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Abstract 

The aerospace and automotive industries have experienced a substantial surge in interest in innovative 

composite systems driven by the ongoing demand for lightweight, high-performance materials. In this 

study, the mechanical properties of zinc (Zn) matrix composites reinforced with fluorapatite particles 

(Fap) are examined as a function of thermal treatment. Within the context of this investigation, we 

endeavoured to create composite materials containing Zinc-Fluorapatite powder. Stir casting was used 

to produce both Pure zinc composites and Fap composites. A variety of compositions were taken, and 

all samples underwent mechanical characterization, namely, a tensile test. The samples were heat-

treated in the furnace after casting to assess their behaviour. The findings suggest that mechanical 

properties are highly dependent on the heat treatment used. The ultimate tensile strength of the samples 

treated at a specific temperature for a specific duration was found to be significantly increased. This 

was because particle dispersion improved, and interfacial bonding between the Zn matrix and the Fap 

reinforcement increased. The yield strength of the 1% Fap composites was found to be 40 MPa, while 

their ultimate tensile strength was found to be 60 MPa. The yield strength of the pure zinc sample is 

55MPa, while the ultimate tensile strength of the sample is 70MPa. 
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INTRODUCTION 

Heat treatment significantly influences the microstructure and mechanical properties of Zn-Fap 

(Zinc-Fluorapatite) composite materials [1]. The process can alter the crystal structure, grain size, phase 

formation, and defect density, thereby modifying mechanical properties like hardness, toughness, and 

elastic modulus [2]. In Zn-Fap composites, heat 

treatment can enhance sinterability, promoting 

densification and improving mechanical 

performance; it may also affect bioactivity by 

altering surface morphology or porosity [3, 4]. Heat 

treatment can induce several microstructural 

changes in Zn-based composites [5–7]. In Al-Zn-

Mg-Cu alloys, heat treatment refines the grain 

structure, which directly affects mechanical 

strength [8]. Similarly, in Zn-Al alloys and Zn-

Al/ZrB2 composites, heat treatment at 250 °C for 3 

hours refines the grain structure and improves 

hardness. Nevertheless, elevated temperatures may 

reduce hardness and increase particle size. The 

alloy composition and the heat treatment 

parameters, including temperature and duration, 

determine the specific alterations.[9]. The high-

temperature treatment of CVI-Cansas-III/PyC/SiC 

composites showed degradation of Cansas-III 
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fibers with increasing temperature, resulting in a reduction of fiber properties due to pyrolysis of the 

SiOC phase inside the fibers. The mechanical properties of Zn-FAP composites, such as tensile strength, 

hardness, and wear resistance, are significantly affected by heat treatment [10–12]. In SiC/6061 

composites, heat treatment increases both yield strength and ultimate tensile strength due to the 

precipitation of β' phase [13]. Similarly, annealing heat treatment on Al–Zn–Mg/3 wt.% Al2O3 

composites improves the distribution of alumina reinforcement particles, thereby enhancing mechanical 

properties [14]. The effect of heat treatment on Al-Zn-Mg-Cu alloys shows significant improvements 

in hardening and plastic properties [15]. The study of Ti-TiAl laminate composites demonstrated that 

heat treatment enhances fracture toughness and elongation by reducing dislocations and substructures 

in the Ti-43Al-9V alloy [16]. In this study, Zn-20 wt% Mg composites were fabricated via a low-

temperature electric-field-assisted sintering technique using high-purity Mg and Zn powders. The 

composites achieved a relative density of 99.5%, with microstructural characterization revealing a dual-

phase structure of Zn and Mg, featuring intimate particle-to-particle connections. XRM-CT slice 

analysis revealed that corrosion cracks preferentially initiated at sites of Mg particle aggregation, where 

Mg experienced more severe corrosion [17]. This study examines adding magnesium (Mg) and 

neodymium (Nd) as alloying elements and using hot extrusion to produce Zn-based alloys with 

improved mechanical and biological properties, suitable for moderately weight-bearing orthopedic 

applications. The Zn-0.1Mg-1Nd alloy produced has small grains with an average size of 1.36 µm. This 

makes it stronger than pure Zn (71 MPa) and increases its tensile strength to 381 MPa. It also stretches 

much more, from 10.7% to 17.7% [18]. Compositing metal-metal composites with conventional zinc-

aluminium alloy ZA-27 as a matrix and titanium microparticles (about 10 μm) as a secondary phase 

was explored. 1-2 wt% Ti microparticles. Small amounts (0.5 wt%) of 20–30 nm alumina nanoparticles 

are utilized as reinforcement. The submitted research examined the feasibility of making such 

composites and the effects of Ti and alumina nanoparticles on their microstructure, mechanical, and 

tribological properties. Microstructure, worn Surfaces, and mechanical properties were analyzed using 

a scanning electron microscope, and Vickers microhardness values [19]. Zinc matrix composites with 

graphene exhibit tensile strengths up to 254 MPa at 0.7 wt% graphene reinforcement, 126% higher than 

pure zinc, while maintaining elongation near 17%. Fap replacement in ceramics boosts fracture strength, 

hardness, and elastic modulus with higher sintering temperatures and Fap content [20]. The selection 

of fluorapatite as a ceramic reinforcement is driven by its inherent advantages in chemical stability, acid 

resistance, biocompatibility, and the ability to significantly improve the mechanical properties of 

various composites. Its versatility in synthesis and application positions it as a preferred material for 

advanced biomedical engineering [21]. 

 

In this research work, a zinc-fluorapatite composite material was prepared by the stir-casting method, 

and its Microstructural properties and Mechanical characterization were studied. 

 

MATERIALS AND METHODOLOGY 

Fabrication Procedure for Zinc-Fluorapatite Composites 

The zinc metal ingots are placed in a crucible furnace as shown in Figure 1, which is then heated to 

approximately 420°C, The melting point of zinc is shown in Figure 2. Fluorapatite powder with a 

particle size of 100µm is preheated up to 175 °C to create wettability. Once the zinc reaches a liquid 

state, fluorapatite powder (Fap) is slowly introduced into the molten zinc which is shown in Figure 3. 

This addition is done gradually to ensure controlled dispersion of the powder, preventing agglomeration 

of particles. After adding the Fap powder, the molten zinc and Fap mixture is continuously stirred at a 

speed of 350 rpm for 15 minutes. This stirring ensures a uniform distribution of Fap particles throughout 

the zinc melt, preventing uneven particle clustering that could affect the composite’s properties.  
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Figure 1. Schematic diagram -stir casting. 

 

 
Figure 2. Adding zinc to the crucible. 

 
Figure 3. Fap powder. 
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Figure 4. Molten material poured into the mould. 

 

 
Figure 5. Casted rods. 

 

The temperature of the zinc-Fap melt is closely monitored and maintained within a range of 420°C 

to 450°C. Maintaining this temperature ensures optimal fluidity for proper mixing and prevents 

premature solidification of the composite during processing. The zinc-Fap mixture is poured into a 

preheated mould to shape the composite. The material is allowed to solidify within the mould. Once 

solidified, the casting is removed and carefully inspected for any defects, ensuring the integrity of the 

composite, which is shown in Figure 4. After curing for 8 hours, we can get the cast rods, which are 

shown in Figure 5. 

 

After casting, place the material to be annealed in the furnace, then set the furnace to 250°C. Once 

the temperature is reached, hold the temperature at 250°C for 3 hours. Monitor the temperature to ensure 

it remains within the specified range. After the 3-hour annealing period, turn off the furnace, then allow 

the material to cool slowly in the furnace at room temperature. Alternatively, the material can be 

removed and cooled in air or using a controlled cooling method, depending on the material's 

requirements. Machining has been done in a CNC machine with the casted samples to prepare the 

specimen (dumbbell-shaped), which is shown in Figure 6, and the tested samples are shown in Figure 7. 
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Figure 6. Specimen for tensile test. 

 

 
Figure 7. Sample testing in UTM. 

 

A tensile test was conducted on samples having 1% following the ASTM A370 standard at room 

temperature. The specimen was of circular cross-section, with a diameter of 6.2 mm, resulting in a 

calculated cross-sectional area of 30.19 mm². The test was performed using a gauge length of 20 mm, 

which is appropriate for small-scale tensile evaluation of metallic materials. 

 

RESULTS AND DISCUSSIONS 

Optical Microscope 

Figure s 8 and 9 present micrographs of the composites in their as-cast state and after etching. Both 

of these phenomena can be observed in the composites. The micrograph illustrates the optimal packing 

of the matrix, showcasing the uniform distribution of small Fap particles throughout the material. 

 

Figure s 10–11 highlight the Etched Micrograph of Zinc reinforced with 1wt% and 2wt% Fluorapatite 

composites. From the above image, it is clear that when the nano fluorapatite reinforcement reached 2 

wt%, the particles began to agglomerate. 

 

Scanning Electron Microscopy (SEM) 

The behavior of reinforcing particles in Zn-Fap composites was examined using scanning electron 

microscopy (SEM), with key findings highlighted in Figure s 12–13. As the number of nano particulates 

in the composite increased, SEM data revealed a greater tendency for the strengthening particles to 

cluster or pile up in specific regions. 
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Figure 8. As -cast micrograph of Zn+1% Fap. Figure 9. As -cast micrograph of Zn+2% Fap. 

  

Figure 10. Etched Micrograph of Zn+1% Fap. Figure 11. Etched Micrograph of Zn+2% Fap. 

  

Figure 12. SEM image of Zn+1% fap. 

 

Figure 13. SEM image of Zn+2% fap. 

 

Stress versus strain for 1% Fap specimen 

The tensile test type was selected to evaluate the material's mechanical properties, including yield 

strength, ultimate tensile strength, and elongation, under uniaxial loading. These parameters help assess 

the material's compliance with mechanical performance standards and its suitability for structural or 

Manufacturing applications under tensile loading. The data shown in Table 1 and the concerned 

parameters are shown in Table 2. 
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Table 1. Stress versus strain of 1% fap. 

S N. Strain (%) Sample 1 (MPa) Sample 2 (MPa) Sample 3 (MPa) Average stress (MPa) 

1 0 0 0 0 0 

2 0.2 5.82 5.9 5.7 5.81 

3 0.4 8 8.1 7.9 8 

4 0.8 15 14.8 15.2 15 

5 1.2 28 27.5 28.2 27.9 

6 1.6 48 47.8 48.5 48.1 

7 1.9 59.5 59 60 59.5 

8 2 50 50.5 49.8 50.1 

9 2.4 30 30.2 29.8 30 

10 2.8 20 19.8 20.2 20 

11 3.2 10 10.2 9.8 10 

12 3.6 1 1.1 0.9 1 

 

Table 2. Parameters for 1% fap. 

S N. Parameter Value 

1 Change in Length 20.57 mm 

2 Maximum Tensile Force 1.81 kN 

3 Young's Modulus (E) 2.14 GPa 

4 Percentage of Elongation 3 % 

5 Ultimate Tensile Stress (UTS) 60 MPa 

6 Maximum Yield Stress 40 MPa 

7 0.2% Offset Yield Stress 40.8 MPa 

 

 
Figure 14. Stress versus strain curve of 1% fap specimen. 

 

Based on the stress-strain curve of the 1% Fap specimen and Figure 14, the composite material 

exhibited an ultimate tensile stress of 60 MPa, indicating strong mechanical integrity. This peak stress 

reflects the effectiveness of Fap reinforcement within the zinc matrix during loading. The maximum 

tensile force recorded was 1.81 kN, showing the composite’s ability to withstand significant axial loads 

before Failure. This strength supports its potential application in biomedical and lightweight 

engineering fields. The yield strength was calculated to be 40 MPa, while the 0.2% offset yield stress 

was slightly higher at 40.8 MPa, indicating a narrow elastic-to-plastic transition region. 

 

Young’s Modulus was evaluated as 2.14 GPa, which indicates moderate stiffness. This value reflects 

the composite’s resistance to elastic deformation under stress and aligns with its use in load-bearing 

applications. The composite showed a 3% elongation before Failure, suggesting limited ductility. This 

moderate elongation ensures dimensional stability in service while providing some flexibility against 
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mechanical stress. The change in length during testing was measured at 20.57 mm, highlighting the 

extent of deformation the specimen endured. This parameter assesses the composite’s ability to 

withstand strain before fracture. Stress–strain curves from three samples exhibited consistent behavior, 

with all reaching maximum stress near 1.9% strain, followed by sharp drops, confirming brittle fracture 

characteristics after ultimate strength. 

 

Stress versus Strain Zinc Specimen 

A tensile test was performed on samples with 1% zinc content, per ASTM A370, to evaluate the 

material's mechanical behavior. The test was conducted at room temperature using a circular sample 

with a diameter of 10 mm, resulting in a cross-sectional area of 78.54 mm². The gauge length for the 

test was 50 mm, which is suitable for accurately capturing elongation and ductility characteristics under 

tensile loading. The tensile test type was selected to assess properties such as yield strength, ultimate 

tensile strength, and elongation, critical for material selection and quality control. The data shown in 

Table 3 and their corresponding parameters are shown in Table 4. 

 

The pure zinc specimen stress-strain curve is shown in Figure 15. The tensile test was performed on 

pure zinc, ASTM A370, at room temperature, with a cross-sectional area of 78.54 mm² and 50 mm 

gauge length. The sample exhibited a maximum tensile force of 5.58 kN, corresponding to an ultimate 

tensile stress of 70 MPa, as indicated by the peak on the stress-strain curve. The initial elastic region 

indicates a Young’s Modulus of 2.55 GPa, derived from the slope of the linear portion of the stress-

strain curve The sample yielded at 55 MPa, and the 0.2% offset yield stress was found to be 56.1 MPa, 

indicating mild strain hardening behavior post-yield. The curve shows typical ductile material 

characteristics with a gradual increase in stress after yield until fracture occurred near 4.5% strain. 

 

Table 3. Zinc specimen stain versus stress. 

S No Strain 

(%) 

Stress (MPa) 

Sample 1 

Stress (MPa) 

Sample 2 

Stress (MPa) 

Sample 3 

Average Stress 

(MPa) 

1 0 0 0 0 0 

2 0.25 6 6.2 5.8 6 

3 0.5 8 8.1 7.9 8 

4 1 9 9.3 8.7 9 

5 1.5 12 12.5 11.8 12.1 

6 2 24 24.2 23.8 24 

7 2.5 36 36.5 35.7 36.07 

8 3 48 47.8 48.3 48.03 

9 3.5 58 58.2 57.7 58 

10 4 66 66.3 65.8 66.03 

11 4.5 72 71.5 72.3 71.93 

12 4.6 2 1.8 2.2 2 

 

Table 4. Parameters for 1% fap. 

S.N. Parameter Value 

1 Change in Length  52.6 mm  

2 Maximum Tensile Force  5.58 kN 

3 Young's Modulus, E  2.55 GPa 

4 Percentage of Elongation 5 % 

5 Ultimate Tensile Stress  70 MPa 

6 Maximum Yield Stress  55 MPa 

7 0.2% Offset Yield Stress  56.1 MPa 
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Figure 15. Stress - strain curve of zinc specimen. 

 

The total elongation was 52.6 mm, corresponding to 5% strain, indicating moderate ductility of the 

tested material. A notable drop in stress after the ultimate point confirms necking and fracture, which 

are typical of tensile failure in ductile metals. The percentage reduction in cross-sectional area was not 

recorded, but visible necking suggests significant plastic deformation before fracture. 

 

CONCLUSIONS 

The comparative analysis of the tensile behavior of the 1% Fap-reinforced zinc composite and pure 
zinc matrix reveals significant insights into the mechanical performance and potential applications of 
the developed materials. 

1. The 1% Fap composite demonstrated an ultimate tensile stress of 60 MPa and a yield strength of 
40 MPa, with a corresponding Young’s Modulus of 2.14 GPa and 3% elongation. These results 
confirm enhanced strength and stiffness from the reinforcement, albeit at the expense of reduced 
ductility, highlighting its suitability for applications requiring dimensional stability and moderate 
load-bearing capacity, such as biomedical implants and lightweight structural components. 

2. In contrast, the pure zinc specimen exhibited higher tensile strength (70 MPa) and yield strength 
(55 MPa), alongside greater ductility (5% strain) and a higher Young’s Modulus (2.55 GPa), 
indicating superior plastic deformation capabilities. 

3. The stress–strain curve of the zinc sample revealed ductile Failure with pronounced necking, 
whereas the Fap composite showed brittle fracture behavior with abrupt Failure post-ultimate 
stress. 

 
Although ductility was sacrificed, overall mechanical stability and controlled deformation properties 

were enhanced by adding Fap particles to the zinc matrix. These findings highlight the potential of zinc 
composites reinforced with Fap in specific applications where a desirable combination of strength, 
stiffness, and mild ductility is essential. 
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