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ABSTRACT

Lead-tin aloy is frequently used to joint electronic components in elec-
tronic packaging and it isabased white metal which has excellent properties
for the mgjority of internal combustion engines, such as crankshaft bearing
liningsindow-speed marinediesel engines. By using X-ray diffraction (XRD),
transmission electron microscopy (TEM), double bridge method and dy-
namic resonance technique, microstructure, electrical resistivity, tempera-
ture coefficient of resistivity (T.C.R), lattice parameter, crystal sizeand elas-
tic modulus of Pb-Sn rapidly solidified alloys were investigated. Electrical
resistivity, T.C.R, lattice parameter and crystal size of lead- tin alloy is de-
creased by increasing tin amountsin it but elastic modulusisincreased. Tin-
3% lead rapidly solidified alloy have better el ectrical and mechanical proper-
ties with adegquate melting point as solder alloy for electronic industrial
applications. But lead- 5% tin is the better based alloy for bearing applica-
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INTRODUCTION

Tin-lead soldershave been widely used aslow tem-
peraturejoining dloysfor quiteatimebecause of their
good propertiesand low cost. Thelow melting range
of tin- lead solders makesthemideal for joining most
metal sby convenient heating methodswithlittleor no
damageto heat sensitive parts. Tin- lead solder dloys
can be obtai ned with melting temperaturesaslow as
183°C and ashigh as 315°C. Except for the pure met-
asand theeutectic solder 63% Snand 37% Pb, all tin-
lead solder alloysmelt within atemperaturerange that
varies according to the aloy composition. The creep
behavior of eutectictin- lead solder alloy wasinvesti-
gated using stressrel axation technigues and theyoung’s

modulus of Sn-Pb binary aloyswasmeasured withthe
piezoel ectric composite- bar method inthetempera-
turerangefrom room temperatureto near the melting
point’?, Using differentia scanning caorimetry, themelt-
ing temperature of variousratios of lead- tin can be
measured and apportion of the phase diagram can be
established between the solid and liquid states¥. Ef-
fectsof aloying € ementson structure, mechanicd and
electrica propertiesof Sn-Pbrapidly solidified alloys
had bean investigated*9. However, concernsabout lead
toxicity haveresulted in banning of lead- containing sol-
ders, theam of the present study wasto eliminatethe
lead amounts and produce abest Sn-Pb solder aloy
by investigateitsmicrostructure and physical proper-
ties.
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EXPERIMENTAL

Tin- lead alloys were made from high purity tin
(99.99%) and lead (99.95%) by conventional melting
techniques. Theresulting ingotswereturned and re-
melted four timesto increase the homogeneity. From
these ingots, long ribbons of about 4 mm width and
~70um thickness were prepared by a single roller
method in air (melt spinning technique). Thesurface
velocity of theroller was31.4 m/sgivingacooling rate
of ~3.7x10°K/s. The samplesthen cut into convenient
shapefor the measurements using doubleknife cuter.
X-ray diffraction analysiswas performed on theflat
surface of al samplesusing an X-ray Diffracto-meter
(Dx-30, Shimadzu, Japan) of Cu-K, radiationand Ni-
filter in the range from 10 to 90 of 20 value (A =
0.154056nm, V =4.5kV, and | = 35mA. Phaseiden-
tification wascarried out by matching each characteris-
tic peak with the Data Cards. The Double-Bridge
method was used to measure the electrical resistivity
(p, @m) for the Sn-Pb alloys, which hasbeen shownto
besensitiveintherange10°to 1.0 Q. Themelting en-
dothermswereobtained using aShimadzo thermd ana-
lyzer. Theinternal friction Q2, thethermal diffusivity
D,,, and the el astic constants were determined using
the dynamic resonance method. Thevalue of the dy-
namicYoung modul usE isdetermined by thefollowing
relationship®y:

EY" _2nl’,

(;) T k2
Where p thedensity of the sampleunder test, L the

length of thevibrated part of the sample, k theradius of
gyration of cross section perpendicular toits plane of
motion, f theresonancefrequency and z the constant
depends on the mode of vibration and is equal to
1.8751. Fromtheresonancefrequency f a which the
peak damping occurs, thethermal diffusivity, D, can
be obtained directly from thefollowing equation:

2d%f,,

Dth

T

Wheredisthethicknessof thesample.

Plotting theamplitude of vibration against thefre-
quency of vibration around the resonancef  givesthe
resonance curve, theinternal friction, Q*, of thesample
can be determined from thefollowing relationship:
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Q= 0.5773?—f
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where Af the half width of theresonancecurve.
RESULTSAND DISCUSSIONS

X-ray diffraction patterns of Sn-Pbrapidly solidi-
fied alloys showed the presence of body centered tet-
ragonal tin phase and face centered cubic lead phase
asshowninfigures1. Thesolubility of tininleadis
increased (5% Sn, the Sn phase is disappeared) by
using rgpid solidificationtechnique. Alsofigure2 shows
that, thelattice parametersand crystal sizeof lead are
decreased by adding moreamount of tintoit.

Figures 3 show the scanning e ectron micrographs
of Sn-Pbrapidly solidified alloys. Pictures show the
structure of Sn phase, Pb phaseand themixture of two
phases.

Adding more amount of Sn to Pb-Sn aloy de-
creaseditselectricd resigtivity andincreaseditselastic
modulus asshowninfigure4. That isbecause adding
more Sn content due changein Pb- Sn matrix struc-
tural, such asdecreased | attice parametersand crystd
sizewith formed more Sn phase which hasalowest
electricd resgtivity and higher dastic moduluscompared
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Figurel: X-ray diffraction patter nsand itsanalysisof Pb-Sn
alloys
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Figure?2: Latticeparameter and crystal sizeof lead in Pb-Sn alloys
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Figure4: Electrical resistivity and elastic modulusof Pb-Sn alloys

to Pb phase.

Thetemperature coefficient of eectrica resstance
(ap) (for agiven temperature change) isastructure-
sengitive property varying depending on composition
by thesamelaw asélectrica conductivity, i.e. propor-
tiona to (1/p). Itisthen essential that thetemperature

coefficient (o ) can be determined without measuring
thelinear dimensionsof aspecimen and therefore, no
addition error will beintroduced. Figure 5(a) shows
theresistivity of Pb-Snaloysversustemperature. The
resdivity isincreased with increasing temperature. The
temperature coefficient of e ectrical resistance (ap) can
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The resistivity versus the temperature
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Figure5: (a) Electrical resigtivity ver sustemper atur e of Pb-
Sn alloysand (b) Temper atur e coefficient of resitivity of Pb-
Sn alloys

be determined from equation:-
dp 1

(lp = Ep—o

Thetemperature coefficient of eectrica resstance
(ap) is decreased by adding more amounts of Sn to
Pb- Sndloy asshowninfigure 5(b).

Thethermographs, figure 6, show that themelting
point of Pb- Sn alloy is decreased by adding more
amountsof Sntoit.

CONCLUSIONS

Tin-leed s0ldersarethemost widdly used of dl join-
ing materias. The present study try to produce Pb-Sn
solder dloy with eliminatetheamounts of lead by add-
ing moreamountsof tintoit. Increasing Sn contentin
Pb-Sndloy decreased itselectrica resigtivity, tempera:
ture coefficient of resistivity and melting point within-
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| FigufeG : Tf%emogréphsof PbSn élloys
creasing itselastic modulus. Tin- 3% lead rapidly so-
lidified aloy have better eectrical and mechanica prop-
ertieswith adequate melting point asasolder for elec-
tronicindudtria goplications.
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