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Mechanical Properties; Al 2219-T87 joints before and after artificial aging using two extended aging durations. A
Microstructural; TIG Welding filler wire with a diameter of 2.6mm, ER 2319, was used for welding 5mm thick plate. The

welded joints were subjected to artificial aging at 190°C for durations of 18 hours and 24
hours to investigate the impact on joint properties. Microscopic examination was carried
out on the weldments in both the as-welded condition and after the post-weld aging treat-
ments to observe structural changes. After 18 hours of artificial aging, the weld zone and
heat affected zone exhibited a fine and dense grain structure. Additionally, a large number of
precipitates were observed after 24 hours of aging. The post-weld aged samples demonstrat-
ed significantly higher ultimate tensile strength and yield strength compared to the as-weld-
ed samples. Specifically, there was an enhancement of approximately 60% in ultimate tensile
strength and 30% in yield strength when compared to the as-welded condition. The duc-
tility, measured in terms of percent tensile elongation, of the welded joints also improved
after 18 hours of aging. It was found that toughness increased by 40%, and there was a 90%
increment in percent elongation after 18 hours of aging, attributed to the presence of fine,
equiaxed grains and reasonable precipitation. Excessive precipitation and elongated grains
were observed after 24 hours of aging.

Cite this article as: Shazad A, Akhtar M, Uzair M. Influence of artificial aging on microstruc-
ture and mechanical properties of Aluminum 2219-T87 TIG welded joints. Sigma ] Eng Nat
Sci 2026;44(4):2963-2973.

*Corresponding author.
*E-mail address: atifshahzad@cloud.neduet.edu.pk

This paper was recommended for publication in revised form by
Editor-in-Chief Ahmet Selim Dalkilic

Published by Yildiz Technical University Press, Istanbul, Turkey
B No

© Author. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).


https://sigma.yildiz.edu.tr
https://orcid.org/0000-0002-3277-7901
https://orcid.org/0000-0002-5061-8090
https://orcid.org/0000-0002-2033-6244
http://creativecommons.org/licenses/by-nc/4.0/

2964

Sigma J Eng Nat Sci, Vol. 44, No. 4, pp. 2963-2973, August, 2026

INTRODUCTION

Welding aluminium alloys is a promising joining prac-
tice commonly utilized in the aerospace industry. Al 2219
is a vital aluminium alloy that provides a high strength-
to-weight ratio, good corrosion resistance, and absolute
toughness. However, the high input heat energy involved in
welding presents numerous challenges, such as reduction
in joint strength, thermal deformations, and porosity [1, 2].
Thick plates often welded by using TIG welding but this
technique leads to several distortions due to concentrated
heat input at weld area, the strength and other mechani-
cal properties get compromised because of these structural
disorderness. The elevated heat input required for welding
thicker sections exacerbates these thermal deformations [3,
4]. Several investigations have explored how different TIG
welding procedures influence the mechanical and micro-
structural properties of Al 2219, aiming to mitigate such
welding-induced defects. A comparison between Direct
Current Electrode Negative Activated-TIG and Variable
Polarity TIG was performed to evaluate joint properties.
The results revealed that first welding technique exhib-
ited low porosity and a narrow heat-affected zone [5, 6].
Similarly, the impact of the partially melted zone was eval-
uated after weld reinforcement on the welding joints of
aluminium alloys. Partial melted zone’s induced stress con-
centrations in welding reinforcements, ultimately reducing
joint strength [7, 8]. The variation in grain size within the
weld zone and heat affected zone, influenced by the num-
ber of TIG welding passes, significantly affects mechanical
properties particularly microhardness and tensile strength
[9, 10].

Typically, coarse grain boundaries observed in these
regions tend to promote ductile fracture behavior, whereas
finer grains enhance resistance to deformation by offering
greater strength [11]. This microstructural inconsistency
across the weld is often evident in micrographs of alumi-
num weld joints and is primarily attributed to variations in
filler rod composition and fluctuations in heat input during
the welding process [12]. Furthermore, the development
of a continuous phase of weld material caused significant
deteriorations in joint strength and specific techniques can
be utilized to prevent these physical distortions like coat-
ings etc. [13]. Negative effects observed due to over-aged
zones adjacent to partial melted zones in aluminium weld-
ing joints. The mechanical properties of joints degraded
due to over aged zone in the heat affected zone, Welding
joints exhibited complex tensile behaviour due to the pres-
ence of partial melted zone’s and over aged zone’s [14].

The effects of reinforcement on the tensile behaviour
of Al 2219 TIG welded joints were investigated by Wang
et al. [15]. The results showed that the tensile strength of
welding joints without reinforcement was 250 MPa, but it
improved after reinforcement on both sides. Welding joints
with welding toes in the weld zone exhibited greater elon-
gation compared to joints with weld toes at the junction

of the weld zone and partial melted zone. The desired
mechanical strength after welding is critical due to nature
of heavy working loads and conventional welding processes
degrades the structural integrity of the joint. Friction stir
welding (FSW) is effective in strengthening joints because
it creates a uniform weld zone with minimal heat-affected
regions [16]. In one study, Hu et al. [17] explored the use
of ultrasonic vibrations during FSW to further enhance the
mechanical properties of the resulting joints. The results
indicated that ultrasonic vibrations during welding led to
improvements in tensile strength and fracture toughness
[18].

The performance of FSW 2219 changes when the
welding temperature is different which makes the tensile
strength better. When the welding joints are cooled with
water quickly, they become more brittle. The joints that are
made underwater break at the edge of the weld zone and the
heat affected zone [19]. Friction stir weld joints often have
problems like tunnel defects and cavity formations which
reduce the strength of the joint [20]. The intensity of these
problems depends on how the welding is performed and
how fast the tool rotates. Usually, bigger problems occur
when the welding is slower, and the tool rotates faster which
means there needs to be a balance between heat and mate-
rial flow when welding [21-24].

To make the mechanical performance of welded joints
better people often use heat treatments after welding.
One way that works well is aging, which makes strength
improved by creating and spreading out tiny particles. Even
short heat treatments can make fatigue better by 20 to 25
percent [25, 26]. For Al 2219 TIG welded joints a special
treatment that includes solution treatment, water quench-
ing and aging at 175 degrees Celsius can make the joint
strength better by 44 percent. Improve corrosion resistance.
However, the heat-affected zone is still a little susceptible
to corrosion. Shazad et al. [27]. Also found that artificial
aging makes the ultimate tensile and yield strengths better
and electron beam welding creates particles that are spread
out evenly along grain boundaries. Heat treatments after
welding are also very important for reducing stresses that
come from temperature differences across the weld. If these
stresses are not taken care of, they can degrade mechanical
properties [28]. This degradation is mostly based on stress
corrosion cracking, which is why heat treatment is neces-
sary to keep the structure strong. Some studies on Variable
Polarity TIG-welded Al 2219 showed that artificial aging
makes the tensile and yield strengths better by 42 percent
and 44 percent and also improves fatigue strength by 18
percent. Another study by Raza et al. [29] found that aging
at 210 degrees celsius for four hours creates tensile strength
and hardness because the tiny particles are spread out well.

A lot of research has been done on how Al 2219 behaves
when welded and aged for a time and under different tem-
per conditions. Not much is known about how the T87
temper grade behaves when aged for a long time. The T87
condition is stronger than T6. It is less flexible and less able
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to be formed which makes it very important to know how it
behaves over time for high-performance applications. This
study looks at the microstructural performance of TIG-
welded Al 2219-T87 joints that have been artificially aged
for two different long periods of time. The Al 2219 perfor-
mance is very important to understand. The welding tem-
perature is very important for Al 2219. The Al 2219 joints
are often used in applications. The performance of Al 2219
is very important for these applications.

The goal of this study is to learn more about Al 2219-
T87. Al 2219-T87 is a very strong aluminium alloy. It is not
very flexible. This makes it hard to use in some applica-
tions. The Al 2219-T87 needs to be studied. The study will
look at how Al 2219-T87 behaves when it is aged for a time.
This will help us understand how to use Al 2219-T87. The
results of the study will be very important, for people who
use Al 2219-T87.

MATERIALS AND METHODS

This study was conducted on a 5mm thick plate of
Al 2219-T87 to investigate the effects of TIG welding.
Specimens were prepared using a TIG welding technique
with a welding speed of 200mm/min, which was chosen
to ensure high-quality welding joints. The welding pro-
cess utilized a Precision TIG AC type model equipment.
In post weld heat treatment process artificial aging was
performed only at 190 °C to assess improvements in the
mechanical properties and microstructures of the welded
joints. Two durations such as 18 hours and 24 hours were
selected because significant data is available for durations
less than 12 hours. Larger durations may identify the over
aging duration for aluminum material at some specific
aging temperature. To evaluate the ultimate tensile strength
and yield strength, an H150KV Tensile testing machine
was utilized. The samples were prepared according to the
ASTM E8M-16a standard. To find out how much energy
something can take the Charpy impact test was used. This
test shows us how strong a material is when something hits
it. The sampling were performed as per ASTM E23-18 stan-
dard. Hardness fluctuations were investigated using Vickers

Table 1. Chemical composition by weight of Al 2219-T87

S.No Element Percentage
1 Mg 0.18

2 Si 0.23

3 Mn 0.28

4 Cu 6.2

5 Zn 0.11

6 Ti 0.073

7 Fe 0.31

8 Al Remaining

Table 2. Tensile properties of Al 2219-T87

S. No Characteristics Value

1 Base metal Al 2219-T87
2 Yield strength (YS) 390MPa

3 Tensile strength (UTS) 483MPa

4 Hardness (HV) 124

5 % Elongation 12%

tester for microhardness. Optical metallurgical microscope
was employed to figure out the variations in microstructure
due to artificial aging. The emission spectrometer used to
identify the alloying contents in Al 2219 material, results are
represented in Table 1. Table 2 indicates mechanial proper-
ties of base plate. The comparison between Al 2219 base
material and the weld joints after artifcial aging to check the
impact of thermal cycle and duration time.

The aim of this study was to examine the impact of arti-
ficial aging on welded samples by comparing two different
durations of aging. Following the TIG welding procedure,
the samples underwent artificial aging by being placed in
a furnace for either 18 hours or 24 hours. To ensure suffi-
cient material penetration, a double pass welding technique
was utilized. The TIG welding process involved the use of a
2.6mm diameter ER2319 filler wire.

RESULTS AND DISCUSSION

Microstructural Examination

This study investigated the variations in microstructure
of TIG weld joints of Al 2219-T87 material after long dura-
tions of artificial aging. Figure 1 illustrate microstructure
of A12219-T87 for comparison with the microstructures of
this study. Microstructures in weld zone and heat affected
zone of welded joints are shown in Figure 2 and Figure 3
respectively. Optical micrographs of weld zone after arti-
ficial aging in Figure 2 (b) and Figure 2 (c) represented
fine grain boundaries compared to weld zone microstruc-
ture of welded joints without aging shown in Figure 2(a).
Furthermore, after artificial aging, the grains in the weld
zone exhibit a more equiaxed shape and are evenly distrib-
uted, whereas the grains in the weld zone without aging are
irregularly spaced.

Additionally, a slight increase in grain elongation was
observed in the non-aged samples weld zone. However,
this difference was not significantly noticeable, suggest-
ing that post-weld heat treatment does not have a signif-
icant effect on grain elongation in the weld zone. Figure
3 depicts the microstructures of heat affected zone in dif-
ferent conditions. A comparative analysis of heat affected
zone microstructure is presented in Figure 3(a), Figure
3(b), and Figure 3(c), before and after artificial aging at
two different time periods. Figure 3(c) demonstrates the
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Figure 1. Microstructure of Al 2219-T87 (a) Heat affected zone after TIG (b) Base metal [30]. Adapted from: Venkata-
subramanian G, Mideen AS, Jha AK. Microstructural characterisation and corrosion behaviour of top surface of TIG
welded 2219-T87 aluminium alloy. Int J Eng Sci Technol 2013:5:624. Available at: https://www.researchgate.net/publica-
tion/264972445_
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Figure 2. Microstructure of weld zone (WZ) of Al 2219- T87 (a) TIG welded sample without Aging (b) Sample after 18
hours aging (c) Sample after 24 hours aging.
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Figure 3. Microstructure of heat affected zone (HAZ) of Al 2219- T87 (a) TIG welded sample without Aging (b) Sample

after 18 hours aging (c) Sample after 24 hours aging.

presence of distinct precipitates after a 24-hour aging, indi-
cating their prominent formation. Conversely, Figure 2(b)
illustrates a heat affected zone microstructure with dense
and fine grains, which hinder dislocation movement and
consequently enhance strength. Figure 1(a) showing simi-
lar microstructure in comparison with microstructure rep-
resented in Figure 3(a). The microstructure of artificially
aged joints exhibits significant improvements, particularly
in samples heated for 24 hours, where elongated grains are
observed. This extended heating period induces internal
stresses along grain boundaries due to excessive precipita-
tion, resulting in sample hardening. However, the strength
of the 24-hour heated samples is lower compared to the
18-hour heated samples.

In Figure 3(a), a disrupted grain structure is evident,
which can be attributed to the high input heat during weld-
ing, in contrast to the more favourable grain structures
observed in Figure 3(b) and Figure 3(c). The elongated
grains are particularly noticeable in Figure 3(c). Size and
orientation of grain boundaries are crucial for controlling
of mechanical properties of weld joints. Referenced stud-
ies [6, 10] mentioned importance of grain size on overall
performance of joint. Formation and distribution of pre-
cipitates across the weld joint also explained in literature as
well, more precipitates offered more resistance to disloca-
tion movements, hence resistance to deformation promote
strength and degrade ductility.
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Tensile Testing

Tensile testing was performed to investigate impact
of artificial aging on strength of Al 2219 - T87 welding
joints. Results represented in Figure 3 display the dif-
ference between joints yield strength before and after
artificial aging of TIG welded joints. Welding input
heat degraded strength upto 50% as shown in Figure 4,
150MPa YS was observed after TIG welding without arti-
ficial aging. However, artificial aging improved YS from
150MPa to 240MPa after artificial aging. Maximum
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100

H Base Metal ®TIG weld without PWHT

Figure 4. Comparison data of yield strength (YS).
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enhancement in YS was achieved after artificial aging
for 18hours duration. Figure 5 displays a comparison of
the UTS between welded joints before and after artificial
aging. The results indicate that a ultimate tensile strength
of 310MPa was achieved after an 18-hour artificial aging
process. The increase in strength can be attributed to the
presence of fine grains in the weld zone and the uniform
distribution of precipitates within the material phase. No
significant elongation of grains was observed during the
18-hour aging period.

390
240
200
150
0

® PWHT @ 24 hr

B PWHT @ 24 hr

Figure 5. Comparison data of ultimate tensile strength (UTS).
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However, when the artificial aging was extended to
24 hours, the microstructure exhibited both disrupted
and elongated grains, leading to a reduction in ultimate
tensile strength. The excessive formation of precipitates
at the grain boundaries in both the weld zone and the
heat affected zone of the 24-hour treated samples induced
internal stresses. Consequently, the tensile strength of the
24-hour aged samples was lower compared to the 18-hour
aged samples. Moreover, the increase in tensile strength
observed after artificial aging can be compared with the
findings of the reference study [29], which reported a
maximum improvement of approximately 51 MPa. In con-
trast, this study achieved a tensile strength increment of
72 MPa. This enhanced improvement is attributed to the
longer soaking duration employed in this study. Notably,
the reference study used a shorter soaking duration of 4
hours at 210 °C around 20 °C higher than the temperature
applied in this study for an extended soaking duration of
18 hours. The study investigated the impact of artificial
aging on the ductility of welded joints. Figure 6 presents a
comparison of the percentage elongation before and after
artificial aging.

Significantly different results were observed between
joints that underwent artificial aging and those that did
not. Joints without artificial aging exhibited minimal
percentage elongation, while those subjected to artifi-
cial aging, particularly for 18 hours, showed the highest
percentage elongation. The improvement in ductility can
be attributed to the formation of a uniform phase of pre-
cipitates and a reduction in defects at grain boundaries.
The presence of fine grain boundaries and the distribu-
tion of precipitates along these boundaries contributed to

14

12.5

=
[

s
aw]

% Elongation

B Base Metal B TIG weld without PWHT

Figure 6. Comparison data of percent elongation.

B PWHT @ 18 hr

the reduction in defects. However, the samples aged for
24 hours displayed lower percentage elongation compared
to the 18-hour samples. This decrease in ductility can be
attributed to excessive precipitates at the grain bound-
aries, resulting in increased hardness due to prolonged
aging duration.

Welding Efficiency

Welding efficiency of Al 2219-T87 joints was improved
due to fine precipitates in weld zone. One reason of weld
efficiency enhancement was greater dense ratio of pre-
cipitates in heat affected zone of 18 hours artificial aging.
Joints strength was superior due to artificial aging com-
pared to welding joints without artificial aging. Weld effi-
ciency 64.2% after artificial aging for 18 hours was achieved
as shown in Figure 7. Overall, 30.2% augmentation was
achieved due to artificial aging for 18 hours. However, 9.5%
increment in joint welding efficiency was attained due to
artificial aging for 24 hours. Joints artificially aged for 24
hours exhibited low efficiency compared to 18 hours artifi-
cially aged joints due to precipitation hardening and elon-
gated grains.

Micro-Hardness Testing

Hardness testing was conducted to assess the impact
of artificial aging duration. Table 3 illustrates that the
hardness of the welded joint increased after 24 hours of
aging. The base metal hardness also improved for both
durations, but a significant increase was observed after
24 hours of artificial aging. The primary cause of the
hardness increment and ductility reduction is precipita-
tion hardening. A detailed comparative study revealed
that the hardness of coarse grains, the weld zone, and the

EPWHT @ 24 hr
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Figure 7. Welding efficiency.

Table 3. Evaluation of hardness (Vicker) due to artificial
aging

S.No  Hardness region 18 hours 24 hours

1 Weld Zone 85-110 95-115

2 Coarse Grains 87-100 100-120

3 Fine Grains 74-86 82-85

4 Base Metal 110-128 112-135

base metal after 24 hours of aging was greater than that
of the 18-hour aging weld samples. The degradation of
mechanical properties and ductility due to extensive pre-
cipitation is evident from the hardness study. Therefore,
18 hours of artificial aging is the preferred choice for
welded joints due to superior properties. Furthermore,
a comparison with the findings of reference study [30]
shows that a hardness of 81 HV was achieved using a
short soaking duration at a higher temperature. In con-
trast, this study recorded increases of 25 HV and 40 HV
in hardness for soaking durations of 18 hours and 24
hours, respectively. The significant hardness gain in the
short-duration, high-temperature cycle suggests exces-
sive precipitate formation, which can adversely affect
the ductility of the material. A similar trend of increased
hardness was also observed when the soaking duration
was extended from 18 to 24 hours in this study.

Impact Testing
The toughness evaluation of welding joints involved
conducting Charpy Impact testing both before and after

B PWHT @ 24 hr

subjecting them to artificial aging. In Figure 8, x axis
indicated artificial aging durations and y axis represented
absorbed impact energy during Charpy test. The absorbed
impact energy ultimately reveals toughness of samples.
Hence, the toughness of the welding joints without artifi-
cial aging was determined to be 7.4 J/cm? as depicted in
Figure 7.

The material was not as strong as it should have been
because of what happened when it was welded. The weld-
ing process provides larger heat input, this heat changed the
material’s structure at the weld and around that area. The
material became stronger after it was treated with aging.
For example, after the material was treated for 18 hours, it
became much stronger, and impact energy measured was
around 10.3 J/cm?®. After 24 hours, weld joints absorbed
8.8 J/cm® of energy. This showed that the material became
much stronger after it was treated. The material became
40% stronger after 18 hours and slightly stronger after 24
hours due to excessive aging.

The material’s ability to bend was measured by some-
thing called ductility. Ductility is how much the material
can bend without breaking. So, when the material became
more ductile, it meant it could bend more without break-
ing. After the material was treated for 18 hours, it became
ductile. The artificial aging process made the material bet-
ter at bending without breaking than it had been before.
The material was better at bending without breaking after
it was treated. The artificial aging process really helped the
material become more ductile than it had been after weld-
ing. The material became better at bending without break-
ing because of the aging process.
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Figure 8. Toughness of welding joints.

CONCLUSION

The goal of this study was to see how a special kind
of heat treatment called aging affected the properties of
welded aluminum joints. The way tiny particles formed
inside the metal depended on the temperature and the time
it spent at that temperature. Most recent researches indi-
cated short times and different temperatures for various
types of aluminium alloys. The behaviour of this specific
alloy under larger exposure to heat was crucial for figur-
ing out how artificial aging affected its properties. In this
study, the welded joints exposed to heat at 190 °C for 18
hours and 24 hours. A microscopic analysis was conducted
to examine variations in microstructure and grain size. The
HAZ of the joints subjected to 18 hours of treatment exhib-
ited uniformly sized and shaped grains, whereas the region
treated for 24 hours developed elongated grains, which
introduced internal stresses. During testing, it was found
that it got much stronger after 18 hours of heat treatment.
The yield strength increased from 150 MPa to 240 MPa and
tensile strength from 238 MPa to 310 MPa. After 24 hours,
the tensile strength slightly enhanced to 260 Mpa and yield
strength improved to 200 MPa. The efficiency of the weld
improved by 30% after 18 hours and by 9.5% after 24 hours
compared to joints that were not treated. The heat treatment
also made the joint more flexible and tougher. Similary, the
percent elongation of joint increased by 90% after 18 hours.
The toughness improved by 40% after 18 hours and by 19%
after 24 hours. These results showed how much the prop-
erties depended on the duration of heat treatment, even if
the temperature maintained same. More than 18 hours arti-
ficial aging did not seem to be much effective because it
caused excessive hardening, which made the Al 2219 joint
less flexible and less tough. Overall, findings showed that
it was crucial to choose the heat treatment parameters. For

8.8

PWHT @ 24 hr

welded aluminum joints used in airplanes and spacecraft,
finding the balance of heat treatment could make them
much stronger, more flexible, and tougher, without weak-
ening the structure. The TIG-welded Al 2219-T87 joints
benefited significantly from optimized aging. Artificial
aging improved the properties of TIG-welded Al 2219-T87
joints. Al 2219-T87 joints exhibited improved properties
after artificial aging.
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