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DESCRIPTION

METHOD FOR MANUFACTURING METAL PRINTED OBJECT

TECHNICAL FIELD
[0001]
The present invention relates to a method for manufacturing a metal printed

object.

BACKGROUND ART
[0002]

An additive manufacturing technology called "Additive Manufacturing” is
known. Additive manufacturing technology has attracted attention as a promising
technology in advanced technology fields such as the aircraft industry and medical care
because a three-dimensional structure having an arbitrary shape can be manufactured
with an arbitrary material (Patent Document 1).

A metal 3D printer is known as an example of an apparatus that uses an additive
manufacturing technique. A metal 3D printer can manufacture a metal printed object by
laminating metal layers obtained by heating metal powder with energy rays such as a
laser.

[0003]

When metal powder is heated with a laser, and the like, scatters of molten metal
called sputters are generated as by-products, and the sputters scatter in the chamber of the
apparatus. The generation of the sputters can cause the problems described below, for

example.
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[0004]

Some of the sputters scatter in the chamber and then fall onto the surface of the
metal powder. The sputters that have fallen onto the surface of the metal powder will be
heated again by the laser. The result is a metal printed object containing a metal that
has been heated many times. Therefore, the generation of the sputters may cause the
mechanical strength of the metal printed object to decrease.

[0005]

If the sputters are scattered in the area in which the laser passes, the irradiation
of the laser is blocked by the sputters. As a result, the amount of heat energy supplied
to the metal powder becomes unstable, and heating of the metal powder becomes
insufficient. Therefore, the generation of the sputters may cause a decrease in surface
roughness and mechanical strength of the metal printed object.

[0006]

Patent Document 1 discloses an additive manufacturing apparatus including a
powder dispenser and a powder supply assembly configured to supply powder to the
powder dispenser. The powder supply assembly disclosed in Patent Document 1 has a

sieve.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS
[0007]
Patent Document 1 Japanese Unexamined Patent Application, First

Publication No. 2017-30353



10

15

20

25

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0008]

However, in the additive manufacturing apparatus disclosed in Patent Document
1, there are no details about fundamentally reducing the generation of the sputters.
Further, in the additive manufacturing apparatus disclosed in Patent Document 1, it is not
possible to remove small sputters that are finer than the mesh of the sieve.

Therefore, in the additive manufacturing apparatus disclosed in Patent
Document 1, the problems above due to the generation of the sputters inevitably occur.
[0009]

An object of the present invention is to provide a method for manufacturing a

metal printed object that can reduce the generation of the sputters.

MEANS FOR SOLVING THE PROBLEM
[0010]

[1] A method for manufacturing a metal printed object in which, in the
presence of a shielding gas supplied around metal powder in a chamber, heat is supplied
to the metal powder using energy rays to form a metal layer and the metal layer is
laminated,

wherein the mass per unit volume of the shielding gas at a temperature of 25°C
and a pressure of 0.1 MPa is 1.30x10~ g/cm? or less.

[2] The method for manufacturing a metal printed object according to [1],

wherein the shielding gas contains 20% by volume or more of helium with
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respect to 100% by volume of the shielding gas.

[3] The method for manufacturing a metal printed object according to [1]
or [2],

wherein the shield gas contains 5% by volume or less of oxygen with respect to
100% by volume of the shield gas.

[4] The method for manufacturing a metal printed object according to any
one of [1] to [3],

wherein a gauge pressure in the chamber is O to 0.1 MPa.

[5] The method for manufacturing a metal printed object according to any
of [1] to [4],

wherein a composition of the shield gas is selected according to the metal

powder.

EFFECTS OF THE INVENTION
[0011]
According to the method for manufacturing a metal printed object of the present

invention, the generation of the sputters can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 is a schematic diagram showing a configuration of a metal printed object
manufacturing apparatus to which a metal printed object manufacturing method
according to an embodiment can be applied.

FIG. 2 is a photograph showing sputters generation in Example 1 and

Comparative Example 1. The photograph on the left side shows sputters generation
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when laser irradiation was performed in the presence of 100% by volume of argon gas
(Comparative Example 1). The photograph on the right side shows sputter generation
when laser irradiation was performed in the presence of 100% by volume of helium gas
(Example 1).

FIG. 3 is a graph showing an amount of the sputters generated in Example 1 and
Comparative Example 1.

FIG. 4 is a process chart showing a process of reusing the material powder.

FIG. 5 is a graph showing mass of residual metal powder in various shield gases.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013]

In the present description, the “mass per unit volume [g/cm?]” of gas is a value
which is measured under the conditions of a temperature of 25°C and a pressure of 0.1
MPa using a gas density meter (manufactured by Yokogawa Electric Corporation).

In the present description, the “gauge pressure” is a value which is measured
using a Bourdon tube pressure gauge at 25°C.

In the present description, “~” indicating a numerical range means a numerical
range in which the numerical values on the left and right sides thereof are the lower limit
value and the upper limit value.

[0014]

Hereinafter, a method for manufacturing a metal printed object according to this
embodiment will be described in detail with reference to the drawings. Note that, in the
drawings used in the following description, in order to make the features easy to

understand, there may be a case in which features are enlarged for convenience, and it is

not always the case that the dimensional ratios of the respective components are the same
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[0015]

FIG. 1 is a schematic diagram showing a configuration of a metal printed object
manufacturing apparatus 20 to which the method for manufacturing a metal printed
object of the present embodiment can be applied. As shown in FIG. 1, the metal printed
object manufacturing apparatus 20 includes a laser oscillator 1, an optical system 2, a
chamber 3, and a shield gas supply source 4.

The configuration of the metal printed object manufacturing apparatus 20 will be
described below.

[0016]

The laser oscillator 1 is not particularly limited as long as it can irradiate a laser.
The laser oscillator 1 irradiates the laser into the chamber 3 via the optical system 2. As
a result, the metal printed object manufacturing apparatus 20 can sinter or melt and
solidify metal powder at the position irradiated with the laser. Thereby, a layer
(hereinafter referred to as “metal layer”) containing a sintered product of the metal
powder or a molten solidified product of the metal powder is formed in the chamber 3.
[0017]

The optical system 2 is not particularly limited as long as the reflection position
of the laser emitted from the laser oscillator 1 to the metal powder can be controlled
according to the data input in advance. The optical system 2 can be composed of, for
example, one or more reflecting mirrors.

The metal printed object manufacturing apparatus 20 can control the laser
irradiation position on the metal powder by controlling the optical system 2 according to
the data input in advance. Thereby, the metal printed object manufacturing apparatus 20

can print the metal layer into an arbitrary shape.
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[0018]

Examples of the metal powder include powders of various metals such as
carbon, boron, magnesium, calcium, chromium, copper, iron, manganese, molybdenum,
cobalt, nickel, hafnium, niobium, titanium, aluminum and alloys thereof.

When the metal powder is in the form of particles, the particle size of the metal
powder is not particularly limited, but can be, for example, about 10 um ~ 200 pm.
[0019]

The chamber 3 is a casing in which the operation of irradiating the metal powder
with the laser to form the metal layer and laminating the metal layers is repeated. The
chamber 3 is not particularly limited as long as it can fill the inside with the shield gas.
The upper side surface of the chamber 3 is connected to the pipeline 7. The shield gas
is introduced into the chamber 3 from a supply source 4 of the shield gas via the pipeline
7. The shield gas is a gas supplied around the metal powder in the chamber 3.

[0020]

The chamber 3 has a modeling stage 5. The modeling stage 5 is a place for
repeating the modeling of the metal layer and the lamination of the modeled metal layer.
A base plate 6 is placed on the upper surface of the modeling stage 5.

The base plate 6 is a plate for mounting the metal printed object. In the state
shown in FIG. 1, the metal powder is spread on the upper side of the base plate 6.

The base plate 6 contacts the metal layer that constitutes the bottom layer of the
metal printed object. The metal layer forming the bottom layer of the metal printed
object is a metal layer formed by the laser that is first irradiated when manufacturing the
metal printed object.

[0021]

A method for manufacturing a metal printed object according to the present



10

15

20

25

8
embodiment will be specifically described by using the metal printed object
manufacturing apparatus 20 having the configuration above with reference to FIG. 1.

In the method for manufacturing a metal printed object of the present
embodiment, heat is supplied to the metal powder using energy rays in the presence of a
shielding gas, a metal layer is formed, and the metal layer is laminated.

[0022]

First, before forming the metal layer, the shield gas is supplied from the supply
source 4 of the shield gas into the chamber 3. This makes it possible to fill the chamber
3 with the shield gas.

However, in the method for manufacturing a metal printed object of the present
embodiment, it is preferable to purge oxygen remaining in the chamber 3 from the inside
of the chamber 3 before supplying the shielding gas into the chamber 3. This improves
the mechanical strength of the metal printed object. When purging oxygen, the shield
gas may be used as a purge gas, and the purging method is not particularly limited.

Specifically, purging is preferably performed until the oxygen concentration in
the chamber 3 becomes 5% by volume or less. When the content of oxygen in the
chamber 3 is 5% by volume or less, the metal powder is less likely to be oxidized and the
mechanical strength of the metal printed object is further improved.

[0023]

In the method for manufacturing a metal printed object of the present
embodiment, the mass of the shield gas per unit volume is 1.30x107* g/cm? or less. The
mass per unit volume of the shielding gas is preferably 8.81x107* g/cm? or less, and more
preferably 3.00x10~* g/cm? or less, and most preferably 1.60x10~* g/cm? or less. When
the mass of the shield gas per unit volume is 1.30x107* g/cm® or less, the amount of the

sputters generated is reduced. The lower limit of the mass per unit volume of the shield
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gas is not particularly limited, but can be, for example, 1.00x10™* g/cm? or more.
[0024]

In the method for manufacturing a metal printed object of the present
embodiment, the shield gas preferably contains at least one selected from the group
consisting of hydrogen, helium, nitrogen, neon, argon and xenon. The shield gas more
preferably contains at least one selected from the group consisting of hydrogen, helium,
nitrogen and neon, more preferably contains one or both of hydrogen and helium, and
most preferably contains helium. The shield gas may contain one kind of these gas
components alone, or may contain two or more kinds in combination. Most preferably,
the shield gas contains helium alone.

[0025]

In the method for manufacturing a metal printed object of the present
embodiment, the shield gas preferably contains helium. When the shield gas contains
helium, it becomes easy to control the mass per unit volume of the shield gas within the
range above. When the shield gas contains helium, the content of helium in the shield
gas is preferably 20% by volume or more, more preferably 50% by volume or more, still
more preferably 90% by volume or more, relative to 100% by volume of the shield gas.
When the shield gas contains 20% by volume or more of helium with respect to 100% by
volume of the shield gas, the amount of the sputters generated is further reduced. The
upper limit of the content of helium is not particularly limited, but is preferably 100% by
volume or less.

[0026]

The shield gas may include argon. In this case, when the helium content of the

shield gas 1s 20% by volume or more with respect to 100% by volume of the shield gas,

the content of argon is preferably 80% by volume or less with respect to 100% by
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volume of the shield gas. This makes it easier to control the mass of the shield gas per
unit volume to 1.30x107* g/cm? or less.

When the shield gas contains argon, and the content of helium in the shield gas
is 50% by volume or more with respect to 100% by volume of the shield gas, the content
of argon is preferably 50% by volume or less with respect to 100% by volume of the
shield gas. This makes it easier to control the mass of the shield gas per unit volume to
8.81x10™* g/cm? or less.

When the shield gas contains argon and the content of helium in the shield gas is
90% by volume or more with respect to 100% by volume of the shield gas, the content of
argon is preferably 10% by volume with respect to 100% by volume of the shield gas.
This makes it easier to control the mass of the shield gas per unit volume to 3.00x10~*
g/cm? or less.

[0027]

In the method for manufacturing a metal printed object of the present
embodiment, the shield gas may contain oxygen. However, even when the shielding
gas contains oxygen, the content of oxygen in the shielding gas is preferably 5% by
volume or less with respect to 100% by volume of the shielding gas, and ideally 0% by
volume (that is, less than the detection limit value). When the content of oxygen in the
shielding gas is 5% by volume or less, the mechanical strength of the metal printed object
is improved.

[0028]

In the method for manufacturing a metal printed object of the present
embodiment, the gauge pressure in the chamber 3 is preferably 0 MPa ~ 0.1 MPa, more
preferably O MPa ~ 0.05 MPa, and further preferably 0 MPa ~ 0.03 MPa. When the

gauge pressure is 0.1 MPa or less, the amount of the sputters generated is further



10

15

20

25

11
reduced.
[0029]

In the method for manufacturing a metal printed object of the present
embodiment, it is preferable to select a composition of the shield gas according to the
type of the metal powder used.

For example, metals with an austenitic structure such as austenitic stainless steel
and nickel alloys have low hydrogen embrittlement susceptibility. When the metal
powder contains an austenite structure metal, the metal powder easily oxidizes, which
easily deteriorates the corrosion resistance and the like. Therefore, when the metal
powder contains an austenitic stainless steel such as austenitic stainless steel, and nickel
alloys, it is preferable to use a reducing gas such as hydrogen gas as the shield gas from
the viewpoint of preventing oxidation.

When the metal powder contains an alloy containing iron as a main component,
it is preferable that hydrogen gas not be contained in the shield gas from the viewpoint of
preventing hydrogen embrittlement.

When the metal powder contains aluminum, titanium, or an alloy containing
these as the main components, it is preferable that the shield gas does not contain
hydrogen gas from the viewpoint of preventing the formation of blowholes.

[0030]

After supplying the shielding gas into the chamber 3, a laser is irradiated from
the laser oscillator 1 to the metal powder in the chamber 3 as the energy ray. The metal
printed object manufacturing apparatus 20 controls the optical system 2 and irradiates the
metal powder in the chamber 3 with the laser according to the data input in advance.

By the laser irradiation, the metal powder at the portion irradiated with the laser

is sintered, the sintered product of the metal powder is shaped into an arbitrary shape
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along the drawing line of the laser. ~ As a result, the metal layer is shaped into an
arbitrary shape.
[0031]

When the shaping of the metal layer is completed, the modeling stage 5 moves
downward. Next, new metal powder is supplied on the upper side of the formed metal
layer. By irradiating the newly supplied metal powder with the laser again, a new metal
layer is formed into an arbitrary shape, and the new metal layer is laminated on the upper
surface of the metal layer which has already formed. By repeating the laser irradiation,
the downward movement of the modeling stage 5, the supply of further powder, and the
lamination of metal layers in this order, the metal layers of any shape are sequentially
laminated. The metal printed object can be manufactured as a three-dimensional
structure.

[0032]

(Effects)

According to the method for manufacturing a metal printed object according to
the present embodiment described above, the mass of the shield gas per unit volume is
1.30x107% g/cm? or less, so the amount of the sputters generated is reduced.

[0033]

The reason why the amount of the sputters generated is reduced is not always
clear, but it can be considered to be as follows.

In the metal printed object manufacturing apparatus 20, since the metal powder
spread on the surface of the base plate 6 is substantially spherical, spaces are formed
between the particles of the metal powder. The shield gas enters the spaces between the
particles of the metal powder. When the metal powder is irradiated with the laser in this

state, the metal powder on the surface of the base plate 6 is melted by heat energy.
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Therefore, a molten pool containing molten metal powder is formed on the surface of the
base plate 6. The term “molten pool” means a molten metal having fluidity.

As described above, the shielding gas has entered the spaces between the
particles of the metal powder before the molten pool is formed. Therefore, the shield
gas is also heated by the thermal energy of the laser, and the molecules of the shield gas
obtain kinetic energy. It is considered that when the molecules of the shield gas, which
has obtained kinetic energy, jumps out of the molten pool, the molten metal scatters with
the shield gas, and the sputters are observed.

In the method for manufacturing a metal printed object according to the present
embodiment, since the mass per unit volume of the shield gas is 1.30x1073 g/cm3 or less,
the kinetic energy of the gas molecules of the shield gas jumping out of the molten pool
becomes relatively small. Therefore, it is considered that the amount of the molten
metal scattered from the molten pool is reduced and the amount of the sputters generated
is reduced.

[0034]

Other reasons why the amount of the sputters generated is reduced are as
follows.

The inventors of the present invention have confirmed that when using a laser
with an output of 200 to 400 W, the temperature of the laser irradiation position on the
surface of the base plate 6 reaches a temperature of 2,500°C or higher. Therefore, it is
considered that the metal powder is vaporized and evaporated around the base plate 6 and
the shield gas is thermally expanded. As a result, an updraft is likely to occur around
the base plate 6. This updraft may wind up the metal powder around the laser
irradiation position, and the rolled up metal powder scatters upward while glowing red.

In this way, the metal powder that scatters while glowing red is also observed as the
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sputters.

In the method for manufacturing a metal printed object according to the present
embodiment, since the mass per unit volume of the shield gas is 1.30x1073 g/cm? or less,
the kinetic energy of the gas molecules of the shield gas that constitutes the ascending air
current becomes relatively small, and the amount of the metal powder caught in the
ascending air current from the periphery of the laser irradiation position becomes small.
As aresult, it is considered that the amount of the sputters generated is reduced.

[0035]

As described above, in the method for manufacturing a metal printed object
according to this embodiment, the amount of the sputters generated is reduced.
Therefore, the sputters are less likely to be heated many times, less mixed with the metal
powder, and the mechanical strength of the metal printed object is improved.

Further, since the number of the sputters existing in the region in which the laser
passes can be reduced, the irradiation of the laser is less likely to be blocked by the
sputters.  As aresult, the amount of heat energy supplied to the metal powder is easily
maintained at a constant value, and the metal powder can be heated sufficiently.
Therefore, according to the method for manufacturing a metal printed object according to
the present embodiment, the surface roughness and mechanical strength of the metal
printed object are improved.

[0036]

In the manufacturing of a metal printed object, it may be required to reuse the
metal powder remaining in the chamber after manufacturing the metal printed object.
However, in the conventional method disclosed in Patent Document 1, fine sputters are
inevitably mixed in the metal powder collected from the chamber after manufacturing.

On the other hand, according to the method for manufacturing a metal printed object
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according to the present embodiment, since the amount of the sputters generated is
reduced, the sputters are less likely to be mixed into the metal powder collected from the
chamber after manufacturing, and the quality of the collected metal powder is improved.
As aresult, the collection efficiency in recycling metal powder and the quality of metal
powder are improved.

Therefore, according to the method for manufacturing a metal printed object
according to the present embodiment, it is possible to improve the quality such as the
mechanical strength of the metal printed object and to improve the production efficiency
of the metal printed object.

[0037]

Although some embodiments of the present invention have been described
above, the present invention is not limited to these particular embodiments. In addition,
the present invention may have additions, omissions, substitutions, and other
modifications of the configuration within the scope of the gist of the present invention
described in the claims.

[0038]

For example, in the present embodiment described above, the metal printed
object manufacturing apparatus has a mode in which the metal powder spread on the
upper side of the base plate is irradiated with a laser. However, in another embodiment,
the metal printed object manufacturing apparatus may be a mode in which the metal
powder is supplied while being sprayed at the laser irradiation position.

[0039]
Examples
Hereinafter, the present invention will be described specifically with reference to

Examples, but the present invention is not limited to the following description.
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[0040]
(Measuring method)
The “mass per unit volume [g/cm’]” of gas was measured using a gas density
meter (Yokogawa Electric Corporation) under the conditions of a temperature of 25°C

and a pressure of 0.1 MPa.

The “gauge pressure” was measured under the condition of 25°C using a

Bourdon tube pressure gauge.
[0041]

(Example 1)

A metal printed object was manufactured with the metal printed object
manufacturing apparatus 20.  As the laser oscillator 1, Red Power manufactured by SPI
Lasers was used.  As the optical system 2, a galvanometer mirror was used. The base
plate 6 used was made of pure titanium. As the metal powder, a titanium alloy TicAl4V
(LPW Technology Ltd., ¢ 10 pm ~ 45 pm) was used. The laser output value was 200
W, the laser scanning width was 0.05 mm, and the laser scanning speed was 800 mm/s.
A layer of the metal powder having a thickness of 30 um was placed on the base plate 6.

In Example 1, 100% by volume of helium gas was supplied as the shield gas
into the chamber 3 at a flow rate of 30 L/min. The gauge pressure in the chamber was 0
MPa. The mass per unit volume of the shield gas in Example 1 was 1.60x10~* g/cm?,

Under the conditions above, a 10 mmx10 mm square metal printed object was
manufactured. In addition, the 10 mmx10 mm square metal printed object corresponds
to a printed object for one layer of the metal layer.

[0042]

(Comparative Example 1)
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In Comparative Example 1, a 10 mmx10 mm square metal printed object was
manufactured in the same manner as in Example 1 except that 100% by volume of argon
gas was used as the shield gas. The mass per unit volume of the shield gas in
Comparative Example 1 was 1.60x107° g/cm®,

[0043]

FIG. 2 is a photograph showing the generation of sputters in Example 1 and
Comparative Example 1. The photograph on the left side of FIG. 2 is a photograph
showing the generation of the sputters when laser irradiation was performed in the
presence of 100 vol% argon gas in Comparative Example 1. The photograph on the
right side of FIG. 2 is a photograph showing the generation of the sputters when laser
irradiation was performed in the presence of 100 vol% helium gas in Example 1.  As
shown in FIG. 2, it was confirmed that when 100 vol% helium gas was used as the shield
gas, the amount of the sputters generated was reduced.

[0044]

FIG. 3 is a graph showing the amount of the sputters generated in Example 1
and Comparative Example 1. A sputters measuring system developed by our company
(Japanese Patent Application No. 2018-081895) was used to measure the amount of the
sputters generated. This product can count the number of the sputters generated by
analyzing the moving images captured by a video. The graph of FIG. 3 shows the
number of the sputters counted with respect to the number of the captured frames, and
shows the result when using 100% by volume of argon gas as the shield gas in
Comparative Example 1, and when using 100% by volume of helium gas as the shield
gas in Example 1.

The number of the captured frames is a number of frames (the number of still

images and the number of frames) to be processed per unit time in a moving image.
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Usually, it is expressed by a numerical value (fps) per second. In Example 1, when the
number of the captured frames is 0 to 60, the number of the sputters generated was less
than 5. Therefore, it can be understood that the generation rate is reduced regardless of
the size of the sputters. On the other hand, in Comparative Example 1, the number of
the sputters generated was higher than that in Example 1, regardless of the number of the
captured frames.
[0045]

(Examples 2 to 6, and Comparative Examples 1 to 3)

A 10 mmx10 mm square metal printed object was manufactured in the same
manner as in Example 1, except that the composition of the shield gas was changed as
shown in Table 1.

[0046]

(Amount of sputters generated)

During the manufacturing of the metal printed objects in Examples 1 to 6 and
Comparative Examples 2 and 3, the amount of the sputters generated was visually
observed, and the amount of the sputters generated was evaluated using the amount of the
spatter generated in Comparative Example 1 as a reference value as shown below.

o: The frequency and the amount of the sputters generated were
effectively reduced.

A: The frequency and the amount of the sputters were slightly reduced.

X: The frequency and the amount of the sputters were not reduced.

[0047]
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[0048]

In Examples 1 to 6, since the mass per unit volume of the shield gas was
1.30x10 3 g/cm? or less, a reduction in the amount of the sputters generated was
observed.

[0049]

Further, as shown in Example 3, even when the shield gas contained 5% by
volume of oxygen, the amount of the sputters generated was at a lower level than that in
Comparative Example 1 in which the shield gas did not contain oxygen. From this, it is
suggested that when purging the oxygen gas in the chamber 3, the generation amount of
the sputters can be reduced without necessarily making the oxygen concentration close to
zero. Therefore, there is possibility that the amount of the shield gas used at the time of
purging can be reduced, and the manufacturing cost of the metal printed object may be
reduced.

[0050]

Table 1 shows examples in which the oxygen concentration is described as "0"%
by volume, which means that the oxygen concentration is less than 20 ppm (that is, the
oxygen gas detection limit value).

[0051]

(Examples 7 to 10 and Comparative Example 4)

In Examples 7 to 10 and Comparative Example 4, the apparatus used in
Examples 1 to 6 and Comparative Examples 1 to 3 was used to quantify the amount of
the sputters generated under each shield gas condition.

In Examples 7 to 10 and Comparative Example 4, the following operations were

changed.
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A layer of the metal powder (area: 100 mm x 100 mm) was irradiated with a
laser to manufacture a 10 mm x 10 mm square metal printed object. On top of the metal
printed object, a layer of the metal powder (area 100 mmx100 mm) was placed again
with a thickness of 30 um. Then, laser irradiation was performed.
Such a procedure of placing of the metal powder — laser irradiation — placing

of the metal powder — laser irradiation — was repeated about 350 times to manufacture

a cubic metal printed object of 10 mm X 10 mm X 10 mm.

After manufacturing the metal printed object, the metal powder that was not
used for modeling was classified using a sieve with a pore size of 100 um. The sputters
having a size of 100 pm or more could not pass through the sieve and remained on the
sieve.

Fig. 4 shows the process of reusing the metal powder. In Examples 7 to 10 and
Comparative Example 4, the mass of the residual metal powder to be discarded was
measured and the amount of the sputters generated was quantified.

[0052]

In Example 7, 100% by volume of helium gas was supplied into the chamber 3
at a flow rate of 30 L/min. The gauge pressure in the chamber was 0 MPa.  The mass
per unit volume of the shield gas of Example 7 was 1.60x107* g/cm’.

[0053]

In Example 8, a gas in which helium gas and argon gas were mixed at a mixing
ratio of 80% by volume and 20% by volume respectively was supplied into the chamber
3 at a flow rate of 30 L/min. The gauge pressure in the chamber was O MPa. The
mass per unit volume of the shield gas of Example 8 was 4.48x107* g/cm’.

[0054]
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In Example 9, a gas in which helium gas and argon gas were mixed at a mixing
ratio of 50% by volume and 50% by volume respectively was supplied into the chamber
3 at a flow rate of 30 L/min. The gauge pressure in the chamber was 0 MPa. The
mass per unit volume of the shield gas of Example 9 was 8.80x10~* g/cm?.

[0055]

In Example 10, a gas in which helium gas and argon gas were mixed at a mixing
ratio of 20% by volume and 80% by volume respectively was supplied into the chamber
3 at a flow rate of 30 L/min. The gauge pressure in the chamber was O MPa. The
mass per unit volume of the shield gas of Example 10 was 1.31x1073 g/cm®.

[0056]

In Comparative Example 4, 100% by volume of argon gas was supplied into the
chamber 3 at a flow rate of 30 L/min. The gauge pressure in the chamber was 0 MPa.
The mass per unit volume of the shield gas of Comparative Example 4 was 1.60x1073
g/em?®,

[0057]

FIG. 5 shows the mass of the residual metal powder in various shield gases.
The results are shown assuming that the mass of the residual metal powder when 100%
by volume of argon gas was used as the shielding gas (Comparative Example 4) is 100%.
In Example 6 in which a gas having a mass per unit volume of 1.31x10~* g/cm® and
mixed with helium gas and argon gas at a mixing ratio of 20% by volume and 80% by
volume was used, the metal powder remaining without passing through the sieve was
reduced to 2/3 of the amount of the residual metal powder of Comparative Example 4.
Furthermore, when the mass per unit volume of the shielding gas decreased, the amount

of the residual metal powder further decreased.
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[0058]
From the results of the Examples above, it was confirmed that the amount of
sputters generated could be effectively reduced when the mass of the shield gas per unit

volume was 1.30x107% g/cm? or less.

EXPLANATION OF REFERENCE NUMERALS

[0059]

1 laser oscillator

2 optical system

3 chamber

4 shield gas supply source
5 printing stage

6 base plate

7 pipeline

20 metal printed object manufacturing apparatus
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CLAIMS
1. A method for manufacturing a metal printed object in which, in the presence of a
shielding gas supplied around metal powder in a chamber, heat is supplied to the metal
powder using energy rays to form a metal layer and the metal layer is laminated,
Wherein the mass per unit volume of the shielding gas at a temperature of 25°C

and a pressure of 0.1 MPa is 1.30x10 = g/cm? or less.

2. The method for manufacturing a metal printed object according to Claim 1,
wherein the shielding gas contains 20% by volume or more of helium with

respect to 100% by volume of the shielding gas.

3. The method for manufacturing a metal printed object according to Claim 1 or 2,
wherein the shield gas contains 5% by volume or less of oxygen with respect to

100% by volume of the shield gas.

4, The method for manufacturing a metal printed object according to any one of
Claims 1 to 3,

wherein a gauge pressure in the chamber is O to 0.1 MPa.

5. The method for manufacturing a metal printed object according to any of Claims
1to4,
wherein a composition of the shield gas is selected according to the metal

powder.



