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Abstract
The present work demonstrates the mechanical and electrical responses of submicrocrystalline Cu-3%Ag alloy as a

function of strain imposed by equal channel angular pressing(ECAP). From transmission electron microscope observation,
the resulting microstructures of Cu-3%Ag alloy deformed by ECAP for 8-pass or more consist of reasonably fine,

equiaxed grains without having a strong preferred orientation, suggesting that microstructure evolution is slower than that

of pure-Al and its alloys owing to low stacking fault energy. The results of room temperature tension tests reveal that, as

the amount of applied strain increases, the tensile strength of submicrocrystalline Cu-3%Ag alloy increases whereas losing
both the ductility and the electrical conductivity. Such phenomenon can be explained based on microstructure featured by

the non-equilibrium grain boundaries.
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Table 1 Electrical conductivity change per 1 wt% addition of various elements in Cu-base alloys

Elements Ag Ni Ca

Cr Co 7Zr Fe

Resistivity increase
(p€2-cm)

0.36 1.20 4.77

4.90 7.31 8.02 10.6

Fig. 1 Optical image of initial microstructure used in
the present investigation
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Fig. 2 Schematic illustration of ECAP method
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Fig. 3 Schematic diagram of dog-bone sample for
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tension test
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Fig. 4 TEM images of Cu-3%Ag alloys subjected to
ECAP for (a) 4-pass, (b) 8-pass, and (c) 12-pass
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Fig. 5 Variation of micro-hardness of Cu-3%Ag alloys
fabricated by ECAP with respect to pass
number
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Fig. 6 Engineering stress-strain curves of Cu-3%Ag
alloys with increasing the amount of ECAP
strain af ambient temperature
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Table 2 Electrical conductivity of Cu-3%Ag alloy with respect to accumulative strain

Effective strain Initial 4 8 12
Electrical conductivity (%IACS) 97.1 92.6 88.5 85.2
o] w-Cugtdl 772 #HE HolAW ML Fig

SHEE 7L #S Bo Wdxv)e ¥y
dgol AAHYPTtE HZETE o] ECAP 23
9 900 B MZAN Q& dAHo] g A= 4
7bE Al 2 4ol diEiA dadye] dhay =
B3R 83 71F wole Z 4% thalA
g AdAdel A 23] o] WEo] FHE 7
o]t}

£ ol
Mg o tob oot i

L

2Ny

2ol AL Fu AFAFEE 250MPald ®)
3] ECAP 71338 A|HL 505MPaz F Hj ©
A3 ZrHsk e, olF FEapHel 7o
3 7}E Al 645MPa Al 123] JFE A
MPaZ ZE F7HE2 Hx £3FHAG. o=
AAE ZFEte Wt vuwd Z AdX It

o

)
o

ol NN e B o . PN

Al @8 ECAP 7] 7VEl o8 Aol &
3] F7kst vlAR Shdzt Wed] o A=
S7FetA R, Jhgol gl wek 7w At

A ol A=

)

T4 3Hol T HYL o7V
27188 438 JFE A AR Zm 3 o|T 7As
A 6] 7HEFel #Aglo] BECAP 718 Cu-
3%Ag BEE FLY G4 Tglel Ay A%
ol Egaatelat  ul7(necking)o] LAY,
mEtd 27 A dal& g wasy A
o] 2 Zoz FAFATE. Y 43 7E o
ol 71F 57l FHBFES AAgo] Al F
7beke] 83 71F Al 8% I 123 7HE Al
N%7AA F7ksde. 7bgso] S7tEsE Al

ghol

5
gol 7kt AL cu-Cr E

ol AE 43}
A BFE o QUi old @ @ge £A 7
A AFAY A gl et 43 T F 2
% U= FysHgon 128 bE Fos g
o W= Tzh AdAn 24P 39 55
oz W] Rt

3.3 ™I 24

A7 A=z @$19] %IACS(international annealed
copper standard)® S]H B3I -Cu?] 293K A
A7) AEEQ 581x107 Sm'ol g WESE o
2, O A9 A7) AREE Audez xd
st delolnh. £71%2 M E 97.1%IACSE

480 /=2 28I 3EEX/H 18 #MEF, 20094

) =]

B
o Wt A7) AELEe JJF o AT F
A ATl A 27l AHEL 257MPacl i,
123 713 Al 741MPaZ ¢ 39 AX §33% FU}
2 ypoled M A7l AZREE 97.1%IACS A
85.2%IACSE 723} t(Table 2). ECAP 75 A
Az A QA cu 71A Wl R3H Ag
A 658KANA AE&F3 HHE oz 7]A
W Ag7t HEFHY A7) dEEE adr & 4
FoldE ECAP 71§ 343K Z27A 33141
7] W&o NFZF FAFEQ AlaAstr dAasEt
=z ¢kom 9ok e Ay AERY ZFAE AE
a7} obd J1A 2 Wl 7| AR
AZECE o Ao A viel Zo], ECAP 7}
T Al 27 2A2AC vEA A9 "dETE 7]
ol AFARTE olEd of LAko] Ayt
AAe @& frol E A H(mean free path)7} ZHol
A7) wiZEe] A7l Age] Frpsch. FAuE £
Cu-3%Ag TFE T ¥ 44 F2 AW
TFERE Al HEE AR AUFHoE
S5E A7) AREE & F AAYTH3, 17]. °
B AAaA Agdge o Aldd ¥Ey Z2A
FA EA rjasign fu®Ec) &F Zu)A
AAE Cul%Ag w9 AWV A= "AE
AAUA G A wHod 2AAF A7 F
83 Aol

o3
fqr

4. 4 E

AFA A= ECAP 7MEHE AFE3le] Ad
Ao F7lo] WE Cu-3%Ag T 42 7]
EA 2 A7) Axxe Hsle uisA Aty
o %A 123 ECAP 717 & H AAYE A
717} 02-03um¢l FF A AAHHEE &
Ak SR T mA A day #AHE,
B ade ¥ 52T dUA(40mimHE Z
7] uEol &9 ZAAHEH uAFZG AHFHA
PAsed w2 wyFo] Hadgith oA
43] 71% Tom Ay wgdoezm e}
o8] EAERI, HFFo] go]

>

AF
[}
5 24 ZAHES AL + Uk

oo
30 DL ot

=

ox fu (n g
o By L Sk i

o M2
&
=



ZrA 47489 Cu-3%g §

WA 2, 128 7HE F 27 2F 0 AEA
A Z=7F 2w o) TG oM, AXNEL 4
3 7FE F s%lA ThE el Skl wak 1%
7 AR em Frhsgn ojwf MY AxEE
852%IACSE ZSAHEFHAULTH Cu-3%Ag & H-=}
Al FEda Aol 2H Y WASE T3y
A7) A== SAT Za glo] 7IAH B4S

FAAIZ
% 7]

E A7 20073 2 etsA BRI 249
2007 357-D00136), 2008'd AFAAAR & A J7<471
< AMdel A €(No 200800000008509) .2 o] Fo]
3;‘\7101] olo] AL =¥yt

= A |

[1] J. Lin, L. Meng, 2008, Effect of Aging Treatment
on Microstructure and Mechanical Properties of Cu-
Ag Alloys, J. Alloys Compd., Vol. 454, No. 1~2,
pp.150~155.

[2] I. B. Liu, L. Zhang, L. Meng, 2007, Relationships
between Mechanical Strength and Electrical
Conductivity for Cu-Ag Filamentary Microcomposites,
Appl. Phys. A., Vol. 86, No. 4, pp. 529~532.

[3] J.BLiu, L. Meng, Y. W. Zeng, 2006, Microstructure
Evolution and Properties of Cu-Ag Microcomposites
with Different Ag Content, Mater. Sci. Eng. A., Vols.
435~436, pp. 237~244.

[4] S.I. Hong, P. H. Kim, Y. C. Choi, 2004, High Strain
Rate Superplasticity of Deformation Processed Cu—
Ag Filamentary Composites, Scr. Mater., Vol. 51,
No. 2, pp. 95~99.

[5] T. Sakai, Y. Saito, T. Kanzaki, N. Tamaki, N. Tsuji,
2006, Grain Refinement of Cu-Co-P Alloy by
Accumulative Roll Bonding, J. JCBRA., Vol. 40,
No. 1, pp. 213~217.

[6] R.Z. Valiev, N. A. Krasilnikov, N. K. Tsenev, 1991,
Plastic Deformation of Alloys with Submicron-
Grained Structure, Mater. Sci. Eng. A., Vol. 137, pp.
35~40.

[71 R. Z. Valiev, T. G. Langdon, 2006, Principles of

B 71AH/A7 4 54

Equal-Channel Angular Pressing as A Processing
Tool for Grain Refinement, Prog. Mater. Sci., Vol.
51, No. 7, pp. 881~981.

[8] K. T. Park, Y. S. Kim, J. G Lee, D. H. Shin, 2000,
Thermal Stability and Mechanical Properties of
Ultra Fine Grained Low Carbon Steel, Mater. Sci.
Eng. A., Vol. 293, No. 1~2, pp. 165~172.

[9] D. H. Shin, Y. S. Kim, E. J. Lavernia, 2001,
Formation of Fine Cementite Precipitates by Static
Annealing of Equal-Channel Angular Pressed Low-
Carbon Steels, Acta Mater., Vol. 49, No. 13, pp.
2387~2393.

[10] R. Z. Valiev, R. K. Islamgaliev, 1. V. Alexandrov,
2000, Bulk Nanostructured Materials from Severe
Plastic Deformation, Prog. Mater. Sci., Vol. 45, No.
2, pp. 103~189.

[11} C. Z. Xu, Q. J. Wang, M. S. Zheng, J. W. Zhu, J. D.
Li, M. Q. Huang, Q. M Jia, Z. Z. Du, 2007,
Microstructure and Properties of Ultra-Fine Grain
Cu-Cr Alloy Prepared by Equal-Channel Angular
Pressing, Mater. Sci. Eng. A., Vol. 459, No. 1~2, pp.
303~308.

[12] Y. Sakai, K. Inoue, H. Maeda, 1995, New High
Strength, High-Conductivity Cu-Ag Alloy Sheets,
Acta Mater., Vol. 43, No. 4, pp. 1517~1522.

[13] Y. G Ko, D. H. Shin, K. T. Park, C. S. Lee, 2007,
Superplastic Deformation of Ultra-Fine Grained
5083 Al Alloy Using Load-Relaxation Tests, Mater.
Sci. Eng. A., Vol. 449~451, pp. 756~760.

[14] K. Neishi, Z. Horita, T. G. Langdon, 2002, Grain
Refinement of Pure Nickel Using Equal-Channel
Angular Pressing, Mater. Sci. Eng. A., Vol. 325, No.
1~2, pp. 54~58.

[15] O. Engler, 2000, Deformation and Texture of Copper-
Manganese Alloys, Acta Mater., Vol. 48, No. 20, pp.
4827~484.

[16] P. C. J. Gallagher, 1970, The Influence of Alloying,
Temperature, and Related Effects on the Stacking
Fault Energy, Metall. Mater. Trans. B, Vol. 1, pp.
2429~2461.

[17] Y. Sakai, K. Inoue, H. Maeda, 1995, New High
Strength, High-Conductivity Cu-Ag Alloy Sheets,
Acta Mater., Vol. 43, No. 4, pp. 1517~1522.

A MIIZ 88X /M 18A M6=, 2009H/481



