
radiation path is designed as a circle that starts from the center of the circle on the surface of
the mudstone specimen and travels 20mm in a straight line before rotating counterclockwise.

Before the formal laser radiation, the mudstone sample is horizontally fixed on the operating
platformand the high-definition cameraisarranged near the la-ser machine tool torecord various
changes in the process of high-energy laser ra-diation of mudstone. After the arrangement is
completed, the laser radiation is carried out according to the radiation path designed in the
scheme. When the high-energy laser begins to radiate the surface of the mudstone specimen,
sparks will occur in a very short time, and the number of sparks will increase for a peri-od
of time in the process of high-energy laser radiation. When radiating mudstone samples, with
the increase of laser radiation time, high-temperature molten steam will be generated inside
the samples and under the washing action of high-pressure auxiliary air flow accompanied by
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laser equipment, the molten material produced by sintering inside the samples will be rushed
out of the holes of the samples. In addition, a large amount of smoke will be generated during
the radia-tion process. Saturated mudstone will make the melting reaction of the rocks more
intense. The resulting granular melt shoots out in all directions.

Figure 1 is an image of mudstone radiated by high-energy laser. It can be seen that there are
obvious circular laser radiation paths, and a large number of black-gray crystal materials are
generated around the paths. The black-gray crystal is translucent and dense glassy, and after
testing, the crystal has extremely high strength and most of the crystal components are silica.
White traces can be seen on the radiation path, which indicates that the mudstone components
in this area have been completely burned.

a) Dry mudstone b) Saturated mudstone
Figure 1 Morphology of mudstone radiated by laser
3. The Brazilian split experiment

In order to compare the strength of the rock samples with that of dry and sat-urated mudstone
without laser radiation, the splitting experiment is convenient to observe the perforation in the
rock samples after laser radiation. Dry mudstone, saturated mudstone and intact mudstone were
successively subjected to the Bra-zilian splitting test. The loading test was carried out by the MTS
universal testing machine. The mechanical curves of the splitting test were shown in Figure 2, 3,4 and 5.

Figure 2 Tensile strength results of dry  Figure 3 Tensile strength results of saturated
mudstone in Brazil after radiation mudstone in Brazil after ra-diation
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Figure 4 Complete dry mudstone Brazilian Figure 5 Complete saturated mudstone
tensile strength results Brazilian tensile strength results

According to the mechanical data curve of the Brazilian splitting experiment of mudstone
in two states after laser radiation,figure 2 and figure 3,indicate that the peak load of the dry
mudstone specimen is lower than that of the saturated mudstone specimen, and the tensile
strength of the saturated mudstone specimen after laser radiation is higher than that of the
dry mudstone specimen. As can be seen in figure 4 and figure 5, the Brazilian tensile strength
of intact mudstone specimen shows that the tensile strength of intact dry mudstone is
significantly higher than that of saturated mudstone. It is worth noting that the tensile strength
of radiated dry mudstone is lower than that of intact mudstone. The tensile strength of the
specimen after high energy laser irradiation was significantly im-proved. After the end of the
splitting experiment, the internal perforation of the specimen was analyzed. Figure 6 shows the
morphology of mudstone after split-ting.

Figure 6 Fracture morphology of mudstone specimen

Figure 6 shows the characteristics of mudstone perforation. It can be seen from the figure
that the perforation caused by laser is mainly reflected in the pen-etrating perforation at the
axial position. At the same time, because the laser stays on the circular path for a short time, the
perforation marks are shallow. The size of laser perforation gradually decreases from the surface
of the rock sample, and the breakdown position is trumpet shaped after breakdown. Accord-ing to
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the abnormal sound heard at the scene and the shape of the perforation, it is speculated that this
phenomenon occurred because the rock collapse occurred in the final stage of the perforation
under the action of high pressure gas and strong thermal stress. According to the details of the
image, it can be seen that the radiation inside the hole presents a round-walled layered porous
structure. Ac-cording to the high temperature conditions and the composition of mudstone, it is
inferred that this structure is formed by the gradual cooling of the radiation product under the
action of pressure, and the silicon in the radiation product is not the main element component,
the main components are calcium silicate and aluminate.

4. Microanalysis

The original mudstone before the laser radiation experiment and the mud-stone after the
laser radiation were analyzed by scanning electron microscopy (SEM). Figure 7 shows the SEM
images before and after the laser radiation.

before laser treatment after laser treatment
Figure 7 SEM images before and after laser radiation

In Figure 7, the surface of the SEM image before laser radiation is uneven, and the mineral
particles are sliced and arranged in an irregular manner similar to ocean waves, numerous
porous structures can be seen. After radiation, the SEM image is black and translucent, and the
surface is dense and smooth without any holes and cracks. The SEM morphology indicates that
laser irradiation helps in melting the rock mass where it passes and then exhibits a dense and
smooth mi-croscopic structure, it can be inferred that the strength of the rock mass can be el-
evated to some kind due to such an irradiation process.

5. Conclusion

Through the use of high-energy laser radiation drying and saturated mudstone samples,
Brazil splitting test and SEM microscopic analysis, this paper studies the damage mechanism
of high-energy laser radiation mudstone and the influence of water content conditions on the
laser radiation effect of mudstone samples. According to the experimental phenomena and data
analysis, the following con-clusions can be drawn:
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(1) High-energy laser radiation mudstone will produce very high intensity black gray
translucent crystal material in the laser radiation path.

(2) The Brazilian splitting experiment shows that the tensile strength of satu-rated mudstone
after laser radiation is higher than that of dry mudstone, and the tensile strength of saturated
mudstone is significantly improved after laser radia-tion.

(3) The radiation inside the hole after laser radiation presents a round-walled layered porous
structure, and it is found under SEM observation that the surface of the mudstone particles in
the radiation area is smooth, without any holes and cracks.
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UcceaoBaHue MeXaHU3Ma MOBPEXKAEHHUs apTUIIUTA U3/IyYeHHEeM BbICOKOIHEPTreTHYECKOT0
J1azepa

AnHoTanus. [Io Mepe TOro, Kak J06bI4a M0JIe3HbIX UCKOMIAEMBIX BBIXOAUT Ha IMIYOOKYIO CTaJHUI0,
IPOYHOCTb TOPOABbl MOBBIIAETCHA, HCIOJb30BaHHE TPALULHUOHHON MeXaHWYeCKON TeXHOJIOTUMHU
paspylieHus IOPo/bl JIETKO IPUBOJHUT K CEPbe3HOMY U3HOCY 6YPOBOI0 [10J10Ta, yBEJIMUEHUIO 3aTpaT Ha
3aMeHy cBepJia, Ipo6JieMaM C HU3KOH 3¢ eKTUBHOCTBIO pa3pylleHHs Nopobl. TexHOI0THA J1Ia3epHOro
paspylLieHus TOPHBIX MOPOJ, HCIOJb3yeT MeTOJ HENpAMOro KOHTAKTa C FOPHBIM MacCUBOM JJid
paspylieHus NOPO/bl, YTO 3HAYUTEJbHO MOBbIIIAET CKOPOCTh INIyOOKOM pa3paboTKU. B JaHHOM cTaThe
IPOBOAATCSA 3KCIEpPUMEHTBbl C HCIO0Jb30BaHUEM BBICOKOIHEPreTHYeCKOro Jiasepa Ha apru/uiuTe.
CkaHupytoLas 3JleKTpoHHasa MUkpockonus (CIM) ucnosnbsyeTcs A1 U3ydeHUs MMHePaJIOB aprUJLINTa
Jl0 U I0CJIe Jla3epHOro o6JiyyeHUs, a OpasU/IbCKUM 3KCIIEPUMEHT MO paclielJIeHUI0 NPOBOAUTCS Ha
06pasuax aprujijiuTa MnocJje Ja3epHoro UCHbITAHHUS, U OKOHYATe/JbHble 3KCIIEpUMEHTAbHbIE JaHHbIE
Y pe3y/bTaThl aHaJIM3a MMOKa3bIBAIOT, YTO MUHEPAJIbHbIE YACTULIbl aPTUJIJIMTAa MEHAIOT 1IEPOX0BATYIO
[IOBEPXHOCTh Ha IVIaJAKYyl0 J0 U IOCJe Ja3epHoro obsydyeHus. [[poyHOCTb Ha pa3pblB HAChILEHHBIX
00pas10B apTU/LJIMTA 3HAYUTEbHO NOBbILIAETCA MI0CJIe JIA3ePHOT0 00JIy4yeHus.

KioueBsbie caoBa: TexHoJsiorusi Jia3epHOT0 paspyllieHUs TOPHBIX MOPOJ, GPAa3UIbCKUNA pPaCKOJI,
C3M, anann3 MexaHW3Ma, apTUJLJIAT.
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’Korapsbl 3HeprusIbl JIa3epAiH cay/ie/ieHyiMeH ca3AblH 3aKbIMAAHY MEXaHU3MiH 3epTTey

AnpaTna. Tay-keH eH/lipici TepeH caTblFa KOTEPIJNITeH/[IKTEH, Tay *KbIHbICTAPbIHbIH 6epiKTiriapTazpl,
Tay »KbIHBICTAPbIH KOI0/bIH, [3CTYPJIi MEXaHUKaJ/IbIK TeXHOJIOTUACHIH KO/14aHy bypFbliay KallaybIHbIH,
KaTThbl TO3ybIHA, OYPFbLIay/ibl aybICThIPY MIBbIFbIHAAPBIHBIH 6CYiHEe KoHe Tay KbIHbICTAPbIH *KOI/JbIH,
TOMeH THIMAiJIiriHe akeJsiezii. Tay *KbIHbICTApPbIH JIa3€PMEH K010 TEXHOJOTUACHI TAY KbIHBICTAPbIH KO0
YIUiH Tay KbIHbICTAapbIMEH >XaHaMa 6al/IaHbIC dJiCiH KOoJAaHabl, OYJ TepeH Urepy »bl1JaM/bIFbIH
efoyip apTThipaZbl. bys Makajaza >KoFapbl 3Heprusijibl Oa/IbIK Ja3epiH KOJJAaHY apKblJbl
3KCIepUMeHTTep Xyprisinezi. CkaHepJieyii aieKTpoH/ bl MUKpockonus (CIM) na3epJiik caysiesieHyre
JlediH KoHe OoJlaH KeWiHri cas3apl MUHepaJAapAbl 3epTTey VIUiH KOJIAaHbLIaAbl, ajl bpasuausibik
bI/IbIpAy 3KCIEPUMEHTI Jla3epJliK CbIHAaKTaH KeHiHTi ca3zbl CblHaMaJjapJa KYprisizefi »koHe COHFBbI
IKCIIEPUMEHTTIK JilepeKTep MeH Tajlfjay HOTHXKeJlepi ca3/ibl MUHepaJ/iAibl OeJleKTepAiH epeckes 6eTTi
Jla3epJiiKk cayJiesieHyre JieiiH »koHe oJlaH KelliH Teric 6eTKe aybICThIpaTBIHBIH KepceTeAi. JlazepJiik
coyJ/ieJleHy/leH KelliH KaHbIKKaH apryJIJIUT YJTiJIepiHiH CO3bLIY KyIli alTap/blKTal apTazbl.

Tyiin ce3gep: Jlazepsiik Tay *KbIHBICTApbIH KOK TEXHOJIOTHUACHI, Opa3uNUsbIK criuT, CIM,
MeXaHU3M/I Tanzay, apruijInT.
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