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In this research, the first work was carried out to manufacture MgO-based metal matrix composite containing 3 wt%. Sintering
parameters, such as temperature, pressure, and time were subjected to Taguchi analysis to identify the most significant effect on
magnesium oxide physical and mechanical characteristics. The impact of each sintering parameter explores using the analysis of
variance-structure and microstructure analysis using XRD and EDS-equipped FE-SEM. The mechanical properties of the
composite are evaluated by testing its Rockwell hardness (HR) and Vickers hardness (HV). The results showed that sintering
temperature was the most influential of the sintering factors on microhardness. Densification at its peak was 100%, while it peaked

at 62.19 Rockwell hardness and 58.7 Vickers hardness.

1. Introduction

MgO materials significantly impacted many industries due to
its lower density, maximum strength-to-weight percentage,
and high toughness [1]. Due to its poor physical properties,
such as low tensile modulus, weak strength, absence of
flexibility, maximum creep and wear, insufficient resistance to
corrosion, and high susceptibility to fatigue, MgO was not
used in industry [2, 3]. Researchers have put a lot of time and
energy into developing alloys and composites of MgO with
other elements including Cu, Ti, Al, TiO,, ZnO, AL,O3, ZrO,,

and TiC, to provide the flexibility and strength [4]. Magne-
sium oxide is one of the best biocompatible and bio-
degradable materials [5]. The medical industry uses stainless
steel, Co-Cr and Ti. However, these materials produce poi-
sonous by-products that are dangerous to the patient and
necessitate expensive postoperative care once the patient has
healed [6]. Including an appropriate reinforcement into the
MgO matrix is one technique to get a material based on MgO
with good mechanical characteristics for biomedical appli-
cations [7, 8]. The following improvement in the mechanical
aspects of the MgO matrix depends on the reinforcement
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uniformly distributed throughout the matrix [9]. Powder
metallurgy, a mechanical alloying, permits consistent re-
inforcement distribution inside a matrix with either no in-
teraction between the reinforcement and matrix or with only
minimal interaction [10, 11].

Spark plasma sintering (SPS) is a new method used to
consolidate powders [12]. This sintering method saves time
over more conventional approaches since the powder is
heated and compacted simultaneously to achieve high density
with grain growth due to the rapid heating [13]. SPS can
produce better mechanical properties than conventional
sintering processes by reducing the sintering temperature and
reducing the sintering time. Scientists have widely used SPS in
producing various metals, ceramics, alloys, and composites
[14]. Despite of its potential benefits, research on SPS for
MgO-based composites is low [15, 16]. An in-situ composite
comprising MgO and ZnO created by the author [17] used to
enhance corrosion resistance in Hank’s solution [18, 19].

Titanium carbide (TiC) is an extremely hard, strong, and
thermally stable ceramic reinforcement [20, 21]. It has
a melting point of 2790°C, a Rockwell hardness of 86 HRA,
a Vickers hardness of 960 HV, a tensile modulus of 530 GPa
[22]. Recently, TiC was mixed into an MgO matrix to im-
prove its mechanical behaviors, creating it more appropriate
for orthopedic uses [23]. An MgO-TiC composite with
enhanced hardness and wear resistance has been developed
by fusing powder metallurgy with the traditional sintering
process [24, 25]. A MgO-TiC nanocomposite was fabricated
by fragmented melt deposition, followed by heat treating,
with the goal of improving mechanical characteristics such
as yield strength, compressed elastic modulus, fracture
stress, and base texture [26, 27]. However, no research has
been identified so far that describes the production of MgO-
3TiC composites using SPS, so the researchers chosen to
develop this process.

Microhardness and density of MgO-3TiC composite
studied in response to sintering factors, including temper-
ature, pressure, and time. This MgO-3TiC composite’s final
mechanical and physical properties result from the interplay
of multiple sintering parameters. As a result, the relative
importance of each aspect in determining the composite
qualities can be determined by using the Taguchi method.

2. Materials and Processing

The MgO used in this study has a particle size of 45 ym and
purity of >99.8%. Titanium carbide (TiC) powder with a 99%
purity and size of particles is 10 yum, was used to create the
reinforcement. Through powder metallurgy synthesis, a pure
MgO matrix creates and reinforced with TiC at a weight
percentage of 3%. Powdered MgO and TiC blend in the
appropriate proportions using a lower-energy milling ma-
chine, which ensured that the reinforcement dispersed
throughout the matrix. The powder was mixed in Argon gas-
filledstainless-steel vials by rotating them at 200 rpm for an
hour. We used SPS to compact the milled powders (nine
runs) at three distinct levels of sintering pressure, sintering
temperature, and sintering time, following the Ly OA shown
in Table 1. Following consolidation, the sample was quickly
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TaBLE 1: Design of Taguchi Ly orthogonal arrays.

Sintering Sintering Sintering ti
Speci temperature ressure intering time
pecimen p P
(C) (MPa) (min)
1 500 35 15
2 500 45 20
3 500 55 25
4 550 35 20
5 550 45 25
6 550 55 15
7 600 35 25
8 600 45 15
9 600 55 20

removed from the die owing to a thin layer of graphite
between the powder mixture and the die wall. In addition,
the powder and die wall had less friction with this thin film.
An internal thermocouple was positioned 2 mm from the
center of the die’s inner wall to measure the sintering
temperature during consolidation. After being sintered, the
samples were ground and polished to remove any remaining
graphite [28]. All the grinding with SiC paper ranges in grit
from 180, 320, 400, 600, and 800. The next step was polishing
using alumina slurry. The specimens in an ethanol solution
and washed with digital ultrasonicator for 15 min to remove
the alumina particles that adhered to the composites
throughout this polishing process.

3. Experimental Procedures

3.1. Design of Experiments. To overcome the constraints of
traditional optimization techniques, the design of experi-
ments (DOE) method is now frequently used [29]. The
Taguchi method found a fractional factorial design to op-
timize process parameters, such as experimental time and
cost, and the complete factorial design by the strategic se-
lection [30, 31]. The Taguchi method uses the S/N ratio and
an orthogonal array (OA) to determine the optimal settings
for the controllable variables. According to the objective, the
optimal size of the S/N ratio might range from large to
nominal to small.

In this study, a statistical analysis assuming that greater
values are better since we found that increased micro-
hardness and experimental density are all desirable. The
optimum S/N ratio calculates using the following equation,
where a higher value is preferred.

S 1{& 1

i=1 Vi

Orthogonal arrays are only possible when the total
number of parameters exceeds the sum of the parameters
[32, 33]. This investigation considers three parameters, each
of which has three stages in the tests: 500, 550, and 600°C for
sintering temperature; 35, 45, and 55MPa for sintering
pressure; and 15, 20, and 25 min for sintering time. For this
purpose, we decided on a Ly orthogonal array (Table 1).
Experiments were performed with three different sintering
parameters: sintering temperature, pressure, and time.
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3.2. Characterization. Cu-Ka radiation with the wavelength
) =1.54056 A, and a scan speed of 2°/min is used to conduct
XRD analysis on as-received powders, processed MgO-3TiC
powder, and sintered specimens. With the help of Archi-
medes’ principle, the densities of SPS MgO-3TiC composite
specimens were examined. The samples were first measured
in the air using a digital meter of +0.00001g and then
reweighed in distilled water. Here, we give the mean density
readings from five independent measurements. To theo-
retically determine the completed composites’ density, we
applied the rule-of-mixture approach. Researchers looked
into the surface shape and distribution of the TiC reinforcing
in MgO-3TiC composites. The microstructure of SPS
specimens was analyzed using FE-SEM and an SEM.

The hardness was measured using a Vickers diamond
pyramid indenter at an angle of 136" and a universal
hardness tester. After being loaded at 200 gf, the sample was
given a 10-second dwell time. According to the ISO 6507/
ASTM E384 specifications, the average of five separate HV
readings were analyzed. Metallographically polished samples
were subjected to an HR test using a universal hardness
tester. In this study, 10 sec dwell period was used gives the
average HR from five separate tests.

4. Results and Discussion

4.1. X-ray Diffraction Analysis. Using XRD characteriza-
tion, the impact of TiC on the crystalline structure of the
pure MgO matrix was analyzed. To form MgO-TiC
composites, the wettability between the MgO and TiC
matrix reinforcement must be high [34]. Due to the in-
teraction between the TiC reinforcement and the MgO’s
crystalline structure, the MgO’s base texture was altered.
Figure 1 shows the normalized XRD patterns of MgO
powder, TiC powder, a milled MgO-3TiC [35] composite,
and a spark-plasma-sintered composite. The distinct
peaks of the MgO and TiC powders are highly noticeable.
However, only the MgO peak is visible in the MgO-3TiC
composite. Because of the low concentration of TiC (3 wt
%), the corresponding peaks are present but weaker in
intensity. The results for the SPS specimen at high tem-
peratures corroborate the presence of TiC in the manu-
factured composite. TiC specimens sintered at 550°C and
600°C show the first peak. The additional peaks may be
discernible at lower intensities. SPS specimens’ XRD
spectra show no unexpected peaks, indicating no dis-
tinctive phases generated during the sintering. This
finding further substantiates the viability of the SPS
technique for manufacturing MgO-3TiC composites.

4.2. SEM Characterization. SEM micrographs of the MgO
(Figure 2(a)), TiC (Figure 2(b)), Both powders were received
in an uneven shape and an extensive size range. Figure 2(a),
reveals a particle size distribution in the MgO matrix. In
contrast, Figure 2(b) is an electron image of the TiC re-
inforcement, shows more uniform particle size. No ag-
glomerated big particles were visible when standard
sintering was combined with cold compaction.

Micrographs taken with an FE-SEM revealed re-
inforcement dispersed throughout the matrix of spark-
plasma-sintered samples. The specimens had no apparent
porosity when using an FE-SEM following SPS. This finding
demonstrates the efficacy of the spark plasma sintering
technique in creating dense models. TiC dispersed in the
MgO matrix, and FE-SEM micrographs revealed the en-
hanced interfacial integrity. Increased interfacial integrity
among the reinforcement and matrix allowed all sintered
samples to be free from debonding and voids. Micrographs
also revealed that the MgO-3TiC composites showed no
micropores or shrinkage. All of the MgO-3TiC specimens
indicate as FE-SEM micrographs in Figure 3. Firm adhesion
evidence by the support of maintaining a fixed location
within the matrix. In comparison to pure MgO matrices,
MgO-3TiC composites will exhibit sufficient resistance to
indentation due to the strong adherence of reinforcements.

The Scherrer equation was used to find out the size of the
crystallites in the MgO powders, the TiC reinforcements,
and the sintered specimens of the resulting composites. The
MgO powder and the TiC reinforcement crystallite sizes are
of ~36 nm and ~40 nm. The sintered MgO-3wt%TiC com-
posite samples showed a range of crystallite sizes from
~30nm to ~42 nm, depending on the varied sintering set-
tings used. Spark plasma sintering results in small to no
grain development, as evidenced by the small size distri-
bution range of the crystallites.

4.3. Impact of Input Factors on Microhardness. The purpose
of this study is to determine which variables and their in-
teractions have the greatest impact on the microhardness of
MgO-3TiC composites. Table 1 displays the microhardness
measurements made and the Ly orthogonal array from the
Taguchi design. At least five replicates of each experiment
perform to ensure statistical significance. There were nine
trials to analyze the S/N ratio and to learn how un-
controllable factors affected the sintering process. Results
were confirmed using the signal-to-noise ratio. Main effect
plots for the mean microhardness display in Figure 4(a) and
the results of S/N ratio is indicated in Figure 5.

These graphs show the typical results of each experiment
and can be used to efficiently look into how different var-
iables affect the mechanical qualities. According to Table 2,
the maximum microhardness attains at a sintering tem-
perature of 550°C. Due to localized matrix deformation
during indentation, the MgO matrix’s hardness was in-
creased upon the addition of the tougher TiC reinforcement.
Microhardness increased from 500 to 550°C, with the rise at
550°C attributable to a greater degree of densification as
depicted in Figure 3. Raising the SPS temperature speeds up
the process of elimination, to increase the density and
hardness [36, 37].

However, the composite’s microhardness appeared to
decrease at 600°C. Increased grain size during processing at
high temperatures clarifies the results [38]. A higher sin-
tering pressure of 55MPa or more causes plastic de-
formation, which causes the grains to shrink and the
microhardness to rise. With the influence of sintering



Advances in Materials Science and Engineering

v X Yy specimen 9

¥ X Ty specimen 8
K % ¥y specimen?
P i Yy specimen 6

J\___X Mecimen 5

Normalized Intensity (cps)

)4 X x v specimen 4
specimen 3

) 4 X Xy SPecimens |

b4 X Xy specimen? |

Mg + 3TiC composite specimen 1

Mg + TiC after 1 hour milling

X X X X
i L 4
X X X X % _Pure MgO

- ) Pure TiC

| . SO SR |

T I T I T I T I T I T I T
20 30 40 50 60 70 80 90
26009
V¥ MgO

17 August 2022

0
Wo21 6mm

MFG

SEI 20kV x100 500um  —

17 August 2022

(®)

FIGURE 2: SEM images of (a) MgO and (b) TiC.

temperature, sintering periods of 25minutes resulted in
grain formation and led to lower HV.

An ANOVA was used to determine the process factor
impacted the microhardness. ANOVA is used to find out the
significant difference between three or more mean values.
Results from this method, computed with Minitab 16 at

a 95% confidence range (significant level a=0.05), are
shown in Tables 3 and 4. The microhardness ANOVA results
summarize in Table 3, and the sound-to-noise ratio ANOVA
outcomes confirms in Table 4.

The microhardness of the MgO-3TiC composite was
importantly impacted by all of the sintering factors listed in
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F1GURe 3: SEM micrographs of SPS specimen (a) specimen 1, (b) specimen 2, (c) specimen 3, (d) specimen 4, (e) specimen 5, (f) specimen 6,
(g) specimen 7, (h) specimen 8, and (i) specimen 9.

Table 3, as evidenced by p values <0.05. The most significant The importance of specific variables was confirmed by
sintering factor is temperature (p =0.001), followed by  the analysis of p value. It is used to find the different var-
sintering time (p = 0.005) and sintering pressure (p = 0.07).  iables interact with one another. A smaller p value represents

From this, we can conclude that all the sintering parameters ~ a more substantial effect of the factor on the process. The
significantly impacted the measured microhardness. sum of squares and the F value together can help you identify
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TaBLE 2: Results of experiments sorted by sintering factors for mean microhardness HV and signal-to-noise.

Experimental run

Sintering temperature

Sintering factors

Sintering pressure

Sintering time Mean MH

Responses

Mean signal to noise

ratio

(°C) (MPa) (min) (HV) (dB)
1 500 35 15 51.41 34.2140
2 500 45 20 47.01 33.4421
3 500 55 25 50.41 34.0487
4 550 35 20 54.21 34.6801
5 550 45 25 53.21 34.5183
6 550 55 15 58.61 35.3581
7 600 35 25 49.01 33.8040
8 600 45 15 50.61 34.0831
9 600 55 20 50.01 33.9795

TaBLE 3: ANOVA analysis for the mean of microhardness.

ANOVA response table for microhardness
Source DF Seq SS Adj SS Adj MS F values P values
Sintering temperature (°C) 2 62.828 62.828 31.414 785.34 0.002
Sintering pressure (MPa) 2 11.228 11.228 5.614 140.34 0.008
Sintering time (min) 2 17.148 17.148 8.574 214.34 0.006
Error 2 0.081 0.081 0.041
Total 8 91.281
Ranking response table for microhardness
Level Slntermg(fér)nperature Sintering pressure (MPa) Sintering time (min)
1 49.61 51.54 53.54
2 55.34 50.28 50.41
3 49.88 53.01 50.88
Delta 5.74 2.74 3.14
Rank 1 3 2
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TaBLE 4: ANOVA analysis for the S/N ratio of microhardness.

ANOVA response table for the S/N ratio

Source DF Seq SS Adj SS Adj MS F values P values
Sintering temperature (°C) 2 1.70683 1.70683 0.853411 236.61 0.005
Sintering pressure (MPa) 2 0.30054 0.30054 0.150267 41.667 0.024
Sintering time (min) 2 0.46283 0.46283 0.231413 64.17 0.016
Error 2 0.00722 0.00722 0.003608

Total 8 2.47740

Ranking response table for the S/N ratio

Level Q)

1 3391
2 34.86
3 33.97
Delta 0.96

Rank 1

Sintering temperature

Sintering pressure (MPa) Sintering time (min)

34.24 34.56
34.02 34.04
34.47 34.13
0.46 0.53
3 2

the most critical factor. In addition, ANOVA ranks the
sintering parameters according to how well they provide the
desired average microhardness and average S/N ratio.
Separate values determine a final test statistic denoted by the
term “degree of freedom (DoF).” When one or more in-
dependent variables add to a regression model, the error sum
of squares (Seq SS) decreases. The p value determines by
calculating the Adj SS, a measure of the dispersion of the
model or terms. Minitab uses the Adj MS, which measures
the degree of variance in a specified period or model to
compute p values.

4.4. Influence of Input Parameters on Macrohardness.
Table 5 displays the Ly orthogonal array for the Rockwell
test’s for macrohardness HRI5T measurement. Table 6
confirms the results for the mean and ranking of variables
for macrohardness, and Table 7 supports the main effect
plots for macrohardness signal-to-noise ratio and ranking.
The main effect plots for the average macrohardness are
depicted in Figure 4(b), while the main effect plots for the
S/N ratio to confirm the results, are shown in Figure 6. The
macrohardness shows minor fluctuations between 500 and
600°C, and its value drops dramatically with subsequent
increases in sintering temperature. Higher grain growth at
elevated temperatures explains this effect.

The Hall-Petch relationship uses materials in which
macrohardness decreases with increasing grain size. Higher
temperatures promote dislocation migration and de-
struction, resulting in a lower dislocation density in the

material. Increases in both the sintering pressure and the
plastic deformation resulting leads to increased quantity and
density of dislocations the greater the number of disloca-
tions, the smaller the resulting grains, and the greater the
macrohardness. However, the opposite impact shows the
combining pressures more significant than 45MPa with
extended sintering times, leads to increased grain size. After
20 minutes of sintering, the macrohardness reached a max-
imum of 60.248 HV. Considerable grain growth may have
contributed to this result due to the lengthy exposure to the
hot conditions [39].

4.5. Influence of Input Parameters on Density. Table 8 dis-
plays the S/N ratio and the Ly orthogonal array derived from
the Taguchi method to measure the ED with Archimedes’
principle. In addition, Table 8 displays the theoretical density
(TD) and standard deviation of the density for the
composite.

Figure 4(c) depicts the main effect graphs for the mean
density, while Figure 7 indicates S/N ratio. Figure 4(c)
shows that as sintering temperatures increased but the
density decreased. Solid particles melt and diffuse more
quickly at 550°C the MgO-3TiC composite displays this
typical behavior. The density reduced as the sintering
temperature raise from 500 to 600°C, inflating the prepared
composite. There is a correlation between the increased
density (4.52g/cm’) of the TiC strengthening and the
enhanced composite density [40]. The increased density
demonstrates the feasibility of using the SPS consolidation
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TaBLE 5: Results of experiments sorted by sintering variables for mean macrohardness and signal-to-noise.

Sintering factors

Experimental run Sintering temperature Sintering pressure

Responses

Sintering time Mean macrohardness Mean S/N ratio

(°C) (MPa) (min) (HR) (dB)
1 500 35 15 62.191 35.8747
2 500 45 20 50.632 34.0883
3 500 55 25 56.853 35.0957
4 550 35 20 59.623 35.5074
5 550 45 25 60.191 35.5898
6 550 55 15 49.373 33.8691
7 600 35 25 37.881 31.5673
8 600 45 15 56.526 35.0445
9 600 55 20 60.254 35.5996

TaBLE 6: ANOVA analysis for the mean of macrohardness.

ANOVA response table for macrohardness
Source DF Seq SS Adj SS Adj MS F values P values
Sintering temperature (°C) 2 48.51 48.51 24.31 0.14 0.885
Sintering pressure (MPa) 2 11.71 11.71 5.91 0.04 0.970
Sintering time (min) 2 46.91 46.91 23.41 0.14 0.889
Error 2 369.91 369.91 185.01
Total 8 477.11

Ranking response table for macrohardness

Sintering temperature

Level ¢C) Sintering pressure (MPa) Sintering time (min)
1 56.56 53.23 56.03
2 56.40 55.79 56.84
3 51.56 55.50 51.65
Delta 5.02 2.56 5.20
Rank 2 3 1
TaBLE 7: ANOVA analysis for the mean S/N ratio of macrohardness.
ANOVA response table for the S/N ratio
Source DF Seq SS Adj SS Adj MS F values P values
Sintering temperature (°C) 2 1.7455 1.7455 0.8728 0.17 0.861
Sintering pressure (MPa) 2 0.6424 0.6424 0.3212 0.07 0.944
Sintering time (min) 2 1.6943 1.6943 0.8472 0.17 0.864
Error 2 10.7066 10.7066 5.3533
Total 8 14.7884

Ranking response table for the S/N ratio

Level

@)
1 35.03
2 35.00
3 34.01
Delta 0.96
Rank 2

Sintering temperature

Sintering pressure (MPa) Sintering time (min)

34.33 34.94

34.92 35.07

34.86 34.09

0.60 0.99
3 1

strategy used in this study to produce dense components.
At 550°C, the density has a slight standard deviation,
suggesting that the TiC reinforcement is dispersed evenly
throughout the MgO matrix. When applying the innovative
SPS consolidation method with the precise parameter

values listed in Table 8, porosity of 0.23% or below is easily
achievable. The experimental density of the composites
rises with sintering pressure, as shown in Figure 4(c). The
solid composite powder’s volume decreased, which led to
this result.
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Main Effects Plot for S/N ratios
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F1GURE 6: Effect of processing parameters on S/N ratio of macrohardness.

In addition, the intergranular pore’s fill and density
increased by increasing the pressure applied during the
sintering process. Like the effect of temperature, sintering
duration has a modest but noticeable impact on the ex-
perimental density of MgO-3TiC. Since there was not
enough time for the molecules to diffuse, the initial density
was lower and the porosity was higher due to the spaces
between the particles [41]. However, with 20 minutes of
sintering time, the dispersion was sufficient to close any
remaining pores and increase the test densities with slight
variations in volume. The composite material exposes to
high temperatures for even longer when the sintering time
extends to 25 minutes. Because of this, the composite grew

in size and lost density. Tables 9 and 10 display the results of
the ANOVA test for the signal-to-noise ratio, and mean
results for the experimental density, respectively. It was
concluded that none of the process parameters or the
signal-to-noise ratio played a significant role in the ob-
served scatter in the MgO-3TiC microcomposite densities
experiments because their p values are more important
than the 95% confidence interval. Many variables affected
the experimental density, but sintering pressure and sin-
tering time had the most significant impacts [42]. The
sintering temperature (p = 0.229) had the slightest influ-
ence on all the insignificant variables affecting the com-
posite experimental density.
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Main Effects Plot for S/N ratios

Data Means
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FiGure 7: Effect of processing parameters on S/N ratio of experimental density.

TABLE 9: ANOVA analysis for the mean of experimental density.

ANOVA response table for experimental density

Source DF Seq SS Adj SS Adj MS F values P values
Sintering temperature (°C) 2 0.0039603 0.0039603 0.0019802 3.37 0.230
Sintering pressure (MPa) 2 0.0033939 0.0033939 0.0016970 2.89 0.259
Sintering time (min) 2 0.0003386 0.0003386 0.0001693 0.30 0.778
Error 2 0.0011793 0.0011793 0.0005897

Total 8 0.0088719

Ranking response table for experimental density
Level Sintering tempe

rature ("C)

Sintering pressure (MPa)

Sintering time (min)

1 1.741 1.746 1.775

2 1.791 1.779 1.779

3 1.771 1.792 1.764

Delta 0.052 0.047 0.016

Rank 1 2 3
TaBLE 10: ANOVA analysis for the mean S/N ratio of experimental density.

ANOVA response table for the S/N ratio

Source DF Seq SS Adj SS Adj MS F values P values

Sintering temperature (°C) 2 0.09555 0.09555 0.04778 3.31 0.233

Sintering pressure (MPa) 2 0.08270 0.08270 0.04135 2.87 0.260

Sintering time (min) 2 0.00825 0.00825 0.00413 0.29 0.779

Error 2 0.02895 0.02895 0.01448

Total 8 0.21542

Ranking response table for the S/N ratio

Level Sintering temperature (°C) Sintering pressure (MPa) Sintering time (min)

1 4.839 4.836 4.976

2 5.091 5.001 4.998

3 4.969 5.063 4.926

Delta 0.253 0.228 0.073

Rank 1 2 3
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5. Conclusion

Spark plasma sintering (SPS) is used to create an MgO metal
matrix composite. Sintering temperature, sintering pressure, and
sintering Time were studied using Taguchi analysis to certain
impact on the MgO composites’ physical and mechanical
characteristics. It is possible to infer the following from this study:

(1) Through spark plasma sintering, a metal matrix
composite based on magnesium oxide and
strengthened with 3% TiC.

(2) Micrographs taken with an FE-SEM indicated no
apparent porosity, and TiC was distributed relatively
uniformly throughout the MgO matrix, as de-
termined by the microstructural study. When
comparing the TiC-reinforced material to a pure
MgO matrix, the results showed an increase in
hardness due to the reinforcement.

(3) All of the sintering process had a considerable im-
pact on microhardness. Microhardness primarily
affected by sintering temperature, with sintering
time and pressure.

(4) The macrohardness of the manufactured composite
was little affected by any of the sintering conditions.
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