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Description
TECHNICAL FIELD

[0001] The presentinvention generally relates to a sintered tungsten alloy, and particularly to a sintered tungsten alloy
used as a radiation shield material in radiation medical devices, nuclear reactor-related devices and the like.

BACKGROUND ART

[0002] It is conventionally known to use, as a radiation shield material, a tungsten-based alloy material containing
tungsten as a main component.

[0003] Japanese Patent Laying-Open No. 9-71828 (hereinafter referred to as "PTD 1"), for example, discloses a
tungsten-based alloy material for radiation shielding, which has a layered structure obtained by performing plastic working
on a sintered body containing 85% by weight or more of tungsten as a main component, with the rest consisting of nickel
and iron or copper, and flattening tungsten particles and a binder layer containing nickel, and layering these flattened
layers. This tungsten-based alloy material is obtained by sintering a molded body at 1470°C to form a sintered body,
and rolling the obtained sintered body at a heating temperature of 1300°C such that a processing rate in total becomes
about 60%, and flattening the tungsten particles and the binder layer.

[0004] Japanese Patent Laying-Open No. 9-235641 discloses a tungsten heavy alloy plate containing tungsten at a
weight ratio of 80 to 97%, nickel at a weight ratio of 2 to 15%, and one or two or more of iron, copper and cobalt at a
weight ratio of 1 to 10% in total, having a thickness of 0.3 mm or smaller, and having such a dimension that both sides
are more than 200 times as large as the thickness. This heavy alloy plate is obtained by mixing material powders, molding
the mixture into a thin plate having a thickness of 0.35 mm or smaller by a powder rolling press, and then, sintering the
molded body in the non-oxidizing atmosphere, hot-rolling and/or cold-rolling the sintered body as needed, and then,
performing finish rolling for flattening and smoothing.

CITATION LIST
PATENT DOCUMENT
[0005]

PTD 1: Japanese Patent Laying-Open No. 9-71828
PTD 2: Japanese Patent Laying-Open No. 9-235641

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] AsdisclosedinPTD 1, the sintered tungsten alloy containing 85% by mass or more of tungsten has the radiation
shielding effect, and thus, is used as a radiation shield material in radiation medical devices, nuclear reactor-related
devices and the like. When the sintered tungsten alloy is used in such an application, it is necessary to fabricate a flat
plate-like sintered tungsten alloy having a large area of a certain degree or more.

[0007] However,the conventionalsintered tungsten alloy is not sufficientin elongation as a material property. Therefore,
there is a problem that a flat plate-like radiation shield member having a complex shape cannot be molded by press
working or forge processing.

[0008] Thus, an object of the present invention is to provide a flat plate-like sintered tungsten alloy that can be molded
into a complex shape by press working or forge processing.

SOLUTION TO PROBLEM

[0009] Asintered tungsten alloy according to the presentinvention is a flat plate-like sintered tungsten alloy, containing
85% by mass or more and 98% by mass or less of tungsten, 1.4% by mass or more and 11% by mass or less of nickel,
and 0.6% by mass or more and 6% by mass or less of at least one substance selected from the group consisting of iron,
copper and cobalt. An elongation percentage of the flat plate-like sintered tungsten alloy in a planar direction is 20% or
more.

[0010] Preferably, in the sintered tungsten alloy according to the present invention, a thickness of the flat plate-like
sintered tungsten alloy is 1.5 mm or smaller.
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[0011] Preferably, in the sintered tungsten alloy according to the present invention, an X-ray diffraction intensity ratio
of a (111) plane of a Ni-(Fe, Cu, Co) phase in a flat plate surface of the flat plate-like sintered tungsten alloy (assuming
that X-ray diffraction intensities of the (111) plane, a (100) plane, a (110) plane, and a (311) plane are 1(111), 1(100),
I(110), and 1(311), respectively, the X-ray diffraction intensity ratio of the (111) plane is a value of
[1(111)/{1(111)+1(100)+1(110)+1(311)}]) is 0.68 or more and 0.9 or less.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] According to the present invention, there can be provided a flat plate-like sintered tungsten alloy that can be
molded into a complex shape by press working or forge processing.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. 1 is an optical microscope photograph showing a cross section of a flat plate-like sintered tungsten alloy after
a sintering step is performed during fabrication in Example 1 of the present invention.

Fig. 2 is an optical microscope photograph showing a cross section of the flat plate-like sintered tungsten alloy after
a distortion introducing step and a heat treatment step are performed during fabrication in Example 1 of the present
invention.

Fig. 3 is an optical microscope photograph showing a cross section of the flat plate-like sintered tungsten alloy
fabricated in Example 1 of the present invention.

Fig. 4 is an optical microscope photograph showing a cross section of aflat plate-like sintered tungsten alloy fabricated
in Comparative Example 2 of the present invention.

Fig. 5 is a schematic perspective view showing two cross sections observed in the flat plate-like sintered tungsten
alloy fabricated as an intermediate product in Examples and Comparative Examples of the present invention.

Fig. 6 is a scanning electron microscope (SEM) photograph showing a cross section portion observed in the flat
plate-like sintered tungsten alloy fabricated as an intermediate product in Example 1 of the present invention.

Fig. 7 is a diagram schematically showing the measured thicknesses and lengths of tungsten crystal grains at the
cross section portion observed in the flat plate-like sintered tungsten alloy fabricated as an intermediate product in
Examples and Comparative Examples of the present invention.

Fig. 8(A) is a plan view and Fig. 8(B) is a side view showing the dimension of a tensile test piece fabricated from
the flat plate-like sintered tungsten alloy as a final product fabricated in Examples and Comparative Examples of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0014] A flat plate-like sintered tungsten alloy of the present invention as an intermediate product contains 85% by
mass or more and 98% by mass or less of tungsten (W), 1.4% by mass or more and 11% by mass or less of nickel (Ni),
and 0.6% by mass or more and 6% by mass or less of at least one substance selected from the group consisting of iron
(Fe), copper (Cu) and cobalt (Co). This sintered tungsten alloy has such a structure that a plurality of flattened tungsten
crystal grains extending along the extending direction of a plane of the flat plate-like sintered tungsten alloy are stacked.
A first cross section along the thickness direction orthogonal to the extending direction of the plane of the flat plate-like
sintered tungsten alloy and a second cross section which is a cross section along the thickness direction orthogonal to
the extending direction of the plane of the flat plate-like sintered tungsten alloy and which is orthogonal to the first cross
section are observed to obtain a first cross section portion of a certain width and a certain thickness selected from the
first cross section and a second cross section portion of a certain width and a certain thickness selected from the second
cross section. A ratio of an average length to an average thickness of a plurality of tungsten crystal grains which are
observed at the first cross section portion and the second cross section portion and which intersect with a center line
passing through a center of the certain width and extending in the direction of the certain thickness is 9 or more and 125
or less.

[0015] Since the ratio of the average length to the average thickness of the tungsten crystal grains observed as
described above is 9 or more and 125 or less in the flat plate-like sintered tungsten alloy as an intermediate product
configured as described above, higher strength can be obtained at high temperature than that of the conventional sintered
tungsten alloy. If the ratio of the average length to the average thickness of the tungsten crystal grains observed as
described above is less than 9, there is a possibility that sufficiently high strength cannot be obtained at high temperature.
If the ratio of the average length to the average thickness of the tungsten crystal grains observed as described above
exceeds 125, fracture may occur.
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[0016] In order to achieve the aforementioned ratio, the average thickness of the tungsten crystal grains observed as
described above is preferably 2 um or larger and 10 wm or smaller, and the average length of the tungsten crystal grains
observed as described above is preferably 30 wm or longer and 250 wm or shorter. It is difficult to set the average
thickness of the tungsten crystal grains to be smaller than 2 um or to set the average length to exceed 250 pm.
[0017] If the average thickness of the tungsten crystal grains observed as described above is 2 um or larger and 3
wm or smaller, the average length of the tungsten crystal grains observed as described above is preferably within a
range of 30 um to 250 pm, and the ratio of the average length to the average thickness is preferably 10 or more and
125 or less.

[0018] If the average thickness of the tungsten crystal grains observed as described above exceeds 3 pm and is 6
wm or smaller, the average length of the tungsten crystal grains observed as described above is preferably within a
range of 54 um to 250 um, and the ratio of the average length to the average thickness is preferably 9 or more and 84
or less, in order to obtain sufficiently high strength at high temperature.

[0019] Furthermore, if the average thickness of the tungsten crystal grains observed as described above exceeds 6
pm and is 10 wm or smaller, the average length of the tungsten crystal grains observed as described above is preferably
within a range of 90 um to 250 wm, and the ratio of the average length to the average thickness is preferably 9 or more
and 42 or less, in order to obtain sufficiently high strength at high temperature.

[0020] The tungsten crystal grain in the planar direction of the flat plate-like sintered tungsten alloy has various shapes
such as a substantially circular shape, a substantially oval shape, a substantially square shape, a substantially rectangular
shape, and an indefinite shape.

[0021] The flat plate-like sintered tungsten alloy of the present invention as an intermediate product is manufactured
through (1) materials preparing step, (2) mixing step, (3) molding step, (4) sintering step, (5) distortion introducing step,
(6) heat treatment step, and (7) hot-rolling step.

[0022] In short, a method for manufacturing the flat plate-like sintered tungsten alloy of the present invention as an
intermediate product is a method for manufacturing a sintered tungsten alloy containing 85% by mass or more and 98%
by mass or less of tungsten, 1.4% by mass or more and 11% by mass or less of nickel, and 0.6% by mass or more and
6% by mass or less of at least one substance selected from the group consisting of iron, copper and cobalt, characterized
in that a distortion is introduced into a sintered body and heat treatment is performed on the sintered body having the
distortion introduced therein, and then, the sintered body is hot-rolled at a rolling processing rate of 60% or more.
[0023] The flat plate-like sintered tungsten alloy thus manufactured can have such a structure that the ratio of the
average length to the average thickness of the tungsten crystal grains observed as described above is 9 or more and
125 or less, and higher strength can be obtained at high temperature than that of the conventional sintered tungsten alloy.
[0024] In particular, a certain level of distortion is provided to a sintered tungsten alloy (sintered body) that has tungsten
crystal grains with a grain size of 30 to 50 wm fabricated in accordance with a conventionally known manufacturing
method (a mixing step, a molding step and a sintering step of material powders), and then, a certain level of heat treatment
is performed. As a result, the grain size of the tungsten crystal grain in the sintered tungsten alloy can be decreased to
a certain value or smaller (5 to 20 wm). Thereafter, the sintered body is hot-rolled at a rolling processing rate of 60% or
more. As a result, the thickness of the tungsten crystal grain can be decreased to a certain value or smaller and the
length of the tungsten crystal grain can be increased to a certain value or larger, and thus, there can be obtained a
sintered tungsten alloy having such a structure that a plurality of flattened tungsten crystal grains extending in the planar
direction of the flat plate-like sintered tungsten alloy are stacked. As a result, higher strength can be obtained at high
temperature than that of the conventional sintered tungsten alloy.

[0025] The flat plate-like sintered tungsten alloy according to the present invention contains 85% by mass or more
and 98% by mass or less of tungsten, 1.4% by mass or more and 11% by mass or less of nickel, and 0.6% by mass or
more and 6% by mass or less of at least one substance selected from the group consisting of iron, copper and cobalt.
An elongation percentage of the flat plate-like sintered tungsten alloy in the planar direction is 20% or more.

[0026] Since the elongation percentage of the flat plate-like sintered tungsten alloy in the planar direction is 20% or
more in the flat plate-like sintered tungsten alloy configured as described above, the flat plate-like sintered tungsten alloy
can be molded into a complex shape by press working or forge processing.

[0027] If the elongation percentage of the flat plate-like sintered tungsten alloy in the planar direction is less than 20%,
there is no difference in elongation percentage from the conventional sintered tungsten alloy and there is a possibility
thatthe flat plate-like sintered tungsten alloy cannot be molded into a complex shape by press working or forge processing.
An upper limit value of the elongation percentage of the flat plate-like sintered tungsten alloy in the planar direction is
45%. It is difficult to obtain a flat plate-like sintered tungsten alloy in which the elongation percentage of the flat plate-
like sintered tungsten alloy in the planar direction exceeds 45%.

[0028] Theflatplate-like sintered tungsten alloy according to the presentinventionis manufactured through (1) materials
preparing step, (2) mixing step, (3) molding step, (4) sintering step, (5) distortion introducing step, (6) heat treatment
step, (7) hot-rolling step, and (8) heat treatment step.

[0029] Inshort, the method for manufacturing the flat plate-like sintered tungsten alloy according to the presentinvention
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is a method for manufacturing a sintered tungsten alloy containing 85% by mass or more and 98% by mass or less of
tungsten, 1.4% by mass or more and 11% by mass or less of nickel, and 0.6% by mass or more and 6% by mass or
less of at least one substance selected from the group consisting of iron, copper and cobalt, characterized in that a
distortion is introduced into a sintered body and heat treatment is performed on the sintered body having the distortion
introduced therein, and then, the sintered body is hot-rolled at a rolling processing rate of 60% or more and further heat
treatment is performed on the hot-rolled sintered body.

[0030] In the flat plate-like sintered tungsten alloy thus manufactured, the elongation percentage of the flat plate-like
sintered tungsten alloy in the planar direction can be 20% or more, and the flat plate-like sintered tungsten alloy can be
molded into a complex shape by press working or forge processing.

[0031] Inparticular, theflat plate-like sintered tungsten alloy according to the presentinvention is obtained by performing
further heat treatment on the flat plate-like sintered tungsten alloy of the present invention as an intermediate product.
By this heat treatment, the flat plate-like sintered tungsten alloy does not have the structure of the sintered tungsten
alloy of the present invention as an intermediate product, but has a structure very close to a structure of the conventional
sintered tungsten alloy immediately after sintering. However, the sintered tungsten alloy according to the presentinvention
is returned through the structure of the sintered tungsten alloy of the present invention as an intermediate product to the
structure very close to the structure of the conventional sintered tungsten alloy. As a result, almost all defects present
at an interface between the tungsten crystal grains and the binder (nickel, iron and the like) and in the binder, which are
a cause of reduction in elongation in the conventional sintered tungsten alloy, disappear, and thus, it becomes easy for
the tungsten crystal grains to slide in the binder component. Consequently, elongation of the sintered tungsten alloy
according to the present invention is enhanced.

[0032] Preferably, the thickness of the flat plate-like sintered tungsten alloy according to the present invention is 1.5
mm or smaller.

[0033] Preferably, in the sintered tungsten alloy according to the present invention, an X-ray diffraction intensity ratio
of a (111) plane of a Ni-(Fe, Cu, Co) phase in a flat plate surface of the flat plate-like sintered tungsten alloy (assuming
that X-ray diffraction intensities of the (111) plane, a (100) plane, a (110) plane, and a (311) plane are 1(111), 1(100),
I(110), and 1(311), respectively, the X-ray diffraction intensity ratio of the (111) plane is a value of
[1(111)/{1(111)+1(100)+1(110)+1(311)}]) is 0.68 or more and 0.9 or less.

[0034] A reason why the X-ray diffraction intensity ratio of the (111) plane of the Ni-(Fe, Cu, Co) phase in the flat plate
surface of the flat plate-like sintered tungsten alloy of the present invention becomes high as described above, and the
function and effect produced by this can be described as follows. When the flattened structure of the tungsten crystal
grains having an extremely high aspect ratio is formed in (7) hot-rolling step described above, the Ni-(Fe, Cu, Co) phase
serving as a binder phase is also stretched in the planar direction. As a result, in the Ni-(Fe, Cu, Co) phase serving as
a binder phase, the (111) plane serving as a sliding plane of an FCC (face-centered cubic) structure is oriented in parallel
to the planar direction. This has an influence even after (8) heat treatment step described above, and the orientation of
the (111) plane remains in the flat plate-like sintered tungsten alloy as a final product. Since the sliding plane of the
binder plane is oriented in parallel to the planar direction as described above, it can become easy for the tungsten crystal
grains to slide in the binder component. By heat treatment, almost all defects present in the sintered tungsten alloy can
be eliminated and elongation of the sintered tungsten alloy in the planar direction can be further enhanced.

[0035] In the conventional sintered tungsten alloy, warpage or distortion occurs, and thus, it is difficult to form a thin
flat plate immediately after sintering. In addition, when rolling processing is performed on the conventional sintered
tungsten alloy at a rolling processing rate of 60% or more, fracture and the like occur, and thus, it is necessary to finally
perform grinding and polishing in order to obtain a thin flat plate. As a result, the manufacturing cost becomes high.
[0036] In contrast, in the method for manufacturing the sintered tungsten alloy according to the present invention, a
distortion is introduced into the sintered body and heat treatment is performed on the sintered body having the distortion
introduced therein, and then, hot-rolling processing is performed. Therefore, the sintered body can be hot-rolled at a
rolling processing rate of 60% or more. As a result, the flat plate-like sintered tungsten alloy having a thickness of 1.5
mm or smaller can be formed. Therefore, the manufacturing method of the presentinvention is particularly advantageous
to obtain a thin flat plate and the manufacturing cost can be reduced.

[0037] In particular, in the method for manufacturing the sintered tungsten alloy according to the present invention,
further heat treatment is performed after hot-rolling processing, and thus, elongation can be enhanced. Therefore, the
obtained flat plate-like sintered tungsten alloy can be further thinned by rolling processing and the like. A lower limit
value of the thickness of the flat plate-like sintered tungsten alloy according to the present invention is 0.05 mm. It is
difficult to set the thickness of the flat plate-like sintered tungsten alloy to be smaller than 0.05 mm.

[0038] The sintered tungsten alloy according to the present invention may contain elements other than nickel (Ni),
iron (Fe), copper (Cu), and cobalt (Co), and may contain, for example, 0% by mass or more and 2% by mass or less of
an element such as manganese (Mn), molybdenum (Mo), silicon (Si), rhenium (Re), chromium (Cr), titanium (Ti), vana-
dium (V), niobium (Nb), and tantalum (Ta), to such an extent that the function and effect of the present invention are not
impaired.



10

15

20

25

30

35

40

45

50

55

EP 2789 708 A1

[0039] The method for manufacturing the flat plate-like sintered tungsten alloy of the present invention will be described
hereinafter.

(1) Materials Preparing Step

[0040] A tungsten powder, a nickel powder, and a metal powder of at least one substance selected from the group
consisting of iron, copper and cobalt are prepared. The materials are prepared to contain the tungsten powder at a
blending ratio of 85% by mass or more and 98% by mass or less, nickel at a blending ratio of 1.4% by mass or more
and 11% by mass or less, and the metal powder of at least one substance selected from the group consisting of iron,
copper and cobalt at a blending ratio of 0.6% by mass or more and 6% by mass or less.

[0041] If the blending ratio of the tungsten powder is less than 85% by mass, the strength of the obtained sintered
tungsten alloy may be insufficient. If the blending ratio of the tungsten powder exceeds 98% by mass, the binder com-
ponent may be insufficient and fracture may occur in the obtained sintered tungsten alloy during the rolling step.
[0042] If the blending ratio of the nickel powder is less than 1.4% by mass, fracture may occur in the obtained sintered
tungsten alloy during the rolling step. If the blending ratio of the nickel powder exceeds 11% by mass, the strength of
the obtained sintered tungsten alloy may be insufficient.

[0043] Iron, copperand cobalt serve as a sintering aid. If the blending ratio of the metal powder of at least one substance
selected from the group consisting of iron, copper and cobalt is less than 0.6% by mass, the dense sintered body cannot
be obtained, and thus, fracture may occur in the obtained sintered tungsten alloy during the rolling step. If the blending
ratio of the aforementioned metal powder exceeds 6% by mass, the binder component is excessively cured, and thus,
the toughness of the obtained sintered tungsten alloy itself may be reduced.

[0044] The average grain size of each of the tungsten powder, the nickel powder and the aforementioned metal powder
is preferably 1 wm or larger and 10 wm or smaller. If the average grain size of each of these powders is smaller than 1
wm, the manufacturing cost may increase. If the average grain size of each of these powders exceeds 10 um, a gap is
likely to be formed in the obtained sintered tungsten alloy, and thus, fracture may occur in the sintered tungsten alloy
during the rolling step.

(2) Mixing Step

[0045] The tungsten powder, the nickel powder, and the metal powder of at least one substance selected from the
group consisting of iron, copper and cobalt, which were prepared as described above, are mixed to obtain a mixture.
Mixing can be performed by using a Lodige mixer, an attritor, a ball mill or the like. At the time of mixing, a solvent and
a binder may be added to the material powders. Camphor, Merball, stearic acid, paraffin or the like can be used as the
binder. Ethanol, methanol, acetone or the like can be used as the solvent.

(3) Molding Step

[0046] Pressure is applied to the mixture obtained as described above and the mixture is molded to obtain a molded
body. The pressure is applied to the mixture by using cold isotropic pressure press (CIP), dry CIP, mechanical press or
the like. The pressure applied at the time of molding is preferably 49 MPa or higher and lower than 294 MPa. If the
pressure is lower than 49 MPa, there is a possibility that the molded body cannot be obtained. Even if the molded body
can be obtained, the molded body may be broken during handling and the subsequent steps. Even if the pressure is
294 MPa or higher, no problem arises, while the function for obtaining the molded body is not enhanced.

(4) Sintering Step

[0047] The molded body obtained as described above is sintered to obtain a sintered body. The atmosphere of a
hydrogen gas, vacuum or an inert gas can be used as the atmosphere for sintering the molded body. A batch furnace,
a continuous pressure furnace or the like can be used as a sintering furnace that houses the molded body.

[0048] The sintering temperature is preferably 1200°C or higher and 1550°C or lower. If the sintering temperature is
lower than 1200°C, the dense sintered body cannot be obtained, and thus, fracture may occur in the obtained sintered
tungsten alloy during the rolling step. If the sintering temperature exceeds 1550°C, the sintered body may melt.
[0049] The sintering time is preferably 10 minutes or longer and 300 minutes or shorter when the sintering temperature
is maximum. If the sintering time is shorter than 10 minutes, the dense sintered body cannot be obtained, and thus,
fracture may occur in the obtained sintered tungsten alloy during the rolling step. If the sintering time exceeds 300
minutes, the tungsten crystal grains become too coarse, and thus, there is a possibility that the tungsten crystal grains
cannot become sulfficiently fine grains during the subsequent steps.

[0050] The molding step and the sintering step may be simultaneously performed by using hot isotropic pressure press
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(HIP). In this case, an inert gas such as a nitrogen gas and an argon gas can be used as the atmosphere.

[0051] The pressure is preferably 500 MPa or higher and 1500 MPa or lower. If the pressure is lower than 500 MPa,
the dense sintered body cannot be obtained, and thus, fracture may occur in the obtained sintered tungsten alloy during
the rolling step. Even if the pressure exceeds 1500 MPa, no problem arises, while the function for obtaining the sintered
body is not enhanced.

[0052] The temperature is preferably 1200°C or higher and 1550°C or lower. If the temperature is lower than 1200°C,
the dense sintered body cannot be obtained, and thus, fracture may occur in the obtained sintered tungsten alloy during
the rolling step. If the temperature exceeds 1550°C, the sintered body may melt.

(5) Distortion Introducing Step

[0053] A distortion is introduced into the sintered body (sintered tungsten alloy) obtained as described above. The
distortion is preferably introduced into the sintered body by, for example, deforming the flat plate-like sintered body in
the thickness direction at a deformation rate of 20% or more and 50% or less. If the deformation rate is less than 20%,
an amount of distortion introduced into the sintered body is insufficient, and thus, there is a possibility that fine crystal
grains cannot be formed even if heat treatment is performed in the subsequent step. If the deformation rate exceeds
50%, fracture may occur in the sintered body.

[0054] The temperature of the sintered body at the time of introduction of the distortion is preferably 0°C or higher and
600°C or lower. If the temperature is lower than 0°C, the sintered body becomes hard, and thus, fracture may occur. If
the temperature exceeds 600°C, the introduced distortion is released, and thus, there is a possibility that fine crystal
grains cannot be formed even if heat treatment is performed in the subsequent step.

[0055] A method for introducing the distortion into the sintered body can include deforming the sintered body by forge
processing, mechanical press working, cold-rolling processing or the like.

(6) Heat Treatment Step

[0056] Heat treatment is performed on the sintered body (sintered tungsten alloy) having the distortion introduced
therein. By this heat treatment, the distortion introduced into the sintered body is recovered to an appropriate level and
the tungsten crystal grains become fine grains.

[0057] The atmosphere of vacuum, a hydrogen gas, a nitrogen gas, an argon gas, or a carbon monoxide gas can be
used as the atmosphere for performing heat treatment on the sintered body.

[0058] The heat treatment temperature is preferably 900°C or higher and 1400°C or lower. If the heat treatment
temperature is lower than 900°C, recovery of the distortion is insufficient and the tungsten crystal grains do not become
fine grains, and thus, fracture may occur in the sintered body during the subsequent hot-rolling step. If the heat treatment
temperature exceeds 1400°C, the distortion is completely recovered and the tungsten crystal grains become coarse,
and thus, fracture may occur in the sintered body during the subsequent hot-rolling step.

[0059] The heat treatment time is preferably 20 minutes or longer and 5 hours or shorter. If the heat treatment time is
shorter than 20 minutes, recovery of the distortion is insufficient and the tungsten crystal grains do not become fine
grains, and thus, fracture may occur in the sintered body during the subsequent hot-rolling step. If the heat treatment
time exceeds 5 hours, the distortion is completely recovered and the tungsten crystal grains become coarse, and thus,
fracture may occur in the sintered body during the subsequent hot-rolling step.

[0060] The average grain size of the tungsten crystal grains in the sintered tungsten alloy after heat treatment is
preferably 5 um or larger and 20 wm or smaller. It is difficult to set the average grain size of the tungsten crystal grains
to be smaller than 5 um. If the average grain size of the tungsten crystal grains exceeds 20 um, fracture may occur in
the sintered body during the subsequent hot-rolling step.

(7) Hot-rolling Step

[0061] Rolling processing is performed on the sintered body (sintered tungsten alloy) subjected to heat treatment as
described above at a rolling processing rate of 60% or more, with the sintered body heated. The atmosphere of a
hydrogen gas, a nitrogen gas, an argon gas or the like can be used as the atmosphere for heating the sintered body.

[0062] The rolling processing temperature is preferably 800°C or higher and 1400°C or lower. If the rolling processing
temperature is lower than 800°C, a large load is applied to a rolling machine, and thus, rolling processing cannot be
performed or fracture may occur in the sintered body. If the rolling processing temperature exceeds 1400°C, the tungsten
crystal grains become coarse, and thus, fracture may occur in the sintered body when rolling processing is performed.
[0063] The rolling processing rate of one rolling is preferably 5% or more and 30% or less. If the rolling processing
rate of one rolling is less than 5%, the number of rolling for achieving the rolling processing rate of 60% or more in total
increases and the manufacturing cost increases. If the rolling processing rate of one rolling exceeds 30%, a large load
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is applied to the rolling machine, and thus, rolling processing cannot be performed or fracture may occur in the sintered
body.

[0064] The rolling processing rate in total is preferably 60% or more and 95% or less. If the rolling processing rate in
total is less than 60%, the tungsten crystal grains do not become flattened particles, and thus, there is a possibility that
sufficiently high strength of the sintered tungsten alloy at high temperature is not obtained. If the rolling processing rate
in total exceeds 95%, fracture may occur in the sintered body due to rolling processing.

[0065] Even when (5) distortion introducing step and (6) heat treatment step are not performed on the conventional
sintered tungsten alloy and (7) hot-rolling step is performed on the sintered tungsten alloy immediately after sintering,
rolling is performed at a rolling processing rate of approximately 60% at most. Even when the hot-rolling step is performed
on the flat plate-like sintered tungsten alloy having, for example, a plane of approximately 100 mmX100 mm or larger,
the sintered tungsten alloy having a thickness of approximately 2 mm is only obtained.

[0066] In contrast, in the present invention, (5) distortion introducing step and (6) heat treatment step are performed
and then (7) hot-rolling step is performed on the sintered body (sintered tungsten alloy) obtained in (4) sintering step.
As a result, rolling can be performed at a rolling processing rate of 60% or more and 95% or less and the flat plate-like
sintered tungsten alloy as an intermediate product having a thickness of 1.5 mm or smaller can be manufactured. A
lower limit value of the thickness of the sintered tungsten alloy of the present invention as an intermediate product is 0.5
mm. It is difficult to obtain the sintered tungsten alloy having a thickness of smaller than 0.5 mm, even when (5) distortion
introducing step and (6) heat treatment step are performed and then (7) hot-rolling step is performed.

(8) Heat Treatment Step

[0067] Heattreatmentis performed on the sintered body (sintered tungsten alloy) subjected to hot-rolling processing
as described above. By this heat treatment, almost all defects present at the interface between the tungsten crystal
grains and the binder and in the binder can be eliminated, and thus, it becomes easy for the tungsten crystal grains to
slide in the binder component. Consequently, elongation of the sintered tungsten alloy is enhanced.

[0068] The atmosphere of vacuum, a hydrogen gas or an inert gas can be used as the atmosphere for performing
heat treatment on the sintered body subjected to hot-rolling processing. A batch furnace or a continuous pressure furnace
can be used as a furnace for performing heat treatment.

[0069] The heat treatment temperature is preferably 1300°C or higher and 1550°C or lower. If the heat treatment
temperature is lower than 1300°C, the tungsten crystal grains become coarse insufficiently, and thus, there is a possibility
that the processability in cold working is not enhanced. If the heat treatment temperature exceeds 1550°C, the sintered
body may melt.

[0070] The heat treatment time is preferably 10 minutes or longer and 5 hours or shorter. If the heat treatment time is
shorter than 10 minutes, the tungsten crystal grains become coarse insufficiently, and thus, there is a possibility that the
processability in cold working is not enhanced. If the heat treatment time exceeds 5 hours, the tungsten crystal grains
become coarse and the processability decreases, and thus, fracture may occur in the sintered body when the sintered
body is processed into a complex shape.

[0071] The average grain size of the tungsten crystal grains in the sintered tungsten alloy after heat treatment is
preferably 20 wm or larger and 60 wm or smaller. If the average grain size of the tungsten crystal grains is smaller than
20 pwm, the effect of heat treatment is insufficient and high elongation percentage is not obtained, and thus, there is a
possibility that the processability in cold working is not enhanced. If the average grain size of the tungsten crystal grains
exceeds 60 pm, the tungsten crystal grains become coarse and the processability decreases, and thus, fracture may
occur in the sintered body when the sintered body is processed into a complex shape.

Examples

[0072] Examples 1to 29 and Comparative Examples 1 to 13 of the present invention in which the flat plate-like sintered
tungsten alloy is fabricated to check the effects of the aforementioned embodiment will be described hereinafter.

(Example 1)

[0073] In this Example, the aforementioned flat plate-like sintered tungsten alloy of the present invention as an inter-
mediate product was fabricated. Namely, the aforementioned steps (1) to (7) were performed to fabricate the flat plate-
like sintered tungsten alloy.

[0074] First, preparation was made such that a tungsten powder having an average grain size of 3 um was contained
at a blending ratio of 95% by mass, a nickel powder having an average grain size of 4 um was contained at a blending
ratio of 3.5% by mass, and an iron powder having an average grain size of 3 um was contained at a blending ratio of
1.5% by mass ((1) materials preparing step).
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[0075] Next, the tungsten powder, the nickel powder and the iron powder prepared as described above were mixed
by using the Lodige mixer, to obtain a mixture ((2) mixing step).

[0076] Then, by using cold isotropic pressure press (CIP), a pressure of 196 MPa was applied to the mixture obtained
as described above and the mixture was molded to obtain a molded body ((3) molding step). The obtained molded body
had a dimension of 176 mmX176 mmx8.2 mm.

[0077] Furthermore, the molded body obtained as described above was sintered in the hydrogen gas atmosphere
furnace at a temperature of 1460°C for 80 minutes to obtain a sintered body ((4) sintering step). The obtained sintered
body had a dimension of 150 mmx150 mmx7 mm.

[0078] Fig. 1 shows an optical microscope photograph obtained by observing a cross section of the flat plate-like
sintered tungsten alloy obtained as described above.

[0079] Thereafter, by using a forging machine, the obtained flat plate-like sintered tungsten alloy was deformed in the
thickness direction at a temperature of 25°C at a deformation rate of 30% to introduce a distortion into the sintered
tungsten alloy ((5) distortion introducing step). The flat plate-like sintered tungsten alloy having the distortion introduced
therein had a dimension of 177 mmXx177 mmX5 mm.

[0080] Heat treatment was performed on the flat plate-like sintered tungsten alloy having the distortion introduced
therein, in the vacuum furnace at a temperature of 1200°C for 3 hours ((6) heat treatment step).

[0081] Fig. 2 shows an optical microscope photograph obtained by observing a cross section of the flat plate-like
sintered tungsten alloy obtained as described above. As shown in Fig. 2, it can be seen that the tungsten crystal grains
have become fine grains and the average grain size is approximately 10 um.

[0082] Finally, a sample of the flat plate-like sintered tungsten alloy subjected to heat treatment was heated in the
hydrogen gas atmosphere furnace to a temperature of 1100°C, and then, the sample was taken out from the furnace
and rolling processing was immediately performed at a rolling processing rate of approximately 10%, and the rolling
processing was repeated until the rolling processing rate in total reached 80% ((7) hot-rolling step). The flat plate-like
sintered tungsten alloy after hot-rolling processing had a dimension of 100 mmx1070 mmX1 mm.

[0083] Theflat plate-like sintered tungsten alloy of the presentinvention as an intermediate product was thus fabricated.
[0084] Heattreatmentwas performed on the obtained flat plate-like sintered tungsten alloy as an intermediate product
in the vacuum furnace at a temperature of 1450°C for 60 minutes ((8) heat treatment step).

[0085] Fig. 3 shows an optical microscope photograph obtained by observing a cross section of the flat plate-like
sintered tungsten alloy as a final product obtained as described above. As shown in Fig. 3, it can be seen that the
tungsten crystal grains have become coarse and the average grain size is approximately 35 um.

(Example 2)

[0086] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment temperature was 1300°C in the heat treatment step after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using an
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
21 pm.

(Example 3)

[0087] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment temperature was 1550°C in the heat treatment step after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
43 pm.

(Example 4)

[0088] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment time was 10 minutes in the heat treatment step after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
25 pm.

(Example 5)

[0089] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
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except that the heat treatment time was 3 hours in the heat treatment step after the hot-rolling step. Similarly to Example
1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 39 pum.

(Example 6)

[0090] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment time was 5 hours in the heat treatment step after the hot-rolling step. Similarly to Example
1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 57 pm.

(Example 7)

[0091] A flat plate-like sintered tungsten alloy having a thickness of 1.1 mm was fabricated similarly to Example 1,
except that a distortion was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the
thickness direction at a deformation rate of 20% in the distortion introducing step and the heat treatment temperature
was 1500°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-
like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 19 pum.
In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was
observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 39 um.

(Example 8)

[0092] A flat plate-like sintered tungsten alloy having a thickness of 0.9 mm was fabricated similarly to Example 1,
except that a distortion was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the
thickness direction at a deformation rate of 40% in the distortion introducing step and the heat treatment temperature
was 1500°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-
like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 10 pm.
In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was
observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 38 um.

(Example 9)

[0093] A flat plate-like sintered tungsten alloy having a thickness of 0.7 mm was fabricated similarly to Example 1,
except that a distortion was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the
thickness direction at a deformation rate of 50% in the distortion introducing step and the heat treatment temperature
was 1500°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-
like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 5 pum.
In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was
observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 39 um.

(Example 10)

[0094] A flat plate-like sintered tungsten alloy having a thickness of 2.0 mm was fabricated similarly to Example 1,
except that rolling processing was performed until the rolling processing rate in total reached 60% in the hot-rolling step.
Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 39 um.

(Example 11)

[0095] A flat plate-like sintered tungsten alloy having a thickness of 1.5 mm was fabricated similarly to Example 1,
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except that rolling processing was performed until the rolling processing rate in total reached 70% in the hot-rolling step.
Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 36 um.

(Example 12)

[0096] A flat plate-like sintered tungsten alloy having a thickness of 0.7 mm was fabricated similarly to Example 1,
except that rolling processing was performed until the rolling processing rate in total reached 85% in the hot-rolling step.
Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 37 um.

(Example 13)

[0097] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that rolling processing was performed until the rolling processing rate in total reached 90% in the hot-rolling step.
Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 37 um.

(Example 14)

[0098] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that the thickness of a sintered body obtained in the sintering step was 14 mm and rolling processing was
performed until the rolling processing rate in total reached 95% in the hot-rolling step. Similarly to Example 1, a cross
section of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As
a result of observation, the average grain size of the tungsten crystal grains was approximately 39 pm.

(Example 15)

[0099] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that the thickness of a sintered body obtained in the sintering step was 20 mm, a distortion was introduced into
the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a deformation rate of
50% in the distortion introducing step, rolling processing was performed until the rolling processing rate in total reached
95% in the hot-rolling step, and the heat treatment temperature was 1300°C in the heat treatment step after the hot-
rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment after
the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 5 um. In addition, similarly to Example 1, a cross section of
the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result of
observation, the average grain size of the tungsten crystal grains was approximately 23 pm.

(Example 16)

[0100] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that the thickness of a sintered body obtained in the sintering step was 20 mm, a distortion was introduced into
the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a deformation rate of
50% in the distortion introducing step, rolling processing was performed until the rolling processing rate in total reached
95% in the hot-rolling step, and the heat treatment temperature was 1450°C in the heat treatment step after the hot-
rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment after
the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 5 um. In addition, similarly to Example 1, a cross section of
the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result of
observation, the average grain size of the tungsten crystal grains was approximately 37 pm.

(Example 17)

[0101] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
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except that the thickness of a sintered body obtained in the sintering step was 20 mm, a distortion was introduced into
the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a deformation rate of
50% in the distortion introducing step, rolling processing was performed until the rolling processing rate in total reached
95% in the hot-rolling step, and the heat treatment temperature was 1550°C in the heat treatment step after the hot-
rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment after
the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 5 um. In addition, similarly to Example 1, a cross section of
the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result of
observation, the average grain size of the tungsten crystal grains was approximately 47 pm.

(Example 18)

[0102] A flat plate-like sintered tungsten alloy having a thickness of 2.2 mm was fabricated similarly to Example 1,
except that a tungsten powder having an average grain size of 1 um was used and a copper powder was used instead
of the iron powder in the materials preparing step, a distortion was introduced into the sintered tungsten alloy by deforming
the sintered tungsten alloy in the thickness direction at a deformation rate of 20% in the distortion introducing step, rolling
processing was performed until the rolling processing rate in total reached 60% in the hot-rolling step, and the heat
treatment temperature was 1300°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross
section of the flat plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed
by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 19 um. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as
a final product was observed by using the optical microscope. As a result of observation, the average grain size of the
tungsten crystal grains was approximately 21 um.

(Example 19)

[0103] A flat plate-like sintered tungsten alloy having a thickness of 1.7 mm was fabricated similarly to Example 1,
except that a tungsten powder having an average grain size of 5 um was used and a copper powder was used instead
of the iron powder in the materials preparing step, a distortion was introduced into the sintered tungsten alloy by deforming
the sintered tungsten alloy in the thickness direction at a deformation rate of 20% in the distortion introducing step, rolling
processing was performed until the rolling processing rate in total reached 70% in the hot-rolling step, and the heat
treatment temperature was 1300°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross
section of the flat plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed
by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 19 um. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as
a final product was observed by using the optical microscope. As a result of observation, the average grain size of the
tungsten crystal grains was approximately 23 pm.

(Example 20)

[0104] A flat plate-like sintered tungsten alloy having a thickness of 0.7 mm was fabricated similarly to Example 1,
except that a tungsten powder having an average grain size of 10 wm was used and a copper powder was used instead
of the iron powder in the materials preparing step, a distortion was introduced into the sintered tungsten alloy by deforming
the sintered tungsten alloy in the thickness direction at a deformation rate of 20% in the distortion introducing step, rolling
processing was performed until the rolling processing rate in total reached 90% in the hot-rolling step, and the heat
treatment temperature was 1300°C in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross
section of the flat plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed
by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 19 um. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as
a final product was observed by using the optical microscope. As a result of observation, the average grain size of the
tungsten crystal grains was approximately 22 um.

(Example 21)
[0105] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that preparation was made in the materials preparing step to contain a tungsten powder at a blending ratio of

85% by mass, a nickel powder at a blending ratio of 10.5% by mass, and an iron powder at a blending ratio of 4.5% by
mass, rolling processing was performed until the rolling processing rate in total reached 90% in the hot-rolling step, and
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the heat treatment temperature was 1300°C and the heat treatment time was 3 hours in the heat treatment step after
the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment
after the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 9 pum. In addition, similarly to Example 1, a cross section of
the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result of
observation, the average grain size of the tungsten crystal grains was approximately 24 pm.

(Example 22)

[0106] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that preparation was made in the materials preparing step to contain a tungsten powder at a blending ratio of
90% by mass, a nickel powder at a blending ratio of 7% by mass, and an iron powder at a blending ratio of 3% by mass,
rolling processing was performed until the rolling processing rate in total reached 90% in the hot-rolling step, and the
heat treatment temperature was 1300°C and the heat treatment time was 3 hours in the heat treatment step after the
hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment
after the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 10 wm. In addition, similarly to Example 1, a cross section
of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result
of observation, the average grain size of the tungsten crystal grains was approximately 24 pm.

(Example 23)

[0107] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that preparation was made in the materials preparing step to contain a tungsten powder at a blending ratio of
98% by mass, a nickel powder at a blending ratio of 1.4% by mass, and an iron powder at a blending ratio of 0.6% by
mass, rolling processing was performed until the rolling processing rate in total reached 90% in the hot-rolling step, and
the heat treatment temperature was 1300°C and the heat treatment time was 3 hours in the heat treatment step after
the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment
after the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 10 wm. In addition, similarly to Example 1, a cross section
of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result
of observation, the average grain size of the tungsten crystal grains was approximately 26 pm.

(Example 24)

[0108] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that a nickel powder having an average grain size of 1 um was used and a cobalt powder was used instead of
the iron powder in the materials preparing step, and the heat treatment temperature was 1300°C and the heat treatment
time was 5 hours in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat
plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
11 wm. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product
was observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 28 um.

(Example 25)

[0109] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that a nickel powder having an average grain size of 5 um was used and a cobalt powder was used instead of
the iron powder in the materials preparing step, and the heat treatment temperature was 1300°C and the heat treatment
time was 5 hours in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat
plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
10 wm. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product
was observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 30 um.
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(Example 26)

[0110] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that a nickel powder having an average grain size of 10 wm was used and a cobalt powder was used instead of
the iron powder in the materials preparing step, and the heat treatment temperature was 1300°C and the heat treatment
time was 5 hours in the heat treatment step after the hot-rolling step. Similarly to Example 1, a cross section of the flat
plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
10 wm. In addition, similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product
was observed by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal
grains was approximately 27 pum.

(Example 27)

[0111] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that an iron powder having an average grain size of 1 wum was used in the materials preparing step, a distortion
was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a
deformation rate of 50% in the distortion introducing step, and rolling processing was performed until the rolling processing
rate in total reached 60% in the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered
tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical microscope.
As a result of observation, the average grain size of the tungsten crystal grains was approximately 5 um. In addition,
similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 32 um.

(Example 28)

[0112] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that an iron powder having an average grain size of 5 um was used in the materials preparing step, a distortion
was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a
deformation rate of 50% in the distortion introducing step, and rolling processing was performed until the rolling processing
rate in total reached 60% in the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered
tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical microscope.
As a result of observation, the average grain size of the tungsten crystal grains was approximately 5 um. In addition,
similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 35 um.

(Example 29)

[0113] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that an iron powder having an average grain size of 10 um was used in the materials preparing step, a distortion
was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a
deformation rate of 50% in the distortion introducing step, and rolling processing was performed until the rolling processing
rate in total reached 60% in the hot-rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered
tungsten alloy after heat treatment after the distortion introducing step was observed by using the optical microscope.
As a result of observation, the average grain size of the tungsten crystal grains was approximately 5 um. In addition,
similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 33 um.

(Comparative Example 1)

[0114] A conventional sintered tungsten alloy fabricated by performing the aforementioned steps (1) to (4) was proc-
essed to have a thickness of 1 mm by grinding and polishing.
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(Comparative Example 2)

[0115] On a conventional sintered tungsten alloy fabricated by performing the aforementioned steps (1) to (4), the
steps (5) and (6) were not performed and (7) hot-rolling step was performed until the rolling processing rate reached
60% (thickness became 2 mm) immediately after sintering. Thereafter, the sintered tungsten alloy subjected to rolling
processing was processed to have a thickness of 1 mm by grinding and polishing.

[0116] Fig. 4 shows an optical microscope photograph obtained by observing a cross section of the flat plate-like
sintered tungsten alloy obtained as described above.

(Comparative Example 3)

[0117] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment temperature was 1200°C in the heat treatment step after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
18 pm.

(Comparative Example 4)

[0118] An attempt was made to fabricate a flat plate-like sintered tungsten alloy having a thickness of 1.0 mm similarly
to Example 1, except that the heat treatment temperature was 1600°C in the heat treatment step after the hot-rolling
step. However, the flat plate-like sintered tungsten alloy melted.

(Comparative Example 5)

[0119] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment time was 6 minutes in the heat treatment step after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the
optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately
17 pm.

(Comparative Example 6)

[0120] A flat plate-like sintered tungsten alloy having a thickness of 1.0 mm was fabricated similarly to Example 1,
except that the heat treatment time was 6 hours in the heat treatment step after the hot-rolling step. Similarly to Example
1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by using the optical
microscope. As a result of observation, the average grain size of the tungsten crystal grains was approximately 64 pm.

(Comparative Example 7)

[0121] An attempt was made to fabricate a flat plate-like sintered tungsten alloy similarly to Example 1, except that a
distortion was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness
direction at a deformation rate of 17% in the distortion introducing step and the heat treatment temperature was 1500°C
in the heat treatment step after the hot-rolling step. However, fracture occurred after the hot-rolling step. Similarly to
Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment after the distortion introducing
step was observed by using the optical microscope. As a result of observation, the average grain size of the tungsten
crystal grains was approximately 24.3 pm.

(Comparative Example 8)

[0122] An attempt was made to fabricate a flat plate-like sintered tungsten alloy similarly to Example 1, except that a
distortion was introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness
direction at a deformation rate of 60% in the distortion introducing step and the heat treatment temperature was 1500°C
in the heat treatment step after the hot-rolling step. However, fracture occurred in the distortion introducing step.

(Comparative Example 9)

[0123] A flat plate-like sintered tungsten alloy having a thickness of 2.5 mm was fabricated similarly to Example 1,
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except that rolling processing was performed until the rolling processing rate in total reached 50% in the hot-rolling step.
Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy as a final product was observed by
using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 37 um.

(Comparative Example 10)

[0124] An attempt was made to fabricate a flat plate-like sintered tungsten alloy similarly to Example 1, except that
rolling processing was performed until the rolling processing rate in total reached 97% in the hot-rolling step. However,
fracture occurred after the hot-rolling step.

(Comparative Example 11)

[0125] A flat plate-like sintered tungsten alloy having a thickness of 0.5 mm was fabricated similarly to Example 1,
except that the thickness of a sintered body obtained in the sintering step was 20 mm, a distortion was introduced into
the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a deformation rate of
50% in the distortion introducing step, rolling processing was performed until the rolling processing rate in total reached
95% in the hot-rolling step, and the heat treatment temperature was 1200°C in the heat treatment step after the hot-
rolling step. Similarly to Example 1, a cross section of the flat plate-like sintered tungsten alloy after heat treatment after
the distortion introducing step was observed by using the optical microscope. As a result of observation, the average
grain size of the tungsten crystal grains was approximately 5 um. In addition, similarly to Example 1, a cross section of
the flat plate-like sintered tungsten alloy as a final product was observed by using the optical microscope. As a result of
observation, the average grain size of the tungsten crystal grains was approximately 17 pm.

(Comparative Example 12)

[0126] An attemptwas made to fabricate a flat plate-like sintered tungsten alloy having a thickness of 0.5 mm similarly
to Example 1, except that the thickness of a sintered body obtained in the sintering step was 20 mm, a distortion was
introduced into the sintered tungsten alloy by deforming the sintered tungsten alloy in the thickness direction at a
deformation rate of 50% in the distortion introducing step, rolling processing was performed until the rolling processing
rate in total reached 95% in the hot-rolling step, and the heat treatment temperature was 1600°C in the heat treatment
step after the hot-rolling step. However, the flat plate-like sintered tungsten alloy melted. Similarly to Example 1, a cross
section of the flat plate-like sintered tungsten alloy after heat treatment after the distortion introducing step was observed
by using the optical microscope. As a result of observation, the average grain size of the tungsten crystal grains was
approximately 5 pm.

(Comparative Example 13)

[0127] When (7) hot-rolling step was performed on a conventional sintered tungsten alloy fabricated by performing
the aforementioned steps (1) to (4) in Example 1, until the rolling processing rate reached 65% immediately after sintering,
fracture occurred in the sintered tungsten alloy.

(Measurement of Average Thickness and Average Length of Tungsten Crystal Grains)

[0128] Asshownin Fig. 5, by using a scanning electron microscope (SEM), observation was conducted of a first cross
section 101 along the direction of a thickness To (1 mm) orthogonal to the extending direction of a plane 100 of a flat
plate-like sintered tungsten alloy 1 obtained as an intermediate product in each of Examples 1 to 29 and Comparative
Examples 110 6, 9, 11 and 12, and a second cross section 102 which is a cross section along the direction of thickness
To orthogonal to the extending direction of plane 100 of flat plate-like sintered tungsten alloy 1 and which is orthogonal
to the first cross section.

[0129] Specifically, in each of first cross section 101 and second cross section 102, a photograph of an arbitrary site
(field of view) was taken at a magnification of 1000x, and a photograph of a site (field of view) displaced in this cross
section from the arbitrary site along the extending direction of plane 100 was taken. 7 photographs of fields of view
obtained by sequential displacement were connected in the extending direction of plane 100 to obtain a photograph of
a cross section portion having a thickness T of 70 um and a width W of 500 um. There were thus obtained photographs
of a first cross section portion of certain width W (500 wm) and certain thickness T (70 wm) selected from first cross
section 101 and a second cross section portion of certain width W (500 uwm) and certain thickness T (70 uwm) selected
from second cross section 102. Fig. 6 shows one example (Example 1) of the scanning electron microscope (SEM)

16



10

15

20

25

30

35

40

45

50

55

EP 2789 708 A1

photograph of the cross section portion.

[0130] Fig. 7 schematically shows the aforementioned cross section portion. As shown in Fig. 7, in the photograph of
each offirst cross section portion 101a and second cross section portion 102a obtained as described above, measurement
was conducted of thicknesses t and lengths s of a plurality of tungsten crystal grains G1 to G4 which intersect with a
center line 200 passing through a center of certain width W (500,.m) and extending in the direction of certain thickness
T (70 wm). Average values of these measurement values were obtained and defined as the average thickness and the
average length of the tungsten crystal grains. A ratio of the average length to the average thickness of the tungsten
crystal grains was also calculated.

[0131] Table 1 shows the average thickness and the average length as well as the ratio of the average length to the
average thickness of the tungsten crystal grains calculated as described above.

(Measurement of Elongation Percentage of Sintered Tungsten Alloy)

[0132] As shown in Fig. 8, a tensile test piece 10 having thickness T was fabricated from the flat plate-like sintered
tungsten alloy obtained as a final product in each of Examples 1 to 29 and Comparative Examples 1 to 3, 5, 6, 9, 11
and 12. The gauge length was set at 8 mm with center line 20 centered.

[0133] Tensile test piece 10 thus fabricated was placed in a tensile test machine of model No. 5867 manufactured by
Instron Co., Ltd. and a tensile test was conducted in the ambient atmosphere at a test temperature of 20°C at a tensile
speed of 300 mm/min. until rupture occurred. A rate of increase in gauge length of the test piece until rupture occurred
was defined as the elongation percentage. As to the flat plate-like sintered tungsten alloy obtained as an intermediate
product in Example 1 as well, the elongation percentage was measured similarly to the above.

[0134] Table 1 shows the measurement result of the elongation percentage obtained as described above. A paren-
thesized numerical value in "Example 1" in Table 1 represents the elongation percentage of the flat plate-like sintered
tungsten alloy obtained as an intermediate product in Example 1.

(Measurement of X-ray Diffraction Intensity Ratio of (111) Plane of Ni-(Fe, Cu, Co) Phase)

[0135] A test piece having a thickness of 0.5 mm and having a plane of 8 mmx8 mm was fabricated from the flat plate-
like sintered tungsten alloy obtained as a final product in each of Examples 1 to 29 and Comparative Examples 1 to 3,
5,6,9, 11 and 12.

[0136] The plane of 8 mmx8 mm of the fabricated test piece was irradiated with X rays by using an X-ray diffraction
device of model No. SmartLab-2D-PILATUS manufactured by Rigaku Corporation, to measure X-ray diffraction intensities
of a (111) plane, a (100) plane, a (110) plane, and a (311) plane of a Ni-(Fe, Cu, Co) phase in the flat plate surface. The
X-ray diffraction conditions were such that the used X rays were Cu-Ka., excitation conditions were 45 kV and 200 mA,
a collimator of $0.8mm was used, and a measurement method was a 0-26 method. The plane of 8 mmx8 mm serving
as the measurement plane was subjected to mechanical polishing and then alkaline electrolytic polishing.

[0137] Based on the obtained values of the X-ray diffraction intensities of the respective planes, an X-ray diffraction
intensity ratio of the (111) plane (assuming that the X-ray diffraction intensities of the (111) plane, the (100) plane, the
(110) plane, and the (311) plane are 1(111), 1(100), 1(110), and 1(311), respectively, the X-ray diffraction intensity ratio
of the (111) plane is a value of [I(111)/{I(111)+1(100)+I(110)+1(311)}]) was calculated.

[0138] Table 1 shows the measurement result of the X-ray diffraction intensity ratio of the (111) plane of the Ni-(Fe,
Cu, Co) phase obtained as described above.
[Table 1]
Tungsten crystal grains (intermediate product)
. Elongation X-ray diffraction
Sample No. Average Average Ratio (average 9 . intensity ratio of (111)
thickness [um] | length [wm] length/average percentage [%] plane
K gin L thickness)
Example 1 5.38 97.42 18.11 27.7(1.0) 0.75
Example 2 5.38 97.42 18.11 21.1 0.73
Example 3 5.38 97.42 18.11 29.7 0.69
Example 4 5.38 97.42 18.11 22.9 0.77
Example 5 5.38 97.42 18.11 275 0.74
Example 6 5.38 97.42 18.11 23.6 0.71
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(continued)

Tungsten crystal grains (intermediate product)

X-ray diffraction

Sample No. . Average Average :zitgi?hgz\\jz:zgz b eiz:?:;:?% ] intensity ratio of (111)
thickness [um] | length [um] thickness) plane
Example 7 5.81 108.97 18.76 28.6 0.76
Example 8 4.23 94.63 22.37 29.2 0.79
Example 9 3.77 85.71 22.73 29.1 0.79
Example 10 5.88 54.78 9.32 22.3 0.70
Example 11 5.49 68.23 12.43 26.4 0.72
Example 12 4.02 97.46 24.24 327 0.75
Example 13 2.85 183.78 64.48 38.7 0.78
Example 14 2.33 227.85 97.79 415 0.84
Example 15 2.02 249.24 123.39 22.7 0.89
Example 16 2.02 249.24 123.39 44.3 0.88
Example 17 2.02 249.24 123.39 32.1 0.76
Example 18 9.69 90.50 9.34 205 0.68
Example 19 6.34 98.45 15.53 26.6 0.71
Example 20 3.01 185.47 61.62 324 0.76
Example 21 4.72 99.72 21.13 23.9 0.78
Example 22 4.98 102.89 20.66 24.5 0.78
Example 23 5.37 93.58 17.43 23.7 0.73
Example 24 5.42 98.25 18.13 245 0.76
Example 25 5.32 99.62 18.73 25.1 0.78
Example 26 5.47 96.31 17.61 24.1 0.74
Example 27 2.89 30.87 10.68 23.9 0.68
Example 28 2.94 31.78 10.81 22.7 0.71
CE‘:(r;f]z'lr:tg’ge 2.93 30.94 10.56 23.7 0.70
ngrfgfet':e - - - 18.4 0.57
ngrfgfet';e 14.00 62.00 4.43 0.9 0.60
ngrfgfet";e 5.38 97.42 18.11 14.5 0.71
ngrfgfe“‘f 5.38 97.42 18.11 - -
ng‘fgfet"ée 5.38 97.42 18.11 7.7 0.81
ngrr’:‘;‘e“‘ée 5.38 97.42 18.11 17.2 0.63
ngrr’:‘;fe“‘ée 6.22 25.71 413 18.7 0.63
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(continued)
Tungsten crystal grains (intermediate product)
: Elonaation X-ray diffraction
Sample No. Average Average Ratio (average gation | intensity ratio of (111)
thickness [um] | length [wm] length/average percentage [%] plane
K gin L thickness)

Comparative 2.02 249.24 123.39 13.7 0.91

Example 11

Comparative 2.02 249.24 123.39 - -

Example 12
[0139] From Table 1, it can be seen thatthe sample in each Example of the present invention exhibits a high elongation
percentage.
[0140] It can also be seen that a value of the X-ray diffraction intensity ratio of the (111) plane of the Ni-(Fe, Cu, Co)

phase is 0.68 or more and 0.9 or less in the sample in each Example of the present invention.

[0141] It should be understood that the embodiments and the examples disclosed herein are illustrative and not
limitative in any respect. The scope of the present invention is defined by the terms of the claims, rather than the
embodiments and the examples above, and is intended to include any changes and modifications within the scope and
meaning equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

[0142] The sintered tungsten alloy of the present invention is used as a radiation shield material in radiation medical
devices, nuclear reactor-related devices and the like.

REFERENCE SIGNS LIST

[0143] 1 sintered tungsten alloy; 100 plane; 101 first cross section; 101 a first cross section portion; 102 second cross
section; 102a second cross section portion; 200 center line; G1 to G4 tungsten crystal grain; T, To thickness; W width;
t thickness; s length.

Claims

1. A flat plate-like sintered tungsten alloy, containing 85% by mass or more and 98% by mass or less of tungsten,
1.4% by mass or more and 11% by mass or less of nickel, and 0.6% by mass or more and 6% by mass or less of
at least one substance selected from the group consisting of iron, copper and cobalt, wherein
an elongation percentage of the flat plate-like sintered tungsten alloy in a planar direction is 20% or more.

2. The sintered tungsten alloy according to claim 1, wherein
a thickness of the flat plate-like sintered tungsten alloy is 1.5 mm or smaller.

3. The sintered tungsten alloy according to claim 1, wherein
an X-ray diffraction intensity ratio of a (111) plane of a Ni-(Fe, Cu, Co) phase in a flat plate surface of the flat plate-
like sintered tungsten alloy (assuming that X-ray diffraction intensities of the (111) plane, a (100) plane, a (110)
plane, and a (311) plane are 1(111), 1(100), I(110), and 1(311), respectively, the X-ray diffraction intensity ratio of
the (111) plane is a value of [I(111)/1(111)+I(100)+1(110)+1(311)}]) is 0.68 or more and 0.9 or less.
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