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(57) Abrege(suite)/Abstract(continued):
longer and a high factor of absorption into liquid, for example, a CO, laser, from a laser oscillator 20 through liquid 31. By high

pressure generated In an advancing microbubble flow 13 occurring In the liquid, molten dross Is scattered. Thus, the processing,
such as boring, of the rock 100 Is performed.
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ABSTRACT

An object 1s to.provide a method capable of boring a

borehole even when quartz glass or silicon dioxide 1s deposited

as molten dross by laser irradiation. A laser irradiatlion

position 12 of a workpiece 100 1s irradiated with a laser having

wavelength of 1.2 um or longer and a high factor of absorption

into liguid, for example, a CO; laser, from a laser oscillator

20 through liquid 31. By high pressure generated 1in an

advancing microbubble flow 13 occurring in the liquid, molten

yro—
i

dross i1s scattered. Thus, the processing, such as boring, o:

the rock 100 1s performed.
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SPRECIEFICATION
SSING ROCK WITH LASER AND APPARATUS FOR TH:
SAME

L*]

L-J

Technical Field
[0001]

The present invention relates to a method of processing

rock with a laser and an apparatus therefor. More

specifically, the present invention relates to a technique

for processing rock with a laser without any problem even when

dross 1s deposited in WOrking the rock.

Background Art
10002]

Research has been carried out on the boring and

processing of rock with a laser (see, for example, Patent

Document 1).
[0003]

When rock is continuously irradiated with a laser, the

rock melts and dross is generated, causing a problem that the

dross hinders processing the rock with the laser. 1In the above
technique, to prevent dross from being built up and to thereby

avold hindering the progress in processing the rock, assist

‘gas 1s blown onto a laser irradiated part to encourage

discharge of the dross.

10004 ]
Moreover, when being rapidly and locally heated, some

—

kinds of rock are easily destroyed and other kinds of rock

are hardly destroyed, depending on various factors such as
the kind, constituents and water content (see, for example,
Non-patent Documents 1 and 2).

[0005]

There 1s also a processing technique for, for example,

processing rock by irradiating the rock with a laser while

o

preventing the deposition of dross by use of fracture

characteristics of the rock (see, for example, Patent Document
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2) .
10006]

In this technique, 1local rapid heating fracture

characteristics of rock targeted for working are investigated,

and laser intensity and interaction time between the laser
and the rock are adjusted on the basis of the inVestigation,

to lrradiate the rock with a laser under such irradiation

conditions that no dross would be deposited. This technique

does not require: addition of any additive agent for increasing

the flowability of dross; blowing of assist gas; or the like.

Accordingly, the processing of rock can be remotely performed.

g

However, it is difficult to process rock having inappropriate

fracture characteristics induced by a laser, such as rock

having a high silicon dioxide content, for example.

[0007]

Further, there 1s also a technique for excavating a

stratum such as an underground resource containing layer in

liquid with a laser (see, for example, Patent Document 3).
[0008] '

In this technique, by the induction force of a first

laser and the thermal action of a second laser transmitted

thifough bubbles, the stratum in the liquid is excavated. The

induction force of the first laser 1is acquired.by'an action

of a shock wave, a jet flow, a bubble flow or a sound wave,

=

Oor an action based on a combilnation of two or more of these

phenomena. As the first laser, a pulse laser or a continuous

wave laser emitted intermittently is used.
[0009]

Moreover, 1t is known that the absorption factor o:

-

. a

laser at which the laser is absorbed into liquid wvaries

depending on the wavelength of the laser, and also that the

p—.

absorption characteristics of a laser vary depending on the

wavelength (see, for example, Non-patent Document 3). A laser

P

having a longer wavelength has a higher factor of absorption

into liquid.
[0010]
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Meanwhile, fibers capable of transmitting a laser having

a long-wavelength range have emerged.
[0011]

For example, for a wavelength range in which the

iy

wavelength of a laser is no less than 2.0 um,

infrared-transmitting fibers (IR-transmitting fibers) are

-
—

used. IR.—transmitting fibers are optical fibers capable of

transmitting infrared light having a wavelength longer than

the transmission limit of silica optical fibers (approximately

p—

2 pm) . In the case of using a Ho-YAG laser (approximately 2

um wavelength), a fiber having Si0; or GeO, as a core material

is used. In the case of using an Er-YAG laser (approximately

3 um wavelength), a fiber having fluoride glass as a core

P

material 1s used. In the case of using a CO laser

(approximately 5.3 umwavelength) or a CO, laser (approximately

10 um), a fiber having chalcogenide glass as a core material

can pbe used (see, for example, Non-patent Document 4).

Alternatively, hollow fibers are also used (see, for example,
Non—patént Document 95). _

Patent Document 1: Japanese Laid-open Patent Publication No.
2001-170925 (pp. 2-3, FIG. 1) _
Patent Document 2: Japanese Laid-open Patent No. 2006-305803
(pp. 3-4, FIG. 1) ’

Patent Document 3: Japanese Patent No. 3856811 (pp. 4-5, FIG.
1)

Non-patent Document 1: B.C. Gahan et al., “Laser drilling:

determination of energy required to remove rock,” SPE 71466,

October 2001 i1issue

g
p—

Non-patent Document Z2: Institute of Electrical Engineers o:

—

Japan, investigation committee of laser ablation and its

industrial application, ed., “Laser ablation and its

industrial application,” November 1999 issue, Corona
Publishing Co., Ltd., pp. 1-9, FIG. 1.1

Non-—patent Document 3: Laser Heat Processing Society, ed.,

39th laser heat processing society collected papers (November
1996), pp. 87-91



CA 02673285 2009-06-03

Non-patent Document 4: Laser Socilety of Japan, ed., Review

of Laser Engineering, Vol. 27-3 (15 March 1999 issue), pp.
167-172 '

Non-patent Document 5: Laser Society of Japan, ed., Review

5 of Laser Engineering, Vol. 27-3 (15 March 1999 issue), pp.
173=-177
[0012]

Rock often contains quartz glass or silicon dioxide.

When such rock 1s i1irradiated with a laser, the quartz glass

10 or silicon dioxide 1is deposited as molten dross due to the

F

heat of the laser. Once molten dross is_deposited, even 1f

the rock 1s further irradiated with a laser to encourage

melting, the laser is reflected and scattered, so that the

—

ficient.

amount of heat of the laser absorbed by the rock is insu:

15 For this reason, further progress in processing the rock is

difficult tomake. The drossmeltingduring laser irradiation

solidifies when the laser irradiation is stopped, and the
borehole is filled with the dross. '

[0013]

20 The present invention provides a technique capable of

processing rock even containing quartz glass or silicon

dioxide which is deposited asmolten dross by laser irradiation.

In addition, in the present invention, a single laser, without

using first and second lasers, is used for the processing of

25 rock. An object of the present invention is to provide means

for solving the problem that processing is hindered due to
generation of molten dross.

’ g

Disclosure of the Invention
[0014]

30 The present 1invention has been made to solve the

oy

above-described problems. Technical means of the present

invention is a method of processing rock by using a laser,

in which characterized in that a laser irradiation position

covered with liquid 1is irradiated with a laser having a

35 wavelength of 1.2 um, to scatter molten dross, for the

processing of the rock.
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[0014a]

F

According to another aspect of the present invention,

there is provided a method of processing rock using an
oscilated laser beam, comprising covering a laser beam
irradiation position located on a surface of the rock with
ligquid, irradiating the laser beam irradiation position wilth
the oscilated laser beam, the beam being generated by a

laser and having a wavelength of 2.0 um or longer which has

a high factor of absorption into the liquid, generatilng
molten dross on the surface of the rock and generating
rapidly advancing microbubbles in the liquid by the

irradiating, and processing the rock by dispersing and

removing the generated molten dross by using explosive

F

action of the microbubbles.

[0014Db]

g

According to still another aspect of the present

invention, there is provided an apparatus for processing
rock by using an oscilated laser beam, comprising: liqgquid

supply means that supplies liguid to cover a laser beam

irradiation position located on a surface of the rock; and

an oscilated laser beam emlitting device that emits, to the

surface of the rock covered with the liguid, the oscilated

ﬁ
—

laser beam, with the laser beam having a wavelength of

2.0 um or longer which generates molten dross on the surface

F

of the rock and generates rapidly advancing microbubbles in

the liguid, the microbubbles dispersing and removing the

generated molten dross.
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(0015]

In the present i1nvention, the processing of rock means
ablation of rock, that 1s, to cause, 1nrock, apartial fracture
event including destruction, fracture, exfoliation,
excavation, cutting, drilling, boring and grooving.

[0016]

In the present invention, a laser having a high factor
of absorption into the liquid covering the laser irradiation
position 1s used. The factor of absorption into liquid
depends on the wavelength of the laser. A laser having a
wavelength shorter than 1.2 uym has a low factor of absorption
into liguid, and 1s thus not suitable here. Accordingly, the
wavelength of the laser used 1n the present 1nventilion 1S
limited to 1.2 um or longer. The use of the laser having the
wavelength 2.0 pm or longer 1s more preferable. Among
existing lasers, the wavelength of a semiconductor laser
having the longest wavelength i1s approximately 28.0 um. The
present invention is not intended to exclude a possibility
of converting a short wavelength laser to a long wavelength
laser by wavelength conversion. Moreover, 1t 1s also possible
to use two or more long wavelength lasers oscillated by cascade
osclllation.

(0017]

The liquid used 1n the present 1nvention may be clear
or may be opague. Although any kind of liquid can be used,
using water 1s the easiest and most practical.
| 0018]

As means for making the laser 1rradiation position

covered with the liquid, any one of the feollowing methods may

be employea:

(a) placing the rock in liquid,

(b) bonding a 1ligquid holding contalner having a surface
facing the rock open, to a surface of the rock, supplying the
liguid 1nside the container, and then 1rradiating the
irradiation position with the laser beam through the liguid,

(c) providing and directing a liguid emlssion nozzle or

Sa
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the like onto the laser irradiation position, and then
supplying the liquid, and

() attaching a Jacket or the 1like, open 1in an

irradiation direction to an end of laser transmission means,

and thereby continuously supplying the liquid to the jacket.
[0019]

As the laser, a fiber laser (1.3 to 1.5 pm wavelength),

a coil laser (1.3 um wavelength) or the like 'may--be used as

long as the laser has a high factor of absorption into liquid.

Preferably, a semiconductor laser having a long wavelength,

such as one selected from a group of a CO, laser, a CO laser,

~an Er-YAG laser and a Ho-YAG laser may be used. These lasers

have wavelengths of 2.0 pm or longer and can produce high power.
[0020]

An apparatus for processing rock according to the

present invention which can preferably implement the method
according to the present invention is characterized by
including: liquid supply means that supplies liquid to a laser

irradiation position; and a laser emitting device which emits

a laser having a wavelength of 1.2 pym or longer, to a surface
of rock through the liguid.
[0021]

In this case, the laser irradiation apparatus does not

need to 1include any transmission medium, but preferably

includes a fluoride glass fiber or a chalcogenide glass:':'iber

as the laser transmission medium, when a .laser having a

wavelength of 2.0 pym or longer is used. Here, a quartz fiber
can be used as long as the wavelength is between 1.2 to 2.0
um inclusive.

[0022] '

By the laser absorbed into the liquid, a rapidly

p—

advancing flow of microbubbles occurs in the liquid, and

extremely high pressure occurs instantaneously in the bubbles.
This pressure is prominent since lasers in a long-wavelength

range have a high factor of absorption into the liquid. By

the explosive action of the rapidly advancing bubbles
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occurring due to the laser absorbed into the liquid, molten

dross 1s dispersed and removed. Since a laser having a short

wavelength or a mid wavelength has a low factor of absorption
into liquid, pressure high enough to disperse and remove the
molten dross does not occur 1in the bubble.

10023]

A feature of the present 1nvention is to remove molten

dross generated 1n a cavity created in rock, by 'using a laser

having a high factor of absorption into liquid, and to thereby

prevent the dross from hardening in the borehole.
[0024]

According to the method of the present invention, by

covering the laser irradiation position with liquid and using

" a laser having a high factor of absorption into the liquid,

deposited dross can be eﬁgectively removed, and the boring

and cutting of rock can be facilitated.
[0025]

Moreover, by wusing the apparatus of the present

invention, the method of the present invention can easlly be

implemented.
[0026]

Conventionally, the processing of rock having a high

content of quartz glass or silicon dioxide by means of a laser

has been difficult. With the present invention, the

processing of such rock can be easily performed. Naturally,

the processing of rock having a low content of quartz glass

g

or silicon dioxide  or  quarts-glass-free and/or

silicon-dioxide-free rock can also be easily performed by

F

using the method of the present invention.

Brief Description of the Drawings
[0027]

[FIG. 1] FIG. 1 1s an explanatory view of keyhole phenomenon.

[FIG. 2] FIG. 2 1s a graph showing a balance between surface

tension of dross and molten material vapor pressure in a

kevhole.
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[FIG. 3] FIG. 3 is a schematic view showing the balance between

' the surface tension of the dross and the molten material vapor

pressure 1n the kevhole.

[FIG. 4] FIG. 4 1s an explanatory view showing the dispersion

of molten dross.

v

[FIG. 5] FIG. 5 is a schematic view showing an embodiment of

the present invention.

[FIG. 6] FIG. 6 1s a schematic view showing the embodiment

of the present invention.

[FIG. 7] FIG. 7 1s a schematic view showing the embodiment

pr—

of the present invention.

[FIG. 8] FIG. 8 is a schematic view showing the embodiment

of the present invention.

[FIG. 9] FIG. 9 1s a schematic cross-sectional view of an

apparatus according to the present invention.

Best Mode for Carrying out the Invention
[10028]

The present invention can be used for rock processing

techniques 1n rock processing experiments by the rock
processing industry, the civil engineering and construction
industry, the mineral resource development induStry,

corporations and research institutions.
[0029]

In the rock processing industry, the present invention

can be applied to the processing of rock having a high content

of quartz glass or silicon dioxide (such as granite). Since

the processing of rock is performed through liquid, noise is

reduced. iMoreover; no dust 1s produced, preventing harm to

human bodies.
(00307

In the civil engineering and construction industry,

tunnel/bedrock excavation works can be carried out while making

less noilse than a conventional rock drill does.

[0031]

In a repalir work of a building such as a hospital and
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a department store, a rock drill is used to carry out a partial

demolition work or the like of concrete, stone and the like.

-—

1n such a situation, business activities need to be suspended

because of the noise. The present invention enables a work

5 with reduced noise, so that a repair work can be carried out

without suspending business activities.
[0032]

Also, in research laboratories in corporations,

universities and the like, the boring and processing of rock

In the mineral resource development industry, a metal
bit is used to excavate bedrock. By using a laser instead,
15 non-contact and non-rotation excavation can be carried out.
Consequently, a waste attributable to the wear of the metal
bit can be reduced.
[0034]

ln the following, an embodiment of the present invention

20 will be described with reference to the drawings.
[0035]

F1G. 1 schematically shows a principle of how a keyhole

1s formed in rock by laser irradiation.
[0036]

25 When a workpiece 100 such as rock is lrradiated with a

laser beam 10, some of workpliece constituents may melt to form a
melting portion 110, and a keyhole 130 is formed in the

workpiece 100 as shown in FIG. 1. some of the constituents
Of the workpiece 100 evaporate due to the heat of the laser beam

30 10, and vapor pressure 113 occurs. In the thus formed kevhole

130, the keyhole 130 is maintained since surface tension 111

©of the melting portion 110 and static pressure 112, which
compress the keyhole 130

In FIG. 1, 10a denotes a region

35 where the laser beam attenuates or reflects.
10037]
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For simplicity, assume that the cavity of the keyhole

is a cylinder having a diameter D as shown in Fig. 3, and ignore

the gravity head. A pressure PS by a surface tension y is

expressed as PS = 2-y/D.
{0038]

Vapor pressure PV of the rock balances with the pressure

PS by the surface tension of the dross, and a stable kevhole

is formed consequently. In other words, for a stable kevhole,
PS=PV.
[0039]

When the irradiation of the laser beam 10 1s stopped, the
molten dross 110 generated during the irradiation of the laser beam
10 is flowed into the kevhole 130, is cooled down, fills the
keyhole 130, and then solidifies. |
[0040] |

In the present invention, the molten dross inside a
cavity in the rock is removed. This event will be described
below with reference to the drawings.

(0041]

The abso.rption characteristics of the laser beam 10 with

which the laser beam 10 is absorbed into liquid vary depending on

the wavelength. 1In general, lasers, the wavelength of which

=

fall 1in a short-wavelength range, have a low factor of

absorption into liquid. By contrast, lasers, the wavelength

-~

of which fall in either a mid-wavelength range or a

long-wavelength range, are highly absorbed into liquid.

Examples of lasers, the wavelength of which fall in a
long—-wavelength range, are a semiconductor laser (maximum
wavelength 28.0 pm), a CO; laser (approximately 10.5 um
wavelength), a CO laser (approximately 5.5 pm wavelength),

1

Er—-YAG laser (approximately 2.9 um wavelength) and a Ho-YAG

ATl

laser (approximately 2.0 pum wavelength).
[0042]

The present invention has been made in light of the fact

that the absorption factor of a laser into liguid wvaries

depending on the laser wavelength. With the present invention,

10
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molten dross can be removed effectively by using a laser having
a high liquid-absorption factor, together with liquid.
[004 3]

In the present invention, molten dross is scattered by

using high pressure in an advancing microbubble generated by
the absorption of the laser energy into the liguid.
[0044]

When the rock 100 is irradiated with the laser beam 10 through
the liquid, the laser beam 10 having a high liquid-absorption factor

generates an advancing flow 11 of microbubbles in the liguid. Thereby,
extremely high pressure is generated in the bubbles, and the molten dross

110 is pushed up as shown as arrow 114 and then scattered by the explosive

action of the pressure. Due to this action, the pressure balance

inside the keyhole 130 is destroyed, and the molten dross 110
is dispersed to be fine beads “12@ and is then removed as shown
in FIG. 4. As a result, since the molten dross 110 has been
already removed by the time when the irradiation of the laser
is stopped, solidification of the dross never happens.

Consequently, a cavity 50 can be prevented from being blocked.
[0045]

To further increase the pressure in the microbubbles in

the liquid that acts on the inside of the cavity in the rock,

required is only the use of a laser having a higher factor
of absorption into liquid. The energy of such a laser having

a high factor of absorption into liquid is highly absorbed

into liguid in extremely short time. Accordingly, high
pressure occurs in the bubbles.
(0046]

Even when the dross 110 such as molten quartz glass or

the like is deposited, the molten dross 110 is made into small
pieces by the impact of the pressure occurring in the bubbles

by the absorption of the laser beam 10 into the liquid, so that
the cavity 50 is formed.

(0047 ]

An embodiment of the method of the present invention is
schematically shown in FIG. 5 to FIG. 8.

11
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(0048 ]
FIG. 5 shows an example of boring with a laser beam 10 through

the rock 100 in which, while liquid is injected into and ejected
from a container, the rock 100 is idrradiated with a laser
through the liguid. A liguid holding container 30 having no
bottom is placed on and fixed to an upper surface of the rock

100, and holds therein liquid 31. The liguid 31 is supplied

from a supply port 32 and then ejected from an ejection port

33. Thus, the liquid 31 is always held inside the container
30.

t 004 9]

The laser beam 10 oscillated by a laser oscillator 20

—~—

1s emlitted to an irradiation point 12 of the rock 100 through

the liguid 31. When reaching the liguid 31, the laser beam
10 1s absorbed by the liguid 31. Thereby, an advancing

mlcrobubble flow 13 occurs in the ligquid 31. The advancing
nicrobubble flow 13 suddenly occurs due to the laser beam 10,
is accelerated by the laser beam 10, and then reaches the rock
100. Thereby, explosive high—-pressure is generated in the
microbubbles, and the pressure reaches the laser irradiation

part 12 of the rock 100 together with the laser beam 10. The

laser beam 10 causes the laser irradiation part 12 of the rock
100 to melt and evaporate, thereby causing ablation. The

microbubbles generated in the liquid generate explosive impact

pressure, so That the molten dross generated from the rock

13 made into small pieces and i1s then scattered. The beads

—

of the scattered dross are diffused into the liguid 31, and

are thereby ejected. Through such a process, the boring of

the rock 1s performed.
[0050]

FIG. 6 shows a method of boring through a vertical plane

102 of the rock 100. The liguid holding container 30 is placed
on the vertical plane 102 of the rock 100. The container 30
1s filled with the liguid 31. The Jlaser beam 10 is emitted
to the vertical plane 102 of the rock 100 in the ligquid 31

from the laser oscillator 20 by laser transmission means 21

12
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(a f£iber or a waveguide).
{0051 ]

FlG. 7 shows a configuration for boring a hole having
a large caliber in the rock 100 by using plural containers
S and plural lasers. The laser bea'm.“lo oscillated by each of

the plural laser oscillators 20 is emitted to the corresponding
irradiation point 12 of the rock 100 through the laser

transmission means 21 and then the liquid holding container

30. Each of the liquid holding containers 30 is filled with
10 the liquid 31. FIG. 7 shows an example of using plural units

each 1lncluding such a container and a laser.
[00521]
The laser beam 10 oscillated by the laser oscillator 20
of a single unit is emitted through the laser transmission
15 means 21 in the liquid 31. The laser beam 10 emitted in the
ligqulid 31 generates the advancing microbubble £1low 13. The
laser beam 10 and the advancing microbubble flow 13 reach the
irradiation point 12 of the rock 100. Simil.arly, each unit

bores through the rock 100. Accordingly, the group .of
20 boreholes 50 by the units forms the hole 51 having a large diameter, as
shown in FIG. 8. In this way, the hole 51 having

a large diameter is excavated and thus, for example, tunnel

excavation is performed.
0053 ]

25 Here, 1t is also possible to implement the present

invention by using a long-wavelength laser converted from a

short-wavelength laser by a wavelength converter.
[0054]

FIG. 9 shows a schematic cross-—-sectional view of an
30 example of the apparatus according to the present invention.
A chalcogenide glass fiber is used as the laser beam transmission

means 21, and a water jacket 35 is attached to a tip end of

the laser beam transmission means 21, as liquid supply means. The

water jacket 35 is continuously supplied with water from a

35 water supply pipe 36, and ejects the water from a nozzle 37.

The laser beam 10 from the laser beam transmission means 21 is

13
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emitted to the workpiece 100 through the nozzle 37. The laser

transmission means 21 may be a multifiber.

Example
[0055]

5 Boring was performed on a block of Inada granite by laser
working. The properties of the target granite are as follows.
[0056]

Thermal conductivity: 0.13 to 0.2 (cal/cm/s/cdeqg)

Mineral composition:

10O Plagioclase 22 wWtL%
Quartz 42 wt
Biotite 4 wt3

Chemical composition:

| 5105 77.65 wt%

15 T1O, 0.19 wt$
Al,05 12.55 wt$

Fa->0s5 0.406 wt%

FeO 0.98 wt%

MnO 0.08 wt$

20 MgO 0.18 wt%
Cao 1.44 wt$%

The used laser 1s as follows.
[ 0057 ]
Laser type: CO,; laser
25 Laser wavelength: 10.6 um
Laser output: 5 kW |
Ligquid: two kinds, water and 4% by weight bentonite
solution (opague)
Laser beam i1rradiation direction: upper surface of target

30 By using the apparatus schematically shown in FIG. 5,

laser beam irradiation was performed for 2 minutes. After the

lrradiation, it was observed that the fine pieces formed from
dross was scattered in the water or the bentonite solution.
Aftertﬂm&irradiation,ji;wascxnﬁﬁgmmxlthataiboreholerwwing
35 a diameter of. approximately 15 mm and a maximum depth of

approximately 50 mm was bored in the granite.
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Comparative Example
(0058 ]

Laser beam 1rradiation was performed under the same condition

as that of the example but without making the laser beam irradiation

position covered with liquid. After the irradiation, a state

in which molten dross solidified at an irradiation position

was observed, and no borehole was successfully formed.

15
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CLAIMS:

1. A method of processing rock using an oscllated laser

beam, comprilsing

covering a laser beam 1rradiation position located on

a surface of the rock with liquid,

irradiating the laser beam i1rradiation position with

the oscilated laser beam, the beam belng generated by a laser

and having a wavelength of 2.0 um or longer which has a'high

factor of absorption into the liquid,

F

generating molten dross on the surface of the rock

and generating rapidly advancing microbubbles 1n the liguid by

the irradiating, and

processing the rock by dispersing and removing the

ﬁ

generated molten dross by using explosive action of the

15 microbubbles.

20

25

2. The method of processing rock by using a laser beam
according to claim 1, wherein the laser is any one selected

from a group consisting of a semiconductor laser, a CO, laser,

a CO laser, an Er-YAG laser and a Ho-YAG laser.

3. An apparatus for processing rock by using an

oscllated laser beam, comprising:

liquid supply means that supplies ligquid to cover a

laser beam irradiation position located on a surface of the

rock; and

an oscilated laser beam emitting device that emits,

to the surface of the rock covered with the liquid, the

16
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oscilated laser beam, with the laser beam having a wavelength

of 2.0 um or longer which generates molten dross on the surface
of the rock and generates rapidly advancing microbubbles 1n the
liquid, the microbubbles dispersing and removing the generated

molten dross.

4, The apparatus for processing rock by using a laser

beam according to claim 3, wherelin the laser beam emitting

device uses any one of a fluoride glass fiber and a

chalcogenide glass fiber, as a laser beam transmission medlum.
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FIG. 9
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