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The study involved the production of Functionally Graded Ceramics
(FGCs) using aluminum as the base material and reinforcing it with
vanadium carbide (VC) and graphite (G). The research focused on

examining the mechanical properties of these FGCs.Adding VC and G
significantly improved the compressive strength, bulk modulus, and
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Graphite, Mechanical Properties 5% VC and 10% VC. The increase in bulk and shear modulus is

attributed to the presence of VC and G particles, which act as
reinforcing phases to disrupt the aluminum matrix’s slip planes and
increase the composite's load-bearing capacity. These results indicate
that FGMs with customized compositions have the potential to serve as
promising materials for various engineering applications.
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Introduction:-

Functionally graded Ceramics (FGCs) are advanced materials with a continuously varying composition and
microstructure along one or more dimensions. This unique property allows FGCs to exhibit a gradient of mechanical
properties, enabling them to withstand extreme conditions and perform optimally under various loading scenarios.
Powder metallurgy (PM) has emerged as a prominent fabrication technique for FGCs due to its ability to precisely
control the composition and microstructure of these materials, leading to significant enhancements in their
mechanical properties [1,2]. The fabrication and characterization of FGC composites using powder metallurgy. The
authors found that powder metallurgy is an effective method for producing these materials and that the resulting
composites have improved mechanical properties[3-5]. Powder metallurgy has emerged as a popular and effective
method for fabricating functionally graded materials; the ability of PM to precisely control the composition and
microstructure of FGCs makes it a versatile and powerful tool for creating advanced materials with tailored
properties for a wide range of applications. [6-8]. Using powder metallurgy as a production approach for
functionally graded materials presents a notable advantage in its ability to exert precise control over both
composition and mechanical characteristics.Consequently, this method proves to be highly effective in achieving
desired outcomes. [9-11].0ne of the key advantages of FGCs is their ability to mitigate stress concentrations and
thermal stresses, which are common causes of material failure. By gradually transitioning between different
materials with varying properties, FGCs can effectively distribute stress and minimize stress peaks, enhancing their
resistance to cracking and deformation. For instance, an FGC turbine blade can be designed with a ceramic outer
layer that can withstand high temperatures and a ductile inner layer that can accommodate thermal expansion and
prevent stress-induced cracking[12,13].
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Furthermore, FGMs can demonstrate improved resistance to wear due to their customized composition and
microstructure. Integrating durable and abrasion-resistant substances, such as ceramics or metal carbides, into the
outermost layer of a Functionally Graded Composite (FGC) can greatly enhance the material's overall ability to
withstand wear. To investigate the effect of varying percentages of vanadium carbide (VC) and graphene (GR)
reinforcement on the mechanical properties of aluminum-based functionally graded Ceramics(FGCs) fabricated
using powder metallurgy.

Experimental Procedure

This study investigated the mechanical properties of FGM composites fabricated using powder metallurgy. We used
different combinations of aluminum (Al), vanadium carbide (VC), and graphene (G) as reinforcements. The FGM
composites were fabricated using the following steps:Powder mixing: Al, VC, and G powders were mixed in a ball
mill for 24 hours.Compaction: The mixed powders were compacted into a shape using a uniaxial compacting
press.Sintering: The compacted powders were sintered in a furnace at 500°C for 2 hours.

Results and Discussion:-
Mechanical properties of Functionally Graded Ceramics (FGCs):
The compressive strength of the FGC composites increased with increasing VC and G content. The highest
compressive strength was achieved with a combination of 5 % VC and 10 % VC, as shown in Fig. 1. VC is a hard
and brittle ceramic reinforcement that increases the load-bearing capacity of the composite. The correlation between
the bulk modulus and FGC specimens of aluminum with varying amounts of vanadium carbide (VVC) and graphite
(G) is being investigated. As the concentration of VC and G increases, the bulk modulus of the FGC sample also
increases, as shown in Fig. 2. This is because VC and G are harder and stiffer than aluminum. Hence, their addition
to the material increases its resistance to elastic deformation. The results of this study show that the shear modulus
of aluminum FGM specimens can be increased by adding VC and G to the material. Since VC and G are stiffer than
aluminum, their addition to the material increases its resistance to shear deformation. The increase in shear modulus
results from the microstructure of the FGC samples. The VC and G particles are dispersed in the aluminum matrix
and act as reinforcing phases. The reinforcing phases disrupt the slip planes of the aluminum matrix and thus make it
more difficult for the material to deform under shear stress[14]. The increase in shear modulus depends on the
concentration of VC and G in the FGC sample. The higher the concentration of VC and G, the higher the shear
modulus of the FGM sample. This is because the reinforcing phases disrupt the slip planes in the aluminum matrix
more effectively. The results of this study are consistent with previous research on the effects of VC and G on the
shear modulus of aluminum alloys. Previous studies have shown that adding VC and G to aluminum alloys can
increase the shear modulus by up to 20%. The results of this study have several implications for the design and
development of FGC components.
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Fig. 1:- Ultimate compression strength.
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Fig.2:- Mechanical properties (a) bulk modulus, (b) shear modulus.

Thermal Expansion Behavior of Functionally Graded Ceramics (FGCs):

This study investigated the influence of material composition on the thermal expansion of FGCs. Figure 3 depicts
the relative length change (dL/L) of FGC samples subjected to temperatures ranging from 50°C to 500°C. The
results demonstrate a decreasing trend in dL/L with increasing content of mono and hybrid ceramic reinforcements
within the FGC layers. At 300°C, the measured strain (dL/L) for the unreinforced FGCO material was 7.12 x 1072
This value progressively decreased to 4.81 x 1073, 5.08 x 1073, 4.98 x 1073, 4.06 x 1073, and 4.38 x 103 for samples
(Al+5%VC+10%VC), (Al+0.5%G+1%G), (Al+2.5%VC,0.25%G+5V%C,0.5%G),
(Al+5%VC,0.25%G+10%VC,0.5%G), and (Al+2.5%VC,0.5%G+5%VC,1%G), respectively.

The observed decrease in thermal expansion with rising reinforcement concentration aligns with the established
relationship between these two parameters. Before reinforcement, the CTE values of the FGC samples were 22.3 x
10 K, 17.7 x 10 K', 18.5 x 10 K, 18.0 x 10 K', 15.4 x 10 K, and 16.8 x 1076 K™', respectively.
Reinforcing the second and third layers in the FGCs with materials like aluminum (Al) (CTE = 22.8 x 10°¢ K™)
reduced thermal expansion and CTE values compared to unreinforced samples. This can be attributed to the
inherently lower CTEs of graphite (G) (3.2 x 10® K™') and vanadium carbide (VC) (7.2 x 107° K™!) compared to Al
These findings are consistent with previous studies documented in references[15-17]. The significant variations in
CTE values observed amongst the FGC samples highlight the dominant role of graphite in influencing the overall
thermal expansion behavior compared to vanadium carbide.
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Fig.3:- The changes in the dL/L (relative change in length) of the sintered FGCs samples.

Influence of Reinforcement on Thermal Conductivity in Functionally Graded Ceramics (FGCs)

Figure 4 explores the impact of various reinforcements on the thermal conductivity of FGCs. The unreinforced Al
sample exhibited the highest thermal conductivity at 162.1 W/m-'K, surpassing all other FGCs except for the graphite
(G)-reinforced (Al+2.5%VC,0.25%G+5V%C,0.5%G). Notably, it showcased a thermal conductivity of 171.2
W/m'K, representing a 5.6% increase compared to pure aluminum. In contrast, (Al+5%VC+10%VC) ,
(Al+2.5%VC,0.25%G+5V%C,0.5%G), (Al+5%VC,0.25%G+10%VC,0.5%G),
and(Al+2.5%VC,0.5%G+5%VC,1%G),reinforced with alternative materials, displayed thermal conductivities of
142.4 W/mrK, 158.8 W/m'K, 149.8 W/m'K, and 155.7 W/m'K, respectively. These values translate to 12%, 2%,
7.6%, and 3.9% reductions compared to the unreinforced FGC1.The superior thermal conductivity of
(Al+0.5%G+1%G)can be attributed to graphite's inherent high thermal conductivity (2000 W/m-K) compared to
aluminum (239 W/m-K)[18,19]..Conversely, the incorporation of vanadium carbide (VC) particles (FGC1) leads to
a decrease in thermal conductivity due to its significantly lower value (35 W/m'K) compared to aluminum-based
reinforcement. FGC layers reinforced with hybrid ceramics exhibited lower thermal conductivities than those
reinforced solely with graphite due to the increased presence of VC, which ultimately reduced the overall
conductivity but remained higher than the unreinforced aluminum powder.
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Fig. 4:- Thermal conductivity values of FGC samples.

Conclusion:-
The results of this study show that powder metallurgy is a promising method for fabricating FGM composites with
improved mechanical properties.

The addition of VC and G to aluminum can increase the mechanical properties. This increase in shear and bulk
modulus results from the FGM samples’ microstructure, in which the VC and G particles act as reinforcement phases
that disrupt the slip planes in the aluminum matrix. The results of this study have several implications for the design
and development of FGM components.

Graphite (G) reinforcement leads to the highest thermal conductivity among the tested materials due to its inherently
high thermal conductivity.Conversely, due to its much lower thermal conductivity, vanadium carbide (VC)
reinforcement reduces thermal conductivity compared to unreinforced FGC and even FGCs with hybrid
reinforcements.Aluminium (Al) based reinforcement offers a middle ground between G and VC, but may not be
optimal for maximizing thermal conductivity in FGCs.
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