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HAVING A LAMELLAR STRUCTURE
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ROLLING THAT MAKES HYPERFINE GRAINS

(57) Abstract: Provided is a method of manufacturing a titanium alloy with high strength and high formability which includes: pre -
paring a material and equipment for manufacturing a titanium alloy; manufacturing a titanium alloy having a lamellar structure
(martensite structure) by cooling the prepared material with water after performing heat treatment at the beta transformation temper -
ature or more; and rolling that makes ultratine grains by finishing forming of the titanium alloy at a plastic instability temperature by
gradually decreasing the forming temperature in accordance with an increase of a strain after starting the forming at the plastic in -
stability temperature of more, under a condition of a low strain in which the strain is 2.5 or less, after the manufacturing of a titanium
alloy having a lamellar structure. In the rolling, the initial forming start temperature for starting the forming is the plastic instability
temperature or more of an initial lamellar structure, the final forming temperature for finishing the forming is the plastic instability
temperature or less of an initial lamellar structure, and the process is finished while maintaining the plastic instability temperature or
less of the initial lamellar structure when the strain reaches 2.5 while decreasing the temperature along a predetermined drop curve in
accordance with an increase in the strain after starting the forming at a forming temperature of the plastic instability temperature or
more at the initial stage.
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Description

Title of Invention: MANUFACTURING METHOD OF TITANIUM
ALLOY WITH HIGH-STRENGTH AND HIGH-FORMABILITY

[1]

[2]

[3]

[4]

[5]

[6]

AND ITS TITANIUM ALLOY
Technical Field

The present invention relates to a method of manufacturing a titanium alloy with
high strength and high formability, and more particularly a titanium alloy provided
with ultrafine grains with high strength/high formability through rolling that gradually
changes a forming temperature in accordance with the strain under relatively low
strain(strain of 2.5 or less) without using severe plastic deformation known in the art,
and a method of manufacturing the titanium alloy.

In detail, the present invention relates to a titanium alloy having ultrafine grains with
high strength/high formability by making the final temperature, at which forming is
finished, a plastic instability temperature or less of an initial lamellar structure
(martensite) while gradually decreasing a forming temperature into an optimized
condition, by using a principle that formability increases with an increase in a fine
spheroidized structure during deformation, after starting deformation at the beta trans-
formation temperature or less and the plastic instability temperature or more of an
initial lamellar structure (martensite), without simply decreasing the forming tem-

perature during forming, and a method of manufacturing the titanium alloy.

Background Art

A titanium alloy is typical lightweight metal and has high specific strength and
excellent corrosion resistance, so that it can be used for various fields, such as a
material for the aerospace industry, a material for the chemical industry, a material for
bio-implant, and a material of sports products. Since the titanium alloy has a su-
perplastic property, it is possible to reduce the weight of a product and the machining
cost by performing superplastic forming. Therefore, it is possible to create a large
added value by applying the titanium alloy to industries.

It has been known that superplastic forming of the titanium alloy is possible only by
processing the titanium alloy generally at a high processing temperature of 850 °C or
more with strain rate of 0.001/sec or less. However, since the superplastic property is
largely influenced by a fine structure, superplastic forming can be performed on a
titanium alloy composed of fine grains at a lower processing temperature or higher
strain rate than the related art.

Accordingly, with the development of nanotechnology, a research about a method of
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manufacturing a titanium alloy with fine grains has been actively conducted.
Meanwhile, there are methods, such as powder metallurgy, mechanical alloying,

rapid solidifying, recrystallizing, forging, rolling, and drawing, as the methods of man-
ufacturing a material with fine grains.

However, it is difficult to manufacture a material having a sufficient size, using the
methods, and a large amount of pores may be formed inside. Further, as the size is
limited or the strain increases, in of recrystallized grains, the cross-sectional area
decreases, so that it is difficult to give a large amount of deformation and there is a
specific limit in making the grains fine. Therefore, it is difficult to practically apply
making grains fine with the method.

Recently, severe plastic deformation that makes grains fine without generating pores
inside by performing severe plastic deformation without specific heat treatment has
been proposed. There are HPT (high pressure torsion) and ECAP (equal channel
angular pressing), as the severe plastic deformation.

The HPT machining is a method of generating shear deformation under a high
pressure and has a problem in that machining can be performed with a high speed at a
room temperature, while the size of the material is limited and the thickness and the
fine structure of the material are not uniform.

The ECAP machining is a method of generating shear deformation of a material by
putting in the material to an L-shaped channel and is economical because it is possible
to perform forming with existing equipment and increase the scale. Further, since the
cross-sectional area of the material does not decrease even if the amount of machining
increases, it is possible to provide the material with a large amount of deformation.

However, the sizes of specimens produced by the current severe plastic deformation
are so small that it is very restrictive to industrially produce and use a titanium alloy
with ultrafine grains.

Further, since the severe plastic deformation of the related art requires large strain (4
to 8), there is a problem in that it is difficult to make grains ultrafine by using rolling or

extruding equipment of common companies.

Disclosure of Invention

Technical Problem

An embodiment of the present invention is directed to providing a method of manu-
facturing a titanium alloy (Ti-6Al-4V,Ti-6Al-2Sn-4Zr-2Mo-0.151,Ti-6Al-4Fe-0.25S1)
with high strength and high formability, which includes: rolling that changes a titanium
alloy to have ultrafine grains by rolling the titanium alloy under a low-strain condition,

where the strain is 2.5 or less under a predetermined temperature change condition,
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where the final temperature for finishing forming is lower than the plastic instability
temperature of an initial lamellar structure (martensite), while gradually decreasing a
forming temperature into an optimized condition, by using a principle that formability
increases with an increase in a fine spheroidized structure during deformation, after
starting deformation of the titanium alloy at the beta transformation temperature or less
and the plastic instability temperature or more of an initial lamellar structure
(martensite), without simply decreasing the forming temperature during forming, at a
predetermined deformation speed after manufacturing the titanium alloy having a

lamellar structure.
Another embodiment of the present invention is directed to providing titanium alloys

(Ti-6Al-4V, Ti-6Al-2Sn-4Zr-2Mo-0.1S1, and Ti-6Al-4Fe-0.25S1) manufactured by the

manufacturing method to have ultrafine grains of which the size is 1xm or less.

Solution to Problem

To achieve the object of the present invention, the present invention provides a
method of manufacturing a titanium alloy with high strength and high formability,
which includes: preparing a material and equipment for manufacturing a titanium
alloy; manufacturing a titanium alloy having a lamellar structure (martensite structure)
by cooling the prepared material with water after performing heat treatment at the beta
transformation temperature or more; and rolling that makes ultrafine grains by
finishing forming of the titanium alloy at a plastic instability temperature by gradually
decreasing the forming temperature in accordance with an increase of a strain after
starting the forming at the plastic instability temperature of more, under a condition of
a low strain in which the strain is 2.5 or less, after the manufacturing of a titanium
alloy having a lamellar structure.

Further, in the rolling, the initial forming start temperature for starting the forming is
the plastic instability temperature or more of an initial lamellar structure, the final
forming temperature for finishing the forming is the plastic instability temperature or
less of an initial lamellar structure, and the process is finished while maintaining the
plastic instability temperature or less of the initial lamellar structure when the strain
reaches 2.5 while decreasing the temperature along a predetermined drop curve in ac-
cordance with an increase in the strain after starting the forming at a forming tem-
perature of the plastic instability temperature or more at the initial stage.

Further, the present invention provides a method of manufacturing a titanium alloy
(Ti-6Al1-4V) with high strength and high formability, which includes: preparing a
material and equipment for manufacturing a titanium alloy (Ti-6Al-4V); manu-

facturing a titanium alloy having a lamellar structure (martensite structure) by cooling
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the prepared material with water after performing heat treatment for one hour or more
under the condition of a temperature of 1040°C at the beta transformation temperature
(995°C) or more; and rolling that makes ultrafine grains by finishing forming of the
titanium alloy at a plastic instability temperature or less by gradually decreasing the
forming temperature in accordance with an increase of strain after starting the forming
at the plastic instability temperature of more, under a condition of a low strain in which
the strain is 1.4 or less, after the manufacturing of a titanium alloy having a lamellar
structure.

Further, in the rolling, the forming is started at 800°C, which is an initial forming
start temperature, above a plastic instability temperature of an initial lamellar structure
and is finished at 600 °C, which is a final forming temperature, under the plastic in-
stability temperature of the initial lamellar structure.

Further, in the rolling, the forming temperature initially starts from 800°C, is
decreased along a predetermined drop curve as the strain increases, and the process is
finished while the temperature at 600°C when strain reaches 1.4.

Further, the present invention provides a titanium alloy (Ti-6Al-4V) manufactured by
the method to have ultrafine grains of which the size is 1um or less.

Further, the present invention provides a method of manufacturing a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S51) with high strength and high formability, which includes:
preparing a material and equipment for manufacturing a titanium alloy
(T1-6Al-2Sn-4Zr-2Mo-0.1S51); manufacturing a titanium alloy having a lamellar
structure (martensite structure) by cooling the prepared material with water after
performing heat treatment for one hour or more under the condition of a temperature of
1040°C at the beta transformation temperature (995°C) or more; and rolling that makes
ultrafine grains by finishing forming of the titanium alloy at a plastic instability tem-
perature or less by gradually decreasing the forming temperature in accordance with an
increase of strain after starting the forming at the plastic instability temperature of
more, under a condition of a low strain in which the strain is 1.4 or less, after the man-
ufacturing of a titanium alloy having a lamellar structure.

Further, in the method of manufacturing a titanium alloy
(T1-6Al-2Sn-4Zr-2Mo-0.1S1) with high strength and high formability, in the rolling,
the forming is started at 850°C, which is an initial forming start temperature, above a
plastic instability temperature of an initial lamellar structure and is finished at 650 °C,
which is a final forming temperature, under the plastic instability temperature of the
initial lamellar structure.

Further, the present invention provides a titanium alloy (Ti-6Al-2Sn-4Zr-2Mo-0.1S1)
manufactured by the method to have ultrafine grains of which the size is 1um or less.

Further, the present invention provides a method of manufacturing a titanium alloy
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(Ti-6Al-4Fe-0.25S1) with high strength and high formability, which includes:
preparing a material and equipment for manufacturing a titanium alloy
(Ti-6Al-4Fe-0.25S1); manufacturing a titanium alloy having a lamellar structure
(martensite structure) by cooling the prepared material with water after performing
heat treatment for one hour or more under the condition of a temperature of 1040°C at
the beta transformation temperature (995°C) or more; and rolling that makes ultrafine
grains by finishing forming of the titanium alloy at a plastic instability temperature or
less by gradually decreasing the forming temperature in accordance with an increase of
strain after starting the forming at the plastic instability temperature of more, under a
condition of a low strain in which the strain is 1.4 or less, after the manufacturing of a

titanium alloy having a lamellar structure.
Further, in the method of manufacturing a titanium alloy (Ti-6Al-4Fe-0.25S1) with

high strength and high formability, in the rolling, the forming is started at 800°C,
which is an initial forming start temperature, above a plastic instability temperature of
an initial lamellar structure and is finished at 600 °C, which is a final forming tem-
perature, under the plastic instability temperature of the initial lamellar structure.
Another embodiment of the present invention is directed to providing a titanium
alloy (Ti-6Al-4Fe-0.25S1) manufactured by the method to have ultrafine grains of

which the size is 1um or less.

Advantageous Effects of Invention

According to a method of manufacturing titanium alloys
(Ti-6Al1-4V,Ti-6Al-2Sn-2Mo-0.1S1, and Ti-6Al-4Fe-0.25S1) with high strength and
high formability, it can be seen that it is possible to manufacture titanium alloys
(Ti-6Al1-4V,Ti-6Al-2Sn-2Mo-0.18S1, and Ti-6Al-4Fe-0.25S1) having ultrafine grains
(1xm or less) by using a small amount of energy consumption under a low strain (strain
of 2.5 or less) when using the method of manufacturing a titanium alloy according to
an embodiment of the present invention, not a manufacturing method using general
severe plastic deformation.

As it is possible to manufacture a titanium alloy having ultrafine grains under the
condition of a low strain (strain of 2.5 or less), as described above, it is possible to
produce titanium alloys having various sizes in large quantities at a low cost, using the
infrastructures for rolling/extruding/forging which has been constructed and widely
used in industry.

The titanium alloys (Ti-6Al-4V, Ti-6Al-2Sn-2Mo-0.1Si, and Ti-6Al-4Fe-0.25S1)
having ultrafine grains which are manufactured, as described above, can also be
provided with high strength/high formability in comparison to the existing titanium

alloys.
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Brief Description of Drawings

Fig. 1 is a flowchart illustrating a method of manufacturing a titanium alloy
(Ti-6Al1-4V) with high strength and high formability according to the present
invention.

Fig. 2A is a picture showing a microstructure of a titanium alloy (Ti-6Al-4V) having
an early equiaxed structure that is used for the method of manufacturing a titanium
alloy (Ti-6Al1-4V) with high strength and high formability according to the present
invention and Fig. 2B is a picture of a microstructure of a titanium alloy (Ti-6Al-4V)
having a lamellar (martensite) structure.

Figs. 3A to 3C are graphs showing true stress (MPa) according to a deformation tem-
perature and a strain in rolling.

Fig. 4A is microstructure of titanium manufactured by the comparative example
shown in Fig. 3B and Fig. 4B is microstructure of a titanium alloy (Ti-6Al-4V) formed
by the present invention as in Fig. 3C.

Fig. 5 is a graph showing true stress (MPa) according to a deformation temperature
and a strain in compressing of Ti-6Al-2Sn-4Zr-2Mo-0.1Si that is another titanium
alloy.

Fig. 6A is a picture showing an early structure of Ti-6Al-2Sn-4Zr-2Mo-0.1Si and
Fig. 6B is a picture of a microstructure of a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S1) manufactured by another embodiment of the present
invention.

Fig. 7 is a graph showing true stress (MPa) according to a deformation temperature
and a strain in compressing of Ti-6Al-4Fe-0.25S1 that is another titanium alloy.

Fig. 8A is a picture showing an early structure of Ti-6Al-4Fe-0.25S1 and Fig. 8B is a
picture of a microstructure of a titanium alloy (Ti-6Al-4Fe-0.25S1) manufactured by
another embodiment of the present invention.

Fig. 9 is a graph showing a room-temperature tension property of a titanium alloy
(Ti-6Al1-4V) with high strength and high formability which is formed by an em-
bodiment of the present invention.

Fig. 10 is a graph showing a high-temperature tension property of a titanium alloy
(Ti-6Al1-4V) with high strength and high formability which is formed by an em-

bodiment of the present invention.

Mode for the Invention
Hereinafter, specific embodiments of the present invention are described in detail
with reference to the drawings. However, the scope of the present invention is not

limited the embodiments but other retrogressive inventions or other embodiments
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included in the scope of the present invention can be easily proposed by adding,
modifying, removing, etc. of another components.

Fig. 1 is a flowchart illustrating a method of manufacturing a titanium alloy
(Ti-6Al1-4V) with high strength and high formability according to the present
invention.

Fig. 2A is a picture showing a microstructure of a titanium alloy (Ti-6Al-4V) having
an early equiaxed structure that is used for the method of manufacturing a titanium
alloy (Ti-6Al1-4V) with high strength and high formability according to the present
invention and Fig. 2B is a picture of a microstructure of a titanium alloy (Ti-6Al-4V)
having a lamellar (martensite) structure.

Referring to Fig. 1, a method of manufacturing a titanium alloy with high strength
and high formability according to an embodiment of the present invention includes:
preparing a material and equipment for manufacturing a titanium alloy; manufacturing
a titanium alloy having a lamellar structure (martensite structure) by cooling the
prepared material with water after performing heat treatment at the beta transformation
temperature or more; and rolling that makes ultrafine grains by finishing forming of
the titanium alloy at a plastic instability temperature by gradually decreasing the
forming temperature in accordance with an increase of a strain after starting the
forming at the plastic instability temperature of more, under a condition of a low strain
in which the strain is 2.5 or less, after the manufacturing of a titanium alloy having a
lamellar structure.

Further, in the rolling, the initial forming start temperature for starting the forming is
the plastic instability temperature or more of an initial lamellar structure, the final
forming temperature for finishing the forming is the plastic instability temperature or
less of an initial lamellar structure, and the process is finished while maintaining the
plastic instability temperature or less of the initial lamellar structure when the strain
reaches 2.5 while decreasing the temperature along a predetermined drop curve in ac-
cordance with an increase in the strain after starting the forming at a forming tem-
perature of the plastic instability temperature or more at the initial stage.

In detail, the method of manufacturing a titanium alloy (Ti-6Al-4V) according to an
embodiment includes: preparing a material and equipment for manufacturing a
titanium alloy (Ti-6Al-4V); manufacturing a titanium alloy having a lamellar structure
(martensite structure) by cooling the prepared material with water after performing
heat treatment for one hour or more at a temperature condition of 1040°C above the
beta transformation temperature (995°C); and rolling that makes ultrafine grains by
rolling the titanium alloy under the condition of a low strain, in which the strain is 1.4
or less under a predetermined temperature change condition, at a predetermined de-

formation speed after the manufacturing of a titanium alloy having a lamellar structure.
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The processes of the manufacturing method are described in detail.

First, a titanium alloy material for forming is prepared in the preparation process of a
titanium alloy. The titanium alloy may be a titanium alloy with aluminum (Al) and
vanadium (V) added to increase strength and ductility.

The titanium alloy of the embodiment is a so-called Ti-6Al-4V alloy containing
aluminum of about 6 wt% and vanadium of about 4 wt%. The Ti-6Al-4V alloy can be
used in various industries because it is light and has high strength, and super plastic
property is also excellent. However, the present invention is not limited thereto and
various titanium alloys other than the Ti-6Al-4V alloy may be used, which is also
included in the scope of the present invention.

The titanium alloy may be formed in a lamellar (martensite) structure having a prior
beta grain boundary of about 400um and an acicular thickness of about 0.3:m by
cooling the material (with water) after performing heat treatment for one hour at
1040°C above the beta transformation temperature (about 995°C). Fig. 2 shows a
picture of a titanium alloy having the martensite structure. Alternatively, the titanium
alloy may have a fine basket weave.

Although the basket weave has machinability that is not excellent more than an
equiaxed structure, beta phases are more finely distributed than the equiaxed structure.
For a martensite structure of a fine basket weave in which alpha phases and beta
phases are continuously distributed with gaps of 1xm, for example, the beta phases are
segmented by a dynamic spheroidizing mechanism in the rolling of a titanium alloy of
the embodiment, so that the alpha phases and the beta phases can be more finely and
uniformly distributed after the rolling, as coMPared with an equiaxed structure is used
at the initial stage.

Further, since the sizes of the alpha phases and the beta phases distributed in the
initial martensite structure or fine basket weave are very small, they can be more finely
controlled after the rolling.

Thereafter, in the rolling of a titanium alloy, the titanium alloy starts to be rolled at a
temperature of 800°C at a strain rate of 0.1/sec and the rolling keeps performed while
gradually reducing the temperature to 600°C after starting the rolling.

Dynamic spheroidization is sufficiently generated by rolling the titanium alloy in this
condition, and recrystallizing and annealing that were performed for dynamic
spheroidization after the rolling in the related art may not be performed in the em-
bodiment.

Describing the mechanism for dynamic spheroidization, torsion is generated in the
early alpha phases having a lamellar structure and shear stress gradually concentrates
into the alpha phases, so that equiaxed alpha phases having a grain boundary are

formed at the portions where the shear stress is exerted.
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Many transpositions concentrate in the direction in which the shear stress is exerted,
so that many transpositions are formed on the grain boundary. Therefore, when the
dynamic spheroidization is achieved, a fine structure having a quasi-stable phase where
many transpositions remain around the grain boundary is formed, so that specific heat
treatment is not necessary.

As described above, in the present invention, the deformation temperature in the
rolling of a titanium alloy is determined in consideration of the size of the grains after
the dynamic spheroidization and rolling. Further, the more the strain, the more the
degree of the dynamic spheroidization increases. As described above, torsion is
generated in the alpha phases in the first step for the dynamic spheroidization, which is
considered because torsion is generated in more alpha phases, as the strain increases.

Therefore, the strain may be 0.9 or more such that the dynamic spheroidization can
be uniformly generated. Considering that it is practically difficult to give a large strain
over 2.0, the strain may be 0.9 to 2.0.

However, since it is difficult to achieve a large strain (strain of 2.5 or more) of 2.5 or
more by using rolling equipment or extruding equipment of current common
companies or industries, the sizes of specimens that can be produced by manufacturing
methods that require a large strain of 2.5 or more, as described above, are so small that
it is necessarily restrictive to industrially produce and use a titanium alloy having
ultrafine grains.

In the embodiment of the present invention, the strain is set to 1.4 or less to allow
grains to be made ultrafine with a low strain (1.5 or less), so that it is possible to
produce a titanium alloy having ultrafine grains by using rolling/extruding/forging
equipment widely used in industry.

Meanwhile, the strain rate in the rolling of a titanium alloy may be 0.1/sec in the em-
bodiment.

This is because when the strain rate is below 0.0007/sec, the strain rate is too small,
so that the process time of the rolling of a titanium alloy may be too long, or when the
strain rate is above 1.3/sec, the dynamic spheroidization may not be uniformly
generated by the high strain rate.

Figs. 3A to 3C are graphs showing true stress (MPa) according to a deformation tem-
perature and a strain in rolling.

First, the relationship between the strain, the deformation temperature, the de-
formation speed, and the true stress (MPa) are described with reference to Figs. 3A to
3C.

First, Fig. 3A is a graph of a comparative example 1 showing the result of a test com-
pressing the lamellar structure of Fig. 2B to a strain of 1.4 under the condition of a

strain rate of 0.1/sec at a temperature of 600°C.
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It can be seen from test result of the comparative example 1 that breaking occurred at
a strain of about 0.13, so that forming was not performed well.

Fig. 3B is a graph showing the result of a test of compressing the lamellar structure
of Fig. 2B to a strain of 1.4 under the condition of a strain rate of 0.1/sec at a tem-
perature of 800°C according to a comparative example 2. It can be seen from the test
result that breaking did not finally occur and forming was performed well.

Fig. 3C is a graph showing the result of a test that compressing the lamellar structure
of Fig. 2B to a strain of 1.4 while gradually decreasing the forming temperature from
800°C to 600°C, under the condition of a strain rate of 0.1/sec, as an embodiment of the
present invention.

It can be also seen from the test result that breaking did not finally occur and forming
was performed well.

An embodiment of the present invention shown in Fig. 3C and a comparative
example 2 shown in Fig. 3B are described more.

In general, dynamic spheroidization occurs in a titanium alloy having an initial
lamellar (martensite) structure at a temperature of 775°C to 975°C. When the de-
formation temperature is too low, less than 775°C, dynamic spheroidization does not
occur and fine cracks are generated or shear bands are formed between the alpha
phases.

Further, when the deformation temperature is over 975°C, that is, it is the beta trans-
formation temperature (about 977°C) or more, beta recrystallization having a prior beta
grain boundary occurs, so that dynamic spheroidization is difficult. Further, when the
deformation temperature is high, the grains may be increased in size by grain growth.

Further, the dynamic spheroidization fraction is generally in proportion to the strain
and in inverse proportion to the deformation speed and deformation temperature.
Therefore, the deformation temperature is generally set at 875°C or less.

For this reason, in general, since unstable deformation is generated at 750°C or less,
forming is performed between 800°C and 950°C, and in the embodiment of the present
invention, it was scientifically founded that formability increases because a lamellar
structure is changed into an equiaxed structure with an increase in strain.

Therefore, it was possible to gradually decreasing the forming temperature to fit the
condition where the strain increases. When it becomes possible to decrease the forming
temperature, it is possible to reduce the amount of energy consumed in the rolling, so
that it is possible to not only achieve an economic effect, but more easily perform the
rolling for forming.

This is not conception that simply and freely decreases the forming temperature from
800°C to 600°C, but conception that gradually changes the condition of the temperature

in accordance with the condition of the strain.
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That is, the main conception of the present invention relates to a titanium alloy
having ultrafine grains with high strength/high formability by making the final tem-
perature, at which forming is finished, a plastic instability temperature or less of a
lamellar structure (martensite) while gradually decreasing a forming temperature into
an optimized condition, by using a principle that formability increases with an increase
in a fine spheroidized structure during machining, after starting machining at the
plastic instability temperature or more of an initial lamellar structure (martensite), not
simply decreasing the forming temperature during forming, and a method of manu-
facturing the titanium alloy.

The plastic instability section is a section where cracks, shear bands, pores, or
breaking is formed during deformation, which is generally about 750°C to 650°C when
a titanium alloy has an initial lamellar structure (martensite).

As an embodiment of the conception described above, in the rolling according to an
embodiment of the present invention, the temperature changes from 800°C to 750°C
under the condition that the strain is 0.1 to 0.2, the temperature changes from 750°C to
700°C under the condition that the strain is 0.3 to 0.4, the temperature changes from
700°C to 650°C under the condition that the strain is 0.6 to 0.7, and a temperature of
600°C is maintained under the condition that the strain is 0.9 to 1.4.

Figs. 4A and 4B are microstructures of titanium manufactured by the comparative
example 2 shown in Fig. 3B and titanium alloy (Ti-6Al-4V) formed by the method of
manufacturing a titanium alloy (Ti-6Al-4V) according to an embodiment of the present
invention.

Fig. 4A is an inverse pole figure of comparative example 2, in which the size of
grains of a titanium alloy formed under the forming conditions of comparative example
2 is about 2um.

Fig. 4B is an inverse pole figure of grains of the titanium alloy (Ti-6Al-4V) formed
through the rolling according to an embodiment of the present invention, in which the
size of the grains is about 0.5um. Forming of the titanium alloy (Ti-6Al-4V) having
ultrafine grains with the sizes of grains described above was generally possible only
under a large strain of 4 to 8 in the related art.

That is, it is possible to manufacture a titanium alloy (Ti-6Al-4V) having ultrafine
grains, as shown in Fig. 4B, under the condition of a strain of about 1.4, using the
method of manufacturing a titanium alloy (Ti-6Al-4V) according to an embodiment of
the present invention.

Fig. 5 shows a graph illustrating another embodiment of the present invention.

Fig. 5 is a graph showing true stress (MPa) according to a deformation temperature
and a strain in compressing of Ti-6Al-2Sn-4Zr-2Mo-0.1Si that is another titanium

alloy.
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The comparative example 3 shown in Fig. SA shows the result of a test that makes
Ti-6Al-2Sn-4Zr-2Mo-0.1S1 have a lamellar structure first, and then performs com-
pression to a strain of 1.4 with a strain rate of 0.1/sec at a forming temperature of
650°C.

It can be seen from the result of the compression test that breaking occurred upon
reaching a strain of about 0.2, so that forming was not achieved.

On the contrary, Fig. 5B is a graph showing forming conditions in the rolling of the
method of manufacturing a titanium alloy (Ti-6Al-2Sn-2Mo-0.1S1) according to
another embodiment of the present invention.

For the Ti-6Al-2Sn-4Zr-2Mo-0.1Si alloy, test was performed by making a lamellar
(martensite) structure first and then decreasing the forming temperature step by step
from 850°C to 650°C during compression to a strain of 1.4 at a strain rate of 0.1/sec.

As aresult of the test of Fig. 5B, forming was achieved well without breaking up to
the final step.

Fig. 6A is a picture showing an early structure of Ti-6Al-2Sn-4Zr-2Mo-0.1Si and
Fig. 6B is a picture of a fine structure of a titanium alloy (Ti-6Al-2Sn-4Zr-2Mo-0.1S1)
manufactured by another embodiment of the present invention.

Fig. 6A is a picture showing the state of grains of an early fine structure of a Ti-
6Al1-25n-4Zr-2Mo-0.1Si alloy, from which it can be seen that the grains have a size of
about 13um.

On the contrary, Fig. 6B shows a fine picture of grains of a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S51) that has undergone the rolling of the method of manu-
facturing a titanium alloy (Ti-6Al-2Sn-4Zr-2Mo-0.1S1) according to another em-
bodiment of the present invention.

In detail, it can be seen that the grains of the titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S51) according to another embodiment of the present
invention are ultrafine grains having a size of about 0.4/m in Fig. 6B.

Forming of the ultrafine grains having a size of about 0.4um was generally possible
only under the condition of a large strain of 4 to 8.

It can be seen that it is possible to manufacture a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S51) having ultrafine grains, as shown in Fig. 6B, under the
condition of a strain of about 1.4, using the method of manufacturing a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S51) according to another embodiment of the present
invention.

Fig. 7 shows a graph illustrating another embodiment of the present invention.

Fig. 7 is a graph showing true stress (MPa) according to a deformation temperature
and a strain in compressing of Ti-6Al-4Fe-0.25Si that is another titanium alloy.

The comparative example shown in Fig. 7A shows the result of a test that makes Ti-
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6Al-4Fe-0.25S1 have a lamellar structure first, and then performs compression to a
strain of 1.4 with a strain rate of 0.1/sec at a forming temperature of 600°C.

It can be seen from the result of the compression test that breaking occurred upon
reaching a strain of about 0.05, so that forming was not achieved.

On the contrary, Fig. 7B is a graph showing forming conditions in the rolling of the
method of manufacturing a titanium alloy (Ti-6Al-4Fe-0.25S1) according to another
embodiment of the present invention.

For the Ti-6Al-4Fe-0.25S1 alloy, test was performed by making a lamellar
(martensite) structure first and then decreasing the forming temperature step by step
from 800°C to 600°C during compression to a strain of 1.4 at a strain rate of 0.1/sec.

As aresult of the test of Fig. 7B, forming was achieved well without breaking up to
the final step.

Fig. 8A is a picture showing an early structure of Ti-6Al-4Fe-0.25S1 and Fig. 8B is a
picture of a fine structure of a titanium alloy (Ti-6Al-4Fe-0.25S1) manufactured by
another embodiment of the present invention.

Fig. 8A is a picture showing the state of grains of an early fine structure of a Ti-
6Al-4Fe-0.25S1 alloy, from which it can be seen that the sizes of the grains are not
uniform.

On the contrary, Fig. 8B shows a fine picture of grains of a titanium alloy
(Ti-6Al-4Fe-0.25S1) that has undergone the rolling of the method of manufacturing a
titanium alloy (Ti-6Al-4Fe-0.25S1) according to another embodiment of the present
invention.

In detail, it can be seen that the grains of the titanium alloy (Ti-6Al-4Fe-0.25S1)
according to another embodiment of the present invention are ultrafine grains having a
size of about 0.7xm in Fig. 8B.

Forming of the ultrafine grains having a size of about 0.7um was generally possible
only under the condition of a large strain of 4 to 8.

It can be seen that it is possible to manufacture a titanium alloy (Ti-6Al-4Fe-0.25S51)
having ultrafine grains, as shown in Fig. 8B, under the condition of a strain of about
1.4, using the method of manufacturing a titanium alloy (Ti-6Al-4Fe-0.2551) according
to another embodiment of the present invention.

Fig. 9 is a graph showing a room-temperature tension property of a titanium alloy
(Ti-6Al1-4V) with high strength and high formability which is formed by an em-
bodiment of the present invention. Fig. 10 is a graph showing a high-temperature
tension property of a titanium alloy (Ti-6Al-4V) with high strength and high
formability which is formed by an embodiment of the present invention.

Referring to Fig. 9 first, comparing the room-temperature tension properties of a

titanium alloy (Ti-6Al1-4V) formed by the method of manufacturing a titanium alloy
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(Ti-6Al-4V) according to an embodiment of the present invention and an early
titanium alloy, it can be seen that the yield strength and tensile strength of the titanium
alloy (Ti-6Al1-4V) formed by the manufacturing method according to an embodiment
of the present invention were improved in comparison to the yield strength and tensile
strength of the early titanium alloy.

Next, referring to Fig. 10, according to comparison under the condition of a strain
rate of 0.001/sec and the condition of a temperature of 600°C, it can be seen that the
break elongation of the titanium alloy (Ti-6Al-4V) according to an embodiment of the
present invention was improved by 3.2 times of that of the early titanium alloy.

Further, according to comparison under the condition of a temperature 900°C, it can
be also seen that the break elongation of the titanium alloy (Ti-6Al-4V) according to an
embodiment of the present invention was 3.5 times that of the early titanium alloy and
high-temperature formability was considerably improved.

Meanwhile, according to comparison under the condition of a strain rate of 0.11/sec,
it can be seen that the break elongation was improved by 1.5 times under the condition
of a temperature of 600°C and 2.1 times under the condition of a temperature of 900°C.

As described above, it can be seen that it is possible to manufacture titanium alloys
(Ti-6Al-4V and Ti-6Al1-2Sn-2Mo-0.1S1) having ultrafine grains (1xm or less) by using
a small amount of energy consumption under a relatively low strain (strain of 2.5 or
less) when using the method of manufacturing a titanium alloy according to an em-
bodiment of the present invention, not a manufacturing method using general severe
plastic deformation.

In detail, in general, since unstable deformation is generated at 750°C or less,
forming is performed between 800°C and 950°C, and in the present invention, it was
scientifically founded that formability increases because a lamellar structure is changed
into an equiaxed structure with an increase in strain.

Therefore, it was possible to gradually decreasing the forming temperature to fit the
condition where the strain increases. When it becomes possible to decrease the forming
temperature, it is possible to reduce the amount of energy consumed in the rolling, so
that it is possible to not only achieve an economic effect, but more easily perform the
rolling for forming.

This is not conception that simply and freely decreases the forming temperature from
800°C to 600°C, but conception that gradually changes the condition of the temperature
in accordance the condition of the strain.

That is, the main conception of the present invention relates to a titanium alloy
having ultrafine grains with high strength/high formability by making the final tem-
perature, at which forming is finished, a plastic instability section or less of a lamellar

structure (martensite) while gradually decreasing a forming temperature into an
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optimized condition, by using a principle that formability increases with an increase in
a fine spheroidized structure during machining, after starting machining at the plastic
instability section or more of an initial lamellar structure (martensite), not simply de-
creasing the forming temperature during forming, and a method of manufacturing the

titanium alloy.
As it is possible to manufacture a titanium alloy having ultrafine grains under the

condition of a low strain (strain of 2.5 or less), as described above, it is possible to
produce titanium alloys having various sizes in large quantities at a low cost, using the
infrastructures for rolling/extruding/forging which has been constructed and widely
used in industry.

The titanium alloys (Ti-6Al-4V and Ti-6Al-2Sn-2Mo-0.1S1,Ti-6Al-4Fe-0.25Si)
having ultrafine grains which are manufactured, as described above, can also be
provided with high strength/high formability in comparison to the existing titanium
alloys.

The spirit of the present invention may be applied to titanium alloys having different
compositions other than the compositions of the titanium alloys described herein.

While the present invention has been described with respect to the specific em-
bodiments, it will be apparent to those skilled in the art that various changes and modi-
fications may be made without departing from the spirit and scope of the invention as

defined in the following claims.

Industrial Applicability

The present invention relates to a method of manufacturing a titanium alloy with
high strength and high formability, and more particularly a titanium alloy provided
with ultrafine grains with high strength/high formability through rolling that gradually
changes a forming temperature in accordance with the strain under relatively low
strain(strain of 2.5 or less) without using severe plastic deformation known in the art,

and a method of manufacturing the titanium alloy.
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Claims

A method of manufacturing a titanium alloy with high strength and
high formability, the method comprising:

preparing a material and equipment for manufacturing a titanium alloy;
manufacturing a titanium alloy having a lamellar structure (martensite
structure) by cooling the prepared material with water after performing
heat treatment at the beta transformation temperature or more; and
rolling that makes ultrafine grains by finishing forming of the titanium
alloy at a plastic instability temperature by gradually decreasing the
forming temperature in accordance with an increase of a strain after
starting the forming at the plastic instability temperature of more, under
a condition of a low strain in which the strain is 2.5 or less, after the
manufacturing of a titanium alloy having a lamellar structure.

The method of claim 1, wherein, in the rolling, the initial forming start
temperature for starting the forming is the plastic instability tem-
perature or more of an initial lamellar structure, the final forming tem-
perature for finishing the forming is the plastic instability temperature
or less of an initial lamellar structure, and the process is finished while
maintaining the plastic instability temperature or less of the initial
lamellar structure when the strain reaches 2.5 while decreasing the tem-
perature along a predetermined drop curve in accordance with an
increase in the strain after starting the forming at a forming temperature
of the plastic instability temperature or more at the initial stage.

A method of manufacturing a titanium alloy (Ti-6Al-4V) with high
strength and high formability, the method comprising:

preparing a material and equipment for manufacturing a titanium alloy
(Ti-6Al-4V);

manufacturing a titanium alloy having a lamellar structure (martensite
structure) by cooling the prepared material with water after performing
heat treatment for one hour or more under the condition of a tem-
perature of 1040°C at the beta transformation temperature (995°C) or
more; and

rolling that makes ultrafine grains by finishing forming of the titanium
alloy at a plastic instability temperature or less by gradually decreasing
the forming temperature in accordance with an increase of a strain after
starting the forming at the plastic instability temperature of more, under

a condition of a low strain in which the strain is 1.4 or less, after the
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manufacturing of a titanium alloy having a lamellar structure.

The method of claim 3, wherein, in the rolling, the forming is started at
800°C, which is an initial forming start temperature, above a plastic in-
stability temperature of an initial lamellar structure and is finished at
600 °C, which is a final forming temperature, under the plastic in-
stability temperature of the initial lamellar structure.

The method of claim 4, wherein, in the rolling, the forming temperature
initially starts from 800°C, is decreased along a predetermined drop
curve as the strain increases, and the process is finished while the tem-
perature at 600°C when a strain reaches 1.4.

A titanium alloy (Ti-6Al-4V) manufactured by the method of claim 5 to
have ultrafine grains of which the size is 1xm or less.

A method of manufacturing a titanium alloy
(Ti-6Al-2Sn-4Zr-2Mo-0.1S1) with high strength and high formability,
the method comprising:

preparing a material and equipment for manufacturing a titanium alloy
((Ti-6Al-2Sn-4Zr-2Mo-0.1S1);

manufacturing a titanium alloy having a lamellar structure (martensite
structure) by cooling the prepared material with water after performing
heat treatment for one hour or more under the condition of a tem-
perature of 1040°C at the beta transformation temperature (995°C) or
more; and

rolling that makes ultrafine grains by finishing forming of the titanium
alloy at a plastic instability temperature or less by gradually decreasing
the forming temperature in accordance with an increase of a strain after
starting the forming at the plastic instability temperature of more, under
a condition of a low strain in which the strain is 1.4 or less, after the
manufacturing of a titanium alloy having a lamellar structure.

The method of claim 7, wherein, in the rolling, the forming is started at
850°C, which is an initial forming start temperature, above a plastic in-
stability temperature of an initial lamellar structure and is finished at
650 °C, which is a final forming temperature, under the plastic in-
stability temperature of the initial lamellar structure.

A titanium alloy (Ti-6Al-2Sn-4Zr-2Mo-0.1S1) manufactured by the
method of claim 8 to have ultrafine grains of which the size is 1xm or
less.

A method of manufacturing a titanium alloy (Ti-6Al-4Fe-0.25S1) with
high strength and high formability, the method comprising:



WO 2013/105699

[Claim 11]

[Claim 12]

18

PCT/KR2012/001952

preparing a material and equipment for manufacturing a titanium alloy
(Ti-6Al-4Fe-0.2551);

manufacturing a titanium alloy having a lamellar structure (martensite
structure) by cooling the prepared material with water after performing
heat treatment for one hour or more under the condition of a tem-
perature of 1040°C at the beta transformation temperature (995°C) or
more; and

rolling that makes ultrafine grains by finishing forming of the titanium
alloy at a plastic instability temperature or less by gradually decreasing
the forming temperature in accordance with an increase of a strain after
starting the forming at the plastic instability temperature of more, under
a condition of a low strain in which the strain is 1.4 or less, after the
manufacturing of a titanium alloy having a lamellar structure.

The method of claim 10, wherein, in the rolling, the forming is started
at 800°C, which is an initial forming start temperature, above a plastic
instability temperature of an initial lamellar structure and is finished at
600 °C, which is a final forming temperature, under the plastic in-
stability temperature of the initial lamellar structure.

A titanium alloy (Ti-6Al-4Fe-0.25S1) manufactured by the method of

claim 11 to have ultrafine grains of which the size is 1um or less.



1/9

WO 2013/105699 PCT/KR2012/001952

[Fig. 1]

PREPARE

:

MANUFACTURING TITANIUM ALLOY
HAVING A LAMELLAR STRUCTURE

l

ROLLING THAT MAKES HYPERFINE GRAINS

[Fig 2A]
.- T"'r_"_*_i___ < o 3 l_:‘ ‘-_-* : - »

'l{, fbl‘ '4" 3} "-‘.?"-._ ": '1 i ((:' 3“‘:;, ‘:-‘H?ﬁ.*- LAl : e

. l DO N I L N SO N T AN
l\ v ‘ . “ S o o L R 2 ) s Fot ey Ts“

T i L ke, o -

‘\.— f-i

= .
, u B - Y -
s . - Y g i . ‘ ' ey T
.h"' " . - LR . . ) . e - " Ya ‘.xl.r 1. .

: r B ) o
1.7y B 3 f’ \j L]
. FEES

-

100 p.m

R, _'_ tvea



2/9

WO 2013/105699 PCT/KR2012/001952

[Fig. 2B]
o

PR i
it 1A S5
. e T

" .
FaE T R
LA 1

et
PR .5 . ¥
R T
T S T S

§ —

400 pm |

[Fig. 3A] - -
800 — T

| STRAIN RATE:10"s" -
600 |- |
500 |- |
400 |
300 | ]

200 |- -

TRUE STRESS (MPa)

100 |- s

0 1 1 " 1 " 1 n 1 1 n 1

00 02 04 08 08 10 12 14 16
TRUE STRAIN




3/9

WO 2013/105699 PCT/KR2012/001952
[Fig. 3B]
aon 1 ! 1 T I T I ' 1 ! I 1 I '
A1
‘ STRAIN RATE: 10°s ]
700 .
600 - ~
= h
Z 500 :
E L
= 400 + s
S P
W 300H "o, =
E ';B[m C'l‘ IL T -
200 | BOOC . [T e o i
w -
> ! 800°C v v
X 100/ | R i
¥} t . 'l L N .'- 1 i 1 A L j 1 i L i :
00 02 04 06 038 10 1.2 14 1.
TRUE STRAIN
[Fig. 3C]
800 f——
! A ]
200l STRAIN RATE: 10"s" ]
600 + .
& 500+ TN T i
= ' .y T 600°C
» 00r N T sslgc ; ]
o N e !
E 300 —,ﬂﬂUnC: 750°C 1| :- -
[ |
@ 200 | '| ’ [ §
E - I I :I |
= 1008 } ; / i
u J._, 1 L 1 2 J_}_._ 1 lll. i L L L 1 I
00 02 04 06 08 10 12 14 16

TRUE STRAIN



4/9

WO 2013/105699 PCT/KR2012/001952

00—

200 |- STRAIN RATE: 10" s™ ]
600
500 |- ]
s00!. Q
300 | |

200 - =

TRUE STRESS (MPa)

100 .

u r . ] . J n J r 1 . I L i ! | L
0.0 0.2 0.4 06 08 1.0 1.2 1.4 1.6

TRUE STRAIN




5/9

PCT/KR2012/001952

WO 2013/105699

[Fig. 5B]

800

(edW) ss3yls anyl

[ T»]
7 T T ; T T T -
. -5
-
' e
— n ﬁ —4 ‘I-
5 |
=" 1
LL) I o
Q o
— I>g -
| <C jo°
('l ,
B { 4
z 2z
— — —_—
[ .ﬂu“ _\_. Bl AnH“
.._.R _—Vuw N nu. R
T. »]% [ o) T.
) - ..||.r-|.rl|-|.||l||,| E E
- i i "
! (] [ U
__I-u
x“% ] oy
/ ~ —
| o | -
P et
\IGC .
=3
u ¢ J ™
\Mlla.lul.. — = - 2
— "
\ o
. 1 ] 1 L = oy Q
2 ~ T ~ S — N ~ S ~ B ~ T ~ L
o o o -] ) o [
[ o e =t o) o ~—




6/9

WO 2013/105699 PCT/KR2012/001952

1200 ————— S S S
- . STRAIN RATE: 10" s .
| EREAIC
1000 =|| )
[I
"r-u‘ 800 -I 2
a :
E— 600 | _
0 |
m -
n  400h ]
-
) i )
X 200l ]
[1° :
F .
[]. 1 1 . 1

00 02 04 06 08 1.0 12 14 16
TRUE STRAIN



7/9

WO 2013/105699 PCT/KR2012/001952

[Fig. 7B]
1200 ———

" STRAIN RATE: 107 s |

1000

800

600

400 .
200 .

TRUE STRESS {NPa)

0 il C b R B A . |_...=J
00 0.2 04 0. 0.8 1.0 1.2

TRUE STRAIN

[Fig. 8A]

* i
. S
N e, T A
) " ’-. L
R T
S
' PR B
[ - !
r - s [ )
. - .-. o ) 5
. . .
-~ e
— R T .
il o T
-0
! - c - N
[ e e, e
- IR g T
. T T A T
ST g
- R 7?"
. R .
*~ . I .
. - S . "ii;{_
PR W R
- L L PR A
- R P A G I
- - s Tty --_.._"-:'SL-'."'-'_.
_ T X }N_L‘:q_f-i'_ftl"_._';_,_)yﬁ
- B "
. “m T .- a e
- 2L T el
- . SN e T A T T
- D N R P, S N
- -~ T, Ly PR S ) 3:?,5
- - < . T .l\] ‘r"‘,"::!,,'\. . -
T IR SIS 727> A -
. : Ll R 1_-1:-.;‘: = .
. . . g T F , __“] .
- . r - . i PRI il ol [EIEL ;
e o, s - L v e -..;-.‘:-.\,_! Ik
. = -~ = T el e e Rl e e S A, |



8/9

PCT/KR2012/001952

WO 2013/105699




9/9

WO 2013/105699 PCT/KR2012/001952
[Fig. 9]
1400 . 1 . . . .
1200 .
1000 e T T T -
800 |- :
= |
0 e00 - §
4
Y ool
- 400 |
W .
uw ' EakLY TTaRIUR ALLOY
E 200 - TisTAMILRT ALLT HAVIRG i
- 0 ‘ ULTRAFIME GR &S
L ! 2 1 N ] E
0.00 0.05 0.10 0.15 0.20
TRUE STRAIN
[Fig. 10]
1200 T T
- i 600°C 900°C 4
1000 - » EARLY TITAMII ALLT ]
A TIATARIURT ALY HAL MG
i ULTRAFINE G AINS 1
T 800} .
- L 2.5 TRAES IMFSOYVED 4
=
Q 600+ -
-
g - .
% 400 + a4 -
ﬁ |
32 TIMES S
x 200 MPROVED | Lo MRS -
L ! . T 15 TIES |
5 0 ] # = IMFROVED
10° 10"

STRAIN RATE (s™)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2012/001952

A. CLASSIFICATION OF SUBJECT MATTER

C22C 14/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C22C 14/00;, C22F 1/00; B21D 31/00, C22F 1/16

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: titanium; dynamic globularization; lamellar; rolling; and strain.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2011-0026153 A (POSTECH-ACADEMY-INDUSTRY FOUNDATION) 15 March 2011 1-12
See abstract; paragraphs [0006]-[0009], [0012], [0014], and claims 1,2.

A JP 2011-068955 A (NHK SPRING CO LTD et al.) 07 April 2011 1-12
See abstract; paragraphs [0012], [0013], [0017]-[0019], [0022], [0023]; and
claims 8-11.

A US 2008-0302451 Al (ASTANIN VLADIMIR VASILIEVICH et al.) 11 December 2008 1-12
See abstract; paragraphs [0006], [0013], [0014], [0029]-[0043], [0087]-[0093]
; and claim 1.

A US 2011-0179848 A1l (VALIEV RUSLAN ZUFAROVICH et al.) 28 July 2011 1-12
See abstract; paragraphs [0017], [0027]-[0029]; and claims 3,4,6.

A Chan Hee Park et al. “Enhanced superplasticity utilizing dynamic globurizati 1-12
on of Ti-6A1-4V alloy™, Materials Science and Engineering A, Vol.496 (2008)
pp. 150-158.

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

e

e

ey

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

27 NOVEMBER 2012 (27.11.2012)

Date of mailing of the international search report

03 DECEMBER 2012 (03.12.2012)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

OH, Jun Cheol

82-42-481-8506

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2012/001952

Patent document Publication Patent family Publication

cited in search report date member(s) date

KR 10-2011-0026153 A 15.03.2011 CN 102482734 A 30.05.2012
EP 2476767 A1 18.07.2012
US 2012-0160378 A1 28.06.2012
WO 2011-027943 A1 10.03.2011

JP 2011-068955 A 07.04.2011 CN 102510908 A 20.06.2012
EP 2481823 A2 01.08.2012
JP 04-766408 B2 24.06.2011
JP 4766408 B2 07.09.2011
TW 201116634 A 16.05.2011
US 2012-0168042 A1 05.07.2012
WO 2011-037127 A2 31.03.2011
WO 2011-037127 A3 03.06.2011
WO 2011-037127 A3 31.03.2011

US 2008-0302451 A1 11.12.2008 EP 2048260 A1 15.04.2009
RU 2320771 C1 27.03.2008
WO 2008-004906 A1 10.01.2008

US 2011-0179848 A1 28.07.2011 AU 2009-307113 At 29.04.2010
CA 2741524 A1 29.04.2010
CN 102232124 A 02.11.2011
EP 2366808 A2 21.09.2011
JP 2012-506290 A 15.03.2012
KR 10-2011-0102309 A 16.09.2011
RU 2383654 C1 10.03.2010
WO 2010-047620 A2 29.04.2010
WO 2010-047620 A3 17.06.2010
WO 2010-047620 A3 29.04.2010

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

