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Abstract

The structural, creep resistance and electrical Conductivity properties of Sn-9Zn alloys
with Ag-addition in concentrations (0.1 and 0.3 % Wt.) have been investigated using x-ray
diffractions (XRD), Creep testing machine and DC circuit respectively. The three samples
were prepared from high purity 99.99% by melting technique in the Pyrex tubs with CaCl;to
invade the oxidation. Patterns of XRD showed thst the Sn—9Zn alloy was primarily composed
of two phases; a body centered tetragonal f-Sn matrix phase, and a secondary phase of
hexagonal Zn. While with adding Ag (0.1 and 0.3 % Wt.) to Sn-9Zn alloy the results showed
new peaks in the ternary compositions, such as [-Sn, Zn, Ag3Sn and AgZn3 phases
respectively. The average of particle size (D) of f-Sn matrix was decreased with increasing
Ag-adding, whereas the dislocation density () increased with increasing addition. Creep
properties of Sn-9Zn and Sn—-9Zn—xAg alloys were examined at different temperature (25,
40, and 80 C) under two constant loads (18.7 MPa and 24.9 MPa). The creep behaviors of
ternary alloys were higher than the Sn-9Zn alloy with all different temperatures and two
constant loads, due to the refinement structure and formation of new IMCs. Values of stress
exponents (n) were found to be in the range of 2.51 to 6.68 for all alloys. Values of
activation energy (Q) of alloys were found to be in the range of 36.48 to 41.14 kJ/mol for
g = 18.7 Mpa and 27 to 34.3 kJ/mol for o = 24.94 Mpa. The electrical conductivity of

samples was calculated at room temperature (25 <C), its values increased with Ag-additions.
Keywords: Sn-9Zn Lead-Free Alloy; Phases; Ag-Additions; Creep Resistance Properties;
Electrical conductivity
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1. Introduction

Alloys solders (Sn—Pb) have been
widely used in the field of electronic
packaging because of its excellent
characteristics, such as low melting
point (183 °C), strong mechanical
properties, low cost and low price
(Peng et al., 2019, Zhang and Tu,
2014). Sn-Pb alloy welders, however
are toxic. With the growing
recognition of environmental
protection and the issuance of the
'lead restriction order' by several
countries, the use of Pb has been
significantly reduced (Vuong et al.,
2018, Zhu et al., 2019, Peng et al.,
2019) . New forms of lead-free alloys,
such as: Sn-10Sb (271 <C), Sn-58Bi
(138<C) Sn-9Zn (198<C), Sn-3.5A¢g
(221<C), Sn-0.7Cu (227<C), and Sn-
Ag-Cu (217<C), have recently been
investigated by many researchers for
green electronic devices (Kotadia et
al.,, 2014, Gain and Zhang, 2016,
Cheng et al., 2017, Ahmed et al.,
2010). Due to its special low
temperature characteristics, the low
temperature solder (In-based, Sn-Bi,
Sn-Zn) has great advantages in
aerospace and through-hole
technology assemblies in IBM
mainframe (Xu et al., 2020). The cost-
effective and better mechanical
properties of the eutectic Sn-9Zn
material, with a low melting
temperature close to that of the
conventional Sn-37Pb alloy (183 <C),
have caused it to be considered one of
the best choices for applications in
green electronic products among the
above-mentioned Sn-based alloys.
However, to extend its applications in
modern green electronics (Knott and
Mikula, 2002, Xu et al., 2020), its low
oxidation resistance and micro-void
formation need to be resolved. The
addition of an effective secondary step
for the creation of Zn-based IMCs
(Garcia et al., 2010, Liu et al., 2014) is
the eutectic Sn-9Zn alloy. At the same

time, Chen et al. (Chen et al., 2009)
studied the (0, 0.1, 0.3, 0.5, 1wt.
percent) Ag-addition reinforcements
on the microstructure and mechanical
performance behavior of the Sn-9Zn
solder alloy. It was found that the
composite soldiers and their joints
displayed  improved  mechanical
properties, as well as AgZn3
intermetallic compounds in the Sn-
9Zn solder alloy. Guoda et al, (Guoda
et al.,, 2014) Studied the structure
properties of Sn-9Zn-1Ag solder alloy,
three-phase mixture was calculated in
the structure properties of the alloy;
tetragonal Sn as a solid solution, Zn
phase, and intermetallic compound
Ag-Zn. Influence of Cu Addition on
the transient creep characteristics of
Sn-9Zn-1.5Ag Solder Alloy studied by
(Salem, 2020), XRD assessed, during
solidification, the two samples
provided additional contained phases
of the intermetallic compound IMCs,
Cu5Zn8, Ag3Sn, and AgZn3. Shrestha
et al. (Shrestha et al., 2014) studied
the creep properties of Sn-xZn solders
(x=9, 20, 25 wt. percent) and found
that the solders exhibited
approximately (n= 5.0) exponents of
stress. In the temperature range
between 298 and 398 K and under
constant strain rates, Hamada et al.
(Hamada et al., 2010) analyzed the
creep activity of Sn and Sn-xZn (x=
0.1 wt. percent and 0.4 wt. percent).
They concluded that the addition of Zn
Increases Sn's creep resistance, and
found the value of the stress exponent
to be equal to (n= 7), indicating that a
dislocation pipe diffusion is the
control mechanism. The effect of Ni
and Sb  additions on  the
microstructure, thermal and
mechanical properties of Sn-9 wt.
percent Zn was investigated by El-
Daly et al. (El-Daly et al., 2014) The
values of the stress exponent and
activation energies were compatible
with those cited for dislocation
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climbing, they pointed out. In order to
improve the microstructure and
mechanical properties, the composite
approach has been developed, where
the Ag Nano sized particles act as
pinning centers for the dislocation
movements. The effect of an Ag
nanoparticle addition to the Sn-9Zn
alloy was investigated by Gain, et.al,
(Gain and Zhang, 2020) and the
appearance of IMCs AgZn3 in the Sn-
9Zn-0.5Ag nanoparticle solder alloy
was identified. The mechanical output
reinforcements also include the Nano
Sized Ag. An attempt is made in the
present work to show the effect of 0.1
and 0.3 wt. percent Ag-addition on the
structural, creep resistance and
electrical conductivity properties of
alloys (Sn-9 wt. %Zn- x wt. %AQ).
2. Experimental procedures
2.1. Materials preparation

Sn — 9wt.% Zn, Sn-9Zn-0.3wt.% Ag
and Sn — 9wt.%Zn -0.1wt.% Ag alloys
were prepared. The purity of Sn, Zn
and Ag elements are about 99.99%.
Every sample was put inside the Pyrex
tub with CaCL. (to invaded the
oxidation the compositions), and they
have been melted at approximately
200 °C above their melting points by
an electric furnace at (T=750 °C £ 5°

C, around 3 hrs.) with shaking to
achieve homogenization. To obtain
samples fully precipitated phases,
samples were left inside the furnace to
solidify slowly to room temperature.
The samples were polished using
grades of silicon paper and then
washed in a solution of (CH3COCHj3).
After that, the samples were drawn

into two groups by using the rolling
mechanism technique; the first group
was as wires of a diameter (D=1 mm)
and a length (L= 80 mm) for the creep
properties testing. The second group
was as small sheets for structural
investigations (XRD). The samples
were polished using grades of silicon
paper and then washed in a solution of
(CH3COCHs3). In order to remove
residual stress and defects, the samples
were annealed at (T= 100 'C £ 2 °C)
for 6 hours and left to cool slowly to
room temperature with cooling rate of
1°C / min, and polished again.

2.2. Materials investigation

X-ray Shimadzu DX-720 model
with CuKa radiation (A=1.54056 A)
was used for XRD analysis. The XRD
curves of the samples were
constructed in the 20 range of 5-75°.
The operating source was under an
accelerating voltage of 40 kV and a
tube current of 20 mA, with a constant
scanning rate of 0.02/1sec. The tensile
creep tests were implemented on all
samples at different temperatures (25,
40, and 80C) under constant loads
(18.7 and 24.94) MPa wusing a
computerized vertical tensile
technique. Electrical resistivity and
conductivity are measured using a
simple circuit (DC) of Ohm’s law.
3. Results and discussion

The findings of this study are

classified to structural, Mechanical
and electrical properties of Sn-9Zn
alloys with Ag-addition in
concentrations (0.1 and 0.3 % Wt.) as
follows:
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3.1. Structural analysis

According to investigated materials structural, figure 1 (a, b and c) showed
the x-ray diffraction (XRD) curves for Sn-9Zn and Sn—9Zn—x Ag solders with (x =0,

0.1, and 0.3 wt.%) respectively.
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Fig. (1): XRD patterns for all three samples; (a) Sn-9Zn, (b) Sn-9Zn-0.1Ag and (c) Sn-9Zn-0.3Ag.

The  obtained  diffraction
patterns have been compared with
standard powder diffraction data (pdf)
using search / match process of
measured data with appropriate
reference file using jade6.5 software.
Figure (1a) showed the XRD results of
Sn-9Zn alloy, which show: (i) large
peaks intensity of Body cantered
tetragonal B-Sn-rich phase, (ii) small
peaks of Hexagonal Zn phases through
the entire Alloy. The structure of 0.1
and 0.3Ag-containing Alloys showed
additional IMCs of Orthorhombic
Ag3Sn and Hexagonal AgZn3,
respectively, while dispersed in B-Sn
rich matrix and Zn Phases Fig. 1(b and
c). The phases with (JCPDS-ICDD)
Reverence card no. PDF#04-0673,
PDF#04-0831, PDF#44-1300 and
PDF#25-1325 for Sn, Zn, Ag3Sn and
AgZn3 respectively are marked in
Figure 1(a, b and c). Also the peaks

of the eutectic a-Zn phase decreased in
the  Ag-containing  alloys, as
documented by (Salem, 2020, Guoda
et al., 2014). So, the formation of Ag—
Zn compounds reduced the Zn content
in the alloy matrix and enhances the
formation of the hypoeutectic structure
in the Sn-9Zn-0.1Ag and Sn-9Zn-
0.3Ag solder alloys (El-Daly et al.,
2015). The particle sizes and
dislocation density were studied as
function of Ag- addition as showed in
Fig. (2). The particle size for B-Sn,
AgzSn and AgZn3 in all the Sn—9Zn—x
Ag alloys were calculated according to

Scherer Formula (Williamson and
Hall, 1953): D=—>=— --- (1),
where: B is the broadening of

diffraction line measured at half its
maximum intensity (radians), D is the
diameter of crystal particle, © is the
Bragg's angle and A is the wavelength
of x-ray.
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Fig (2): The particle size and dislocation density as function of Ag-additio
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The particle size values were
described in Table (1) and, compared
to the B-Sn literature review, the
differences between the D values may
vary in the preparation method and the
heat treatment method. From table
(1), the particle size of B-Sn and Zn
have been decreased with the Ag-
additions, whereas the size of Ag3Sn
increased, and the size of AgZn3
decreased with Ag-additions. The
addition (0.1 and 0.3 wt.% of Ag)
caused to shift only peak of Ag3Sn
IMC from (303) orientation at
260(72.397°) to (400) orientation at 20
(62.9), it can see in Fig. 1(b& c), also,
addition (0.1 and 0.3 wt.% of Ag) to
Sn-9Zn alloys cause to shift AgZn3
IMC at 260 (40.9° and 42.14°) from
(002 and 101) orientation to only
(002) orientation at 26 (40.939°). The
dislocation density (&) calculated by
using : 6 = = - -(2) (Williamson and
Hall, 1953). Its values were listed in
table (1). and particle size of B-Sn as a
function of Ag-addition is shown in
Table (1) and Fig (2). It can be seen

that there is increase in & from
(179%102 to 297x10° nm?) as more
Ag added. The lattice distortions were
studied and calculated according to
(Williamson and Hall, 1953, Cullity,
1978): B=(Z]+5<¢" = Sin-
----(3), where: D is the crystallite size,
and () is local lattice distortion in the
B-Sn matrix. It is good to mention that
the shifted Ag3Sn IMC and AgZn3
IMC may be caused slightly increasing
lattice distortion(g) from 1.80x107 for
0.1Ag to 1.48 x107 for 0.3Ag addition
to Sn-9Zn alloy (and) in the B-Sn
matrix, as exhibited in table (1). A
slight change has occurred in (c/a)
values from (0.542) to (0.54) due to a
lattice expanding in (a) and (c)-axes
with  Ag-additions. Also, it is
noticeable that the cell volumes for all
alloys have been decreased with Ag-
additions as shown in table (1). The
increased particle size of Ag3Sn IMC
(18.5 nm) with 0.3wt.% of Ag and
AgZn3 IMC (18.9 nm) with 0.1wt.%
of Ag may be increased the lattice
distortion (¥).

Samples D D D D D @A | ©A | (ca) | VA | @) )
inWt.% | (B-Sn) | (B-Sn) (Zn) | (AgsSn) | (Agzns) | Of of of Of | x10® | (nm)?
(nm) (nm) (nm) | (nm) (nm) B- | B | B | BSn | Of | *103
In this | literature Sn) Sn) Sn) B-Sn
study review
Sn-9Zn 23.62 | 48 &53" | 16.41 - - 5.863 | 3.175 | 0.541 | 109.14 | 1.16 179
Sn-9Zn- 18.45 - 9.78 5.26 18.9 5845 | 3.18 | 0.542 | 108.6 | 1.80 294
0.1Ag
Sn-9Zn- 18.35 - 9.62 18.5 12.1 584 | 3.178 | 0.54 | 108.4 | 1.48 297
0.3Ag

Table (1): The details of the XRD analysis particle size, dislocation density and

lattice parameters.

*(Ismail, 2020 and (Hammam et al., 2010)).
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3.2. Mechanical Properties
3.2.1 Creep Strain- Time

With  regards to  mechanical
properties for the investigated
materials, figures 3(a, b, ¢, d, e & f)
showed the creep strain-time curves
for Sn-9Zn and Sn-9Zn-xAg, (X =
0.0%, 0.1% and 0.3%,) alloys. The
samples were investigated after
annealing (T=100 °C) and testing at
temperatures of (T= 25 °C, 40 °C, and
80 °C) under two different constant
stresses (o= 18.7 and 24.94 MPa).
From figs. 3(a, ¢ and e), its presented
that the creep time and resistance of
Sn-9Zn- 0.3 Ag alloy with 18.7 MPa
load are the longest compared to that
of the eutectic Sn-9Zn and Sn-9Zn-0.1
Ag alloys. And from figs.3(b, d and f),
the creep time and resistance of Sn-
9Zn-0.1 Ag alloy with 24.94 MPa load
are the longest compared to the
eutectic Sn-9Zn and Sn-9Zn-0.3 Ag
alloys. In general, the creep resistance
of Sn-9Zn-xAg 0.1 and 0.3Ag alloys
was higher than of Sn-9Zn alloy, may
be due to the refinement of structure
and IMCs formation, and these
mechanical improvements are
attributed to the high structural
stability of Sn-9Zn-0.1 and 0.3Ag
alloys compared to the Sn-9Zn. The
formations of Ag3Sn and AgZn3

IMCs in the ternary alloys can result in
impeding the dislocation movement
more efficiently, and produce an alloy
with lower creep rate. Similar
phenomena that agree with Mahmudi
et al, (Mahmudi et al., 2009) can be
found for Sn—9Zn alloy with addition
of Ag. The creep strain rate (S*) of
the Sn-9Zn-XAg alloys was calculated
by using the slope between Strain-
Time Curves in the secondary stage as
shown in Figures3 (a to f). Figs. 3(c, e
and f) for three Alloys showed the
third Stage of creep, while from Figs.
3(a, b and e) the behavior of creep for
three Alloys were showed only in two
creep stages. From Table(2) and
fig(4), with added amount of Ag to
Sn-9Zn, the secondary creep rate
(strain rate (£) decreases while the
creep life increases at this stage at
different temperatures and loads . It’s
may be due to its large lattice
distortion. Although the enhanced
rupture time and creep rate(S?) of the
Sn-9Zn alloys with Ag additions, also
the reason is may be due to an
appearance of IMCs (AgZn3(Hex) and
AgzSn (Orthorhombic) phases), with
Ag-additions to Sn-9Zn Alloys which
is basically returned to their different
crystal structures (Zhao et al., 2019).
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Samples Creep rate(S™?) Creep rate(S™?)

in Wt.% at 18.7 MPa at 24.94 MPa
Tem. 25 °C 40 °C 80 °C 25°C 40 °C 80°C
Sn-9Zn 5.17E-6 1.98E-5 7.57E-5 2.92E-5 1.37E-4 3E-4
Sn-9nZ-0.1Ag | 5.18E-6 1.28E-5 6.57E-5 1.98E-5 8.72E-5 1.56E-4
Sn-9nZ-0.3Ag | 4.16E-6 1.42E-5 6.1E-5 2E-5 9.73E-5 2.2E-4

Figs. (3) Creep strain-time curves for Sn-9Zn-XAg at a) T=25 °C &18.7 MPa, b) T=25 °C &
24.94MPa, C) T=40 °C &18.7 MPa, d) T=40 °C &24.94 MPa, e) T=80° C &18.7 MPa and f) T=80
‘C&18.7 MPa.

Table (2): The variation of creep rate of three samples with Ag-addition.
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Fig. (4) The creep rate (£) for Sn-9Zn-XAg at T=25 °C, 40°and 80 °C under 18.7 and 24.94 MPa.

The Elongation (EI.%) was calculated for all the figures 3(a to f), by using equation:
(EL.%= Strain x 100) --- (4). The El.% plots are drawn in Fig (5), and its values
were listed in the Table (3) for three alloys.

Samples EL.%
in Wt.% 18.7 MPa 24.94 MPa
Tem. 25 °C 40 °C 80 °C 25 °C 40 °C 80 °C
Sn-9Zn 492325 | 7.44558 | 16..73592 | 11.38183 | 26.39442 | 16.54792
Sn-9Zn-0.1Ag | 4.55117 6.2745 | 16.24242 | 9.22767 | 19.8105 | 6.52125
Sn-9Zn-0.3Ag | 3.8775 6.64267 | 21.04033 | 9.47442 | 11.87533 | 7.44558

Table (3): The variation of elongation of three samples with Ag-addition.

—=— Sn-9Zn at 18.7 MPa & 25 C
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—»— Sn-9Zn at 24.94 MPa & 80 C
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T T T
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Fig. (5). The El. (%) for Sn-9Zn-XAg at (T= 25 °C, 40°and 80 °C) under 18.7 and 24.94 MPa.
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The Elongation of Sn-9Zn- 0.3 Ag increasing compared to The EL.% of
alloy at T=80° C with 18.7 MPa load Sn-9Zn -0.1Ag at the same load as
is the longest compared to that of the shown in figs. 3(a, b, ¢, d and f). These
eutectic Sn-9Zn and Sn-9Zn-0.1 Ag results may be represent the
alloys as shown in Fig.(3¢). The EL.% dissolution of Zn or AgZn3 IMCs
of Sn-9Zn at T= 25<C, 40<C and 80<C (Ismail, 2020).

under 18.7 and 24.94 MPa are
3.2.1.1 Creep stress exponents and activation energy for Sn-9Zn-XAg Alloys
The stress exponent (n) parameter and activation energy(Q) of steady state creep

were calculated by using equations: (Rahman et al., 2009): (n = 222 ':é; ) - (5) and

dlnio
Q=-R (i‘—:{i—i) ---- (6), the calculated values of n and Q at different temperatures
. T.
and loads for the tested alloys are creep) mechanism, as documented by
listed in the Table (4) and, compared (Kanda and Kariya, 2012, Wiese et al.,
to the Sn-9Zn-xAg Alloy literature 2008). While, at temperature (T= 80
review, the differences between n and °C) the n value of Sn-9Zn-0.1Ag alloy
Q values may vary in the preparation is due to the dislocation movement
method and the heat treatment method. (slip-creep) mechanism

The results of the values of stress
exponents, as shown in Fig. (6)and
given in Table (4) that compared with
literature review for Sn-9Zn alloy, its
decrease from n= (6 to 4.64 and 5.52)
at T= 25<C, n= (4 to 2.51 and 4.4) at
T=40<C and n= (6.7 to 6.65 and 6.68)
at T= 80<C for Sn-9Zn, Sn-9Zn-0.1Ag
and Sn-9Zn-0.3Ag respectively. The
difference between n values for all
alloys at different temperatures is due
to the dislocation movement (climb-

7.0

—=— Sn-9Zn
—e— Sn-9Zn-0.1Ag
—4a— Sn-9Zn-0.3Ag

6.5

6.0 4
5.5 4
5.0 4
45
4.0
3.5
3.0

2.5

2.0

T T T T T T
20 30 40 50 60 70 80
Temperature( °C)

Fig. (6): The stress exponent(n) values at different temperature with Ag-addition.
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Also, the activation energies in
steady state creep of three alloys were
calculated from the slope of relation
between Ln (Creep rate) and 1000/T at
(T=25 °C, 40 °C and 80 °C) in the
Figs. 7(a and b), with two different
applied stresses. It is noticeable that Q
decreases with the increase of applied

stress that depends strongly on applied
stress and temperatures (Wu and
Huang, 2002). The Q increases with
increasing Ag addition to Sn-9Zn
alloy. It was observed that Sn-9Zn -0.1
and 0.3Ag has the highest Q values
depending on creep resistance, as
documented

by (Mahmudi et al., 2009, Khalifa et al., 2017, El-Daly and Hammad, 2010).

-8.0

(b) B Sn-9Zn at 24.94 MPa
954 (@ W Sn-9Znat18.7 MPa : ® Sn-9Zn-0.1Ag at 24.94 MPa
: 2213521811?3 ZI 12:; mz 854 4 A Sn-9Zn-0.3Ag at 24.94 MPa
-10.0 °
_ — 9.0 -
2 -10.5 g
= o -9.5-
g 11.0 §
E -11.54 =100+
-12.01 4105 -
-12.5 ] ¢
11.0 T T T T T T
2j8 2jg 3j0 3j1 3j2 313 34 2.8 2.9 3.0 3.1 " 3.2 3.3 3.4
1000/T (K™")
10007 (K1)
Fig. (7) The relation between Ln(£) and 1000/T for Sn-9Zn-XAg Alloys at a)18.7 MPa and b) 24.94 MPa.
Alloys Q(KJ/mol) Q(KJ/mol) | Temperature (n) (n) Q(kJ/mol)
18.7 MPa  24.94 MPa (°C) This literature review literature
study review
Sn-9Zn 36.48 27 25 6
7 & 5 (El-Daly et
40 6.7 al., 2014 & 42.12
Shrestha et al.,
2014)
80 4
Sn-9Zn- 41.14 30 25 4.64 42.92
0.1Ag 40 6.65 7.12
80 251
Sn-9Zn- 42.32 34.3 25 5.52
0.1Ag 40 6.68
80 4.4

Table (4): Activation energy (Q) and stress exponent (n) values for Sn—92Zn, Sn—
9Zn-0.1Ag and Sn—9Zn-0.3Ag solder alloys (Sn-9Zn-0.5Ag at load 60 t0130 MPa
and at T=298 K to 370 K (Mahmudi et al., 2009b)).
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3.3. Electrical resistivity and conductivity
With respect to electrical properties, electrical resistivity(g) and conductivity(e)

were calculated by using equations:

_RpA_ 1
p=R7--(I) -

Where L is length of the specimen, R
IS the ohm resistance and A is the
cross-section area (Callister, 2007, La
Barre, 2004). The electrical resistivity

and &= — -

(8), receptively,

values have increased with Ag
additions. This decrease and increase
for p and o are may be due to

enhancing the Ag3Sn and AgZn3

and conductivity of Sn-9Zn-XAg
alloys at room temperature (T= 25 °C)
are shown in Table (5) and Fig. 8( a
& b), in general the p values have
decreased with Ag additions, but the &

formation in Sn-9Zn Alloys with Ag-
Additions.

Samples g (2-Cm) * 103 T (Q-Cm)!

in Wt.%

Sn-9Zn 1.83 546.45
Sn-97Zn-0.1Ag 1.13 884.96
Sn-97Zn-0.3Ag 1.12 892.88

Table (5): The variation of (2) and (&) for three samples with Ag-addition at room temperature (T= 25 °C).

0.0019

at 25 C| 1000

000184 ™ (a) at25C
9504 (b)
0.0017 -
900 4
0.0016 - <
0.0015 4 850 1
E 0.0014 - 8004
Q 3
i ] 750 4
& 0.0013 S
~ |
0012 - 700 4
2.0.0012 <]
0.0011] " © 6504
0.0010 - \/ 600
0.0009 - 550 <
0.0008 T T T T T T T
000 005 010 015 020 025  0.30 500 T T T T T T

T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Ag-Content
Ag (%)

Fig. (8): a) Electrical resistivity behaviour for
Sn-9Zn alloys with Ag additions at T= 25 <C and b) Electrical conductivity behaviour for Sn-9Zn
alloys with Ag additions at T=25 °C.
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4. Conclusions

This study has investigated the
Silver(Ag) improvements in two
concentrations (0.1 and 0.3 wt.%) on
the structural, Mechanical (Creep
resistance) and electrical conductivity
properties of eutectic Sn-9Zn alloy.
The results are summarized as follows:
With the addition of Ag to Sn-9Zn
eutectic alloys leads to the formation
of body cantered tetragonal [-Sn,
hexagonal Zn, Orthorhombic Ag3Sn
and Hexagonal AgZn3 phases. The
average particle size (D) of B-Sn
phases decreased continuously with
addition of (0.1 and 0.3 wt.% AQ),
while The dislocation density ()
increased with Ag-additions. The
creep resistance of Sn-9Zn-0.1Ag and
Sn-9Zn-0.3Ag Alloys are higher than
that of Sn-9Zn alloys at different
temperature and loads due to the
refinement structure and formation of
new IMCs. The n values are due to
that the deformation mechanism is the
dislocation climb for all alloys at
different temperatures. Except at T=
80 °C for Sn-9Sn-0.1Ag alloy, the
dislocation movement (slip-creep) is
controlling mechanism. In general,
increasing of Q with (0, 0.1 and 0.3
Ag)-addition to Sn-9Zn  Alloys
depends on creep resistance. Also, the
decrease of Q with the increase of
applied stress depends strongly on
applied stress and temperature. The
decrease and increase for p and ¢ are
may be due to enhancing the Ag3Sn
and AgzZn3 formation in Sn-9Zn
Alloys with Ag- additions.
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