
Mechanics of Advanced Composite Structures Vol (Year), Serial Number, First page – Last page 

 

 

Semnan University 

Mechanics of Advanced Composite Structures 

Journal homepage: https://macs.semnan.ac.ir/  

ISSN: 2423-7043  

 

* Corresponding author. 
   E-mail address: rajendrap@msrit.edu 

Cite this article as: 
Rajendra P, Mohan Raju S, C M Ramesha, R Chandrashekar and Madev Nagaral., 2025. Effect of Nickel Addition on the Coefficient of 
Thermal Expansion and Microstructural Characteristics of AA2024 and AA7175 Aluminum Alloys in As-Cast and Homogenized States. 
Mechanics of Advanced Composite Structures, 12(1), pp. xx-xx 

https://doi.org/10.22075/MACS.2024.39315.2050  

Research Article 

Effect Of Nickel Addition on the Coefficient of Thermal 
Expansion and Microstructural Characteristics of AA2024 and 
AA7175 Aluminum Alloys in As-Cast and Homogenized States 

Rajendra Pa* , Mohan Raju Sa, C M Rameshab , R. Chandrashekarc, Madev Nagarald  

aAssistant Professor, Department of Mechanical Engineering, Ramaiah Institute of Technology, Bangalore, 560054, India. 

aResearch Scholar, Department of Mechanical Engineering, Ramaiah Institute of Technology, Bangalore, 560054, India. 

bAssociate Professor, Department of Mechanical Engineering, Ramaiah Institute of Technology, Bangalore, 560054, India. 

cProfessor (Research Consultant or Mentor), Department of Mechanical Engineering, Sambhram Institute of Technology, Bangalore, 

560097, India. 

dManager (Design) Aircraft Research and Design Centre Hindustan Aeronautics Limited, Bangalore-560037, India. 

 

 
A R T I C L E  I N F O  

 
A B S T R A C T  

Ar ticl e  his tory :  

Received:    

Revised:   

Accepted:   

 Aluminum alloys are widely used in aerospace structures, necessitating continuous 
improvement in their mechanical properties. Micro alloying with nickel can enhance these 
properties and improve the coefficient of thermal expansion. This study investigates the 
influence of nickel on the microstructural and thermal expansion characteristics of AA2024 
and AA7175 aluminum alloys, both commonly used in aerospace. AA2024 primarily contains 
copper, while AA7175 has zinc; both are heat-treatable and possess excellent strength. In this 
research, alloys were stir-cast with varying percentages of nickel and 0.2% strontium, which 
improves grain structure. The alloys were homogenized at 480°C for 15 hours, quenched in 
water, and subjected to tensile testing, EDS, XRD, and microstructural and thermal expansion 
analyses. Results showed that nickel addition increased strength to 215 MPa for AA2024 and 
284 MPa for AA7175 with 5% nickel. XRD and EDS revealed the formation of intermetallic 
compounds like Al2Ni3, Al3Ni, and Al3NiCu. However, increasing nickel beyond 5% led to 
undesirable needle-like structures. Thermal expansion studies indicated a reduction in the 
coefficient of linear thermal expansion by 14.1% for AA2024 and 16.5% for AA7175 with 2% 
nickel, reducing thermal stress under loading up to 350°C. 
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1. Introduction 

Aluminum alloys AA2024 and AA7175 are 
considered the most important materials for use 
in aerospace components like skins, stringers, 
and inlet structures of the engine nacelle. The 

outer structures of the engine nacelle are 
constructed using the AA2024 alloy, whereas the 
inner structures are made of AA7175 [1]-[4]. 
Aluminum alloys are used as a structural member 
in nacelle structures at a temperature zone of up 
to 250°C beyond that temperature; titanium 
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alloys are preferred since the coefficient of 
thermal expansion of Ti6Al4V is 8.73 µm/m-°C 
compared with aluminum alloys at 25.2 µm/m-°C 
at a reference temperature of 350°C [29].  

There is a need for improvement in the 
thermal expansion coefficient of the Al alloys in a 
thermal environment to reduce their thermal 
stresses because thermal stresses develop when 
a component is subjected to thermal loading 
(Temperature change) when it is constrained. If 
the element were not constrained, it would be 
free to displace, with no thermal stress; however, 
if it is constrained and due to a temperature 
change, the component expands or contacts 
based on its thermal expansion property [30]. 
Structural components used in various 
applications such as Aircraft engine nacelle, Gas 
turbines, heat transmission systems [34] [35], 
power generation plants [36], energy storage, 
solar cells, supercapacitors [37], high-
temperature thermal energy storage (HTES) and 
parabolic trough collectors (PTC) for solar power 
generation operating at temperatures 300–550°C 
[33]. Hence, there is a need to improve 
mechanical properties, particularly the thermal 
expansion of the alloy used in the thermal 
environment for the above-listed structural 
applications. Aluminum alloys are studied for 
application at 250°C to 350°C.  The mechanical 
properties of aluminum alloys depend on their 
alloying elements, which increase their strength 
due to precipitation hardening [5]-[6]. The 
strength of an aluminum alloy is influenced by its 
microstructure, particularly the presence of 
metastable precipitates within the matrix [7].  

In this research work, the most used 
aluminum alloys, AA2024 and AA7175, as 
structural members in aerospace are selected 
and modified by adding a varying Ni% to enhance 
its strength and slightly adding strontium to 
improve its grain structure, thereby trying to 
achieve improved mechanical strength and 
coefficient of thermal expansion, which helps us 
to select aluminum alloys in a thermal 
environment in the temperature range of 250°C 
to 350°C. Nickel is chosen for the present study as 
nickel helps in improving the coefficient of 
thermal expansion and mechanical properties of 
aluminum alloys [7]-[11]. 

1.1. Influence of Nickel in Aluminum Alloy 

Various alloying elements are added to 
aluminum alloys to enhance their mechanical and 
metallurgical properties [8]. It is known that 
Copper and magnesium increase the hardness 
and strength of aluminum alloys; however, 
Copper reduces stress corrosion but increases 
susceptibility to stress corrosion cracking. To 
counter this, nickel is often added to copper 
alloys, as it improves high-temperature 

properties, lowers the coefficient of thermal 
expansion, further improves cast-ability, and 
competes with mainstream casting materials 
such as Al-Si alloys [7]-[11]. 

Eutectic phases Al3Ni, Al9FeNi forms solid 
solution with Al-Si-Mg, Al-Zn-Mg-Cu, Al-Cu-Si-Mg, 
Al-Mg-Zn, Al-Mg, matrix [7]. Adding nickel to 
aluminum alloys by nickel to aluminum alloys up 
to 4% by weight increases the density of 
aluminum alloy from 2.70 g/cm3 to 2.78 g/cm3 
[12]. 

1.2. Phase Diagram of Nickel & Aluminum 
Binary Alloy 

The Aluminum Nickel phase diagram 
comprises four different intermetallic 
compounds, as shown in Fig. 1, which include 
Ni2Al3, NiAl3, Ni3Al, and NiAl. NiAl forms at 50% 
atomic weight and the other three compounds 
form via peritectic reactions. Intermetallic phase 
NiAl3 forms at 860°C at 28%Ni, and Ni2Al3 forms 
via peritectic reaction at 59%Ni. It is a trigonal 
with five atoms per unit cell [9, 10]. At the 
eutectic temperature, 20.2% aluminum can be 
dissolved in the nickel solid solution. Bletry has 
studied the rapid solidification of Al-Ni alloys and 
obtained a super-saturated solid solution of 
Aluminum with 5% Ni through a splat cooling 
device. 

Similarly, Tonejc et al. further improved the 
solid solubility of nickel in aluminum by up to 
7.7%Ni using smaller samples and employing the 
"two-piston" technique. Rapid solidification has 
not been able to increase the solid solubility of 
nickel in aluminum at concentrations of more 
than 8%Ni [9]. 

Fig. 2. Aluminum Nickel binary phase diagram [13]. 

1.3. Influence of Strontium Additions to 
Aluminum Alloy 

The addition of rare earth metals transitions 
elements like Sc, Hf, and Zr to aluminum, which 
leads to changes in the grain structure of 
aluminum alloys, as shown in Fig. 2. These 
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elements act as intermetallic precipitate that 
refines the grains by preventing grain boundary 
migration [14]-[16]. Strontium (Sr) additions of 
up to 0.05 wt% in aluminum alloys result in 
significant grain refinement and reduced 
porosity, particularly in Al-Si alloys. In 319, 
aluminum alloy castings added with Sr improved 
ultimate tensile strength to 215 MPa. Sr also 
enhances the corrosion resistance of A356 alloys. 
The Al-Sr phase diagram shows that Al₄Sr melts 
at 1025°C as shown in Figure 2, Al₂Sr forms 
peritectically at 920°C, and a complex BCC AlSr 
structure forms at 80 wt% Sr [17]-[21]. 

Fig. 2. Aluminum Strontium phase diagram [22]-[23]. 

This research aims to assess the impact of 
nickel additions in aluminum alloys AA2024 and 
AA7175 and to study the influence of 
homogenization on nickel-enhanced alloys. The 
investigation involves comprehensive analysis 
using various techniques, including Optical 
Microscopy (OM), Scanning Electron Microscopy 
(SEM), X-ray Diffraction (XRD), Energy 
Dispersive X-ray Spectroscopy (EDS), and 
thermal expansion studies. 

2. Experimental Details  

The Aluminum alloys AA2024 and AA7175 
were stir-cast by adding varying percentages of 
nickel (0%, 0.04%, 0.08%, 2%, 5%, and 10 %Ni) 
and 0.2% strontium. Nickel powder with a 
particle size of <50µm is added, and Strontium is 
added by adding a calculated amount of Al-10%Sr 
Master Alloy to the Aluminum charge in the 
crucible.  The stir-cast Aluminum alloys are then 
homogenized in an electric furnace at 480°C for 
up to 15 hours and then quenched in water. 

Preparing a smooth surface is essential for 
accurately capturing microstructures, which can 
be accomplished using a polishing machine. The 
samples, machined to standard dimensions of 25 
mm x 25 mm x 5 mm, were prepared for 
microstructural analysis, shown in Fig. 3 and Fig. 

4. These identical specimens were used for 
various tests, including optical microscopy, 
scanning electron microscopy (SEM), X-ray 
diffraction (XRD), and energy-dispersive 
spectroscopy (EDS). The microstructures of both 
as-cast and homogenized specimens of AA2024 
and AA7175 alloys were examined using a 
scanning electron microscope, as depicted in Fig. 
5, with the equipment sourced from IISC. 

 
Fig. 3. Polished samples for microstructure examination 

 

Fig. 4. Specimens are placed in a specimen holder, and 
Desiccator 

Fig. 5. ZEISS ULTRA 55 SEM (Gemini Technology) from IISc.  
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2.1. XRD Analysis:  

The samples prepared for microstructural 
analysis were also subjected to XRD analysis. The 
specific parameters used for the XRD 
examination are outlined in Table 1, and the 
device is shown in Fig. 6. 

Table 1. Parameters for XRD Analysis 

Sl. No. Parameter  Specifications 

1 
Maximum 
measurement 
diameter 

250 mm 

2 
Minimum angular step 
size 

0.0001º 

3 
Maximum rotation 
speed 

1500º /min 

4 Theta angular range -5 ºto 40º 

5 2Theta angular range -10º to 60º 

6 
Measurement 
reproducibility 

+/- 0.0001º 

 

 

Fig. 6. XRD D8 Machine for XRD analysis. 

2.2. Thermo-Mechanical Analysis 

Thermo-mechanical analysis was performed 
at CPRI using the TA-Instruments Q400 TMA. 
This test measures a material’s thermal 
expansion by observing changes in length as 
temperature increases. The test was conducted 
on 10 mm cube specimens from micro-alloyed 
(0.08% Ni) and macro-alloyed (2% Ni) groups of 
modified AA2024 and AA7175 alloys, selected 
based on tensile and microstructural results. Five 
specimens per sample were tested, as indicated 
in Fig. 7, and the expansion was measured up to 
350°C to calculate the thermal expansion 
coefficient using Equation 1. The parameters are 
provided in Table 2. 

 
Δl

lo
= (α x Δt)              (1) 

where 
Δl = Change in length (mm) 
lo = Original length (mm) 
α = Coefficient of thermal expansion 
Δt = Temperature change (°C ) 

Fig. 7. Specimens for Thermal Expansion Test. 

Table 2. Selection of samples for thermal expansion test. 

Alloy 

% 
range 

% of Ni 
added 

Thermal 
expansion 
Test 

Remarks 

Base 
Alloy 

0% Ni No 

Since Base alloy 
thermal 
expansion is 
known from 
Reference 
MMPDS [S11] 

Micro 
Alloyed 
Nickel 
% 

0.04% Ni No 
Considered 
0.08%, rather 
than 0.04% Ni, 
since we have 
almost the 
same result in a 
tensile test 

0.08% Ni Yes 

Macro 
Alloyed 
Nickel 
% 

2.0% Ni Yes Considered 2.0 
% Ni since 
microstructure 
and tensile test 
results were 
better. 

5.0% Ni No 

10.0% Ni No 

Since the result 
from the tensile 
test shows high 
brittleness 
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3. Results and Discussions  

3.1. Tensile Test Results  

AA2024 alloy varying Ni%: The tensile 
strength of nickel-added AA2024 aluminum alloy 
showed varied results depending on the nickel 
content. Micro-alloyed samples with 0.04% and 
0.08% nickel exhibited a minor strength increase, 
ranging between 12 to 15 MPa. In contrast, 
macro-alloyed samples containing 2% and 5% 
nickel significantly improved, as shown in Fig. 8, 
with tensile strength reaching 215.7 MPa. 
However, when the nickel content decreased due 
to increased brittleness was increased to 10%, 
the alloy's strength 

 
Fig. 8. AA2024 with various Ni% at as-cast, 

Homogenized. 
 

 
Fig. 9. AA2024 with various Ni% at as-cast, 

Homogenized 
 

AA7175 alloy varying Ni%: The addition of 
varying Ni% to AA7175 aluminum alloy led to a 
noticeable improvement in ultimate tensile 
strength. A significant increase from 157.7 MPa to 
284.2 MPa was observed for the homogenized 

AA7175 alloy. Micro-alloyed nickel additions 
(0.04% and 0.08%) resulted in a strength 
increase of nearly 60 MPa. In comparison, macro-
alloyed samples (2% and 5% nickel) showed 
strength gains up to 290.4 MPa in Fig. 9. However, 
adding 10% nickel caused a decline in tensile 
strength due to brittleness, similar to the trend in 
AA2024 alloy. This improvement in tensile 
strength helps select alloys capable of 
withstanding higher loads for aircraft structural 
applications [31].   

In comparing AA 2024 and AA 7175 alloys 
with Nickel (Ni) additions, AA 7175 consistently 
shows higher tensile strength than AA 2024. For 
2% Ni additions, AA 7175 achieves a tensile 
strength of 270 MPa, while AA 2024 reaches 200 
MPa. With 5% Ni, AA 7175 achieves 284 MPa 
compared to 215 MPa for AA 2024. The 
difference in tensile strength between as-cast and 
homogenized conditions is minimal for both 
alloys. 

3.2. Microstructural Results 

Optical Microstructures were determined at 
100X and 100 µm and shown in Fig. 10 and Fig. 
11 for AA 2024 and AA7175 with varying % of Ni 
at homogenized and forged conditions, 
respectively. Similarly, SEM images were 
determined at 350X, 20.0 KV, and shown in Fig. 
12 and Fig. 13. 

As-cast structures exhibit coarse grains in AA 
2024 alloys with varying Nickel (Ni) content, 
while adding up to 2% Ni refines the grain 
boundaries into fine, equiaxed structures; 
beyond 2% Ni, needle-like structures form, 
particularly with 5% and 10% Ni additions. 
Intermetallic grains begin to form at 2% Ni, 
influencing the grain boundary characteristics as 
shown in Fig. 10 and Fig. 11. 

In AA 7175 alloys, as-cast and low Ni 
additions (0.04%) show coarse grains, while 
0.08% Ni additions lead to equiaxed grain 
boundaries. They added up to 2% Ni, resulting in 
fine grains due to the formation of intermetallic 
dispersoids. Like AA 2024, 5% and 10% Ni 
additions produce needle-like precipitates. 
Overall, both alloys demonstrate grain 
refinement with Ni additions up to 2%, with more 
pronounced intermetallic and needle-like 
structures at higher Ni levels, as shown in Fig. 12 
and Fig. 13. 
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(a) As-cast Homogenized (b) As-cast Forged 

  

(c) 0.04%Ni +0.2%Sr HC (d) 0.04%Ni +0.2%Sr FC 

  

(e) 0.08%Ni +0.2%Sr HC (f) 0.08%Ni +0.2%Sr FC 

  

(g) 2%Ni +0.2%Sr HC (h) 2%Ni +0.2%Sr FC 

100m 100m 

100m 100m 

100m 
100m 

100m 100m 
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(i) 5%Ni +0.2%Sr HC (j) 5%Ni +0.2%Sr FC 

  

(k) 10%Ni +0.2%Sr HC (l) 10%Ni +0.2%Sr FC 

 
Fig. 10: Optical Microstructures (100X / 100 µm) of AA2024 with added varying Ni% and 0.2% of Strontium (Sr) in 

Homogenized condition (HC) and Forged condition (FC) 

 

    

(a) As-cast Homogenized (b) As-cast Forged 

100m 

100m 100m 

100m 

100m 100m 
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(c) 0.04%Ni +0.2%Sr HC (d) 0.04%Ni +0.2%Sr FC 

  

(e) 0.08%Ni +0.2%Sr HC (f) 0.08%Ni +0.2%Sr FC 

  

(g) 2%Ni +0.2%Sr HC (h) 2%Ni +0.2%Sr FC 

  

(i) 5%Ni +0.2%Sr HC (j) 5%Ni +0.2%Sr FC 

100m 100m 

100m 100m 

100m 100m 

100m 100m 



 

9 

 5  

(k) 10%Ni +0.2%Sr HC (l) 10%Ni +0.2%Sr FC 

 
Fig. 11: Optical Microstructures (100X / 100 µm) of AA7175 with added varying Ni% and 0.2% of Strontium (Sr) in 

Homogenized condition (HC) and Forged condition (FC)    
 
 

The SEM results shown in Fig. 12 and Fig. 13 
exhibit dendritic structures. The formation of 
intermetallic structures like Ni2Al3, NiAl, and 
NiAl3 due to the addition of Nickel in 0.04% and 
0.05% Ni alters this dendritic structure and 
forms fine grains up to 2% Ni addition and 
increase in Nickel content increases the amount 
of Eutectic phase. Above 2% Nickel addition, 
fibrous or needle-like intermetallic structure 
Al3Ni is formed, revealed in 5% and 10% Ni 
addition SEM images. 

SEM images for the forged condition show a 
dense formation of fibrous/needle for 5% and 
10% Ni additions, Which is slightly higher than 
the As-cast and homogenized conditions. This is 
due to the increased percentage of Ni2Al3 
intermetallic structures, which decreases 
elongation and makes them brittle. SEM images 
shown in Fig. 14 and Fig. 15 are for AA7175 alloy 
added with varying % of Nickel at As-cast, 
Homogenized, and Forged conditions. There is 
not much variation compared to AA2024 alloy 
shown in Fig. 12 and Fig. 14. No grains were 

observed for 0%Ni, and 0.04%Ni added alloy, 
grains formed in 0.08% and fine grains were 
observed for 2%Ni, with the formation of fibrous 
structures for 5% and 10%Ni AA7175. 

The homogenized alloys showed structures 
similar to those in the As-cast condition. No 
grains were formed for 0%Ni, 0.04%, and 0.08% 
Ni additions. It is observed with small or few 
grains for 2% with very little porosity. Uniform 
grains were seen for 5% Nickel additions; for 
10%Nickel additions, fibrous inter-metallic 
structures were formed. In the forged state, the 
microstructures were similar to as-cast and 
homogenized conditions; however, the only 
difference is that fine grains were formed for 
0.08% Nickel additions rather than 2% Nickel 
additions. The EBSD could also offer a more 
detailed understanding of crystallographic 
texture and grain boundary misorientation, 
which are critical for predicting material 
behavior. These aspects will be explored in 
greater detail in future work.  
 

 

  

(a) AA 2024 As-cast  (b) AA 2024 + 0.04%Ni +0.2%Sr   

100m 
100m 
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(c) AA 2024 + 0.08%Ni +0.2%Sr (d) AA 2024 + 2%Ni +0.2%Sr 

  

        (e) AA 2024 + 5%Ni +0.2%Sr        (f) AA 2024 + 10%Ni +0.2%Sr 

Fig. 12. SEM Microstructures (350X, 20.0 KV) of AA2024 with added varying Ni% and 0.2% of Strontium (Sr) in As-cast condition 

(AC) 

  

(a) AA 7075 As-cast (b) AA 7075 + 0.04%Ni +0.2%Sr 
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(c) AA 7075 + 0.08%Ni +0.2%Sr (d) AA 7075 + 2%Ni +0.2%Sr 

  

(e) AA 7075 + 5%Ni +0.2%Sr (f) AA 7075 + 10%Ni +0.2%Sr 

 

Fig. 13. SEM Microstructures (350X, 20.0 KV) of AA 7175 with added varying percent of Nickel (Ni) and 0.2% of Strontium (Sr) in 

As-cast condition (AC) 

  

(a) As-cast Homogenized (b) As-cast Forged 
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(c) 0.04%Ni +0.2%Sr HC (d) 0.04%Ni +0.2%Sr FC 

  

(e) 0.08%Ni +0.2%Sr HC (f) 0.08%Ni +0.2%Sr FC 

  

(g) 2%Ni +0.2%Sr HC (h) 2%Ni +0.2%Sr FC 
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(i) 5%Ni +0.2%Sr HC (j) 5%Ni +0.2%Sr FC 

  

(k) 10%Ni +0.2%Sr HC (l) 10%Ni +0.2%Sr FC 

Fig. 14: SEM Microstructures (350X, 20.0 KV) of AA 2024 with added varying Ni% and 0.2% of Strontium (Sr) in Homogenized 

condition (HC) and Forged condition (FC) 

 

  

(a) As-cast Homogenized (b) As-cast Forged 



 

14 

  

(c) 0.04%Ni +0.2%Sr HC (d) 0.04%Ni +0.2%Sr FC 

  

(e) 0.08%Ni +0.2%Sr HC (f) 0.08%Ni +0.2%Sr FC 

  

(g) 2%Ni +0.2%Sr HC (h) 2%Ni +0.2%Sr FC 
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(i) 5%Ni +0.2%Sr HC (j) 5%Ni +0.2%Sr FC 

  

(k) 10%Ni +0.2%Sr HC (l) 10%Ni +0.2%Sr FC 

Fig. 15: SEM Microstructures (350X, 20.0 KV) of AA 7175 with added varying Ni% and 0.2% of Strontium (Sr) in Homogenized 

condition (HC) and Forged condition (FC) 

3.3. EDS Results 

AA 2024 alloy with varying Ni%: EDS data and 
spectrum are shown in Fig. 16 and Fig. 17 for AA 
2024 and AA 7175 alloy added with varying % of 
Nickel and 0.2% of strontium, respectively. In 
each figure, the whole area of the extracted SEM 
image is the selected area.  

Figures 16 (a) and (b) show that Cu, Mg, and 
Al are the significant elements observed in the As-
cast and 0.04%Ni added alloy. Similarly, in Fig. 16 
(c), a small amount of Fe and Ni were observed 
apart from the significant alloying elements like 
Cu, Mg, and Al.  

Figure 16 (d) is the EDS results of 2% added 
Ni, which shows that +1.09wt % and 12.56wt% 
are observed at the whole area and selected area, 
respectively; this shows the formation of Ni-Al 
and Fe-Ni inter-metallic are observed in the 
specimen. Fig. 16 (e) and (f) show that nearly 
18.37wt% and 22.07wt% of nickel are found in 
the selected region, and hence, nickel aluminum 
compounds are formed by adding 5% and 10% 
Ni. 

AA 7175 alloy with varying Ni%: EDS data and 
spectrum are shown in Fig. 17 for AA 7175 alloy 
added with varying Ni% of Nickel and 0.2% of 
strontium. It is evident from Figure 17 that Zn, 
Mg, and Al are the major elements with small 
amounts of Ni, Cu, and Fe observed for As-cast, 
0.04%Ni, and 0.08%Ni added alloy, respectively. 
EDS results of 2% and 5% said Ni, shown in Fig. 
17 (d) and (e), indicate that apart from major 
alloying elements like Zn, Mg and Al, 33.6wt %Ni, 
18.67wt%Ni and 0.36%Sr are observed at the 
selected area respectively; also Fig. 17 (f) shows 
EDS of 10%Ni added alloy has 24.63wt%Ni and 
2.93wt%Fe; hence, it is evident from these results 
that there is the formation of Ni-Al and Fe-Ni 
inter-metallic in the specified specimens. 
Therefore, nickel aluminum compounds are 
formed by adding 2%, 5%, and 10 %Ni to 
Aluminum 7175 alloy. 

In both as-cast and homogenized conditions, 
fine spherical particles of Al3Ni phases are 
observed in 2%Ni additions and plate-like 
particles, which look like needle or fibrous 
structures observed in 5% and 10%Ni additions. 
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These needle-like structures cannot be 
fragmented during annealing. However, the 
smooth planes of Al3Ni phases are stable for heat 
treatment up to 6000C, which proves that the 
same smooth spherical structures are observed 
for homogenized and as-cast conditions. The 
Gibbs free energy consists of three principle 

components: Surface (Gs), Volume (Gv), and 
elastic (Ge). Fine eutectics shows enormous 
interfacial energy, which results in the formation 
of large particles; in the case of needle-like 
structure, Gs gets reduced, and Ge is increased, 
which hinders the process of morphologies [24-
25]. 

  

 

 

(a) As-cast Homogenized (b) AA2024 + 0.04%Ni +0.2%Sr 

 

 

(c) AA2024 + 0.08%Ni +0.2%Sr (d) AA2024 + 2%Ni +0.2%Sr 

 

 

(e) AA2024 + 5%Ni +0.2%Sr 
(f) AA2024 + 10%Ni +0.2%Sr 

 

Fig. 16: EDS plot of AA2024 with added varying Ni% and 0.2% of Strontium (Sr) 

 

 

(a) As-cast Homogenized (b) AA7175 + 0.04%Ni +0.2%Sr 
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(c) AA7175 + 0.08%Ni +0.2%Sr (d) AA7175 + 2%Ni +0.2%Sr 

 

 

(e) AA7175 + 5%Ni +0.2%Sr 
(f) AA7175 + 10%Ni +0.2%Sr 

 
Fig. 17: EDS plot of AA7175 with added varying Ni% and 0.2% of Strontium (Sr) 

3.4. XRD Analysis: 

It was performed for AA 2024 and AA7175 
homogenized alloys with added varying Ni% 
samples to validate the existence of added nickel 
in the base alloy. The specimens prepared for 
SEM were used to analyze XRD as per Fig. 6. The 
plot of XRD analysis for AA2024 and AA7175 is 
shown in Fig. 18 and Fig. 19, respectively. 

XRD of AA 2024 with varying % of Nickel: 
The XRD analysis reveals that the intermetallic 
structures like 𝜏Cu5.75Al4.5, FeAl3, FeNi0.5Al0.5, 
Fe0.1Al0.9, Ni0.4Al0.6, Al1.1Ni0.9, Ni1.16Al0.84, 
Al26Mg1Zn2, Al-Mg5, were observed in modified 
AA 2024 alloys. Aluminum is an FCC structure, 
𝜏Cu5.75Al4.5 and Al3Ni is an orthorhombic crystal 
structure, Ni0.4Al0.6 or Ni2Al3 is Nickel Aluminum 
intermetallic trigonal structure [26]-[28]. The 
Al3Ni2 phase has a hexagonal lattice [24]. FeAl3 is 
an insoluble phase that helps in improving 
strength.  

From Fig. 18 (a) and (b) with 0.04% and 
0.08% Nickel additions, the major compounds of 
𝜏Cu5.75Al4.5, Al-Mg-Zn, and Al97Mn3 were 
observed. However, additional intermetallic 
compounds of Ni2Al3, Ni3Al, and Fe0.1Al0.9 were 
observed in Fig. 18 (c), (d), and (e) with 2%, 5%, 
10% Nickel additions due to the addition of 
Nickel more than 1%.  

 
Fig. 18: XRD plot of AA2024-Homogenized Condition 

 

XRD of AA7175 with varying % of Nickel: 
The XRD analysis reveals that the intermetallic 
structures like FeNiAl2, FeAl3, FeAl6, Fe3Ni, 
Fe0.1Al0.9, NiAl3, Mg3.4Zn6.8Al, Al-Mg5, were 
observed in modified AA 7175 alloys. 

From Fig. 19 (a) and (b) with 0.04% and 
0.08% Nickel additions, the major compounds of 
Mg3.4Zn6.8Al, Al-Mg5 were found showing the solid 
solution of Zinc and magnesium in Aluminum 
alloy 7175. No major intermetallic compounds 
were found. However, additional intermetallic 
compounds of Ni2Al3, NiAl3, Fe0.1Al0.9, FeNiAl2, 
FeAl3, FeAl6, Fe3Ni were observed in Fig. 19 (c), 
(d) and (e) with 2%, 5%, 10% Nickel additions 
due to addition of Nickel more than 1%.  
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Fig. 19: XRD plot of AA7175-Homogenized 

3.5. Coefficient of Thermal Expansion Results 

The study compares the displacement and 
dimensional changes in AA 2024 and AA 7175 
alloys with 0.08% and 2% Nickel (Ni) additions. 
It shows that adding Nickel reduces the 
coefficient of linear thermal expansion in both 
alloys. The coefficient decreases from 25.2 to 
22.09 µm/m°C in AA 2024 and from 25.56 to 
21.94 µm/m°C in AA 7175 with 2% Ni addition, 
as plotted in Fig. 20.  
 

 
Fig. 20: Comparison of Coefficient of Linear Thermal 

Expansion of AA2024 & AA7175 Alloys 
 

4. Conclusion 

The present study studied the aluminum 
alloys AA2024 and AA7175 by adding Ni% and 

0.20% strontium at As-cast, homogenized, and 
forged conditions. 
 

• Adding Nickel (Ni) to AA 2024 and AA 7175 
alloys improves mechanical and thermal 
properties up to a certain limit. Tensile 
strength increases significantly with Ni 
content up to 5%, showing a 21% 
improvement for AA 2024 and 80% for AA 
7175. However, further additions (e.g., 10% 
Ni) reduce strength. 

• The coefficient of linear thermal expansion 
decreases with Ni additions, dropping from 
25.2 to 22.09 µm/m°C in AA 2024 and from 
25.56 to 21.94 µm/m°C in AA 7175 with 2% 
Ni. 

• Microstructural analysis reveals refined 
grain boundaries with up to 2% Ni, while 
higher Ni content results in needle-like 
precipitates and intermetallic phases (Ni₂Al₃, 
NiAl, NiAl₃), which make the alloy brittle. 
Therefore, 5% Ni is optimal, while 10% Ni is 
impractical due to the negative effects on 
material properties. 

 
Equiaxed and fine grains are preferred for 

optimizing ductility and strength by increasing 
grain-boundary surface area and evenly 
distributing grain-boundary constituents. In 
contrast, coarse, columnar, and feather-like grain 
structures formed under high thermal gradients 
with low alloy content negatively impact 
mechanical properties. The grain type and size 
are determined by alloy composition, 
solidification rate, and the availability of effective 
nucleation sites [30]. It is evident and can be 
concluded that adding an optimum percentage of 
2% Nickel to AA 2024 and AA 7175 alloys is 
feasible for improving its grains from coarse to 
fine grains with added intermetallic structures 
NiAl3 formation, increasing its tensile strength. 
Conversely, adding 5% and 10% Nickel is not 
feasible since the formation of fibrous needle 
shape precipitates. 

Inference from the thermal expansion results: 
The coefficient of linear thermal expansion is 
reduced from 25.2 to 22.09 µm/m.°C from base 
alloy to 2% Ni added AA 2024 alloy; similarly, it 
is reduced from 25.56 to 21.94 µm/m.°C for 2%Ni 
added AA 7175 alloy. Therefore, adding nickel up 
to 2% to aluminum alloys is acceptable and 
helpful in reducing its coefficient of thermal 
expansion.  

Thermal stresses developed in structural 
parts used in thermal environments, such as heat 
exchangers, Engines, and turbines [32], which 
depend on the thermal expansion of the alloy 
[31]. Hence, a significant reduction in the 
coefficient of thermal expansion helps reduce 
thermal stresses. Therefore, materials with lower 
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thermal expansion can be used in thermal 
environments. Thus, the prepared AA2024 and 
AA7175 alloy with 2%Ni additions has lower 
thermal expansion of 22.09 and 21.94 µm/m.°C, 
respectively, and could be a possible alloy 
selection. 
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