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Abstract: Aluminum metal matrix composites (AMMCs) havewidespread application due to their
exceptional properties. This study reinforced aluminum alloy 7075 with nano-titanium carbide across
varying weight percentages using powder metallurgy. Optimization by TAGUCHI and ANOVA
techniques which was carried out consideringthe following key parameters: sintering temperature
(250–400 ◦C), sintering time (30–120 min), compacting pressure (300–450 MPa), and TiCnp content.
Microhardness, evaluated with a Vickers tester and an L16 orthogonal array, led to optimal conditions:
15 wt.% TiCnp, 120 min sintering, 450 MPa pressure, and 400 ◦C temperature. Confirmation tests
validated the resulting enhanced microhardness.

Keywords: powder metallurgy; AA7075; TiCnp; Taguchi; ANOVA

1. Introduction

Metal matrix composites (MMCs) havebroad applications [1,2]. Aluminum is the pre-
ferred matrix material [3]. Prior research used nitride, boride, oxide, and carbide reinforce-
ments [4,5] like SiC, ZrO2, B4C, TiB2, AlN, TiC, TiN, and Al2O3 [6]. Smaller particles boost
composite strength [7,8], reducing porosity and enhancing bonding strength with nano-sized
reinforcements [9]. Multiple production methods like powder metallurgy and stir casting have
been employed [10,11], with a preference for powder metallurgy [12]. Titanium carbide, due
to its superior wear resistance, corrosion resistance, and mechanical properties, is commonly
used [13]. AA7075 MMCs outperform AA7075 matrix materials [14]. Al-Mg-Si-based AMCs
with MoS2 reinforcement (1.5–4.0 wt.%) prepared using powder metallurgy exhibit uniform
MoS2 distribution via SEM testing [15]. Process parameters play a pivotal role in compres-
sive strength and microhardness [16]. Sintering at 750 ◦C with 0.1 wt.% graphene yields
the best electrical and mechanical characteristics [17]. Varying mixing technique, sintering
temperature, and oxygen content modifies Ti-O alloys’ shape, dispersion, and solid solution
microstructure [18]. No study has analyzed Al7075/TiC composites regarding microhardness
fabrication and optimization. Our research employs powder metallurgy to create Al7075
with TiC at different wt.% (0–15 wt.% in 5 wt.% increments), optimizing process parameters
through the Taguchi technique and ANOVA.
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2. Materials and Methods
2.1. Materials

Aluminum alloy 7075 exhibits poor wear resistance and mechanical properties, prompt-
ing a need for enhancements in certain applications. Table 1 lists its elemental composition.
AA7075 finds extensive use in producing aircraft components, shafts, gears, worm gears,
etc. TiC boasts superior mechanical, corrosion, and tribological attributes, with an average
particle size of 100 nm. A particle size analyzer assessed the particle sizes of AA7075 and
TiC powder particles [19]. For specific Al7075 and TiC particle details, refer toTable 2.

Table 1. Chemical composition of Al7075.

Elements Cr Si Mg Zn Cu Ti Fe Mn Al

wt.% 0.21 0.07 2.3 5.7 1.4 0.06 0.23 0.05 Bal.

Table 2. Details for AA7075 and titanium carbide powder particles.

Property Tensile Strength Melting Point Density Modulus of
Elasticity (GPa)

Al7075 259 MPa 570 ◦C 2.81 g/cm3 187

TiC 335 MPa 3150 ◦C 4.94 g/cm3 412

2.2. Composite Fabrication

Al7075 matrix and TiC reinforcement were used in various weight percentage (wt.%)
combinations to produce composites through powder metallurgy. An electronic weighing
system measured materials, followed by ball milling and compacting at 500 KN using a
zinc-coated die wall. Sintering occurred at different temperatures and times in a muffle
furnace, with 12 h cooling. Optimization factors were sintering temp (300–450 ◦C), time
(30–120 min), pressure (300–450 MPa), and TiC wt.% (0–15). Microhardness was the response
parameter. Al7075/TiCnp composites were created using L16 OA design based on L9 OA
design inputs, with composites measuring 24 mm in diameter and 12 mm in length.

2.3. Testing of Al7075Fortified Nanocomposites

Microhardness tests were performed on the Al7075/TiC composites to determine
microhardness. The microhardness test was carried out in accordance with ASTM E384 [20].
Wire-cut EDM was used to cut the required ASTM size for hardness testing from the
produced composite. For cutting the composites to the requisite ASTM size, wire-cut EDM
was used. Wire-cut EDM is employed to cut particles without causing dislocation. The
Vickers hardness FMV-1 model was used for hardness testing. Toughness was determined
by conducting three trials and calculating the average value. All manufactured composites
underwent a hardness test using the L16 OA.

3. Results and Discussion

The microhardness of Al7075/TiCnp composites was evaluated using an L16 OA
design.The key factors affecting microhardness include sintering temperature, compact-
ing pressure, TiCnp weight percentage, and sintering time, as illustrated in Figure 1.
Nano-titanium carbide enhances microhardness, but this decreases at higher sintering
temperatures, while increased compacting pressure raises microhardness, and extended
sintering times reduce it. Nano-titanium carbide enhances the bonding between rein-
forcements and the matrix [20]. Higher sintering temperatures and longer sintering times
soften composites, reducing microhardness [20]. ANOVA results confirm the significant
effects of nano-titanium carbide, sintering temperature, and time on microhardness (all
p-values < 0.05). Optimization yields reliable results with a 99% adjusted R-square value.
The best parameter combination for maximum microhardness comprises 15 wt.% TiCnP,
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250 ◦C sintering temperature, 450 MPa compacting pressure, and 30 min of sintering time,
which is supported by main effect plots and ANOVA. Contour plots in Figure 2 clarify
microhardness relationships, showing that higher wt.%TiC boosts microhardness while
increased sintering temperature and time reduce it. The confirmation test was conducted
using the best combination ofinput process parameters, and the determined microhardness
was found to be 115H.v. The confirmation test was conducted with the best combination of
parameters, resulting in a wear loss of 16 mg. Figure 3a,b depict the microstructure and
EDAX test results of Al7075/9wt.%TiCnp. The surface of the confirmation test specimen
composites was polished using grit sheets ranging from 200 to 400, 600, and 800. The surface
of the confirmation test specimen was polished to 1 µm. Figure 3a shows the microstructure of
Al7075/9wt.%TiCnp, demonstrating the homogeneous distribution of TiCnp reinforcements
in the Al7075 matrix material. Figure 3b shows the presence of elements.

Eng. Proc. 2024, 61, x    3  of  6 
 

 

comprises 15 wt.% TiCnP, 250 °C sintering temperature, 450 MPa compacting pressure, 

and  30 min  of  sintering  time, which  is  supported  by main  effect  plots  and ANOVA. 

Contour  plots  in  Figure  2  clarify  microhardness  relationships,  showing  that  higher 

wt.%TiC boosts microhardness while  increased sintering  temperature and  time reduce 

it. The confirmation test was conducted using the best combination ofinput process pa‐

rameters, and the determined microhardness was found to be 115H.v. The confirmation 

test was conducted with the best combination of parameters, resulting in a wear loss of 16 

mg. Figure 3a,b depict the microstructure and EDAX test results of Al7075/9wt.%TiCnp. 

The surface of the confirmation test specimen composites was polished using grit sheets 

ranging from 200 to 400, 600, and 800. The surface of the confirmation test specimen was 

polished  to 1 μm. Figure 3a  shows  the microstructure of Al7075/9wt.%TiCnp, demon‐

strating  the  homogeneous  distribution  of  TiCnp  reinforcements  in  the Al7075 matrix 

material. Figure 3b shows the presence of elements. 

 

Figure 1. Main effect plot for means of microhardness. 

   

Figure 1. Main effect plot for means of microhardness.

Eng. Proc. 2024, 61, x    4  of  6 
 

 

 

 
 

Figure 2. Contour plot for microhardness with input parameters. 

   

Figure 2. Contour plot for microhardness with input parameters.

Eng. Proc. 2024, 61, x    5  of  6 
 

 

 

 

 

Figure 3. (a,b) EDAX and SEM of Al7075/15wt.%TiCnp. 

4. Conclusions 

Using  powder  metallurgy,  aluminum  alloy  7075  was  strengthened  with 

nano‐titanium carbide (TiCnp) in varying weight percentages. Alloy 7075 and TiCnp had 

particle sizes of 2 μm and 100 nm, respectively. Taguchi and ANOVA methods optimized 

parameters  like TiCnp weight percent, compact pressure, sintering  time, and  tempera‐

ture for Al7075/TiCnp composites. Microhardness was the response parameter. The best 

parameters for maximum microhardness were 15wt.%TiCnP, 250 °C sintering tempera‐

ture, 450 MPa compact pressure, and 30 min sintering time. In the confirmation test, the 

microhardness was 115, and SEM confirmed the even TiCnp distribution in Al7075/15% 

TiCnp. 

Author Contributions: Conceptualization, A.R.R. and A.P.D.; methodology; A.M.; software; J.K.S.; 

validation; M.A.Q.  and A.M.,  investigation; A.P.D., writing—original  draft  preparation; A.P.D., 

writing—review and editing; A.R.R., A.P.D., A.M., M.A.Q. and  J.K.S. All authors have  read and 

agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement:  Informed  consent was obtained  from all  subjects  involved  in  the 

study. 

Data Availability Statement: No new data were created. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Pranavi, U.; Venkateshwar  Reddy,  P.; Venukumar,  S.; Cheepu, M.  Evaluation  of Mechanical  and Wear  Properties  of Al 

5059/B4C/Al2O3 Hybrid Metal Matrix Composites. J. Compos. Sci. 2022, 6, 86. https://doi.org/10.3390/jcs6030086. 

2. Srivastava, A.K.; Dixit, A.R.; Tiwari, S. Investigation of micro‐structural and mechanical properties of metal matrix composite 

A359/B4C through electromagnetic stir casting. Indian J. Eng. Mater. Sci. 2016, 23, 171–180. 

3. Ujah,  C.O.;  Kallon,  D.V.V.  Trends  in  Aluminium  Matrix  Composite  Development.  Crystals  2022,  12,  1357. 

https://doi.org/10.3390/cryst12101357. 

4. Raju, P.; Arunnadevi, M.; Sandhya, P.; Krishnan, R.; Manikandan, R. Fabrication and Analysis of Aluminium based Metal 

Matrix Composites Reinforced with Aluminium Oxide. In Proceedings of the National Level Conference on Emerging Trends 

in Engineering Design & Manufacturing, Coimbatore, India, 22 March 2019. 

5. Lakshmikanthan, A.; Angadi, S.; Malik, V.; Saxena, K.K.; Prakash, C.; Dixit, S.; Mohammed, K.A. Mechanical and Tribological 

Properties of Aluminum‐Based Metal‐Matrix Composites. Materials 2022, 15, 6111. https://doi.org/10.3390/ma15176111. 

6. Mazahery, A.; Shabani, M.O. Influence of the hard coated B4C particulates on wear resistance of Al–Cu alloys. Compos. Part B 

Eng. 2012, 43, 1302–1308. https://doi.org/10.1016/j.compositesb.2012.01.011. 

Figure 3. (a,b) EDAX and SEM of Al7075/15wt.%TiCnp.



Eng. Proc. 2024, 61, 49 4 of 5

4. Conclusions

Using powder metallurgy, aluminum alloy 7075 was strengthened with nano-titanium
carbide (TiCnp) in varying weight percentages. Alloy 7075 and TiCnp had particle sizes of
2 µm and 100 nm, respectively. Taguchi and ANOVA methods optimized parameters like
TiCnp weight percent, compact pressure, sintering time, and temperature for Al7075/TiCnp
composites. Microhardness was the response parameter. The best parameters for maxi-
mum microhardness were 15wt.%TiCnP, 250 ◦C sintering temperature, 450 MPa compact
pressure, and 30 min sintering time. In the confirmation test, the microhardness was 115,
and SEM confirmed the even TiCnp distribution in Al7075/15% TiCnp.
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