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The present work deals with the fabrication of AA7068 as a matrix reinforced with different weight percentages of titanium car-
bide (0, 0.5, 1, 1.5, 2, and 2.5) % and with a constant weight percentage of graphene of 1 % using the stir casting method. The
objective of this work is to study the mechanical and tribological properties of the hybrid composite. The uniform distribution of
graphene and titanium carbide particles in the AA7068 matrix was validated with SEM investigations of the manufactured com-
posite. A tensile test was performed, and a maximum ultimate tensile strength (UTS) of 199 MPa and a low percentage of elon-
gation of 4.42 were obtained for the AA7068-1.0 w/% graphene-2.5 w/% TiC composite. The hardness of the composite was
measured using a Rockwell hardness tester, and a maximum value of 63 HRB was obtained for the AA7068-1.0 w/%
graphene-2.5 w/% TiC composite. The hardness increased as the percentage of TiC increased. The impact strength was deter-
mined with a Charpy test, and a maximum value of 4.5 J was obtained for the AA7068-1.0 w/% graphene-2.5 w/% TiC compos-
ite. A dry sliding wear test was Performed in a pin-on-disc wear testing machine with different loads (5, 10 and 15) N, a con-
stant sliding speed of 1000 min™", and a sliding distance of 1000 m. The sample having 2.5 w/% TiC had a lower coefficient of
friction and lower wear loss under different load conditions. Due to the presence of graphene and TiC reinforcements, the com-
posites’ tensile, hardness and tribological properties improved significantly when compared to the aluminium alloy 7068 matrix.
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Avtorja opisujeta izdelavo in lastnosti hibridnega kompozita z matrico iz aluminijeve (Al) zlitine vrste AA7068 in ojacitvijo
sestavljeno iz razli¢ne vsebnosti titanovega karbida (0, 0,5, 1, 1,5, 2 in 2,5) w/% in stalne 1 w/%-ne vsebnosti grafena. Hibridne
kompozite so izdelali s postopkom gnetenja in premeSavanja raztaljene Al zlitine ter delcev TiC in grafena. Predmet te raziskave
je bilo Studiranje mehanskih in triboloskih lastnosti izdelanih hibridnih kompozitov glede na dodano vsebnost ojacitvenih faz. V
izdelanih kompozitih so s pomocjo vrsticnega elektronskega mikroskopa (SEM) ocenili enakomernost porazdelitve grafena in
delcev TiC v kovinski matrici zlitine AA7068. Na izdelanih standardnih preizkuSancih kompozitov so izvedli natezne preizkuse
in dolo¢ili njihovo najvec¢jo natezno trdnost (UTS; angl.: Ultimate Tensile Strength). Najvecjo natezno trdnost 199 MPa in
najmanjsi raztezek 4,42 % so izmerili na hibridnem kompozitu z vsebnostjo 1,0 w/% grafena in 2,5 w/% TiC. Na vzorcu iz tega
kompozita so izmerili tudi najvi§jo Rockwellovo trdoto 63 HRB. Trdota izdelanih hibridnih kompozitov je narascala z
nara$cajoCo vsebnostjo dodanega TiC. Tudi izmerjena Charpyjeva udarna zilavost je bila najvecja (4,5 J) na vzorcih iz
kompozita AA7068-1.0 w/% grafena in 2,5 w/% TiC. Triboloske lastnosti izdelanih kompozitov so dolocili s pomoc¢jo preizkusa
oziroma metode obremenjenega trna, ki suho (brez dodatnega mazanja) drsi po vrteCem se disku (angl.: pin-on-disc wear test).
Pri te]rn so uporabili razli¢ne vertikalne obremenitve na drseCem se trnu (5, 10 in 15) N, konstantno hitrost vrtenja diska 1000
min

obrabe pri vseh pogojih obremenjevanja. Zaradi prisotnosti ojacitvenih faz (TiC in grafena) so se mehanske (najvecja natezna
trdnost in trdota) in triboloske lastnosti kompozitov mo¢no (pomembno) izbolj$ale v primerjavi z osnovno kovinsko matrico iz
Al zlitine vrste AA7068.

Kljucne besede: aluminijeva zlitina vrste AA7068, grafen, titanov karbid, vrsti¢ni elektronski mikroskop, najvec¢ja natezna
trdnost, Rockwellova trdota, obraba
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1 INTRODUCTION

In recent years, much research reported about the
7xxx series (Al-Zn-Mg-Cu) aluminium alloys employed
in an aeronautical area due to their high specific strength,
low weight and good corrosion resistance. This alloy is
effectively employed in high-strength structural materi-
als. In this series, 7068 alloy provides the highest me-
chanical strength of all aluminium alloys, matching that
of certain steels. This exceptional alloy combines a yield

*Corresponding author's e-mail:
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strength of up to 700 MPa (up to over 30 % stronger than
that of 7075 alloy) and good ductility with corrosion re-
sistance equivalent to 7075 alloy, and other qualities use-
ful to high-performance component/equipment manufac-
turers. Also, the mechanical properties of 7068 alloy
retained at elevated temperatures are better than those of
7075 alloy.'-3

In order to get lightweight, high-strength MMCs,
high-strength and lightweight reinforcement materials
are desirable. However, in recent years, there has been a
trend of employing nano-scale reinforcements to gener-
ate nanocomposites. It was stated by various researchers
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that an insertion of hard ceramic particles such as SiC,
ALO;, TiC, B4C, TiB, and ZrC into aluminium alloys
will enrich the wear resistance.*?

Composites using TiC reinforcement have good
bonding capabilities, particularly with aluminium, and
has been proven to be a successful and promising rein-
forcement for improved material properties like micro-
hardness, wear resistance and compressive strength. In
order to increase the corrosion resistance of AMCs, TiC
particles are also recognized as a reliable reinforce-
ment.''8 A 6061-TiC particulate-reinforced composite
was created using an improved stir casting technique by
S. Gopalakrishnan et. al.'” In order to increase the
wettability, magnesium was added to the mixture while it
was stirred. In order to stop the environment and molten
matrix material from reacting, argon gas was also em-
ployed. In this way, exceptionally flawless composites
with a variety of reinforcements can be obtained.

The specific strength of a material dramatically in-
creased as the concentration of TiC increased, which is
explained with the TiC resistance to plastic deformation.
The wear resistance of an AMC was also improved ac-
cording to a wear analysis performed using a pin-on-disc
machine. An AA 6063 alloy-TiC composite with a ho-
mogeneous dispersion of TiC was also manufactured ef-
fectively utilizing stir casting. It also displayed a compa-
rable pattern, with increases in the composite’s density,
hardness and tensile strength.?’ M. S. Raviraj et.al.?! used
the stir-casting technique to flawlessly produce an AA
6061-TiC MMC with (3, 5 and 7) w/% of TiC. The TiC
additive greatly improved the grain structure and boosted
the strength. Also, carbon products are outstanding, such
as graphite whiskers, carbon fibers, carbon nanotubes
(CNTs) and graphene.

Graphene is a two-dimensional material consisting of
sp? hybridized carbon atoms, having unique mechanical,
thermal and electrical properties.?> In particular,
graphene, characterized by both a superior tensile
strength of 130 GPa and Young modulus of 1 TPa, is a
very promising candidate for a reinforcing material in
metal-matrix nanocomposites used for structural and
functional applications. In addition, the production of
graphene is cheap compared to that of carbon nanotubes
having similar mechanical characteristics. Besides, the
2d geometry of graphene nanosheets and nanoplatelets is
responsible for a maximum value of their surface-to-vol-
ume ratio and can provide very high aspect ratios. The
effects of graphene nanosheets and nanoplatelets on the
mechanical characteristics of metal graphene nanocom-
posites include dislocation strengthening, stress transfer
and grain refinement in metal matrices. These high geo-
metric parameters as well as superior mechanical charac-
teristics of graphene nano-inclusions are favorable for
the enhancement of mechanical properties of graphene-
reinforced nanocomposites.?3-2*

Although the idea to enhance the strength and other
mechanical characteristics of metallic materials through
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a reinforcement with nano-inclusions of the second
phase has been effectively exploited by many research
groups, the development of strong, durable and cost-effi-
cient metal-matrix composite materials for current and
future technologies and applications remains a chal
lenge.?-28 Therefore, the current work aims to investigate
the role of graphene nanosheets (GNS) in the enhance-
ment of mechanical properties including tensile strength,
hardness and impact strength of Al MMCs.

Stir casting is one of the low-cost processes used for
manufacturing AMCs; it can be used with a wide range
of materials and under different processing conditions,
for manufacturing composites with up to a 30 % volume
fraction of reinforcement and with better bonding of the
metal matrix with the reinforcement particles because of
the stirring action. Due to all these advantages stir cast-
ing is employed in the present research for the manufac-
turing of composites.?-3!

The synthesis and characterization of Al7050 and
7075 MMCs were investigated in recent studies, but to
the best of our knowledge there is no major research on
the synthesis of AA7068 alloy with metal carbides and
GNSs using the stir casting approach. Thus, the aim of
the present study is to prepare a graphene and TiC rein-
forced AA7068 hybrid composite by stir casting. The
microstructures, mechanical properties such as impact
strength, tensile strength and hardness, and tribological
properties of the AA7068—graphene—TiC hybrid com-
posites are evaluated.

2 MATERIALS AND METHODS
2.1 Materials used

The AA7068 aluminium alloy was used as the matrix
material. It is the strongest commercially available alu-
minium alloy, comparable to steel. The main alloying el-
ements were Zn (7.3-8.3 %), Mg (2.2-3.0 %), Cu
(1.6-2.4 %) and Zr (0.05-0.15 %), with traces of silicon,
iron, manganese, chromium, titanium, etc. TiC particles
with the average size of 2 um and graphene powder with
the average lateral dimension of 5-10 um were used as
the reinforcement materials.

2.2 Synthesis of the composites

Composites of aluminium reinforced with TiC and
graphene were developed by stir casting. Initially,
AA7068, TiC with weight fractions of (0-2.5 %)3?3* and
graphene (1.0 %)* were weighed, and the TiC and
graphene reinforcements were preheated to 200-250 °C.
The metal die, electromagnetic stirrer and manual stirrer
are initially coated with graphite to avoid sticking of the
mixture to aluminium. Cleaned AA7068 was placed in-
side a crucible. The temperature of the crucible was set
to 900 °C, above the melting point of aluminium, to
compensate for the cooling effect produced by stirring.
Preheated flux was added to remove impurities such as
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Figure 1: a) Stir casting set-up, b) electromagnetic agitator and c) die pre-heating assembly

slag, and a degasser tablet was added and stirred into the
metal to remove the gases that were trapped inside the
molten metal. TiC and graphene were introduced into the
molten metal by wrapping the reinforcement in an alu-
minium foil sheet. Then the slurry was mixed with an
electromagnetic stirrer for about 10-15 min to obtain a
uniform reinforcement distribution. The castings were
eventually taken out of the mold. The same procedure
was carried out to produce composites with (0, 0.5, 1.0,
1.5, 2.0 and 2.5) w/% of TiC and 1.0 w/% of graphene
reinforcements in AA7068. Figure 1 shows (a) the stir
casting set-up, (b) electromagnetic agitator, and (c) die
pre-heating assembly. Table 1 provides details of the
compositions and density of the hybrid composites of
AA7068 reinforced with TiC and graphene.

Table 1: Composition and density of the hybrid composites

s1 Composition, w/% Densit

o, Cast samples AAT068  TiC Gra[e)hen ke/m

1 | Cast AA7068 100.0 0.0 0.0 2850

2 | AAT068-1.0% 99.0 | 0.0 | 1.0 | 2844
graphene
AA7068-0.5%

3 TiC—1% graphene 98.5 0.5 1.0 2855
AAT068-1.0%

4 TiC—1% graphene 98.0 1.0 1.0 2865
AA7068-1.5%

5 TiC—1% graphene 97.5 1.5 1.0 2875
AA7068-2.0%

6 TiC—1% graphene 97.0 2.0 1.0 2886
AAT068-2.5%

7 TiC—1% graphene 96.5 2.5 1.0 2896
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2.3 Microstructural characterization

Samples for the microstructure study were cylindrical
pieces with a 10 mm diameter and a 5 mm thickness,
polished to a mirror-like sheen using the proper grinding,
polishing and etching techniques. SEM images were
used to examine the polished specimens’ microstructures
and worn surface morphology as well as the distribution,
morphology and grain structure of the TiC particles used
in the composites that were cast.

2.4 Tensile test

Tensile testing is crucial for pinpointing a material’s
particular characteristics through mechanical testing
methods. Through tensile testing, ultimate tensile
strength and percentage of elongation are frequently de-
termined. Using a CNC wire-cut EDM machine that
complies with ASTM A370 (MODEL-DK7740, Con-
cord United Products Pvt. Ltd.), the samples were cre-
ated at NIT Trichy, Tamil Nadu, India. A universal ten-
sile tester (MODEL-H50KL, Tinius Olsen, Salford,

60.00 |
15.00 S 8 1.50
Q. —

Figure 2: Specimen for the tensile test
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England) was then used at the institute to examine the
cast samples. The specimen size for the tensile test is
shown in Figure 2.

2.5 Hardness test

In order to measure the hardness of the composite, a
Rockwell hardness tester was employed. The hardness
test was carried out in accordance with the ASTM E-18
standard. At the Mepco Schlenk Engineering College in
Sivakasi, Tamil Nadu, India, this test was performed. To
determine the hardness of each sample, an average of 10
readings was recorded at various points. For the B scale,
the indenter was a steel ball measuring 1/16". The major
load was 100 kgf. The experiments were carried out at
room temperature.

2.6 Impact test

To determine a material’s toughness and impact resis-
tance, impact testing is required. An indicator of a mate-
rial’s toughness is how much energy it absorbs during a
fracture. A material’s brittleness or ductility in reaction
to sudden loads can also be evaluated. According to the
ASTM E23 standard, the specimens were machined to
have a size of (10 x 10 x 25) mm with a 2 mm “V”

o
. Graphene |\

)
b}
)) Panicle§

s

Figure 3: SEM images of: a) AA7068, b) AA7068-1.0 w/% graphene
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notch. Charpy impact tests were carried out at NIT
Trichy in Tamil Nadu, India, using a Charpy pendulum
impact testing apparatus (Model IT-30, Fuel Instruments
& Engineers Pvt. Ltd.). The energy absorbed when the
pendulum is released is calculated as the difference be-
tween the drop heights before the test specimen ruptures,
and it is measured from the pendulum’s highest pointer
position.

2.7 Wear test

According to ASTM standard G99, an investigation
into the wear properties of the cast composites was com-
pleted at the Mepco Schlenk Engineering College in
Sivakasi, Tamil Nadu, India, using a pin-on-disc wear
testing machine, Model TR-20, Ducom. The wear test
specimens were cylindrical pins with a 10 mm diameter
and 30 mm length. The EN31 hardened steel with a 60
HRC hardness was employed as the disc material. Disc
samples had an 8 mm thickness and a 100 mm diameter.
Under typical applied stresses of (5, 10 and 15) N, wear
experiments were performed on composite pins made of
different materials at a sliding speed of 1000 min~'. For
all wear tests, the sliding distance and track diameter
were held constant at 1000 m and 100 mm, respectively.
To ensure a uniform contact between the disc and the pin
during the wear test, the end faces of the pins and their
contacting counterparts were kept flat. The pins were
cleaned in acetone before and after the trial run, and their
mass was calculated using an electronic weighing de-
vice. The pin’s mass loss was used as a proxy for the
sliding wear rate. A SEM analysis was done on the worn
surfaces and wear track.

3 RESULTS AND DISCUSSION
3.1 Microstructure

Scanning electron microscopy images of cast
AAT068 and AA7068-1.0 w/% graphene composites are
shown in Figures 3a and 3b. In Figure 3a, very clear
grain boundaries in cast AA7068, with the presence of
Zn, Mg and Cu precipitates, homogeneously distributed
along the grain boundaries are observed. From the SEM
image, it is clear that the microstructure of aluminium is
spherical. Figure 3b represents the uniform distribution
of graphene particles in the matrix and the lamellar
structure of graphene, which is in the form of flakes.

Figures 4a to 4e depict SEM images of the compos-
ites including cast AA7068 with (0-2.5 w/%) TiC and
1.0 w/% graphene. The graphene particles are repre-
sented by the huge irregular grey sparkling flakes, the
TiC particles are represented by the large, grey and white
irregular forms, and the aluminium matrix is shown by
the darker patches. The figures also show how evenly
distributed the graphene and TiC particles are within the
AA7068 matrix. As can be seen, during the solidification
of the composite melt, titanium carbide and graphene

Materiali in tehnologije / Materials and technology 57 (2023) 5, 557-565
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Figure 4: SEM images of: a) AA7068-0.5 w/% TiC-1.0 w/% graphene, b) AA7068-1.0 w/% TiC—-1.0 w/% graphene, c) AA7068-0.5 w/%
TiC-1.5 w/% graphene, d) AA7068-2.0 w/% TiC—1.0 w/% graphene, e) AA7068-2.5 w/% TiC-1.0 w/% graphene

particles are trapped by the main element, aluminium
7068. Inside the grains of aluminium 7068, there are vis-
ible traces of TiC and graphene particles. A good interfa-
cial connection between titanium carbide, graphene par-
ticles and the AA7068 matrix can also be seen in the
micrographs, showing that there are few porous spots,
voids or discontinuities.

3.2 Tensile strength and percentage of elongation

Figure S shows the ultimate tensile strength and per-
centage of elongation of the cast samples. It can be seen
on the graph that the graphene particle addition with an
increasing weight percentage of TiC particles increases
the UTS of AA7068. This is because the graphene parti-
cles enhance the load transfer and hinder the dislocation
motion, while the TiC particles contribute to the
strengthening and crack resistance. This leads to an en-
hanced tensile strength.

220
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80 «==Total Elongation (%) 3.0
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Graphene TiC- 1.0% TiC-1.0% TiC- 1.0% TiC- 1.0% TiC- 1.0%
Graphene  Graphene  Graphene  Graphene  Graphene

Composites —

Figure 5: UTS and percentage of elongation of cast AA7068 and its
hybrid composites
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On Figure 5, the percentage of elongation of the
AA7068 matrix initially increases with the addition of
graphene particles. Due to a proper dispersion and uni-
form distribution, graphene particles within the alu-
minium matrix act as a barrier to crack propagation, pro-
moting crack deflection and energy dissipation.’*3* This
mechanism increases the ductility and toughness of a
composite. After that, the increasing w/% of the TiC par-
ticles decreases the percentage of elongation. As TiC is a
ceramic material it exhibits brittle behavior. When TiC
particles are incorporated into the aluminium alloy ma-
trix, they create barriers for a dislocation motion, limit-
ing the material’s ability to undergo plastic deformation
and reducing ductility. The sample having 2.5 w/% TiC
and 1 w/% graphene exhibits a high UTS of 199 MPa
and a low percentage of elongation of 4.05.

3.3 Hardness

The Rockwell hardness values for the
AA7068-graphene-TiC hybrid composites and the base
alloy are presented in Figure 6. The hardness of the
AAT7T068 alloy initially decreases with the addition of
graphene particles because the uniform distribution and
dispersion of graphene particles inside the aluminium
matrix serve as a deterrent to crack development, en-
hancing crack deflection and energy dissipation. The
composite’s ductility is increased by this mechanism.
Hence, the hardness decreases. After that, the addition of
increased w/% of the TiC particles increases the hardness
of the composites because the TiC particles, along with
graphene particles, form a strong interface with the alu-
minium matrix. This interface acts as a barrier to a dislo-
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Figure 6: Rockwell hardness of cast AA7068 and its hybrid compos-
ites

cation movement, impeding plastic deformation and in-
creasing the hardness of the composite material. The
sample containing 2.5 w/% of TiC particles and 1.0 w/%
graphene particles has a high hardness of 63 HRB.

3.4 Impact test

Figure 7 shows the impact strength, i.e., the energy
absorbed by the cast samples. The addition of graphene
particles, forming a strong interface with the aluminium
matrix, can effectively transfer the impact load, reducing
the risk of crack initiation and propagation. Also, the in-
clusion of TiC particles increases the energy absorption
because, during impact events, the presence of TiC parti-
cles can promote the formation of fine-grained regions
and induce local plastic deformation around the particles.
These mechanisms contribute to the energy absorption
and improve the composite’s ability to withstand im-
pacts. The addition of 2.5 w/% of TiC, together with 1.0
w/% graphene particles, allows it to absorb more energy
(4.5 J) than other compositions.

3.5 Wear behavior

Figure 8 shows the variation in the wear loss as a
function of load at 1000 min~' for the AA7068-1.0 w/%
graphene—(0-2.5) w/% TiC composites. The figure
shows that the addition of graphene and the increased
w/% of TiC particles reduce the wear loss, reaching its
minimum with AA7068-1.0 w/% graphene—2.5 w/% TiC
because the hard TiC particles act as micro-scale abra-
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Figure 7: Impact strength of cast AA7068 and its hybrid composites
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Figure 8: Variation in the wear loss as a function of load at
1000 min~! for the AA7068-1.0 w/% graphene—(0-2.5) w/% TiC com-
posites

sive particles, counteracting the abrasive wear caused by
the sliding contact. They effectively resist the penetration
and plowing of the mating surfaces, reducing the wear
loss. Also, graphene particles act as a solid lubricant, re-
ducing direct contact and friction between the mating
surfaces. This results in a lower wear rate and reduced
wear loss. Additionally, it is found that for all samples,
the weight loss increases with higher applied loads.
However, it is still minimal for AA7068—graphene-TiC
composites when compared to the unreinforced AA7068
matrix.

Figure 9 shows the variation in the coefficient of
friction at 1000 min™' for the AA7068-1.0 w/%
graphene—(0-2.5) w/% TiC composites. It was found that
as normal loads rise, the coefficient of friction rises as
well. Additionally, it is evident that the composites’ coef-
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Figure 9: Variation in the coefficient of friction at 1000 min~! for the
AA7068-1.0 w/% graphene—(0-2.5) w/% TiC composites
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Figure 10: SEM micrographs of the worn surface of cast AA7068 at 1000 min~! at: a)5N,b) 15N

ficient of friction is lower than that of the pure alu- TiC reinforcement from O to 2.5 w/%. However, when
minium matrix. The results demonstrate that the coeffi- compared to the pure aluminium matrix, the coefficient
cient of friction of the composites reduces with the of friction for 2.5 w/% TiC composites is lower at all ap-
inclusion of graphene and increase in the quantity of the  plied loads.
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Figure 12: SEM micrographs of the worn surface of cast AA7068—1.0 w/% graphene 2.5 w/% TiC at 1000 min~': a) at 5 N, b) at 15 N
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Wear surfaces of the composites were examined us-
ing SEM. Figures 10a-b represent the worn surface of
cast AA7068 alloy after the sliding distance of 1000 m,
under applied loads of 5 and 15 N. Examining the worn
surface revealed that it is noticeably rougher than those
of the composites, shown in Figures 11 and 12. The pin
surface and the counter body exhibit localized adhesion,
deep narrow grooves, cavities, significant furrowing and
heavy material flow in some locations along the sliding
direction. They also exhibit an increased wear.

SEM micrographs in Figures 11a, 11b and 12a, 12b
show the worn surfaces of the cast AA7068-1.0 w/%
graphene composite and cast AA7068-1.0 w/%
graphene-2.5 w/% TiC after the sliding distance of 1000
m, under applied loads of 5 N and 15 N. They demon-
strate the presence of very minute grooves in the worn
surfaces, indicating an abrasive process as the cause of
the wear. The incorporation of graphene and TiC parti-
cles can contribute to an enhanced surface protection in
aluminium alloy composites. Graphene particles fill in
surface defects and microcracks, acting as barriers
against the wear initiation. TiC particles can reinforce a
surface, forming a wear-resistant layer. These protective
mechanisms lead to reduced signs of localized damage
and wear initiation.

4 CONCLUSIONS

In the present work, an AA7068—graphene-TiC hy-
brid composite with 1.0 w/% of graphene and
(0-2.5 w/%) of TiC was fabricated by stir casting with
electromagnetic stirring. With SEM analyses of the pro-
duced composite, it was confirmed that graphene and ti-
tanium carbide particles were distributed uniformly
throughout the AA7068 matrix. The addition of
graphene and an increase in the weight percentage of
TiC increase the tensile strength, hardness, impact
strength, and decrease the percentage of elongation, low-
ering the rate at which the composites wear out. A ten-
sile test was conducted, and the AA7068-1.0 w/%
graphene-2.5 w/% TiC composite yielded a maximum
ultimate tensile strength (UTS) of 199 MPa and a low
percentage of elongation of 4.42. Using a Rockwell
hardness tester, the composite’s hardness was assessed,
and a maximum value of 63 HRB was found for the
AA7T068-1.0 w/% graphene-2.5 w/% TiC composite. As
the amount of TiC rose, so did the hardness. The Charpy
test was used to measure the impact strength, and the
composite consisting of AA7068-1.0 w/% graphene—2.5
w/% TiC yielded a maximum value of 4.5 J. At varying
weights (5, 10 and 15) N, a constant sliding speed of
1000 min! and a sliding distance of 1000 m, a dry slid-
ing wear test was carried out in a pin-on-disc wear test-
ing machine. Under various load conditions, the sample
with 2.5 w/% TiC had a reduced coefficient of friction
and reduced wear loss.
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