
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
98

5 
14

0
A

1
*EP003985140A1*

(11) EP 3 985 140 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
20.04.2022 Bulletin 2022/16

(21) Application number: 20823504.4

(22) Date of filing: 30.03.2020

(51) International Patent Classification (IPC):
C22C 38/16 (2006.01) C22C 38/08 (2006.01)

C22C 38/14 (2006.01)

(52) Cooperative Patent Classification (CPC): 
C22C 38/08; C22C 38/14; C22C 38/16 

(86) International application number: 
PCT/KR2020/004335

(87) International publication number: 
WO 2020/251145 (17.12.2020 Gazette 2020/51)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 11.06.2019 KR 20190068807

(71) Applicant: Kiswire Ltd.
Suyeong-gu
Busan 48212 (KR)

(72) Inventors:  
• PARK, Pyeong Yeol

Daejeon 34090 (KR)
• KIM, Jin Ho

Ulju-gun, Ulsan 44967 (KR)

(74) Representative: Maiwald Patent- und 
Rechtsanwaltsgesellschaft mbH
Elisenhof 
Elisenstraße 3
80335 München (DE)

(54) KINIZ ALLOY HAVING HOMOGENEOUS MICROSTRUCTURE

(57) The present disclosure relates to KINIZ alloys
having a homogeneous microstructure. A KINIZ alloy in-
cludes: copper (Cu) and iron (Fe) in a total amount of 75
wt% to 95 wt%; and nickel (Ni) in an amount of 1 wt% to
20 wt%, zirconium (Zr) in an amount of 0.1 wt% to 5.0
wt%, and a balance of inevitable impurities. A KINIZ alloy
includes: copper (Cu) and iron (Fe) in a total amount of
75 wt% to 95 wt%; and manganese (Mn) in an amount
of 2.0 wt% to 5.0 wt%, zirconium (Zr) in an amount of 0.3
wt% to 1.0 wt%, and a balance (excluding 0 %) of inev-
itable impurities.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a KINIZ alloy
having a homogeneous microstructure, and more partic-
ularly, to a KINIZ alloy having a homogeneous micro-
structure which is obtained by adding small amounts of
elements such as nickel (Ni), zirconium (Zr), or manga-
nese (Mn) to an alloy including copper (Cu) and iron (Fe).

BACKGROUND ART

[0002] In general, Cu-Fe alloys containing copper (Cu)
and iron (Fe) are used in various industrial fields. A Cu-
Fe alloy may be produced through a casting process by
melting copper (Cu) and iron (Fe) and then cooling the
molten metals. However, Cu-Fe alloys of the related art
have the following problems.
[0003] FIG.1 shows a Cu-Fe phase diagram. When a
Cu-Fe alloy containing copper (Cu) and iron (Fe) is cast,
since the enthalpy of mixing copper (Cu) with iron (Fe)
is high, a metastable region in which the liquid phase of
the Cu-Fe alloy is separated into two phases is present
just below the solidus at which the Cu-Fe alloy starts to
solidify into a dendritic microstructure.
[0004] When the molten Cu-Fe alloy is rapidly cooled
and solidified across the metastable region, the liquid
phase of the molten Cu-Fe alloy is separated into two
phases, and thus, a heterogeneous microstructure in
which the two elements are separately present is formed.
[0005] Specifically, referring to FIG. 2, a Cu-Fe alloy
which has undergone phase separation has a heteroge-
neous microstructure in which iron (Fe) 20 and copper
(Cu) 10 are separately present in the form of Fe droplets
within a Cu matrix.
[0006] Such Cu-Fe alloys as the Cu-Fe alloy shown in
FIG. 2 which has undergone phase separation are diffi-
cult to process because of non-uniform deformation. Al-
so, a Cu-Fe alloy which has undergone phase separation
has a problem in that the Cu-Fe alloy has relatively low
conductivity in a local region in which iron (Fe) having
relatively low conductivity is separately present, and has
relatively low strength in a local region in which copper
(Cu) having relatively low strength is separately present.

DESCRIPTION OF EMBODIMENTS

TECHNICAL PROBLEM

[0007] The present disclosure is provided to solve the
above problems, and particularly relates to a KINIZ alloy
having a homogeneous microstructure which is pro-
duced by adding small amounts of elements such as nick-
el (Ni), zirconium (Zr), or manganese (Mn) to an alloy
including copper (Cu) and iron (Fe).

SOLUTION TO PROBLEM

[0008] To solve the above problems, according to the
present disclosure, a KINIZ alloy having a homogeneous
microstructure includes: copper (Cu) and iron (Fe) in a
total amount of 75 wt% to 95 wt%; and nickel (Ni) in an
amount of 1 wt% to 20 wt%, zirconium (Zr) in an amount
of 0.1 wt% to 5.0 wt%, and a balance of inevitable impu-
rities.
[0009] To solve the above problems, according to the
present disclosure, the KINIZ alloy having a homogene-
ous microstructure may include copper (Cu) in an amount
of 20 wt% to 80 wt%, iron (Fe) in an amount of 20 wt%
to 80 wt%, nickel (Ni) in an amount of 2.0 wt% to 5.0 wt%,
and zirconium (Zr) in an amount of 0.3 wt% to 1.0 wt%.
[0010] To solve the above problems, according to the
present disclosure, the zirconium (Zr) may react with ox-
ygen and form ZrO2, and the ZrO2 may function as nuclei
for nucleation of dendrites during a casting process of
the KINIZ alloy.
[0011] To solve the above problems, according to the
present disclosure, a KINIZ alloy having a homogeneous
microstructure includes: copper (Cu) and iron (Fe) in a
total amount of 75 wt% to 95 wt%; and manganese (Mn)
in an amount of 2.0 wt% to 5.0 wt%, zirconium (Zr) in an
amount of 0.3 wt% to 1.0 wt%, and a balance (excluding
0 %) of inevitable impurities.
[0012] To solve the above problems, according to the
present disclosure, the KINIZ alloy having a homogene-
ous microstructure may have a weight ratio of iron (Fe)
to copper (Cu) and iron (Fe) within a range of 70 % or
more.
[0013] To solve the above problems, according to the
present disclosure, the KINIZ alloy having a mechanical
switch may further include nickel (Ni) in an amount of 2.0
wt% to 5.0 wt%.
[0014] To solve the above problems, according to the
present disclosure, when the KINIZ alloy having a homo-
geneous microstructure is cast, molten metals may be
cooled at a rate of 5.3 x 104 °C/sec or less.

ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0015] According to the present disclosure, KINIZ al-
loys are produced by adding small amounts of elements,
such as nickel (Ni), zirconium (Zr), or manganese (Mn),
to alloys including copper (Cu) and iron (Fe), and thus
the KINIZ alloys may have a homogeneous microstruc-
ture without phase separation.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 is a view illustrating a Cu-Fe phase diagram
having a metastable region.
FIG. 2 is a view illustrating a cross-section of a Cu-
Fe alloy which includes copper (Cu) and iron (Fe)
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and underwent phase separation.
FIG. 3 is a view illustrating the variation of a metast-
able region in a Cu-Fe phase diagram for different
contents of nickel (Ni) according to an embodiment
of the present disclosure.
FIGS. 4 and 5 are views illustrating the occurrence
of phase separation in examples of the present dis-
closure and comparative examples.
FIG. 6 is a view illustrating the conductivity of a KINIZ
alloy with respect to the content of nickel (Ni) accord-
ing to an embodiment of the present disclosure.
FIG. 7 is a view illustrating the variation of a metast-
able region in a Cu-Fe phase diagram for different
contents of manganese (Mn) according to an em-
bodiment of the present disclosure.
FIG. 8 is a view illustrating the conductivity of a KINIZ
alloy with respect to the content of manganese (Mn)
according to an embodiment of the present disclo-
sure.
FIG. 9 is a view illustrating a region in which micro-
structural phase separation was observed with re-
spect to the cooling rate of molten metals according
to an embodiment of the present disclosure.
FIG. 10 is a view illustrating a cross-section of a KI-
NIZ alloy having a homogeneous microstructure ac-
cording to an embodiment of the present disclosure.

MODE OF DISCLOSURE

[0017] Hereinafter, various embodiments of the
present disclosure will be described with reference to the
accompanying drawings. The embodiments of the
present disclosure may be variously modified to other
embodiments, and thus only some specific embodiments
are illustrated in the drawings and described below. How-
ever, the present disclosure is not limited to the specific
embodiments, and it should be understood that all mod-
ifications and/or equivalents or substitutes of the embod-
iments of the present disclosure are included in the scope
of the present disclosure. In the drawings, similar ele-
ments are denoted with similar reference numerals.
[0018] In various embodiments of the present disclo-
sure, expressions such as "comprise," "include," or "may
include" are used to specify the presence of disclosed
functions, operations, or elements, but do not preclude
the presence of one or more other functions, operations,
or elements. In addition, it will be understood that terms
such as "comprise," "include," or "have" when used here-
in, specify the presence of features, numbers, steps, op-
erations, elements, components, or combinations there-
of, but do not preclude the presence or addition of one
or more other features, numbers, steps, operations, el-
ements, components, or combinations thereof.
[0019] The terms used in the present disclosure are
merely for describing specific embodiments of the
present disclosure, and are not intended to limit various
embodiments of the present disclosure. The terms of a
singular form may include plural forms unless otherwise

mentioned.
[0020] Unless defined otherwise, all terms used here-
in, including technical or scientific terms, have the same
meanings as commonly understood by those of ordinary
skill in the art to which various embodiments of the
present disclosure pertain.
[0021] The present disclosure relates to a KINIZ alloy
having a homogeneous microstructure, and more partic-
ularly, to a KINIZ alloy having a homogeneous micro-
structure which is produced by adding small amounts of
elements such as nickel (Ni), zirconium (Zr), or manga-
nese (Mn) to an alloy including copper (Cu) and iron (Fe).
Hereinafter, preferred embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings.
[0022] According to an embodiment of the present dis-
closure, a KINIZ alloy having a homogeneous microstruc-
ture includes copper (Cu), iron (Fe), nickel (Ni), zirconium
(Zr), and the balance of inevitable impurities.
[0023] The sum of the contents of copper (Cu) 110 and
iron (Fe) 120 may be within the range of 75 wt% to 95
wt%, and the weight ratio of copper (Cu) 110 and iron
(Fe) 120 may be varied according to the intended use of
the alloy.
[0024] Specifically, the content of copper (Cu) 110 may
be within the range of 20 wt% to 80 wt%, and the content
of iron (Fe) 120 may be within the range of 20 wt% to 80
wt%. More preferably, the content of copper (Cu) 110
may be within the range of 40 wt% to 60 wt%, and the
content of iron (Fe) 120 may be within the range of 30
wt% to 50 wt%. In these ranges, the sum of the contents
of copper (Cu) 110 and iron (Fe) 120 may be within the
range of 75 wt% to 95 w%. However, the weight percent-
ages of copper (Cu) 110 and iron (Fe) 120 are not limited
thereto and may be varied as necessary.
[0025] Referring to FIG. 1, when an alloy containing
copper (Cu) and iron (Fe) is cast, since the enthalpy of
mixing copper (Cu) with iron (Fe) is high, a metastable
region, in which the liquid phase of the alloy is separated
into two liquid phases, is present just below the solidus
at which the molten alloy starts to solidify into a dendritic
microstructure. When the molten alloy is rapidly cooled
and solidified across the metastable region, the problem
is the formation of a heterogeneous microstructure in
which the two elements are separately present as shown
in FIG 2.
[0026] The KINIZ alloy having a homogeneous micro-
structure of the embodiment of the present disclosure
may include nickel (Ni) and zirconium (Zr) to solve the
problem. FIG. 3 shows a Cu-Fe phase diagram for dif-
ferent contents of nickel (Ni). Referring to FIG. 3, it may
be understood that a metastable region descends as the
content of nickel (Ni) increases.
[0027] As the content of nickel (Ni) increases as shown
in FIG. 3, the metastable region descends, and thus the
gap between the solidus and the metastable region in-
creases, such that when the molten KINIZ alloy is cooled
and solidified, molten metals may be prevented from be-
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ing cooled across the metastable region.
[0028] Since the molten KINIZ alloy is cooled and so-
lidified not across the metastable region, it is possible to
prevent the liquid phase of the KINIZ alloy from separat-
ing into two phases, and thus the KINIZ alloy may be
produced without phase separation to have a homoge-
neous microstructure.
[0029] The content of nickel (Ni) may be within the
range of 1 wt% to 20 wt%, and more preferably within
the range of 2 wt% to 5 wt%. As the content of nickel (Ni)
increases, the metastable region descends, but the con-
ductivity of the KINIZ alloy decreases. (Since the con-
ductivity of copper (Cu) is higher than the conductivity of
nickel (Ni), the conductivity of the KINIZ alloy decreases
as the content of nickel (Ni) increases.))
[0030] Therefore, the content of nickel (Ni) is preferably
20 wt% or less, and it is preferable that the content of
nickel (Ni) be 5 wt% or less in terms of efficient prevention
of a decrease in conductivity. In addition, when the con-
tent of nickel (Ni) is 1 wt% or less, the effect of lowering
the metastable region is insufficient, and thus it is pref-
erable that the content of nickel (Ni) be 1 wt% or more.
[0031] More preferably, the content of nickel (Ni) is
within the range of 2 wt% to 5 wt%. FIGS. 4 and 5 are
views showing the occurrence of phase separation ac-
cording to the content of nickel (Ni). Referring to FIGS.
4 and 5, when the content of nickel (Ni) is 2 wt% or less,
phase separation may occur, and when the content of
nickel (Ni) is greater than 2 wt%, phase separation does
not occur. Therefore, it is preferable that the content of
nickel (Ni) be greater than 2 wt%.
[0032] In addition, according to an embodiment of the
present disclosure, the KINIZ alloy having a homogene-
ous microstructure utilizes the merit of copper (Cu), that
is, electrical conductivity, and it is preferable that the elec-
trical conductivity of the KINIZ alloy be 40 % IACS or
higher for utilizing electrical conductivity. However, as
the content of nickel (Ni) increases, the resistivity of the
KINIZ alloy may increase, and thus the electrical conduc-
tivity of the KINIZ alloy may decrease.
[0033] Referring to FIG. 6, when the content of nickel
(Ni) is greater than 5 wt%, the conductivity of the KINIZ
alloy decreases to 40 % IACS, and as the content of
nickel (Ni) becomes greater than 5 wt%, the conductivity
of the KINIZ alloy decreases steeply. Therefore, it is pref-
erable that the content of nickel (Ni) be less than 5 wt%.
[0034] That is, according to an embodiment of the
present disclosure, nickel (Ni) is added to the KINIZ alloy
having a homogeneous microstructure within the range
of the minimum amount (2 wt%) for suppressing phase
separation to an amount (5 wt%) not causing a significant
decrease in conductivity.
[0035] The KINIZ alloy having a homogeneous micro-
structure according to the embodiment of the present dis-
closure may include zirconium (Zr) for the effect of rapid
solidification of a dendritic structure.
[0036] Specifically, zirconium (Zr) included in the KI-
NIZ alloy may react with oxygen and form ZrO2, and the

ZrO2 may function as nucleation nuclei forming dendrites
when the KINIZ alloy is cast. Zirconium (Zr) functioning
as described above has an effect of quickening the so-
lidification of a dendritic structure, and thus, it is possible
to solidify the molten KINIZ alloy before phase separation
occurs in the liquid phase of the molten KINIZ alloy.
[0037] That is, according to the embodiment of the
present disclosure, in the kinematic alloy having a homo-
geneous microstructure, nickel (Ni) prevents phase sep-
aration by descending the metastable region, and along
with this, zirconium (Zr) quickens the solidification of a
dendritic structure, thereby preventing the KINIZ alloy
from solidifying across the metastable region from a mol-
ten state.
[0038] The content of zirconium (Zr) may be from 0.1
wt% to 5 wt%, and more preferably from 0.3 wt% to 1.0
wt%. Although dendritic solidification quickens as the
content of zirconium (Zr) increases, the conductivity of
the KINIZ alloy decreases as the content of zirconium
(Zr) increases. (Since the conductivity of copper (Cu) is
higher than the conductivity of zirconium (Zr), the higher
the content of zirconium (Zr), the lower the conductivity.)
[0039] Therefore, the content of zirconium (Zr) is pref-
erably 5 wt% or less, and it is preferable that the content
of zirconium (Zr) be 1 wt% or less in terms of efficient
prevention of a decrease in conductivity. In addition,
when the content of zirconium (Zr) is 0.1 wt% or less, the
effect of quickening the solidification of a dendritic struc-
ture is insufficient, and thus it is preferable that the con-
tent of zirconium (Zr) be 0.1 wt% or more.
[0040] More preferably, the content of zirconium (Zr)
is preferably 0.3 wt% to 1.0 wt%. The content of zirconium
(Zr) may be varied depending on the metastable region
lowered by nickel (Ni), but when the solidification of a
dendritic structure occurs slows due to a low zirconium
(Zr) content, there is a risk that molten metals solidify
across the metastable region. In addition, when the con-
tent of zirconium (Zr) is less than 0.3 wt%, the effect of
suppressing phase separation may not be obtained be-
cause of insufficient formation of the ZrO2. Therefore, to
prevent this, the content of zirconium (Zr) is preferably
0.3 wt% or more.
[0041] In addition, it is preferable that the content of
zirconium (Zr) is 1.0 wt% or less. When the content of
zirconium (Zr) is greater than 1.0 wt%, the size of ZrO2
increases, and thus, ZrO2 may act as an inclusion rather
than acting as nucleation nuclei and may thus have an
adverse effect on conductivity. Therefore, it is preferable
that the content of zirconium (Zr) be 1.0 wt% or less.
[0042] The KINIZ alloy having a homogeneous micro-
structure of the embodiment of the present disclosure
may include carbon (C) in addition to copper (Cu), iron
(Fe), nickel (Ni), and zirconium (Zr), and in this case, the
content of carbon ( C) may be 0.02 wt% or less (excluding
0 %). In addition, according to the embodiment of the
present disclosure, the KINIZ alloy having a homogene-
ous microstructure may include the balance of inevitable
impurities in addition to copper (Cu), iron (Fe), nickel (Ni),
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and zirconium (Zr), and the inevitable impurities may in-
clude various elements required for the KINIZ alloy. For
example, the inevitable impurities may include chromium
(Cr), magnesium (Mg), aluminum (Al), silicon (Si), or the
like.
[0043] According to another embodiment of the
present disclosure, a KINIZ alloy having a homogeneous
microstructure includes copper (Cu), iron (Fe), nickel
(Ni), zirconium (Zr), and the balance of inevitable impu-
rities.
[0044] The sum of the contents of copper (Cu) 110 and
iron (Fe) 120 may be within the range of 75 wt% to 95
wt%, and the weight ratio of copper (Cu) 110 and iron
(Fe) 110 may be varied according to the intended use of
the KINIZ alloy.
[0045] Specifically, the content of copper (Cu) 110 may
be within the range of 20 wt% to 80 wt%, and the content
of iron (Fe) 120 may be within the range of 20 wt% to 80
wt%. More preferably, the content of copper (Cu) 110
may be within the range of 40 wt% to 60 wt% %, and the
content of iron (Fe) 120 may be within the range of 30
wt% to 50 wt%. In these ranges, the sum of the contents
of copper (Cu) 110 and iron (Fe) 120 may be within the
range of 75 wt% to 95 w%. However, the weight percent-
ages of copper (Cu) 110 and iron (Fe) 120 are not limited
thereto and may be varied as necessary.
[0046] Referring to FIG. 1, when an alloy containing
copper (Cu) and iron (Fe) is cast, since the enthalpy of
mixing copper (Cu) with iron (Fe) is high, a metastable
region, in which the liquid phase of the alloy is separated
into two phases, is present just below the solidus at which
the alloy starts to solidify into a dendritic microstructure.
When the molten alloy is rapidly cooled and solidified
across the metastable region, the problem is the forma-
tion of a heterogeneous microstructure in which the two
elements are separately present as shown in FIG 2.
[0047] According to the other method of the present
disclosure, the KINIZ alloy having a homogeneous micro-
structure may include manganese (Mn) and zirconium
(Zr) to solve the problem. FIG. 7 shows a Cu-Fe phase
diagram for different contents of manganese (Mn). Re-
ferring to FIG. 7, as the content of manganese (Mn) in-
creases, the metastable region descends.
[0048] As the content of manganese (Mn) increases
as shown in FIG. 7, the metastable region descends, and
thus the gap between the solidus and the metastable
region increases, such that when the molten KINIZ alloy
is cooled and solidified, the molten KINIZ alloy may be
prevented from being cooled across the metastable re-
gion.
[0049] Since the molten KINIZ alloy is cooled and so-
lidified not across the metastable region, it is possible to
prevent the liquid phase of the KINIZ alloy from separat-
ing into two phases, and thus the KINIZ alloy may be
produced without phase separation to have a homoge-
neous microstructure.
[0050] Here, the ratio of the weight of iron (Fe) to the
sum of the weights of copper (Cu) and iron (Fe) is pref-

erably 70 % or more. Referring to FIG. 7, when the ratio
of the weight of iron (Fe) to the sum of the weights of
copper (Cu) and iron (Fe) is preferably 70 % or more, the
metastable region descends as the content of manga-
nese (Mn) increases.
[0051] Therefore, to descend the metastable region by
using manganese (Mn), the ratio of the weight of iron
(Fe) to the sum of the weights of copper (Cu) and iron
(Fe) is preferably set to be 70 % or more.
[0052] The content of manganese (Mn) may be from
2 wt% to 5 wt%. As the content of manganese (Mn) in-
creases, the metastable region descends, but the con-
ductivity of the KINIZ alloy decreases. (Since the con-
ductivity of copper (Cu) is higher than the conductivity of
manganese (Mn), the conductivity of the KINIZ alloy de-
creases as the content of manganese (Mn) increases.)
[0053] Specifically, referring to FIG. 7, when the con-
tent of manganese (Mn) is 2 wt% or less, the effect of
lowering the metastable region is insufficient, and thus it
is preferable that the content of manganese (Mn) is 2
wt% or more.
[0054] In addition, referring to FIG. 8, as the content
of manganese (Mn) becomes greater than 5 wt%, the
conductivity (% IACS) of the KINIZ alloy rapidly decreas-
es. Therefore, it is preferable that the content of manga-
nese (Mn) be less than 5 wt% for the prevention of a
decrease in conductivity (% IACS).
[0055] The KINIZ alloy having a homogeneous micro-
structure of the other embodiment of the present disclo-
sure may include zirconium (Zr) for the effect of rapid
solidification of a dendritic structure. Zirconium (Zr) may
be included within the range of 0.3 wt% to 1.0 wt%, and
descriptions of the reason for adding zirconium (Zr) and
the weight content of zirconium (Zr) are not provided here
because the same descriptions are given in the above
description of the KINIZ alloy including nickel (Ni).
[0056] In addition, the KINIZ alloy having a homoge-
neous microstructure according to the other embodiment
of the present disclosure may further include nickel (Ni).
When nickel (Ni) is included, the metastable region may
be lowered as described above, and to this end, nickel
(Ni) may be included in a range of 2.0 wt% to 5.0 wt%.
Descriptions of the reason for adding nickel (Ni) and the
weight content of nickel (Ni) are not provided here be-
cause the same descriptions are given in the above de-
scription of the KINIZ alloy including nickel (Ni).
[0057] The KINIZ alloy having a homogeneous micro-
structure according to the other embodiment of the
present disclosure may include carbon (C) in addition to
copper (Cu), iron (Fe), manganese (Mn), and zirconium
(Zr), and in this case, the content of carbon ( C) may be
0.02 wt% or less (excluding 0 %). In addition, the KINIZ
alloy having a homogeneous microstructure of the other
embodiment of the present disclosure may include the
balance of inevitable impurities in addition to copper (Cu),
iron (Fe), manganese (Mn), and zirconium (Zr), and the
inevitable impurities may include various elements re-
quired for the KINIZ alloy. For example, the inevitable
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impurities may include chromium (Cr), magnesium (Mg),
aluminum (Al), silicon (Si), or the like.
[0058] According to an embodiment of the present dis-
closure, a KINIZ alloy having a homogeneous microstruc-
ture may be cast while melting elements included in the
KINIZ alloy and cooling the elements. In the casting proc-
ess of the KINIZ alloy, the cooling rate of molten metals
is preferably 5.3 x 104 °C/sec or less.
[0059] Referring to FIGS. 3 and 7, although the metast-
able region is lowered by using nickel (Ni) and manga-
nese (Mn) and the solidification of the KINIZ alloy is quick-
ened by using zirconium (Zr) as described above, the
solidification of the KINIZ alloy may occur across the
metastable region when the solidification rate of the KI-
NIZ alloy is excessively high.
[0060] Referring to FIG. 9, it may be understood that
as the cooling rate decreases below 5.3 3 104 °C/sec,
the region in which phase separation is observed de-
creases. When the cooling rate is high, molten metals
may solidify across the metastable region and thus un-
dergo phase separation. However, as the cooling rate
decreases below 5.3 3 104 °C/sec, the phase separation
region gradually decreases. Therefore, when the KINIZ
alloy of the embodiment of the present disclosure is cast,
it is preferable that the cooling rate of molten metals be
5.3 3 104 °C/sec or less.
[0061] The KINIZ alloys having a homogeneous micro-
structure according to the above-described embodi-
ments of the present disclosure may have the following
effects.
[0062] Since the KINIZ alloys of the embodiments of
the present disclosure are produced by adding small
amounts of elements such as nickel (Ni), zirconium (Zr),
or manganese (Mn), the KINIZ alloys may have a homo-
geneous microstructure without phase separation.
[0063] Specifically, in the KINIZ alloys of the embodi-
ments of the present disclosure, the metastable region
may be lowered by the addition of nickel (Ni) and man-
ganese (Mn), and the dendritic solidification may be
quickened by the addition of zirconium (Zr). Thus, when
molten metals are cooled, phase separation caused by
cooling across the metastable region may be prevented,
and thus the KINIZ alloys may be produced to have a
homogeneous microstructure without phase separation
as shown in FIG. 5.
[0064] FIG. 2 is a view illustrating a cross-section of a
conventional Cu-Fe alloy which includes copper (Cu) and
iron (Fe) and underwent phase separation, and FIG. 10
is a view illustrating a cross-section of a KINIZ alloy hav-
ing a homogeneous microstructure according to an em-
bodiment of the present disclosure. When comparing
FIGS. 2 and 10 with each other, since the KINIZ alloy of
the embodiment of the present disclosure is produced
by adding small amounts of elements such as nickel (Ni),
zirconium (Zr), or manganese (Mn), the KINIZ alloy does
not has a heterogeneous microstructure in which iron
(Fe) 20 and copper (Cu) 10 are separately present in the
form of Fe droplets in a Cu matrix, but has a homogene-

ous microstructure in which Fe dendrites 120 are uni-
formly distributed in copper (Cu) 110.
[0065] While preferred embodiments of the present
disclosure have been described in detail, the present dis-
closure is not limited to the embodiments, and various
modifications may be made in the embodiments without
departing from the scope of the present disclosure.
Therefore, the scope of the present disclosure should be
defined by the following claims.

Claims

1. A KINIZ alloy having copper (Cu) and iron (Fe) and
a homogeneous microstructure, the KINIZ alloy
comprising:

copper (Cu) and iron (Fe) in a total amount of
75 wt% to 95 wt%; and
nickel (Ni) in an amount of 1 wt% to 20 wt%,
zirconium (Zr) in an amount of 0.1 wt% to 5.0
wt%, and a balance of inevitable impurities.

2. The KINIZ alloy of claim 1, wherein the KINIZ alloy
comprises copper (Cu) in an amount of 20 wt% to
80 wt% and iron (Fe) in an amount of 20 wt% to 80
wt%.

3. The KINIZ alloy of claim 1, wherein the KINIZ alloy
comprises nickel (Ni) in an amount of 2.0 wt% to 5.0
wt%, and zirconium (Zr) in an amount of 0.3 wt% to
1.0 wt%.

4. The KINIZ alloy of claim 1, wherein the zirconium
(Zr) reacts with oxygen and forms ZrO2, and
the ZrO2 functions as nuclei for nucleation of den-
drites during a casting process of the KINIZ alloy.

5. A KINIZ alloy having copper (Cu) and iron (Fe) and
a homogeneous microstructure, the KINIZ alloy
comprising:

copper (Cu) and iron (Fe) in a total amount of
75 wt% to 95 wt%; and
manganese (Mn) in an amount of 2.0 wt% to 5.0
wt%, zirconium (Zr) in an amount of 0.3 wt% to
1.0 wt%, and a balance (excluding 0 %) of inev-
itable impurities.

6. The KINIZ alloy of claim 5, wherein the KINIZ alloy
has a weight ratio of iron (Fe) to copper (Cu) and
iron (Fe) within a range of 70 % or more.

7. The KINIZ alloy of claim 5, further comprising nickel
(Ni) in an amount of 2.0 wt% to 5.0 wt%.

8. The KINIZ alloy of claim 1 or 5, wherein when the
KINIZ alloy is cast, molten metals are cooled at a
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rate of 5.3 x 104 °C/sec or less.
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