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Abstract The effects of a third element, i.e., Zn in the
range of 0.5-2.5 wt.%, on structure and properties of the
binary Sn—Ag eutectic lead-free solder alloy were investi-
gated. To identify the structure of the resulting alloys,
X-ray diffraction analysis has been carried out. Resistivity,
contact angles, Vickers microhardness and Young’s mod-
ulus have been measured. The results showed that all Zn
contents were restricted in formation of Ag-Zn compound
indicated by X-ray diffraction peaks, which increased
continuously in the number and intensity as Zn content
increased. Adding Zn up to 1.5 wt.% improved the wetting
and mechanical properties. Above that, wetting angle in-
creased due to the increase in AgZn compound, which may
accumulated at the interface between solders and copper-
substrate resulting a decrease in the adhesive strength. The
alloy of composition Sn-3.5Ag-1.5Zn has the most
improved properties between the others.

1 Introduction

There are many different metals and metal alloys that can
be used as solders. The materials most commonly used in
the electronics industry are tin-lead alloys. Tin-lead alloys
have a relatively low melting point and can be produced at
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a low cost, in comparison with other alloys with similar
properties. But, due to the toxicity of lead present in lead-
tin solders, environmental and legislation trend to reduce or
eliminate the use of lead from a wide variety of uses. So,
many studies tend to intensify the work to form a new lead-
free solder alloy with improved properties [1-9]. There is a
set of the binary alloys chosen as candidate for lead-free
solder: Sn—Bi, Sn—Ag, Sn—Zn, Sn—Cu and Sn—Sb, in which
Sn is the principal component.

Sn-3.5Ag was chosen as the first one of lead-free sol-
ders. In spite of its good wetting properties, it has a high
value of melting point 2ic compared with 183C for
Pb—Sn eutectic solder. In this paper, Zn was added to the
eutectic alloy (Sn-3.5Ag) in the range of 0.5-2.5 wt.% as a
trial to improve its properties. In the past Zn was avoided
as a solder alloying element for two reasons; its high
reactivity in the liquid state with air and its susceptibility to
corrosion. The objective of this study is aimed at investi-
gating the effects of the addition of Zn on structure, wet-
ting, electrical, and mechanical properties of Sn—-Ag
eutectic solders.

2 Experimental procedures

Six of the alloy compositions Sn-3.5Ag-xZn (x = 0-2.5
wt.%) were prepared by melting pure tin, silver and zinc of
purities 99.99 % in a high frequency induction furnace.
Then, pouring the molten alloys on a rotating wheel of the
melt-spinning technique with linear speed 31.7 m/s. The
resulting alloys are in the ribbons form of thickness 100 m
and average width 1 cm. The structure of these alloys was
examined by the X-ray diffraction technique using a Shi-
madzu X-ray Diffractometer with Cu-k,-radiation
(4 = 1.54056 A). Electrical resistivity of the prepared
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samples was measured using double-bridge circuit. Vickers
hardness was measured using Vickers microhardness tester.
Dynamic resonance circuit [10-12] was used to calculate
the dynamic Young’s modulus

3 Results and discussion
3.1 Structure

Figure 1 shows the X-ray diffraction patterns for as-quen-
ched melt-spun Sn-3.5Ag-Zn alloys. For the alloy
Sn-3.5Ag, AgsSn compound was formed in f-Sn-matrix
indicated by two lines as illustrated in Table 1. The pattern
for the alloy Sn-3.5Ag-0.5Zn, shows the formation of
Ag—7Zn compound indicated by a single line appeared at
2 0 = 34.8°, in addition to the presence of the above phases.
The AgZn compound was formed by large amounts with
increasing Zn content indicated by increasing the number
and intensity of the lines due to it as shown in Table 1.

3.2 Wettability

Wetting property was determined by measuring the contact
angle between the solder and the substrate. Figure 2 shows
the variation of the contact angle for the as melt-spun Sn-
3.5Ag—7n alloys. The value of the contact angle for Sn-3.5
Ag alloy is equal to 40 °. By adding Zn, the value decreases
continuously to 32 ° for the alloy Sn-3.5Ag-1.5Zn. Above
that, the value increases to a nearly constant value at 2 and

2.5 wt.% Zn. This variation can be attributed to the pre-
cipitation of Ag—Zn intermetallic compound, which may
prevent the slipping of the planes of Sn—Zn solid solution.
While, the increase that obtained with more additions of Zn
can be attributed to the more precipitations of Ag—Zn
compounds, which may accumulate at the interface then
decrease the adhesive strength.

3.3 Electrical resistivity

The room temperature resistivity for the as melt-spun
Sn-3.5Ag-Zn alloys was provided in Fig. 3. It shows that,
the resistivity increases continuously with Zn content to its
maximum value (19.1 uQ.cm) at 2 and 2.5 wt.% Zn. This
increase can be attributed to the formation of the inter-
metallic compound of higher electrical resistivity than that
of its components, which may hinder the motion of con-
duction electrons from one site to another.

3.4 Vickers microhardness

It is the standard method for measuring the hardness of
metals, particularly those with extremely hard surfaces: the
surface is subjected to a standard pressure for a standard
length of time by means of a pyramid-shaped diamond.
Figure 4 shows the variation of the Vickers hardness value of
the Sn-3.5Ag with Zn content. It shows a continuous increase
in HV with increasing Zn content. This increase can be
attributed to the formation of the hard Ag3Sn and AgZn
compounds, which act as hard inclusions in the soft matrix.
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Fig. 1 XRD patterns for the as quenched melt-spun Sn-3.5Ag—Zn alloys
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Table 1 Phases present in f-Sn-matrix

Alloy Phases present No. of lines
Sn-3.5Ag Ags;Sn 2
Sn-3.5Ag-0.5Zn AgsSn 2
AgZn 1
Sn-3.5Ag-1Zn Ag;Sn 2
AgZn 1
Sn-3.5Ag-1.5Zn AgsSn 2
AgZn 2
Sn-3.5Ag-2Zn AgsSn 2
AgZn 4
Sn-3.5Ag-2.5Zn AgzSn 2
AgZn 4
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Fig. 2 Wetting angle of Sn-3.5Ag versus Zn content
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Fig. 3 Variation of resistivity for the as quenched melt-spun

Sn-3.5Ag—Zn alloys

3.5 Young’s modulus

Properly the first characteristic of a material that comes to
mind is the strength. It is limited by the atomic bonding
forces, which are reflected macroscopically by elastic
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Fig. 4 Variation of HV for Sn-3.5Ag with increasing Zn content

constants. Figure 5 shows the variation of the Young’s
modulus for Sn-3.5Ag eutectic alloy with Zn content. The
value for the eutectic alloy is equal to 43.9 GPa. Adding of
Zn causes continuous increase of this value to a nearly
constant value 58 GPa at 1.5 wt.% Zn and above. This
higher increase can be attributed to the presence of the
intermetallic compounds of higher Young’s modulus than
that of its components due to ionic or covalent bonds
forming these compounds.

4 Conclusion

The present paper investigated the structure and properties
of Sn—Ag eutectic system with adding Zn in the range of
0.5-2.5 wt.%. There is no any precipitations of Zn in the
matrix; all Zn contents were restricted in formation of
Ag—7n intermetallic compound, which indicated by lines
increased continuously in the number and intensity with
increasing Zn content. The alloys have excellent mechan-
ical properties and good wetting ability. The alloy of
composition Sn-3.5Ag-1.5Zn has the most improved
properties between the others.
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Fig. 5 Variation of Young’s modulus of Sn-3.5Ag with increasing
Zn content
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