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ABSTRACT

In order to prevent pollution of the environment with lead the use of tin/
antimony lead free solder alloy with some alloying elements is the best
solder alloys for high temperature applications. Also alower tin content in
solder is very important issue because it results in slower intermetallic
growth, thinner inter metallic layer, which is because tin reacts with the
base metal form an alloy. In this study the effects of alloying elements on
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structure and some physical properties, such as resistivity, melting
temperature, pasty range elastic modulus, hardness and internal friction of
tin- antimony lead free solder aloy have been investigated using different
experimental methods. Sn,,Sb,Bi, alloy haslowest electrical resistivity value
compared to the electrical resistivity (34x108 Q.m) of Sn-Pb commercial
solder aloy. Sn,.Sb_Bi, alloy has higher elastic modulus value.
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INTRODUCTION

Soldersaregeneraly described asfusibledloyswith
liquidustemperatures below 400 °C. Due to the toxic-
ity of Pb present in Sn/Pb solders, dternative solders
need to be considered. As ageneral rule, most lead
free soldersmelt at temperatures higher than those of
tin-lead. Theexceptionsared|oyscontainingindiumor
bismuth, which tend to lower themelting point. Low
melting point solders such as Sn/Zn and Sn/Bi aloys
are expected to be used as asubstitute for the Sn/Pb
eutectic sol der, because the melting temperatures of
these soldersare much closer to or lessthan of the Sr/
Pb eutectic solder compared to other Pb free solders.
The soldering temperature can beraised above 160 °C

if the soldering timeisshorted. These conditions pro-
videhighquality bonding andincreasethrough put. Most
Pb free solders are Sn-based all oyswith additions of
low melting metals such as Bi, Sb, and In or metals
formingaeutecticreactionwith SnsuchasAgand Cu.
Some of these alloys have been used for component
assembly with excellent results, however, their usein
printed circuit board™. Also propertiesand soldering
properties of lead free solders(e.g. Sn-Bi, Sn-In, Sn-
Agand Sn- Zn) areextensively studied?®. Sn/Bi and
Sn/Ag are cost effective (approximately the same cast
as Sn/Pb dloys) and the alternative solder aloysused
for eectronics. Physical properties, such aseectrical,
therma and mechanicd, of SV/Bi, Sr/inand SYAgwith
other d ementsadditionsareextensvely investigatedin
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Ref 513, The purposeof thisstudy istoinvestigatethe
effectsof adding bismuth or Zinc on sructureand physi-
ca propertiesof tin-antimony dloy.

EXPERIMENTAL WORK

The Sn,_ Sb.Bi_(x=0 or x<2) and Sn,. Sb.Zn
(x=0o0r x4) dloysweremade, from high purity tin, an-
timony, bismuth and zinc as supplied by Prolabo Chemi-
ca Corporation (France), by conventiond mdtingtech-
niques. Theresultingingotswereturned and re-melted
at least four timesto increase the homogeneity of the
ingots. From theseingotslong ribbons of about 4 mm
width and ~ 70 um thicknesswere prepared by asingle
roller method with surfacevelocity 31 m/s. Thestruc-
ture of these prepared alloys was examined by con-
ventiond X-ray diffractionand theedectrica resstivity
was measured by aconventiona doublebridge method.
The melting endotherms were obtained using a
Shimadzo thermal analyzer. Vickers hardnessvalues
were measured by adigital Vickers micro-hardness
tester (Modd-FM-7- Japan). Theinternal friction Q?,
thetherma diffusivity, D, andthed astic congtantswere
determined using the dynamic resonance method. The
vaueof thedynamicYoung’s modulus, E, is determined
fromthefollowing rel ationshipi+14.,

EY"?_ 2nL%,
P kz?

Wherep isthedensity of thesampleunder test, L isthe
length of thevibrated part of the sample, k istheradius
of gyration of cross section perpendicular to itsplane
of motion, f  isthe resonance frequency and zisthe
constant dependsonthe mode of vibration and isequal
t0 1.8751. From the resonance frequency f at which
the peak damping occurs, thethermd diffusivity, D,
can beobtained directly from thefoll owing equation:

Whered isthethickness of thesample.

Plotting theamplitude of vibration against thefre-
quency of vibration around theresonancef, givesthe
resonance curve, theinterna friction, Q*, of thesample

can be determined from thefollowing relationship:
Q'= 0577350
fo

RESULTSAND DISCUSSIONS

Low levelsof Sb addition areknownto improve
themechanica propertiesof Snandtoinhibit theallo-
tropic transformation. Thealloy with 5% Sbisbeing
used for soldering plumbing fixtures. Thephysicd prop-
ertiesof SnSo, rapidly solidified aloy, such asitselec-
trica resistivity, melting point and itsmechanical prop-
erties (elastic modulus, hardness, internal friction) are
greatly affected by adding Bi or Zntoit.

X-ray diffraction patterns, Figure 1, of Sn, So.Bi,
(x=00rx<2) and Sn,,, Sb.Zn, (x=0o0r x4) aloysshow
that sharp lines of body-centered tetragonal Sn phase
and dissolved Sb atomsin Snmatrix. Zinc atomsmay
be dissolved on grain boundary/or clusteredin small
cluster inthe Sn- Sbmatrix, whichisappeared assmal
spherein scanning e ectron micrographs by adding Zn
to Sn- Sbdloy asshowninFigure2. Theanaysisof x-
ray diffraction patterns shows that adding Bi or Zn
caused modification onthedloy’s matrix structure such
as changed in phasesfeature (intensity, position and
brooding peaks). Also scanning e ectron micrographs
confirmed the changein matrix structure.

Residtivity isoneof thefundamentd dectrica prop-
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FigureZ:-S.c'anning electron microgr aphsof Sn, Sn-Sh and
Sn-Zn.
ertiesof solder. For most el ectronicsapplications, the
resistivity of solder isrelatively low. Theelectrical re-
sgtivity of SnSb_aloy variedby addingZnor Bitoit as
showninFigure3. Thatisbecause Bi or Znatomsdis-
solved in the matrix causing achangeinthe Sn- Sb
matrix such ascrystal sizewith dissolved Sbatomsin
matrix or Zn atoms sticking in the grain boundary.
Sn,,Sh,Bi, aloy haslowest electrical resistivity value
compared to theel ectrical resistivity (34x108 Q.m) of
Sn-Pb commercid solder aloy. Temperature coefficient
of resigtivity (T. C. R) of SnSb, alloy varied by adding
Znor BitoitasshowninFigure4.

Thermal conductivity of SnSb_aloy varied by add-
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Figure 3 : Electrical resistivity of SnSbsX [X= Bi or Zn]
alloys.

ingZnor Bi toitasshowninFigure5. Sh,Sb.Bi, dloy
hashighest thermd conductivity vaue.
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Andastic moduluswhichisinfluenced consider-
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Figure4: T.C. R of SnShsX [ X=Bi or Zn] alloys.
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Figure5: Thermal conductivity of SnSbsX [X=Bi or Zn]
alloys.

o 4

ably by microstructureisimportant asabasic physica
constant also for solder. The elastic modulus of SnSh,
alloy isvaried by adding Zn or Bi to it asshown in
Figure6. That isbecauseBi or Zn dissolvedinthematrix
causing achangein the Sn- Sb matrix such ascrysta
szeand Zn gtickinginthegrainboundary which affects
onthematrix bond. Sn,Sb.Bi, dloy hashigher elastic
modulusvaue. Va uesof bulk modulus, B, shear modu-
lus, u, Fracturestrain, o, and maximum tensile stress,
u_, aetabulatedin TABLE 1. Itisalsointeresting to
notethat Ledbetter’s theoretical value of W/Eisingood
agreement with the experimentd data”.

Figure7: Showstheinternd friction of SnSb, dloy
whichisvaried by addingZnor Bi toit. SnSb.Zn, dloy
haslower interna friction (lower lost energy through
working) vaue.

Vickershardnessvaueof SnSb_aloyisvaried by
adding Znor Bi toitasshownin Figure8. SnSb.Zn,
aloy hashigher Vickershardnessvaue.

TheSnSo X (X=Znor Bi) dloyshavehigher melt-
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TABLE 1: Bulk modules (B), shear modules (u), fracture
strain and maximumtensilestressof SnSb X [X=Bi or Zn]
alloys.

Alloy o7 (10°%) pn(MPa) B (GPa) p(GPa) p/E
SnosSbs 1.19 325 2681 856 0.37
SngSbsZn, 175 3293 1832 590 0.367
Sng:SbsZn, 271 7541 2681 871 037
SngSbsZn, 398 10159 241  7.95 037

Alloy  ©;(10°% un(MPa) B (GPa) u(GPa) p/E
Sng,SbsBi;  1.74 4774  37.49 12 037
SngSbsBi, 117 3258 3025 648 0.37
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Figure6: Elastic modulusof SnSbsX [X=Bi or Zn] alloys.
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Figure7: Internal friction of SnShsX [X=Bi or Zn] alloys.
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Figure8: Vickershardnessvalue of SnSbsX [X=Bi or Zn]
alloys.
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ing pointswith high pasty range compared to Sn-Pb
alloy asshownin Figure 9. The pasty ranges (thedif-
ference between soldiusand ligidiustemperatures). The
term pasty rangeisuseful for thesealloysgivethem
chanceto spread on the (wetting areaiincreases) used
substrate (copper). The melting point value of SnSb,
alloy decreased but pasty range value increased by
addingZnor Bi toitasshowninFigure9.
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Figure9: M dting pointsand pasty rangevaluesof SnShsX
[X=Bior Zn] alloys.
CONCLUSION

1. Thephysica properties(such aselectrica resistiv-
ity, therma conductivity, melting point eastic modu-
lus, hardness, internd friction and pasty range) of
SnSh, affected by adding Bi or Zntoit. That is
becausethese d ementscaused amodification struc-
ture on Sn matrix.

2. TheSnShZn, dloy haveagood propertiesfor high
temperature solders applicationssuch ashigh val-
uesof dectrica conductivity, easticmodulus, hard-
nessand lower lost energy through working with
low melting point.
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