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General Information

Genel Bilgi

ICMSM 2024
2nd International Conference on Materials Science and Manufacturing
June 28-29, 2024
Online-Live
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Zoom Meeting Information

Please click on the zoom link provided for each session below or the link located in the
each session on the program to attend the session of your choice. The Zoom application
is free and no need to create an account. Any session can be joined without a password.
Meeting passcode will be encrypted and included in the invite link to allow participants
to join with just one click without having to enter the passcode. Speakers must be
connected to the session 10 minutes before the presentation time.

Technical Information

* Make sure your computer has a microphone and is working.

* You should be able to use screen sharing feature in Zoom.

* Attendance certificates will be sent to you as PDF at the end of the congress.

* Moderator is responsible for the presentation and scientific discussion (question-
answer) section of the session.

* Before you login to Zoom please indicate your name surname
exp. NAME SURNAME
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Zoom Toplant1 Bilgileri

Tstediginiz oturuma katilmak icin liitfen asagida her oturum igin verilen Zoom
baglantistna veya programdaki her oturumda yer alan baglantiya tiklayin. Zoom
uygulamasi ticretsizdir ve hesap olusturmaniza gerek yoktur. Herhangi bir oturuma sifre
gerekmeden katilabilirsiniz. Toplant: sifresi sifrelenecek ve katilimcilarin sifreyi girmeye
gerek kalmadan tek tiklamayla toplantiya katilmasma olanak saglamak igin davet
baglantisina eklenecek. Konusmacilarin sunum saatinden 10 dakika ©nce oturuma
baglanmasi gerekmektedir. Ttim kongre katilimcilari canli baglanarak tiim oturumlar:
dinleyebilir.

Teknik Bilgiler

e Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun.

e Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz.

e Katilim belgeleri kongre sonunda tarafiniza PDF olarak gonderilecektir.

e Moderatéor - oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan
sorumludur.

e Zoom'a giris yapmadan once liitfen adiniz1 soyadimizi belirtiniz. Ornek: AD SOYAD

Communication

Iletisim
Principal Contact
E-mail: kongre@matsciman.com

Web page: https://matsciman.com

https:/ /matsciman.com
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Moderating a Session

We appreciate all of the moderators' contributions to the conference. The moderators
are expected to assist us in the smooth functioning of the conference.
% Please keep in mind that each presenter has a total of 20 minutes. It's
important to have perfect timing.
% The moderator decides whether to take questions from the audience: at the
end of each presentation or at the end of the session.
% Please remind attendees to send their questions and comments to the Zoom
chat.
% Finally, if any of the presenters in your session does not participate and
present her/his paper, please notify us by sending an email to

kongre@matsciman.com.

Presentation Information
Each presentation has a total time limit of 20 minutes: 15 minutes for the

presentation + 5 minutes for questions & answers. The moderator has the authority

to rearrange the presentation order in the session. Please arrive at least 5 minutes
prior to the start of your session and turn on your camera during your presentation.
Please keep in mind that each presenter is required to remain for the duration of the

session.
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From the President of the Conference,

Greetings to all participants,

It is a great pleasure for me to welcome you to the 2nd International Conference on
Materials Science and Manufacturing (ICMSM) 2024 Conference.

We hope that this conference will create a friendly occasion for all to share
perspectives and research findings from a wide variety of all engineering. We also
dearly value possible friendships and partnerships made and insights gained at the
conference and hope they will go beyond your participation in the conference,
leading to better understanding and appreciation of our profession from an

international stance.

With very best wishes,
Prof. Dr. Ugur KOKLU

President of ICMSM 2024
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Acilis Konusmasi

Degerli katillmcilar Uluslararast Malzeme Bilimi ve Imalat konferans baskan: olarak
sizleri en kalbi duygularimla selamliyorum ve konferansimiza hos geldiniz diyorum.
Degerli katilimcilar davetimizi dikkate alarak Uluslararast Malzeme Bilimi ve Imalat
Konferansina bildiri ile katihm sagladigmiz icin ¢ok tesekkiir ederiz. Uluslararasi
Malzeme Bilimi ve Imalat Konferanst cevrimici olarak gerceklestirilecektir.
Konferans, malzeme bilimi ve imalat alanindaki teknolojik gelismeleri ve arastirma
sonuclarmni sunmak ve paylasmak icin uluslararasi bir platform gorevi gorecektir.
Sanal ortamda dahi olsa sizleri agirlamaktan ve bilgi paylasimindan dolay1 cok
mutlu oluyoruz. Umut ediyoruz ki sizlerle verimli ve unutulmaz bir konferans
yasayacagiz. Konferansta toplam 12 bildiri sunulacaktir. Tiirkiye, Ispanya, Romanya
ve Hindistan’dan bilim insanlarimin  yer aldig1 bildiriler sunulacaktir.
Konferansimizda hem endiistriden hem de akademik camiadan bildiriler
bulunmaktadir. Umut ediyorum ki arzulanan Universite ile endiistri bir araya
gelerek c¢ok basarili calismalar yapilacaktir. Konferansta 3 oturum olacaktir. Bir

sonraki konferansta goriismek temennisiyle

Konferansimiza katildiginiz i¢in tekrar tesekkiir ederim.

Saygilarimla
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INFLUENCE OF PRINTING PARAMETERS IN THE INTER-LAYER BONDS FORMATION
IN THERMOPLASTIC POLYURETHANE

Walter CRUPANOY?, Barbara ADROVER-MONSERRAT?, Jordi LLUMA?3, J. Antonio
TRAVIESO-RODRIGUEZ*

1Universitat Politécnica de Catalunya, Escola d’Enginyeria de Barcelona Est, Mechanical
Engineering Department, walter.crupano@upc.edu

2 Universitat Politécnica de Catalunya, Escola d’Enginyeria de Barcelona Est, Mechanical
Engineering Department, barbara.adrover@upc.edu

3 Universitat Politécnica de Catalunya, Escola d’Enginyeria de Barcelona Est, Materials Science
and Metallurgical Engineering Department, jordi.lluma@upc.edu

4 Universitat Politécnica de Catalunya, Escola d’Enginyeria de Barcelona Est, Mechanical

Engineering Department, antonio.travieso@upc.edu

Abstract

Thermoplastic polyurethane (TPU) is a copolymer that has high flexibility together with good
mechanical properties. These advantages are used to manufacture parts through 3D printing for
applications in different industrial areas such as biomedicine. Focusing particularly on the technique of
Material Extrusion (MEX), this paper studies the influence of the printing parameters on the quality of
the inter-layer bonds created with a TPU. The study was conducted to address the challenge of printing
vertical walls without supports and in various orientations. The goal was to manufacture a surface that
met design restrictions requested by a partner outside the research group. To quantify the quality of the
bonds, the mechanical behavior of the tensile tested samples is assessed following the ASTM D638-1V
standard. For this purpose, samples were manufactured according to a complete factorial design of
experiments. The printing orientation, the wall thickness, and the printing velocity were considered
variable parameters. The Young's modulus, the elastic limit and the maximum stress, were measured in
each of the tested specimens. Subsequently, the statistical influence of the parameters on each of the
measured properties was evaluated, through an analysis of variance. The results showed that the studied
parameters have a certain influence on the bonds between layers, but not all of them have an effect on
the same measured properties. In general, the printing orientation is the parameter that has shown the
most statistical influence and, on the contrary, the printing velocity the least. A second-order analysis
concluded that there are also interactions between some parameters that show a statistically significant
influence. Specifically, the interaction of printing orientation with wall thickness had the highest
influence. It has been concluded that the best bonds between layers are obtained in printed pieces
oriented at 90°, at 25 mm/s velocity, and with 0.8 mm wall thickness.

Keywords: Additive manufacturing, material extrusion, tensile tests, inter-layer bonding.

INTRODUCTION

Additive manufacturing (AM) is a set of part manufacturing techniques based on the construction of
objects layer by layer. The rapid evolution achieved in recent years demonstrates the potential of AM to
prevail in the finite products market [1]. These manufacturing techniques revolutionize the common
subtractive process, reducing the need for tooling, while providing a certain flexibility in the design of
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the parts [2]. The result of AM techniques is an integration of the design stage into the manufacturing
stage. Although AM is used with low production volumes, due to the limitation of the process itself, it
allows frequent modifications to the design and offers customization of the final product [3,4]. The
typical processes of AM techniques are summarized in the ASTM 52900 standard. One these techniques
is material extrusion (MEX), previously called fused filament fabrication (FFF) or fused deposition
modeling (FDM). After Scott Crump patented this manufacturing process in 1989, it became the most
popular technique [5,6]. The different names used for this extrusion technique are some of those
accepted in the literature to refer to a low-cost process that uses filaments to generate complex
geometries [7].

The materials used in the MEX process are thermoplastic polymers that, sufficiently heated by an
extruder, are deposited on a heated bed progressively, building the designed object. They are usually
reinforced with natural fibers or another polymer to improve their performance [8]. The range of
polymers available on the market goes from thermoplastics such as polylactic acid (PLA), characterized
by its high rigidity and mechanical resistance, to thermoplastic elastomeric (TPE), which stand out for
their flexibility and ability to withstand large deformations [9]. Elastomeric filaments that are well suited
to MEX have a low glass transition temperature (Tg) associated with a high crystallization rate, but are
generally amorphous and are supplied above the Tg [10]. In opposition, TPE are a family of polymers
with wide industrial applications. However, they present difficulties when printed by MEX [11].
Researchers generally improve these difficulties by controlling the different printing parameters [12-16].

Within the TPE, thermoplastic polyurethanes (TPU) have characteristics similar to elastomers and are
capable of providing a behavior similar to rubber even if they are 3D printed [17]. The elastic behavior
of TPU fits perfectly into the MEX process [18]. TPUs are copolymers formed by soft segments (SS)
and hard segments (HS), which allow them to exhibit a combination of resistance and flexibility[19,20].
They can have a variable Shore A hardness, depending on the SS and HS content, as well as their
chemical structures [21,22]. These materials are widely used in different areas such as biomedical
products, electronic devices, automotive components, and textiles [23,24]. Emami et al. [25]
demonstrated the potential of TPU for the manufacture of complex geometries such as 3D-printed
flexible molds. Gonzalez et al. [21] used the TPU manufactured through the MEX technique to produce
dielectric devices, testing its properties in these type of structures. Katschnig et al. [26] explored the use
of TPU in biofunctional maxillofacial implants. The research positively assessed the biological
compatibility of the TPU/PETG hybrid manufactured by MEX as suitable for personalized implants in
the maxillofacial area. Overall, it is demonstrated that TPU is an interesting material for many different
actual applications. However, their final performance when 3D-printed depends on the selected
parameters used in the slice of the samples.

The correlation between manufacturing by MEX and the properties of the product is complex and in
great measure, depending on the union between the deposited filaments and layers. Previous studies
show that these bonds are related to printing parameters and influence mechanical [27-29]. Kasmi et al.
[30] determined that increasing the speed from 15 mm/s to 100 mm/s caused a reduction in the tensile
strength of the TPU. In fact, high printing speeds cause defects due to non-constant flow [31]. In order to
optimize the MEX process, Lin at al.[10] related the printing velocity with the mechanical properties
using TPU with different hardness. They determined that to obtain better resistance, the velocity must be
regulated depending on the filament hardness. Arifvianto et al. [32] showed that the bidirectional
configuration of TPU processed by MEX does not improve its mechanical properties. Other authors
evaluated the union of the fused filaments, concluding that the printing temperature is influential for the
bonds between filaments [33,34]. Striemann et al. [34] improved the bonds between layers through in
situ infrared heating. In fact, the study by Gumus et al. [35] analyzed a temperature range of 170-250°C,
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and revealed that the increase in temperature favors the adhesion between layers. In addition, they found
that adequate adhesion between layers is obtained by regulating the printing bed temperature. Spoerk et
al. [36] suggest keeping the bed at a temperature around the glass transition temperature of the material
used. Layer height is another printing parameter that determines different mechanical responses. In fact,
it influences the width of the spaces created between the filaments [37]. Garg et al. [38] addressed the
problem of dimensional precision tied to the MEX process and analyzed layer height, infill density, and
printing velocity. The study concluded that layer height is the most determining factor of those analyzed.

The anisotropic characteristics revealed in MEX printed pieces are a result of difficult bonds between the
deposited layers, according to Gao et al.[39]. Beyond the analyzed literature, the importance of the
relation between printing parameters and the mechanical behavior of printed pieces remains to be
demonstrated. However, it is clear that the bonds between layers play an important role in this
mechanism [33,34,40,41]. In order to go deeper on this topic, the present paper aims to study the quality
of adhesion generated between layers in TPU parts manufactured by MEX, known as inter-layer bonds.
This study is valuable because, on the one hand, MEX is a suitable technique for manufacturing pieces
using polymeric filaments and, on the other hand, it also has some extruding compatibility limitations
when soft materials such as TPU are used. Furthermore, if MEX technique users are able to achieve
good quality of bonds created between layers, they will also achieve good mechanical properties. This
problem concerns most of the 3D printing processes.

MATERIAL AND METHODS

As it has been demonstrated in the introduction, the bonds created by the deposited filaments determine
the performance of the final pieces. Therefore, it is necessary to analyze the quality of parts
manufactured through vertical walls with different angles of inclination, without using supports. This
Design of Experiments (DoE) emerges from a demand from a company, as they need to print as in the
part shown in Figure 1-a. Thus, the objective is to find the best manufacturing parameters using the
different inclination angles shown in Figure 1-a. Therefore, the best inter-layer bonds (Figure 1-b) will
be found, increasing the quality of parts.

Lh = Layer heigth

Figure 1. (a) Orientation of the analyzed walls. (b) Diagram of the deposited filaments focalizing the
inter-layer formation [42].

To do that, a DoE technique was used. Three printing parameters are chosen as variables: printing
orientation, wall thickness, and printing velocity. The orientation defines the inclination in which the part
is printed and it determines different mechanical characteristics. The wall thickness defines the number
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of intra-layer bonds that are generated in each layer. \elocity is the parameter that determines the speed
at which the extruder moves. It generally has an impact on printing time and the quality of inter-layer
adhesion.

The material used in this work is a filament of TPU 98A in a 1.75 mm diameter, classified as semi-
flexible material. It offers high tensile strength and high elongation at break values [43,44]. It is
manufactured by Fillamentum Company from Czech Republic.

The specimens have been printed at 240 °C and a layer height of 0.2 mm with configurations that
consider the three angles determined in Figure 1-a (45°, 50°, 90°) and two wall thicknesses (0.8 and 3.2
mm). Moreover, the velocity was studied at two different levels (25 and 40 mm/s). Table 1 compiles the
selected full factorial DoE used, as well as, the different considered configurations. Three repetitions of
each configuration were reproduced. The combination of a wall thickness of 3.2 mm with a velocity of
40mm/s was discarded due to printing difficulties.

Table 1. Factors and their levels considered on the DoE.

Factor Levels Values
Orientation 3 45 50 90
Wall thickness 2 0.8 3.2
Velocity 2 25 40

The samples follow the ASTM D638-1V standard and were modeled with SolidWorks software. They
were manufactured using a Creality Ender 3 printer (Shenzhen Creality 3D Technology Co., Ltd.,
Guangdong, China), following the printing configurations chosen for this TPU. Subsequently, the
specimens were subjected to a tensile test, using a Zwick Roell Z005 universal testing machine, at a 5
mm/s testing speed and a maximum load of 4500 N. The results of the tensile test were compiled in a
TestXpert software associated with the universal machine. The specimen’s geometry and the
experimental setup are shown in Figure 2-a and Figure 2-b.

(a) Tensile load Tensile load (b) I 3 ;"'/"‘" R b
<— [— "
i J w )

115

~

19

2

=g
),
@t:::’ \@Z
25

H wall thickness 33

Figure 2. (a) Test specimens ASTM D638-1V (measures in millimeters). (b) Universal Testing Machine.

To analyze the effect of the printing parameters on the mechanical response, an analysis of variance
(ANOVA) was performed. The associated p-value was determined considering a significant level of 95%
(a = 0.05), which allowed us to observe whether the printing parameters significantly influenced the
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mechanical response. The parameters obtained in the tensile tests considering the means of the three
samples tested and their respective deviations are shown in Table 2.

RESULT AND DISCUSSION

Table 2 shows the mechanical response analyzed (Young's Modulus, E; yield strength, Rpo.2; and
maximum strength, Smax) according to the manufacturing parameters studied.

Table 2. Results and deviations of the different configurations.

Printing parameters Tensile results

Combi- Orientation Velocity Wall thickness E Rpo.2 Smax
nation [°] [mMm/s] [mm] [MPa] [MPa] [MPa]

1 45 25 0.8 221.6 £23.9 148 +£0.13 159 +8.55
2 45 40 0.8 143.9 £4.03 0.96 £0.03 12.9 £2.71
3 45 25 3.2 204.7 £ 59.1 1.28 £0.39 9.84 +£8.04
4 50 25 0.8 257.8 £6.62 1.65 £0.03 23.1 £0.79
5 50 40 0.8 239.8 £16.6 1.63 £0.06 18.3 +£2.02
6 50 25 3.2 148.3 +£6.38 0.89 £0.07 3.55 £2.22
7 90 25 0.8 268.8 +6.73 1.69 £0.01 18.9 +0.31
8 90 40 0.8 266.9 £9.96 1.66 £0.11 20.7 £0.26
9 90 25 3.2 196.3 +34.8 1.22 £0.21 697 +£1.10

The influence of the printing parameters and their interactions are shown in Table 3. The results of the
ANOVA show that the wall thickness is the only influential parameter for all the mechanical properties
under study since their associated p-values are lower at 0.05. The other parameters are not statistically
influential even though for the Young's Modulus the orientation is at the limit of influence. In fact, the
90° orientation has a maximum Young's modulus of 243.95 MPa, with a steeper slope between 50° and
90°, compared to the lope between 45° and 50° (Figure 3). The combination of 90° with the lowest
printing speed (25 mm/s) produces the highest mechanical response. In this case, the values obtained are
266.9 MPa for Young's modulus and 1.69 MPa for yield strength.

The 0.8 mm level guarantees a good mechanical response. Both in the elastic and plastic behavior zone,
the highest Smax values are obtained in the printed parts with 0.8 mm walls, suggesting better adhesion
between filaments when the wall thickness is lower.

Furthermore, it is observed that no interaction between manufacturing parameters considered in this
study is statistically influential for the studied mechanical properties.

Table 3. P-values obtained in Minitab for mechanical parameters.

Factor p-value
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E Rpo.2 Smax

[Mpa]  [Mpa]  [Mpa]
Orientation 0.055 0.089 0.615
\elocity 0.091 0.102 0.444
Wall thickness 0.002 0.000 0.000
Orientation*Wall thickness |0.225 0.134 0.563
Orientation*\elocity 0.140 0.147 0.122

Figure 3 shows the effects of the printing parameters in the tensile tests for Young's modulus and the
yield strength (parameters that define the elastic behavior zone).
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Figure 3. Main effect plots for Young modulus and yield strength.

The main effects plots for maximum stress are shown in Figure 4. As evident, the 90° print orientation
and 0.8 mm wall thickness give the best results. Moreover, although speed is not influential, the best
responses are obtained at 40 mm/s.
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Figure 4. Main effect plot for maximum stress.

Analyzing the results obtained, the configuration that offers the highest strength is in the sample printed
at 50°, at 25 mm/s speed, with a wall thickness of 0.8 mm; with a Smax value of 21.08 MPa.
Figure 5 shows the Stress-strain curve of this same configuration.



2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

Stress-strain curve

Figure 5. Stress-strain curve with a configuration of 50°, 25 mm/s, 0.8 mm.

However, Young's modulus and the yield strength reach a maximum value in the printed part at 90°, 25
mm/s speed, and 0.8 mm wall thickness, obtaining a Smax 0f 18.91 MPa. In the present study, the vertical
orientation represents the best condition to generate good interlayer adhesions. In fact, the literature
confirms the 90° orientation as a necessary condition for good resistance [32].

Besides, in the elastic zone, comparable values are achieved with configurations 7 and 8, both with a 90°
orientation and a wall thickness of 0.8 mm. It is shown that the thickness influences the adhesion
between filaments and can control the formation of voids [45]. The typical anisotropy of samples
printed in MEX is a documented condition related to printing parameters [46]. Poor adhesion between
filaments causes voids that reduce the mechanical performance of printed parts [47]. Although this
research provides a relationship between adhesion between deposited filaments and printing parameters,
it paves the way for future studies.

CONCLUSIONS

The use of the MEX technique to manufacture parts using flexible polymers such as TPU is not yet fully
documented, especially the mechanical characterization of the parts obtained. This study has delved into
the relationship between the printing parameters to be used and the mechanical behavior by analyzing
the cohesion of different layers.

The results obtained showed that the wall thickness influences in terms of maximum stress. In particular,
good inter-layer bonds are formed in the vertical orientation and wall thickness of 0.8 mm, determining a
dependence of the inter-layer bonds on the orientation. From this study it can be concluded that the
supports are dispensable with printing angles greater than 45°, also guaranteeing good unions between
filaments.

The mechanical properties obtained in the parts printed by MEX with TPU make it usable for different
industrial applications, specifically for the one that was being evaluated in the biomedical sector.
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Abstract: This paper is an experiment on the potentio-dynamic polarization behaviour of AA2014-T4
and AA6082-T651 dissimilar friction stir welds. Polarization techniques are more rapid experimental
approaches as compared to conventional weight loss estimation methods for corrosion rate
measurements. These activation-controlled anodic and cathodic procedures are controlled by the Tafel
relationship. This linear polarization curves in the Ecorr vS. 10g lcorr plots of AA2014-AA6082 welds were
investigated for an electrochemical analyzer in 3.5% NaCl solution. Further, the AA2014 and AA6082
base metals were subjected to retrogression and reaging at 280°C for 5 min followed by aging at 110°C
for 10 hours, then cooled under control to 10-26°C (50-500°F) before cooling with air. Then, the plates
were AA2014-AA6082 friction stir welded and measured for corrosion rates. The microhardness survey
had been measured for the before and after heat treated across the AA2014-AA6082 weld cross sections.
The micrographs were also investigated. The microhardness and microstructure of FSW (Friction stir
welded) samples were compared to the corrosion results. Henceforth, AA2014-6082 weld metal regions
showed increased corrosion rate than AA2014BM and decreased corrosion rate than AAG6082BM.
Before heat treatment samples showed increased corrosion rates compared to after heat treatment due to
the fine precipitates in the weld region.

Keywords: Dissimilar Al alloy, AA2014/AA6082, corrosion rate, Tafel plot

1. Introduction

The heat-treatable wrought alloys of the AA6082 (Al-Mg-Si) are well suited for different
structural, construction, marine, mechanical, and process-equipment applications due to their moderately
outstanding strength and higher corrosion resistance. As compared to alloys from other series, which
include significantly smaller levels of copper, alloy AA 2014, which has copper as the primary alloying
element, has poorer corrosion resistance [1-2]. The primary joining process for these alloys is FSW.
FSW welding eliminates the need for further surface treatment or shielding gas. This is a well-known
process with no waste, porosity, or fumes, but end-hole restrictions [3]. Previous research was helpful in
determining welding settings for the dissimilar AA2014-AA6082 weld [4, 5].

The mechanical, microstructure characteristics, and corrosion behaviour of gas metal arc
AA6061-T6 aluminium alloy welded joints with the impact of mechanical vibration during welding have
been studied by llman, M. N. et al. Many tests, particularly electrochemical polarization tests in a
solution of 3.5 percent NaCl, were conducted. A decline in intermetallic compounds like MgSi in
interdendritic areas, which lower local galvanic cells, may be associated with the enhanced corrosion
resistance of the vibration-assisted weld joints. Base metal and HAZ may exhibit similar corrosion
behaviour. The weld metal microstructure may be associated with the corrosion behaviours observed in
this investigation. It can be shown that all HAZ zones in this investigation had lower corrosion current

12


mailto:*thilagham.met@gmail.com

2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

densities than the weld metal areas. This result seems to demonstrate that the presence of Mg.Si controls
corrosion behavior [6].

Trdan, U. et al. (2012) utilized LSP (laser shock peening) on AA6082 aluminium alloy at
different power densities to examine corrosion performance in a 0.6M NaCl solution. In comparison to
the unprocessed samples, the results of cyclic polarization demonstrated improved passivity with
corrosion current reductions of up to a factor of 12. In addition, polarization resistance after LSP was
approximately seven times greater according to EIS after 24 h compared to the control sample (45 and
6.7 kQ cm?). Al,O3 enrichment, as shown by XPS analysis, helped to increase corrosion resistance while
minimizing the anodic dissolution of the LSP-treated surface caused by shock waves and plasma
ablation [7].

Due to two considerations, the electrochemical impact on corrosion in these alloys may be higher
than in alloys of several other types: a higher change in electrode potential when there are fluctuations in
the proportion of copper in the solid solution and, in certain cases, when there are non-uniformities in
the concentration of the solid solution. However, these solid solution or second-phase solution-potential
correlations are not principally responsible for the overall resistance to corrosion declining with
increasing copper concentration. Electrochemical impact on corrosion resistance may be minimized by
the development of aged or the precipitation heat treatment procedure. The quenching rate, as well as the
temperature and length of artificial ageing, may all have an impact on a product's ability to resist
corrosion [8].

Lumsden, J.B., et al. (1999) investigated the FSW AA7075 weld's sensitivity to corrosion. When
compared to the parent metal, the microstructures showed less pitting potential and preferential grain
boundary attack. The microstructure of the weld zones was characterized, and localized chemical
variations within the weld zones indicated that the loss of Cu inside the precipitate-free zones and grain
boundaries was associated with a drop in corrosion resistance. These findings demonstrated that a
differential in pitting potentials was to account for the reduced intergranular corrosion resistance of AA
7075-T651 after FSW [9].

Buchheit,R.G., & Paglia,C.S. (2008). The microstructure becomes sensitized, exhibiting
corrosion susceptibility in aluminium alloy friction stir welds. The nugget's microstructure reacts
strongly to welding, and coarsening of the grain boundary precipitates encourages intergranular
corrosion, which is mostly seen along the heat-affected zone of the nugget. Short-term post-weld heat
treatments that decrease corrosion change the microstructure at temperatures close to those used during
welding. By changing the microchemistry when welding, it is also possible to boost corrosion resistance
[10].

Surekha K. et al. (2009) used salt spray and immersion tests to test the hypothesis that rotation
speed has a significant impact on the rate of corrosion and the breakdown and dissolution of the
intermetallic particles [12-13]. For low rotation speed welds, Jariyaboon, Manthana, et al. (2006)
studied localised intergranular attack in the nugget region; for higher rotation speed welds, attack mostly
happened in the heat-affected zone. Additionally, the nugget's increased cathodic reactivity as a result of
the S-phase precipitation was examined [14]. Jariyaboon, Manthana, et al. (2007) studied the net
anodized attack in the 7010 alloys, which had the maximum susceptibility in the nugget region. In the
same way, the precipitation of the S-phase particles in 2024 provided protection to the nugget region due
to its high net cathodic reactivity [15].

Ghosh, K. S. et. al. (2013) investigated the corrosion behaviour of the alloy in different
electrolytes at different tempers using microstructural characteristics [11], researchers Songyi Chen et al.
(2012) found that when compared to T6 temper, retrogression and reaging (RRA) increased exfoliation
corrosion resistance without compromising strength [19]. Ipekoglu, G. examined how the dissimilar
joints' microstructure and mechanical characteristics were affected by the initial temperature condition
and PWHT [20]. According to research by Ghosh, R. et al. (2018), the fatigue performance of a material
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is greatly impacted by the choice of suitable heat treatment conditions that provide control over
corrosion behavior [16]. According to research by Talianker, M., and Cina, B. (1989), the reason for the
SCC of 7000-T6 alloys is the removal of dislocations as a result of RR treatment [14].

According to Bin Zhou et al. (2019), the microstructure differences between T1 and T6 have a
direct impact on the corrosion resistance differences. It was mentioned that the corrosion resistance of
alloy samples dropped, the maximum corrosion depth increased, and the corrosion current density of T1
and T6 samples increased with an increase in chloride ion concentration [17]. Ting He et al. (2021)
reported that Mg.Si phases were anodic to their matrix and dissolved preferentially without impacting
corrosion propagation considerably. The local corrosion of 6061 aluminium alloy was more affected by
the AlFeSi phases than by the Mg2Si phases. The accelerated effect was stopped as the AlFeSi
dissolved, and the corroded zone diameter increased to five times that of the AlFeSi phase [18].
According to Jingiang Shan et al. (2018), each type of aluminium alloy has unique compositional
proportions, meaning that various materials have different potentials. Therefore, the compositional
amounts of Si and o-Al in 6082 are different. This implies that there should be less of a potential
difference between Si and a-Al [19].

The above literature focused more on the corrosion studies on various zones and effects of heat
treatment and precipitate particles and types of pitting, intergranular, or SCC resistance in 3.5% NaCl.
These AA6082-T651 and AA2014 aluminium alloys come under heat treatable grade, where it can be
given T6 temper to T74 temper were made using RRA (“Retrogression and Reaging”) and DRRA
(“Dual-Retrogression and Reaging”). The effects of corrosion after RRA treatment were studied by
Ipekoglu, G. et.al. (2014)[20], Pengxuan Dong, et. al. (2012) [21], and Cina, B. et. al. (1989) [22]. Here,
the A6082 in T651 (solution heat treatment followed by stretching and artificial ageing) and the alloys
AA2014 in T4 Heat treated condition were prepared 100x50x6mm? test coupons for dissimilar friction
stir welding. The cylindrical H13 pin is preferred. Then AA6082 plates were subjected to retrogression
and reaging at 280°C for 5 minutes, followed by aging at 110°C for 10 hours, then cooled under control
to 10-26°C (50-500°F) before cooling with air. Similar to that, the AA2014 alloy was also subjected to
retrogression and reaging at 280°C for 5 minutes, followed by aging at 110°C for 10 hours. The plates
were cooled under control to 10-26°C (50-500°F) before cooling with air.

The non-heat treated and after heat treated samples were FSW welded using welding parameters
given in. Additional characterization investigations microstructure and hardness survey were conducted
on the FSW samples. The objective is to study the potentiodynamic polarization behaviour of AA2014-
6082 dissimilar joints in a 3.5% NaCl solution. The microstructural and microhardness were correlated
with the before and after heat treated corrosion rates measured.

2.0 Experimental details
2.0Material and sample preparation
To get the chemical analysis results, aluminium AA2014 and AA6082 materials were sliced to
25x25mm? (linch x linch) size. According to the standards, the chemical composition of AA2014 and
AA6082 was verified using Vacuum Emission Spectroscopy. The chemical compositions are shown in
Table 1.
Table 4.Chemical Composition (Wt%)

Si% | Fe% | Cu% | Mn% | Mg% | Zn% Ti% Al%

AA6082BM | 1.162 | 0.285 | 4.155 0.58 0.52 0.018 | 0.104 Bal.
AA2014BM | 0.76 | 0.236 | 4.48 0.65 0.67 0.66 0.103 Bal.
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2.1Welding parameters

In this work, the base materials were cut into work specimens of only 100x50x6mm? in sizes to make
AA2014-AA6082 weld. The final weld dimensions of 100x100x6mm?® were made using the welding
parameters listed in Table 2. The configuration geometry of the FSW process and the tool used for the
AA2014 and AA6082 welds are illustrated in Figure 1. The pin material of high speed steel with a
threaded profile was used to create friction [23-24]. To improve the corrosion behaviour of the weld and
metal flow [29], AA6082 was kept on the advancing side and AA2014 on the retreating side. The
optimum welding parameters shown in Table 5 were used to get the AA2014 and AA6082 plates
together. The RV Friction stir machines — 30 tons - axial pressure 20 kN, Coimbatore, India was used for
welding [25].
Table 5.Welding parameters used for dissimilar FSW Aluminum Plates

SAMPLENO | TOOL ROTATION SPEED (rpm) WELDING SPEED
(mm/min)
1 900 40
2 1100 60
3 1300 70
4 1500 90

Friction stir welded joint configuration

All dimensions are in mm

Figure 6.Configuration geometry of FSW of AA2014 and AA6082 weld

Figure 7. Standard tensile test specimen

2.2Mechanical and Microstructure studies

Figure 7 illustrates flat tensile test specimens for mechanical strength evaluation according to
ASTM E8M requirements. Next, the Universal Testing machine-40T-Hydraulic machine was used to
conduct the testing. The tests were conducted at room temperature (26°C) and normal atmospheric
pressure, in accordance with AWS B4.0. Freshly prepared Keller’s reagent (190 ml water, 5 ml HCL, 3
ml HF, 2 ml HNO3) was utilized to etch the emery polished and mirror-finished weld to reveal the
microstructures. The 100X magnified microstructures were fetched using the METZER microscope. The
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microhardness was carried out with a Zwick Micro hardness tester, using 0.3 Kg weight and 15 sec
dwell time given for aluminium alloys.
2.3Corrosion study

As per ASTM G 110 [26-27] to test the sample in the simulated coastal environment, the
following corrosion media were prepared: 57 grams of sodium chloride, 10ml of hydrogen peroxide
(30% add just prior to initiation of exposure) diluted to 1.0 liter with reagent water. To carry out the
corrosion testing as per ASTM standard G 69-99 [26], 3.5 % NaCl + 30% H,O> at room temperature
corrosion media has been prepared.

In the Polarisation investigation was done using the GILLAC-ACM potentiostat instrument. In
the experiment, a welded specimen was chosen as the working electrode, while “graphite” served as the
counter electrode and Ag/AgCl as the reference electrode. In order to simulate marine conditions, an
electrolyte solution comprising 3.5 percent NaCl + 30% H»O. at room temperature with a potential scan
rate of 0.002 V/s was used. The exposed area of the scan was 0.705 cm?.

The anodic and cathodic Tafel slops were extended back to the plot's junction point to get lcorr
and "Corrosion Potential™ (Ecorr). In terms of Tafel's behavior, typical cathodic polarization curves are
also shown in Figure 3. The corrosion rate (mpy) was calculated using equation (1):

327 *10—3 * Icorr EW.

Corrosion Rate (mpy) = d Equation (1)
E.W = equivalent weight of corroding species, g

icorr = corrosion current density, pA/cm?
d = corrosion species density, g/cc

logi

Figure 8.Tafel Plot

3.0 Results & Discussion
3.1 Corrosion Results
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Figure 9.Corrosion results for (a) before heat treatment AA2014 base metal, (b) after heat
treatment AA2014 base metal.
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Table 6. Results of Ecorr values

Region Ecorr (V) Before Heat treatment | Ecorr (V) After Heat treatment
6082BM -0.65 -0.77
2014BM -0.7 -0.85
Sample 1 -0.76 -0.86
Sample 2 -0.34 -0.77
Sample 3 -0.72 -0.72
Sample 4 -0.72 -0.71
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Figure 15.Ecorr (V) values

The base metals' typical precipitate sequences are as follows:

6082 alloy is SSSS — G.P. zone - " — ' — f

and 2014 alloy is SSSS — G.P. zone — 0" — 6,

Jariyaboon, Manthana, et al. (2006) investigated the “corrosion behaviour of a friction stir weld"
between two dissimilar metals (AA7010-T7651 and AA2024-T351). In immersion tests and gel
visualization, the 7010 alloy's nugget area exhibited the highest susceptibility, whereas the 2024 alloy's
nugget region had significant net cathodic reactivity as a result of the precipitation of S-phase particles
[14]. Similarly, Shan, Jingiang et al. (2018) shown that the Mg.Si phase, a-Al matrix, and Si phase have
corrosion potentials of -1.160, -0.876, and -0.547 SCE/V, respectively, in the sodium chloride solution.
Anodically dissolving Si phase and a-Al matrix was said to occur when they set up a micro-galvanic
cell. Moreover, during the formation of the microgalvanic cell, the Mg.Si phase will dissolve first due to
its lower potential than o -Al matrix [19]. Bin Zhou et al. (2019) explored a lot about how the structure
of 6082 secondary particles and the Al matrix respond differently to varied electrode potentials [17].

Figure 9 shows corrosion results of before and after heat treatment of AA2014 base metal.
Figure 10 shows corrosion results of before and after heat treatment of AA6082 base metal. Table 3
shows the Ecor (V) of the AA2014-6082 weld and base metals before and after heat treatment for 10
hours. As per Table 6, Ecor (V) values of AA6082 base metal showed of -0.65V for Before Heat
treatment and -0.77V for after Heat treatment. Similarly Ecorr (V) values of AA2014 base metal showed
of -0.7V for Before Heat treatment and -0.85V for After Heat treatment.

Figure 14 show the Tafel curves in 3.5% NaCl solution for the AA2014-6082 weld before and
after heat treatment for 10 hours. Figure 1510 shows the Ecorr (V) values in graphical representations. So,
the corrosion potential of sample 1 after heat treatment with -0.86 SCE/V and sample 2 with -0.34
SCE/V. The other regions showed intermittent values between -0.65 and -0.86 SCE/V. The least Ecorr (V)
potential values are seen mostly for after heat treatment.

Figure 15 shows the Ecorr (v) values for both before and after heat treatment samples. It showed
that after heat treatment had scanned lower corrosion potential values than before heat treatment. Figure
16 shows the Ecorr (V) Vs. rotational speed (rpm). It showed that the increased rotational speed shows
increased Ecorr Values for both before and after heat treatment samples [12]. It is also showing samples 3
and 4 with almost equal potential values for both before and after heat treatment. But sample 2 shows
that before heat treatment with -0.34 V, and after heat treatment with lower potential of -0.77 V. This
showed that the potential scan might be done on different phases of the AA2014-6082 weld. Similarly,
the highest potential value of sample 2 before heat treatment weld regions might be also on different
phase of the AA2014-6082 weld.
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Figure 16.Ecorr (v) Vs Rotational speed (rpm).

Table 7. icorr (A/cm?) and Corrosion Rate (mpy) values of different AA2014-AA6082 weld.
Region Ecorr (V) icor (A/cm?) Corrosion Rate (mpy)
Before | After heat | Before After Before After
heat treatment heat heat Heat Heat
treatment treatment | treatment | treatment | treatment
AA2014 T4 BM 07 085 3.74E+00 | 1.32E-05 | 3.41E+06 | 1.21E+01
Sample No 1- -0.76 -0.86 1.60E-11 | 1.10E+05 | 1.45E-05 | 1.01E+12
Weld Region ' '
Sample No 2- 5.23E-11 | 1.35E-05 | 4.77E-05 | 1.21E+01
Weld Region 0.34 0.77
Sample No 3- .0.79 0.72 2.18E+06 | 5.74E+05 | 4.30E+12 | 1.12E+12
Weld Region ' '
Sample No 4- 0.7 0.71 7.25E+05 | 1.13E+05 | 6.61E+11 | 1.03E+01
Weld Region ' '
AA6082 T651 4.95E+06 | 8.03E+00 | 3.25E+11 | 1.48E+00
BM -0.65 -0.77
b i.00E+06

—+—Before heat treatment

5.00E+06
—m—After heat treatment

— 4.00E+08
£ /
o

i 3.00E+08

A /

0.00E+00 = o T T - =

AA2014 T4 Sample No 1- Sample No 2- Sample No 3- Sample No 4- AA6082 T651
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Figure 17. Potentio-dynamic polarization icorr (A/cm?) comparison of various regions of weld cross
section before and after heat treatment.

H
- 2.00E+06

20



2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

00E+12

—+—Before Heat treatment
4.50E+12

—=—After Heat treatment
4.00E+12

3.50E+12

3.00E+12

S0E+12

N N

.00E+12

Corrosion Rate (m py)

1.50E+12

1.00E+12

5.00E+11

0.00E+00

AA2014 T4 Sample No 1- Sample No 2- Sample No 3- Sample No 4- AAB082 T651
BM Weld Region Weld Region Weld Region Weld Region BM

Figure 18. Corrosion Rate (mpy) comparison of various regions of weld cross section before and
after heat treatment

Table 7 shows the icor (A/cm?) and Corrosion Rate (mpy) values of different AA2014-AA6082
welds. Figure 9 show the Potentio-dynamic polarization icor (A/cm?) and corrosion Rate (mpy)
comparisons of various regions of the weld in a 3.5% NaCl solution. From, it was observed that the
decreased corrosion rates for after heat treatment [29].

Figure 18 shows the increased corrosion density of 2.18E+06 A/cm? for sample 3 before heat
treatment weld. Lowest current density of 1.60E-11 A/cm? was observed for sample 1. It was observed
that the corresponding corrosion rate also increased. Lower current density 1.45E-05 mpy of sample 1
was showing lowest corrosion rate. Before heat treatment Sample 3 had showed corrosion rate of
4.30E+12 mpy. Similarly, increased corrosion density of 5.74E+05 A/cm? was observed for sample 3
after heat treatment. It showed the corrosion rate of 1.12E+12 mpy. The lower current density of 1.35E-
05 A/cm? was observed for sample 2 after heat treatment and the corresponding corrosion rate was
1.21E+01 mpy.

The weld metal regions were showed increased corrosion rates, when compared to the AA2014
base metal and but decreased with respect to AA6082 base metal regions, due to fine precipitates
formation in the weld.

2.50E+06 a
2.00E+06 A
§ 150E+06 —=—icorr (uA/cm?2)
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g treatment
£t 1.00E+06 .
8 ——icorr (MA/cm2)
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1100 1300 1500
Rotation speed (rpm)

Figure 19. icorr (A/cm?) vs rotational speed (rpm)
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Figure 20. Corrosion rate(mpy) vs rotational speed (rpm)

Figure 1814-15 show that icor (A/cm?) vs rotational speed (rpm) and corrosion rate (mpy) vs
rotational speed (rpm) respectively. According to K. Surekha et al. (2009) found that improved
resistance was indicated by the icorr Values decreasing as rotation speed increased [12-13]. The lcorr
represents the kinetic process of the electrode reaction, whereas the Ecorr represents the thermodynamic
process. lcorr IS @ crucial measurement in determining a material's corrosion resistance. It was noted that
the smaller the lcor, the greater the material's corrosion resistance [31]. The lowest corrosion potential
and increasing current density indicate the worst corrosion resistance [32]. Thus, the worst corrosion rate
was seen for sample 3 before heat treatment AA2014-6082 weld region.

The icorr and corrosion rate showed that after heat treatment with improved corrosion resistance.
Thus, the corresponding corrosion rate of the sample after heat treatment also showed increased
corrosion resistance. It showed that the icorr Values were non-linear with the applied rotational speed. It
might be due to the cathodic reactivity of 2014BM matrix, the anodic activity of 6082 base metal matrix
and/or its intermetallic phase—matrix microgalvanic cells across the scanned area.

3.2 Mechanical and Microstructure Analysis

Table 8.Tensile strength values of the samples.

Before After
Heat Fracture heat Fracture
treatment | Location treatment | Location
(HV) (HV)
Sample Fracture Fracture
nol- at HAZ - ——— at HAZ
Weld m 189 near m 143 near
region AA6082 AA6082
Sample
Fracture Fracture
r\]/\C/Jefd- m 171 at weld i . T3 86.5 at weld
region zone zone
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Figure 21.Graphical representation of Tensile strength values

Table 8 and Figure 21 show the tensile strengths before and after heat treated samples. Sample 3
showed the highest strength of 207 MPa for the before heat treatment and 150.4 MPa for the after Heat
treatment. Sample 1 showed that the lowest strength of 171 MPa for the before heat treatment and 86.5
MPa for the after heat treated sample. The increased strength was seen for before heat treatment
samples.

Figure 22 (a), (b) show the before and after heat treatment microstructures of AA6082 base
metal. It shows the a-Al matrix with its Al-Mg-Si intermetallics. Figure 23 (a), (b) show the before and
after heat treatment microstructures of AA2014 base metal. It showed that the a-Al matrix with its Al-
Cu intermetallics.

Figure 24 (a), (b) show the before and after heat treatment microstructures of sample 1 weld
region. Figure 24 (c), (d) show the before and after heat treatment microstructures of sample 2 weld
region. Figure 25 (a), (b) show the before and after heat treatment microstructures of sample 3 weld
regions. Figure 25 (c), (d) show the before and after heat treatment microstructures of sample 4 weld
regions. In weld, it was observed with more AA6082 precipitates. So, it was evidently seen that both the
base metal and weld regions with more dark precipitates in after heat treatment regions. This precipitate
formation was reason for increased corrosion resistance for after heat treatment.
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Figure 23.Microstructures of AA2014 base metal before and after heat treatment.
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Figure 24.Microstructure of weld metals Sample 1 and Sample 2 AA2014 and AA6082 weld before
and after heat treatment
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Figure 25.Microstructure of weld metals Sample 3 and Sample 4 AA2014 and AA6082 weld before
and after Heat treatment

3.3 Hardness Survey

24



2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

Table 9. Hardness survey of Sample 1

Sample | Distncefromthe |, 0 | 5 g | 5 | 40| 15
weld center (mm)
Before heat
I treatment (HV) 46.2 | 47.3 |1 118.6 | 99.7 | 88.7 | 80.8 | 78.7
Sample 1
After heat treatment | 5. 5 | 463 | 575 | 602 | 575|575 | 57.5
(HV)
Before heat
treatment (HV) 38.1|142.4|105.3|67.3|77.4|73.7|70.8
Sample 2
Alfter heat treatment | 40 1 | 355 | 505 | 436 | 67.5 | 80.8 | 82.5
(HV)
Before heat
treatment (HV) 464 | 48.1 ] 90.1 | 81.2|1935|1908|72.8
Sample 3
After heat treatment | o o | 453 | 484 | 69 |68.4 | 758|805
(HV)
Before heat 38 |43.2|1205| 982|784 |858]| 75
treatment (HV)
Sample 4
Alfter heat treatment | 5. ¢ | 45 3 | 564 | 71.2 | 67.4 | 80.5 | 81.2
(HV)
a140 b'IZO
100
I I L - . LU I e
treatment (HV) 20 —a—After heat
20 treatment (HV)
0 0
15 10 Ssﬂm(:“e"-ﬁ -10 -15 15 10 5s OI 2—5 -10 -15
Distance from the weld center (mm) Distance from taI:::pweeld center (mm)
100 140
gg g
5 g
3 50 § & —a— Before heat
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20 —a—After heat treatment (HV)
10 treatment (HV) 20
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Figure 26.Hardness comparison for sample 1-4.

Table 96 shows the hardness survey taken across AA2014-AA6082 weld cross sections of
Samples 1 to 4. Figure 26(a-d) showed that the graphical representations of the hardness survey of all the
AA2014-AA6082 welds. HM Lieth, et al. (2006) carried out research on the behaviour of the
microstructure, corrosion rate, and mechanical properties of API 5L X60 steel in three different
environments: (i) freshwater; (i1) seawater; and (iii) crude oil. Following the austenitization at 900°C and
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800°C, the quenching was carried out at 600°C, 450°C, and 300°C. It may be deduced that when
tempering temperatures increased, the microhardness values decreased [28].

Here, the results revealed that the sample 4 weld region has a high hardness of 120.5HV and the
lower hardness of 90.1HV, due to the trailing side heat transfer effect [29]. Also, advancing side
increasing hardness was due to the dynamic recovery and recrystallization effects of friction stir welding
on AA2014-6082 weld cross section.

The hardness survey across the FSW sample showed lower hardness for after heat treatment of
10 hours at 110 °C. This was due to more precipitate out after heat treatment. Lower hardness revealed
on sample 2 after heat treatment in weld is due the over aged precipitates formation on that region.
Similarly, the lowest hardness of 48.4HV after heat treatment is due to the over aged precipitate
formation on the sample 1 AA2014-6082 weld.

Figure 617-20 microstructures of AA2014-6082 weld and base metal regions were also showing
after heat treatment with recrystallized fine precipitates. The microstructures of after heat treatment are
due to more precipitates of that (AA2014-6082) alloy showing increased corrosion rates.

So, it is also concluded that more than the hardness and tensile strength, the microstructural
features are associated with the corrosion potential, current density and corrosion rates.

4.0 Conclusions

The AA2014-T4 and AA6082-T651 weldments, which were welded using a dissimilar FSW
process, were corrosion analyzed before heat treated and after heat treated that is retrogression and
reaging at 280 °C for 5 minutes followed by aging at 110 °C for 10 hours, samples respectively. The
results showed a decreased Potentio-dynamic polarization corrosion rate after tempering treatment. The
weld metal region showed increased corrosion rates, when compared to the AA2014 base metal and but
decreased with respect to AA6082 base metal regions, due to fine precipitates formation in the weld. In
microstructure, the AA2014-AA6082 weld metals were observed with more AA6082 precipitates. The
hardness survey results showed that the sample near the AA6082 base metal region had a high hardness
and the AA2014 base metal region had a lower hardness because of the trailing side heat transfer effect.
The hardness survey across the FSW sample showed decreased hardness after tempering for 10 hours at
110 °C. This was due to more over aged precipitate formation on the advancing side.

Henceforth, AA2014-6082 weld metal regions showed increased corrosion rate than AA2014BM
and decreased corrosion rate than AA6082BM. Before heat treatment samples showed increased
corrosion rates compared to after heat treatment due to the fine precipitate formation in the weld region.
It is also concluded that more than the hardness and tensile strength, the microstructural features are
associated with the corrosion potential, current density and corrosion rates.
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Abstract

Cu-Be alloys are high strength, high performance in corrosive environments and resistant to high
temperatures. They also have high thermal and electrical conductivity properties. Thanks to these
properties, CuCol1NilBe alloy, which is a Cu-Be alloy, is used in spot welding electrodes of stainless
steel, monel and nickel alloys, as inserts in plastic injection molds, in plastic blow molds, cooling cores
and other parts, as seam heads in plastic packaging, as permanent molds in casting alloys such as copper,
brass, bronze and in spot electrodes of steel mesh machines. CuColNilBe material can be easily
processed by both hot and cold forming methods and produced in various forms and sizes. Therefore, it
is widely used in many industries. In this study, the microstructural, mechanical and wear properties of
CuCol1NilBe alloy formed by two different methods, hot forging and hot rolling, were investigated
comparatively. Hardness, electrical conductivity, tensile and wear tests were applied to the materials
subjected to heat treatment after hot forming, and the results obtained were examined. As a result of the
mechanical and wear tests, it was observed that the CuColNilBe alloy formed by the hot forging
method exhibited a superior combination of strength and ductility, as well as better wear resistance
compared to the alloy formed by rolling. The study's findings suggest that applying hot forging at low
deformation rates and proper heat treatment can result in a better combination of material properties.
This can lead to improved efficiency and longer service life for the materials in their intended
applications.

Keywords: CuCo1NilBe, Forging, Rolling, Microstructure, Mechanical Test

1. Introduction

CuColNilBe alloy is a class of Cu-Be alloy with a combination of good electrical conductivity, high-
temperature resistance, good corrosion resistance and high strength. These properties give CuColNilBe
alloy a wide range of applications from automotive to nuclear energy [1]. The nickel element added to
the alloy increases the electrical conductivity of the alloy, while the addition of cobalt improves the
strength of the alloy. CuColNilBe alloy, which is a precipitation hardening alloy, can be shaped by
various hot and cold plastic forming methods such as rolling, forging, extrusion, ECAP [2-3].

In the aging process of CuBe alloys, the precipitation sequence proceeds as supersaturated solid solution
— Guinier-Preston (GP) zones — y " — vy ' — v (Cu-Be) transformation [4]. CuCo1NilBe alloy belongs
to the group of CuBe alloys containing Co and Ni. It exhibits precipitation hardening, resulting in the
precipitation of phases with various compositions of Co, Ni, and Be, which are called beryllides. . The
precipitates formed by cobalt and nickel with beryllium, which are decomposed during solidification, are
called primary beryllites and are easy to identify under an optical microscope. Another beryllite formed
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as a result of precipitation of intermediate phases is called secondary beryllites. They cannot be observed
under an optical microscope because of their nano dimensions. The strong affinity of cobalt for
beryllium, compared to nickel, tends to precipitate as beryllite phase by forming a compound with
beryllium instead of forming a solid solution in the matrix. In addition, depending on the amount of
cobalt, ternary CoNiBey beryllites can also be formed [5].

CuColNilBe alloy is produced by various hot and cold plastic forming methods such as rolling, forging,
extrusion, ECAP. The condensation of voids and the increase in dislocation density due to plastic
deformation facilitate the nucleation of precipitates during aging. This leads to increased dispersion of
precipitates during aging, which significantly affects the strain hardening of alloys [6].

The most common hot-forming methods used for copper alloys are hot forging and rolling. However, hot
forging is limited to short profiles. For long profiles hot rolling is an efficient process. Although both
methods are hot-forming processes, parameters may need to be optimized to achieve the same material
properties. The most common hot-forming methods used for copper alloys are hot forging and rolling.
However, hot forging is limited to short profiles. For long profiles hot rolling is an efficient process.
Although both methods are hot-forming processes, parameters may need to be optimized to achieve the
same material properties. Wanneng Liao et al [7] investigated how different plastic deformation methods
affect the strength and electrical conductivity of a copper-based alloy. They reported that the hardness
and electrical conductivity of the material are affected depending on dislocation density, precipitation
behavior and the resulting grain size with the change of plastic deformation method.. A study at Saglam
Metal is ongoing for process parameter optimization including deformation ratios to achieve long
profiles with the same properties as short profiles.In this study as a part, the effect of the same
deformation ratio (40%) on the properties of hot forged and hot rolled CuCo1NilBe alloy was presented.
Microstructural examinations, hardness, electrical conductivity and wear tests were carried out and the
effect of hot deformation method for the same deformation ratio was discussed by comparing the results
obtained.

2. Materials and Method

CuCol1NilBe alloys were subjected to plastic deformation by 40% forging in the temperature range 850-
900 °C. The rolling process was carried out with a laboratory scale rolling machine at Karabiik
University with a 40% deformation rate from 20 mm thickness to 12 mm thickness after annealing in the
furnace at 875°C for 1.5-2 hours. Hot forging under the same conditions was carried out at Saglam
Metal. Afterward, the samples underwent solution heat treatment at 960°C for 45 minutes, followed by
quenching in water, and then were aged at 470°C for 6 hours."The heat treatment graph of the materials
is given in Figure 1.
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Figure 1. Heat treatment graph of CuColNilBe materials.

Microstructure characterizations were performed using a Nikon LV150N flat metal microscope. For
metallographic examinations, the samples were first sanded with sandpaper in the range of 350, 600,
800, 1200, 2500 grit. Then, they were polished with 3 pm and 1 pm diamond paste. After etching, the
samples were submitted to the microstructuralexamination. Grain size analyses of the forged and rolled
samples were performed using Clemex Vision Lite Image Analysis Software according to ASTM E112-
13 standard.

The hardness of the materials after heat treatment was measured with AFFRI-330 RSD device. Rockwell
B hardness tests were performed with a diamond conical tip under 10 kg pre-load, 100 kg 1st main load
and 150 kg 2nd main load.

Wear tests were carried out using the linear wear tester available at Saglam Metal. The wear test was
applied to the materials in a dry environment, at a speed of 150 Rpm and at a distance of 450 meters
under a load of 20 N using a 100Cr6 ball. Before and after the test, the weight was measured on a
precision balance with a precision of 0.0001, and the weight loss of the materials was determined.

3. Results and Discussion
3.1. Microstructure

Figure 2 show optical microscope images of CuColNilBe alloys formed by forging and rolling at 100X
and 500X magnifications. It was observed that the rolling-formed material exhibited a finer
microstructure compared to the forging-formed material . The beryllite phases precipitated into the
matrix tended to precipitate more at the grain boundaries in the rolling-formed material compared to the
forging-formed material.
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Figure 2. Optical microscope images of hot forged and hot rolled CuCo1Ni1Be alloy at 100X and 500X
Magnification.

The results of the grain size analysis are given in Table 1. The average grain size of the material shaped
by forging and hot Rolling was found to be 66.43 um and 21.83 um respectively. When the grain size
analysis was performed in the rolling method, the smaller average grain size is thought to be since a
more homogeneous deformation can be applied at one time with hot rolling compared to hot forging
method.

Table 1. Average grain size results of CuColNilBe alloy formed by forging and rolling.

CuColNilBe Average Grain Size (um)

Forged 66,43

Rolled 21,83

3.2. Hardness and Electrical Conductivity Test Results

The hardness and electrical conductivity results of CuColNilBe alloys formed by rolling and forging
are given in Figure 3 and 4. The hardness of the forging-formed material was measured as 101.6 HRB,
while the electrical conductivity was measured as 25.3 MS/m. The hardness of the material shaped by
rolling was measured as 97.8 HRB, while the electrical conductivity was measured as 27.3 HRB. The
hardness of the forged material was found to be higher than that of the rolled material, while the
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electrical conductivity was found to be lower. In alloys hardened by precipitation hardening, the lower
the solid solubility, the higher the electrical conductivity. Secondary phase particles precipitated in the
matrix also add hardness and strength to the material. However, strength and electrical conductivity are
known to be inversely proportional parameters. The increase in the severity of plastic deformation
causes a decrease in electrical conductivity due to distortions in the lattice structure [8-10].

The fact that the hardness of the material shaped by forging is higher than the material shaped by rolling,
but the electrical conductivity is lower isconsistent with the literature. In this study, although the same
deformation rate and heat treatment parameters were applied in forging and rolling methods, this
difference in hardness and electrical conductivity is thought to be due to the different plastic deformation
method.
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Figure 3. Hardness test results of CuCo1NilBe alloy formed by forging and rolling.
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Figure 4. Electrical conductivity test results of CuColNilBe alloy formed by forging and rolling.
3.4. Wear Test Results

The weight losses of CuColNilBe alloys deformed 40% by forging and rolling are given in Figure 5 as
a result of the wear test performed at 150 rpm speed, 450 meters distance, under 20N load. As a result of
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the wear test, the weight lossesof the material formed by forging and hot Rolling were found to be
0.0605 g and 0.0884 g respectively. The hot forged sample revealed lower weight loss indicating higher
wear resistance. The lower weight loss of the forged material may be explained its microstructure and
higher hardness. The forged samples exhibited a more uniform phase distribution within the matrix
compared to the hot rolled samples, where the phases mainly precipitated along the grain boundaries.
Homogenous microstructure contributes to the higher wear resistance likely.
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Figure 5. Weight loss results of CuCol1NilBe alloy formed by forging and rolling after wear test.

4. Conclusions

The study revealed that different material properties were obtained at the same deformation ratio
depending on the hot-forming method.

It was observed that the alloy formed by rolling exhibited a finer microstructure compared to the
alloy formed by forging and beryllite phases precipitate mostly at the grain boundaries in the
alloy shaped by rolling compared to the alloy shaped by forging.

The average grain size of the hot-forged alloy was 66.43 um, while the average grain size of the
rolled alloy was 21.83 um. The average grain size decreased by 14.56% when using the rolling
method compared to the forging method.

The hardness of the alloy shaped by forging was 101.6 HRB, while the hardness of the alloy
shaped by rolling was 97.8 HRB. It was determined that the hardness of the material increased by
3.74% with the forging method.

The electrical conductivity of the alloy shaped by forging was measured as 25.3 MS/m, while the
electrical conductivity of the alloy shaped by rolling was measured as 27.3 MS/m. The electrical
conductivity of the material increased by 7.9% with the rolling method.

The weight loss of the alloy formed by forging after the wear test was 0.0605 g and the weight
loss of the alloy formed by rolling was 0.0884 g. It was determined that the weight loss increased
by 46.12% in the rolling method compared to the forging method.

It was determined that the forging method exhibited better mechanical and microstructural
properties at low deformation rates. It is evaluated that a more homogeneous microstructure can
be obtained and strength values can be improved with the rolling method at higher deformation
rates.
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e The research is ongoing and more results will be discussed.
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ABSTRACT

Over the last few years, polymer science garnered significant attention. It has wide utilization areas like
chemical industry, aerospace and defense industries. One of the polymeric materials is polyamide which
has different types such as polyamide 6 (PA-6) and polyamide 66 (PA-66). Polyamide 6 (PA-6) and
polyamide 66 (PA-66) are the majority of the commercial polyamide production and application due to
superior properties such as high specific strength and stiffness, wear resistance, dimensional stability,
low weight, and directional properties. They have different melting points, glass-transition temperatures,
crystallinity, and tensile modulus. The properties of polymers can be enhanced with different fillers such
as glass fibers (GF) and polymeric composite materials can be created. While those materials are
technically well-known and widely used in the mentioned industries, test applications on actual part
geometries documented in the literature are limited.

In this study, an actual industrial polymer part from the defense industry, which is a magazine of a
weapon, is compared with different polymers and fiber contents, according to dimensional deformation
after injection molding and hardness. PA6 and PA66 are used as polymeric materials. They are enhanced
with glass fibers which have different concentrations such as %30 and %50. Plastic injection molding is
used as the production process. During the injection molding, process parameters for instance melt
temperature, injection speed, injection pressure is changed according to polymeric material. On the other
hand; packing pressure, packing speed, cooling temperature and cooling time is not changed. Hardness
and width of the magazine are examined as the polymeric material and composition of reinforcement
(GF) change.

Keywords: Injection molding, production, polyamide, polymers, composite materials

1. INTRODUCTION

Polymer composites have an important influence on technical polymer usage. They have improved
specific properties during the last twenty years [1]. The demand for polymeric composite materials
increased due to their advanced properties, such as mechanical, thermal, and physical properties. Thus,
they are usually used in automotive, aircraft, marine, and space structures [2].

Thermoplastic polymers have a wide variety of application areas in engineering, such as aircraft,
automobiles, robots, machines, and rifle magazines, and can be used as matrix materials in composite
materials. One of the thermoplastic polymers is polyamide, which has a high molecular weight, good
solubility, specific strength, stiffness, wear resistance, dimensional stability, low weight, and directional
properties when compared to conventional metallic materials [3].

Polyamide-6 (PA-6) is a semicrystalline polymer that has a wide range of properties. It has high stiffness
and strength in dry conditions. Also, abrasion resistance, processability, chemical resistance, and
electrical properties are excellent for the PA-6. It has high melting point, which is 220 °C. On the other
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hand, it has high moisture absorption due to polarity of amide group [5], which limits its stability,
stiffness, and strength [6].

Polyamide-66 (PA-66) has high thermal and mechanical properties. It can withstand higher
temperatures, according to the other polyamides, and has a melting point of 265 °C. It absorbs less water
than PAG in a high-humidity environment [4].

Fillers modify the physical and structural properties of plastics [1]. High specific elastic modulus, tensile
strength, chemical resistance, and low expansion rate and cost make glass fibers common reinforcements
[3, 5]. There are important effects of the fibers in polyamide-6. They increase stiffness, tensile strength,
creep resistance, fatigue strength, impact strength, anisotropy, and viscosity. On the other hand, they
decrease thermal expansion coefficient, mold shrinkage, moisture pickup, ductility, and processability

[7]1

Injection molding is the most popular production process among plastics because it allows for the
production of plastics with three-dimensional characteristics. It includes an injection unit and a clamp
unit. In the injection unit, plastic is melted, and the melt is forced into the mold. The injection molding
machine has a 50 to 1000-ton capacity, which is the maximum volume of melt that can be injected in a
single cycle [6]. During injection molding process, dimensional deformation might occur according to
material structure. Thus, material selection has significant role for injection molding production.

A toggle mechanism moves the mold during injection. And a hydraulic cylinder forces the screw
forward, and the melt of the plastic goes into the mold. The screw turns to homogenize and pressurize
the melt [6].

2. MATERIAL AND METHODS

In this study, composite materials are produced by plastic injection molding. Two different polymer
matrices are used, which are Polyamide 6 (PA6) and Polyamide 6.6 (PA66) They are enhanced by glass
fibers with different concentrations. These composites are produced by engineering plastics producer
and their technical data is shown in Tablel.

Table 1. Used Materials and Technical Data

Material Unit PA6GF30  PABGF50 PA66GF30 PA66GF50
Property
Product Code - M01000621  M01000166 M02000273 M02000343
Matrix i Polyamide 6  Polyamide 6 (PA- Polyamide 66 Polyamide 66
Material (PA-6) 6) (PA-66) (PA-66)
Glass Fiber 28 - 32 48 - 51 28 - 32 48 - 51
Percentage
Density (g/em’)  130-1,34 153-156 1,35-1,37 152154
Tensile MPa 115 - 125 200 - 220 170 - 180 180 -190
Strength
Tensile Strain
at Break ) > 2 2-4 2-5 <3
Elastic

MPa 8000-9000 15000 - 16000 11000 - 12000 15000 - 16000
Modulus
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Izod Notched

Impact Kj/m? 13-18 18- 25
Strength

Melting Point  °C 225 225
References - [8] [9]

8-12 10-14
260 265
[10] [11]

Plastic injection molding machine is YIZUMI / UN160AS5.

10 magazine is produced for each of the composite material by plastic injection molding, magazine

figure shown in Figure 1.

Figure 1. Magazine drawing

Dimension stability is examined for each sample according to Figure 2. below. There are two sides, the
top and the bottom, of the magazine, and its dimensions can change during the process. Thus, each side
is measured at 3 different points, which are the front, middle, and back. Nominal, theoretical dimensions

are 9,75 for the top of the magazine and 17,3 for the bottom.
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Figure 2. Location of measurements

For each material, hardness of 10 sample is measured with Shore D hardness and their average is
calculated.
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3. RESULTS AND DISCUSSION

Average of the 10 measurements for each magazine material are shown in the Table 3, dimensions are in
mm scale.

Table 2. Average of the 10 different PA6GF30, PA6GF50, PA66GF30 and PA66GF50 samples

M';Zgﬁtri:rgeo:ts PA6GF30  PA6GF50  PAB6GF30  PABBGF50
Front 86745 8,8825 8,666 9,2395
Top Middle 8,853 9,012 8,9035 9,263
Back  9,7305 9,672 9,7015 9,74
Front 17,1455 17,325 17,199 17,302
Bottom Middle 16,4835 16,823 16,308 16,9635
Back 17,3045 17,352 17,316 17,396

Top of the magazines is compared in the Figure 3 below.

9.8

7

Dimension (mm)
o o
[N} iN

Vo]

8.8
8.6
Front Middle Back
Location
PA6GF30 e PAGGF50 PA66GF30 PA66GF50 co@- Nominal

Figure 3. Measured dimensions for the top of the magazine

In the Figure 3, nominal width of the magazine is the theoretical dimension. All of the magazines have
dimensional deformation. Highest shrinkage is at the front part of the top of the magazine. However,
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increasing glass fiber concentration decreased the dimensional deformation. The best result is obtained
from PA66GF50, which has the least deformation. Second preferred magazine is made of PA6GF50.
However, as the glass fiber concentration decreased, dimensional deformation increased, and the width
of the magazine decreased.

Bottom of the magazines is compared in the Figure 4 below.
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@Peccccccccccccccccscccccsscne @ccccccccccccccccccccccaioogfe ]
17.2
€ 17
£
c
Rel
2 16.8
(0]
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Figure 4. Measured dimensions for the bottom of the magazine

When the bottom part of the magazine is examined like the top part, it can be easily seen that the data
taken form top and bottom of the magazine verifies itself. Highest shrinkage is at the middle part of the
bottom of the magazine and PA66GF50 has the least dimensional deformation. The second preferred
material is PA6GF50. The other two materials with 30% glass fiber are worse because the width of the
magazine has decreased more.

The hardness values of the nanocomposite samples were measured by Shore-D in this study. 2 different

samples for each composite material, and 10 different data points shown in Table 3 were taken for each
magazine.
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PA6GF30 PA6GF50 PA66GF30 PA66GF50
Measurement Sample Sample Sample 1 Sample Sample Sample Sample Sample

No: 1 2 2 1 2 1 2

1 75 78 79 78 80 81 82 82

2 77 77 81 80 81 82 83 81

3 79 77 81 78 78 82 81 82

4 78 78 78 73 80 82 84 78

5 77 77 81 80 79 79 82 82

6 79 76 81 79 82 83 83 82

7 79 78 81 81 82 82 85 82

8 80 76 81 81 82 81 85 79

9 80 79 79 81 81 78 83 82

10 79 78 80 79 83 82 85 80

Average 783 114 80,2 79 80,8 812 833 81
Value:

The table is summarized with the average data in Figure5.

84
83
82

81
80
79
78
77
76
75
74
73

PA6GF30 PA6GF50 PA66GF30 PA66GF50

Figure 5. Shore D Hardness Data

According to this data, hardest material is PA66GF50 and the second one is PA66GF30. Hardness is
mainly affected by polymeric material.

4, CONCLUSION

The best dimensional stability is obtained from PA66GF50 and PA6GF50 samples. This result shows
that increasing fiber content reduces the dimensional deformation. This verified the information in
literature that is fiber addition decrease the mold shrinkage. If dimensional stability is important
depending on the area of use, it is better to use materials with high fiber content due to low shrinkage.
Difference between the best and the worst result for the top and the bottom of the magazine is %3,32 and
%1,62 respectively. This shows that shrinkage is more at the top of the magazine.
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On the other hand, fiber addition has little influence on hardness by comparison to the dimensional
stability. However, if hardness is compared in the same polymeric matrix material, fiber addition
increased the hardness. And also, when polymeric matrix materials are compared, PA66 has higher
hardness than PAG6.
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SAVUNMA SANAYINDE ZIRH, KORUMA VE GORUNMEZLIK TEKNOLOJILERIi

Almila Gékce DAL! izel YUMAK?Z,
1Askeri ArGe Tasarim Uzmani, Koluman Otomotiv Endiistri A.S. almila.dal@koluman.com
2 Askeri Satin Alma Uzmam, Koluman Otomotiv Endiistri A.S. izel.yumak@koluman.com

Ozet

Savunma sanayinde zirh, koruma ve goriinmezlik teknolojileri, askeri araclar, personel ve askeri
tesislerin giivenligi i¢in 6nemli bir rol oynamaktadir. Bu teknolojiler, askeri gii¢lerin operasyonel
yeteneklerini artirmak ve askeri personelin giivenligini saglamak amactyla siirekli olarak
gelistirilmektedir.[6] Zirh teknolojileri, bireylerin ve araglarin diisman tehditlerinden korunmasi igin
tasarlanmig malzemeleri ve sistemleri kapsar. Geleneksel zirh malzemeleri arasinda gelik, seramik ve
kompozitler bulunur. Koruma teknolojileri, zirhin yani sira ¢esitli savunma ve giivenlik sistemlerini
icerir. Bu teknolojiler arasinda balistik kasklar, viicut zirhi, patlayict maddelere karst koruyucu giysiler
ve anti-mayin ayakkabilari yer alir. Araglar igin gelistirilen aktif koruma sistemleri, tehditleri algilayarak
otomatik olarak savunma mekanizmalarin1 devreye sokar. Goriinmezlik teknolojileri, diigman radar ve
sensorlerinden saklanmak amaciyla kullanilan ileri diizey teknolojilerdir. Bu alanda en bilinen
yontemlerden biri, radar dalgalarini soguran ve yansitan 6zel kaplamalardir.

Anahtar kelimeler: Savunma sanayinde zirh, zirh teknolojisi, koruma teknolojileri, goriinmezlik,
goriinmezlik teknolojileri.

Abstract

In the defense industry, armor, protection and visibility technologies play an important role in the
security of military vehicles, personnel and military facilities. This technology is constantly being
developed with the aim of increasing military strength and increasing the amount of military
power.Armor technologies encompass materials and systems designed to shield individuals and vehicles
from enemy threats. Traditional armor materials include steel, ceramics, and composites. Protection
technologies encompass various defense and security systems in addition to armor. These technologies
include ballistic helmets, body armor, protective clothing against explosive materials, and anti-mine
shoes. Active protection systems developed for vehicles automatically engage defense mechanisms by
detecting threats. Invisibility technologies are advanced methods utilized to conceal from enemy radars
and sensors. One of the most well-known methods in this field involves specialized coatings that absorb
and deflect radar waves.

Keywords: In the defense industry, Armor, Armor technology, Protection technologies, Invisibility,
Invisibility technologies.

1. GIRIS

Zirh, koruma ve goriinmezlik teknolojileri, askeri ve giivenlik alanlarinda kritik 6neme sahip
gelismelerdir. Bu teknolojiler, modern savas alanlarinda ve giivenlik uygulamalarinda personel ve
ekipmanlarin korunmasi amaciyla kullanilir. Bu makalede, zirh, koruma ve goriinmezlik teknolojilerinin

45


mailto:almila.dal@koluman.com
mailto:izel.yumak@koluman.com

2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

gelisimi, kullanim alanlar1 ve gelecekteki potansiyelleri ele alinacaktir. Ayrica, bu teknolojilerin
etkinligini artirmak icin yapilan arastirmalar ve gelistirmeler de incelenecektir.

2. MALZEME VE YONTEM
Zarh Teknolojileri
Zirh teknolojileri, bireylerin ve araclarin diisman tehditlerinden korunmasi i¢in tasarlanmis malzemeleri

ve sistemleri kapsar. Geleneksel zirh malzemeleri arasinda celik, seramik ve kompozitler bulunur.
Diinya ve yerli kullanim oranlarin1 Sekil.1 de gorebilirsiniz.

Yiiksek mukavemet, diisiik
maliyet

Celik 45 50 Agir zirhl araglar, tanklar

Seramik 30 o5 Kursun gegirmez yelekler, |  Hafiflik, yiiksek sertlik,

hafif zirhli araglar balistik koruma
Kompozit o5 o5 Askeri arag.lar, kisisel Haflfl'l.k, enerji emici
koruma ekipmanlari ozellikler

Sekil 1. Zirh Malzemelerinin Diinya ve Yerli kullanim Oranlari

Celik Zirh: Yiiksek mukavemeti ve dayaniklilig1 ile bilinen g¢elik zirh, 6zellikle agir zirhli araglarda
kullanilir. [1] Celik, diisiik maliyeti ve kolay iretilebilirligi nedeniyle tercih edilmektedir. Celik zirhin
mukavemetini artirmak igin, ¢esitli alagimlar ve 1s1l islemler kullanilarak mikro yapisinda degisiklikler
yapilmaktadir.

Seramik Zirh: Seramik zirh bkz. Sekil.2 daha hafif olup balistik tehditlere kars1 etkili bir koruma saglar
[1].Seramik malzemeler, yiiksek sertlikleri ve diisiik yogunluklar1 sayesinde, mermileri dagitarak ve
enerjisini emerek etkili bir koruma saglar. Aliimina, bor karbiir (Giivenlik gii¢lerini korumak icin
iretilen kursun gecirmez yeleklerde bor karbiir kullanilabilir) ve silisyum karbiir gibi seramik
malzemeler yaygin olarak kullanilmaktadir.

Sekil 2. Seramik Zirh
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Kompozit Zirth: Kompozit zirhlar, farkli malzemelerin bir araya getirilmesiyle hem mukavemet hem de
hafiflik agisindan iistiin koruma sunar [1]. Karbon fiber, kevlar ve polietilen gibi malzemeler, kompozit
zithlarin iiretiminde kullanilmaktadir. Bu malzemeler, enerji emici Ozellikleri sayesinde balistik
tehditlere kars1 yiiksek koruma saglar. Kompozit zirh koruma uygulamalari i¢in iistiin hafif malzeme -
temel bir seramik kompozit zirh sistemi, benzer celik tabanli sistemlerin agirliginin yaklagik yarisi
kadardir.

Koruma Teknolojileri

Koruma teknolojileri, zirhin yani sira ¢esitli savunma ve giivenlik sistemlerini igerir. Bu teknolojiler
arasinda balistik kasklar, viicut zirhi, patlayicti maddelere karsi koruyucu giysiler ve anti-mayin
ayakkabilar1 yer alir.

Balistik Kasklar ve Viicut Zirhi: Balistik kasklar bkz. Sekil.3 viicut zirhi, askeri personelin hayatta
kalma sansini artirmak ve operasyonel etkinliklerini korumak amaciyla gelistirilmistir [2]. Bu
ekipmanlar, genellikle kevlar, dyneema ve seramik plakalar gibi yliksek mukavemetli malzemelerden
yapilmaktadir.

Sekil 3. Balistik Kask

Koruyucu Giysiler: Patlayict maddelere karsi koruyucu giysiler, askeri personeli patlama sok
dalgalarindan ve sarapnellerden korur. Bu giysiler, genellikle kalin kevlar tabakalar ve balistik naylon
gibi malzemelerden iiretilmektedir. bkz. Sekil.4
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Sekil 4. Koruyucu Giysi

Aktif Koruma Sistemleri: Araglar i¢in gelistirilen aktif koruma sistemleri, tehditleri algilayarak otomatik
olarak savunma mekanizmalarin1 devreye sokar [2]. Bu sistemler, radar ve sensorler kullanarak yaklasan
tehditleri tespit eder ve patlayict mermiler veya elektromanyetik darbeler ile tehditleri etkisiz hale getirir.

Goriinmezlik Teknolojileri

Gortiinmezlik teknolojileri, diisman radar ve sensorlerinden saklanmak amaciyla kullanilan ileri diizey
teknolojilerdir. Bu alanda en bilinen yontemlerden biri, radar dalgalarini soguran ve yansitan ozel
kaplamalardir [3].

Stealth Teknolojisi: Stealth teknolojisi, 6zellikle hava araglar1 ve gemilerde bkz. Sekil.5 yaygin olarak
kullanilir. Bu teknoloji, radar yansimalarin1 minimize ederek diigman radarlarinin tespit etme olasiligini
azaltir. Stealth kaplamalar, radyo dalgalarini sogurarak ve yansitarak nesneleri goriinmez kilar.

Sekil 5. Stealth teknolojisine uygun gemi

Optik Kamuflaj: Optik kamuflaj teknolojileri, 15181 biikerek veya yansitarak nesneleri goriinmez kilma
hedefindedir. Metamalzemeler kullanilarak gelistirilen bu teknolojiler, nesnelerin etrafindaki 15181
maniplile ederek goriinmezlik saglar. Bu teknolojiler, askeri operasyonlarda biiylik bir avantaj
saglayarak diismanin fark etme siiresini uzatir ve saldir1 riskini azaltir [4].

3. SONUCLAR VE TARTISMA
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Zirh, koruma ve goriinmezlik teknolojilerindeki yenilikler, glivenlik ve askeri stratejilerde Onemli
degisikliklere yol agmaktadir. Bu teknolojiler, modern savas alanlarinda ve giivenlik uygulamalarinda
personel ve ekipmanlarin korunmasinda hayati bir rol oynamaktadir [5]. Celik, seramik ve kompozit
zirhlar, farkli tehditlere karsi etkili koruma saglarken, balistik kasklar ve viicut zirhlar1 askeri personelin
hayatta kalma sansin1 artirmaktadir [1]. Ayrica, aktif koruma sistemleri ve optik kamuflaj gibi ileri
teknolojiler, askeri operasyonlarda biiyiik avantajlar saglamaktadir [4].

Nanoteknoloji ve metamalzemeler gibi gelisen malzeme bilimleri, zirh ve koruma teknolojilerinin
etkinligini artirmak icin yeni ¢dziimler sunmaktadir. Ornegin, karbon nanotiiplerin zirh sistemlerinde
kullanilmasi, daha hafif ve dayanikli zirhlarin {iretilmesini miimkiin kilmaktadir [4]. Ayni sekilde,
metamalzemeler ile gelistirilen goriinmezlik teknolojileri, askeri araglarin ve personelin diisman
radarlarindan saklanmasini saglamaktadir [4].

Metamalzemeler negatif kirilma bkz. Sekil.5 indisine sahip yiizeylerin elde edilmesine, yani géonderilen
15181n beklenenin aksi bir yonde kirildigi bir ortamin olugmasina olanak saglar.

A
\

Sekil 5. Negatif Kirilma

4. SONUC, TARTISMA VE ONERILER

Gelecekte, zirh, koruma ve goriinmezlik teknolojilerinin daha da gelismesi beklenmektedir. Bu alanda
yapilacak arastirmalar ve gelistirmeler, askeri ve giivenlik uygulamalarinda énemli yeniliklere yol
acacaktir. Iste bu alandaki baz1 6neriler:

Malzeme Arastirmalari: Yeni malzemelerin kesfi ve mevcut malzemelerin gelistirilmesi, zirh ve koruma
teknolojilerinin etkinligini artiracaktir. Ozellikle nanoteknoloji ve metamalzemeler iizerine yapilacak
arastirmalar, bu alanda 6nemli ilerlemeler saglayabilir.

Entegre Sistemler: Zirh ve koruma teknolojilerinin entegre edilmesi, askeri personelin ve araglarin
korunmasinda daha etkili ¢oziimler sunacaktir. Ornegin, aktif koruma sistemlerinin ve pasif zirhlarin
birlestirilmesi, tehditlere kars1 daha kapsamli bir koruma saglayabilir.

Egitim ve Uygulama: Askeri personelin yeni zirh ve koruma teknolojileri konusunda egitilmesi, bu
teknolojilerin etkin kullanimini saglayacaktir. Ayrica, bu teknolojilerin saha testleri ve simiilasyonlar ile
stirekli olarak degerlendirilmesi, performanslarinin optimize edilmesine katki saglayacaktir.

Cevre Dostu Malzemeler: Siirdiiriilebilir ve geri doniistiiriilebilir malzemelerin kullanimi, zirh ve

koruma teknolojilerinin ¢evresel etkilerini azaltacaktir. Bu alanda yapilacak calismalar, askeri
operasyonlarin doga dostu olmasina katki saglayacaktir.
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Abstract

The objective of this study is to analyze the effect of adding an ultrasonic vibration assistance within a
ball burnishing (VABB) process onto cylindrical AISI 316L laser powder bed fusion (LPBF) specimens.
The purpose of the specimens is to improve surface integrity, in terms of roughness reduction and
microstructure reconstruction, to optimize the fatigue performance for testing samples according to 1SO
1099:2017, reducing surface imperfections with burnishing. All printed specimens were manufactured in
the Z direction using a laser power of 195W, a scanning speed of 900 mm/s, a hatch distance of 0.1 mm,
a layer thickness of 40 um, and a scan angle of 67°. The preliminary experimental campaign is based on
a full factorial design of 3 variables (burnishing force, number of passes, and BB/VABB) with 2 levels
for each. It was found that the estimated depth of affectation is 4-5 um and 5-7 um, for BB and VABB
respectively, thus demonstrating the positive effect of the vibration assistance. The softening effect while
deforming, caused by the vibration assistance, helped to reconstruct the surface, obtaining higher depths
of affectation. In terms of topology, the surface average roughness for all specimens is within the range
of 0.2-0.4 um, showing an improvement of 74% in the best case compared to the machined surface. The
material distribution parameters, Skewness and Kurtosis, show an almost perfect Gaussian distribution
for all the specimens analyzed.

Keywords: Laser powder bed fusion, Ball burnishing, Surface integrity
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MYCOREMEDIATION OF HEAVY METAL POLLUTION: A REVIEW
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Abstract

Heavy metal pollution of the environment is one of the biggest issues of today’s society. Whether it
affects soils or water, once introduced in the environment, heavy metals cannot be biodegraded. In
agriculture, heavy metal pollution affects both the quality and the quantity of the crops. In the aquatic
environment, heavy metals affects not only the aquatic life but also it affects human directly, through the
contamination of the drinking water. Their presence in environment results in bioaccumulation, further
affecting biological and ecological cycles. Mining activities, chemical weathering of minerals, leather
and textile industry and industrial discharges are just a few examples of heavy metals pollution sources.
However, some heavy metals have importance as trace elements, for the growth and development of
organisms such as plants and fungi. Due to their persistence in environment, microorganisms have
evolved mechanisms to tolerate heavy metals presence through adsorption or chemical reduction of
metal ions. In fact, the role of fungi as decomposers in the ecosystems led to the studying of their
enzymes and ability to mycoremediate heavy metals. To obtain mycoremediation of heavy metal
pollution, the aim is to determinate the right fungal species to target a specific pollutant. This paper aims
to review the potential of fungi to bioremediate heavy metal pollution.

Keywords: mycoremediation, bioaccumulation, fungi, heavy metal pollution, environment
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GANODERMA LUCIDUM LEATHER AS A SUSTAINABLE ALTERNATIVE
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Abstract

Leather demand in fashion industry has increased in the recent years, making it more difficult for the
leather producers to provide the needed quantity. This matter led to an increase in the number of the
livestock farms thus creating other environmental issues as water pollution, deforestation, overgrazing
and gas emissions. Beside this, the processing of animal hides into leather requires extra steps that
involves toxic chemicals which eventually will get released into the environment. In this regard, one of
the solutions we aimed for was the production of fungi leather. Fungi leather requires less water and
surface to grow, being obtained through the upcycling of agricultural and forestry waste and by-
products, using fungal growth process. There is a wide range of filamentous fungi that can be used for
this process, highest yield ones being wood-decaying fungi or white rot fungi from genres Polyporus sp.,
Ganoderma sp., Trametes sp., Pleurotus sp., Fomes sp.. This study focused mainly on the Ganoderma
lucidum strain and on the production of pure mycelium mats. Pure mycelium mats obtained this way can
adopt multiple properties and show promising as substitutes for present petrochemically produced
materials or animal leather. The process we used is divided in chemical and physical treatment. The
main methods used in chemical treatment were deacetylation of chitin and the cross-linking of chitosan.
Following cross-linking the pure mycelium mat (PMM) was subjected to a plasticizer agent. In the end,
after physical treatment a minimum viable product was obtained.

Keywords: fungi leather, Ganoderma lucidum, mycomaterial, upcycling, mycelium, biodegradable

54


mailto:bogdan.cazan@incdtp.ro
mailto:ovidiu.iordache@incdtp.ro
mailto:carmen.mihai@incdtp.ro
mailto:elena.perdum@incdtp.ro
mailto:laurentiu.dinca@incdtp.ro

2nd International Conference on Materials Science and Manufacturing (ICMSM 2024)

SECICi LAZER ERGITME YONTEMI iLE URETILEN AlSi10Mg ALASIMLARIN
KRIYOJENIK ISLEMI
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Ozet

AlSi10Mg alasimlari, otomotiv, havacilik ve savunma Ssanayi endiistrilerinde hafiflik ve {istiin termal
ozellikler ile mekanik Ozelliklerin bir arada olmasi gerektigi uygulamalarda 6nemli bir yere sahiptir.
Dokiilebilirligi ve islenebilirligi sayesinde de sanayi i¢in liretimde kolaylik saglayan bir alasim olarak
karsimiza ¢ikmaktadir. Bunun yaninda, Eklemeli Imalat (EI) teknolojilerindeki hizli ilerlemeler, cevre
dostu ve ekonomik olarak uygun maliyetli yeni alagimlarin iiretimini tesvik etmistir. Secici Lazer
Ergitme (SLE), karmasik yapilarin iretilmesinde biiyliik avantaj saglayan bir eklemeli imalat
teknolojisidir ve topolojik olarak optimize edilmis yapilarla hafif pargalarin iiretimine imkan sagladigi
bilinmektedir. Tiim bu avantajlarinin yaninda katmanli iiretim teknolojisiyle ilgili ¢aligmalarda 1sil islem
gibi post-process adi verilen son islem gereksinimleri endiistride ve literatiir ¢aligmalarinda 6nemini
korumaktadir. A1Si10Mg alagimi iizerinde olumlu etkileri oldugu belirtilen kriyojenik islemin genellikle
ozel 1s1l islem siiregleri gerektiginde tercih edilebildigi belirtilmektedir. Bu c¢alismada, SLE yontemi
kullanilarak iiretilen AlSi10Mg alasim malzemesinin kriyojenik islem etkisinin mekanik 6zelliklere
etkisi incelenmistir. SLE {iretim parametreleri 700W giiciinde cift lazerle 60 um katman kalinliginda,
serit (stripe) tarama stratejisi olarak belirlenmis ve blok par¢a lretimi gergeklestirilmistir. Blok
iiretiminden sonra ASTM E8/8M standardina gore ¢gekme testi numuneleri ¢ikarilmistir. Kriyojenik islem
-196°C sicaklikta, 24 ve 36 saatlik islem siirelerinde uygulanmigtir. Bu islemin ardindan, numunelere
cekme ve sertlik testleri yapilmis ve mekanik 6zellikleri bu testler lizerinden incelenmistir. Sonuglar,
kriyojenik islem uygulanan numunelerin sertliklerinin islem gormemis halleriyle karsilastirildiginda, 36
saatlik dongli sonrasinda arttigini, ancak 24 saatlik dongii sonrasinda azaldigini ortaya koymustur.
Kriyojenik islem siiresindeki degisimlerin biiytlik farkliliklara yol agmadig1 gézlemlenirken iglem siiresi
arttikca yiizde uzama degerleri artarken, cekme ve akma mukavemeti degerleri 24 saatlik islem goren
numunelerde daha yliksek bulunmus ve 36 saat islem goéren numunelerde hafif bir diisiis yasanmustir.
Sonug olarak, kriyojenik islemin SLE ile iiretilen AISilOMg numunelerinin sertliginde onemli bir
degisim yaratmamakla birlikte, cekme mukavemeti, akma mukavemeti ve uzama ylizdesi degerlerinde
anlaml etkiler gosterdigi sdylenebilir.

Anahtar Kelimeler: Eklemeli Imalat, Secici Lazer Ergitme, Kriyojenik Islem, Aliiminyum alagimlari,
AlSil0Mg
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SOFTWARE APPROACHES AND METALLURGICAL CHARACTERIZATION IN THE
CASTING PRODUCTION OF 2-PIECE BALL VALVES
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Abstract

This study focuses on the production of two-piece ball valves, used in petrochemical, made from
lamellar graphite cast iron, industry conforming to the ASTM A216 WCB standard, which specifies
steel castings suitable for fusion welding in high-temperature services. The primary manufacturing
technique employed is casting, followed by precision machining processes. To meet the dimensional
requirements specified by APl 6D for end-to-end length, and to ensure minimum wall thickness and
flange diameter according to ASME 16.34 and ASME 16.5 for various pressure classes, initial castings
are machined to achieve the final desired specifications.

Significant advancements in software design and flow analysis within the casting processes have been
incorporated in this study, enhancing the production quality of cast materials with designated machining
allowances. The cast materials underwent rigorous metallurgical evaluations, including non-destructive
testing, hardness testing, tensile testing, impact testing, and microstructural characterization, to ensure
material integrity and performance.

Furthermore, comprehensive testing protocols, such as shell tests and leak tests conforming to APl 6D
and APl 598 standards, were conducted to assess the body strength and verify the operational
performance of the assembled valves. These measures ensured that the valves met the stringent
requirements for durability and functionality in high-temperature and high-pressure environments. This
integrated approach of advanced casting techniques, precise machining, and thorough testing
underscores the technical robustness of the valve production process.

Keywords: API, Casting, Valve, Machining, Software Design
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OZEL KAFA ALTI PUNTALI KAYNAK FORMLU PERCIN TASARIMI
VE SIMULASYON DESTEKLI URETIiMi
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Ozet

Baglant1 elemani {iretimi i¢in kullanilan ydntemlerden biri olan soguk ddévme prosesi,
malzemenin plastik sekil degistirme Ozelligine dayali olarak gelistirilen bir yontemdir. Bu
yontem, bir tarafi sabit diger tarafi hareketli kaliplar arasinda, tasiyici pensler yardimryla
sonraki operasyona aktarilarak sekillendirmeye dayalidir. Bu ¢alismada; kafa altinda kaynak
punta formu (kaynak memesi) bulunan 6zel per¢in {iretimi i¢in simiilasyon destekli
olusturulan soguk dévme tasarimlari ile iiretim caligmalarini igermektedir. Baglant1 elemamn
cesitlerinden biri olan puntali percinler kullanildig1 yer itibariyle birden fazla pargay1 birbirine
montajlama gorevi yapan ve uygulandigi yiizey ile biitiinlesen bir ara elemandir. Calisma
kapsaminda incelenen 6zel punta kaynakli per¢inin kritik sinir sartlart bulunmaktadir. Calisma
konusu parcanin kritik 6zelliklerinin basinda gelen alt1 adet puntaya sahip olmasinin yani sira
bu puntalar1 olustururken punta ¢api1 ve yliksekliginin (1.5 £0.5 mm ¢ap, 0.5 +0.3 mm
yiikseklik), puntalarda es merkezliligin (punta merkezleri arasi uzaklik @14.5 mm) saglanmis
olup punta tasarim Olgiilerinin istenen gereklilikler kapsaminda elde edilmesi, ayn1 zamanda
malzeme lif yonlenmelerinin homojen olmasi gerekmektedir. Parca geometrisi geregi fayda —
maliyet degerlendirildiginde hedeflere yonelik avantajli olacak sekilde bir kalip sabit - iki
kalip hareketli prensibi ile iki operasyonlu soguk sekillendirme prosesi yapilmis, hazirlanan
kalip-operasyon tasarimlari ile kurgulanan simiilasyon analizleri incelenmis ve prototip iiretim
gerceklestirilmistir.  Belirtilen 6zelliklerin karsilanmasi adina taslak ¢izimde belirlenen,
simiilasyon sonrasi olusan ve prototip iiriinlin operasyon Olgiileri kiyaslanmis olup, %97
oraninda tolerans degerlerini karsiladig1 belirlenmistir. Simiilasyon destekli {iretim ¢aligsmalari
ile sinir sartlar1 elde edilmis ve kalip maliyetinde %20 azalma saglanmustir.

Anahtar kelimeler: Soguk Dévme, Baglant1 Elemani, Simiilasyon

57


mailto:aslihan.kalyon@bolt.com.tr
mailto:alper.baygut@bolt.com.tr
mailto:yener.yilmaz@bolt.com.tr
mailto:furkan.bellibas@bolt.com.tr

2nd [nternational Conference on Materials Science and Manufacturing (ICMSM 2024)

BUSBAR ENERJi DAGITIM SiSTEMi ELEKTRIK SIMULASYONLARI
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Abstract

Lamine Busbar sistemleri, binlerce amperin dagitildigi giiniimiiziin elektrik ve elektronik
sistemleri i¢in miisteriye 0zel tasarlanan {stlin bir gli¢ dagitim sistemidir. Lamine Busbar,
yalittm malzemeler ile ayrilmis paralel iletken plakalarin tek bir yapida lamine edilmesiyle
olusur. Lamine Busbarlar 6zellestirilebilir yapisi, kompakt tasarimi ile montaj kolayligi ve
dayanikli bir yap1 sunar. Bu yapisi sayesinde bir¢ok alanda ihtiya¢ duydugunuz giivenilir ve
modiiler ¢oziimler sunar. Geleneksel kablolama ydntemlerinde olusabilecek kismi desarj ve
dielektrik sorunlarini ortadan kaldirir.

Lamine Busbar tasarimi yapilirken farkli analiz yazilimlar ile bir¢ok olas1 en kétii durum
senaryolari1 kurgulanip yazilim platformunda simiile edilir. Bu sayede olasi elektriksel arizalar
ve glivenlik riskleri 6nceden tespit edilir, maliyetler ve riskler azaltilir, en optimum busbar
modeli tasarlanir.

Bu c¢alismada, Comsol Multiphysics yazilimi kullanilarak Lamine Busbar’in ¢esitli elektriksel
simiilasyonlar1 gerceklestirilmistir. Optimizasyon calismalar1 yapilarak en uygun tasarim
belirlenmistir. Kisa devre aninda Lamine Busbar’da olusan maksimum sicaklik ve termal
etkisi, farkli izolasyon ve iletken tiirlerinde baranin davranisi, elektrik alan yogunlugu analizi
ve izolasyon malzemesi kalinligmin belirlenmesi, akim yogunlugu analizi ve iletken
kalinliginin belirlenmesi, farkli frekans araliklarinda skin effect ve manyetik alan etkisi gibi
cesitli simiilasyonlar gerceklestirilmistir. GPO-3 malzemesinin termal strese karsi davranisi
incelenmistir. Endiiktans kapasitans ve endiiktif reaktans degerleri bulunarak baraya etkisi
anlatilmistr.

Keywords: Comsol Multiphysics, Busbar, Simiilasyon
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