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A B S T R A C T  
 

 

In this study, high-entropy alloy matrix composites (HEAMCs) consisting of an AlCoCrFeNi matrix 
reinforced with zirconia-based particles were fabricated using mechanical alloying (MA) followed by 

spark plasma sintering (SPS). Microstructural analysis revealed the presence of both FCC and BCC 

phases after 30 hours of mechanical alloying and subsequent sintering at 1000 °C. Rietveld refinement 
analysis indicated that the weight fraction of the FCC phase remained nearly constant in both the HEA 

and HEA–YSZ composites. However, the addition of YSZ particles decreased the BCC phase content 

and restricted grain growth during sintering. Compressive test results showed that the specimen 
containing 5 wt.% YSZ exhibited the highest yield strength (1760 MPa), attributed to its higher BCC 

phase fraction (40%). In contrast, the specimen with 10 wt.% YSZ demonstrated reduced yield strength 

due to a lower BCC phase content (36%). These findings indicate that AlCoCrFeNi composites 

reinforced with YSZ possess higher yield strength than those reinforced with ZrO₂ when comparable 

reinforcement levels are used. This improvement is attributed to the higher BCC phase content and the 

superior intrinsic properties of YSZ. Fracture surface analysis confirmed the coexistence of both ductile 
and brittle fracture modes in the tested specimens. 

doi: 10.5829/ije.2026.39.10a.01 
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1. INTRODUCTION      
 

As science and technology advance in material 

engineering, the alloying industry has undergone major 

changes. A notable advancement in materials science is 

the identification of new types of alloys known as high 

entropy alloys (HEAs) in 2004 (1-4). These alloys can be 

produced by mixing a minimum of five elements, 

ensuring their atomic percentages are equal to or nearly 

the same as one another (5-8). This has led to a high 

entropy effect in these alloys (4). The constituent 

elements' types and quantities are the primary factors 

influencing the microstructure and characteristics of high 

entropy alloys (6). HEAs can possess interesting 

properties, including high resistance to softening at 

elevated temperatures, low diffusion kinetics, high 

fracture and creep resistance, and good compressive 

strength at room temperature (7). HEAs mostly have a 

high melting point and maintain strength at extremely 

high temperatures (9). 

The AlCoCrFeNi system has been extensively 

studied among various HEAs because of its remarkable 

characteristics (10-18). AlCoCrFeNi compounds can be 

used as the matrix of metal matrix composites (MMCs) 

because of their high specific strength compared to 

nickel- and titanium-based alloys and polymers (7). 

AlxCoCrFeNi HEAs are relatively lightweight and 

exhibit high compressive strength and excellent 

structural flexibility, particularly when compared to other 

HEAs such as CoCrFeNiMn and refractory HEAs (19-

26). 

Recent studies have indicated that optimizing 

material composition, processing parameters, and 

microstructural design can significantly enhance the 

tribological behavior, wear resistance, and energy 

absorption capacity of advanced composite systems used 

in dynamic and high-friction environments (27-30). 

Incorporating hard ceramic particles into MMCs is an 

effective method to enhance mechanical properties such 

as wear resistance, hardness, compressive strength, and 

toughness compared to the base metal (31). 

Zirconia is an interesting material for various 

applications due to its notable characteristics, including a 

high elastic modulus, outstanding hardness, and elevated 

melting point (32, 33). Earlier studies have demonstrated 

that incorporating ZrO₂ into alloys such as Al, Cu, and 

Mg can enhance both the mechanical and tribological 

characteristics of these materials (34-36). However, at 

1100°C, a phase transformation occurs between the 

monoclinic and tetragonal phases of zirconia, 

accompanied by a considerable volume change that can 

negatively affect the properties of this phase (37). 

Therefore, different oxides such as Y₂O₃ can be added to 

ZrO₂ to restrict this transformation. The addition of 

yttrium oxide stabilizes the tetragonal phase of zirconia 

at high temperatures and prevents transformation to the 

stable monoclinic phase at room temperature (37). 

Previous investigations have demonstrated that YSZ 

possesses superior mechanical properties compared with 

ZrO₂. Specifically, YSZ exhibits higher elastic modulus, 

hardness, and compressive strength than zirconia. 

Moreover, its higher coefficient of thermal expansion 

(CTE) relative to monoclinic zirconia helps to minimize 

thermal mismatch stresses during the sintering process 

(38). 

There are only limited studies on HEA matrix 

composites reinforced with ceramic particles. In research 

by Ghanbariha et al. (39), AlCoCrFeNi reinforced with 

monoclinic zirconia particles was produced by the MA-

SPS technique, and the effect of these particles on the 

microstructural aspects of AlCoCrFeNi-ZrO₂ composites 

was studied. According to their results, all specimens 

after the SPS process had two main phases, including 

FCC and BCC. It was also found that zirconia particles 

had a positive impact on the wear resistance of HEA-

ZrO₂ composites (40). 

Due to the superior properties of YSZ compared to 

ZrO₂ in metal matrix composites, this study focuses on 

producing AlCoCrFeNi-YSZ composites using the MA-

SPS method. The microstructural characteristics and 

mechanical properties of these composites are 

systematically investigated and compared with 

AlCoCrFeNi-ZrO₂ composites. The primary objective of 

this research is to evaluate the effectiveness of YSZ 

reinforcement in enhancing the mechanical performance 

of AlCoCrFeNi-based HEA composites and to provide 

insights for the development of high-performance HEA 

matrix composites. 

 

 

2. MATERIALS AND METHODS   
 
Figure 1 presents the XRD and SEM images of the initial 

YSZ powder. The specimens were fabricated through 

mechanical alloying combined with the spark plasma 

sintering method. The details of this procedure were 

discussed by Ghanbariha et al. (39) and depicted in  
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(b) 

Figure 1. (a) SEM image, and (b) XRD pattern of YSZ 

powder 

 

 

Figure 2. The identification of the phases in the raw 

powders and the sintered specimens was performed using 

X-ray diffraction (XRD - CuKα radiation: at 20 kV, λ = 

0.154 nm, and 30 mA) (D-500, Siemens, Germany). Each 

diffraction pattern was recorded with a step size of 0.2. 

For the analysis of microstructure, field emission 

scanning electron microscopy (FESEM, TESCAN 

MIRA3, Czech Republic) was used in conjunction with 

energy dispersive spectroscopy (EDS). Material analysis 

utilizing diffraction (MAUD) software was employed to 

acquire crystallographic data on the relevant phases, 

along with quantitative analysis of the specimens through 

the Rietveld refinement method. During all Rietveld 

refinement procedures, the R and sigma values were 

consistently below 10 and 2, respectively. 
Compression tests were performed according to E3 

standard with a 1 mm/min shear rate at room temperature. 

For this purpose, cylindrical specimens were prepared 

with a thickness and diameter of 5.2 mm by an electrical 

discharge machine (EDM). Every experiment was 

conducted three times to confirm the reliability of the 

results. 

 

 

 
Figure 2. Details of MA and SPS process 

3. RESULT AND DISCUSSION 
 
3. 1. Synthesis of HEA Powder                Figure 3 

displays the SEM micrograph of the HEA powder 

produced using MA. This image shows that the spherical 

powders are formed by the cold-welding process during 

MA. The difference in the inherent hardness of the initial 

powders activated two main mechanisms — fracture and 

cold welding (brittle–soft and soft–soft) — that 

contributed to quasi-spherical particle formation and 

uniform powder mixing. During the process, due to the 

increase in temperature, diffusion of atoms within the 

crystal lattice of other atoms and self-diffusion are 

activated. The evolved BCC phase results from crushing 

due to work hardening of the powders and an increase in 

dislocation density, which enhances diffusion pathways. 

The particle size reduction and simultaneous diffusion 

continue until the alloy system appears as a single 

powder. 

 

3. 2. SPS of AlCoCrFeNi-YSZ (micro) HEA         To gain 

insights into how YSZ reinforcement influences the 

phase components and the proportion of phases within 

HEA matrix composites, Rietveld refinement analysis 

was employed. The regions extracted from Rietveld 

refinement analysis are shown in Figure 4(a-c). Figure 4 

illustrates scans for the (111) plane of the FCC phase as 

well as the (110) plane of the BCC phase for the HEA, 

H5Y, and H10Y specimens. The outcomes from this 

analysis are summarized in Table 1. Prior to SPS, the 

HEA powder had a crystallite size of approximately 5 

nm, while following the SPS process, the crystallite size 

for the BCC phase of the HEA specimen increased to 80 

nm and for the FCC phase to about 38 nm. Notably, when 

10 wt.% YSZ was incorporated, the crystallite sizes of 

the FCC and BCC phases became approximately 29 nm 

and 79 nm, respectively, indicating that these particles 

hinder grain growth in the HEA matrix. In general, 

secondary particles in the matrix, whether formed in situ  

 

 

 
Figure 3. SEM image of HEA powder synthesized by MA 

after 30 hours 
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(a) 

 
(b) 

 
(c) 

Figure 4. (a, b, c) Result Rietveld refinement with the 

detailed scans for FCC and BCC phases of all specimens 

 

 
or added externally, prevent grain growth through 

pinning (41). In the AlCoCrFeNi-ZrO2 specimen, 

incorporating 10 wt.% zirconia resulted in crystallite 

sizes of the FCC and BCC phases to reach 21 nm            

and 78 nm, respectively (39). This suggests ZrO2 

particles are more effective at inhibiting grain growth 

than YSZ particles. The relatively higher diffusion 

coefficient of YSZ particles, due to oxygen vacancies, 

facilitates grain growth. Consequently, ZrO2 exhibits a 

stronger capacity to prevent grain growth. Additionally, 

zirconia particles, owing to their irregular shape, provide 

a larger surface area for nucleation compared to spherical 

YSZ particles.  

The data shown in Table 1 indicates that the weight 

percentage of the FCC phase in HEA and HEA 

composites remains relatively stable as the YSZ content 

increases during the SPS process; however, the BCC 

phase content diminishes in the composites. The 

reduction in BCC phase with increasing reinforcement 

particles can be attributed to the formation of interfaces 

and dislocations, which cause active elements such as 

aluminum to be extracted from the BCC phase—known 

for its higher aluminum content—and relocate to the 

interface between HEA and YSZ particles, resulting in 

the formation of an Al-rich phase. This explanation 

aligns with the findings presented in Table 1 and Figures 

6 and 7. 

 
3. 3. Microstructural Evaluation         Figure 5 shows 

the FESEM results with EDS analysis of AlCoCrFeNi 

after the SPS process. It is noted that the HEA consists of 

four primary phases: BCC (dark grey), FCC (bright), Cr-

rich (gray), and Al-rich (black) phases. According to the 

EDS data shown in Table 2, the BCC phase exhibits a 

high weight percentage of Al and Ni, while displaying 

lower weight percentages of Cr, Fe, and Co. Conversely, 

the FCC phase has a greater concentration of Cr, Fe, and 

Co, with a reduced presence of Al and Ni. Furthermore, 

the microstructure of this specimen displays small black 

dots, identified as Al-rich phases.  

Figure 6 shows FESEM images of AlCoCrFeNi-

5wt.% YSZ following the sintering process. In this 

specimen, in addition to the YSZ reinforcement particles 

that are visible as white within the HEA matrix, three 

other phases (FCC, BCC, and Al-rich) have been 

recognized. The FCC phase is characterized by a high 

concentration of Fe, Cr, and Co, whereas the BCC phase 

is predominantly composed of Al and Ni.    According to 

 

 
TABLE 1. Structural data of HEA-YSZ (micro) composites obtained from Rietveld refinement 

YSZ (wt.%) 0 (39) 5 10 

Crystal system FCC BCC FCC BCC FCC BCC 

Space group Fm-3m Im-3m Fm-3m Im-3m Fm-3m Im-3m 

Unit cell  0.36 0.28 0.35 0.28 0.35 0.28 

Crystallite size (nm) 38.21 80.04 27.17 79.03 29.89 79.84 

Phase fraction (wt. %) 55.85 44.15 54.80 40.20 54.00 36.00 



M. Askarzadeh Ardestani et al. / IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)   2361-2370                         2365 

 

 

  
(a) 

  
(b) 

Figure 5. a) SEM image of the SPS-processed AlCoCrFeNi, 

and b) EDS analysis 

 

 

  
(a) 

  
(b) 

Figure 6. a) SEM image of the SPS-processed AlCoCrFeNi-

5 wt. % YSZ, and b) EDS analysis 

 

 

prior research (39), a comparison of HEA-5 wt.% ZrO2 

and HEA-5 wt.% YSZ showed that the amounts of Al and 

Co in the FCC phase of HEA-5 wt.% YSZ were 

significantly decreased to 3.72 and 23.69 wt.%, 

respectively, while the concentrations of these elements 

in the HEA-5 wt.% ZrO2 specimen stayed relatively 

stable. Furthermore, there was a reduction in the weight 

percentage of Al in the BCC phase from 19.81 to 15.48 

wt.%, whereas the data in Table 2 indicates that in the 

HEA-5 wt.% ZrO2 specimen, this value increased to 

20.77 wt.%. It is widely recognized that YSZ has a higher 

CTE than ZrO2 and is more in line with the CTE of metals 

and alloys. As a result, the difference in thermal 

expansion coefficients between the matrix and 

reinforcement in the HEA-YSZ composite is less 

pronounced than that in the HEA-ZrO2 composite. In the 

HEA-ZrO2 composite specimen, it was observed that by 

adding zirconia reinforcement particles, the interface was 

created between the matrix and reinforcement, and the 

diffusion system was activated. As a result, active 

elements such as aluminum moved to the interface and 

an accumulation of Al-rich phase was created at the 

interface between HEA and ZrO2 particles. However, in 

HEA-YSZ composite, due to the smaller difference in 

coefficient of expansion, the diffusion system is less 

activated and the rate of Al leaving the BCC phase and 

accumulating at the interface between HEA phase and 

YSZ particles will be less. According to these results, 

HEA-YSZ composite has more BCC phase and less Al-

rich phase than HEA-ZrO2 composite. 

Figure 7 illustrates the FESEM micrographs of 

AlCoCrFeNi-10 wt.% YSZ after undergoing the SPS 

process. Similar to the earlier specimen, as indicated in 

Table 2, the predominant phase in the microstructure is 

the FCC phase, which is rich in Fe, Cr, and Co. 

Furthermore, the specimen also displayed the existence 

of BCC, Cr-rich, and Al-rich phases. The formation of 

the Al-rich phase is likely due to its higher diffusion 

coefficient. It is proposed that the relatively elevated 

diffusion coefficient of aluminum, in comparison to the 

other elements in the HEA system, may promote the 

development of this Al-rich phase (42). As it was 

revealed in previous study (35), in FCC phase of HEA-

10 wt.% ZrO2 specimen the amount of Co has decreased 

from 33.07 to 25.23 wt.%, in comparison with FCC phase 

of HEA-10 wt.% YSZ. In addition, in BCC phase related 

to HEA-10 wt.% YSZ, the amount of Ni and Al 

compared with HEA-10 wt.% ZrO2 has decreased from 

22.07 and 13.28 to 32.68 and 19.95 wt.%, respectively. 

 
3. 4. Compressive Behavior       To understand the 

influence of YSZ and monoclinic ZrO2 particle addition 

on the compressive behavior of AlCoCrFeNi HEA 

matrix composites, compression tests were performed on 

the HEA-x wt.% YSZ and HEA-x wt.% ZrO2 specimens. 

The related stress-strain curves are shown in Figures 8(a) 

and 8(b), respectively. The quantitative data obtained 

from these tests, including εp, σy, and σmax, are 
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summarized in Table 3. The results of the compression 

tests indicate that the addition of ceramic particulates 

enhances the strength of the HEA matrix. This 

improvement is more pronounced in specimens with 5 

wt.% reinforcement. According to Table 1, while the 

FCC phase fraction remains relatively unchanged, the 

addition of reinforcements leads to a reduction in the 

BCC phase content. There is a trade-off between ceramic 

reinforcement and BCC content. In the H5Y specimen, 

the yield strength increased to 1760 MPa. In contrast, the 

H10Y specimen exhibited a decrease in yield strength, 

attributed to a lower percentage of the BCC phase (36 

wt.%). Similarly, the H5Z specimen, with 39% wt. BCC 

phase, achieved a yield strength of 1650 MPa, while the 

H10Z specimen, with a reduced BCC phase percentage 

(31 wt.%), exhibited a lower yield strength of 1550 MPa. 

The characteristics of HEAs can differ significantly 

from those of their constituent elements. The structure 

type plays a crucial role in influencing the strength and 

hardness of HEAs. Generally, HEAs with a BCC 

structure demonstrate high yield strength but limited 

plasticity, whereas those with an FCC structure tend to 

have lower yield strength but greater ductility (5, 12, 13). 

Therefore, high yield strength (σy) is associated with the 

presence of the BCC structure, while ductility is 

attributed to the FCC structure (43). 

Among the different kinds of engineering ceramics, 

zirconia and YSZ display notable mechanical 

characteristics like elevated hardness and elastic 

modulus, as well as significant wear resistance, which 

contributes to their effective use as reinforcing agents in 

various MMCs like NiTi (44), Cu (45), Ni-P (46), and 

Mg (47) composites. Also, inherently YSZ shows better 

physical and mechanical properties compared to 

monoclinic zirconia (45) which yields better mechanical 

properties of HEA-YSZ composites . 

Zhou et al. (41) reported a yield strength of 1390 MPa 

for the AlCoCrFeNi alloy, which is lower than the yield 

strength (σy) reported in this study. In polycrystalline 

materials, the yield strength is influenced by multiple 

strengthening mechanisms, including grain boundary, 

precipitation, dislocation, thermal mismatch, and solid 

solution strengthening (47). In HEA matrix composites, 

the enhancement in strength is primarily due to the 

second phase strengthening resulting from the 

incorporation of monoclinic and YSZ particles, alongside 

thermal mismatch strengthening, which increases the 

density of dislocations and makes their movement more 

difficult, thereby reinforcing the matrix. Additional 

contributors to the improved compressive strength and 

yield strength may be linked to the characteristics of the 

employed synthesis method (MA+SPS) that can bolster 

material strength by refining the grain structure and 

introducing a significant number of defects and strains 

into the microstructure (48, 49). 
 

 

 
(a) 

  
(b) 

Figure 7. a) SEM image of the SPS-processed AlCoCrFeNi-

10 wt. % YSZ, and, b) EDS analysis 
 

 

 

TABLE 2. Results of EDS analysis taken from HEA, H5Y, and H10Y in different phases 

 
HEA HEA-5YSZ HEA-10YSZ 

FCC BCC FCC BCC YSZ FCC BCC YSZ 

Al 4.57 19.81 3.85 16.13 --- 4.58 20.12 --- 

Co 26.56 21.48 24.53 21.59 --- 25.29 22.69 --- 

Cr 23.43 11.58 24.42 11.78 --- 25.51 8.14 --- 

Fe 26.76 17.03 29.49 16.95 --- 28.50 16.04 --- 

Ni 18.68 30.11 17.71 33.55 --- 16.11 33.01 --- 

O --- --- --- --- 27.18 --- --- 29.46 

Zr --- --- --- ---- 67.74 --- --- 60.81 

Y --- --- --- --- 5.09 --- --- 9.73 
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(a) (b) 

Figure 8. Compressive engineering stress-strain curves of a) 

HEA-x wt.% YSZ and, b) ZrO2 (X=0, 5, and 10) 

 

 

TABLE 3. Mechanical properties of AlCoCrFeNi + x wt.% 

YSZ and ZrO2 (x =0, 5, and 10) 

Specimens εp (%) σy (MPa) σmax (MPa) 

HEA 10 1520 1830 

HEA-5YSZ 9 1760 2130 

HEA-5ZrO2 8 1650 1830 

HEA-10YSZ 8 1680 2040 

HEA-10ZrO2 7.5 1550 1950 

 

 

The SEM fractography inspection of the fracture 

surfaces of the HEA specimen is presented in Figure 9(a). 

The fracture surface of the unreinforced HEA specimen 

exhibits dimple features, indicating that this sample 

undergoes both elastic and plastic deformation during the 

compression tests. Therefore, the fracture mechanism 

identified for this AlCoCrFeNi high entropy alloy is 

characterized by cleavage fracture and slip separation. 

The fracture surface of the HEA-5 wt.% YSZ specimens 

is illustrated in Figure 9(b). It is observed that the dimples 

on the fracture surface of this specimen have become 

shallower which correlates with a reduction in ductility 

for this sample. The fracture surface images of the HEA-

10 wt.% YSZ specimen in Figure 9(c) show that the 

number of dimples has decreased dramatically, 

indicating a brittle fracture mode. Still, the features of 

ductile fracture exist. 
 

 

 
(a) 

  
(b) 

  
(c) 

Figure 9. Fracture surfaces of a) HEA, b) HEA-5 wt.% YSZ, 

and c) HEA-10 wt.% YSZ specimens after compression test 

at room temperature 

 

 
Figure 10 illustrates the fracture surface of H5Z and 

H10Z specimens. The figures show that HEA matrix 

specimens reinforced with ZrO2 have several dimples on 

their fracture surface, indicating a localized ductile 

fracture. The observed cellular fracture surfaces in this 

figure are similar to those in Figure 9. 

 

 

 
(a) 

  
(b) 

Figure 10. Fracture surfaces a) HEA-5 wt.% ZrO2 and, b) 

HEA-10 wt.% ZrO2 

 

 

4. CONCLUSION        
 

This research involved the preparation of AlCoCrFeNi + 

x wt.% YSZ and ZrO2 (with x = 0, 5, and 10) specimens 

using mechanical alloying and SPS methods. Following 

the mechanical alloying of the elemental powders for 30 

hours, a single-phase HEA powder with a BCC crystal 

structure was achieved. The sintering process of the HEA 

powder resulted in the formation of both BCC and FCC 
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phases, which can be attributed to the rapid heating rate 

associated with the SPS process and the limited time 

available for the complete transformation from BCC to 

FCC. By the increment of ceramic particles percentage, 

the phase fraction of FCC remained almost constant but 

the amount of BCC phase decreased. Due to better CTE 

compatibility, HEA-YSZ composites consist of a lower 

amount of Al-rich phase and more BCC phase compared 

to HEA-ZrO2 composites. The results of compression 

tests showed that the addition of ceramic particulates 

enhanced the strength of the HEA matrix. This 

improvement is more pronounced in the specimens with 

5 wt.% reinforcement. While σy in the unreinforced 

specimen is 1550 MPa, in the H5Y specimen, the yield 

strength increased to 1760 MPa. In contrast, the H10Y 

specimen exhibited a drop in yield strength attributed to 

a lower percentage of the BCC phase (36 wt.%) present 

in this sample. Similarly, the H5Z specimen, with 39% 

wt. BCC phase, achieved a yield strength of 1650 MPa, 

while the H10Z specimen had a reduced percentage of 

BCC phase (31 wt.%) and lower yield strength (1550 

MPa). The observed behavior can be correlated to the 

phase structure of the specimens. The analysis of the 

fracture surfaces confirmed the coexistence of both 

brittle and ductile fracture modes after the compression 

tests. 
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Persian Abstract 

 چکیده 
  ی کیمکان  یاژیآل  یهابا استفاده از روش   ا،یرکون یبر ز  یمبتن  یهاکنندهت یو تقو  AlCoCrFeNi  زمینهمتشکل از  (HEA) بالا    یبا آنتروپ   اژیآل  یهاتیکامپوز  ،مطالعه  نیدر ا

(MAو تف جوش )یاجرقه  یپلاسما  ی  (SPSا )وجود هر دو فاز    ی،زساختاریر  لیو تحل  هیتجز  شدند.  جادیFCC    وBCC    و سپس    یکیمکان  یاژسازیساعت آل  30را پس از

SPS  فاز    ینشان داد که درصد وزن  تولدیر  شیپالا  همچنین،  نشان داد. گرادیدرجه سانت   1000  یدر دماFCC  تیدر هر دو کامپوز  HEA    وHEA-YSZ  هبود  کسانی   باًیتقر 

نشان داد که در  فشار    شیآزما  جینتا  .نمودمحدود  تفجوشی    زمان را در طول    HEA  ی حال رشد دانه فازها  نیو در ع   گردید  BCCمنجر به کاهش فاز    YSZو افزودن ذرات  

  که در نمونه با   ی در حال  افت،ی  شیمگاپاسکال افزا  1760به    میتسل استحکام  ری(، مقاد40%) BCCدرصد بالاتر فاز  توزیع مناسب و   لیبه دل  YSZ  درصد وزنی   5ی  نمونه حاو

 شده تیتقو AlCoCrFeNi یهاتیکه کامپوز دهدی نشان م ق یتحق  نیا یهاافته ی .افتی کاهشBCC  (36٪ )درصد کمتر فاز  لی به دل م یتسل استحکام، YSZ درصد وزنی  10

 یهات یدر کامپوز  BCCکه به نسبت بالاتر فاز    دهندی نشان م   ی شتریب  میتسل  استحکاممشابه    بیاند، در ترک شده  تیتقو  2ZrOکه با ذرات    کامپوزیت هایی نسبت به    YSZبا  

 است.ها در نمونه  تردو  نرمشکست  بیترکنشانگر  شکست،  یهاسمیمکان یبررس .شودی نسبت داده مو خواص ذاتی بهتر این تقویت کننده  YSZبا  شدهت یتقو
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