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ABSTRACT

Microstructure, creep behavior, elastic modulus and internal friction of
Sn,,,,—Sb, (X=2.2, 10 and 50 wt.%) rapidly solidified alloys have been
investigated. Creep behavior of Sn- Sb alloys was studied by long time
Vickers indentation testing at room temperature. Stress exponent value of
Sn- Sh alloys were determined using Mulheam-Tabor method. Exponents
valuesof Sn- Shaloysintherange of 5.48-12.57 which in good agreement

with thevalues of Sn based alloysreported intheliterature. Elastic modulus
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of Sn

100-x

—Sb_(X=2.2, 10 and 50 wt.%) rapidly solidified bearing solder

alloysincreased but internal friction decreased with Sb content increased.
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INTRODUCTION

White metal isnow widely used asamaterial for
diding bearingsoperating under oil lubrication, for ex-
ample, bearing for general industrial use, marineuse
and automotiveuse. Whitemeta can befundamentally
classified into twotypes. Onehaslead asitsmain com-
ponent, the other tin. Tin base Babbitt commonly con-
tain copper and antimony have higher hardnesswhich
givesthem excdlent |oad-carrying characteristics. They
show low friction resistance, low wear, good run-in
propertiesand good emergency behavior intheabsence
of adequatelubrication. They “wet” easily and maintain
anoail film, resist corrosion, areeasily cast and bonded
and retain good mechanica propertiesat e evated tem-
peratures. Tin hasalow coefficient of friction, whichis
thefirst consderationinitsuseasabearing material.
The effect of solidification rate, heating and

mi croadditions on microstructure, hardness and me-
chanicd propertiesof tin-based white meta shavebeen
investigated 2. Rapid cooling suppressesformationand
growth of SbSn cuboidsand increaseshardness. Also
heeting makesthe precipitate’s corners, especially SbSn
cuboids, round.

Theéastic modulus, internd friction and stiffness
vauesof quenched Sh-Sh bearing dloy havebeeneva u-
ated using the dynamic resonance technique®®. The
correlation of structurewith mechanical and electrica
propertiesof Sn- Sbrapidly solidified aloyshavebeen
studied by several investigators“* 8. Creep behavior,
eélastic modulusandinternd friction of Sn, S, Cu,X,
(X =Pb,Ag, Se, Cdand Zn) dloys havebeen investi-
gated and stress exponent have determined using
Mulhearn- Tabor method®. Creep behavior of Sn-
5%Sb dloy wasstudied by longtimeVickersindenta
tion testing at room temperatureand at temperaturesin
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therange 298-405 K%, Annealing temperature af -
fectsthe structure and propertiesof Sn- Sballoy The
stress exponent parameter of Sn- Sb alloy decreaseby
increasing annealing temperature*?, The objective of
the present work was to investigate microstructure,
creep behavior, eastic modulusand internd friction of
tin- antimony dloys.

EXPERIMENTAL WORK

In the present work, Sn,, —Sb,_(X=2.2, 10and
50wt.%) weremelted inamufflefurnaceusingtinand
antimony of purity better than 99.5 %. Theresulting
ingotswereturned and re-melted four timestoincrease
the homogeneity. From theseingots, long ribbons of
about 4 mm width and ~70 um thickness were pre-
pared by asingleroller methodinair (melt spinningtech-
nique). The surfacevelocity of theroller was31.4 m/s
giving acooling rate of ~3.7 x 10°K/s. The samples
then cut into convenient shape for the measurements
using doubleknife cuter. Microstructure of used speci-
menswas performed on theflat surfaceof al samples
using an Shimadzu X—ray Diffractometer (Dx—30, Ja-
pan) of Cu—Ko. radiationwith A=1.54056 A at 45 kV
and 35mA and Nifilter in the angular range 26 ranging
from 0to 80° in continuous mode with a scan speed 5
deg/min. Theinterna friction Q! andthe e astic con-
stants were determined using the dynamic resonance
method. Thevalueof thedynamicYoung modulusEis
determined by thefollowing rel ationshi p=-13;

E.., 2L,
Ao
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 toits plane of
motion, f, the resonance frequency and zthe constant
depends on the mode of vibration and is equal to
1.8751. Plotting theamplitude of vibration against the
frequency of vibration around the resonancef, gives
the resonance curve, theinterna friction, Q?, of the
sampl e can bedetermined from thefollowing relation-
ship:
Q'= 0.5773?—f

0

Where Af thehdf width of theresonance curve.

Creep indentation behavior of used sampleswas
studied by Vickersmicrohardnesstester (Model - FM-
7- Jgpan) usingload of 10 gf for indentationtimesupto
60 sec. Theanaysisof theindentation creep wasdone
using Mulheam-Tabor method. The expression of
Mulheam-Tabor*¥ is:

—(n+%)|ogHv =logt+B

H,, istheVickersnumber, tistheindentation dwell time
and B isthecongtant. If hardnessisplotted versusdwell
timeonlog-log scale, astraight linewithinversesope

1
-(n+§) isobtained
RESULTSAND DISCUSSIONS

X-ray analysis

X-ray diffraction patternswithitsandysisof Sn,
—Sb, (X=2.2,10and 50 wt.%o) rapidly solidified al-
loysareshowninfigure 1. Figure 1 showsthat, sharp
linesof body-centered tetragonal Sn phase, interme-
tallic compound ShSn and dissolved Sbhatomsongrain
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Figurel: X-ray diffraction patternsof Sn,, —Sb (X=2.2,

10and 50wt.%) rapidly solidified bearing solder alloys
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TABLE 1: X-ray analysisof Sn- Sbrapidly solidified bearing
solder alloys

a) Sng7gSh22
29 dA Inttgzsty phase hlk CrystAal size
30.6315 2.91868 76.05 Sn 200 465.1125
32.028 2.79454 100 Sn 101 525.1169
43.8622 2.06414 29.73 Sn 220 1451.588
44,9263 2.01769 51.47 Sn 211 727.9325
55.3389 1.66018 20.59 Sn 301 379.7818
62.4809 1.48649 29.55 Sn 112 262.3361
64.5053 1.44464 18.64 Sn 321 340.9827
72.4186 1.30504 10.20 Sn 420 250.1591
73.1562 1.29370 11.36 Sn 411 359.0958
79.5292 1.20528 21.65 Sn 312 583.5908
89.3676 1.09543 16.33 Sn 431 465.5777
b) SngpShio
20 dA Intensity% phase hlk Cryst;l Size
29.1104 3.06765 4.31 SbSn 202  260.655
30.5905 2.9225 100 Sn 200 220.2818
32.0363 2.79383 65.25 Sn 101 221.0621
41,5735 2.17232 1.04 ShSn 220 215.8977
44.884 2.01949 9.09 Sn 211  242.6757
55.3171 1.66078 4.3 Sn 301 227.885
62.5875 1.48421 10.47 Sn 321 248.6546
64.5052 1.44464 1.52 Sn 420 265.2194
72.2364 1.30789 38 Sn 411 277.6631
79.4891 1.20578 3.03 Sn 412 276.3409
89.1357 1.09768 2.32 Sn 431 290.4054
C) SnsySbsp
29 dA Intgzsty phase hlk CrystAal size
29.0799 3.07079 9.74 ShSn 202 914.7121
41.5716 2.17241 17.49 ShSn 202 242.6491
51.7774 1.76567 35.08 ShSn 042 996.4023
60.4125 1.53233 100 ShSn 404  168.688
63.8037 1.45882 5.29 Sn 400 374.9948
68.1672 1.37569 14.01 ShSn 226 271.5512
76.1113 1.25065 10.38 Sh 009 216.13
97.864 1.02256 11.09 ShSn 606 361.1083

boundary/or clusteredin small cluster inthe Sn matrix.
Theandyssof x-ray diffraction patternsin TABLE (13,
b and ¢) show that, quantity and size of intermetallic
compound ShSn increased as Sb content increased.
Alsodl featureof formed phases, (intendty, broadness
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and position) changed as Sb content increase.
M echanical properties

Elasticmodulus, (E), of Sn, —Sb (X=2.2,10and
50wt.%) rapidly solidified aloysincreased with Sb con-
tent increased asshown in TABLE 2. That isbecause
added moreamount of Sbformed morestrengthening
phases, Sband SbSn, with high eastic moduluswhich
increased bond strength between matrix atoms.

Internd friction, (Q*), and Thermd diffusivity, (D,),
vauesof Snh, —Sb, (X=2.2, 10and 50 wt.%) rapidly
solidified alloys decreased with Sb content increased
asshowninTABLE 2.

TABLE 2: Elastic modulus, internal friction and ther mal
diffusivity of Sn- Sbrapidly solidified bearing solder alloys

Alloys E (GPa) Q* Dy, cm?/s
Sng75Sh, 5 10.55 0.0463 128.08
SngeShyg 15.19 0.0377 99.74

Creep indentation

Creep behavior of Sn, . —Sb, (X=2.2, 10 and 50
wt.%) rapidly solidified adloyswasinvestigated by in-
dentation method, Vickershardnesstest, performed at
room temperature. Theindentation creep dataareshown
infigure2 wheretheindentation lengthisplotted against
theindentation timeapplying constant |oad of 10 of . It
can be seen from thesefiguresthat theindentation length
increased with thel oading timeincreased and the curves
cons g of two stagessimilar toan ordinary creep curve.
Thefirst stage of the curverecordsan increasein the
indentation lengthwith increased loading time, witha
decreasingrate, followed by asteady-sateregionwhere
indentation S zesincreaselinearly withtime Asthehard-
nesstest isactually acompression test, fracture of the
specimen dose not occursand henceitisobvioudy not
possibleto record athird stage of the curve asopposed
to what happensin anordinary creep test.

Inthe Mulheam-Tabor method, figure 2, Vickers
hardness number of Sn,, —Sb (X=2.2, 10 and 50
wit.%0) rapidly solidified bearing solder dloysisplotted
versusindentationtimeon log-log scalefor theinden-
tation data. Itisobserved that thereexistsalinear rela-
tion ship between indentation timeand hardnessfor all
conditions. Theinversed opeof theresultant linesac-

1
cording Mulheam-Tabor methodis — (” + 5) wheren
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TABLE 3 : Stress exponent of Sn- Sb rapidly solidified ponent valuesareintherangeof 5.48-12.57 depend-

bearing solder alloys ing on thecomposition of used aloy. Thehigher nval-
Alloys Stress exponent (n) uesthan those of the Sn matrix aloy areattributableto
SNgr S, 2 3.373 microstructural featuressuch assize and distribution of
SgrsSh2.2 5.48 strengthening phasesand that is agree with the pervi-
SnssSheo 12,57

ousresultsinliterature. Decreasing thegrain size, the
isthe stressexponent. The stressexponent valuesof — grain boundary isincreasesand grain boundariesact as
Sn,,,—Sb (X=2.2, 10 and 50 wt.%) rapidly solidified moreeffectivebariersto didocation movementincrees-
bearing solder alloysaregivenin TABLE 3. Theseex-  ing stressexponent val ues.
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Figure2: Indentation creep curvesof Sn100-x—Sbx (X=2.2, 10 and 50 wt.%) rapidly solidified bearing solder alloys
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CONCLUSION

1. Microgtructureof SnmatrixinSn,, _—Sb, (X=2.2,
10 and 50 wt.%) rapidly solidified aloys changed
with Sb content increased

2. Stressexponent valuesof Sn,, —Sb (X=2.2, 10
and 50 wt.%) rapidly solidified aloysarein the
rangeof 5.48-12.57 dependent on its microstruc-
tural featuresof these dloysand agree with pervi-
ousresultsinliterature.

3. Elasticmodulusvalueof Sn,, —Sb _(X=2.2,10
and 50wt.%) rgpidly solidified aloysincreased but
internd friction valuedecreased with Sb content in-
creased

4. Brittlenessof Sh,, —Sb (X=2.2, 10 and 50 wt.%)
rapidly olidified dloysincreased with Shincreased.
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