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Abstract: Considering that it is inevitable to use dissimilar materials together with the rapidly
developing industry, this makes it necessary to join materials with different properties with each
other. From this point of view, friction welding method gives good results among solid state
welding methods. In the study, the joining of Cu matrix composite material with SiC
reinforcement at different rates, produced by using powder metallurgy method, among
themselves and with pure copper (Cu) rods via friction welding method was investigated.
Optical, SEM, hardness and strength tests were performed after the joining process. As a result
of the analysis, it was concluded that it was difficult and problematic to join SiC-reinforced Cu
matrix composites via friction welding.
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Oz: Giiniimiizde hizla gelisen sanayi ile birlikte farkl1 6zelliklere sahip malzemelerin birlikte
kullanim1 kag¢inilmaz hale gelmistir. Bu durum farkli fiziksel ve mekanik &zelliklere sahip
malzemelerin birlestirilmesini zorunlu kilmaktadir. Bu baglamda kati hal kaynak yontemleri
arasinda yer alan siirtinme kaynagi yontemi basarili sonuglar vermektedir. Bu ¢alismada toz
metalurjisi yontemiyle liretilen farkli oranlarda SiC takviyeli Cu matrisli kompozit malzemelerin
hem kendi aralarinda hem de saf bakir (Cu) g¢ubuklarla siirtiinme kaynagi yontemiyle
birlestirilmesi incelenmistir. Kaynak islemi sonrasinda optik mikroskop, SEM, sertlik ve
mekanik dayanim testleri uygulanmistir. Yapilan analizler sonucunda SiC takviyeli Cu matrisli
kompozitlerin siirtiinme kaynagi ile birlestirilmesinin zor ve ¢esitli problemler icerdigi sonucuna
varilmigtir.

1. INTRODUCTION

Advances in technology have led to the need to improve
many of the properties of materials and have made a major
contribution to the development of materials science [1-
9]. Thus, serious efforts are made to improve materials
[10-13]. The desired properties have led to the combined
use of dissimilar materials [14-18]. Composites are called
as material groups consisting of two or more components
that do not visibly dissolved in each other and have the

desired properties of the materials used [19, 26]. Ersoy
[20, 26] defined composite materials as a group of
materials formed by combining at least two different
materials for a specific purpose. It typically consists of a
composite material, a low-strength resin or matrix, and a
small number of reinforcing elements. The components of
composite materials are combined at the macro level to
maintain their boundaries. When composite materials are
examined, it is seen that the components are selected and
at a distinguishable level. Even though these materials
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have homogeneous properties, they actually have
heterogeneous structures. In this regard, materials
combined at the molecular and atomic level do not belong
to the class of composites, even though they appear
homogeneous [20, 26]. Powder metallurgy is one of the
common methods used in the manufacture of metal matrix
composites (MMC). Sintering, hot isostatic pressing, hot
pressing, nano particle techniques, powder metal injection
and mechanical alloying methods are the advanced
technologies addressing an ever-growing market in
powder metallurgy [22]. This method allows us to obtain
durable objects with the help of pressure and temperature
below the molten temperature of metals and alloys [23].
Friction welding is a solid-state joining method. Friction
welding is a welding method in which the parts to be
welded rotate at a certain speed and are joined by pressure.
Friction welding is one of solid-state methods that can be
used to join metals with different thermal and mechanical
properties. The fact that the temperature in the friction
welding process is below the melting temperature and the
joining time is short allows the joining of materials that
are difficult and problematic to join with other methods
[24, 26].

The joining problem in the application area of composite
materials has been the cause of an increase in studies on
this subject. The present study was conducted to
investigate the hardness, strength, and microstructures of
the welding interface formed upon joining of SiC-
reinforced copper matrix via friction welding, one of the
joining methods.

2. MATERIAL AND METHOD

Before the welding process, standard copper material and
SiC-reinforced Cu matrix composite materials obtained
by powder metallurgy method were cut in @12x40 mm
size. These parts were cleaned from rust, foreign matter
and oxide layer on the front surfaces on CNC lathe and
made suitable for friction welding.To apply the friction
welding method, a continuous drive friction welding
machine was used, which is schematically shown in
Figure 1. The setup of this welding machine consists of
five parts including movable chucks, fixed chucks, drive
motor, reciprocating bearing and directional control
valves.

| Drive engine l

l Moving chuck ||lee(l chuck ]

Piston bearing

Directional
1 control
valves

Figure 1. Schematic view of a continuous drive friction welding
machine [25]

The parameters that have a significant effect on the
mechanical and microstructure of the friction welded
joints obtained parameters are temperature, rotation
speed, friction pressure, rates of reinforcing element, and
upsetting pressure. In the present study, temperature,
rotation speed and friction pressure were taken as constant
and the rate of reinforcing element in the specimen was
considered as a parameter.

Table 1. Parameters used in friction welding

Sample SiC (%) Rotation Temperature Friction

no speed (°C) pressure
(rpm) (MPa)

S1 0

S2 5

S3 10 1700 1000 30

S4 15

As shown in Table 1, 5%, 10% and 15% silicon carbide-
reinforced copper composite specimens were friction
welded at 1700 rpm and 10000C with a friction pressure
of 30 MPa. Pure copper specimens were connected to the
rotational mirror connected to the engine of the machine
and Cu-SiC specimens were connected to the axially
moving hydraulic mechanism. The produced specimens
were cut from the welding joint area for microstructure
analysis, then the welded area was sanded with 80-1200
mesh sandpaper and polished with 3% diamond paste.
After sanding and polishing, they were etched with Nital
etchant.

As a result of friction welding, it was observed that the
deposit formed on the surface of the weld zone varied.
Figure 2 shows the bonding of pure copper and SiC-
reinforced copper matrix composites paired for the bench.
Figure 3 shows the composites produced by powder
metallurgy method and the composites joined via friction
welding.

Fixed and movable
lathe chuck jaws

Figure 2. Joining way of the parts [25]
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Figure 3. Images of the composites produced and friction welded
specimens of these composites [26]

3. RESULTS
3.1. Optical Analysis

The specimens were sanded, polished, and then etched
with a Nital solution in order to see the microstructural
properties. Optical microscope and SEM images were
taken to get an idea of the different structures in this
microstructure. The optical images taken from specimen
S3, which contained standard 10% SiC, were observed to
have five different regions and they are shown in Figure
4. These regions were defined as the intermediate zone
(A), the heat affected zones (D-B), and the base materials
(E-C). As can be seen from the optical image, it is clear
that the SiC grains in the copper have a density under heat
and pressure toward the intermediate zone. From this
point of view, it was observed that the SiC rate had a
negative effect on the joint quality and the joint was
achieved in all specimens other than the specimen
containing 15% SiC. In their study, Meral et al., observed
a good bond between the coating and the substrate in the
SiC-reinforced specimens. However, they noted that the
coating quality was negatively affected in the 16% SiC-
reinforced specimen and there was a lot of uncoated area
in the coating area. They also mentioned that increasing
rate of the SiC reinforcement increased the number and
size of fire channels, which impaired the quality of the
coating [27].

- e DL RS -
Figure 4. Optical image of the specimen S3

3.2. SEM Analysis

Figure 5 shows the SEM images taken from the specimens
with different SiC rates. When these specimens are
examined, it was observed that an complex porous
structure dominated in specimen S1, and the grain
boundaries were clear. However, with SiC reinforcement,
the grain boundaries in the composite material become
more pitted and bonding quality of grains impaired.
Increasing SiC reinforcement caused a negative effect on
the friction welded joint of the composite materials and
did not show a homogeneous structure. It is clear that both
the production of composite material and its joining with
Cu via friction welding were negatively affected by this
irregularity. Buytoz et al., mentioned in their study that
the presence of SiC reinforcement affected the formation
of the microstructure, low powder content produced softer
dendritic structures, while high powder content produced
harder and more durable structures [28].

3.3. Microhardness Analysis

Figure 6 shows the results of microhardness
measurements of SiC-reinforced Cu matrix composites
joined via friction welding. While the average hardness
values both on the composite side and Cu side were
around 50 HV in specimen S1, an increase of 16-18% was
observed in specimen S2 with 5% reinforcement. In
specimen S3 with 10% reinforcement and S4 with 15%
reinforcement, the hardness values increased by 60-64%.
This average increase in hardness is thought to be caused
by the presence of carbide formations and intermetallic
compounds in the microstructure with increasing SiC
reinforcement. Kili¢ et al., mentioned in their study that
SiC reinforced specimens were approximately twice as
hard as unreinforced specimens [29].
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Figure 6. Microhardness values of Cu matrix specimens
3.4. EDS Analysis

Figure 7 and Table 2 show the EDS images and results
obtained from specimens with different SiC rates. While
the Cu content in the unreinforced specimen was around
95.755%, it was 89.382% in the 5% SiC-reinforced
specimen, 69.346% in the 10%-reinforced specimen, and
54.702% in the 15%-reinforced specimen. From the EDS
results, there was also presence of oxygen due to some
oxidation in all specimens. Kili¢ et al., stated that SiC
increased the solid phase formation in the coating,
changed the chemical distribution and made the
microstructure more homogeneous based on EDS analysis
[29].

Figue 7. ES images of‘specimens

Table 2. EDS results of specimens S1, S2, S3, and S4

Elements Sample no

(wt.%) S1 S2 S3 S4

C 1.976 9.622 9.581 7.524

o 1.270 0.772 12.406 5.812

Si - 0.223 20.667 31.962

Cu 95.755 89.382 57.346 54.702

Total 100.000 100.000 100.000 100.000
3.5. Impact Analysis

Charpy impact tests were carried out using TERCO MT
3016 impact tester at room temperature with a maximum
energy of 150 Nm. Figure 8 shows results of the notch
impact test as a bar graph. Increasing SiC rate caused a
decrease in impact energy. Forty-five J was obtained in
specimen S1, 32 J in specimen S2 and 28 J in specimen
S3. Specimen S4 was unsuccessful.

Figure 8. Impact test results of the specimens
4. DISCUSSION AND CONCLUSION

It was observed that the results varied in friction welding
of Cu matrix composites containing different rates of SiC
depending on the SiC reinforcement rate. As a result, it is
clear that friction welded joint of Cu matrix SiC-
reinforced composites produced via powder metallurgy
method with Cu material is difficult and problematic. No
joining process could be achieved above 15%
reinforcement rate.

It was observed that the hardness-value of the specimens
increased as the carbide content increased. Although SiC
particles decreased the density of the composite material,
they improved its mechanical properties. However, they
also reduced the friction welding capability.

In the present study, it was thought that the reason for the
lack of joint due to the increase in SiC reinforcement rate
was the atomic structure, melting temperatures, different
welding capabilities, and the pressure applied in friction
welding.

REFERENCES

[11 Sap S, Usca UA, Uzun M, Giasin K, Pimenov DY.
Development of the hardness, three-point bending,
and wear behavior of self-lubricating Cu-
5Gr/A1203-Cr3C2 hybrid composites. J. Comp.
Mater. 2023;57(8):1395-1409.

[2] Usca U.A,, Sap S., Uzun M., Giasin K., Pimenov
DY. Evaluation of Mechanical and Tribological
Aspect of Self-Lubricating Cu-6Gr Composites
Reinforced with SiC—-WC Hybrid Particles.
Nanomater. 2022:12(13): 2154.

[3] Sap S, Uzun M, Usca UA, Pimenov DY, Giasin K,
Wojciechowski S. Investigation of machinability of
Ti-B-SiCp reinforced Cu hybrid composites in dry
turning, J. Mater. Res. Technol. 2022;18: 1474-
1487.

[4] Sap S., Usca UA, Uzun M, Kuntoglu M, Salu E,
Pimenov DY. Investigation of the Effects of Cooling
and Lubricating Strategies on Tribological
Characteristics in Machining of Hybrid Composites.
Lubricants, 2022;10(4):63.

[5] Sap S, Uzun M, Usca UA, Pimenov DY, Giasin K,
Wojciechowski S. Investigation on microstructure,
mechanical, and tribological performance of Cu base

154



Tr. J. Nature Sci. Volume 14, Issue 3, Page 151-155, 2025

hybrid composite materials, J. Mater. Res. Technol.
2021;15: 6990-7003.

[6] Sap S, Turgut A, Uzun M. Investigation of
microstructure and mechanical properties of Cu/Ti—
B-SiCp hybrid composites, Ceramics Int.,
2021;47(21): 29919-29929.

[7] Bayrak KG, Umutlu ON, Koroglu L, Demir B.
Mechanical characteristics of dual-phase medium-
mntropy Boride/Carbide ceramics synthesized
through SPS, J. American Cer. Soci. 2025;108(3):
€20282.

[8] Demir B, Duden EI, Ayas E. Characterization of
MoAIB ceramics synthesized via spark plasma
sintering with Si addition and SiC reinforcement, J.
Alloy. Comp. 2023; 953: 170115.

[9] Sreenivasan KS, Satish Kumar S, Katiravan J.
Genetic algorithm based optimization of friction
welding process parameters on AA7075-SiC
composite, Eng. Sci. Technol.,, Int. J. 2019;
22(4):1136-48.

[10] Midling OT, Grong @. A process model for friction
welding of Al Mg Si alloys and Al SiC metal matrix
composites-I. haz temperature and strain rate
distribution, Act. Metall. Materia. 1994;42(5): 1595-
1609.

[11] Rotundo F, Marconi A, Morri A, Ceschini A.
Dissimilar linear friction welding between a SiC
particle reinforced aluminum composite and a
monolithic aluminum alloy: microstructural, tensile
and fatigue properties, Mater. Sci. Eng.: A.
2013;559:852-60.

[12] Maity D, Racherla V. Effect of SiC interlayer on
microstructure and joint strength of Cu-Al welds
obtained using a new friction processing method
CIRP, J. Manuf. Sci. Technol. 2024;52: 73-85.

[13] Imak A. Overview of friction welding processes for
different metallic materials, Mater.Test. 2022;
64(9): 1372-82.

[14] Imak A. NiTi-SiC composite coating on Ti6Al4V
alloy produced by SHS using induction heating.
Mater. Test. 2022; 64(12): 1851-59.

[15] Bati S, Kilic M, Kirik I. Friction welding of
dissimilar AISI 304 and AISI 8640 steels. Europ. J.
Techn. 2016; 6(2): 79-86.

[16] Buytoz S. Effect on high temperature oxidation
behavior of vanadium and titanium element in
FeCrC coating, Trans. Indian. Inst. Met. 2022; 75:
3149-57.

[17] Buytoz S, Kilic M, Carboga C. Microstructure and
wear behaviour of Ni-Based/TiC composite coating,
Int. J. Surf. Sci. Eng. 2022; 16(1): 71-90.

[18] Somunkiran I, Buytoz S, Dagdelen F. Determination
of curie temperatures and thermal oxidation
behavior of fe-cr matrix composites produced by hot
pressing, J. Alloy. Comp. 2019;777: 302-308.

[19] Kaw AK. Composite material mechanics, Efil
Publications, Ankara, 2014. p 10- 84.

[20] Ersoy HY. Composite materials,
Publications, Istanbul, 2001. p 44-62.

[21] Sahin Y. Introduction to composite materials, Gazi
University, Gazi Bookstore, Ankara, 2020. p 300-
327.

Literature

[22] Toptan F. Production of aluminum matrix B4C
reinforced composites by casting method. Master
Thesis, Department of Metallurgical Engineering.
Istanbul: Yildiz Technical University; 2006.

[23] Yilmaz N. Machinability of iron based powder metal
materials. PhD Thesis, Department of Mechanical
Engineering. Isparta: Siileyman Demirel University;
2006.

[24] Sahin AZ, Yilbas BS, Ahmed M, Nickel J. Analysis
of the friction welding process in relation to the
welding of copper and steel bars, J. Mater. Process.
Technol. 1998;82: 127-36.

[25] Omer B. Investigation of weldability of copper with
SiC reinforced copper matrix composites produced
by powder metallurgy method, Master Thesis,
Department of Mechanical Engineering. Bingol:
Bingol University; 2022.

[26] Kirik I, Imak A, Barac O. Friction welding of Cu
matrix SiC reinforced composite, Global Summit on
Adv. Mater. & Sustain. Energy (G-AMSE22). 208-
215, Van, Tiirkiye.

[27] Beltir MY, Imak A, Kirik I, Turgut A, Koc V.
Microstructure and wear properties of NiTi—XSiC
coating of AISI 1020 by SHS. Mater. Test. 2025;
67(2): 386-96.

[28] Buytoz S, Ulutan M. In situ synthesis of SiC
reinforced MMC surface on AISI 304 stainless steel
by TIG surface alloyin., Surf. & Coat. Technol.
2006; 200(12-13): 3698-3704.

[29] Kilic M, Imak A, Kirik I. Surface modification of
AISI 304 stainless steel with NiBSi-SiC composite
by TIG method, J. of Materi Eng and Perform. 2021;
30: 1411-19.

155




