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Abstract 

The current work choose the characteristics of (Magnesium composite) AZ91E-ZrO2-Fly ash Hybrid 

Metal Matrix using the regular analytic system. The chosen materials for this purpose are fly ash and 

ZrO2 in equivalent load extents, Stir casting uses a vortex technique to produce composite materials. A 

comprehensive experimental investigation was conducted to assess the performance characteristics of 

AZ91E-ZrO2-Fly ash during the cold upsetting process. The study involved utilizing AZ91E magnesium 

alloy and incorporating ZrO2 and Fly ash particles on different weight ratios (0%, 5%, and 10%) 

through the stir method. The UTM was employed to test these samples, revealing their mechanical 

compressive properties such as maximum compressive strength (in MPa), maximum compressive strain, 

and Young's modulus (in MPa). Standard analytical equations were used to determine the hub, 

compressive, and hydrostatic pressures, and the obtained results were compared to those obtained from 

ANSYS programming, showing consistency between the two. Strength co-efficient, strain hardening 

explains the plastic conduct on manufactured sample. Composites built up with fly ash and ZrO2 in 

various weight rates changing since 0 - 10 % rate with a molecule size of fifty three µm were arranged. 

Pre-arranged composite be described utilizing optical magnifying lens, Scattering electron microscope. 
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INTRODUCTION  

Pure Magnesium is not often used in packages of structural, due to its vulnerable Physical 

characteristics [1, 2]. Magnesium with hard reinforcing materials at low and high temperatures, alloy 

can significantly increase hardness and strength [3–5]. The mechanical characteristics of AZ91E/SiC 

composites improved with larger SiC particles and degraded with smaller particles, SEM analysis was 

conducted to investigate the particle distribution and examine the broken surfaces, while an EDS study 

was performed to identify the presence of elements within the samples [6]. The outcomes are 

uncovering that the hardness and rigidity expanded with expansion in weight % of support particles in 

the framework up to 4% and the hardness, elasticity 

diminished for 5 % , 5.5% expansion of support in 

the matrix [7] microstructure testing for Hardness 

and welding of T-joints in Al 64430 composite[8] 

Temperature in the cutting zone relies upon contact 

length among apparatus and chip, cutting powers 

and grinding among device and work piece 

material. There deform heat is taken out with the 

chips [9]. The impact of interaction boundaries on 

metal evacuation rate are researched in processing 

The consequences of numerical models have been 

opposed with the test and found acceptable 

agreement [10] basically the machine, boring and 

processing we consider machines for the interaction 
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ability for turning and penetrating on aluminum 6061-O machine combination. Very nearly 90 examples 

were thought and their interaction ability resolved, at that point alongside that the importance of the 

machines were additionally found [11] Hardness of the Al6063/B4C/Sic more prominent than the base 

metal, this is because of the expansion of the weight rates of B4C and Sic [12]. The outcome of this 

examination uncovered on consistency supported particles of graphite scattering on sensible, on the 

other hand hardness, strength of yield, effect the strength of the composites be decreased of expanded 

graphite particulate rate in correlation with the lattice alloy [13]. The point on task is to create material 

and utilizations on motor cylinder. For this work, stir casting is used for composite manufacturing with 

fluid state method. The composite material composed of 90% Al and 10% Al2O3 exhibits a higher 

hardness. The microstructure of these examples is considered [16, 17]. 

 

TESTING DETAILS OF EXPERIMENT 

A alloy called AZ91E and its composites incorporate of various weight percentages of fly ash and 

ZrO2 utilized in current work. Table 1 demonstrates the hybrid composite's current composition. 

 

Composites Fabrications 

Figure 1 displayed fly ash, ZrO2 particles, AZ91E stir casting, and molten samples. The current work 

uses a stir casting method being employed for assemble prototypes.  

 

Table 1. Constituents of composites. 
No. of Samples Composites reinforcements wt. % of ZrO % of Fly ash  

Samp I Base Material AZ91E 0% 0% 

Samp II AZ91E+ 2.5% Fly ash + 2.5% ZrO2 2.5% 2.5% 

Samp III AZ91E + 5% Fly ash + 5% ZrO2 5% 5% 

 

 
Figure 1. Samples of Stir Casting for Casting. 

 

Impact Test 

The specimens were fabricated by ASTM D256 standards and to find fracture resistance it utilized 

the Izod Impact Test Device of base composites AZ91E. There were three readings taken into normal 

for evaluate composite materials' ability to withstand fracture. Figure 2 demonstrated impact tests once 

the break occure, depicted Table 2. 

 

Table 2. Durability In A Fracture For Underlying, Composite. 
S.N. Material Fracture resistance 

1 Base Material AZ91E 1.980 

2 AZ91E+ 2.5% Fly ash + 2.5% ZrO2 1.850 

3 AZ91E+ 5% Fly ash + 5% ZrO2 1.740 
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Figure 2. Samples Taken Following the Fracture. 

  

UTM Compression Test  

This UTM is utilized to carry out the experiments is seen on page Figure 3 the specimens made of 

AZ91E, AZ91E/ ZrO2/ Fly Ash components, and after the compression load applied the material are 

shown in Figure 4. The tests are carried out for the H/D ratio of 1.0 and1.5 for the pair distinct products 

such as AZ91E and AZ91E/ ZrO2 / Fly Ash as depicted in Figure 5 and 6 The examination was done up 

till the break of samples. The examination was done on UTM. 

 

 
Figure 3. UTM Machine. 
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Figure 4. H/D 1.0 and 1.5 compression sample sets. 

 

 
Figure 5. Strength Under Compression Vs. Percentage of Height Drop of 5% of Composites. 

 

 
Figure 6. Compressive Strength Against Composites' 10% Height Reduction. 

 

Finally compression resistance For the Base material, H/D-ratio composite materials of 1.0 and 1.5, 

Compressive resistance was reduced on a reduction in percentage the extent of the distortion. Compared 

to the basis material, the compressive strength of composites is greater. 

 

Cold Upsetting Process for Finite Elment Simulation  

For the assembly of various machine components, upsetting is most frequently used metal framing 

technique. As indicated by perspective extents they are designed in ANSYS software, The experiment 

utilized a solid 18-element configuration along with contact elements 182 and 183. Set of closed 

constants was generated as shown in Figure 7. Samples of AZ91E and their composites, The upper and 

lower sections of the UTM machine's passes are believed to be constructed from steel, with properties 

of E = 210 GPa and µ = 0. 

 

ASSESSMENTS ON RESULTS 

The results of the density test indicated that as the content of ZrO2 and fly ash increased, the density 

of the compound also increase somewhat compared to base material, yet this is exceptionally little, this 

might be because of the adding of high-thickness reinforcement (for example ZrO2) in the matrix 

material. As from the Figure 8, the rule of mixture formula for theoretical values and experimental 

values reveals that the experimental values are lower than theoretical values. A 3.8% increment in the 

thickness of the composite material was seen while The framework was enriched with 2.5% ZrO2 and 
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2.5% fly ash addition. Besides, a 8.28% expansion in thickness was seen when the ZrO2 and fly ash 

proportions expanded from 2.5-5% each. Porosity quantifies the presence of empty spaces or voids 

within a material. A high level of porosity in a casting indicates an inefficient casting process. It is well-

established that the level of porosity tends to increase with the weight percentage of reinforcement. A 

similar observation has been seen in [14, 15]. 

 

 
Figure 7. In ANSYS, A Closed Parameter Pair Was Produced. 

 

 
Figure 8. Variation Chart of Density. 

 

Results from Ansys for H/D Ratio 1.0 and 1.5 

A FES using ANSYS software was conducted to model the cold upset manufacturing process and 

analyze the behavior of the forged sample under loading conditions. For the upsetting process, an 

inflexible adaptable contact strategy was employed. Round and hollow samples are fit with strong 185 

component. The finite element analysis by using ANSYS software it was found that maximum 

circumferential, axial, hydrostatic deformed stress of H/D ratio of 1.0 and 1.5 for the base, 5 and 10 

wt.% of MMCs as shown below. Figure 9 is The undeformed and axial stresses were investigated for 

the H/D ratio of 1.5 using a 10 wt. percentage of MMCs. and Figure 10 for Axial and Hydro Static 

Stress of base 5MMC for H/D ratio 1.0 
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Figure 9. Un-Deformed and 10 MMC Axial Stress for 1.5 H/D Ratio. 

 

 
Figure 10. Base 5MMC Axial and Hydrostatic Stress for A H/D Ratio of 1.0 

 

THE IMPACT OF K AND n VALUES 

In the case of AZ91E, the material displays distinct values for the Strength Coefficient (K) and n of 

5wt% and 10wt.% of MMCs are shown in Tables 3 and 4. In comparison to the parent material AZ91E, 

the composites' K and n values are higher. Samples containing 10 weight percent MMC demonstrated 

improved plastic flow compared to samples composed of other materials, for aspect ratios of 1.0 and 

1.5. 

 

Table 3. Effect of n and K values. 
Material AZ91E AZ91E + 2.5% Fly ash + 2.5% ZrO2  AZ91E + 5% Fly ash + 5% ZrO2 

n(H/D=1) 0.1512 0.1811 0.2662 

K (H/D=1) 320.15  416.71 472.86 

 

Table 4. Effect of n and K Values. 
Material AZ91E AZ91E + 2.5% Fly ash + 2.5% ZrO2  AZ91E + 5% Fly ash + 5% ZrO2 

n(H/D=1.5) 0.1428 0.215 0.2079 

K (H/D=1.5) 300.42 404.27 431.12 

 

Microstructural Examination 

The SEM micrographs for fly ash, ZrO2 particles are seen in Figure 11, the fly ash particles are set 

up fit. 

 

The structure of particle of ZrO2 is also seen clearly. SEM micrographs of FA and ZrO2 particles are 

shown in Figures 2(a) and (b), where ZrO2 particles have a crystal structure and FA particles have a 

spherical shape. The Al-Zn base alloy's microstructure was examined using an optical microscope. 
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Figure 11. SEM micrograph of FA- ZrO2 particles. 
 
CONCLUSIONS 

• Metal-matrix composites of AZ91E built up with ZrO2 as well as fly ash composite are effectively 
manufactured using Semi-Solid Thixotropic In-Mold Rheo casting. 

• In terms of density and fracture toughness, composite materials with reinforcements have 
demonstrated better mechanical properties.  

• However, even though the composites density was slightly bigger than the base AZ91E material, 
The composites exhibit a compressive strength much higher than that of the base material.  

• The Upset forging are created effectively.  

• Using conventional formulae, axial, hoop, hydrostatic stresses are calculated to estimate the plastic 
behavior of metal. 

• The results have been validated and demonstrate a close resemblance to each other after the stress 
was calculated using the ANSYS programme to analyse the plastic flow of the material. 

• Particles of Fly Ash and ZrO2 were mixed evenly and strengthened equally. No voids or 
discontinuities can be seen in the matrix or composites' microstructures, which shows a consistent 
distribution of Fly Ash and ZrO2 particles. 
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