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The effect of surface oxidation on the electrical properties of the Cu-13mol%Mn-2mol%Ni alloy was in-
vestigated. The recrystallization of the alloy was completed after annealing at 737K for 600s. Even after be- o e
ing held at 737K for 7200s in a non-oxidative environment, the microstructure, mechanical properties, and @A’F\—— U“— }\ (9%3()
electrical properties remained unchanged. However, it was observed that the electrical properties were al-
tered when the alloy was heat treated in a reducing atmosphere containing hydrogen gas or in air. Under E‘Hj l_/
these conditions, an oxide film primarily composed of manganese formed on the alloy surface at 737K. Simul-
taneously, a manganese-poor layer also formed on the surface. As the region of the manganese-poor layer
expanded, the electrical resistivity of the alloy decreased, and the amount of resistivity change wj
perature increased. The calculated values estimating the influence of the manganese—po
proximated the experimental values, enabling a quantitative evaluation of the i /| Jorrnal of fapan Institute of Copper Vol 63 No.1 (2024)
= -
Keywords: Cu-Mn-Ni alloy, surface oxidation, air condition, n rtidative condition, reducing atmosphere, e Eh Fig. 8. Fig. 9. Fig. 10® iR oEit.
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Alumina-dispersed copper alloys with and without Ti were fabricated via the consolidation method and
internal oxidation. Cu-Al and Cu-Al-Ti powders were mixed with an oxidizer and then consolidated with
the following processes © internal oxidation, reduction, extrusion, swaging, and annealing. The alumina-
dispersed copper alloy with Ti addition showed higher conductivity. hardness, and tensile strength than the
alloy without Ti. In addition, after 80% drawing. the Cu-Al-Ti alloy showed an excellent combination of
strength and conductivity (500 MPa/925%IACS) . Optical and scanning electron microscope micrographs
showed that Ti helps to reduce the remaining oxidizer and prevents formation of large alumina particles
after internal oxidation, leading to a simultaneous increase in the strength and conductivity of the alumina—
dispersed copper alloy,
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| 1._Introduction I

Alumina-dispersed copper alloy has been widely used

and to fabricate alumina-dispersed copper alloys, a

reduction process Is necessary to remove undesired

as electrode materials in spot welding, because it has oxides®. Therefore, many strategies for reducing

high thermal and electrical conductivity with good
mechanical strength ! 2. Demands for high integration
inte electric or electronic components lead to developing
copper alloys such as alumina-dispersed copper alloy
with higher strength and higher conductivity, However,
it has been known that obtaining uniform distribution of
the alumina particles is difficult. Hence, it is hard to
increase strength and conductivity simultaneously 1 =4,
Alumina-dispersed copper alloy is generally fabricated
via consolidation methods with internal oxidation =¥,
The internal oxidation process in powders of copper
alloys can preduce nano-sized alumina in a powder
matrix, However, the copper oxides, which have low
hardness, inevitably remained on the surface of particle:

® T 642 - 831 797 Changwon-daero, Changwon, Korea (ROK)
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/.

oxidizer and homogeneous distribution of alumina in
alumina-dispersion-strengthened copper alloy have been
reported in many researches! ~®. Among them it has
been noted that the small content of Ti helps the
oxidization reaction in the copper matrix®. Therefore. it
is expected that Ti addition may help to decrease the
amount of remained copper oxides after internal
oxidation in consolidation method.

In this study, the Ti-added alumina-dispersed copper
alloy was prepared by internal oxidation and consolidation
methods. We also examined how a small amount of Ti, as
an additive for accelerating oxidation reaction, affected
the mechanical and electrical properties of an alumina-
dispersion-strengthened copper alloy.

2. Experimental Procedure
High purity Al Ti (both of 99.99% purity} and Cu
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Therefore, it is concluded that the particles in Cu-
alloy have spherical shape. Additionally,

particles was decreased by Ti addition, leading to
uniform dispersion of spherical y-Al:03 nanoparticles®.

Al-Ti
those are

distributed in copper matrix, while the
alloy have irregular shape.

alumina particles
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Fig. 7 describes the tensile strength vs. coni ity
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Fig 8 Comparison of electrical conductivity and tensile strength obtained
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the improved performance in drawn Cu-Al ba
alter

nternal oxidation is archived by Ti addition that
accelerates the reaction of internal oxidation and
reducing the amount of remaining oxidizer,

5. Conclusion
In this study, alumina-dispersed copper alloys with
and witheut Ti were fabricated via consolidation method
and internal oxidation, The effect of Ti addition on the
mechanical and electrical properties was inv
and results obtained are summarize

stigated,

follows

(1) Cu-AI-Ti alloy shews higher mechanical and
electrical properties compared to Cu-Al alloy after
drawing
(500 MPa/9
after 80% drawing.

(2) Ti addition to Cu-Al
amount of remaining oxidizer during internal

High strength and conductivity

30 is achieved in Cu-Al-Ti alloy
alloy helps to decrease the
oxidation, and prevents forming coarse alumina

particles over 4 pm, leading to the increase in the
strength and conductivity simultaneously.

and Cu-Al-Ti allo:
Al-Ti alloy shows high performance, that is. better
combination of strength, hardness and conductivity
compared te Cu-Al alloy. As mentioned in Fig. 8. the
alumina particles in Cu-Al-Ti alloy uniformly distribute
in copper matrix with spherical shape,. and help to
wcrgase strength and hardness of copper alloy.
Moreover, the . caction accelerated by the Ti
addition to Cu-Al alloy might decrea® goxygen
atoms from copper matrix, leading to the increase in the
conductivity of alumina-dispersed copper alloy.
Compared to previously reported alloys as shown in

s after drawing. [t is found that Cu-

Fig. 8, our specimens show much better performance in
strength and conductivity (500 MPa/925%IACS and
500 MPa/923%IACS after drawing of 80% and 90% area
reduction respectively). It is therefore concluded that
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