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Abstract

Effect of adding titanium dioxide nanoparticles on microstructure, Vickers hardness, internal friction, thermal parameters and electrochemical
corrosion behavior of SnzsAl10BiioCuz2Znz alloy has been studied using different experimental techniques. Crystallinity (peak intensity), crystal
size (peak broadness) and orientations (peak position, 20) of SnzeAl10BiicCuz2Zn; alloy changed after adding titanium dioxide nanoparticles.
Corrosion resistance and internal friction of SnzeAl10Bi10Cu2Zn2 alloy improved after adding titanium dioxide nanoparticles. Vickers hardness

value of SnzeAl10Bi10Cu2Zn2 alloy varied decreased after adding titanium dioxide nanoparticles.

Keywords: corrosion parameters; Vickers hardness; internal friction; titanium dioxide nanoparticles

Introduction

Tin- aluminum alloys have good mechanical properties with
conformability but these are quite costly. Aluminum-tin
alloys have been used as bearing materials (Forrester PG,
1960) which carry a good combination of strength and
surface properties (Pratt GC, 1973). Aluminum- tin based
alloys are widely used as sliding bearing materials in
automobile and shipbuilding industry (Desaki et al., 2000,
Lepper et al., 1997). Tin phase in Al-Sn bearing materials
can provide suitable friction properties and shear surface
during sliding because it's low modulus, low strength and
the excellent anti-welding characteristics with iron (Desaki
et al., 2000). Aluminum- tin and lead- aluminum alloys
slightly differ in mechanical properties (Pathak and Mohan,
2003). Indium and lead have lowest elastic modulus of all
the soft phases alloying with aluminum (Tegart, 1966). The
fatigue strength of cold worked and heat treated AlSnyoCu;
alloy having reticular structure is close to that of CuPbso
alloy with higher seizure resistance (Forrester, 1961).
Strength and ductility of SnSbs alloy improved after adding
Bi or Cu content (Esfandyarpour and Mahmudi, 2011).
Elastic modulus and internal friction of SngsSh1oCuxXo (X
= Pb or Ag or Se or Cd- Zn) alloys dependent on alloy
composition (El-Bediwi et al., 2011). Effect of adding Cu
or Ag or CuAg on structure, electrical resistivity and elastic
modulus of SnShy alloy has been studied and the results
show, SnSh7Ag.Cu; alloy has lowest internal friction, cast

and adequate elastic modulus (EI-Bediwi, 2004). Adding 1
wt. % Cu or Ag improved mechanical properties of SnSh
alloy (EI-Bediwi, 2004). Both ultimate tensile strength and
ductility of SnSbs alloy increased after adding Bi or Cu
(Esfandyarpour and Mahmudi, 2011). Elastic modulus,
internal friction, hardness and thermal conductivity of Sn-
Sb alloy improved after adding (CuPb) elements (Kamal,
2006). Elastic modulus, Vickers hardness and thermal
diffusivity of Sng;SbioPbs and SngoAly alloys increased
after adding TiO, nanoparticles. Internal friction, thermal
conductivity and specific heat of Sng;ShioPbs and SngoAlzg
alloys varied after adding TiO2 nanoparticles. Adding
titanium oxide nanoparticles improved strengthens and
internal friction of Sng;ShigPbs and SngoAly alloys (EI-
Bediwi, 2015). Strengths of tin- antimony- lead and tin-
aluminum- antimony- lead alloys increased after adding
titanium oxide. Also stress exponent of tin- antimony- lead
and tin- aluminum- antimony- lead alloys decreased after
adding titanium oxide (EI- Bediwi, 2015). Corrosion
parameters, elastic modulus, internal friction, Vickers
hardness, electrical resistivity and thermal parameters of
SnSbys alloy varied after adding Cu, Bi, Al, Zn and Ag
element (El- Bediwi, 2015). Melting point, mechanical
properties, contact angle and electrochemical parameters of
Sn72Zn4Biys alloy varied after adding Cu, In, Al, Se and Ag
contents. Adding Cu, Al, Se and Ag content improve
mechanical and electrical properties of SnzZnsBi,s alloy
(El- Bediwi, 2015). The aim of this work was to study the
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effect of titanium dioxide on  microstructure,
electrochemical corrosion behavior, thermal process,
internal friction and Vickers hardness of

Sn76AlloBi10Cu22n2 aIon.

Experimental Work

SnzsAl1oBi10xCu2Zny(TiO2)x alloys were prepared using tin,
aluminum, bismuth, zinc, copper and titanium dioxide with
purity better than 99.5 %. The SnzeAl10Bi10-xCu2Zn,(TiO2)x
alloys melted in a muffle furnace and the resulting ingots
were turned and re-melted again to increase the
homogeneity. From these alloys long ribbons of ~ 4 mm
width and ~ 90 um thicknesses were prepared by single
roller melt spinning technique. Using double knife cuter the
samples cut into convenient shape for all measurements.
Microstructure of used alloys was performed using
Shimadzu X-ray Diffractometer, (Dx-30, Japan) Cu-Ka
radiation with A=1.54056 A at 45 kV and 35 mA and Ni-
filter, in the angular range 26 ranging from 0 to 100° in
continuous mode with a scan speed 5 deg/min and scanning
electron microscope (JEOL JSM-6510LV, Japan). The
polarization studies were performed using Gamry
Potentiostat/Galvanostat with a Gamry framework system
based on ESA 300. Gamry applications include software
DC105 for corrosion measurements, and Echem Analyst
version 5.5 software packages for data fitting. The
differential scanning calorimetry (DSC) thermographs were
obtained by SDT [Q600 (V20.9 Build 20), U. S. A]
instrument with heating rate 10 k/min in the temperature
range 0-400 °C. A digital Vickers micro-hardness tester,
(Model-FM-7- Japan), was used to measure Vickers
hardness values. The internal friction Q! was determined
using the dynamic resonance method (Cullity, 1959,
Schreiber et al., 1973, Timoshenko and Goddier 1951) by
plotting the amplitude of vibration against the frequency of

1 C Sn-tAL tBwCu

vibration. The thermal diffusivity Dy, has been derived from
resonance peak (Berry and Pritchett, 1973).

Microstructure

X-Ray Analysis

Fig. 1 (a, b, ¢ and d) shows x-ray diffraction patterns of
Sn7sAl10Bi10xCu2Zna(TiO2)x alloys. Fig. la shows the
SnzsAl1oBinCuzZn; alloy has sharp lines corresponding to
B-Sn phase and hexagonal Bi phase with started base line ~
100 counts. SnzsAlioBi1oxCuZn2(TiO2)x alloys have sharp
lines corresponding to tetragonal B-Sn phase and hexagonal
Bi phase with various started base line (increased started
base line up to 1 wt.% TiO, nanoparticle and then
decreased). Also crystallinity (peak intensity), crystal size
(peak broadness) and orientations (peak position, 20) of
SnzsAl1oBinCuzZn; alloy changed after adding titanium
dioxide nanoparticles as shown in Fig. 1(a- d). The detail
of x-ray analysis of SnzgAl1oBi1o-xCu2Zna(TiO2)x alloys
from the x-ray device (20, Int. %, d A, FHWM and area)
and from x-ray cards (phase and Miller indices) are listed in
Table 1 (a, b, and c). The analysis show that, Al, Cu, Zn
atoms and TiO nanoparticle dissolved in matrix formed a
solid solution and\or undetected phases and changed its
microstructure. The estimated crystal size was given
through measured diffraction pattern broadening by Scherer
formula (Cullity, 1959). Crystal size of B- Sn phase in
SnzeAl10BiwCu2Zn, alloy varied increased after adding
titanium dioxide as presented in Table 1d. Lattice
microstain  of SnhzsAl1oBi1oxCu2Zny(TiO2)x alloys were
calculated from the relation between full half width
maximum (FHWM) and 4tanf as shown in Fig. le. Lattice
microstrain of SnzsAl1oBiiwCuzZn; alloy decreased after
adding titanium dioxide up to 1 wt. % and then increased as
listed in Table 1e. The SnzsAl10BisCuzZny(TiO,)1 alloy has
lower microstrain value.
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Fig. 1: x-ray diffraction patterns of SnzsAl10Bi10xCu2Zn2(TiOz)x alloys (a. SnzsAl1oBinCu2Zn; alloy; b:
Sn76AlloBi9A5Cu22n2(TiOZ)0,5 6.”0)/; C. Sn76AlloBi9Cu22n2(Ti02)1 aIon; d: Sn76A|1oBi8,5CUQZn2(Ti02)1A5 aIon)
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Table la: x-ray analysis of SnzsAl10BigsCu2Zn2(TiO2)o5 alloy

20 dA Int. % FHWM Area Phase hkl
22.4786 3.95541 2753 0.6512 46.8 Bi 003
27.1518 3.28431 28.08 0.2362 25.61 Bi 012
30.5839 292312 100 0.2558 98.81 Sn 200
31.9781 2.79879 60.98 0.1968 46.35 Sn 101
37.8853 2.37488 15.72 0.3936 239 Bi 104
39.6099 227536 12.39 0.4723 22.61 Bi 110
43.7345 2.06987 45.89 0.2165 38.37 Sn 220
44,8222 2.02213 74.02 0.1968 56.26 Bi 110

45.93 1.97591 255 0.09 0.9 Sn 220
48.7059 1.86959 8.2 0.3149 9.98 Bi 110
55.2163 1.66357 237 0.1968 18.02 Sn 310

59.15 156198 23 0.09 081 Bi 107
62.4016 1.48818 23.75 0.3149 28.89 Bi 107
63.6835 1.46128 1457 0.2755 15.51 Bi 107
64.456 1.44562 26.82 0.2952 3057 Sn 321
70.8339 1.3303 344 04723 6.28 Bi 214
72.2323 1.30795 17.73 0.3149 21.56 Sn 420
73.0462 1.29537 14.13 0.3149 17.18 Sn 411
79.3003 1.20818 18.41 0.1968 13.99 Sn 312
89.1482 1.09847 10.29 04723 18.78 Sn 501
95.4695 1.04175 555 0.6298 13.49 Sn 332
97.2988 1.02613 3.87 0576 11.63 Sn 521

Table 1b: x-ray analysis of SnzsAl1oBisCu2Zn2(TiO,): alloy

20 dA Int. % FHWM Area Phase hkl
22.2899 3.98847 48.36 1.0558 89.55 Bi 003
27.0884 3.29185 75.23 0.2362 46.11 Bi 012
305675 2.92465 953 0.1771 438 Sn 200
31.9117 2.80446 100 0.2165 56.18 Sn 101
37.8999 2.374 3141 0.1771 14.43 Bi 104
39.6036 2.27571 239 0.3149 19.53 Bi 110
437248 2.0703 40.49 0.1968 20.68 Sn 220
447451 2.02544 64.6 0.2952 49.48 Bi 110
45.79 1.98162 76 0.09 18 Sn 220
48.7147 1.86927 1252 0.3149 10.23 Bi 110
55.1759 1.6647 10.57 0.3149 8.64 Sn 310
59.31 155815 2.28 0.09 054 Bi 107
61.17 151516 3.04 0.09 0.72 Bi 205
62.3849 1.48854 21.59 0.2362 13.23 Bi 107
64.4962 1.44482 19.87 0.3149 16.24 Sn 321
67.39 1.38965 2.28 0.09 054 Bi 018
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Table 1b: x-ray analysis of SnzsAl10BisCu2Zn,(TiO,)1 alloy

20 dA Int. % FHWM Area Phase hkl

70.81 1.33069 6.08 0.09 1.44 Bi 214

72.1809 1.30875 13.97 0.3149 11.41 Sn 420

75.47 1.25968 2.66 0.09 0.63 Bi 125

79.2736 1.20852 12.6 0.3936 12.87 Sn 312

85.11 1.13994 3.04 0.09 0.72 Bi 101

89.245 1.09752 6.08 0.4723 7.45 Sn 501

91.63 1.07509 2.28 0.09 0.54 Bi 312

95.3902 1.04154 4.66 0.576 9.42 Sn 332

Table 1c: x-ray analysis of SnzeAl10BissCuZn2(TiO,)1 5 alloy
20 dA Int. % FHWM Area Phase hkl
22.5043 3.95094 12.09 0.5396 19.1 Bi 003
23.7276 3.74996 9.47 0.416 11.54 Bi 101
27.1586 3.2835 66.83 0.2165 62.68 Bi 012
30.5769 2.92378 82.99 0.2558 91.99 Sn 200
31.9844 2.79825 100 0.2558 110.84 Sn 101
37.9413 2.3715 31.4 0.2362 32.13 Bi 104
39.6171 2.27497 21.43 0.1968 18.27 Bi 110
437678 2.06837 47.66 0.2165 44.7 Sn 220
44,7907 2.02348 95.42 0.2165 89.5 Bi 110
45.9141 1.97655 5.39 0.3936 9.19 Sn 220
48.7094 1.86946 11.89 0.2755 14.2 Bi 110
55.1782 1.66463 14.74 0.3542 22.62 Sn 310
56.0704 1.64024 4.99 0.3149 6.81 Bi 107
59.3317 1.55764 2.81 0.4723 5.75 Bi 107
62.3739 1.48878 30.34 0.2165 28.46 Bi 107
63.654 1.46189 8.59 0.2755 10.26 Bi 107
64.4939 1.44487 30.66 0.2362 31.37 Sn 321
70.819 1.33054 5.89 0.2362 6.02 Bi 214
72.2188 1.30816 14.64 0.4723 29.96 Sn 420
72.9748 1.29646 13.01 0.1574 8.87 Sn 411
79.2891 1.20832 17.06 0.2165 16 Sn 312
89.1584 1.09837 8.49 0.3149 11.59 Sn 501
95.2935 1.04321 753 0.2362 7.7 Sn 332
97.3767 1.02552 3.45 0.768 15.53 Sn 521
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Fig. 1e: FHWM versus 4tan6 for SnzgAl1oBiso-
xCU2Zny(TiO2)x alloys

Scanning electron microscope analysis (SEM)

Scanning  electron  micrographs of  SnAlioBiso-
xCU2Zny(TiOz)x alloys are  shown in  Fig. 2.
SnzsAligBinCuzZn, has a large dendrite tin structure
contained many small grains disturbed in it (white color),
slabs from aluminum grain (bright white color) and large
bismuth grain (black color). Adding different ratio from
TiO2 nanoparticles changed the shape and size of dendrite
structure and disturbed dissolved atoms as grains in it. SEM
analysis for used alloys shows heterogeneity structure and
that is agreed with x-ray analysis.

Internal friction and thermal diffusivity

Internal friction measurements have been quick fruitful for
learning about the behavior of metallic materials. Fig. 3
shows the resonance curves of SnzgAl1oBi10-xCu2Zn,(TiO2)x
alloys. Calculated internal friction and thermal diffusivity

of Sn76Al10Bi10xCu2Zn,(TiO,)x alloys are listed in Table 2.
Internal friction of SnzsAl1oBi1oCuzZn; alloy decreased after
adding titanium dioxide nanoparticles. Also thermal
diffusivity increased (varied increased) up to 1 wt. %
titanium dioxide and then decreased.

Table 1d: crystal size of B- Sn in SnzeAlioBiig-
xCU2Zny(Ti02)x alloys

Alloys St (A
SnzeAl1BigCuyZn, 347.647
Sn76Al10Big sCU2ZN,(TiO,)o 5 387.704
Sn76Al1BigCULZN,(TiO)1 383.817
Sn76Al10Big sCU2ZN,(TiOZ) 15 352.74

Table 1e: lattice microstrain of SnssAl10Bi1o-
xCU2Zny(Ti02)x alloys

Alloys () X107
Sn7eAl10Bi1oCu2Zn2 0.9
Sn76Al10Big sCu2Zn2(TiO2)o5 0.7
Sn76Al10BisCu2Zn2(TiO2)1 0.4
Sn7eAl10Bis sCu2Zn2(TiO2)15 1.3

Table 2: internal friction and thermal diffusivity of
SnygAI1oBi10.XCuzZn2(Ti02)x aIons

Alloys Q! D X 108 (m%/sec)
SnzAloBinCuyZn, 0.058 22.65
Snz6Al1oBis sCU2ZN2(TiO2)os 0.0573 45.9
SN76Al1BIsCU2ZNA(TiO2):1 0.0496 315
SN76Al1oBissCUzZN2(TiO)1 5 0.0429 21.9

—8— SnpghlygBig 5(Tiogly sCuzTM,
*E T SngghlygBig(TicglyCuzZng ]
—A—SnyghlygBig 5Tiegly sCup@ng

Amplitude (cm)

l;re q1_1-a:t1u:'_=,-'- ['Hz}

Fig. 3: resonance curves of SnzsAl10Bi10xCu2Zna(TiO2)x
alloys
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Fig. 2: SEM of Sn7eA|1oBilo.xCU2Zn2(Ti02)x aIons

Vickers Microhardness and Maximum Shear Stress
Vickers hardness of SnzsAlioBiioxCu2Zna(TiO2)x alloys at
10 gram force and indentation time 5 sec are presented in
Table 3. Also the calculated maximum shear stress of used
alloys is presented in Table 3. Vickers hardness value of
SnzsAl1gBinCuzZn;, alloy decreased, (varied decreased),
after adding titanium dioxide nanoparticles.

Table 3: Vickers hardness and maximum shear stress of

used alloys
lloys Hy kg/mm? | pn kg/mm?
Sn76A|1oBi10CU2zn2 46.6+8.1 15.38
SI’]75A|1QBi9,5CUZZn2(TiOZ)o_5 24.4+1.4 8.05

SI’]75A|1oBi9CUZZn2(Ti02)1 39.43+2.3 13.012

Sn75A|1oBi3,5CUzan(TiOz)1,5 42.2+4.2 13.93

Electrochemical Corrosion Behavior

Electrochemical polarization curves of SnzAliBiig-
xCU2Zny(TiOy)x alloys in 0.25 M HCI are shown in Fig. 4.
The corrosion potential of SnzeAl10Bi10xCu2Zna(TiO2)x
alloys exhibited a negative potential. Also the cathodic and
the anodic polarization curves exhibited similar corrosion
trends. The corrosion current (lcor), corrosion potential
(Ecor) and corrosion rate (C. R) of SnzAliBig-
xCU2Zny(TiOy)x alloys in 0.25 M HCI are presented in Table
4. Corrosion rate and corrosion current values of

SnzsAl1oBinCuzZn; alloy decreased after adding 0.5 and 1.5
wt. % titanium dioxide nanoparticles but they increased
after adding 1 wt. %.

SargAlieBis CuoZao(Ti0z)e s
: /

SorsAlieBisCaxZna(Ti02):

——— e e

Fig. 4: electrochemical polarization curves of SnzsAlioBiio-
xCU2Zny(TiO2)x alloys
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Table 4 Ecorr, Icorr and C R Of Sn76AlloBi10-

Table 5: icorr and C. R of Sn76AI1oBi10.xCuZZn2(Ti02)x

xCU2Zn2(TiO2)y alloys alloys
AIons Ecorr lcorr C.R A”0yS icorr A C. R mpy
mV RA mpy _
: SnzeAl10Bi10CU2ZN, 29.92 31.33e3
SnzeAl10BieCuzZn, -943 3.69 | 3.861e3

Sn76Al0BiesCU2ZN2(TiO2)0s | -873.0 | 3.27 | 3.424¢3

Sn76Al10BisCU2ZN,(Ti02)1 -704.0 | 9.05 | 9.475e3

Sn76Al1oBissCU2ZN2(TiOz2)15 | -875.0 | 2.92 | 3.085e3

The results of EFM experiments are a spectrum of current
response as a function of frequency. Fig. 5 shows the
intermodulation spectrum of SnzsAlioBiioxCuZny(TiO2)x
alloys s in 0. 25 M HCI solutions. The larger peaks were
used to calculate the corrosion current density and the
corrosion rate whish presented in Table 5. Corrosion rate
value of SnzsAlieBiCuzZn, alloy decreased, varied
decreased, after adding titanium dioxide nanoparticles but
corrosion current density increased, varied increased, after
adding titanium dioxide nanoparticles.

SersAlieBe sCuaZea(THO)e s

SursAloBisCurZa(TiO1):

SarsAlioBis sCapZa{TiO)): 5

Fig. 5: The intermodulation spectrum of SnzsAl10Biso-
xCu2Zn2(TiO2)x alloys

Sn7sAl10BigsCU2ZN2(TiO2)05 161.6 169.3

SnzeAl1oBisCuZny(TiO2)1 62.44 65.38

Sn7zsAl1oBigsCU2ZN2(TiO2)15 66.74 69.89

Thermal Behaviour and Parameters

Thermal analysis is used to study solid state transformations
as well as solid liquid reactions. They depend on the nature
of solid phase and on its temperature. The DSC
thermographs were obtained with heating rate 10 °C /min in
the temperature range 0- 400 °C. Fig. 6 shows the DSC
thermographs of SnzeAl10BiioxCu2Zna(TiO2)x alloys. No
significant effect on melting temperature value of
SnzsAl1oBinCuzZn; alloy after adding titanium dioxide
nanoparticles as presented in Table 6.
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Fig. 6: DSC graphs of used alloys
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Table 6: Melting temperature of used alloys
Alloys Melting
temperature °C

Sn76Al10Bi10Cu2Zn2 212

Sn76Al10Bi9.5Cu2Zn2(Ti02)0.5 | 210.1

Sn76Al10Bi9Cu2Zn2(Ti02)1 212.3

Sn76Al10Bi8.5Cu2Zn2(Ti02)1.5 | 213.8

Conclusion

Lattice microstrain of SnzsAl1oBiigCuzZn; alloy decreased
after adding titanium dioxide up to 1 wt. % and then
increased. Internal friction of SnzsAl10Bi1Cu2Zn, alloy
decreased after adding titanium dioxide nanoparticles.
Corrosion rate and corrosion current values of
SnzsAlioBinCuzZn; alloy decreased after adding 0.5 and 1.5
wt. % titanium dioxide nanoparticles but they increased
after adding 1 wt. %. Corrosion rate value of
SnzsAlioBinCuzZn; alloy decreased, varied decreased, after
adding titanium dioxide nanoparticles but corrosion current
density increased, varied increased, after adding titanium
dioxide nanoparticles. No significant effect on melting
temperature value of SnzsAl1oBi1oCuzZn; alloy after adding
titanium dioxide nanoparticles
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