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ABSTRACT

Effects of modification structural on electrical resistivity, elastic modulus,
internal friction and hardness of SnSb, Cu,X, (X=Pb, Zn, Se, Ag and Cd)
rapidly solidified alloy has beeninvestigated. Modification structural, chang-
ing the matrix lattice parameters and volume unit cell with forming inter-
metallic compounds, affects on all measured properties. The SnSb, ,Cu,Pb

alloy has betters properties for bearing applications.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Bearingsareusedind| typesof machinery, engines
and mechanismsof supporting and controllingthemo-
tion of rotating, diding or reciprocating parts. Rotating
partsthat are supported and controlled by bearing are
usualy caled shafts, spindlesor axles. Bearing arede-
signed to servetheir purpose with aminimum of fric-
tion, power loss, generation of heat and areadded in
thisrequirement by suitable lubrication. Bearingsare
classfiedintometa and non-meta aloys. Whitemetd's
or Babbitt metalsaretypically tin based (88% Sn, 4%
Cu, 8% Sb) or lead based (80% Pb, 14% Sh, 6% Sn).
Tin based dloysareusualy moreexpensive, have bet-
ter wear resistance, stand higher loadsand are not as
brittleand are more corrosion res sting than lead based
bearings. Severd investigators*” studied the corrdla
tion of structurewith mechanicd, dectrica and therma
propertiesof metdlic bearing materias. Theam of the
present work wasto investigate theinfluence of modi-
fication structura on electrica resistivity, eastic modu-
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lus, internal frictionand hardness of SnSb, ,Cu, X, (X=
Pb, Zn, Se, Agand Cd) rapidly solidified alloys.

EXPERIMENTAL WORK

The samples used in the present work are Sn,,, —
Sb, ,Cu X (X=Ph,Ag, Cd, Seand Zn) were melted in
amufflefurnace using tin, antimony, copper, cadmium,
selenium and silver of purity better than 99.5 %. The
resulting ingotswereturned and re-melted four timesto
increasethehomogeneity. From theseingots, longrib-
bons of about 4 mm width and ~70 um thickness were
prepared by asingleroller methodinair (melt spinning
technique). Thesurfaceveocity of theroller was 31.4
m/sgivingacoolingrateof ~3.7 x 10°K/s. Thesamples
then cut into convenient shape for the measurements
using doubleknifecuter. Theinterna friction Q' and
the el astic constants of used alloyswere determined
using thedynamic resonance method. Thevaueof the
dynamicYoung modulus E isdetermined by thefoll ow-
ing relationship&27:;
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Where p the density of the sample under test, L the
length of thevibrated part of the sample, k theradius
of gyration of cross section perpendicular toitsplane
of motion, f, the resonance frequency and z the con-
stant depends on the mode of vibration and is equal
to 1.8751. Plotting theamplitude of vibration against
the frequency of vibration around the resonancef;
givestheresonance curve, theinternal friction, Q?,
of the sample can be determined from thefollowing
relationship:

Q'= 0.5773?—f

Where Af the haf width of theresonance curve
Vickershardnessnumber at different loads, 10, 25 and
50 gf, with constant indentation time, 5 sec, of used
alloyswere measured using Vickers micro-hardness
tester (Model - FM- 7- Japan).

RESULTSAND DISCUSSION

X-ray diffraction patterns, Figure 1, and itsanaly-
sisshow that, the Sn,, —Sb, Cu,X (X=Ph, Ag, Cd,

= S1-108b-2Cu-28e

Sn-108Sh-2Cu-2Pb

shsnf 101§
g0l

Seand Zn) rapidly solidified aloys have body central
tetragonal of tin phase, with different inter-metallic
compounds, SnSb/or SnSb and Ag,Snin, imbedded
inthe Sn matrix depending onthe alloy composition.
Alsothelattice parameters, (aand ¢), crystal sizeand
unit cell volume values of Sn matrix are varied de-
TABLE 1a: Latticeparameters, (aand c), crystal size(L) and

volumeunit cell, (V) of the Sn, —Sb, Cu X (X=Pb,Ag, Cd,
Seand Zn) alloys

Alloy ad cA ca V(@A LA
Sn-10Sb-2Cu-2Pb 55 3.22 0.59 97.53 232.96
Sn-10Sb-2Cu-2Zn 583 3.163 0.543 107.5 208.19
Sn-10Sh-2Cu-2Ag 5.85 3.19 0.5455 109.09 110.88
Sn-10Sb-2Cu-2Se 5.85 3.175 0.543 108.62 190.02
Sn-10Sh-2Cu-2Cd 59 3139 054 107.7 313.33

TABLE 1b: Strengthening phasesin Sn matrix of theSn,, —
Sb, Cu,X,(X=Pb,Ag, Cd, Seand Zn) alloys

Grainsize A Strengthening
Sample of Sn matrix phases
Sf]SbloCUszz 242.71 SnSb
SnSb
SnSb10Cu2A92 233.43
AgsSn
SnSb,;,Cu,Se, 22965 SnSb
Sf]Sb]_oCUszz 219.6 SnSb
Sf]SbloCUzan 2159

Sn-105b-2Cu-2Zn

=

Sn-108b-2Cu-2Ag

If2.up

5bSn0ark

‘ e Sn-10Sbh-2Cu-2Cd
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Figurel: X-ray diffraction patternsfor the Sn,, —Sb, Cu,X (X=Pb,Ag, Cd, Seand Zn) alloys.
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pending on the alloy composition asseen in TABLE
laand TABLE 1b.

Electrical resistivity and temperature coefficient of
resistivity, T.C.R, values of the Sn, -
Sb, ,Cu X (X=Pp,Ag, Cd, Seand Zn) dloysisvaried
asseeninTABLE 2. Thesevariationsdueto thechang-
inginthe Sn,, —Sb, Cu X (X=Ph,Ag, Cd, Seand Zn)
dloysmatrix sructurd suchasléatticeparameters, crystd
Sze, dissolving atomsand forming inter-metalic com-
poundswhich affects on scattering center for the con-
ductioneectrons.

Elasticmodulusandinternd frictionvalues TABLE
2, of theSn,, —Sb, Cu, X (X=Pb,Ag, Cd, Seand Zn)
alloysarevaried. Thesevariationsmay bebecause he
changinginthe Sn,, —Sb, Cu X (X=Pb,Ag, Cd, Se
and Zn) alloysmatrix structural such aslattice param-
eters, crystal size, dissolving atomsand forminginter-
metallic compoundswhich affectsin thematrix bonding
affectingther easticmodulusvaue.

TABLE 2: Electrical resstivity, internal friction Q, M odulus
of dagticity E and temper aturecoefficient of resistivity T.C.R
for theSn,, -Sb, Cu X (X=Pb,Ag, Cd, Seand Zn) alloys.
Alloy Resistivity Q* E T.CR
Sn-10Sh-2Cu-2Pb  38.23+4.92 0.049 30.4+8.5 0.05
Sn-10Sb-2Cu-2Zn  44.8+2.3 0.082 24.46+4.5 0.006
Sn-10Sbh-2Cu-2Ag 49.6+1.07 0.097 28.8+3.5 0.00167
Sn-10Sh-2Cu-Se  55.17+6.39 0.06 27.4+3.7 0.004
Sn-10Sh-2Cu-2Cd  59.64+3.09 0.054 18.04+3.9 0.0012

Electrical resistivity values of the Sn,, —
Sb, Cu, X (X=Ph, Ag, Cd, Seand Zn) alloys versus
temperature areshown in Figure 2a. Electrica resistiv-
ity of PbSb X, (X=0, Sn, Cd, Cu/ Sn or Cu/ Cd)
dloysareincreased linearly with temperature. AlsoFig-
ure 2b showsthetemperature coefficient of resistivity
of the Sn,, —Sb, Cu, X (X=Pb, Ag, Cd, Seand Zn)
alloysisvaried, whichissensitiveto micro-structural
changing, depending onthealoy composition.

Vickers hardness number at different indentation
loads, 10, 25and 50 gf, a constant indentationtime, 5
sec, of the Sn,, —Sb, Cu, X (X=Ph, Ag, Cd, Seand
Zn) dloysisvaried asshownin Figure3a. Thesevaria
tionsdueto modification structurd suchascrystd size,
dissolving atoms and strengthening phases, SnSh/or
SnSband Ag,Snin, imbedded inthematrix. Alsothe
diagonal length at different loads, D, duetheindenter

= Fyl] Peper
effectiveisvaried asshownin Figure 3b.
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Figure 2a : Electrical resistivity values of the Sn, _-Sb, |
Cu,X,(X=Pb,Ag, Cd, Seand Zn) alloysver sustemper ature
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Figure3a: Vickershardnessnumber at different indenta-
tionloads, 10, 25 and 50 gf, and constant indentation time, 5
sec, of theSn, —Sb, Cu, X (X=Pb,Ag, Cd, Seand Zn) alloys
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Figure3b: Thediagonal length at different loads, D, duethe
indenter effectiveof theSn,,_—Sb, CuX (X=Pb,Ag, Cd, Se
and Zn) alloys(3b).

— P plericly Science
;4%7%4(44?0%5



240

Micro-structure and physical properties of Sn- Sb-Cu based

MSAIJ, 6(4) December 2010

Full Poper =
CONCLUSIONS

Physical propertiessuch asdectricd resdtivity, das-
ticmodulus, internd friction and Vickershardnessnum-
ber, of the Sn,, —Sb, Cu X (X=Pb, Ag, Cd, Seand
Zn) rapidly solidified dloysare sengtiveto the modifi-
cation structural of its matrix aloys. The Sny, —
Sb,,Cu,Phb, alloy hasbetter propertiesasabearing al-
loy/or bearing gpplications.
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