Available at http:/uaspolysok.edu.ng/sospolyjeee/

EFFECT OF ZINC CONTENTS ON THE MICROSTRUCTURAL EVOLUTION OF A LOCALLY
FORMULATED ALUMINIUM-ZINC ALLOY

Salihu B. T.; Verah A. O. and Nasiru M. S.
Mechanical Engineering Department,
College of Engineering, Umaru Ali Shinkafi Polytechnic, Sokoto,
PMB 2356, Sokoto, Sokoto State, salihutbala@gmail.com

ABSTRACT

Aluminium as a very common and important metal in engineering application owing to itsigh strength, low density,
corrosion resistant and high electrical and thermal conductivity. It is normally not suitable for application in
engineering activities until it is alloyed. Zinc (Zn) is one of the major alloying elements for aluminium alloys. This
research investigated the effect of zinc contents on microstructure of aluminium-zinc alloy. Five different categories
of the zinc alloys were developed with composition of zinc ranging from 2% to 10%. One of the specimens in each
categories was Annealed, while the other was Age-hardened and the remainder left as cast. The specimens were
polished, and then etched for observation under the Optical Metallurgical Microscope. The results shown that at
low alloy contents, annealing favoured precipitation of spheroidized Zn, while age-hardening produced lenticular
and botryoidal structures, which in moderate alloy content, annealing gave widmanstatten precipitate as against
age-hardening spheroidized precipitate. The high alloy samples are both modified to dendritic structures and
spheroidized precipitate for both annealing and age-hardening. Most of the Al-Zn alloys never contain up to 10%,
but it is included in this research to reveal the possibility of obtaining Al-10%Zn alloy. The research significance is
mostly in the area of materials science, which guide and direct materials scientists on the nature of microstructures.
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INTRODUCTION

Aluminium is a silvery white, light weight metal with density of 2.7g/cm3, which is approximately one-third of the
density of steel (7.83 g/cm?®) (Barrirero, 2019) and Abdulwahab et al., 2012). Aluminium resists the kind of
progressive oxidization that causes steel to rust away. The exposed surface of aluminium combines with oxygen to
form an inert aluminium oxide film only a few ten-millionths of an inch thick, which blocks further oxidation
(Cheng et al., 2020 and Ebhota et al., 2016). And, unlike iron rust, the aluminium oxide film does not flake off to
expose a fresh surface to further oxidation. If the protective layer of aluminium is scratched, it will instantly reseal
itself. The thin oxide layer itself clings tightly to the metal and is colorless and transparent—invisible to the naked
eye. The discoloration and flaking of iron and steel rust do not occur on aluminium (Cheng et al., 2020 and Davis,
2001).

Due to its desirable chemical, physical and mechanical properties, aluminium is the second most widely
used metal. It is alloyed with elements like Si, Mg, Cu, Mn, Zn, Sn, Fe, etc. (Chen et al,. 2021, Chen et al., 2020,
Mario et al., 2019; Barrirero et al., 2019). Aluminium is easily recyclable, lightweight, relatively soft, durable,
highly workable, high electrical conductivity, which make its alloy an excellent engineering material (Hong et al.,
2021 and Georgantzia et al., 2021).

It is equally attracted by its various unique properties; such as appearance, strength-to-weight ratio,
excellent thermal properties, such as high strength-to-weight ratios, high thermal conductivity, good corrosion
properties, excellent workability properties and good mechanical behaviour (Ann et al., 2021; Georgantzia et al.,
2021 and Abdulwahab et al, 2011).

Aluminium has been identified as an important and useful engineering material with wide range of
applications in transportation, packaging, construction, electronics, aerospace among others (Cheng et al., 2020,
Deekshant and Kaushal, 2020 and Eda and Ali, 2015). They are widely used for different applications in industries
and marine environment because of their excellent properties mentioned above (Hong et al., 2021, Georgantzia et
al., 2020, Popoola et al., 2012).
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Aluminium is a silvery white, light weight metal with density of 2.7g/cm?®) which is approximately one-
third of the density of steel (7.83 g/cm®) (Barrirero, 2019 and Abdulwahab et al., 2012). Aluminium resists the kind
of progressive oxidization that causes steel to rust away. The exposed surface of aluminium combines with oxygen
to form an inert aluminium oxide film only a few ten-millionths of an inch thick, which blocks further oxidation
(Cheng et al., 2020 and Ebhota et al., 2016). And, unlike iron rust, the aluminium oxide film does not flake off to
expose a fresh surface to further oxidation. If the protective layer of aluminium is scratched, it will instantly reseal
itself. The thin oxide layer itself clings tightly to the metal and is colorless and transparent—invisible to the naked
eye. The discoloration and flaking of iron and steel rust do not occur on aluminium (Cheng et al., 2020 and Davis,
2001).

Aluminium has some valuable properties on which the application is based on. The low density of
2.7g/cm3, the high mechanical strength achieved by suitable alloying and heat treatments, and the relatively high
corrosion resistance of the pure metal, which does not require protection of the metal. High thermal and electrical
conductivity, reflectiveness, high ductility and resultant low working cost, magnetic neutrality, high scrap-value, are
some valuable properties of aluminium, and the non-poisonous and colourless nature of its corrosion products
facilitates its use in the chemical and food-processing industries (Barrirero, 2019 and Maxim et al., 2015). One cubic
meter of aluminium weighs 2698.54kg (168.48 1b/ft3) as compared to copper, 8967.41kg (559.87 Ib/ft3) and iron,
7865.76kg (491.09 Ib/ft3). Such light weight, coupled with the high strength of some aluminium alloys (exceeding
that of structural steel), permits design and construction of strong and lightweight structures that are particularly
advantageous for transportation equipment like space vehicles, aircraft, all types of land and water-borne vehicles
(Barrirero, 2019). Furthermore, various treatments of the metal produce valuable features considered when the
applications of aluminium and its finishes are considered (Barrirero, 2019 and Maxim et al., 2015).

Maxim et al., (2015), stated that aluminium is a relatively soft metal in pure state, with yield strength of
only 34.5N/mm2 and a tensile strength of 90N/mm2. Improved strengths and ductility can be achieved through the
development of wide range of alloys making it suitable for various applications today. The alloys are more sensitive
to corrosion owing to the addition of some quantities of heavy metals like copper, zinc, and nickel, which has
heightened the need for protective surface treatment against corrosion. These applications can be seen ranging from
thin foil materials for packaging, drink containers, and electrical purposes, to building industry and aircraft and
armoured vehicles. Consideration is now geared towards corrosion resistant alloys for various applications. The
aluminium-zinc alloys have been known for many years, but hot cracking of the casting alloys and the susceptibility
to stress-corrosion cracking of the wrought alloys curtailed their use. Aluminium-zinc alloys containing other
elements offer the highest combination of tensile properties in wrought aluminium alloys (Davis, 2001).
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Fig.1:Al-Zn Phase Diagram showing the various phases formed

Source: Van Horn (1967)
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Aluminium-Zinc alloy identified as 7xx.x, usually contain 6.2% to 7.5% Zn. Zinc is the principal alloying
element. Other alloying elements such as copper and magnesium may be specified. The 7xx.x aluminium-zinc-
magnesium alloys are notable for their combinations of good finishing characteristics, good general corrosion
resistance, and the capability of developing high strength through natural aging without heat treatment (Ahmet et al.,
2007). According to Dmitri (2006), addition of Zn up to 8% to aluminium in combination with magnesium or
magnesium-copper allows to strengthen the alloys by precipitation hardening heat treatment (Wrought aluminium-
zinc-magnesium alloys (7xxx), Cast aluminium alloy (713.0). Increases susceptibility of the alloys to Stress
corrosion cracking. 7xx.x alloys are used mostly where (Toschi, 2018 and Lu et al., 2015):

i Heat treatable/sand and permanent mould cast (harder to cast)
ii. Excellent machinability/appearance

iii. Furniture/garden tools/office machines/farm/mining equipment
iv. Representative alloys: 705.0, 712.0

V. Approximate ultimate tensile strength range: 30-55 ksi

The aim of the research was to investigate the effects of zinc contents on the microstructure of Al-Zn alloy
developed locally. This aim will be achieved through the development of five Al-Zn alloys with zinc contents
ranging 2, 4, 6, 8 and 10% using sand casting and annealed some, age some and the remainder left as cast, after
which their microstructures were observed. The scope of the research was observed the microstructures of the
samples under the scanning electron microscope.

METHODOLOGY

Five different sets of Al-Zn alloys were produced with composition range from 2%, 4%, 6%, 8%, and 10% by
weight of zinc and casted using sand mould in block form. Each block was cut into three cubes, out of which some
were annealed, others age-hardened and the remaining left as cast. They are grinded, polished and etched and
mounted on the scanning electron microscope for observation.

Table 1: The Al-Zn Alloys specimens Designations
Compositions of alloying elements | Annealed | Age-Hardened | Normal Cast

2% AZ1 HZ1 Cz1
4% AZ2 HZz2 Cz2
6% AZ3 HZ3 CZ3
8% AZ4 HZ4 Cz4
10% AZ5 HZ5 CZzZ5

From the table 1, the coding are as defined on the headers of each column, such as AZ1 is annealed Al-2%Zn alloy,
HZ1 is age-Hardened Al-2%Zn alloy, CZ1 is as cast Al-2%Zn alloy, and that other in the next row to the end. Such
that AZ5 is annealed Al-10%Zn alloy.

Charge Calculations

In each of the five different samples of the various alloying elements of the following compositions; 2% 4%, 6%,
8%, and 10% of the cast produced, the following calculations were adopted.

The following assumptions were made for various Al-Zn Alloys production:

Aluminium losses = 12%; zinc losses = 0%

For the production of Al-2%Zn alloy the calculation is as follows:

Aluminium = —— x 98 = 11.76kg losses; zinc = 2 xo= Okg losses
100 100
Adding these values of losses to the actual compositions of both Aluminium and zinc, it gives
Aluminium =98 + 11.76 = 109.76kg; zinc = 2 + 0 = 2kg
Total =100 + 11.76 = 111.76kg
3
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The calculations follow the same pattern for 4%, 6%, 8% and 10%, which yielded the tables shown below:

Table 2: Calculated values of Al-Zn alloys Charges

Elements involved | Compositions of alloying elements (kg)

2% 4% 6% 8% 10%
Aluminium 109.76 | 107.52 | 105.28 | 103.04 | 100.80
Zinc 2.00 4.00 6.00 8.00 10.00
Total 111.76 | 11152 | 111.28 | 111.04 | 110.80

The piece of aluminium cables were bought at Bello way in Sokoto State, it is the base metal in which other metals
will be added to produce the various alloy for the experimental observations. It has face centered cubic (FCC)
crystal structure and a composition of 99.98%AI+0.01%Fe+0.01%Si.

Zinc powder was obtained from Ceman Ventures Nigeria Limited, Kano, Kano State. It is the alloying
element with hexagonal closed pack (HCP) crystal structure. It is used because it has hexagonal closed pack (HCP)
crystal pattern and a composition of 99.84%2n+0.07%Pb+0.07%Cd+0.2%Fe.

The various alloys compositions were prepared by melting and mixing the aluminium and the zinc in
according the charge calculation values shown in Table 2. The melts were casted using sand mould and cut into
small blocks.

To study the microstructure, small blocks were used, produced by jet polishing with different grades of
sand papers, with the chemical solution consisting of 20% nitric acid and 80% methanol at a temperature of 25°C. A
mean size of structural elements was determined based on the measurements of at least 200 mean diameters. At least
three blocks of each state were studied to obtain statistically significant results.

The microstructure homogeneity as well as the distribution of particles of crystallized secondary phases were
estimated by SEM using JSM-6490LV model of SEM at an accelerating voltage of 20 kV.

RESULTS AND DISCUSSIONS
The results of the microscopic examinations are shown below.
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(a) Annealed Specimen pecimen (c) As Cast Specimen
Micrograph 1: Optical Micrograph of the Al-2%2Zn Alloy (X100)

According to Micrograph 1, it can be observed that (a), contains large nodular structures with intermixed
lenticular structures, precipitates of Zn spheroidized mostly at bottom to the right side of the graph, (b) shows
nodular shapes of the primary Al phase spread in the matrix of Al, botryoidal and lenticular shapes can as well be
seen. Spheroidized precipitate of Zn can be seen scattered, but more concentrated at bottom left and right of the
micrograph. (c) Show some dark precipitate of Zn spread, in form of fibrous structures, widmanstatten precipitates
in mixture with continuous precipitates. White dendritic structures are revealed, with Eutectic phases of Al+Zn. As a
result of the two different heat treatments carried out, the microstructures resulted in different patterns.
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(b) Hardened Specimen (c) As Cast Specimen
Micrograph 2: Optical Micrograph of the Al-4%2Zn Alloy (X100)

In Micrograph 2, it is shown that (a) Reveals large leaf-like dendritic shape, with other smaller dendritic
structures of eutectic phases of Al+Zn, a large dark spheroidized precipitate of the Zn primary phases can be seen,
angular fragments can be seen and also massed spheroidized precipitates of Zn on the bottom of the micrograph to
the left side. (b) shows long acicular structures on the center intermixed with nodular and botryoidal structures can
be seen; (c) reveals several acicular and fusiform structures intermixed within the center and widmanstatten
precipitates wide spread on the micrograph. The difference is as a result of the two different types of heat treatments
on the samples.
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(a) Annealed Specimen (b) Hardened Specimen (c) As Cast Specimen
Micrograph 3: Optical Micrograph of the Al-6%2Zn Alloy (X100)

According to the Micrograph 3 above, it can be observed that, (a) Contains fusiform, acicular and nodular
eutectic phases, with phases of Al+Zn, with some widmanstatten precipitates of Zn concentrates on the right, (b)
shows banded, fusiform, acicular structures, with dark precipitates of Zn spheroidized mostly at the top right and
bottom left, also primary phases can be seen on the center top of the micrograph. (c) has dendritic, acicular and
fusiform structures , with some botryoidal structures seen. This is owing to the different heat treatment given to the
samples.
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@ Annealed_Speci‘meh (b) Hardened Specimer{
Micrograph 4: Optical Micrograph of the Al-8%2Zn Alloy (X100)

Micrograph 4 show that (a) is made up of banded structures in mixture of nodular, lenticular, fusiform and
angular fragments structures, with widmanstatten precipitates of Zn in Al-matrix, and some fibrous lines on the
center part of the micrograph, there are also some white primary phases of Al on the center top of the graph, (b) has
nodular and botryoidal structures mixed with angular fragments structures, with small polygonal grains with patches
of the eutectoid between the and interspersed with globules of Zn, while (c) Contains acicular, dendritic, and nodular
structures of the primary phases can be seen on the micrograph. Dark precipitates of Zn spheroidized in the Al-
matrix. As a results of the two different types of heat treatments given to the samples.
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Specimen (b) Hardened Specimen (c) As Cast Specimen
Micrograph 5: Optical Micrograph of the Al-10%Zn Alloy (X100)

The micrographs 5 show that (a) has dendritic, acicular, nodular and banded structures, with interdendritic
dark patches of eutectoid phases of Al+Zn, Spheroidized precipitates of Zn can be seen at the bottom of the graph,
(b) is made up of widmanstatten precipitates of Zn spread over the microstructure, with a lot of acicular and
dendritic structures, with spheroidized precipitates of Zn at the center and top right corner. The bottom is generally
dark evidence of concentration of precipitates of Zn, while in (c) acicular, lenticular and angular fragments as well
as nodular and botryoidal structures interspersed throughout the graph, with massed precipitates of Zn spheroidized
throughout the Al-matrix. These resulted because of the difference in the heat treatment given to the samples.

From the micrographs shown above it will be seen that:
» Annealing modified the structures of as cast samples from mixtures of fibrous and dendritic structures as
well as widmanstatten precipitate of Zn into spheroidized precipitate of Zn, while age-hardening changed
them to nodular, botryoidal and lenticular shapes for the 2% samples
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» The acicular and fusiform structures as well as the widmanstatten precipitate of the as cast 4% samples is
changed to dendritic shape, with spheroidized precipitate of Zn by annealing, while age-hardening modified
it to lenticular plus nodular and botryoidal structures.

» The 6% samples with dendritic, plus acicular, fusiform structure are modified by annealing to nodular and
widmanstatten precipitate retaining acicular, and fusiform structure, while age-hardening changed it to
spheroidized precipitate and also retaining acicular and fusiform structure

» As for the 8% samples, the as cast acicular, plus dendritic and nodular structures, with spheroidized
precipitate are modified into lenticular, plus fusiform structures, with widmanstatten precipitates by
annealing, retaining nodular structure, while the age-hardening modified it to botryoidal shapes with
eutectoid and globules of Zn, retaining nodular as well.

» The 10% as cast sample’s acicular, plus lenticular, nodular and botryoidal structures with spheroidized
precipitate of Zn are adjusted to dendritic structure, with spheroidized precipitate of Zn retaining acicular
and nodular structures, while it is modified to widmanstatten and spheroidized precipitates with dendritic
structure, retaining acicular structure.

CONCLUSION

From the results shown above, it can be conclude that at low alloying contents (2% and 4%), annealing favoured the
conversion of the structures to spheroidized precipitates, while age-hardening encouraged formation of lenticular
and botryoidal structures. As for the medium alloying content (6%), annealing produce widmanstatten precipitates
as against the spheroidized precipitate for age-hardening. High alloying content (8 and 10%) indicate that both
annealing and age-hardening favoured dendritic structure and spheroidized precipitate formations. As indicated, the
effect of zinc on the microstructure is the evolution of precipitates of Zn and eutectic Al+Zn, which may be
dangerous to the alloy, but can be controlled by heat treatment.
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