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ABSTRACT Nanostructured Cu-Pb powders were synthesized by mechanical alloying process.
The variation of powder characteristics with mechanical alloying time was investigated by x-ray
diffraction, differential scanning calorimetry, SEM and TEM. An electrical resistivity of the hot
pressed specimens was also measured by using the nanovoltmeter. It was shown that mechanical
alloying for 12 hours leads to a homogenization and a grain refinement to the nanometer scale
under 20 nm. The mechanically alloyed Cu-Pb alloys represented the enhanced solid solubility
of 10wt% Pb in the Cu matrix. The monotectic temperature of nanostructured Cu-Pb alloy decrea-
sed from equilibrium state of 955C to 855C due to reduced grain size effect. The analysis of
electrical resistivity showed that the hot pressed MA Cu-5wt% Pb compact existed as a solid

solution,
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Fig. 1. Optical micrographs of mechanically alloyed
Cu-10 wt% Pb and Cu-40 wt% Pb powders processed
for various times; (a) 2 hrs, (b) 8 hrs, and (¢) 12 hrs.
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Fig. 2. Variation of microhardness with milling times
for the mechanically alloyed Cu-Pb powders.
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Fig. 3. SEM morphology and EDS X-ray images of
mechanically alloyed Cu-10wt% Pb powder for 12

hrs; (a) SEM micrograph, (b) X-ray image of Cu ele-
ment and (¢) Pb element in photo (a).
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Fig. 4. X-ray diffraction patterns of MA powders as
a function of MA time for (a) Cu-10 wt% Pb and (b)
Cu-40 wt% Pb.

1417t 59t degassing3r ¥, 400 MPa®] gtHeo =
147k et 7k A3¥etdct AzR A o)A

F&+= TEMOE @3y A7)Hql AL =
A}&17] #3ted nanovoltmeter2 o)-&F 4k} 4-
probe method)2.2 H78|A gL ZAslqr}

3. MpET Y 2

3.1. MA AlZt 9 =40l ME HISY S4
MA A)7} o] w}E Cu-10 wt% Pbe} Cu-40 wt% Ph

Vol. 3, No. 1, 1996

35



36 A -

ETgEde @ds 23 1el vebfisdek Benja-
min¥ Volin 5%¢] 4]A]§ MA 343} vals)) By
ERRLAELE 27|HAE A E Alel] E 4=
S 93 FATRE o)F= GHAWNTAE
ZAA 3= B9 wEe o8] 4RI
WalEz, o) ¥Ao] T3 wbEHdl wel Y
Heje JAE FAH(QsA =lv A (steady
state)ell =g & 4 ok w2t £ AP A
S Aapaeio] =g@q A7k H71E Phel 24
ZAge) 124)7ke 2 HdAch

I3 2= 7tz 10wt% 2 40 wt% Pbe)
Zhe BgRake] MAA| b w2 v)i7] s gl WEE
Bolfoh MA &7|of AE:ghe] WAl 447} ©]
FHE Z7kste] 1224)7F o] ¥ Cu-10wt% Pb
o] 7% 1.29 GPazt Cu-40wt% Ph 7% 081
GPaz 7] 4% & el sich ol £
S o Wa el A8 Fotel] afE AH=E
Azt FAEE @apo] FEE o] F7) dFolm
g zABREA AAG A A7k A
g}, 8417k o] 4 MARF A5 Cu-40 wt% Pb 2]
Cu-10 wt% PhE.r} o] W& v =ghs viehiy
olx AHeR & AXFE zZe= Pbrl ol
A7 9 7) wFolek Zeht 847k o)A HeE

= [+]
2445

2e)e) A3E BelFm gt vl ol ohEAA %
ARl L o) VKA wel 241

Axgro] EEDe AA A Jepdvkn &
T 7] dEel ool dHste] o FejA 2vis
Fojdt 4 glo},

7% 32 "AlEA #EAE AR E AR
A7 Aol A9 10wt% Ph 24E 71R+= B
FRule] g SEM-EDSZ o]438F X-4 image
A2 A Cugt Pb AAgo] Az ztel =9 &
dskA FEzEe] LS o & vk MA HAF
Holi} B &7l A E]iEE Fe &8 @
%2 EDS Exoz ZARENIE v 12417 23
Aol 1wt% o)W vl A& ghd Jehd s &
olghedch

7% 4+ Cu-10wt% Pb EZ(a)™ Cu-40 wt%
Pb 2%(b)¥] MAAIZ] @& XRD F4AFHZA
gzt A|7ko] Folgtel| wet AAY vlAEke} W
Fwg(internal strain)®] F7hel] Zl<lsld] FHA
peak8] Zo] ylejxl HAhg Welie) o]#dl line

i

itk

Journal of Korean Powder Metallurgy Institute

. —O—  Cu-10wt%Pb
__.B._

Cu-40wt%Pb

1

)
=
|

Grain Size (nm)
T

20 30 40 50

MA Time (hour)

Fig. 5. The Change of Cu grain size with MA times
in Cu-Ph powders.
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Fig. 6. TEM micrographs of mechanically alloyed Cu-
10 wt% Pb powder for 12 hrs; (a) B.F. image, (b) D.F.
image, and (c) SAD pattern of matrix.
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Fig. 7. Dependence of grain size on the Pb contents
in MA Cu-Pb powders. The grain size was measured
directly by TEM micrographs.
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Fig. 8. Change of the Cu-lattice parameter with Pb
contents in the MA Cu-Pb powders.
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Fig. 9. DSC traces of 12 hrs mechanically alloyed Cu-
Pb powders.
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Fig. 11. The variation of measured and calculated re-
sistivities of Cu-Pb specimen with Pb volume percent.

A7 Cuf] AAbgke] Vegard % 2ol wha}
AEEE & 7 den ol25E Cudldl 24 T
45 Pbe] Hell gte] oF 10 wthepsl & < 3k

3.2, NS-Higel HEM

7IAA Ested sgEe g el o)
dEe] AAgelHdste ey 37t Som
QiYL 2T 5 4548 Wbl 5"
18] 9% DSCE o] 4-3}e] 12412k MAT Cu-10 wt%
b #25% Cu-40 wt% Pb we] JE4e F4¢
A veple, Z47te] DSC Ag-2 w3 #pelz}
ek o] HlE 5 ZANAM AR gFHAE 7
el 44 Rz} adelste] X Al
ek EEHE Az B27) dfoelst Yz
T AL 2ot Aodel met F =AM F4
sHA 850Tel A 7Hat Fdurgo] x|xtuEc), Uuly
L2 PR w9 Al aAAe FeHe
dAF 2717} ZHadel] vt FyE45 2= Bt 9
o}#]A] =w o]%= Gibbs-Thomson HIOZ
et abebA ol FbS 2 A¥A7 MAR
AAYe] verlE Z7] =2 g wA A HEey
LAEE Cu-Ph HAE(955C)2) zhao} Belg
722 #4q=ich

3.3. deE dEH o|M=E
27 102 27 10wt% % 40 wt% Phe) =4S
#E 429E 12407 7[R EE F 310C



1A 23 dhe 2 A2y Nanostructured Cu-Pb §H32) B4 o7 39

B.F. image of a matrix

D.F. image of a matrix

(a) Cu-10wt%Pb

B.F. image of a matrix

D.F. image of a matrix

(b) Cu-40wt%Pb

Fig. 10. TEM images of nanocrystalline Cu-Pb specimens, hot pressed for 1 hr at a 310°C in vacuum.
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