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ABSTRACT

Effect of adding alloying elements, such as Cu, Bi, Al, Pb, Zn and Ag, on
microstructure, corrosion behavior, electrical, thermal and mechanical
properties of SnSb,, alloy have been investigated. Matrix microstructure,
formed phases and other lattice parameters, of SnSb, ,alloy changed after
adding alloying elementswhich effects on all measured physical properties.
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Corrosion parameters, elastic modulus, internal friction, Vickers hardness,
electrical resistivity and thermal parameters of SnSb,, alloy varied after
adding alloying element. The Sn,Sb, Bi.aloy has lowest corrosion rate
but Sn_ Sb, Al, alloy has highest corrosion rate. The Sn, Sh, Pb.alloy has
best bearing properties, lower internal friction, self-lubricate and cost,
adequate hardness, corrosion resistance, elastic and thermal properties,

for automotive applications.

INTRODUCTION

Bearing is a device used to transmit loads be-
tween relatively moving surfaces or in another word
isadeviceto allow constrained rel ative motion be-
tween two or more parts, typically rotation or linear
movement. Thereismany waysfor classifying bear-
ing materials, for example, by the type of material
they making up off or by the applications they ser-
vice. Effects of modification structural on electrical
resistivity, elastic modulus, internal friction and
hardness of SnSb, Cu, X, (X=Pb, Zn, Se, Ag and
Cd) has been investigated”’. The SnSb, Cu,Pb, al-
loy has betters properties for bearing applications.
Adding Cu/Pb to Sn-Sb alloy improve their elastic
modulus, interna friction, hardnessand thermal con-
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ductivity?. The friction coefficients of WM5, (Sn—
20.2%Sb-16.6%Pb—2.6%Cu), are lower than that
of WM2, (Sn-7.2%Sb-0.4%Pb-3%Cu), under all
scratch test conditions®. Structure, hardness, me-
chanical and electrical transport properties of (90-
X) Sn10%SbX%Bi (X =0, or x €’1) alloys have been
studied and analyzed¥. Effectsof solidificationrate,
microadditions and heating on mechanical proper-
ties and micromorphology of Sn- 10.4% Sb alloy
have been studied® €. Creep behaviour, elastic
modulus and internal friction of Sn 10%Sh 2%Cu
2%X (X=Pb, Ag, Se, Cd and Zn) alloys have been
investigated and stress exponent values have been
determined using Mulhearn-Tabor method®. The
directionally solidified microstructure of Sn-16%Sh
hyperperitectic alloy has been investigated at vari-
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ous solidification rates using a high-thermal gradi-
ent directional solidification apparatus”. The am
of this research was to study and analyze the effect
of copper, lead, silver, bismuth, aluminum and zinc
on corrosion behavior and physical properties of
SnSb, white bearing.

EXPERIMENTAL WORK

In this work SnSb,, X (X=Bi, Cu, Al, Pb, Zn
andAg & x=3wt.%) dloysweremolteninthemuffle
furnace using high purity, more than 99.95%, tin,
antimony, bismuth, lead, zinc, copper, auminumand
silver. The resulting ingots were turned and re-
melted severa timesto increase the homogeneity of
theingots. From these ingots, long ribbons of about
3-5mmwidth and ~ 70 um thicknesswere prepared
as the test samples by directing a stream of molten
alloy onto the outer surface of rapidly revolving cop-
per roller with surface velocity 31 m/sgiving acool -
ing rate of 3.7 x 10° k/s. The samples then cut into
convenient shapefor the measurements using double
knife cuter. Structure of used alloys was performed
using an Shimadzu X-ray Diffractometer (Dx—30,
Japan)of Cu-Koa radiation with A=1.54056 A at 45
kV and 35 mA and Nifilter in the angular range 20
ranging from 0 to 100° in continuous mode with a
scan speed 5 deg/min. Also Scanning electron mi-
croscope JEOL JSM-6510LV, Japan was used to
study structure. Electrical resistivity of used alloys
was measured by a conventional double bridge
method. The melting endotherms of used alloyswere
obtained usinga SDT Q600 V20.9 Build 20 instru-
ment. A digital Vickers micro-hardness tester,
(Model-FM-7- Japan), was used to measure Vickers
hardness values of used aloys. Internal friction Q*
and the el astic constants of used alloys were deter-
mined using the dynamic resonance method!®9,

RESULTSAND DISCUSSIONS

Sructure

X-ray diffraction patternsof SnSb,, X (X=Bi,
Cu, Al, Pb, Zn, Ag and x=3 wt. %) rapidly solidi-
fied aloys have lines corresponding to p- Sn and
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SbSnintermetallic phasesas shownin Figure 1. The
analysisof x-ray diffraction patterns show that, add-
ing copper, lead, silver, bismuth, aluminum and zinc
to Sn,,Sb, aloy caused a change in matrix micro-
structure such aslatti ce parameters and formed crys-
tal structure (crystallinity, crystal size and the ori-
entation). Lattice parameters, (aand ¢), and unit vol-
ume cell of B- Sn phase in SnSb,, X aloys were
determined and then listed in TABLE (1). Lattice
parameters of - Snin Sn, Sb,varied after adding
Bi, Cu, Al, Pb, Zn and Ag contents. That is because
Bi, Cu, Al, Pb, Zn and Agatoms dissolved in Sn ma-
trix aloy forming a solid solution and other accu-
mulated atomsforming traces of phases.

Scanning €l ectron micrographs, SEM, of SnSb,,
X, (X=Bi, Cu, Al, Pb, Zn and Ag & x=3 wt. %)
alloysshow heterogeneity structure, different phases
with other soluble atoms, as shown in Figure (2).
Microstructure of SnSb,, X alloys show B- Sn ma-
trix, SbSnphase and other accumul ated atomsform-
ing traces of phasesand that agree with x-ray results.

Thermal properties

Therma analysisisoften used to study solid state
transformations as well as solid-liquid reactions.
Figure (3) shows DSC thermographsfor SnSb,, X,
(X=Bi, Cu, Al, Pb, Zn,Ag and x=3 wt. %) aloys.
Little variation in exothermal peak of SnSb,, alloy
occurred, which related to a change inSn matrix
structure,after adding Bi, Cu, Al, Pb, Znand Ag con-
tents. Themelting temperature and other thermal prop-
erties of SnSb,, X aloys are listed in TABLE (2).
Melting temperature of SnSb, ,alloy decreased after
adding Bi, Cu, Al, Pb, Zn and Ag contents.

Elastic modului and inter nal friction

The €elastic constants are directly related to
atomic bonding and structure. Elastic modului of
SnSb,, X aloys are listed in TABLE (3). Elastic
modulus of SnSb,alloyvaried after adding Bi, Cu,
Al, Pb, Zn and Ag contents. The Sn, Sb, Zn.alloy
has highest el astic modulusbut Sn_,Sb, Al aloyhas
lowest elastic modulus.

The resonance curves SnSh,, X alloys are
shown in Figure (4). Calcul ated internal friction and
thermal diffusivity of SnSb, X alloys are seenin
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Figure 1 : X-ray diffraction patterns of SnSh.. X alloys
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TABLE 1: Lattice parameters and crystal size of -Sn in SnSb,, X alloys

Alloys aA cA Vv AS T A

Srg7Shys 5.86 317 108.735 282.56
Sne; Sy, Cus 585 3.195 100.811 368.89
g7 D10Bis 587 3.176 109.322 329.01
Sng;SbioAls 5.86 318 109.039 370.45
Sne,ShyPbs 5.86 3.174 108.883 355.44
N7 10203 585 3.186 108.898 438.41
Sne,SbiA G, 585 3.181 109.079 420.09

2

T L

Figure 2 : SEM of SnSb,, X alloys
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Figure 3 : DSC of SnSb,, X alloys

MSAIJ, 13(4) 2015

SnsboAls

SnShielPhs

)

- i
SnShiaZny

s W 43
SaSbisAgy

b o *a



MSAIJ, 13(4) 2015

Abbas Al- Bawee et al.

141

—== Fyf] Peper

TABLE 2 : Méelting temperature and other thermal properties of SnSb,, X alloys

Alloys Melting point °C ASJ/g.°C CpJdg.°C

Sn87Sb13 244 83 0.132 2.48
Sng; S, ,Cusq 24185 0.148 1.88
Sns7ShyoBis 24359 0.141 2.45
ez SD10Als 24417 0.15 1.12
Sng;Sby, Fb, 236.87 0.131 1.84
Sng;SbiZns 22455 0.15 1.92
Sg; DA, 23504 0.18 1.65

TABLE 3 : Elastic modului, internal friction and thermal diffusivity of SnSb , X alloys

Alloys E(GPa) n(GPa) G (GPa) Q* Dy, X 10®m?/sec
Srg7Shis 29.77 10.98 34.48 0.068 12.38
Sng; ,,Cu;, 34.92 12.65 48.58 0.062 8.62
Sngr 1B 39.07 14.16 53.90 0.095 2.93
Sng;ShipAls 24.24 8.78 34.01 0.091 6.07
Sng,Sh,,Pb;, 33.02 12.15 39.15 0.025 9.43
Sng7SD10ZN3 42.11 15.36 54.49 0.05 6.12
Sng;SbiA G 28.23 10.21 40.29 0.037 3394
g -
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Figure 4 : Resonance curves of SnSb,, X alloys

TABLE 3. Internd friction of SnSb_.alloyvariedafter
adding Bi, Cu, Al, Pb, Zn and Ag contents. The
Sn,,Sh, Bi.alloy has highest internal friction but
Sn,,Sb, P, dloy has lowest internad friction.

Vicker smicrohar dnessand minimum shear stress

The hardness is the property of material, which
gives it the ability to resist being permanently de-
formed when aload is applied. Vickers hardness of
SnSb,, X aloys at 10 gram force and indentation

time 5 sec are shown in TABLE 4. The minimum
shear stress (t_) vaue of SnSb, X alloys was cal-
culated using the equation®, where vis Poisson’s
ratio of the elementsin the alloy and then listed in
TABLEA4.

=ty (2 (1= 20) +2 W+ w201 + )

Vickershardness of SnSb_, alloyvariedafter add-
ing Bi, Cu, Al, Pb, Zn and Ag contents. The
Sn, Sb, Cu,alloy has lowest hardness but
Sn,,Sb, Zn, aloy has highest hardness.
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TABLE 4 : Vickers hardness and minimum shear stress of SnSbh13-xXxalloys

Alloys H, kg/mm? n, kg/mm?

gy Sus 23.033+2.1 7.600
Sng,Sh,,Cug 20.42+4.4 6.73
Sn87SbloB i 3 24.58+5.6 8.11
Sng7ShigAl; 26.32+4.7 5.38
Sng7Sb1(JZ N3 31.78+0.8 14.37
N, D, 0AG; 26.9544.1 8.89

TABLE 5 : Electrical and thermal conductivities of SnSb,, X alloys

6
Alloys px10°Qm gi(]r}?l W_nlf_lK 1
Srg7Shys 85.95 1.16 181
Sng; S, CU; 73.66 1.35 21
Sz S010Bi3 59.32 1.68 2.6
Sng;Sh,,Al 73.66 1.35 21
Sng;Sh,,Pb; 67.3 1485 2.3
Se7S010ZN3 97.05 1.03 161
Sng;Sb,,Ag, 91.56 1.09 17

TABLE 6 : Corrosion potential, corrosion current and corrosion rate of SnSb,, X alloys

Alloys E.' V icorr MA cm® C.R mpy

Shgz i3 -0.519 85.00 38.82
Sny,Sh,,Cu, -0.521 144.0 65.81
Sn87SbloB i 3 -0.764 78.50 35.85
7D 10Al3 -0.512 154.0 70.19
g, S, PO, -0.519 148.0 67.49
Sng;ShieZ ng -0.521 87.90 40.15
N, D, A0, -0.517 98.40 44.95

Electrical resistivity and thermal conductivity

Plastic deformation raises the electrical resis-
tivity asaresult of theincreased number of electron
scattering centers. Crystalline defects serve as scat-
tering center for conduction electronsin metals, so
theincreasein their number rai sestheimperfection.
Electrical resistivity and calculated electrical and
thermal conductivitiesof SnSb,, X aloysareshown
in TABLE (5). Electrical resistivity of SnSb,,
aloyvaried after adding Bi, Cu, Al, Pb, Zn and Ag
contents. That is because Bi, Cu, Al, Pb, Znand Ag
atoms dissolved in the aloy matrix playing as scat-
tering center for conduction electronscaused achange
in matrix structure of SnSb,.alloy.

Electr ochemical corrosion behavior

Figure (5) shows electrochemical polarization
curvesfor SnSb,, X (X=Bi, Cu,Al, Pb,Zn,Agand
x=3 wt. %) aloysin 0.5 M HCI. From this figure,
the corrosion potential of the SnSb,, X aloys ex-
hibited a negative potential. Also, the cathodic and
the anodic polarization curves showed similar cor-
rosion trends. TABLE (6) presents the corrosion
potential (E_, ), corrosion current (I ), and corro-
sion rate (Corr,_ ) of SnSb,, X aloys. The results
show that, the corrosion rate in 0.5M HCI of
SnSb_alloy varied after adding Bi, Cu, Al, Pb, Zn
and Ag contents. The Sn_Sh, Bi.alloy has lowest
corrosionrate but Sn_Sb, Al alloy hashighest cor-
rosion rate.That is because adding Bi, Cu, Al, Pb,
Zn and Ag contents caused heterogeneous microstruc-
ture with affected on microsegregation and reactiv-
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Figure 5 : Electrochemical polarization curves of SnSb,, X alloys
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ity of atomswith HCI solution.

CONCLUSIONS

Matrix structure of SnSb,, alloy changed after
adding Bi, Cu, Al, Pb, Zn and Ag contents due to
dissolved atoms forming solid solution and other
accumulated atoms forming traces of phases. The
Sn,,Sh, Bi.alloy has highest internal friction but
Sn,,Sb, Ph, aloy has lowest internd friction. The
Sn,,Sh, Zn.aloy has highest elastic modulus but
Sn,,Sb, Al aloy has lowest elastic modulus. The
Sn, Sb, Cu,alloy has lowest hardness but
Sn,,Sb, AZn, alloy has highest hardness. The
Sng Sh, Bialloy has lowest corrosion rate but
Sn,,Sb, Al aloy has highest corrosion rate.
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