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Principles for developing high-strengthened and high-conductive copper alloys
via over-aging and severe deformation processing
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We were interested in discontinuous precipitates appeared in some over-aged
copper alloys, which has been avoided as a factor that significantly deteriorates strength
properties. Based on the microstructural controlling via over-aging and sever deformation process,
we have developed the conductive wires and sheets with excellent mechanical properties. We also
revealed how the composition, over-aged microstructure, and defamation conditions influenced on the
changes in the microstructural morphology and the properties such as hardness, strength, and
electrical conductivity of the copper alloys. Behalf of the findings obtained, we were able to
clarify the possibility and policy of a new microstructural control method that contributes to the
creation of a group of high-strength and high-conductivity copper alloys.
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[Fig.3] Cross-sectional micrographs of (a) Cu-2.7 at.%
Ti and (b) Cu-4.3 at.% Ti wires that were over-aged and
then drawn to a true strain of 1.6 (1.28 mm diameter of

upper row), 3.2 (0.58 mm diameter of middle row), and 4.5
(0.3 mm diameter of lower row).
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[Fig. 4] Variations of (a) Vickers hardness and (b)
electrical conductivity of Cu-(2.7 to 4.3) at.% Ti wires
drawn from over-aged alloy sticks as a function of true
strain, together with the data for Cu-3.6 at.% Ti wires
drawn from peak-aged alloy sticks7).

NDZENRPIREND. MBI — RN T CIER U7z Cu-Ti e REL, SR —EEM T
VATIEHERHFHGET TREL-IIIZHD LR D.

ALY . BaO Ti MK Z HIAE AU A RGP CIRE — BN T o R & il
TELZEHRBEND. Cu-Ti ZJeRIRREX TIL Cu lZxt3 5 Ti O KEEEILS at% T
b5, BlzIE, BKETRBRO ML & FF DG AR 2 R RN .7 v & 2 230,



513E5R X 1500 MPa—E7E=R 27% IACS % H D
b ONTE e =4.6). H2DWIESIIRFRE 1900
MPa— & 17% IACS Z /R385 (IR ¢
=6.8) OERBEINTHRIND. 5. MK
JCARKT - R TRZBE T, FICH
PERB72 & &M N F28L3 2 ArREME T A .

1800 T T T T T T T T T

| .
Co B Cu43at%Ti
?

Cu-4.2at.% Ti
[ Cu3S5at% Ti
\ W ® Cu3Gat% Ti
e 0 Cu-2.9at.% Ti

1600
1400

1200 @ Ccu2.7at% Ti
_ - Cu-Be

¥ C (high-strength -type)

Cu-Ti

{eenventionaly Cu-Be (high-conductive type)
\ Cu-Ni-Si
Cu-Sn-P
Cu-Zn \
(brass) C“Sx Cu-Cr
(bronze)

1000
800

600

12 BRE-SEEHASSRHEARTLH0 .

Tensile strength /MPa

L I B B A N N B DA B B N B B N B B |

L l% 1 1 Lol 1 1 Lol Lol 1 1

EERE 200
Cu-Ti 547217 T72< Cu-Ni-Si, Cu-Be, Cu-In T
20 40 60 80 100
REE POERE S TH IRz LY Electrical conductivity /%IACS
REGEAT I IN R &, F O% IR T [Fig. 5] Relationship between the tensile strength and

electrical conductivity of Cu-(2.7 to 4.3) at.% Ti wires
W XA REGHT DT ) 77 A=z kB fabricated in this study (data from Fig. 8) compared to

R 23 A 72, Cu-Ni-Si A4 Tl mREzhil commercial Cusbased alloy wires
PLCAR SN D RHEGAT I OFENEEIZ 7 7 A N—RTH Y | ZORITHRMBMHIMN LTIk
DESWIT/NE o7z (B8EHE : <1000 MPa). Cu-Be 3 X O Cu-In 2 A4 CIIBEM LI C
BTN REFT D 2 ER T D & 2 D% ORI L CHIAR AR 2 B335 £ Ciahn Tk
RENSHENE E D, FITFEHI O Cu-Cr, Cu-Ag i (EH 5 6 IS ZFH L7z In-situ
composite 4 Z FRPFRIN L) Z ML 2 & ZHAAERAEN & s TIZ gt U C @i a & e
MERIRST 57201213, LTFTOZ ENERFHE0D LIRETX D,
(1) B#INLCHIA (In-situ composite #1) (23R8 & 5k L O%EME
O SN T TE SN IEAET5 28, TOROIC, H T HOREREND D
T & SRR & B AR AR E S FH TS R X IZ WD E N EHEE L 2 D,
@ mEEETHDLZ L, R, SIRMETOBEERENMEL 222 X O ICHT LR E TOEINTL Y
0 A THEBRIE SN TWD Z EREE LV, FEFHOEERLH WV ENEEZ L,
B OB EMEMINIG S TR R ECHET ILEND L.
@ FMMNEBELSBMLCVWDLZE, BEMHOBEBIIERTHD ZENEE LV, EEME
R IRFE DR E W SFRIN LA OfA OIREE S M ETE S
(2) (AN TR R D &0 5
INTRBAMH SND Z &, MBMAREY TH o720, XA AN TR TOMTOT %
BERKEWGA TN LRI L BEE, BINEMES. £ HORM~OFERENEZY
SRR O Zh R 72 A BN S 7o  EEROBE R TR5 &R Eh b,
(3) Zofh
%< OFEATIE, I TRICARHZIE X 0 b ARVIRE IS CHER M O R LR Tkl X
OEEERENEZD 2 ERRESN TS (T “RIRRZIEREBS”), AR E AT 5
LI R HEICERE - mEEEOMM AL ELARETH D,

LU EDEEARFES 202, BIfE T Cu-Ni-Al 54, Al-Li 64, Al-Zn 542 THEgR B D
ExEDTHY . BEEREBRENB RO TS, #7210 Tl < B EE T & ATFZE DRL
FEBEIE TS, TORE, Cu-Ti 54 TIIMERD B — 7 B & [R5 OME TH Y
PR D EAEMEN 2~3 {5121 b L7 3 ST AL BLERIE, AR ORI 25
DEARFTEM OBIRICHE R A Rz L R LT 5,



29 29 5 3

S. Semboshi, R. Hariki, T. Shuto, H. Hyodo, Y. Kaneno, N. Masahashi 52A

Age-induced precipitating and strengthening behaviors in a Cu-Ni-Al alloy 2021

Metallurgical and Materials Transactions A 4934-4945
DOl

10.1007/s11661-021-06435-x

N. Masahashi, Y. Mori, H. Kurishima, H. Inoue, T. Mokudai, S. Semboshi, M. Hatakeyama, E. Itoi, 543

S. Hanada

Photoactivity of an anodized biocompatible TiNbSn alloy prepared in sodium tartrate / hydrogen 2021

peroxide aqueous solution

Applied Surface Science 148829
DOl

10.1016/j .assusc.2020.148829

S. Hanada, N. Masahashi, S. Semboshi, T.K. Jung 802

Low Young"s modulus of cold groove-rolled beta Ti-Nb-Sn alloys for orthopedic applications 2021

Materials Science & Engineering A 140645
DOl

10.1016/j .msea.2020.140645

T. Nagase, A. Shibata, M. Matsumuro, M. Takemura, S. Semboshi 62

Fabrication of the Casting Products in Cu-Zn-Mn-Ni Medium-Entropy Brasses 2021

Materials Transactions 856-863

DOl
10.2320/matertrans.MT-M2020259




R.Y. Umetsu, S. Semboshi, Y. Mitsui, H. Katsui, Y. Nozaki, I. Yuitoo, T. Takeuchi, M. Saito, H. 62
Kawarada
Microstructure, Morphology and Magnetic Property of (001)-Textured MnAlGe Films on Si/Si02 2021
Substrate
Materials Transactions 680-687
DOl
10.2320/matertrans.MT-M2020309
tl tl I I 60
Cu-Ni-Co-Si 2021
256-261
DOl
10.34562/jic.60.1_256
Semboshi Satoshi Nakamura Hiroshi Kawahito Yosuke Kaneno Yasuyuki Takasugi Takayuki 10
Unidirectional Crystal Orientation of Dual-Phase Ni3Al-Based Alloy via Laser Irradiation 2020
Metals 1011 1011
DOl
10.3390/met10081011
Saito Kaichi Suzuki Makio Semboshi Satoshi Sato Katsuhiko Hayasaka Yuichiro 61
Isothermal Aging Behaviors of Copper-Titanium-Magnesium Supersaturated Solid-Solution Alloys 2020
MATERIALS TRANSACTIONS 1912 1921

DOI
10.2320/matertrans.MT-M2020149




Okitsu Kenji Semboshi Satoshi

69

Synthesis of Au nanorods via autocatalytic growth of Au seeds formed by sonochemical reduction
of Au(l): Relation between formation rate and characteristic of Au nanorods

2020

Ultrasonics Sonochemistry

105229 105229

DOl
10.1016/j .ultsonch.2020.105229

Semboshi Satoshi Kaneno Yasuyuki Takasugi Takayuki Masahashi Naoya 51

Suppression of Discontinuous Precipitation in Cu-Ti Alloys by Aging in a Hydrogen Atmosphere 2020

Metallurgical and Materials Transactions A 3704 3712
DOl

10.1007/s11661-020-05801-5

Kato Hikaru Semboshi Satoshi Kaneno Yasuyuki Takasugi Takayuki 51

Effects of Iron Addition on the Microstructures and Mechanical Properties of Two-Phase Ni3Al- 2020

Ni3V Intermetallic Alloys

Metallurgical and Materials Transactions A 2469 2479
DOl

10.1007/s11661-020-05680-w

Sueyoshi Tetsuro Kotaki Tetsuya Furuki Yuichi Fujiyoshi Takanori Semboshi Satoshi Ozaki 59

Toshinori Sakane Hitoshi Kudo Masaki Yasuda Kazuhiro Ishikawa Norito

Strong flux pinning by columnar defects with directionally dependent morphologies in GdBCO- 2020

coated conductors irradiated with 80 MeV Xe ions

Japanese Journal of Applied Physics

023001 023001

DOl
10.35848/1347-4065/ab6f2b




Yamada Tomoko Fukuda Kengo Semboshi Satoshi Saitoh Yuichi Amekura Hiroshi Iwase Akihiro 31
Hori Fuminobu
Control of optical absorption of silica glass by Ag ion implantation and subsequent heavy ion 2020

irradiation

Nanotechnology

455706 455706

DOl
10.1088/1361-6528/abaadf

S.Z. Han, S. Semboshi, J. H. Ahn, E.-A. Choi, M. Cho, Y. Kadoi, K. Kim 99

Accelerating heterogeneous nucleation to increase hardness and electrical conductivity by 2019

deformation prior to aging for Cu-4 at.% Ti alloy

Philosophical Magazine Letter 275-283
DOl

10.1080/09500839.2019.1670879

K. loroi, Y. Kaneno, S. Semboshi, T. Takasugi 34

Microstructures and tensile properties of off-stoichiometric Ni3AI-Ni3V pseudo-binary alloys 2019

Journal of Materials Research 3061-3070
DOl

10.1557/jmr.2019.269

T. Nagase, A. Shibata, M. Matsumuro, M. Takemura, S. Semboshi 181

Alloy design and fabrication of ingots in Cu-Zn-Mn-Ni-Sn high-entropy and Cu-Zn-Mn-Ni medium- 2019

entropy brasses

Materials and Design 107900

DOl
10.1016/j .matdes.2019.107900




S. Semboshi, Y. Kaneno, T. Takasugi, S.Z. Han, N. Masahashi 50
Effect of composition on the strength and electrical conductivity of Cu-Ti binary alloy wires 2019
fabricated by aging and intense drawing
Metallurgical and Materials Transactions A 1389-1396
DOl
10.1007/s11661-018-5088-z
S. Semboshi, R. Sasaki, Y. Kaneno, T. Takasugi 9
Age-induced Precipitation and Hardening Behavior of Ni3Al Intermetallic Alloys Containing 2019
Vanadium
Metals 160
DOl
10.3390/met9020160
, s , , S.Z. Han 58
Cu-Ti 2019
86-91
DOl
S. Semboshi, T. Takeuchi, Y. Kaneno, A. lwase, T. Takasugi 92
Thermal conductivity of Ni3(Si,Ti) single-phase alloys 2018
Intermetallics, 119-125

DOl
10.1016/j . intermet.2017.10.002




A. Uekami, S. Semboshi, Y. Kaneno, T. Takasugi 59

Effects of W addition combined without and with Nb addition on microstructural development and 2018

hardening behavior of two-phase Ni3AI-Ni3V intermetallic alloys

Materials Transaction 204-213
DOl

10.2320/matertrans.MC201702

S. Semboshi, M. Ishikuro, A. lwase, T. Takasugi 59

Microstructural subsequence and phase equilibria in an age-hardenable Cu-Ni-Si alloy 2018

Materials Transaction 182-187
DOl

10.2320/matertrans.MC201706

M. Ochi, H. Kojima, F. Hori, Y. Kaneno, S. Semboshi, Y. Saitoh, Y. Okamoto, N. Ishikawa, and A. 427

Iwase

Effect of elastic collisions and electronic excitation on lattice structure of NiTi bulk 2018

intermetallic compound irradiated with energetic ions

Nuclear Instruments and Methods in Physics Research, Section B (NIMB) 14-19
DOl

10.1016/j .nimb.2018.04.035

M. Ochi, H. Kojima, K. Fukuda, Y. Kaneno, S. Semboshi, F. Hori, Y. Saitoh, A. lwase 43

Thermal stability of irradiation-induced metastable lattice structures in NiTi intermetallic 2018

compound

Transactions of the Materials Research Society of Japan (T-MRSJ) 53-56

DOl




S. Semboshi, Y. Kaneno, T. Takasugi, N. Masahashi

49

High strength and high electrical conductivity Cu-Ti alloy wires fabricated by aging and 2018
subsequent severe drawing
Metallurgical and Materials Transactions A 4956-4965
DOI
10.1007/s11661-018-4816-8
, , , , 82
Ni 2018
451-460
DOI
, , , 57
- Cu-Ti 2018
249-253
DOI
s s s s 57
Cu-Ti 2018
53-58

DOl




57

Cu-Ni-Co-Si

2018

254-259

DOl

46

Cu-Ti

2022

Cu-1In

2022

Cu

2022




E.-A. Choi, S.Z. Han, J.H. Ahn, S. Semboshi, J. Lee, S.H. Lim

Co effect in the precipitation behavior in Cu-Ni-Si alloy

2021
CuSnzn, CuSnAl, CuSnznAl
2021
VCM Cu-Ni-Al
2021
Cu-Ni3Al

2021




- Cu-1In

2021

2021

Cu-Ni3Al

2021

Cu

2021




Cu-20 at.% Ni-6.7 at.% Al

2021

Cu-Ti

2021

80 MeV Xe

2020

Au

GdBa2Cu30y

2020




Ni3AI/Ni3V

2020

Cu-Ni-Co-Si

2020

Cu-Ni-Al

2020

y "-Ni3Al /7y -Cu

2020




10 MeV Au YBa2Cu30y

2020

S. Semboshi, Y. Kadoi, N. Masahashi, Y. Kaneno, T. Takasugi:

High performance Cu-Ti alloy wires prepared by over-aging and intense cold-drawing

Copper 2019 in COM2019

2019

Cu-Ni3Al

2019

Cu-1In

2019




Cu-Ti-Mg

2019

Cu-1In

2019

)

172

2018

Cu-Ti

2018




2018

Cr

2018

Si02

Ag

2018

)

172

2018




Ni3Al Ni3V

) 172

2018

67

2018

S.Z. Han, E.-A. Choi, J.H. Ahn, K.N. Huh, M. Jo, J. Lee, Y. Kadoi, S. Semboshi

The effect of cold deformation pripor to aging on the precipitation behavior in Cu-Ti alloy

2018

E.-A. Choi, S.Z. Han, J. H. Ahn, K.N. Huh, M. Jo, K. Kim, B. Han, S. Semboshi

The second phase stability calculation in the Cu-Ti alloy by dencisty functional theory

2018




Cu-Ti

2018

2018

2019

2019




2019

- Ni
2019
Ni3Al
2019
Ni Fe

2019




2019

S. Semboshi, Y. Kaneno, A. lwase, T. Takasugi, and Y. Kawahito

Study on high-strength and high-electrical conductivity Cu-Ti alloy wires

The 3rd International Symposium on Creation of Life Innovation Materials for Interdisciplinary and International Researcher
Development (iLIM-2)

2018

S. Semboshi

Recent study on high-strength and high-electrical conductive Cu alloys

Russia-Japan joint international seminar

2018

2021-091681 2021




http://www.crdam. imr.tohoku.ac.jp/

http://www.trc-center. imr.tohoku.ac.jp/

Korea Insitute of Materials
Science




