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Comparisons of Microstructures and Mechanical Properties of Heterogeneous
Nano-Structure Induced by Heavy Cold Rolling and Ultrafine-Grained
Structure by Multi-Directional Forging of Cu-Al Alloy
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Microstructure and mechanical

720 MPa and UTS of 870 MPa.

properties induced either by heavy cold rolling or multi-directional
forging of Cu-Al alloy were investigated and compared. While both microstructures were developed mainly
by a mechanism of mechanical twinning. the features were completely different. The former exhibited a
typical heterogeneous nano-structure where "eye” shaped twin domains were surrounded by deformation
bands and they were further embedded in low-angle lamellae, The latter also showed complicated future
where twin domains and ultrafine grains composed of equi-axed nano-grains were randomly distributed,
Even while the latter possessed finer grain size, the former showed superior mechanical properties, yield
strength of 863 MPa and ultimate tensile strength (UTS) of 1168 MPa than the latter. vield strength of

I Kegwards: hetero-nano structure, witrafive grain, rolling, madti-divectional forging, iwin, mechanieal property I

|\

JLF BERDF AR L g - &R
OEAAL & W AN A T b LTy
A, BROGFRINTHETIT, dfmLm T nmEci
SRR 1 pum BUF 9B R AL b Bzt od,
FRLHESH O Ao TETWAU Y, ZAGEKR
VAT & 5 # SRR AL 3 2 BFFE T Ik,
SUE BRI W T ORFEA ST ¢ R iR &
L TR THVEIENEE BB SN TVE. 2L
T B E LR A ST, SR o R
LA T & B 2 LAsR S dL Bea e A0 PAsHIfES
nTwa, LdLE
TANRE LTl

ks F AL
Fax : 0532~ 4

Tel : 0532 - 44 - 6697
E—mail * miura@me.tul

DI G d 0. ERHOTRENKREE AT

#afn, IOz,
Ak BT,

Miura et al. (X, Bah BT & §d

FH L.

{Multi-Directional Forging/MDF}
10 nm EA'F 98 4 fetl 4
TidE 3 ol sk
o7 2 AR LT

¥ L AT,
[
AEFERG 2
@ o fiE AR A

VLR O LS ERARDES oW RET S

SEERRHUHE,

Sl &0k, BESFEM & @ic REEE ML, &

Cu-Zn & . SUS3IGL A7 ¥ L A MO £ Wil

OiwcH A v

QFEHTE. B UEES

LA A BV (R

G F RO EL
oz

@F—U—F

®RHL

(BII#EL)

@EATTR, F& U (58

e AEL R 0 3 2 1) B 7 e

Journal of Japan Institute of Copper Vol 57 No.1 12018)

R AL RO

Table 1 Summarized results of the mechanical properties.
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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

and to fabricate alumina-dispersed copper alloys, a

Alumina-dispersed copper alloy has been widely used
as electrode materials in spot welding, because it has
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)
Tel © +82-55-280- 3331 Fax | +52-35 - 280 - 3699

E - mail : szhan®kims.re.kr

/.

reduction process is necessary to remove undesired
oxides®. Therefore, many strategies for reducing
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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xtrusion of (a)
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CuwAHTialloy.

Cuilalloy

Pmogeneo:
alumiim

qrticles in Cu-Al
Uniformly distry
lead to the increase in the'S
satisfying particle strengthening theol

and hardne s. conductivity relatio
and Cu-Al-Ti allo:

s after drawing. It

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.
smaller spherical alumina particles
ith of Cu-AL-Ti alloy by

Fig. 7 describes the tensile strength vs. coni ity

of both Cu-Al
found that Cu-

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

addition to Cu-Al alloy might decrease iht goxygen
atoms from copper matrix, leading to the increase in th
conductivity of alumina-dispersed copper alloy.
Compared to previously reported alloys as shown in
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

100
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iIulo ¥

i

G ¥ o Present study

oBlABYE A

S0 w0 00
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Tensila strangth (MPa)

Fig 8 Comparison of electrical conductivity and tensile strength obtained
in the present study with those in the previous reports® ¥

the improved performance in drawn Cu-Al ba
alter internal 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-Al-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
oxidation, and prevents forming coarse alumina

High strength and conductivity

30 is achieved in Cu-Al-Ti alloy

alloy helps to decrease the

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