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Abstract

The aim of these work is to measure the effect of the addition of In with different atomic percent weight on structure,
melting, Electrical and mechanical properties of Snzo.x at.% -Biis at.% -Sbis at.%- Inkx at.% rapidly solidified. X-ray
diffraction analysis (XRD), differential scanning calorimetry (DSC), temperature dependence of resistivity (TDR), and
mechanical resonance method are performed. It's found that electrical conductivity (o) and thermal conductivity (K)
increased gradually by increasing In at.%. Melting temperature reduced from 470.12 K for Snzo at.%- Biis at.%- Sbis at.%
to 427.13 K in Sne; at.%- Biis at.%- Sbhis at.%- Ing at.%. Also, elastic moduli, internal friction and thermal diffusivity
measured from melt-quenched ribbons.

Keywords

Rapid Solidification (RS); Lead Free Solder Alloys; Sn-Bi-Sb, X-Ray Diffraction Analysis (XRD); Electrical Resistivity;
Thermal analysis ; Mechanical properties.

Academic Discipline And Sub-Disciplines
Physics; Solid State Physics

SUBJECT CLASSIFICATION

Solder alloy

TYPE (METHOD/APPROACH)

Experimental
Introduction

In recent years, substantial efforts were made to develop lead-free solders that are suitable substitutes for classic tin-lead
eutectic solders [1]. There is a growing need for solders that can be used for applications with more demanding service
conditions such as in Sealing in cryogenic applications, Soldering or fusing applications High-end device cooling by
reduces operating temperatures. For these purposes, it is necessary to evaluate the properties of candidate solder alloys
that are related to manufacturing and reliability. There are many different metals and metal alloys that can be used as
solders and a set of binary alloys have been chosen as candidates for lead-free solders those are: Sn-Bi, Sn-Sb, Sn-Cu,
and Sn-Zn. Among the ternary compositions, the Sn-Bi-Zn is used in making printing wiring boards [2]. However all of
these eutectic compositions have a melting temperature above 473 K. Among the commercial Lead-free alloys, Sn-58
wt% Bi eutectic alloy may be a favorable alloy especially for electronics and telecommunications. In fact, this alloy, which
has the eutectic temperature of 412 K and has a higher ultimate tensile stress and shear strength over Sn-Pb eutectic
[3,4]. Bismuth has also been used as the alloying element in ternary Sn-Zn-Bi Sn-Ag-Bi and Sn-Bi-Cu systems to provide
suitable substitutes for Sn-Pb solder alloys [5, 6, 7, and 8].

Indium also chosen in solder alloys because of Indium is ductile and malleable that makes it to deform and fill in the
uneven microstructure of two mating parts, by only moderate pressure. This ductility and malleability is retained at
cryogenic temperatures so that an assembly can maintain the effective seal, even in harsh environments. At relatively high
thermal conductivity of 86W/mK at 85°C, indium is widely used in the applications of thermal management to dissipate the
heat produced by electronic components. Indium compensates for different coefficients of thermal expansion (CTE) during
bonding dissimilar parts. At small percentages, indium can improve the thermal fatigue performance of solders that used in
electronics assembly. Indium alloys enable solders to withstand drop tests better than other low melting alloy. Several
indium-containing alloys that melt at temperatures less than 180°C, could be used as step soldering or applications that
require lower reflow temperatures. Indium has a low vapor pressure, making it suitable for use in high vacuum
applications.

The effect of Sn on reversibility of liquid —liquid transition in Bi-Sb-Sn alloys had been done by Xianfen Li et al and the
results show that Sn plays an important role on the reversibility of liquid-liquid transition [8]. Dragan Manasijevic et al have
studied experimentally the phase equilibria and thermodynamics of the Bi-Sbh-Sn ternary system [9]. Y.S. Hor and R.J.
Cava have reported the thermoelectric properties of Sn-doped Bi-Sb that small amounts of Sn doping dramatically
decrease the thermal conductivity of the alloy system using melt stoichiometric mixtures of elemental Bi,Sb and Sn in 4mm
inner diameter quartz tube [10]. Alberto Torres et al had performed and studied the effects of adding of Sb (0, 3 and 6wt.
%) of Sn-Bi eutectic solder alloys on structure, melting, corrosion and mechanical properties [11]. Thermodynamic
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database for phase diagram in Sn-Sb-Bi ternary alloy system have been investigated by Ohnuma et al and
thermodynamic calculation on the Sn-Sb-Bi showed by [12-18].

The aim of this study was to investigate the effects of In content on structure, electrical, thermal and mechanical properties
of all melt-quenched ribbons of Snzo«-Bi1s-Sbis-Ink (where x=0, 1, 3, 5, 7, and 9 in at. %) that promote the application of
SnBiSbin series alloys on the functionality industry.

Experimental procedures

The materials used in the present work are Sn, Sb, Bi, and In fragments, with purity was better than 99.99% produced by
a single copper roller (200 mm in diameter) melt-spinning technique [19-23]. The process parameters such as the ejection
temperature, and the linear speed of the wheel were fixed at 873 K and 30.4 ms* respectively. X-ray diffraction analysis
(XRD) was carried out with a XPERT-PRO X-ray diffractometer, using Cu-Ka radiation of A = 1.5406 A. Differential
Scanning Calorimetry (DSC) was carried out in a Shimadzu (DSC-50) with heating rate at 10 K-min™. The temperature
dependence of resistivity (TDR) was measured by four probe method using micro ohmmeter of type BS407. The BS407
uses a four terminal measurement system via high quality Kelvin Clip leads with sensitivity is 1 uyQ. The heating range
starts from room temperature up to 480 K with heating rate of 5 K-min™. Elastic moduli, the internal friction and the
thermal diffusivity of melt-spun ribbons were examined in air atmosphere with a modified dynamic resonance method [24].

2- Results and Discussion
2.1 Structure

Figure (1) shows the X-ray diffraction pattern for as-quenched melt-spun of Snzo.x-Bi1s-Sbis-Iny alloys (where x=10, 1, 3, 5,
7, and 9 in at. %). The experimentally results show interplanar spacing's of the first few strong reflections are tabulated in
Table (1). The pattern can be indexed in terms of the co-existence of Tetragonal Sn, Rhombohedral Sb and Bi phases,
Tetragonal In, and intermediate compounds. Such as Rhombohedral SnSb and Orthorhombic InSn, Tetragonal Bislns,

Hexagonal Ino2Sno.s.

The XRD for Snso-Biis-Sbis alloy is shown in Figure 1(a), Sn, Bi and Sb are precipitated as indicated and SnSb
Intermetallic compound is appeared. The unit cell of $-Sn is body centered tetragonal (S.G.: 141/amd).
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Figure 1. The XRD patterns for as-quenched melt-spun alloys. (a) Sn7o-Bi1s-Sbis; (b) Sneg-Bi1s-Sbis-In1; (€) Sner-
Bi15-Sb15-In3; (d) Sn65-8i15-5b15-|n5; (E) Sn63-Bi15-Sb15-|n7 and (f) Sn51-8i15-8b15-|n9 in at %.

The crystal structure of Bi is Rhombohedral-hexagonal (S.G.: R3m). The unit cell of Sb is Rhombohedral (S.G.: R-3m).
The unit cell of SbSn is Rhombohedral (S.G.: R-3m).

Figure 1(b) shows for Sneg-Biis-Sbis-Iny alloy, it is clear that Sb phase and SnSb Intermetallic compound are disappeared
and there is an existence of new Intermetallic compound, these are, InSb with Orthorhombic crystal structure (S.G.:
Pmmn), and Bislns Intermetallic phase with Tetragonal unit cell (S.G.: 14/mcm). It is notice that Sn phase and Bi phase
exist in these positions.
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Figure 1(c) for Sne7-Bi1s-Sbis-Inz alloy show that SnSb Intermetallic compound comeback with the absence of Sb phase
and existence of InSb and Bislns. By Increasing In at.% as in Snes-Biis-Sbis-Ins alloy (Figure 1(d)) will show that a new
phases are formed these are In Intermetallic phase with Tetragonal unit cell (S.G.: 14/mmm) and Ing2Snes with
Hexagonal crystal structure (S.G.: P6/mmm). SnSb Intermetallic phase returns to appear again in the absence of Sb
phase.

Figure 1(e) show Snes-Biis-Shis-In7 alloy and figure 1(f) show Snei-Biis-Sbis-Ing alloy, It quite clear that, in these two
alloys, the all intermediate phases are exist and which may be evidence that In atomic percent become enough for the
exists of all phases. XRD analysis is shown in Table 1.

Figure 2(a) shows the variation of the axial ratio c/a with In concentration and figure 2(b) shows the variation of the volume
of unit cell of Sn phase with In concentrations. It is clear that, there is a drop at axial ratio at Snes-Biis-Sbis-Ins alloy without
these point all values of axial ratio increased by increasing In concentration. From the figure 2 (b), it is clear that the
volume of unit cell of Sn has a variation and the highest value belongs to Sne7z-Biis-Sbis-Inz alloy and the lowest value
belongs to Snes-Biis-Sbis-In;.

In general each unit cell contains an integer number of atoms and the crystal structure is attributed to a crystallographic
system for a crystal tin. In practice, a cell containing a non-integer number of atoms as indicated in Table (ll), it is well
known that cell, usually contains point defects. The distribution of point defects could have a short range order and it
varies from cell to cell.

The uniform macro strain causes a shift of the direction lines to

new 20 positions . This non-uniform micro strain causes a broadening of the corresponding diffraction line [25]. Line width
B, both full width at half maximum (FWHM) and integral breadth, were used a Williamson-Hall plot [26] as illustrated in
figure (3).

Table 1. The XRD patterns details for as-quenched melt-spun alloys. Sn7o-Bi15-Sb1s; Sneg-Biis-Sbis-In1; Snez-Biis-
Sb15-ln3; Sn65-8i15-8b15-|n5; Sn53-Bi15-Sb15-In7 and Snel-Bils-Sbls-MQ in at %.

Phase hkl The lattice parameter for each phase Crystal structure
present

a(A) c (A) v (A%

Sn70-Bi1s-Sbis 5.8177  3.1697 107.2854 Tetragonal (S.G.: 141/amd)

Bi 012 4.6166 11.8450 218.6304 2.5657 Rho.-hex. (S.G.: R3m)

Sb 003 4.4346 11.2270 191.2017 2.5316 Rho. (S.G.: R-3m)

SbSn 021 4.2007 4.5947 70.2147  1.0937 Rho. (S.G.: R-3m)
Snego-Biis-Sbis- Sn 200 5.8231 3.1754 107.6763 0.5453 Tetragonal (S.G.: 141/amd)
1 Bi 012 4.6821 11.8876 225.6854 2.5389 Rho.-hex. (S.G.: R3m)

InSh 201 5.6627  3.15854 91.6919  0.5577 Ortho. (S.G.: Pmmn)

BisIns 312 8.6347 125978 939.2919 1.4589 Tetragonal (S.G.: 14/mcm)
Sng7-Bis-Sbis- Sn 200 5.8281 3.1781 107.9526 0.5453 Tetragonal (S.G.: 141/amd)
Ins Bi 012 4.5599 11.8376 213.1557 2.5960 Rho.-hex. (S.G.: R3m)

SbSn 021 4.2007 4.5947 70.2147 1.0937 Rho. (S.G.: R-3m)

InSb 201 5.8588 3.0461 95.0713  0.5199 Ortho. (S.G.: Pmmn)

Bislns 312 8.4549 12.2575 876.2421 1.4497 Tetragonal (S.G.: 14/mcm)
Snes-Biis-Sbas- Sn 200 5.8369 3.1618 107.7234 0.5416 Tetragonal (S.G.: 141/amd)
Ins Bi 012 45368 11.9134 245.210 2.6259 Rho.-hex. (S.G.: R3m)

In 110 3.2592  4.9436 52.5148 1.5168 Tetragonal (S.G.: 14/mmm)

SbSn 021 4.2995 5.4140 100.0822 1.2592 Rho. (S.G.: R-3m)

InSb 201 5.7350 3.04769 93.2001 0.5314 Ortho. (S.G.: Pmmn)

Bislns 312 8.5908 12.7456 940.658  1.4836 Tetragonal (S.G.: 14/mcm)

Inp2Sngs 001 3.2188  2.99397 31.02095 0.9301 Hexagonal (S.G.: P6/mmm)
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Snez-Biis-Sbis- Sn 200 5.8098 3.1732 107.1093 0.5461 Tetragonal (S.G.: 141/amd)
In
! Bi 012 45240 11.8774 210.5206 2.6254 Rho.-hex. (S.G.: R3m)
Sb 003 4.2077 11.0841 169.9503 2.6342 Rho. (S.G.: R-3m)
In 110 3.2807 4.95398 53.32261 1.5099 Tetragonal (S.G.: 14/mmm)
Sbsn 021 4.3105 5.4191 87.2002 1.2571 Rho. (S.G.: R-3m)
InSb 201 5.8104  2.9958 93.5626 0.5155 Ortho. (S.G.: Pmmn)
BisIns 312 84761 12.5979 905.0973 1.4862 Tetragonal (S.G.: 14/mcm)
Inp2Sngg 001 3.2188  2.9782 26.7219 0.9252 Hexagonal (S.G.: P6/mmm)
Sne1-Biis-Sbis-  Sn 200 5.8217 3.1795 107.7626 0.5461 Tetragonal (S.G.: 141/amd)
In
° Bi 012 45541 11.6544 209.3273 2.5590 Rho.-hex. (S.G.: R3m)
Sb 003 4.2249 11.1293 172.0416 2.6341 Rho. (S.G.: R-3m)
In 110 3.2200 4.94608 51.2843 1.5360 Tetragonal (S.G.: 14/mmm)
Sbsn 021 4.3643 5.0089 82.6250 1.1476 Rho. (S.G.: R-3m)
InSb 201 5.7538  3.03903 94.8620 0.5281 Ortho. (S.G.: Pmmn)
Bislns 312 8.7284 125251 954.2467 1.4349 Tetragonal (S.G.: 14/mcm)
Inp2Sngs 001 3.2193  3.0777 31.8993 0.9560 Hexagonal (S.G.: P6/mmm)
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Figure 2. (a) The variation of c/a with Incc concentration; (b) The variation of v with In concentration

Table (Il). Structural data of Sn phases in prepared alloys.

5.714286 3.110677

7.976974 4.358234 3.63 0.5339

6.428571 3.521277 2.97 18.7

5.928571 3.240503 6.28 13.35

5.535714 3.008522 6.36 96

4.587912 2.508623 4.82 39.7

To find information about the crystallite size Defr and local lattice distortion < %> intin phases, the following equation may
be used:

1 ,
B= (Dw>+ 5 <x2>1/2 sme/)L (1)

The 1/Des and 5 < £2 > % parameters are given in Table (Il ). For the Sn phase is immeasurably low, leads to a good
crystallization state. The results are discussed predominantly in terms of the size and strain values obtained.
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Figure 3. Crystallite size and lattice distortion of Sn phase in (a) Sn7-Bi1s-Sbis; (b) Sneg-Biis-Sbis-Iny; () Sne7-Biis-
Sb15-ln3; (d) Sn65-8i15-8b15-|n5; (e) Sn63-Bi15-Sb15-|n7 and (f) Snal-Bils-Sbls-MQ in at % aIons.

2.2 Thermal Analysis

Figure (4) shows the DSC curves for as-quenched melt-spun pure Snzox-Biis-Sbis-Ink (x =0, 1, 3, 5, 7 and 9 in at %)
alloys. The endothermic peak due to melting was obtained, the melting temperature T, and the enthalpy of fusion AHny
have been determined. AH, was obtained from the integral under the DSC peak of melting as given by equation:

T
AHp = ) C, dt @)

Where, C, is the heat capacity at constant pressure, To and Tr are known as onset melting temperature and final melting
temperature of the specimen, respectively. Table (Ill) shows DSC results. It is evident that the melting temperature
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decreases by increasing In concentration from 473 K for Snzo-Biis-Sbis to 432.65 K for Snei-Biis-Sbis-Ing alloy. The
enthalpy of fusion AH, and the entropy AS decreases by increasing In for all alloys except for Snes-Biis-Sbis-1ns and Sneg-
Bi15-8b15-ln1 aIons.

The pasty range is very important parameter in solder, the highest value calculated to be 15.5 for Snes-Biis-Sbis-In7 alloy
and the lowest value is 7.59 for Snee-Biis-Sbis-In; alloy.

[z 1) Gl 14} =) f)

AT (arb. unit)

300 350 400 a50 500 550 600
T(K)

Figure 4. The DSC curves for as-quenched melt-spun alloys (a) Sn7o-Bi1s-Sbis; (b) Sneg-Biis-Sbis-In1; (€) Snez-Biis-
Sb15-|n3; (d) Snes-Bils-Sb15-|n5; (E) Snes-Bils-Sbls-”’h and (f) Snel-Bi15-8b15-|n9 inat % aIons.

Table (Il). The DSC Details for as-quenched melt-spun alloys.

119.12505

56.34615

473

466.03 473.62 470.24 7.59 39.25 83.468016
455.65 466.18 460.77 10.53 19.09 41.430649

444.3 456.8 451.74 12.5 59.3 131.2702
436.52 452.02 440.92 15.5 10.53 23.881883
427.13 436.92 432.65 9.79 47.21 109.11822

2.3  Electrical properties

Figure (5) shows the temperature dependence of resistivity obtained for as-quenched melt-spun Sn7o.x-Biis-Sbis-Iny , X =
0, 1, 3,5, 7, and 9) alloy in the temperature range from 300 to 450 K. The behavior is metallic, that mean the resistivity
increases by increasing temperature. The resistivity at room temperature p is found to be 239.088 * 10® Q.m for Snyo-Biss-
Shis alloy. By increasing In content, the resistivity decreases linearly up to 92.5 * 10 (Q.m), which shown in Table (IV)
and figure 6 (a). The temperature coefficient of resistivity TCR was calculated to be 14.05 x 107 K™ for Sn7o-Bis-Sbis
alloy. The TCR decreased due to the addition of In as shown in figure 6 (b).

Table (V) gives a list of the electrical conductivities and other transport parameters of the studied quenched ribbons from
the melt. Values of the concentrations of conduction electrons, mobility (u) , collision time (1) and mean free Path (l) are
also given accordingly to the quantum theory [29] .
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Figure 5. The TCR curves for as-quenched melt-spun alloys (a) Snzo-Bi1s-Sb1s; (b) Sneg-Biis-Sbis-Ini; (¢) Sne7-Biis-
Sb15-ln3; (d) Snes-Bi15-8b15-|n5; (6) Sn53-Bi15-Sb15-In7 and (f) Snel-Bils-Sbls-mg inat % aIons.

Table (IV). Resistivity and Temperature coefficient of resistivity (TCR) for alloys.

239.0888 14.0558

200.2 5.9876
189.4736 4.7643
155 4.0307
126 3.8866
92.5 3.3571
Rl
- (a)
Jm
¢
=
100
-
e
o 1 1 . . 5 s T L] ", 0
In concentration (at.%)
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Figure 6. (a) the variation of p at room temperature with In concentration, (b) the variation of TCR with In
concentration.

Table (V). conductivity, concentration of conduction electrons, mobility, and collision time and mean free path for
all alloys.

4.1825

1.52008 17.1735 0.5880
4.9950 1.51696 20.5517 0.7036 0.1807
5.2777 1.51073 21.8047 0.7465 0.1915
6.4516 1.50448 26.7650 0.9164 0.2347

7.9365 1.49823 33.0626 1.13204 0.2713

10.8108 1.49197 45.2255 1.54849 0.3940

2.4  Mechanical Properties

Elastic modulus (E), Shear modulus (G), Bulk modulus (B) and Poisson's ratio are calculated by dynamic resonance
method for Snzox-Shis-Biis-Ink alloys, x=0, 1, 3, 5, 7 and 9 at. %) [30,31]. It is investigated that (E) increases gradually with
increasing the amount of In present which shown as in figure (7) up to 39.02708 GPa to Sne1-Sbis-Biis-Ing alloy. It has
been found that the additions of In in SnSbBiln as melt-quenched ribbons improve the elastic moduli and it is attributed to
the substantial refinement of the solidification microstructure. The mechanical results are shown in Table (VI). It is seen
that there is a gradual increase in values of the mechanical properties with the amount of In content.

It was found that, the existence of metastable structural configurations at the interface and the internal strain distribution
can obviously affect the mechanical behavior. This part reports some results of elasticity or internal friction measurements
coupled to thermal diffusivity analysis on Snzox-Sbis-Bii5-Iny melt-quenched ribbons using chill-block melt-spin technique
[32-33].
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Figure (7). The Elastic modulus (E), Shear modulus (G), Bulk modulus and Poisson's ratio for Snzox-Sb1s-Bi15-Iny
alloys.

Table (VI). The Elastic modulus (E), Shear modulus (G), Bulk modulus and Poisson's ratio for Snvo.x-Sb1s-Bi15-Iny
alloys.

22.21295

25.35725 8.202716 0.369276

23.09387 17.9022 8.98590 0.389105 0.285
28.68701 21.53631 11.22344 0.391238 0.277
32.76205 23.83232 12.88946 0.393427 0.27
36.25926 25.58243 14.34561 0.39564 0.263
39.02708 26.73069 15.52804 0.397879 0.256

There are several equations to do these analyses. It is easy to show that the logarithmic decrement & of the free vibration
amplitude is simply related to the internal friction Q*. When the damping is small, the internal friction Qlis expressed by
the formula:

8

0t =1 ©)

T

Where, & is the logarithmic decrement and defined as the natural logarithm of the ratio of successive amplitudes. Then:

= @)

B ln(:—;) ~
(&)r
Where, A1 and A are the amplitudes at times t; and t,, f is the natural frequency of the free — vibrating system, A E is the
energy lost per cycle and E is the stored vibration energy.

N | =

The internal friction is very sensitive to the small changes in the mechanical state of the melt-spun ribbons and it can be
used to measure thermal diffusivity. From the frequency f , at which the peak damping occurs, thermal diffusivity Dy, is
simply related to the frequency f by the formula :
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2d?
Dy =21 (5)
Where d is the thickness of the ribbon .The measured values for internal friction Q™ and thermal diffusivity Dr, are listed in
Table (VI). The data indicate that the internal friction is quite small and rapidly decrease friction in higher In content for
Sne1-Biis-Sbis-Ing in atomic percent for melt-quenched ribbons. Increasing indium concentrations the thermal diffusivity Di,
is increasing.

Table (VII). Internal fraction (Q™) and thermal diffusivity (D) for Snox-Sb1s-Bi15-Iny alloys.

31.0742 1655.2114

26.9451 1765.1008
17.6514 1908.2901
13.1836 1993.5212
10.1961 2100.0789
6.6179 2535.4966

Thermal conductivity (K) may be calculated from the following equation:
K=5020T+ 10~° + 0.03 (6)

Where, T is the absolute temperature [34]. The mathematical formula that relates thermal diffusivity Dy, to thermal
conductivity K is given by:

@)

Where, C, is heat capacity and it is the temperature-dependent at constant pressure, and p is the density, as shown in
Table (VIII). A typical values of thermal conductivity in units ON.m’l.k'l). The information is necessary for modeling the
optimum conditions during processing.

Dy = ——
th =7

Table (VIII). Electrical conductivity (o), Thermal conductivity, density (p), and specific heat (C,) for Snzo.«-
Sbis-Bii5-Iny alloys.

4.1825 397.8828

4.9950 0.4494 7.9769 319.1966
5.2777 0.4748 6.4285 387.0992
6.4516 0.5804 5.9285 491.1650
7.9365 0.7141 5.5357 614.2571
10.8108 0.9727 4.5879 836.2000

3. Conclusion
From the present study the data shows that:

e From the analysis of X-ray diffraction result has proved that Sn7.x-Sbis-Bii5-Ink , the alloy composed of
tetragonal Sn , rhombohedral Bi phases, with a few lines form Sb phase, In phase, Bislns, and SnSb, InSb,
Inp2She s intermetallic compounds.

e It is found that by increasing Indium content, the electrical resistivity value of SnBiSbin melt-spun alloys
decreases linearly. The scattering centers of the electrons decrease which leads to an increase of orderly atomic
arrangement. The result is a net increase in the electrical conductivity.

e The temperature coefficient of resistivity (TCR) decreases with increasing Indium content.

e Melting temperature decreases with increasing Indium content. Alloys have thermal stability because there is no
phase change before melting peaks and there is a good pasty range in alloy.
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It has been found that the additions of In in SnBiSb as melt quenched ribbons improve the elastic moduli and it is
attributed to the substantial refinement of the solidification microstructure.

Internal friction decreases by increasing Indium content.

Sne1-Biis-Sbis- Ing has best physically prosperities, such as high values of electrical resistivity, elastic moduli and
poisson's ratio, with lower melting point comparison with Sn-Pb eutectic which is indicated in table IX.

Table (IX). Comparison between Snegi1-Biis-Sbis- Ing and Sn-Pb eutectic alloy.

Sne1-Biis-Sbis- Ing 239.08 39.02 0.256 432.6
Sn-37Pb 14.6 35 0.4 456
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