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Description

TECHNICAL FIELD

[0001] The present invention relates to a transformation-induced plasticity high-entropy alloy and preparation method
thereof which can provide improvedmechanical properties compared to those obtained by conventional methods, due to
the phase transformation occurring when deformed at a cryogenic temperature.

BACKGROUND ART

[0002] High-entropy alloys (hereinafter, HEAs), which are multi-element alloys obtained by alloying similar proportions
of five ormore constituent elementswithout themain elements constituting the alloys (for example, general alloys such as
steel, aluminumalloys, titaniumalloys, etc.), aremetallicmaterials that have a single-phase structure (e.g., face-centered
cubic (FCC), body-centered cubic (BCC)) in which an intermetallic compound or intermediate phase is not formed due to
high entropy of mixing within the alloys.
[0003] In particular, Co-Cr-Fe-Mn-Ni based HEAs have excellent cryogenic properties, high fracture toughness, and
corrosion resistance, and are thus in the limelight as a material applicable to extreme environments.
[0004] An important factor in designing these HEAs is the composition ratio of the elements that constitute the alloy.
[0005] With regard to the composition ratio of HEAs, a typical HEA should consist of at least five major alloy elements,
and the composition ratio of each alloy constituent element is defined as 5‑35 at%, and if an element other than the main
alloy constituent elements is added, the addition amount should be less than 5 at%.
[0006] However, in the recent years, the definition of HEAs has also been expanded, including the introduction of
Fe50Mn50Co10Cr10 HEA, etc.
[0007] Meanwhile, it is known that the existing Co-Cr-Fe-Mn-Ni based HEA has excellent cryogenic properties through
generation of a large number of deformation twins at a cryogenic temperature. H. JO ET AL, "Cryogenic strength
improvement by utilizing room-temperature deformation twinning in a partially recrystallized VCrMnFeCoNi high-entropy
alloy", NATURE COMMUNICATIONS, (20170612), vol. 8, no. 1, doi:10.1038/ncomms15719 discloses adding V as a
further component in a Co-Cr-Fe-Mn-Ni based HEA resulting in 10V15Cr5Mn35Fe10Co25Ni alloy.
CHOI WON-MI ETAL: "Design of new face-centered cubic high entropy alloys by thermodynamic calculation", METALS
AND MATERIALS INTERNATIONAL, The Korean Institute of Metals and Materials, Seoul, vol. 23, no.5, 7 September
2017, pages839‑847disclosesCo-Cr-V-Fe-Ni based face-centered cubicHEAconsistingof 10at%Co, 15at%Cr, 10at%
V, 40 at% Fe, and 25 at% Ni.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0008] The object of the present invention is to provide an alternative transformation-induced plasticity high-entropy
alloy, which mainly consists of FCC phase and is capable of achieving more improved mechanical properties at a
cryogenic temperature of ‑196°C, compared to previously reported HEAs having an FCC single-phase.

TECHNICAL SOLUTION

[0009] To achieve the above object, the present invention provides a transformation-induced plasticity high-entropy
alloy comprising the features of claim 1. Advantageous embodiments are indicated in further claims.
[0010] Further, the present invention provides a method for preparing a transformation-induced plasticity high-entropy
alloy comprising the features of claim 10.

ADVANTAGEOUS EFFECTS

[0011] A high-entropy alloy (HEA) according to the present invention, as in the existing quinary HEAs, can provide a
single-phaseFCCstructurebyhavingaquaternaryorquinaryHEAcomposition that essentially containsCo,Cr,Fe,andV,
and optionally containing Ni.
[0012] Additionally, unlike Co-Cr-Fe-Mn-Ni based HEAs, a HEA according to the present invention causes transforma-
tion-induced plasticity at a cryogenic temperature of ‑196°C, and thus has amore excellent tensile strength, ductility, and
fracture properties at a cryogenic temperature of ‑196°C, than conventional single-phase HEAs.
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BRIEF DESCRIPTION OF THE (DRAWINGS)

[0013]

FIG.1showsphaseequilibrium informationonanalloyaccording tomole fractionsof thealloy, asacobalt (Co) content
changes inacomposition,where iron (Fe) is fixedat45at%, chromium(Cr) is fixedat10at%,andvanadium(V) is fixed
at 10 at%, whereas cobalt (Co) is contained in an amount of X at% and nickel (Ni) is contained in an amount of 35-X
at%.
FIG. 2 shows the stability of an FCC phase with respect to a BCC phase through thermodynamic calculations, as a
cobalt (Co) content changes at 298k in a composition where iron (Fe) is fixed at 45 at%, chromium (Cr) is fixed at 10
at%, and vanadium (V) is fixed at 10 at%, whereas cobalt (Co) is contained in an amount of X at% and nickel (Ni) is
contained in an amount of 35-X at%.
FIG. 3 shows phase equilibrium information on an alloy according tomole fractions of the alloy as an iron (Fe) content
changes in a composition, where chromium (Cr) is fixed at 10 at%, vanadium (V) is fixed at 10 at%, and cobalt (Co) is
fixed at 30 at%,whereas iron (Fe) is contained in an amount of X at%and nickel (Ni) is contained in an amount of 50-X
at%.
FIG. 4 shows the stability of an FCC phase with respect to a BCC phase through thermodynamic calculations, as an
iron (Fe) content changes at 298k in a compositionwhere chromium (Cr) is fixed at 10 at%, vanadium (V) is fixed at 10
at%, and cobalt (Co) is fixed at 30 at%, whereas iron (Fe) is contained in an amount of X at% and nickel (Ni) is
contained in an amount of 50-X at%.
FIG. 5 shows a preparation process of the HEAs according to Examples 1 to 3 and Comparative Example of the
present invention.
FIG. 6 shows the results of XRD analysis of the HEAs according to Examples 1 to 3 and Comparative Example of the
present invention.
FIG. 7 shows themeasurement results of the fractions of transformation froman FCCphase to a BCCphase during a
tensile test of the HEAs according to Examples 1 to 3 and Comparative Example of the present invention, at room
temperature (RT) and a cryogenic temperature (LN2).
FIG. 8 shows the results of a tensile test of the HEAs according to Examples 1 to 3 and Comparative Example of the
present invention, at room temperature of 25°C.
FIG. 9 shows the results of a tensile test of the HEAs according to Examples 1 to 3 and Comparative Example of the
present invention, at a cryogenic temperature of ‑196°C.
FIG. 10 shows the comparison results of the mechanical properties of the HEAs according to Examples 1 to 3 and
Comparative Example of the present invention, the conventional cryogenic materials, and existing HEAs, at a
cryogenic temperature.
FIG. 11 shows the impact properties of the HEA according to Example 2 of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, the present invention will be described in detail with regard to HEAs according to preferred
embodiments of the present invention and a method thereof by referring to the accompanying drawings, but the present
invention is not limited to these embodiments.
[0015] FIG. 1 shows phase equilibrium information on an alloy according to mole fractions of the alloy, as a cobalt (Co)
content changes in a composition, where iron (Fe) is fixed at 45 at%, chromium (Cr) is fixed at 10 at%, and vanadium (V) is
fixed at 10 at%, whereas cobalt (Co) is contained in an amount of X at% and nickel (Ni) is contained in an amount of 35-X
at%.
[0016] As shown in FIG. 1, it was confirmed that when cobalt (Co) and nickel (Ni) were substituted in 45Fe‑10Cr‑10V
(values are in unit of at%), it is confirmed that an FCC single-phase region is expanded as the cobalt (Co) content is
decreased. This means that it is possible to obtain a HEA which has a microstructure stably and mainly consisting of an
FCCphase at 900°Cor higher, when 45 at%of iron (Fe), 10 at%of chromium (Cr), 10 at%of vanadium (V), and atmost 35
at% of cobalt (Co) are added while cobalt (Co) and nickel (Ni) are substituted.
[0017] FIG. 2 shows the stability of an FCCphasewith respect to aBCCphase through thermodynamic calculations, as
a cobalt (Co) content changes at 298k in a composition where the iron (Fe) is fixed at 45 at%, the chromium (Cr) is fixed at
10 at%, and the vanadium (V) is fixed at 10 at%, whereas cobalt (Co) is contained in an amount of X at% and nickel (Ni) is
contained in an amount of 35-X at%.
[0018] As shown in FIG. 2, when nickel (Ni) is substituted with cobalt (Co) in 45Fe‑10Cr‑10V (values are in unit of at%),
theGibbs free energy difference between theBCCphase and theFCCphase is increased as themolar ratio of cobalt (Co)
is increased, and the stability of the BCC phase is increased. This means that when deformation is applied, such an
increase acts as a driving force to cause a phase to be transformed from the FCC phase to the BCC phase.
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[0019] FIG. 3 shows phase equilibrium information on an alloy according to mole fractions of the alloy as an iron (Fe)
content changes in a composition, where the chromium (Cr) is fixed at 10 at%, the vanadium (V) is fixed at 10 at%, and the
cobalt (Co) is fixed at 30 at%, whereas the iron (Fe) is contained in an amount of X at% and nickel (Ni) is contained in an
amount of 50-X at%.
[0020] Asshown inFIG.3,when iron (Fe)andnickel (Ni) aresubstituted in10Cr‑10V‑30Co (valuesare inunit ofat%), it is
confirmed that an FCC single-phase region is expanded as the iron (Fe) content is decreased, and it can be seen that the
iron (Fe) content be preferably in an amount of 48 at% or less so as to maintain the FCC single-phase.
[0021] FIG. 4 shows the stability of an FCCphasewith respect to aBCCphase through thermodynamic calculations, as
an iron (Fe) content changes at 298k in a compositionwhere the chromium (Cr) is fixedat 10at%, the vanadium (V) is fixed
at 10 at%, and the cobalt (Co) is fixed at 30 at%, whereas the iron (Fe) is contained in an amount of X at%and nickel (Ni) is
contained in an amount of 50-X at%.
[0022] As can be expected in FIG. 4, it is desirable that the iron (Fe) content be in an amount of 35 at% or more, in
consideration of a driving force required for transformation from an FCC phase to a BCC phase.
[0023] Through the results shown in FIGS. 1 to 4, the present inventors have found that, by heat-treating an alloy having
a compositionwith the above components and the content ranges thereof, aHEA,whichmainly consists of an FCCphase
and inwhich theGibbs free energy of the body-center cubic structure (BCC) is smaller than that of the face-centered cubic
structure (FCC), canbeobtained, and suchanalloy cansignificantly improvemechanical properties thereof at a cryogenic
temperature because at least a part of the alloy is transformed from the FCC phase to the BCC phase when the alloy
undergoes deformation at a cryogenic temperature of ‑196°C, and thereby have completed the present invention.
[0024] The HEA according to the present invention is developed in accordance with the alloy designing principle
described above, and is characterized in that the HEA essentially contains Co, Cr, Fe, and V, and optionally contains Ni,
and mainly consists of an FCC phase, wherein transformation-induced plasticity from an FCC phase to a BCC phase
occurs when plastic deformation is applied at a cryogenic temperature of ‑196°C.
[0025] TheHEAaccording to thepresent invention, consists of 10‑35at%ofCo, 3‑15at%ofCr, 3‑15at%ofV, 35‑48at%
of Fe, and 0‑20 at% of Ni, and the remaining unavoidable impurities in an amount of 1 at% or less.
[0026] The reason why the content ranges of the alloy elements constituting the alloy are determined as described
above is as follows.
[0027] When theCo content is less than 10 at%or greater than 35 at%, transformation-induced plasticitymay not occur
or a phase in which the FCC phase is dominant may not be obtained. Therefore, the Co content is preferably in a range of
10‑35 at%, and more preferably 15‑30 at%.
[0028] When the Cr content is less than 3 at%, the corrosion resistance is decreased; however, when the Cr content
exceeds 15 at%, the price is increased. Therefore, theCr content is preferably in a range of 3‑15 at%, andmore preferably
5‑10 at%.
[0029] When the Ni content is equal to or greater than 25 at%, transformation-induced plasticity may not occur.
According to the invention, theNi content is 0‑20at%.When theNi content is 0 at%, a complete FCCsingle-phasemaynot
be obtained by the heat treatment at 900°C. Therefore, in order to achieve an FCC single-phase structure by the heat
treatment at 900°C, the Ni content is more preferably in a range of 2.5‑20 at% (exclusive of 20).
[0030] When the Fe content is less than 35 at% or greater than 48 at%, transformation-induced plasticity may not occur
or a phase in which the FCC phase is dominant may not be obtained. Therefore, the Fe content is preferably in a range of
35‑48 at%, and more preferably 40‑45 at%.
[0031] When the V content is less than 3 at%, the solid-solution strengthening effect decreases; however, when the V
content exceeds 15 at%, the price is increased. Therefore, the V content is preferably in a range of 3‑15 at%, and more
preferably 5‑10 at%.
[0032] The unavoidable impurities are components other than the above-described alloy elements, which are raw
materials or components unavoidably incorporated during the preparation process, and the impurities are included in an
amount of 1 at% or less, preferably 0.1 at% or less, and more preferably 0.01 at% or less.
[0033] Additionally, the transformation-induced plasticity HEA according to the present invention is characterized by
mainly consisting of anFCCphase, and the fraction of theFCCphase is 95%or greater, andmayconsist of anFCCsingle-
phase.
[0034] Additionally, the transformation-inducedplasticityHEAaccording to thepresent invention is characterized in that
phase transformation, in which at least part of the FCC phase before deformation changes to a BCC phase during a
deformation process, occurs at a cryogenic temperature (‑196°C). Here, all of the FCC phases may be changed to BCC
phases.
[0035] Additionally, the transformation-induced plasticityHEAaccording to the present inventionmay preferably have a
tensile strength of 650 MPa or greater and has an elongation of 50% or greater, at room temperature (25°C) .
[0036] Additionally, the transformation-induced plasticityHEAaccording to the present inventionmay preferably have a
tensile strength of 1,100 MPa or greater and has an elongation of 65% or greater, at a cryogenic temperature (‑196°C).
[0037] Additionally, in the transformation-induced plasticity HEA according to the present invention, a difference
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between an impact energy at room temperature (25°C) and an impact energy at a cryogenic temperature (‑196°C)maybe
10% or less.
[0038] Additionally, the transformation-induced plasticity HEA according to the present invention can be prepared
through the following steps of (a) to (c) :

(a) a homogenization step, which includes heating and cooling for homogenizing the microstructure of a HEA, which
consistsof 10‑35at%ofCo,3‑15at%ofCr,3‑15at%ofV,35‑48at%ofFe,and0‑20at%ofNi, and inevitable impurities
in an amount of 1 at% or less;
(b) a step of rolling the homogenized HEA to a sheet having a predetermined thickness; and
(c)anannealing step, inwhich the rolledHEA is heatedup to anFCCsingle-phase region, and then cooledat a cooling
rate by which the FCC phase is able to be maintained.

[0039] In the homogenization step, when the temperature for homogenization treatment is lower than 1,000°C, the
homogenization effect is insufficient; however, when the temperature for homogenization treatment is higher than
1,200°C, the heat treatment costs become excessive. Therefore, the temperature for homogenization treatment is in
a rangeof 1,000 to1,200°C.When the time for homogenization treatment is less than6hours, thehomogenizationeffect is
insufficient; however, when the time for homogenization treatment exceeds 24 hours, the heat treatment cost becomes
excessive. Therefore, the time for heat treatment is in a range of 6 to 24 hours.
[0040] In the annealing, when the temperature for annealing treatment is lower than 800°C, it is not possible to achieve
complete recrystallization; however, when the temperature for annealing treatment is higher than 1,000°C, grain
coarsening becomes more severe. Therefore, the temperature for annealing treatment is in a range of 800°C to
1,000°C. When the time for annealing treatment is less than 3 minutes, it is not possible to achieve complete
recrystallization; however, when the time for annealing treatment is greater than 1 hour, the heat treatment cost becomes
excessive. Therefore, the time for annealing treatment is in a range of 3 minutes to 1 hour.
[0041] The cooling at steps (a) and (c)may be performed throughwater quenching, but is not particularly limited as long
as a microstructure, which is required after each cooling treatment, can be achieved.

[Examples]

Preparation of HEAs

[0042] First,Co,Cr,Fe,Ni, andVmetalshavingapurity of 99.9%ormorewereprepared.Themetals thuspreparedwere
weighed so as to have a mixing ratio shown in Table 1 below.

[Table 1]

Category
Mixing Ratio of Raw Materials

(at%)

Co Cr V Fe Ni

Example1 35 10 10 45 0

Example2 30 10 10 45 5

Example3 20 10 10 45 15

Comparative Example 10 10 10 45 25

[0043] The raw material metals prepared at the above ratio were charged into a crucible, dissolved using vacuum
inductionmelting equipment, andanalloy ingot in a rectangular parallelepiped shape (thickness: 8mm,width: 35mm,and
length: 100 mm) was cast. The cast ingot (thickness: 8 mm) was subjected to homogenization heat treatment at a
temperature of 1,100°C for 6 hours, followed by water quenching, as shown in FIG. 5.
[0044] To remove oxides formed on the surface of the homogenized alloy, surface grinding was performed. The
thicknessof theground ingotwas7mm,andcold rollingwasperformedsuch that the thickness thereof changes from7mm
to 1.5 mm.
[0045] Additionally, each of the cold-rolled alloy sheetswas subjected to annealing treatment by heating at 900°C for 10
minutes to maintain the FCC phase, followed by quenching to maintain the FCC phase at room temperature.
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XRD analysis of microstructures

[0046] FIG. 6 shows the results of XRD measurement of the alloys at room temperature according to Examples 1 to 3
and Comparative Example prepared according to the process described above.
[0047] Tominimize the phase transformation caused by the deformation of a sample during the grinding of the sample,
the XRDmeasurement was performed after performing the grinding in the order of sandpaper Nos. 600, 800, 1200, and
2000, followed by electrolytic etching in 8% perchloric acid.
[0048] In FIG. 6, "0 Ni", "5 Ni", "15 Ni", and "25 Ni" indicate alloys according to Example 1, Example 2, Example 3, and
Comparative Example, respectively. The same applies to the drawings following FIG. 6.
[0049] As observed in FIG. 6, it was confirmed that all the alloys according to Example 2, Example 3, and Comparative
Example consist of FCC single-phases by XRD analysis.
[0050] On the other hand, it was shown that the alloy according to Example 1 mainly contained FCC phase and small
amount of BCC phase. This is consistent with what is predicted from the equilibrium phase diagram of FIG. 1, and if the
annealing temperature is higher than 900°C, the alloys can be prepared to have an FCC single-phase, as is the case with
the alloys according to Examples 2 and 3.

Transformation-induced plasticity

[0051] FIG. 7 shows the fractions of a BCC phase in the microstructure after the tensile tests of the HEAs, which were
prepared according to Examples 1 to 3 and Comparative Example at room temperature and at a cryogenic temperature
(‑196°C), according to Ni content.
[0052] As shown in FIG. 7, in the case of Example 1, about 24% of phase transformation was achieved even when a
tensile test performedat room temperature,whereas theamount of phase transformationwas0.8% inExample2, very low
to be 0.3% in Example 3, and 0% in Comparative Example.
[0053] In contrast, in the case of a tensile test performed at a cryogenic temperature (‑196°C), the amounts of phase
transformation were 99% in Example 1, 95% in Example 2, 13% in Example 3, and 0% in Comparative Example,
respectively. Further, it was confirmed that as the content of Ni became smaller, the phase transformation from an FCC
phase to a BCC phase occurred more actively.

Results of tensile test

[0054] FIGS. 8 and9andTable 2 show the tensile test results of the alloys of Examples 1 to 3 andComparativeExample
of the present invention at room temperature (25°C) and a cryogenic temperature (‑196°C).

[Table 2]

Category

Room Temperature Cryogenic Temperature (‑196°C)

Yield
Strength
(MPa)

Tensile
Strength
(MPa)

Elongation
(%)

Yield
Strength
(MPa)

Tensile
Strength
(MPa)

Elongation
(%)

Example 1 427 745 70.1 653 1623 65.0

Example 2 348 714 62.0 601 1291 81.7

Example 3 339 679 51.1 569 1142 82.3

Comparative Example 339 684 47.0 468 996 69.4

[0055] As shown in Table 2, the HEAs according to Examples 1 to 3 of the present invention, at room temperature,
showed a yield strength of 339MPa to 427MPa, a tensile strength of 679MPa to 745MPa, and an elongation of 51.1% to
70.1%, and the HEA according to Comparative Example showed a yield strength of 339 MPa, a tensile strength of 684
MPa, and an elongation of 47%, thus showing no significant difference compared to those of Examples 1 to 3.
[0056] Meanwhile, theHEAsaccording toExamples 1 to 3 of the present invention, at a cryogenic temperature, showed
a yield strength of 569 MPa to 653 MPa, a tensile strength of 1,142 MPa to 1,623 MPa, and an elongation of 65.0% to
82.3%, and the HEA according to Comparative Example showed a yield strength of 468 MPa, a tensile strength of 996
MPa,andanelongationof69.4%, thusshowing lowermechanical properties compared to thoseofExamples1 to3.Sucha
result demonstrates that the Comparative Example shows a significant difference compared to Example 3 that exhibits
mechanical properties similar to those of Comparative Example at room temperature. These differences are assumed to
be due to the transformation-induced plasticity.
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[0057] Additionally, the HEA according to Example 1, at a cryogenic temperature, showed a high tensile strength of
1,623MPa, and good elongation of 65.0%,which proves that theHEAaccording to Example 1 has high strength and good
elongation. TheHEAsofExamples 2 and3, at a cryogenic temperature, showeda fairly high tensile strength of 1,142MPa
to 1,291MPa, and very high elongation of 81.7% to 82.3%%,which proves that theseHEAshavevery high values in terms
of tensile strength and elongation, respectively.
[0058] FIG. 10 shows the comparison results of the tensile strength and elongation at a cryogenic temperature of the
HEAs (herein indicated as ’star’ mark) according to Examples 1 to 3 of the present invention and other HEAs reported
previously.
[0059] As shown in FIG. 10, the tensile strength and elongation of the HEAs according to Examples 1 to 3 of the present
invention were extremely high thus exhibiting excellent characteristics compared to any conventional alloys or HEAs.

Results of impact test

[0060] FIG. 11 shows the results of the Charpy impact test performed under the conditions from room temperature to a
cryogenic temperature. In the Charpy impact test, sub-sized samples with a thickness of 5 mm were used.
[0061] As shown in FIG. 11, the HEA according to Example 2 of the present invention showed constant values, that is,
almost no difference between an impact energy value at room temperature and an impact energy value at a cryogenic
temperature, and thus exhibited peculiar characteristics which could be hardly seen in existing materials, in which,
generally, as the temperature decreases, the impact energy value decreases, and the BCC phase present at a cryogenic
temperature causes the impact energy to be rapidly decreased.

Claims

1. A transformation-induced plasticity high-entropy alloy, consisting of 10‑35 at% of Co, 3‑15 at% of Cr, 3‑15 at% of V,
35‑48 at% of Fe, 0‑20 at% of Ni, and inevitable impurities in an amount of 1 at% or less,

the transformation-induced plasticity high-entropy alloy is 95% or more an FCC phase at room temperature of
25°C,
wherein transformation-induced plasticity, in which at least part of the FCC phase changes to a BCC phase,
occurs at a cryogenic temperature of ‑196°C.

2. The transformation-induced plasticity high-entropy alloy of claim 1, wherein a Co content is in a range of 15‑30 at%.

3. The transformation-induced plasticity high-entropy alloy of claim1or 2, wherein aCr content is in a range of 5‑10at%.

4. The transformation-induced plasticity high-entropy alloy of one of claims 1 to 3, wherein a V content is in a range of
5‑10 at%.

5. The transformation-induced plasticity high-entropy alloy of one of claims 1 to 4, wherein the Ni content is in a range of
2.5‑20 at%.

6. The transformation-induced plasticity high-entropy alloy of one of claims 1 to 5, wherein a Fe content is in a range of
40‑45 at%.

7. The transformation-induced plasticity high-entropy alloy according to any one of claims 1 to 6, wherein the high-
entropyalloyhasa tensile strengthof650MPaorgreater andhaselongationof 50%orgreater, at room temperatureof
25°C.

8. The transformation-induced plasticity high-entropy alloy according to any one of claims 1 to 6, wherein the high-
entropy alloy has a tensile strength of 1,100 MPa or greater and has an elongation of 65% or greater, at cryogenic
temperature of ‑196°C.

9. The transformation-induced plasticity high-entropy alloy according to any one of claims 1 to 6, wherein the high-
entropy alloy has a difference in impact energy of 10% or less between room temperature of 25°C and cryogenic
temperature of ‑196°C.

10. A method for preparing a transformation-induced plasticity high-entropy alloy, comprising:
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ahomogenizationstep, includingheatingandcooling forhomogenizing themicrostructureof ahigh-entropyalloy,
which consists of 10‑35 at% of Co, 3‑15 at% of Cr, 3‑15 at% of V, 35‑48 at% of Fe, 0‑20 at% of Ni, and inevitable
impurities in an amount of 1 at% or less;
a step of rolling the homogenized high-entropy alloy into a sheet having a predetermined thickness; and
an annealing step, in which the rolled high-entropy alloy is heated up to an FCC single-phase region, and then
cooled at a cooling rate by which the FCC phase is able to be maintained,
wherein the homogenization step is performed at 1,000 to 1,200°C for 6 to 24 hours, and

wherein the annealing step is performed at 800°C to 1,000°C for 3 minutes to 1 hour.

Patentansprüche

1. Hochentropie-Legierung mit transformationsinduzierter Plastizität, bestehend aus 10‑35 Atom-% Co, 3‑15 Atom-%
Cr, 3‑15 Atom-%V, 35‑48 Atom-% Fe, 0‑20 Atom-%Ni und unvermeidlichen Verunreinigungen in einer Menge von 1
Atom-% oder weniger,

wobei die Hochentropie-Legierung mit transformationsinduzierter Plastizität bei Raumtemperatur von 25°C zu
mindestens 95 % eine FCC-Phase ist,
wobei die transformationsinduzierte Plastizität, bei der sich zumindest ein Teil der FCC-Phase in eine BCC-
Phase umwandelt, bei einer kryogenen Temperatur von ‑196°C auftritt.

2. Hochentropie-Legierungmit transformationsinduzierter Plastizität nachAnspruch 1, wobei derCo-Gehalt imBereich
von 15‑30 Atom-% liegt.

3. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach Anspruch 1 oder 2, wobei der Cr-Gehalt im
Bereich von 5‑10 Atom-% liegt.

4. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 3, wobei der V-
Gehalt im Bereich von 5‑10 Atom-% liegt.

5. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 4, wobei der Ni-
Gehalt in einem Bereich von 2,5 bis 20 Atom-% liegt.

6. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 5, wobei der Fe-
Gehalt im Bereich von 40‑45 at% liegt.

7. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 6, wobei die
Hochentropie-Legierung eine Zugfestigkeit von 650 MPa oder mehr und eine Dehnung von 50 % oder mehr bei
Raumtemperatur von 25 °C aufweist.

8. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 6, wobei die
Hochentropie-Legierung eine Zugfestigkeit von 1.100 MPa oder mehr und eine Dehnung von 65 % oder mehr bei
einer kryogenen Temperatur von ‑196°C aufweist.

9. Hochentropie-Legierung mit transformationsinduzierter Plastizität nach einem der Ansprüche 1 bis 6, wobei die
Hochentropie-Legierung einen Unterschied in der Schlagenergie von 10 % oder weniger zwischen der Raum-
temperatur von 25°C und der kryogenen Temperatur von ‑196°C aufweist.

10. Verfahren zur Herstellung einer Hochentropie-Legierung mit transformationsinduzierter Plastizität, umfassend:

einen Homogenisierungsschritt, der Erhitzen und Abkühlen zum Homogenisieren der Mikrostruktur einer
Hochentropie-Legierung einschließt, die aus 10‑35 Atom-% Co, 3‑15 Atom-% Cr, 3‑15 Atom-% V, 35‑48
Atom-%Fe, 0‑20Atom-%Ni und unvermeidlichenVerunreinigungen in einerMenge von 1Atom-%oderweniger
besteht;
einenSchritt desWalzensderhomogenisiertenHochentropie-LegierungzueinemBlechmiteiner vorgegebenen
Dicke; und
einen Glühschritt, bei dem die gewalzte Hochentropie-Legierung bis zu einem einphasigen FCC-Bereich
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erwärmt unddannmit einer Abkühlungsgeschwindigkeit abgekühlt wird, bei der die FCC-Phaseerhaltenwerden
kann,
wobei der Homogenisierungsschritt bei 1.000 bis 1.200°C für 6 bis 24 Stunden durchgeführt wird, und

wobei der Glühschritt bei 800 °C bis 1.000 °C für 3 Minuten bis 1 Stunde durchgeführt wird.

Revendications

1. Un alliage à haute entropie à plasticité induite par transformation, constitué de 10 à 35% atomiques de Co, 3 à 15%
atomique de Cr, 3 à 15 % atomiques de V, 35 à 48 % atomiques de Fe, 0 à 20 % atomiques de Ni, et d’impuretés
inévitables à hauteur de 1 % atomique ou moins,

l’alliage à haute entropie à plasticité induite par transformation est à 95% ou plus une phase FCC à température
ambiante de 25°C,
dans lequel la plasticité induite par transformation, dans laquelle au moins une partie de la phase FCC se
transforme en une phase BCC, se produit à une température cryogénique de ‑196°C.

2. L’alliage àhaute entropie à plasticité induite par transformation selon la revendication 1, dans lequel une teneur enCo
est comprise entre 15 et 30 % atomiques.

3. L’alliage à haute entropie à plasticité induite par transformation selon la revendication 1 ou 2, dans lequel une teneur
en Cr est comprise entre 5 et 10 % atomiques.

4. L’alliage à haute entropie à plasticité induite par transformation selon l’une des revendications 1 à 3, dans lequel une
teneur en V est comprise entre 5 et 10 % atomiques.

5. L’alliage à haute entropie à plasticité induite par transformation selon l’une des revendications 1 à 4, dans lequel la
teneur en Ni est comprise entre 2,5 et 20 % atomiques.

6. L’alliage à haute entropie à plasticité induite par transformation selon l’une des revendications 1 à 5, dans lequel une
teneur en Fe est comprise entre 40 et 45 % atomiques.

7. L’alliage àhaute entropie àplasticité induite par transformation selon l’unequelconquedes revendications 1à6, dans
lequel l’alliage à haute entropie a une résistanceà la traction de650MPaouplus et a un allongement de50%ouplus,
à température ambiante de 25°C.

8. L’alliage àhaute entropie àplasticité induite par transformation selon l’unequelconquedes revendications 1à6, dans
lequel l’alliage à haute entropie a une résistance à la traction de 1100 MPa ou plus et a un allongement de 65 % ou
plus, à une température cryogénique de ‑196°C.

9. L’alliage àhaute entropie àplasticité induite par transformation selon l’unequelconquedes revendications 1à6, dans
lequel l’alliage à haute entropie présente une différence d’énergie d’impact de 10 % ou moins entre la température
ambiante de 25°C et la température cryogénique de ‑196°C.

10. Un procédé de préparation d’un alliage à haute entropie à plasticité induite par transformation, comprenant:

une étape d’homogénéisation, comprenant le chauffage et le refroidissement pour homogénéiser la micro-
structure d’un alliage àhaute entropie, qui est constitué de10à35%atomiques deCo, 3 à15%atomiques deCr,
3 à 15 % atomiques de V, 35 à 48 % atomiques de Fe, 0 à 20 % atomiques de Ni, et d’impuretés inévitables à
hauteur de 1% atomique ou moins;
une étape de laminage de l’alliage à haute entropie homogénéisé en une feuille ayant une épaisseur pré-
déterminée; et
une étape de recuit, dans laquelle l’alliage à haute entropie laminé est chauffé jusqu’à une région monophasée
FCC, puis refroidi à une vitesse de refroidissement par laquelle la phase FCC peut être maintenue,
dans lequel l’étape d’homogénéisation est effectuée à 1 000 jusqu’à 1 200 °C pendant 6 à 24 heures, et
dans lequel l’étape de recuit est effectuée à 800°C jusqu’à 1 000°C pendant 3 minutes à 1 heure.
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