VOL. 13, NO. 4, FEBRUARY 2018

ISSN 1819-6608

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences i ;ax.

www.arpnjournals.com

EFFECT OF SOLUTION TREATMENT ON MICROSTRUCTURE,
MECHANICAL AND WEAR CHARACTERISTICS OF GRAVITY
DIE CAST ALUMINIUM ALLOY

Radha. R, Jafferson J. M and Darshan G

School of Mechanical and Building Sciences, Vellore Institute of Technology University Chennai Campus, Tamil Nadu, India
Email: radha8vit@gmail.com

ABSTRACT

Non-ferrous materials are widely used in industries, especially because of its corrosion resistance property.
Among them Aluminium alloys are widely used because of its ease of machinability, good thermal Conductivity, less
weight etc. Presently Aluminum is more used by industries than steel. Further Aluminium with alloy elements like copper,
nickel, magnesium, tin etc. will enhance the properties of the materials and these alloyed elements have more industrial
applications. Solution Treatment enhances the properties of these aluminium alloys. This work is focused on synthesis and
characterization of hexenary aluminium Alloy (Al-Cu-Sn-Ni-Mg-Fe) by gravity die casting technique. The microstructure
and wear behavior of as cast, solution treated alloys were elucidated by optical microscopy, pin-on-disc wear test. The
mechanical properties were assessed by the tensile test, hardness test and compressive test. Solution treated aluminium
alloy showed the remarkable improvement in wear resistance, hardness and tensile strength. The uniformly dispersed
thermally stable 6 and Q phases in the aluminium matrix are one of the predominant factor in improving the hardness and
tensile properties. The increase in hardness was achieved with solution treatment significantly reduced the wear rate.

Keywords: hexenary aluminium alloy, solution treatment, microstructure, mechanical properties, wear.

1. INTRODUCTION

The demand for aluminium alloy products is
increasing primarily because of the larger amounts of
castings being wused in automotive and aerospace
applications. A wide range of cast aluminium alloys is
available for commercial use. The current research trend to
develop the aluminium alloys with higher strength, higher
ductility, less weight, and higher wear resistance. The heat
treated aluminium alloys are exhibiting higher strength by
a series of solutionising at higher temperature, water
quenching to room temperature and followed by ageing
with some suitable preferred temperature [2]. The CuAl,
(Precipitate) phase was observed as the main hardening
phase in Al-Cu-Mg alloys. This attributes the strength of
the aluminium alloys during ageing [2]. The uniformly
distributed finer CuAl, phase is formed in the Al-Cu alloys
with the little alloying of Mg and Ag [3]. Al-Cu-Mg alloy
is strengthened with the addition of Ag which is attributed
by the formation of homogeneously distributed dominant
strengthening phases such as orthorhombic face centered
cubic Q phase and tetragonal structure 6 phase [4]. The
tensile strength, wear resistance and hardness of Al-5Cu
alloy were refined with the addition of master alloy Al-
5Ti-0.75Cu. The grain refinement, uniform dispersion of
secondary phases and higher amount of finer 0 precipitates
are attained with the master alloying revealed the
enhancement in the mechanical properties of Al-5Cu alloy
[5]. The alloying of Ce up to 0.45% improved the tensile
properties of Al-Cu-Mg-Ag alloy at room and elevated
temperatures which are attributed by the formation of
thermally stable Q phase [6]. The higher wear resistance
was achieved in the thixoformed A319 alloy which is due
to the finer grains, increase in hardness and homogenous
dispersion of secondary phases [7]. With the higher
contact pressure of 100 MPa and sliding speed 1.5 m/s, the

AA7075 alloy undergone severe plastic deformation
reveals the metallic shiny worn surface [8]. The wear rate
is always observed greater with the higher load
irrespective of the alloying elements and processing
conditions [9]. Even though there has been lots of a
research in the field of developing aluminium alloys there
are limited works in the area of developing hexenary
alloys. The most commonly used processes for
developing Al alloys are sand casting, stir casting, cold
and hot chamber pressure die casting. Different alloying
elements were tried by various researchers. The most
commonly used alloying elements are Copper, Silver,
Nickel, magnesium, Iron, Tin, zinc, silicon, manganese,
calcium, Titanium, chromium, Vanadium, Zirconium, rare
earth elements. etc., Extensive research was done in
binary, ternary and quaternary, aluminium alloys. There is
very limited works available in studying hexenary
aluminium alloys. The addition of copper in aluminium
has proven to increase the strength, hardness and corrosion
resistance. The addition of nickel will improve the
hardness and strength at elevated temperatures.
Magnesium can increase the solution hardening and can
improve the ability to strain hardening. Tin can increase
the ductility and toughness whereas iron can improve the
strength. Solution treatment is generally used to improve
the properties of as cast aluminium alloys by re-dissolving
the residual phases in the aluminium matrix [1]. The
objective of this work is to develop hexenary aluminium
Alloy with addition of 5% Cu 4%Sn, 3% Ni, 2% Mg and
1% Fe and evaluate its mechanical properties, tribological
behavior in detail before solution treatment (BST) and
after solution treatment (AST).
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2. EXPERIMENTAL PROCEDURES

2.1 Alloy synthesis

The melting of pure aluminium ingot along with
the micro alloying elements (Cu - 5%, Sn - 4%, Ni - 3%,
Mg - 2%, Fe - 1%., Al - Balance) are carried out in the
induction furnace. The melt was stirred well for 10 mins at
a temperature of 680° C and degasser tablets were used for
degassing the melt. The molten metal was super-heated
and held at the temperature of 700°C for 5 mins and then
the melt was transferred to steel mould of gravity die
casting. The specification and photograph of the furnace is
given in Table 1 and Figure 1. The cast alloy is shown in
Figure 2. The cast hexenary alloy was then machined as
per ASTM standards for mechanical characterization.

2.2 Solution treatment

Solution treatment is carried out by heating
hexenary aluminium alloy at 430° C (Figure-3) below
solidus temperature (A) with a holding time of 30 mins
(B). The alloy was water quenched to room temperature to
achieve maximum supersaturated alloying elements for
subsequent ageing (C) and allowed to stay in room
temperature for 30 mins (D). Then the alloy was age
hardened at the temperature of 190° C for 3 hours to
achieve maximum strength and allowed to cool to room
temperature by natural convection (E-G).

3. MECHANICAL CHARACTERIZATION

Brinell hardness test (BHN), tensile test and
compression tests were carried out as per ASTM standards
ASTM E 10-08, ASTM E 8M -04 and ASTM E 9-09
respectively. The Brinell hardness test was performed
using a steel ball indenter of 1.5 mm diameter for 60 sec.
Vickers hardness test is performed on the specimen of
diameter 20mm using a diamond cone indenter with a load
of 25gf for 60 sec. The specimen of 12.5 mm diameter and
75 mm gauge length used for tensile test before and after
fracture is shown in Figures 4 & 5. The specimen of
diameter 20mm (1/d ~1) used for the compression test is
shown in Figure-6.

4. WEAR MEASUREMENTS

The wear studies were carried out using pin on
disc teeter as per ASTM G99 standard. The Pin-On-Disc
machine is a versatile unit designed to evaluate the wear
and friction characteristics on a variety of materials
exposed to sliding contacts in dry or lubricated
environments. The sliding friction test occurs between a
stationary pin stylus and a rotating disk. Normal load,
rotational speed, and wear track diameter can be varied.
Electronic sensors monitor wear and the tangential force
of friction as a function of load, speed, lubrication, or
environmental condition. These parameters as well as the
acoustic emissions at the contact are measured and
displayed graphically utilizing the Tribo DATA software
package. The diameter and length of the specimen are 8
mm, 55mm respectively. The sliding speed was set to 210
rpm and wear is measuring time (1-10 min) and load (10N,
20N, 30N). The wear rate and coefficient of friction of

aluminium alloy was estimated by weight loss in the
specimen after each test shown in equation (1 and 2)

wear x107 xI1d* 3
0

Wear rate =
load x slid .dist.
Co-efficient of friction = [rictionalforce(F) @)
load (P)

5. MICROSTRUCTURAL CHARACTERIZATIONS

The specimen was prepared by polishing using
water proof emery sheets ranging from 600- 1000 grits and
then polished with Al203 abrasives, and finally etched
using Krolls reagent (92 ml distilled water + 6ml nitric
acid + 2ml hydrofluoric acid).

Figure-1. Induction furnace.

Figure-2. Cast hexenary aluminium alloy.
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Figure-3. Solution treatment cycle.
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6. RESULTS AND DISCUSSIONS

6.1 Mechanical properties

The tensile strength improved from 114 MPa to 117 MPa
after solution treatment and elongation increased from
4.75% to 5.47%. This may be due to the evolution of new
interdentritic networks of CuAl, and the homogeneous
dispersion of residual phases of additive elements Cu, Mg,
Sn, Ni, Fe in the a-Aluminium matrix during solution
treatment [1]. The tensile test graphs are shown in Figures
7 & 8. At solution treatment of 430° C, the ultimate tensile
strength and hardness was improved. The solution time
was maintained at 30 min which will not allow excess
Figure-4. Tensile test specimen. dissolving of residual phases in a-Al matrix so that the
strength won’t be compromised because if the solution
time is greater than 60 mins there will be grain growth
which significantly affects the tensile strength. The
increase in tensile strength is due to the alloying
composition and structure of the script morphology
phases. The addition of tin favors for the transformation of
platelet phase like structure to script morphology phase
attributed for enhancing the strength of the alloy. BHN test
was conducted at three different untreated specimens and
there values are 76.5, 74.2, and 78.1 which resulted in an
average value of 76.25. BHN test was conducted at three
different solution treated specimens and there values are
93.6, 94.4, and 96.8 which resulted in an average value of
94.93. The vickers hardness of hexenary alloy was 82 Hv
BST and 118 Hv AST. During quenching, the time for
dissolution of alloying elements in the solid solution was
insufficient at the higher temperature [2]. The super
saturated alloy matrix exhibits the internal stresses due to
the very low dissolution at the room temperature. The
increase in hardness was observed in the water quenched
alloys due to its rapid cooling rate phenomenon.

The compressive strength of solution treated
aluminium alloy decreased from 499 MPa to 464 MPa.
This slight reduction in compression strength may be due
to loss in interconnectivity of the intermetallic phases
while the temperature in solution treatment used was
around its solidus temperature. The compression test
graphs are shown in Figures 9 & 10.

Figure-5. Tensile test specimen after fracture.

Figure-6. Compression test specimen after deformation.
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Figure-7. Tensile test stress strain graph for BST.
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Figure-8. Tensile test stress strain graph for AST.
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Figure-9. Compression test load vs elongation graph
for BST.

Figure-10. Compression test load vs elongation graph for
AST.

6.2 Microstructure

6.2.1 As cast condition (BST)

The optical microstructure (Figure 11) shows the
primary solid solution (brighter areas) are uniformly
dispersed along the region of grain boundaries and the
non-equilibrium eutectic solid solution between the grains
(dark areas) showing script type morphology [2]. It reveals
the presence of a-Aluminium matrix, secondary phases
such as (Al-Cu-Mg, Al-Cu-Sn, Al-Cu-Ni, Fe, and Al-Mg-
Sn) and its intermetallic compounds. The dendritic
structures are revealed in the as cast condition.

6.2.2 Solution treated condition (AST)

The dendritic structures as seen in the cast
condition get eradicated by this solution treatment. The
optical microstructure (Figure-12) shows the presence of
two secondary phases in the region of grain boundaries: a
bright platelet like structure was identified as CuAl, which
remained unchanged after the solution treatment and dark
discontinuous platelet like structure reveals script
morphology with the addition of higher tin content [2].
The presence of irregular shaped pores is seen due to the
fastest cooling rate. The coarsening of grains was observed
due to the precipitation of phases within the grains and
grain boundaries, when the solution temperature is
gradually increased are shown in Figure-12.
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6.3 Wear behavior and morphology

The Wear behavior of hexenary aluminium alloy
was analyzed with the variation of the wear loss data with
respect to load and time in (Figure-13). The optical
microscopes of worn surfaces of aluminium alloy BST and
L AR AST are shown in (Figures 14 & 15). The worn surface
Rl ~746 5 shown deep well separated grooves and it is found that the

erence=12. .7 . .

, grooves are along the sliding direction, but not many
cracks are seen. However, crack propagation is observed
along the same sliding direction. It was shown those wear
depths and wear rate of as cast hexenary aluminum alloy is
increased with increase of sliding time and load applied
BST. The increase in wear rate of as cast alloy are due to
the increase in abrasive scoring marks due to the higher
depth of penetration caused by the application of higher
contact pressure [9]. The adhesive wear was noticed with
the solid phase of welding of particles from one surface to
another, when as cast alloy is subjected to the sliding load
of 10N as shown in Figure-14 (a) [10].

>

Figure-11. Microstructure BST.
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Figure-13. Wear under different loading conditions.

It was observed that the depth of wear and wear
rate was decreased after solution treatment. The reduction
in wear loss was due to the improvement in hardness of
aluminum alloy achieved with solution treatment [2]. The
worn surface shown deep well separated craters. Cracks
are also observed which are spread perpendicular to the

sliding direction. It is found that the craters are along the
sliding direction, but not many cracks are seen. However,
crack propagation is seen along the same direction as
sliding. Figure-15 (c) depicted the mechanism of oxidative
and abrasive wear in the solution treated alloy subjected to
the sliding load of 30 N.

Load at 1ON

Load at 20 N
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7. CONCLUSION AND FUTURE WORK

The following conclusions are drawn from the

study of as cast and solution treated hexenary aluminium
alloy:

a)

b)

c)

d)

€)

g)

h)

It is evident that the wear resistance of solution
treated alloy improved by 13%, Hardness increased
by 24% and tensile strength increased by about 3%.
Whereas compressive strength decreased by 7 %.

A solution treatment at 430° of 30 min causes
coarsening of grains and eutectic phases dissolved in
aluminium matrix are most important to the
improvement in tensile strength and hardness.

The presence of alloying elements Cu,Sn,Mg,Ni in the
solid solution of aluminium significantly promotes the
grain refinement.

It was observed as the strengthening effect was
beneficial with the limitation in the addition of
alloying elements.

It was found that improvement in tensile strength is
attributed by the uniform dispersion of dominant
strengthening Al,Cu phases in aluminium matrix
through solution treatment.

The solution temperature and aging temperature can
be varied and we can examine the change in
properties with respect to both the temperatures.

The wear rate was reduced significantly with the
formation of oxide layer and hardness is one of the
significant factors in wear resistance.

The precipitation studies to be carried out which are
essential for analyzing the formation of precipitates
when the aluminium alloy is subjected to the solution
treatment and ageing conditions.
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