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Abstract：Abstract：The mierostrueture and properties of heavily deformed Cu-Ag-Ce in situ taano-filamenta—

ry composite were studied in this paper．As castt copper matrixes were dendritic and Ag-rieh phases，some

of which present spheroidizing tendency。wel'e embedded in Cu dentrJtie al-nls．After heavily deforming，Ag—

rich口hases develop into fibers；the thick fikrs with a size of more than 50 nm and the thin ones with 8 size

of less than 30 nm．Strengthening of Cu-Ag—Ce in situ nano—filamentary composite could be divided into two

stages and the combination of different strength and conductivity could be obtained through controlling redue—

ing area，intermediate heat treatment and stabilizing treatment．The results revealed that heavily deformed

Cu Ag Ce in situ na∞filamentary composite bad high strength(>1．5GPa)and h遮h conductivity(>65％

IACS)．

Key words：heavily deformed alloy；copper-silver alloy；nanometer fibers；high strength and high conductivi—

ty materials
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1 Introduction

In recent years．the high—strength and high—conductivity copper alloys produced by the co—deformation

of two—phase structure using heavily deforming have been studied[1-”．According to the crystal type，the

materials are divided into Cu b．c．c．(body centered cubit，such as Nb，Fe，Cr)type and Cu—f．c．e．(face

centered cubit．for example Ag)type．Previous study跚indicates that Cu-Ag alloy containing less 6％

(mass fraction)silver is single pliase Cu，the other alloys with more than 6％(mass fraction)Ag contain

two phases：copper-rich and silver-rich solid solutions．Tensile strength has nearly relation to Ag con—

tentE“：at the same reduction，tensile strength increases with increasing Ag content．For example，at a re—

duction of 96％，the strengths are 947 MPa for 8％Ag(mass fraction)，and 1050 MPa for 24％Ag(mass

fraction)113．But this can reduce the conductivity and increase the cOSt．The solidification rate has some

effeets on meehanieaJ and electrieal properties，and the more rapid solidification rate is。the more early ten—

sile strength can reachC啪．In a few previous studies[3”．to obtain higher strength at lower reduction or

Ag content was investigated by adding the third element，such as Nb．Cr，Zr or C．The rare earth has spe～

cial physical and chemical property which can fine crystal，increase mechanical property and re—crystalliza‘

tion temperaturec“’1“．However the research about Cu-Ag-RE(Rare Earths)is rarely reported．
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In this study，Cu～Ag—Ce in situ filamentary composite was produced，by using cerium as an additive el—

ement，and the properties and microstructure are investigated．

2 Experimental

Electrolytic copper，high pure silver and cerium，with the purity of 99．95％，99，99％，99．9％sepa—

rarely．were used to prepare Cu—Ag—Ce alloy．in which the content of sliver was 10％(mass fraction)nomi—

nal component and that of cerium was 0．1％(mass fraction)with additionaI one．

The experimental route and the methods to test meehanicaI and electrieaj property were the same
as

Drevious sttl dies[1
3
r1驯。The alloy with a diameter of 3．0 mill was rolled to foils(about 5“m thick)，then the

foils were elcctropolished by MTP--1 electropolishi“g machine using a 20％nitric acid in ethanol mixture．

The centers of them are 1ess then 500 nm in thickness．The samples were observed by TEM(Transmission

Electron Microscope)using a l-Iitachi 14—890．The alloy for XRD(X-Ray Diffraction)was determined

whether there was cerium oxide or other phases．

3 Results and discussion

3．1 Mierostructure

The scanning electron micrograph of Cu—Ag-Ce in situ composite is shown as Fig．1．The alloy contains

two phases：the copper matrixe8(the darker phases)were

fir-tree 1ike，and silver—rich phases(the lighter ones)，pres

enting reseau—or dot—like，are embedded in the dentrite

arms．The content of cerium is 0．04％by the fix quantify

spectral analysis．The phases with cerium or cerium oxide

were not found by XRD results，maybe because Ce is soluti—

onized in Cu—rich and Ag-rieh phases．As cast，Agrrich pha

ses of Cu-lOAg一0．04Ce present spheroidizing comparing to

the Cu-10Ag in Situ filamentary composite，which maybe re

lates to component undereooling due to adding of the Ce．Af—

ter heavily deforming，microstructure of Cu-lOAg 0-04
C。Hg．1 Mic∞structure(5een by backscattered e

develops into filamentary structure，as shown Fig．2(a)．The|ectrons)o}the Ca-IOAr0．04Ce in s￡m

microstrueture consists of three phase： copper-rich phase f11amentarv comDosite as cast

(the matrix，the lighter regions，indicated by‘A’)，the

thick Ag rich filaments(or lamellae．indicated by‘B’)with a size of more then 50 nm，and thin Ag fila—

merits(1ess then 30 rim，indicated by‘C’)．The dislocation structure is not found in many fields of the

samples，as shown in previous study of Hong[1⋯：as the filament spacing decreases with the deformation in-

creasing，the dislocation density between filaments also decreases．According to the diffraction pattern from

the area containing the Cu—matrix and Ag filament，as shown in Fig．2(b)·Cu—matrixes and Ag filaments

have the ssme crystal orientation：(111)h jl i11)h，[110]c。|l[110]“．

3．2 Mechanical property

Fig．3 shows the dependence of tensile strength of Cu-Ag-Ce in situ nano-filamentary composite on true strain．

Tensile strength increases slowly with the increasing of the reduction of area，when the true strain 1(draw ratio·1

一In<：Ao／A)，where氏and A are the initial and fina[CROSS sectional areas，respectively)is less then 8．4．Howev
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Fig．2 TEM bright field image(a)and the diffraction pattern(b)of Cu—lOAg-0．04Ce

in situ nano—filamentary composite

er，it increases quickly while true strainlis greater．The point(speaking exactly，should be a range)where the
in—

creasing degree of tensile strength changes is named strengthening turning point．It relates to such factors as solidi—

fication rate。alloy component and intermediate heat treatment(abbreviated as IHT)‘1“．The strengthening turning

points Wlth different Ag contents were shown as Table 1．The strengthening turning points shift forward(or be—

comes smaller)with increasing of Ag content，and is up tO a minima while silver reaches euteetic point．The point

shifts forward after adding the cerium，which is due to the spheroidizing of Ag rich plmses and refining of crystals

because rare earth cerium is added．Previous studies。13’⋯reveal the strenglhening Cu—Ag in situ filamentary COrn—

porte is divided into tWO stages：at the first stage dislocation strengthening is dominant，at the second stage inter—

face strengthening is mairl．The investigation[1目for TEM indicate that at a fibre diameter of about 55 nnl the dido—

cation density reaches a maxima and decreases rapidly with increasing degree of deformation and decreasing fibre di—

ameter．

T曲le 1 The strengthening turning point of the different alloys

Fig．4 was the curves of tensile strength dependent on true stain with different heat treatment．Tensile

strength of the alloys with different heat treatment increase with the reduction of areas，seen as the Fig．3．

Tensile strength of the alloy with IHT is higher than 1hat of the alloy with non IHT，and that of the alloy

with tWO times is the highest．Tensile strength can be raised after IHT，which consists in precipitation of

fine silver fibers．They enhance the precipitation strengthening and interface-strengthening of the second

strengthening stage．

3．3 Comprehensive property

Influence of IHT on comprehensive property of Cu——Ag-Ce in situ nano--filamentary composite was

shown aS Fig．5．Tensile strength and conductivity of said materials increase after the IHT．After tWO
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Fig．3 Tensile strength 8s a function of true strain for

Cu一10Ag。0．04Ce in situ nano-filamentary COrn—

posite

times IHT，tensile strength of Cu—Ag—Ce in situ nano—

filamentary composite is up to 1．5 GPa，and 65．9％

IACS(International Annealed Copper Standard，

100％IACS一1．724lun cnl)for conductivity while

true strain(equals to 9．88．It ia well—known that ten—

sile strength is in opposition to conductivity．Why can

IHT increase tensile strength and conductivity?’Fhe

resistivity of in situ composite is divided intO four

parts[15。：P2PIm，+pd。+p。+P㈣，where pPh。is the re

sistivity contribution from phonon scattering，which is

dependent On temperature，pd．，is dislocation scatter

ing，p。E is interface scattering，and PⅢ，is the impurity
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Fig．4’Pensile strength as a function of td-Ile strain

for Cu 10Ag 0．04Cc with varying 1HT

Conduefi'aty／％

Fig．5 Tensile strength as a function of conductivity

for Cu-10Ag一0．04Ce with varying IHT

scattering．For the same material，Pph。and p．。p are constant at room temperature．So pdi5 and pⅢrelate to

lilt．Cu—Ag—Ce in situ composite recover after IHT．The microstrueture changes hardly during the reeove—

ring，however，interior defects decrease．On the other hand，fine Ag fibers precipitate during heat treat—

ment，which decrease solid solubility of silver in copper matrix and crystal scattering arose by them，This is

a precondition that increases conductivity for subsequent deformation，at the same time．these fine Ag pre

cipitations contribute greatly Oil increasing of tensile strength．

4 Conclusion

(1)Cu 10Ag_O．04Ce in situ nano filamentary composite，with high strength(1．5 GPa)and high con

ductivity(85．9％IACS)，war produced by using the technology combining heavily deforming and interme

diate heat treatment．

(2)Although the content of cerium is very lOW，some Ag-rich phases is spheroidized．After heavily de

forming，Ag-rich phases develop into fibers or lamellas：the thick Ag filaments or lamellas with size of

more than 50 nm，the thin ones with size of 1es8 than 30 nm．

(3)Strengthening of Cu一10Ag 0，04Ce in situ nano filamentary composite is divided into two stages，

and there is a turning point(or narrow range)between them．Dislocation multiplication is the main factor

日乱苫、鲁MEp々∞黉∞目占
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for strength increasing at the first stage，and abundant interfaces at the second stage．

(4)Strength and conductivity increase after IHT and later working，which attributes to the precipita

tion of Ag．The matrixes are refined and crystal scattering is decrease because of precipitating of Ag．

Referenees

[1]SakaiY，|noue K，Maeda H．New high-strength，high-conductivity Cu-Ag alloy sheets[J]．Acts Meter，1997，43

(4)：1517—1522．

[2]Dew-Hughes D．High strength conductorfor pulsedmagnm口]．Marter Sci Engn，1993，A168(1)：35—40，

[3]Sakai Y．1noue K，Asano T．Development of high strength high conductivity Cu-Ag alloy for pulsed magnets[J]．

IEEE Trans Magn，1992，18(1)：888—891．

[43 Sakai Y，Schneider_Muntau H J．Ultra high strength，high conductivity Cu-Ag alloy wires[j]．Acta mater，

1997，45(3)：1017—1021．

[5]Zhang x H．Studies on Cu-Ag in situ filamentary composites with high strength and high-conductivity[D]．Kun—

ruing：Kunming Institute of Precious Metals，2001，9．

[6]Morris D G，Benghalem A，Morris-Mufiozk．Influence of solidification conditions，processing and alloying addi

tions on the structure and properties of in situ composite Cu-Ag alloys[J]．Scripta Materialia，1999，41(10)：1123

—1130．

[7]Benghalem A，Morris DG Microstructure and strength of wire-drawn Cu-Ag filamentary composites[J]．Acta

Mater，1997．45(1)：397—406．

[8]Raabe D，Mattissen D．Experimental investigation and ginzburglandau mldeling of the microstrucmre dependence

of superconductivi‘y in Cu-Ag-Nb wires[J]．Acta Metall．，1999，47(3)：769—777．

[9]Raabe D，Miyake K，7l'akahara H，Processing，microgtrueture，and properties of ternary high strength Cu—Cr-Ag

in situ composites[J]．Materials Science and Engineering．2009，A291：186—197

filO]Morris D G，Benghalem A，Morris—Munoz M A．Influence of solidification conditions，thermo—mechanical pro—

cessing。and alloying additions on the structure and properties of in situ composite Cu—Ag alloys[1]．Scripts Ma—

terialia，1999．41(10)：1123—1130．

[11]Tu Y J，SUN X H，Yu z S．Effect of trace rare earth on structure and properties of oxygen-free copper[J]

Rare Earth．1987。(5)|18—24．

[12]BU F S，LIU G T，ZHANG H，et a1．Effect of trace rare earth on property and structure of copper[J]．J of the

Chinese Rare Earth Society，1996．14(2)：178—181

[f3]ZHANGxH，NING YT，LIYN，et a1．Microstrueture and properties of heavydeformedCtrl0Ag alloy∽si
tu filamentary composites[J]．TheChinese Journal ofNonferrous Metals。2002，12(1)：115—119．

[14]ZHANG X H，NING Y T，1。l Y N，et a1．Influence of solidification rate on properties of Cu-Ag in situ filamen—

tary composites口]．Precious Metals，2002，23(1)：19—25．

[15]Hong S I，Hill M A，Microstructural stability and mechanical response of Cu Ag microcomposite wires[J]．Acta

Mater，1998，46(12)：411l一4122．

[16]Frommeyer G，Wassermann G．Mierostructure and anomalous mechanical properties of in situ produced silver-

copper composite wires[J]Acta metal，1975，23：1353 1360．

 万方数据万方数据


