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1. Title of the thesis and abstract

Title of the Thesis: Characterization of 7075 Aluminium Alloy using Modifier and

Heat Treatment.
Abstract:

Wrought 7075 aluminium alloy is a prevalent high-strength and lightweight in the
automobile and aerospace industries. The 7075 quaternary alloy having primary
alloying elements is Zn; others are Mg and Cu. There is a broad applicability of A17075
in wrought conditions after machining, which is costlier and time-consuming. The
casting route is cost-effective but has a problem with hot tearing and solute
segregation due to its wide solidification range. The solidification behaviour of 7XXX
aluminium alloy is a little sluggish due to its three elements and distribution within

the a-Al matrix.

There are ways to alter the segregation pattern during solidification and finally into
the microstructure. The same can be possible thermally, chemically and mechanically
or by combining any two treatments. This research mainly focuses on modifying the
solute position within the microstructure by creating heterogeneous nucleation sites.
The high-temperature oxides like ZrOz, TiO2, and ZrTiOs4 create heterogeneous
nucleation sites and alter the solidification behaviour after casting. The results are
compared with those without oxide-added cast Al 7075. The oxide powders were
added with a fixed 2.5 weight percentage. SEM was carried out to check the oxide
particle size, and EDS was done to check the chemical composition of the as-received
powders and their purity. The final oxide-added samples of A17075 were studied in
detail using microstructure examination, SEM-EDS study to check the local chemistry,
and XRD analysis to confirm the generated phase. Among all the oxides addition, the
best mechanical properties and microstructure modification were observed in 2.5
wt.% ZrOz-added Al 7075. The higher mechanical properties were achieved due to the
reduction in average grain diameter and uniform distribution of the intermediate
phases like n(MgZnz), S(Al2CuMg), and T(AlCuMgZn) in the a-Al matrix. SEM-EDS and
XRD confirmed the presence of the intermediate phases. SEM-EDS analysis was also
used with a different approach to determine the closest intermediate phase by

checking an elemental ratio of Zn/Mg in the micrograph. Further, all the micro

1
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samples were kept for two-year to understand the effect of natural ageing. The change
in the intermediate phase distribution was observed, and microhardness was

recorded.

To understand the segregation issue caused by solid-liquid interface movement and
solute rejection by the solid phase during solidification, the effect of controlled
diffusion solidification by quenching cast Al7075 was also investigated. The cast
Al7075 was quenched in three variants: ice water, hot water for 30 minutes and hot
water until it cooled down. The mould was kept in the ice and hot water while pouring
the melt. The effect of quenching was observed on microstructure and mechanical
properties both. The non-equilibrium intermediate phase distribution was observed
within the o-Al matrix. The effect of ice and hot water influenced the formation of
primary a-Al and eutectic phases. The observed eutectic phase morphology differed
from dendritic to non-dendritic for ice-quenched Al 7075. The best results were

achieved for 30 min quenching in hot water, i.e. 197 MPa UTS and 100 BHN.

The solutionizing heat treatment attributes temperature-dependent equilibrium
solid solubility of 7XXX aluminium alloys, and quenching in water provides a
supersaturated solid solution which produces solute clusters. The time-dependent
low-temperature ageing treatment below equilibrium solvus temperature forms
translational precipitates. The third phase of the present research work includes the
effect of heat treatment response for high-temperature oxides added cast Al 7075.
The oxides like ZrOz, TiO2, and ZrTiO4 were added to cast Al 7075 and heat treated by
solution treatment followed by double-step ageing. Usually, Al 7075 is age-hardened
by T6 treatment (artificially aged), but in the present study, double-step ageing was
given to oxide-added cast A17075. The samples were solutionized at 480 °C for 1hr for
homogenization and then quenched in cold water to get a supersaturated solid
solution (assss) followed by double-step ageing at 100 °C for 4 hr + 135 °C for 17 hr.
The microstructure, mechanical properties, SEM-EDS, and XRD analysis were
performed to study the effect of double-step ageing of oxide-added Al 7075. The
highest mechanical properties were achieved in the ZrOz-added Al 7075 before and
after double-step ageing. The homogeneous distribution of precipitates improved the
mechanical properties. The tribology study was also performed on the samples before

and after heat treatment. The wear rate of ZrOz-added Al 7075 is low, and a
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comparison of the wear mechanism was also studied for the as-cast and other oxide-

added samples.

The different casting techniques have advantages and disadvantages by considering
the mechanical properties and applications due to the changes in the solidification
pattern of the cast alloys. The heat dissipation from a different mould generates the
thermal gradient and controls the microstructure and mechanical properties. Three
casting methods, permanent mould casting (gravity die casting), green sand casting,
and investment casting, were used to check the solidification pattern. The
microstructure, mechanical properties, and SEM-EDS analysis were performed to
understand the segregation pattern and response of the different casting techniques.
The tensile strength achieved by gravity die casting is 183 MPa. The hardness value
after gravity die casting is 59 BHN, 100 BHN in green sand casting, and 86 BHN in the
case of investment casting. The observed high hardness is due to the formation of

eutectics within the grain and interdendritic channels at grain boundaries.

Wrought Al 7075 is very costly in the market. From the market survey, the cost per
kilogram varies between Rs. 600 to 950 and is even higher. Attempts were made to
develop 7075 alloys by adding alloying elements into the pure aluminium in a
resistance heating furnace to reduce cost. The four attempts were performed, and the
last attempt successfully adjusted the final chemistry of Al 7075 as per the standard.
The addition of the alloying elements and their sequence is a crucial parameter while
developing an alloy. The design of an alloy was adjusted by considering the recovery
of alloying elements. The final chemical difference was adjusted in the next heat. The
microstructure and mechanical properties were compared with wrought Al 7075. The

developed alloy costs Rs. 280 to 300 per kg, 50% lower than the market price.

The insightful research on the characterization of Al 7075 was done by using
modifiers and heat treatment to change the segregation pattern and microstructure,
and finally, the mechanical properties. The effect of quenching and different casting

techniques are also studied in detail.
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2. Brief description of the state of the art of the research
topic

Wrought Al 7075 alloy is well-known in the area of aerospace industry and
automobile sectors. Such materials reduce the problem of CO2 emission due to high-
strength and low-weight ratios. The cast properties of nonferrous alloys do not match
with wrought properties of the same. Cast products have problems with porosities,
segregation, and grain size, which reduces the mechanical properties. Solute

segregation is the main problem of cast 7075 aluminium alloy.

Many techniques are studied to improve the cast properties of 7075 alloys. It is
categorized into three major areas; the addition of oxides, modification of the heat
treatment cycle, and the micro-alloying effect [1], [2]. Many researchers studied the
addition of oxides, carbides, and nitrides in aluminium alloys to improve the
structure-property relationship. The addition of Alz20s3, TiO2, TiC, SiC, AIN, and
numerous other additives is investigated in Al alloys, including Al7075 [3]-[8]. The
other technique includes a heat treatment cycle named the diffusion-controlled
solidification process can alter microstructure [9], [10]. The micro-alloying effect
includes grain refinement of cast alloy by adding a small quantity of Zr, Sc, Sr, Ag, Er,
Ti-Bz, and other rare earth metals [11]-[16]. The 7XXX aluminium alloy has Zn, Mg,
Cu, and Cr solutes. The solute redistribution during solidification leads to micro-
segregation and the formation of coarse intermetallic particles, which can
significantly influence the properties of the 7000 series aluminium alloys [17]. With
decreasing Zn/Mg ratio, the density of MgZn2 phases in the grain interior increased,
and precipitates were observed at the grain boundary. The strength of these alloys
generally depends on Zn to Mg ratio [18]. It has the problem of hot cracking during
rapid cooling even with a Zn concentration of around 7 to 8 wt.% [19].The as-cast
microstructure involves o(Al), eutectic of (a(Al) + Mg (AlCuZn)z, and Al7CuzFe phases
[20]. The small addition of zirconium can improve its properties by forming
metastable and coherent AlsZr dispersoids, which prevent recrystallization through a

grain boundary pinning mechanism [21].
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2.1 7XXX aluminium alloys

7XXX aluminium has zinc as the primary alloying element, in amounts of 1 to 8 wt. %.
The small amount of magnesium improves strength by making it heat-treatable. Other
elements, copper and chromium, are added in smaller quantities [22]. The chemical
composition of 7075 aluminium alloy as per the standard is presented in Table 1. As
a principal alloying element of zinc, the commercial Al-Zn-Mg alloy forms phases by
eutectic decomposition: hcp MgZn2 and bcc AlzMgsZns during solidification. These
two metastable phases strengthen this copper-free alloy, and the formation depends
on the zinc/magnesium ratio. The copper-containing Al-Zn-Mg-Cu alloy, where
copper and aluminium substitute zinc in MgZnz and formed Mg(Zn,Cu,Al)2, and

Al2CuMg by eutectic decomposition or solid-state precipitation [22]-[25].

Table 1 chemical composition of 7075 aluminium alloy as per standard [26]-[28].

Wt.%
Alloy
Zn Mg Cu Mn Cr Si(max) Fe (max)
7075 51-6.1 2.1-29 1.2-2.0 0.30 0.18-0.28 0.40 0.50

2.2 Effect of grain refiners and modifiers on 7XXX aluminium alloys

Many researchers added oxides [29]-[37], carbides [29], [30], [46]-[54], [38]-[45],
nitrides [55]-[60], borides [61]-[64], and other micro-alloying elements in Al 7075.

The summary of the wide literature survey is presented in Table 2.

Table 2 Details elements or reinforcement, additives, grain refiners addition, methodology, and properties
reported by researchers.

Elements/Reinfo Methodology Properties Discussion Ref
rcement/Additiv

e/Grain Refiners

Al-4.5Cu-0.3Mg- Die Casting UTS (217-250 MPa) Coarse AlsZr particles  [65]
0.05Ti+ Zr Route (Master are present in the

(0.05wt. %-0.5wt.  alloys Al-5Ti-1B intergranular regions.

%) + Al + Mg+ Cu-

50Al) remelted
for Zr addition

Al7075+Al1-2Sc Die Casting Peak Hardness 195 BHN  Alz(Sc, Zr) nano- [66]
and Al-15Zr Route + thermo-  with 50% dispersoids are
mechanical Rolling at 100 °C + UTS uniformly distributed
treatment 611 MPa throughout the
Peak Hardness 160 BHN  microstructure.
with 30%
Rolling at 100 °C + UTS
612 MPa
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Al-Zn-Mg-Cu-Sc- Die casting 0.4% Er - corrosion Er controls the [67]
Zr+ Er content (0- Route potential was reduced microstructure; the
0.4%) due to AlsCu4Er and dendrite arms and

Al3Er, two phases that grains size are refined
enhanced the potential first, then coarsened
difference between the and refined again.
grain boundary and the
matrix.
7075- vortex casting Nano (1wt.%) - 682 MPa  For micron particles, [68]
T6+Reinforcemen method + nano, Sub-micron(2wt.%) - the final tensile
t by SiC submicron and 652 MPa strength was
micron SiC Micron(2wt.%) - 627 improved in
added MPa specimens with 2 wt.
%.
7075 alloy Selective laser UTS - 291 + 19 MPa; EL-  Inoculation of 7075 [69]
powder with 1 melting (SLM) 7.9 £ 2.9%. After T6 - by Ti powder
wt.% Ti UTS 503; + 6 MPa; EL - produced crack-free,
submicron 7.5+1.2% fine-equiaxed
particles (0.2 - 2 microstructure.
pm)
Al7075+Nb Ingot Casting + The micro-hardness of Nb addition modified [70]
Melt spinning 0.5 wt.% Nb- 0.9 GPa. 3 the dimensions and
times more than without shapes of both a-Al
added Nb. and intermetallic
phases. The average
grain size reduced
from 9.1 um to 2.46
pm.
Al7075+ (WC-Co)  Addition of UTS 193 MPa; EL-1.86 Increases the yield [71]
(50 um) Cermet 3,6,and for 9 wt.% stress and tensile
9 wt. % by Stir 108 BHN strength by 49% and
Casting 58% but drastically
decreases the
percentage elongation
by 84%.
Al7075+6wt.%SiC  Stir Casting Wear of 10N, 2 m/s Wear mechanism by [72]
(~20 pm) sliding speed, 500 m SEM, abrasive wear
sliding distance - and ploughing.
optimum wear
Al7075+Si3N4 (2 Stir Casting UTS- 209 MPa, EL-24.2 Al7075+5wt.% [73]
to 8) wt.% Hardness - 152 VHN, Si3N4+1.25wt.%
increase 3%, HfC Fatigue stress - @70Kg; HfC+3.5wt.% MoS:
(0.5t0 2) wt.% 17653 cycles - No failure  shows the optimum
increase 0.75% result of tensile and
and MoSz (2 to 5) fatigue due to the fine
wt.% increase 1.5 grain size.
%
Al7075+0.2 Die-Cast refined the grain size of Graphene can [74]
Graphene 7075 Al alloys from 78 promote
pum to 45 pm heterogeneous

nucleation and has
little effect on the
thermal properties of
as-cast 7075.

Characterization of 7075 Aluminium Alloy using Modifier and Heat Treatment



Synopsis Devang V. Mahant
Al7075+(0-20 Direct Melt the grain size of a-Al is The refining effect of [75]
Vol.% Si02) Foaming Method reduced, forming the SiO: is due to
+Foaming agent MgAl204, MgO, Al203,and  heterogeneous

Mg.Si nucleation of the a-Al
grain by SiOz particles
or restriction of the a-
Al grain growth.
7075+TiB2 (3-6 Rheocasting Before HT - 70BHN The average grain [76]
wt. %) After HT - 75BHN sizes are 23 pm, and
Rheocast has a lower the shape factors are
Wear rate than die-cast. 0.96 of rheocast 4.5
wt.% TiB2/7075
Al7075+Nano Stir Casting As cast-70 BHN; UTS- The volumetric wear [77]
TiOz (5 and 10wt. 212 MPa loss of matrix and
%) 5wt.% TiO2 -78 BHN; TiO particles
UTS-247 MPa reinforced
10 wt.% TiOz -99 BHN; nanocomposites
UTS-298 MPa increased with
increasing applied
load and speed.
Al7075+ (0.1- 0.6  Die-Cast + 1.0.6 wt.% Sc-128 HV; Sc significantly [78]
wt. %) Sc (Micro-  addition by 2. After reduces the grain size
alloying) master alloy homogenization@ 460°C  from 129.92 pm to
+Hot rolling + for 10h -Micro-hardness  32.17 um with 0.6%
Solution -98 HV; UTS - 195 MPa;  Sc
treatment 3. Via hot rolling@400
followed by °C;50% reduction,
ageing treatment solution (470°C for 1h
and aging treatment
120°C for 24h) - 152HYV,
UTS - 450 MPa
Al7075+ (1-4 wt. AM (Laser Optimum properties of The grain size [79]
%) TiB2 Melting 4wt. % TiB2 127.8 HV decreased by 32 %
deposition) compared with the
unreinforced 7075 Al
specimen.
Al7075+5wt.% Stir Casting Al7075 HMMCS + 8wt. %  The wear resistance [80]
nano B4C + 10 ZrO2 has less wear increased as the
wt.% of Al203 resistance. weight fraction of
and improved by Zr02 increased within
2,4,6 and 8wt.% Al7075 hybrid
of ZrO2 nanocomposite.
nanoparticles”
Al7075 + (0.5,1.5 Stir Casting 2.5 wt.% ZrO2 The hardness, [81]
& 2.5 wt. % Zr02) Hardness - 122 HV strength of yield, and
(50-75 pm) UTS - 131 MPa; EL - tensile strength
4.7% increased with
increasing the weight
% of ZrOz to 2.5 wt. %
while the elongation
decreased.
Al7075+ (3,6,9, Compocasting 6 wt. % ZrO2 Alarge increase in the  [82]
12 wt. %) (5-11 process Hardness -61.3 BHN properties was
pum) UTS - 148 MPa observed up to 6
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wt.%, and the
improvement is
minimal after that.

Al7075+X wt.% Stir Casting (Al7075/2 wt.% FA/8 Adding BsC and flyash  [83]
B4C+2wt.% Fly- wt.% B4C) increases the micro-
ash (X=2,4,6,8) micro-hardness - 123.29  hardness of the casted
HV, composite.
37.2% higher than base
matrix alloy
AA7075+1vol %.  Stir Casting Nan-treated TiC AA7075  After T6 treatment, an [6]
TiC (molten salt- -188 HV average grain size of
assisted As-cast AA7075 - T6 - 18.5 pm.
processing NP) 165 HV

The literature summary indicates the important changes in the mechanical properties
by the addition of oxides, carbides, borides, and nitrides into 7075 alloys. Imran et al.
[39] have conducted a detailed survey on the mechanical properties of aluminium
matrix composites. After grain refinement, micro-sized and nanosized particles
improved tensile strength range between 132 - 312 MPa and 400 - 590 MPa,
respectively, while as-cast tensile strength was achieved from 88 - 275 MPa [84]-
[93]. The comparative study of ZrO2, TiO2, and ZrTiO4 oxide-added cast Al 7075
remains unexplored, and natural ageing behaviour is also novel. Most of the studies
focused on the mechanical and tribological properties, but very few focused on the
segregation pattern and Zn/Mg ratio to determine the closest intermediate phase's

presence.
2.3 Solidification of 7XXX aluminium alloys

Solidification begins with the appearance of nuclei, and when the cluster of atoms
come together during random motion in the melt, termed embryonic crystals, that
permit further sitting of atoms on their surfaces, which causes the solid phase growth
[94]. It is well known that nucleation and growth are fundamental to understanding
the solidification of alloys. The solidification of alloys is solidified over a range
depending on alloying elements, thermal gradient, and degree of undercooling. The
addition of (cold) oxides (foreign particles), impurities, or even the mould wall
provides a heterogeneous nucleation site that controls the final microstructure. It is
known that heterogeneous nucleation requires less activation energy than
homogeneous nucleation. Solidification of cast Al 7075 studies can contribute to
understanding emerging processing like selective laser melting, additive

manufacturing, 3D printing technology and many more [95]-[97].
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Segregation of solutes during solidification refers to the non-uniformity of the
chemical composition. The patterns of solute distribution result in a segregation
pattern that may be considered a chemical structure. Morphology development and
segregation pattern are intertwined phenomena and can be subdivided into macro-
segregation and micro-segregation. Micro-segregation is complex in the
multicomponent system. Earlier refinement treatment and dendrite tip undercooling
treatment were employed. Macro-segregation results from localised micro-
segregation due to the physical movement of the liquid and solid phases [98]. Also,
non-equilibrium solidification is accompanied by a certain degree of micro-
segregation due to partitioning between a solid-liquid interface [99]. The
development of morphology by process parameters was studied in the literature. Fig.
1 shows the correlation of the casting process, grain refiners and modifiers, and

quenching media influence on the microstructure and segregation pattern.

Mechanical and |
thermo-physical

Different casting )
techniques/
parameters

Alloy composition
+ (grain refiner or
modifiers)

Solidification by
quenching media

Liquid-solid
transition region

Chemical and

thermal gradient permeability

Coherency and
properties

=

-

Constitutional
super cooling and
growth

Heat flow and
solute movement
pattern

Structure ‘

Heat Treatment
alter for length
scale 10 to 100 pm.

Macrosegregation Microsegregation

e

Fig. 1 Casting process parameters, grain refiner/modifiers, and quenching media correlation to structure
and segregation pattern

During solidification, solutes are mainly distributed within the grain, segregate at
grain boundaries, and freeze in the interdendritic region depending on the
solidification behaviour. Xiao et al. [100] studied models for predicting critical
interface velocity and found that the presence of nanoparticles produces a difference

in growth velocity at the S/L interface. Also, the formation of cellular interface
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inspired by splitting interface due to the constitutional supercooling of surrounding
melt and segregation of solutes behind the particles. Fig. 2 indicates the effect of

constitutional supercooling and undercooling on grain growth and morphology.

T Planar Growth direction

[ T Cellular
T; Dendrite ‘7&
«
-
2 p i
] e
£ 7o Ty Equilibrium 18
] A temp. .
= W2 2 " Independent
L - .
Zone of - Nucleation
Constitutional
— Distance from interface Planar Columnar Déndsite

Fig. 2 Schematic presentation of constitutional supercooling and undercooling effect on the growth and
grain morphology [94].

For the segregation of solute elements, Liu et al. environment-sensitive embedding
energy from Eq. 1 found that for a large value of environment-sensitive embedding
energy, more solute atoms are influenced by the environment around it, becoming

unstable and diffusing to the stable environment where this energy is low [101].

EESE = [EL — (n - 1) Eself — Eiself] — (ECl - nEself) ......... (1)

Ei is the structural energy with a solute atom, Ea is the structural energy without a
solute atom, n denotes atomicity, Eser is the matrix atomic energy, and Eiselr is the
matrix-solute atomicity energy. The calculated environment-sensitive embedding

energies for Zn, Mg, and Cu are indicated in Table 3.

Table 3 Environment-sensitive embedding energy of Zn, Mg, and Cu at the grain boundary and a-Al
[101].

Position Zn Mg Cu
At grain boundary 1.6452 21.9444 22.6892
In a-Al 1.1292 22.5959 23.0077

From the above table, the ESE of Zn in the a-Al grain matrix is lower than the grain
boundary, so Zn atoms are distributed uniformly within the matrix. While ESE of Mg
and Cu is higher than Zn atoms within the a-Al matrix, so lower solid solubility. Hence
Mg and Cu atoms are found at grain boundaries. Moreover, Cu has the highest ESE in

the a-Al matrix, so solid solubility is to be the least [7].
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2.4 Phase diagram of 7XXX aluminium alloy and heat treatment

The heat treatment for 7XXX alloys is to get uniform distribution of Zn, Mg, and Cu
atoms in the Al matrix, which increases homogeneous solute atom clustering. It is a

well-known precipitation transformation sequence, as below.

!
.o = GP Zone (spherical) = ",_) N
T->T
As discussed in section 2.3, a wide solidification temperature range develops
heterogeneous microstructure, and the secondary phases form at the interdendritic

channel and the grain boundary [102].
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|
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100
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& . solution treatment at above 450 °C.
3 #Spherical shape up to 6nm. .
= GP zone X . oClusters are more enriched Zn and
7 eDissolve in the temperature range

starts to dissolve at high temp. or

K LGRS longer ageing time than GP 1.
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Fig. 3 (a) Quaternary phase diagram of Al-Zn-Mg-Cu [103]; (b) binary phase diagram of Al-Zn for a
temperature range of solution treatment and precipitation treatment [104]; (c) schematic presentation
of ageing time v/s strength [105], and (d) difference in the GP I and GP 11 [106].

The phase diagram for the Al 7075 quaternary alloy is shown in Fig. 3(a). The binary
diagram of Al-Zn is presented to understand the solution and precipitation treatment

temperature zone in Fig. 3(b). The effect of ageing on the formation of precipitation
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sequence with strength and difference in GP I and GP II is shown in Fig. 3(c) and Fig.
3(d), respectively. Fig. 3(a) shows the presence of the intermediate phase according
to four component phase behaviour in a pyramid-shaped diagram (tetrahedron).
Many researchers studied the formation of eutectic phases like n, T (Al2Mg3Zns), S, 6,
(Al7CuzFe) in Al 7075 and their segregation during casting [13], [95], [107]. The
increasing Mg content increases strength and hardness but lowers the elongation and
also enlarges the area fraction of the grain boundary intermediate phases [108]. Shu
et al. [109] showed that the microstructure of Al-Zn-Mg-Cu alloys contains
intermetallic phases like 8(Al2Cu), Mg(Zn, Al, Cu)2 along with o(Al) during the
microstructural evolution process, the evolution process follows patterns like Liq.
-Liq. + a(Al) = Lig. + a(Al) + o[Mg(Zn, Cu, Al)z] = Liq. + a(Al) + o[Mg(Zn, Cu, Al)z]
+ 0(Al2Cu) and validated that the solidification paths as per the Scheil model.

The 2XXX, 6XXX and 7XXX aluminium alloys are hardened by precipitation hardening.
The as-cast structure formed the coarse eutectic phases at the grain boundary.
Precipitation is the solid-state transformation which requires a driving force like
surface and strain energy. In solution treatment, the alloy is heated above solvus
temperature until a homogeneous solid solution forms and is rapidly quenched to get
a supersaturated solid solution within the a-Al matrix. Then, an alloy is heated below
the solvus line to diffuse it on nucleation sites and form the finely dispersed
precipitate. The strengthening of the alloy depends on the formation of the types of
soft and hard precipitates. Coherent precipitates are formed by under and peak

ageing, while incoherent precipitates are formed by over-ageing [110].

Fig. 3(c) shows that at the peak ageing (T6) treatment, the higher strength is due to
the formation of n' precipitation. M. Khan et al. [23] found that variation in the
formation of grain boundary precipitates mainly exists 8" precipitates with few n'
precipitates at low-angle grain boundary during peak ageing while in double-ageing
found at the high-angle grain boundary. Very few literature surveys are available on
double-step or duplex ageing of Al 7075. Zhang et al. [111] studied double-step ageing
treatment of Al-5Mg-3Zn-1Cu at 120 °C for 1 hr and at 150 °C for 4 hr from 156 to 5
hr peak ageing and achieved comparative properties. Siddesh et al. [112] prepared a
critical survey on heat-treatable aluminium alloys, but natural and double-step ageing

are not summarized due to less available research.
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3. Definition of the problem

The major challenge is the application of Al 7075 by the casting route due to the solute
segregation problem. The production of Al7075 by casting route can potentially
replace the costlier processing of wrought 7075 aluminium alloy. As per the literature
survey, the wrought 7075 aluminium alloy has high strength, nearly similar to steel.
The forming processes and secondary operations to get the final product is
significantly costlier. Many researchers studied cast Al 7075 by adding grain refiners,
modifiers, and microalloying elements to achieve significant mechanical properties.
After an extensive literature survey, the present study focuses on changing the
eutectic phase segregation pattern by adding high-temperature oxides like ZrOz, TiOz,
and ZrTiO4 in the cast Al7075 by die casting route. The comparative effect of these
three oxides on the cast Al 7075 and their natural ageing is a novel study. However,
the study on the solute segregation pattern and the intermediate phase formation
within the microstructure is quite complex but essential to solving the problem of cast

Al 7075.

A detailed discussion in the literature, the addition of grain refiners or modifiers
(chemically), controlled diffusion solidification (thermally), mould vibration
(mechanically), or a combination of either can alter solute segregation patterns.
Another aspect of the study is focused on microstructural morphology and
mechanical properties by quenching cast A17075 in ice, hot water for 30 minutes, and
hot water until cooled down. A similar work is hardly reported in the present
literature. Further, a study on the different casting techniques is performed to
produce the cast Al 7075 by permanent mould casting (gravity die casting), sand
casting, and investment casting. The mould characteristics play a significant role in
the solidification of cast Al 7075, which influences the solute segregation and phase

morphology of the final microstructure.

The double step-ageing of oxide-added cast Al 7075 is studied to compare
microstructure and mechanical properties before and after the heat treatment. SEM-
EDS and XRD analysed the precipitate phase to understand the precipitation

behaviour. The double-step ageing cycle is unique, as most literature studied
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conventional T6 treatment, retrogression and re-ageing or either homogenization

treatment.

The cast Al 7075 was developed by alloying and compared the microstructure and
properties with the wrought Al 7075. The motivation for development is the high cost
of the wrought Al 7075. The chemistry was achieved after the four successive heats,
but achieving mechanical properties is challenging. However, the developed as-cast

results are promising compared to as-cast Al 7075 produced from Al 7075-Té6.
4. Objective of the work

The following objectives based on the research gap are discussed below:

1. To study the effect of the addition of high-temperature oxides in the cast Al
7075 to understand the segregation pattern.

2. To study the effect of quenching media on cast Al 7075 to understand the
eutectic phase morphology change.

3. To study the effect of double-step ageing treatment on oxide-added Al 7075 to
understand the effect of modified heat treatment on microstructure,
mechanical, and tribology properties.

4. To study the microstructure and mechanical properties of cast Al 7075 by
different casting techniques.

5. To develop cost-effective cast Al 7075 by alloy addition and compare its
properties with wrought Al 7075.

5. Original contribution by the thesis

The thesis's original contribution is studied on the subjective research gap of Al 7075.

The followings are significant contributions:

1) Development of ZrOz, TiOz, and ZrTiO4 oxide-added cast Al 7075.

2) Investigation of segregation pattern and phase morphology and their effect on
mechanical properties.

3) Study on the effect of quenching media during casting of Al 7075.

4) Study on the effect of double-step ageing on oxide-added cast Al 7075.

5) Comparison of the microstructure, mechanical, and tribology properties of

cast Al 7075 after double-step ageing (before and after).

14

Characterization of 7075 Aluminium Alloy using Modifier and Heat Treatment



Synopsis Devang V. Mahant

6) Study the changes in the different casting techniques to alter the segregation
pattern of the eutectic phase.

7) Development of cost-effective cast Al 7075 by alloying additions.

6. Methodology of research and results & discussion

The present research is divided into five phases.

Phase I Effect of the oxide addition into cast Al 7075.

Phase Il  Effect of quenching medium on cast Al 7075.

Phase IIl  Effect of double-step ageing on the oxide-added cast Al 7075.
Phase IV  Effect of different casting techniques of cast Al 7075.
PhaseV  Development of cast Al 7075 by alloy addition.

6.1 Phase I: Effect of the oxide addition into cast Al 7075.

The high-temperature oxides are added to the cast Al 7075 with the fixed 2.5 weight
percentage. The separate addition of oxides like ZrOz, TiOz, and ZrTiO4 act as a
modifier in the melt of Al 7075. It provides a heterogeneous nucleation site to form
nuclei. The comparative effect of oxide-added and as-cast microstructure and
mechanical properties is studied based on the formation of a segregation pattern of

solute within the a-Al matrix. The methodology is described in the flow diagram Fig.

4.

As-received Melting in a ) Hold for 5 min
Al7075-T6 crucible type Degassing by and added the
materials cutinto [ resistance mp Hexachloroethane oxides
small blocks heating furnace tabilet (2.5 wt. % ZrO0;,
(at 730 °C) TiO2, and ZrTi04)
Slamplmg for Poured into the Manual stirred
microstructure, 5.G.Iron mold for 5 min bv Al
SEM-EDS,XRD, |¢® (5 no.of cavities, |¢m y.
} rod and again
and mechanical @20 mm and 170 .
: hold for 5 min
testing mm long)

Fig. 4 Methodology to produce oxide-added cast Al 7075

The received materials were checked for chemical analysis by optical emission
spectroscopy. The Thermo Fisher Scientific model ARL™ iSpark 8860 Fire Assay

machine was used to perform chemical analysis.
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Table 4 Spectroscopy of the as-received 7075-T6 aluminium alloy.

Element (wt. %) Zn Mg Cu Mn

Al

Average 5.48 2.25 1.54 0.09

90.64

The schematic diagram of the experimental setup and metallic die is shown in Fig.

5(a) and (b). The dimension of a tensile specimen is shown in Fig. 5(c) as per ASTM

E8M. The physical and chemical properties of high-temperature oxides are given in

Table 5. The chemical analysis of oxide-added and as-cast Al 7075 is presented in

Table 6.

i e = 260 mm
g e
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Fig. 5 Experimental setup and samples a) schematic of the experimental setup; b) dimensions of metallic

die; c) tensile specimen dimensions as per ASTM E8M.

Table 5 Physical properties and Chemical analysis of high-temperature oxides.

High-temperature Crvstal Chemical Analysis Particle Size
oxides ( /cct)y Strrlfcture by SEM/EDS (wt.%) Measurement
(Powder Form) g - by SEM
Ir Ti 0
Zirconium Oxide (Zr03) 5.68 Monoclinic 64.61 -- 35.39
Titanium Oxide (TiO2)* 4.23 Tetragonal -- 29.80 57.36 2-6 microns
Zirconium Titanate 482  Orthorhombic 2520 2510 49.70
(ZrTi04)
*impurities such as Ca & Si in 3.42 & 9.24 wt. % respectively.
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SEM-EDS analysis of Zr and Ti amount in the oxide-added cast Al 7075 is presented in
Table 7. The measured particle size of received oxides by SEM ranges between 2 - 6

microns.

Table 6 Chemical analysis of Al7075 alloy in; A) as-cast conditioned, B) 2.5 wt.% Zr0z, C) 2.5 wt.% TiO,
D) 2.5 wt. % ZrTiO4.

Systems Elements (wt.%)
cast
Al 7075 Zn Mg Cu Cr Ir Ti
As-cast (A) 5.7223 24270 1.8060 0.2050 0.0001 0.0003
Zr0: (B) 5.9810 2.2360 1.6180 0.2120 0.0118 0.0240
TiOz (C) 5.8821 2.2290 1.5490 0.2040 0.0103 0.0280
ZrTiO4 (D) 6.0630 2.2870 1.6780 0.2050 0.0115 0.0290

Table 7 EDS analysis of Zr and Ti amount in the oxide-added cast Al 7075.

Alloy System Wt.% Zr Wt.% Ti
A -
B 0.04-0.22
C --- 0.01-0.05
D 0.36-0.77 0.03 -0.04

The optical micrographs of oxide-added cast Al 7075 are shown in Fig. 6(a) to (d).
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Fig. 6 Optical microstructure of AlI7075; a) as-cast; and 2.5 wt.% added b) Zr0;; c) TiOz; d) ZrTiO4.
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Fig. 7 Graphical presentation of mechanical properties of Al 7075; as-cast, and 2.5 wt.% added oxides.

The graphical presentation of mechanical properties is shown in Fig. 7. To confirm the

presence of Ti and Zr after adding 2.5 wt. % of oxide, it is necessary to carry out SEM-

EDS testing. The overall presence of Zr and Ti is significantly less. However, the

localized presence can be confirmed by the SEM-EDS. The point EDS and area EDS

were taken for all samples to study the intermediated phase distribution, as shown in

Fig. 8(a) to (h).

Fig. 8 SEM photographs of; (a) as-cast Al7075; (b to f) ZrOz-added Al7075; (g) TiOz-added Al7075; (h)

ZrTiO4 added Al7075.
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Table 8 EDS analysis of selected point/area in Fig. 8 (in wt. %) and closest intermediate phases.

System Points Al n Mg Cu Zn/Mg c;ﬁ:iset
1 100.00 0.00 0.00 0.00 0.00 a(AD
As-cast
2 99.65 0.11 0.24 0.00 046  T(Al:MgsZns)
3 (Zr 0.05) 90.26 5.94 1.96 1.80 3.03 n(MgZn2)
47r (0.19) 50.53 23.07 11.18  15.04 206  T(Al:MgsZns)
5 (Zr 0.22) 45.84 24.77 1266 1655 196  T(ALMgsZn3)
e Te@o0y) 6942 1244 307 1388 406 n(Mgin)
7 (Zr 0.04) 79.11 7.75 2.74 251 2.83 n(MgZnz)
8 87.14 4.85 2.36 142 2.06 n(MgZnz)
9 41.88 17.27 10.37 13.4 1.67 T(Al2Mg3Zn3)
10 (Ti 0.10) 91.38 3.88 1.05 0.45 3.70 n(MgZnz)
11 42.29 2.84 2.04 0.56 139  T(Al:MgsZns)
Tio, 12 (Ti0.01) 65.59 597 9.70 1.84 0.62  T(Al;MgsZn3)
added 13 66.60 12.03 351 8.21 3.43 n(MgZnz)
14 55.77 2.01 0.90 2.39 2.23 n(MgZnz)
15 (Ti 0.05) 84.90 4.99 1.56 1.28 3.20 n(MgZnz)
16 (Zr 0.36) 80.75 0.03 1.07 0.00 0.03 a(AD
ZrTio, 17 (Ti0.03) 81.46 0.00 0.39 0.00 0.00 a(AD
added 18 (7r0.77) 91.96 0.00 0.99 0.00 0.00 a(AD
19 (Ti 0.04) 95.87 0.00 0.47 0.00 0.00 a(AD)

Table 8 indicates the EDS analysis of all samples. In the last decade, many researchers
reported intermediate phases of Al-Zn-Mg-Cu, such as MgZn2, Al.CuMg, Al2MgsZns,
and Al7CuzFe. Zn, Mg, and Cu content determined the formation of these phases. Zn
and Mg content significantly play a vital role in forming (1) MgZnz and (T) AlzMgsZns3
phases based on Zn/Mg ratio. When Zn/Mg ratio > 2 forms the n phase, the T phase
forms when Zn/Mg ratio < 2. Therefore, higher Mg content increases the probability

of forming the T phase [107], [113].
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6.2 Phase II: Effect of quenching medium on cast Al 7075.

a) b) )
S. G. Iron
Metallic Die s.G. Iron S.G. l.ronA
Metallic Die Metallic Die
Ve, ye
’ Quench in ,A Quench in }!ot
‘ Hot water 1 water until
[ . for 30 min cooled down
» By B
S ‘ 7)) } ‘ ).

Fig. 9 Schematic diagram of quenching of cast Al 7075 during solidification in; a) ice, b) hot water for 30
min, and c) hot water until cooled down.

The different quenching conditions are used to cast Al 7075. Fig. 9 depicts three
variants of casting: ice water, hot water for 30 minutes and hot water until it cooled
down. In the case of hot water quenching, the die is wholly merged in the water by
tilting horizontally after poring. The quenched and naturally aged for 2 years
microstructure of cast Al 7075 is presented in Fig. 10(a-d), and Fig. 10(e-h),
respectively. The microstructural morphology was changed depending on the
thermal gradient at a solid-liquid interface. In the ice quenched, the microstructure is
a mixture of equiaxed and columnar equiaxed grains, while in hot water quenched,

dendrites and columnar dendrites are observed with the clustered solute segregation.

v

J \'\8{“,’1“{5 B e
F'"; SR
: PIR *

Fig. 10 Micrographs of cast Al 7075; a) as-cast, b) ice quench, c) hot water for 30 min, and d) hot water
until cooled down; Micrographs of cast Al 7075 (naturally aged for 2 years) e) as-cast, f) ice quench, g)
hot water for 30 min, and h) hot water until cooled down
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The equiaxed dendrites are observed at some regions of hot water quenched
micrographs. Solutes are segregated at the grain boundary in naturally aged samples
to form stable precipitates. The mechanical properties of quenched samples are

presented in Table 9.

Table 9 Mechanical properties of Al 7075; as-cast, quenched in ice, hot water for 30 min (H30), and hot
water until cooled down (HTC).

Alloy System (Quenching Media
Mech. Properties y oy Q g )

As-cast Ice H30 HTC
Hardness (BHN) 59 94 100 123
Hardness (BHN) 89 150 164 142
(Naturally Aged) (150.84%) (159.57%) (164.00%) (715.44%)
Microhardness (HVo.s) 78 99 95 129
Microhardness (HVo.s) 82 153 172 146
(Naturally Aged) (15.12%) (154.54%) (181.05%) (113.17%)
Tensile Strength (MPa) 183 190 197 188
Elongation (%) 10 2 1.5 2

The hardness values of all variants are compared, and it is found that the highest
hardness is achieved in quenched in hot water until cooled down. The tensile strength
values are more or less similar, and no significant difference is observed. The

elemental mapped area EDS layered images are shown in Fig. 11.
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Fig. 11 Elemental mapped EDS layered images of Al 7075; a) as-cast, b) ice, c) H30, and d) HTC.

6.3 Phase III: Effect of double-step ageing on the oxide-added cast
Al 7075

The methodology of producing oxide-added cast Al 7075 is similar to the one
discussed in section 6.1. The as-cast and oxide-added cast Al 7075 are age hardened
by double-step ageing treatment, as shown in Fig. 12. The microstructure, mechanical,
and tribology properties of prepared samples are performed before and after heat

treatment. SEM-EDS and XRD analysis confirms the presence of precipitates.

2 M (MgZny) -1 (MgZn,)
Ogsss = GP Zones
N T‘(Al,Mg3Zn,) - T (Al,Mg;Zn,)
Solution Treatment
480°Cupto @ —-=---: Té6
homogenization

Double-step ageing

135°C for 17 hr.

Temperature (°C)

100°C
for 4 hr. Double-step Ageing

Quench in

Cold water Time (hr)

Fig. 12 Double-step ageing cycle for oxide-added cast Al 7075
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The optical micrographs of all samples before and after heat treatment are shown in

Fig. 13(a-h).
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Fig. 13 Optical micrographs of oxide-added cast Al 7075 of as-cast, ZrOz-added, TiOz-added, and ZrTiOs-
added before heat treatment (a-d) and after heat treatment (e-h), respectively.

The mechanical properties of oxide-added cast Al 7075 are presented in Table 10.

Table 10 Mechanical properties of as-cast, ZrOz-added, TiOz-added, and ZrTiO+-added cast Al 7075
before and after heat treatment.

Mech. Before HT After HT

Properties AS Z T ZT AS1 71 T1 IT1

Hardness 106 104 99 105 111 160 146 140

(BHN) (14.71%) (153.84%) (147.47%) (133.33%)

Microhardness 147 144 136 129 114 171 155 111

(HVos) (122.44%) (118.75%) (113.97%) (113.95%)

a

UTS (MP 147 212 189 184 279 366 317 293
(189.79%) (172.64%) (167.72%) (159.23%)

Elong. (%) 2 2 2.5 3 2 15 15 1.5

The highest mechanical properties are achieved for ZrOz-added cast Al 7075 but at
the cost of ductility. The tribology samples are carried out with a system parameter
of 500, 700, and 1000 rpm for a fixed 1000 m distance with varying loads of 10, 20,
30, and 50N. Also, the wear loss in grams of ZrOz-added cast Al 7075 is significantly
less for a 50N load at 1000 rpm.

6.4 Phase IV: Effect of different casting techniques on cast Al 7075

Different casting techniques like gravity die casting, green sand moulding, and
investment casting is applied to produce the cast Al 7075. The described processes

are differed by their mould characteristics and their final effect on the microstructure
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and mechanical properties. The difference in the heat dissipation of the moulds
creates an effective thermal gradient which causes a change in the microstructure and

mechanical properties.

a) c)
S.G. Iron ﬁ;’;;z;‘
Metallic Die ceramic
®, slurry
7| coatin,
<% Green Sand e
P Mould __[fi
| — Investment
| | Permanent 1 Casting
| ) Mould J mould
=

Fig. 14 Schematic illustration of casting techniques; a) gravity die casting, b) sand casting and c)
investment casting.

The different casting techniques' micrographs are shown in Fig. 15(a-c) and after

natural ageing in Fig. 15(d-f).

Fig. 15 Optical micrographs of different casting techniques of cast Al 7075; a) gravity die casting, b)
sand casting, and c) investment casting; naturally aged (d-f), respectively.

From the microstructural study, the grain size of the cast Al 7075 for sand and
investment castings is larger than die casting. Table 11 presents the mechanical
properties of casting techniques. Hardness values are higher in sand and investment

castings, but the tensile strength is not significantly increased due to coarser grains.
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Table 11 Mechanical properties of cast Al 7075 by different casting techniques.

Casting techniques

Mech. Properties

As-cast Sand Casting Investment Casting

Hardness (BHN) 59 100 86
Hardness (BHN) 89 145 140
(Naturally Aged) (150.84%) (T45.00%) (162.79%)
Microhardness (HVo.s) 78 105 90
Microhardness (HVo.s) 82 161 153
(Naturally Aged) (15.12%) (153.33%) (170%)
Tensile Strength (MPa) 183 98 118
Elongation (%) 10 1.5 1.5

6.5 Phase V: Development of cast Al 7075 by alloy addition

Zinc is the primary alloying element of 7075 aluminium alloy. The addition of 5.1 -
6.1% zinc makes it heat treatable and high strength by precipitation hardening. Also,
magnesium in the alloy ranges between 2.1 - 2.9% helps to produce the MgZn2 phase.
This principal strengthening precipitate is formed when the Zn to Mg ratio exceeds 2
weight percentages. Besides these two, Cu is added (1.2 - 2%) to improve the
precipitation behaviour by forming the GP Il zone and n' precipitate, which provides
an early ageing stage. The chromium (0.18 - 0.28%) is added to inhibit the

recrystallization, which controls the grain structure.

Zinc Master Solid
(99.99%)

REVANEIIEIN
purchased from the
market
Pure Aluminium v eV C : Magnesium
(Electrical Scrap - > OEDE eroe O (Solid form -
99.97%) (99.99%)
S —— A b |
]

Added According to Melting point, Phase diagram and
oxidation behavior

- s Designed Die
Calculated weight for
p Al7075=1485g

Fig. 16 Methodology of developed cast Al 7075.

The addition of alloying elements in pure aluminium has cost-effectively developed
the 7075 aluminium alloy. Pure aluminium was in the form of electrical scrap, which

is 99.97 % pure. The methodology of the developed cast Al 7075 is presented in Fig.
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16. The micrographs and mechanical properties are shown in Fig. 17 and Table 12,

respectively.

Fig. 17 Optical micrographs of Al 7075; a) developed cast 7075, b) cast 7075 from wrought, and c)
wrought 7075.

Table 12 Comparative Mechanical properties of cast and wrought 7075 alloys.

Developed Al 7075
Mech. Properties Developed 7075 Cast from Wrought 7075
Wrought
Hardness (BHN) 94 59 102
Microhardness (HVo.s) 146 78 112
Tensile Strength (MPa) 212 183 322
Elongation (%) 3% 10% 18%

7. Conclusions

The phase-wise conclusions are given as follows:

Phase I:

1. Oxide-added samples modified the microstructure by changing the
distribution pattern of the non-equilibrium eutectic solid solution and finer the
a(Al) grains.

2. The presence of a(Al) matrix coupled with dense and discontinuous eutectic
with a cluster of micro-porosities at discrete location results in loss of
mechanical properties in the case of 2.5 wt.% TiO2 added Al7075.

3. SEM-EDS examination of ZrOz added Al7075 revealed the presence of 0.22
wt.% Zr, which hinders the recrystallization of the «(Al) grains; additionally,
dark spots confirm the presence of non-equilibrium eutectic phases, n(MgZnz),
T(AlzMg3Zns3), S(AlzCuMg).

4. The distribution of the intermetallic phase influences the mechanical
properties. ZrO2 addition offers a 52% higher hardness value compared to as-

cast Al7075. Tensile strength values remain all most same in all cases.
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5. Byconsidering Zn/Mg ratio, the EDS analysis confirms localized phases like (1)
MgZnz and (T) Al2MgsZns.

6. Nuclei of Al3Zr phase confirm by XRD analysis of ZrOz-added Al7075 alloy.

7. Comparatively, 2.5 wt. % TiOz2-added Al7075 sample alters the mechanical
properties by generating AliTii and MgiZn: phases intermediate phase
confirmed by XRD analysis.

Phase II:

1. Quenching media alter the solidification of the eutectic phase located at the
grain boundary.

2. Due to the high thermal gradient, the independent nucleation results in an
equiaxed grain structure observed in ice-quenched samples.

3. Hot water quenching for prolonged periods forms long and thin-columnar
dendrites.

4. Hot water quenching for 30 min forms columnar and equiaxed dendrites and
offers the highest tensile strength value of 197 MPa.

5. By changing the severity of quenching media, the hardness value varies from
59 BHN to 123 BHN in the case of as-cast and hot water quenching for a
prolonged period.

Phase III:

1. Themicrostructure and mechanical properties of oxide-added cast Al 7075 are
compared before and after double-step ageing. The excellent mechanical
properties of ZrOz-added 7075 alloy are 212 MPa and 366 MPa before and
after heat treatment.

2. Compared to other oxides addition, the average grain size of ZrOz-added 7075
alloy is 28.39 pm, which provides maximum grain boundary nucleating sites
for precipitation.

3. Also, grain size significantly affects the dissolution time and concentration of
Cu over the grain diameter for getting a homogeneous microstructure.

4. The microstructure of ZrOz-added 7075 alloy shows the uniform distribution
of precipitates.

5. There is substantial improvement in the tensile strength and hardness values

(BHN) after the heat treatment of all the samples, but the microhardness

values increased by 18.75% for ZrOz while it decreased for other oxides.
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Phase IV:

1. The grain structure of die-cast 7075 is columnar and equiaxed, while coarse
globular grains are observed in the sand and investment cast 7075.

2. As-cast's eutectic phase segregation pattern is into the interdendritic channel,
while grain boundary eutectic phase segregation, mainly at the triple junction,
is observed in sand and investment cast 7075.

3. Thetensile property of die-cast 7075 is 183 MPa, the highest of all, but the BHN
hardness value is increased by 69.49% and 45.76 % of the sand cast and
investment cast, respectively, compared to as-cast.

Phase V:

1. The successful development of Al 7075 is achieved after the 4th successive
heat.

2. The early addition at high temperature is required to get chromium addition
within a limit.

3. The magnesium is added lastly so that maximum recovery of magnesium is
achieved.

4. The tensile strength and hardness of developed 7075 are 212 MPa which is

higher than as-cast but lower than wrought.
Summarized Conclusion from all the Phases:

1. 2.5 wt. % ZrO2 addition altered the eutectic segregation phase and converted
a-Al grains into small equiaxed grains.

2. XRD analysis of ZrOz-added cast 7075 alloy shows the presence of eutectic
phases like n(MgZnz), T(Alz2Mg3Zns), and S(Al2CuMg).

3. The highest mechanical properties are 196 MPa tensile strength and 112 BHN
hardness observed in ZrOz addition.

4. Using localised chemical analysis by EDS and Zn/Mg ratios, (1) MgZnz and (T)
Al2MgsZn3 were confirmed.

5. The hot water quenching for 30 mins offers the highest tensile strength of 197
MPa and 100 BHN hardness value in the cast condition.

6. Double-step ageing treatment after ZrO2 oxide addition offers 366 MPa tensile
strength and 212 MPa before heat treatment.
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By changing casting techniques, there is no significant to alter the eutectic

phase segregation pattern, and finally, no substantial improvement in the

mechanical properties.

Attempts were made to reduce the cost of 7075 alloy by alloy addition.
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