SCHOLEDGE International Journal Of SCHOLEDGE Publishing Worldwide

Multidisciplinary & Allied Studies www.theSCHOLEDGE.org
ISSN 2394-336X, Vol.06, Issue 11 (2019) Email: editorial@thescholedge.org
Pg 119-126. ©Publisher

Paper URL: link.thescholedge.org/1103

Influence of Solution Heat Treatment on Toughness of
Zinc-Aluminum (ZA5) Solder Alloy

Adeleke Victor ADEDAYO
Department of Metallurgical Engineering
Kwara State Polytechnic, Ilorin, Nigeria.

ABSTRACT

Background: Zinc-Aluminum (ZA) alloys are important industrial alloys which are
gaining widespread use for many industrial applications due to their excellent castability
and cutting machinability. Since they were introduced in the early 1970s, various
investigations have been carried out on this family of engineering materials to broaden the
scope of areas where they can be usefully applied. While many investigations have been
carried out on many of the ZA alloy materials, only a few studies have reported
investigations on ZAS5.

Objective: Therefore, this study investigated the toughness properties of ZA5 alloy.
Toughness properties of ZAS solution heat-treated were investigated.

Methods: ZA5 alloy material was prepared in the laboratory and cast into rods of 15 mm
diameter and 200 mm length. A sample of the cast rods was solution heat-treated at
100°C for 6 hours, while another untreated sample which served as control was also
prepared. The samples were evaluated for toughness and modulus of toughness on the
Universal testing machine.

Results: Results showed that ZA5 alloy material exhibits superplastic behavior at low
flow stress. Solution heat treatment performed on the alloy significantly modified the
structure of the alloy, and increased the toughness and modulus of the toughness of the
alloy.

Coneclusion: Solution heat treatment at 100°C for 6 hours, the toughness of the ZAb5 alloy
can be used to improve the toughness of ZAb alloy. In general, solution heat treatment of
ZA5 alloy for 6 hours at 100C influenced the properties of the alloy material.
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Introduction

Zinc-Aluminum (ZA) alloys are important industrial alloys available for various
engineering applications. Distinctiveness, antifriction capability, corrosion resistance, and
technological properties, mainly relating to their excellent castability and cutting
machinability, make ZA alloys promising material for industrial applications[1,2].

Since they were introduced in the early 1970s, various investigations have been carried
out on this family of engineering materials to broaden the scope of areas where they can
be usefully applied. Particularly, research efforts have been made to understand the
phenomenon of dendritic segregation in these alloys[2]; the effects of casting/processing
techniques of structural formations in the ZA alloys[3-5]. Efforts were also made to
investigate mechanical properties [3,6,7], however mostly, tensile properties of these
alloys were more studied. Only a few studies have reported research efforts on ZA5, one
of the important materials in this family of alloys. No research efforts have reported
investigations on the toughness of ZA5 alloy. To meet the growing demands for the
application of these alloys in industry, extensive studies on microstructural changes and
phase transformations which occur during various thermal and thermo-mechanical
processes are required [8]. Generally, understanding the mechanical properties of
materials is very important [9-12] to provide knowledge which is vital and useful for
design and many other important engineering applications.

Therefore, in this present study, the investigation into the toughness property of ZAS is
made. The influence of solution heat treatment at 100°C for 6 hours on the toughness of
the alloy is investigated.

Materials and Experimental Procedure

The material used for the study is zinc-aluminum alloy (ZAS5). This material was produced
by melting together and casting zinc and aluminum metals. About 9Kg of Zinc metal scrap
was melted in a lift-out crucible furnace, after which about 0.5Kg of Aluminum was
dissolved in the molten zinc metal. The molten metal alloy mixture produced was cast into
rods of 15mm diameter and 200mm length in sand molds. The quantitative elemental
chemical analysis of the cast rods was carried out with an optical emission spectrometer.
The result of the chemical analysis test is presented in Table 1. Produced cast rods were
machined into ASTM standard tensile and impact test pieces on a lathe machine for
evaluating fracture energy and toughness of the test pieces. Two test pieces each were
produced from the cast rods for each test, fracture energy, and toughness. One test piece
served as a control specimen, while the other test piece was heat-treated at a temperature
of 100°C for 6 hours, after which the sample was removed and quickly quenched in water
maintained at a temperature of 10°C. Both rods were then evaluated for fracture energy
on Universal Testing Machine and toughness on the Hounsfield impact testing machine.
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The stress-strain curve of the samples from testing on the universal testing machine was
equally obtained for further analysis.

Results and Discussion

The results of the study are presented in Tables 1 and 2 and Figures 1 to 5. Table 1
presents the results of the elemental chemical analysis of the produced ZA5 alloy. Table 2
and Figure 1 show the result of the toughness test and fracture energy evaluation by the
Hounsfield Impact testing machine and Universal Testing Machine. Figures 2 and 4 show
the stress-strain curves for the untreated (control) sample and the solutionized sample
respectively. The microstructures of the control and the treated samples are presented in
Figures 3 and 5 respectively.
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Table 1: Chemical composition of the ZAb5 alloy

Mn Si Cu P Cr Ni \ B Al Mg Na
Mean 0.13 0.12 1.47 <0.0005 | 0.005 | 0.12 0.002 | 0.0135 | 15.4104 | 0.0005 | <0.0001
(Conec.
%)
Ca Ti Zr Fe Ag Zn Sn Sh Pb Co
Mean 0.0003 | 0.003 | 0.001 | 0.036 0.035 | >79.0 | 0.002 | - 3.74 0.004
(Conec.
%)
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Figure 1: Toughness values of the tested samples of ZAb alloy

Table 2: Toughness values of the tested samples of ZAb5 alloy

Sample Toughness (Joules) Fracture Energy (Joules)
Solution treated ZAb5 20.54 1.24
Untreated ZAS 34.41 0.56
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Microstructure of control sample
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Figure 4: Stress-Strain curve for the solutionized sample

Figure 5: Microstructure of solutionized sample

Table 2 and Figures 2 and 4 present toughness and fracture energy test results measured
by the Hounsfield Impact testing machine and Universal testing machine respectively. The
result shows that the untreated (control) sample had a higher toughness value of 34.41J,
while the solution heat-treated sample had a lower toughness value of 20.54J. The
untreated (control) sample had fracture energy of 0.56J while the solution heat-treated
sample had a higher fracture energy value of 1.24J. The fracture energy values are rather
low and indicative of the concave-up (J-type) stress-strain curve [9,10] observed for the
samples. J-type stress-strain curves normally exhibit low area under the stress-strain
graphs, indicating low energy absorption during the deformation of samples by tensile
tests [10]. Materials exhibiting J-shaped stress-strain curves can be extremely tough,
even though the fracture energy for the material is not particularly high [10]. This
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toughness arises for the fact that the lower part of the J-shaped curve gives a very large
extension for low applied stress, so the shear modulus in this region is very low and so
there is no mechanism whereby the released strain energy on fracture can be transmitted
to the fracture zone. Areas of large extensions for low applied stresses are seen in Figures
2 and 4. The material gets stiffer as the failure point approaches ensuring that very large
extensions require large stresses. Since the J-shaped curve is concave, the area under the
curve up to a given extension is far lower than that for the equivalent Hookean curve
meaning that the energy released in the fracture of a material with a J-shaped stress-
strain curve is far lower than the energy released when an equivalent Hookean material
fails. Since the release of energy drives crack propagation, a material that releases less
energy on fracture is tougher.

The improved fracture energy values of the solutionized specimen can be due to the fine
and stable grain size of the aluminum-rich (a-phase) and zinc-rich (B-phase) terminal solid
solutions superplastic microstructure formed during solution treatment of the alloy at
100°C [5], which has improved the energy release during fracture. Normally, smaller
plastic zone size in-plane strain results from the triaxiality of the stress state, which
restricts plastic yielding. Superplastic states have been reported to improve elongation
[3,5]. Improvement of the material property leads to improved fracture energy observed
for the solution heat-treated ZAS5 alloy. The presence of superplastic structure is
confirmed in the micrograph of solution heat-treated sample presented in Figure 5

Conclusion

The result of the investigation showed that ZA5 alloy has low toughness values for both
treated and untreated samples. This alloy in the as-cast and solution heat-treated states;
exhibits superplastic conditions, where low flow stresses bring about high elongation in
the material. Solution heat treatment at 100°C for 6 hours, the toughness of the ZAb5
alloy can be used to improve the toughness of ZAS5 alloy. In general, solution heat
treatment of ZAb alloy for 6 hours at 100C influenced the properties of the alloy material.

Acknowledgment

The author wishes to thank Dr. Francis I. Alo of the Department of Material Science and
Engineering, Obafemi Awolowo University, Ile-Ife; for assistance in testing the properties
of the cast samples and for the help in providing relevant literature for the preparation of
the manuscript of this paper. His efforts are gratefully acknowledged.

References
[1]. Elzanaty, H. (2014) The effect of different copper content on microstructure and
mechanical properties of Zn-40Al and Al-40Zn alloys. International Journal of
Research in Engineering and technology, Vol. 2, pp. 55-62.

[2]. Peter, 1., Agapie, M., Varga, B. (2018) Dendritic Segregation of Zn-Al Eutectoid
Alloys; Metals, Vol. 8, No. 924, pp.1-13

See this paper online at: https://link.thescholedge.org/1103 125



[3].

[9].

[10].

Seenappa; K.V. Sharma, (2011) Influence of Heat Treatment on Microstructure and
Mechanical Properties of Some Zinc Based Alloys, International Journal of Materials
Science, Vol. 6, No. 1, pp. 57-64

Chen, T.J., Zhao, H. J., Ma, Y., Hao, Y. (2015) Microstructure Observation of
Naturally Aged Thixoforming ZA27 Alloy, Materials Research, Vol. 18, No.6, pp. 1-
25

American Society for Metals, (1972),Atlas of Microstructures of Industrial Alloys,
Metal Handbook, 8" Edition, Vol. 7; American Society for Metals, Metals Park, Ohio,
pp- 337, 340

Adedayo, A.V.; Abdusalam, Y.N. 2018 Effects of 600 Microns Particles of Eggshell
on Tensile Strength of Zinc-Aluminum (ZA27), International Journal of Modern
Research in Engineering and Management; Vol. 2, No. 5, pp. 108-112

Adedayo, A.V. (2019) Effects of 600 Microns Particles of Eggshell on Elongation of
Zinc-Aluminum (ZA27), East African Scholars Journal of Engineering and Computer
Sciences, Vol. 2, No. 5, pp: 149-152

Zhu, Y. H. (2004) General Rule of Phase Decomposition in Zn-Al Based Alloys (II)—
On Effects of External Stresses on Phase Transformation, Materials Transaction, Vol.
45, No. 11, pp. 3083 to 3097

Roylance, D. (2001) Stress-strain curves, Available at:
https://ocw.mit.edu/courses/materials-science-and-engineering/3-11-mechanics-of-
materials-fall-1999 /modules/MIT3_11F99_ss.pdf (Accessed on: August 1, 2019)
University of Cambridge, (2018) J- shaped Curves. Available at:
https://www.doitpoms.ac.uk/tlplib/bioelasticity/j-shaped-curves.php(Accessed on:
August 3, 2019)

. Thirumalvalavan, S.; Senthilkumar, N. (2019) Evaluation of mechanical properties of

aluminium alloy (LM25) reinforced with fused silica metal matrix composite, Indian
Journal of Engineering & Materials Sciences Vol. 26, Feb. 2019, pp. 59-66

. Panwar, N; Chauhan, A. (2018) Analyzing on the Effects of Process Parameters on

Tensile strength for Al 6061-Red Mud Composite, Journal of Scientific & Industrial
Research Vol. 77, Nov. 2018, pp. 646-651.

See this paper online at: https://link.thescholedge.org/1103 126


https://ocw.mit.edu/courses/materials-science-and-engineering/3-11-mechanics-of-materials-fall-1999/modules/MIT3_11F99_ss.pdf
https://ocw.mit.edu/courses/materials-science-and-engineering/3-11-mechanics-of-materials-fall-1999/modules/MIT3_11F99_ss.pdf
https://www.doitpoms.ac.uk/tlplib/bioelasticity/j-shaped-curves.php

