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ABSTRACT 

This work aim to investigate the effect of sintering temperature (950 to 1250 °C) on structural, 

physical, tribological properties of nanobiomaterial Co28Cr6Mo alloy for total hip prosthesis 

obtained by high Energy ball milled. Several techniques such as density, porosity, microhardness, 

and Young’s modulus were used to assess the mechanical and physical characteristics. 

Tribological behavior were conducted using a ball-on-plate type Oscillating tribometer, under 

different applied loads (2, 10 and 20 N), under a wet condition using hank’s solution to simulate 

human body fluid.   

SEM, EDS and XRD analysis results, showed that Co-Cr-Mo alloy samples sintered exhibit the same 

phases created by the Co element. The alloy sintered at 1250 °C displayed the highest micro-hardness 

value in terms of mechanical characteristics (386.75 HV0.1. The porosity changes from 17 % to 10 %  

and endorse a higher change in Young’s modulus around  61.84 and 92.5 GPa for samples sintered 

beteew 950 and 1250°C, respectively,. A remarkable decrease in the wear rate and volume values is 

obtained for the sample sintered at 1250 °C (32.1610-3 μm3 (N.m)-1) compared to other samples 

sintered at 1150 and 1250°C. Under wet tribological conditions, the abrasive and adhesive wear 

mechanisms were identified as the main degradation mechanisms for all sintered samples. 

Keywords: CoCrMo alloy; Sintering; Porosity; Tribology; Biomaterials; Nanoparticles.   
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INTRODUCTION 

The improvement of biomaterials has made possible to enhance the protection and residing comfort 

of people with practical deficiencies (Stojanović et al., 2019, Shekhawat et al., 2021 & Liu et al., 

2017). However, up to date, a lot of challenges are required to be faced to strengthen the application 

of biomaterials based alloys in bone tissue. Of this, the response of body transplants is considered as 

a matter in clinical research studies. This reaction is not always favorable because of the many issues 

that could arise after transplantation (Igual et al., 2019 & Yildirim et al., 2019) 

Numerous medical and scientific studies focus on distinguishing types of stresses that are involved 

in the biomaterial degradation. Among them, mechanical associated with friction, corrosion and 

ground fatigue problems (Fellah et al., 2019). The last can simultaneously produce corrosion particles 

and breaks inside transfers and consequently the metal ions dissolution in the human body. All of 

those interactions are probability will lead to generous inflammatory reactions (Taghian Dehaghani 

et al., 2015). While the physical and chemical stresses result in the presence of many ions along with 

chlorides, phosphates, sodium cations, potassium and oxygen in fluids and cells in contact with the 

metal implants actually have a enormous effect at the corrosion behavior (Roudnicka et al., 2021 & 

Lizárraga et al., 2017). 

Along with metal implants, cobalt-based alloys are biomaterials of immense scientific and 

technological interest. In particular, CoCrMo alloys have shown great mechanical properties, 

corrosion resistance and a high biocompatibility with human tissues (Yamanaka et al., 2014). 

CoCrMo alloys are used as orthopedic implants, to stabilize bones, intervertebral discs, dental 

appliances, and as help structures for coronary heart valves (Fellah et al., 2023) Cobalt-chromium 

alloys are historically fabricated by means of many production strategies consisting of casting and 

conventional consistent with ASTM-F75 (Yoda et al., 2012). These techniques have defects in rude 

microstructure, energy and elongation to rupture, due to defects in rigidity, and flaking (Sinnett-Jones 

et al., 2005). 

One of the most important drawbacks of these alloys is the difference among Young’s modulus (210 

GPa) and bone’s modulus (30 GPa), which causes the phenomenon of fatigue safety (Yamanaka et 
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al., 2012 & Fellah et al., 2014). The use of porous materials is a way to fix up this troubles. By 

adjusting the implant porosity, the hardness can be reduced to fit natural bone (Fellah et al. 2019).  

In order to keep away from revisions, a strong demand is needed to enhance the overall performance 

of CoCrMo alloys. For this challenge, one of the applicable techniques for producing this alloy is 

powder metallurgy. Sintering has been typically used to make alloys of excessive purity, with 

centered chemical compositions, ideal structures and controlled porosity. (Yamanaka et al., 2012). 

This work focuses on the synthesis of a CoCrMo-type cobalt-based alloy for medical applications 

using ball milling method. Cobalt-chromium alloys are among the most commonly used biomaterials 

so far in implants due to their excellent resistance to corrosion and wear. Friction and corrosion of 

these materials in a corrosive environment are key parameters to study in order to extend their life. 

(Shekhawat et al., 2021 & Roudnicka et al., 2021). The addition of chromium improves the corrosion 

resistance due to the spontaneous formation of a protective passive layer, formed mainly of chromium 

oxide. The addition of molybdenum makes it possible to produce finer grains, and reinforces the 

resistance to localized corrosion in chloride environments. To obtain CoCrMo-type cobalt-based 

metal alloy with required characteristics, the effect of sintering temperature was thoroughly 

investigated on the structural, physical and also tribological characteristics.       

MATERIALS AND METHODS 

Preparation of the alloys 

Elemental powders of Co, Cr, Mo, (Fig. 1) were purchased from Sigma Aldrich Chemicals Ltd and 

were used to synthesize Co-28Cr-6Mo alloy. Table 1 below shows the characteristics of the 

elementary powders. The alloy was synthesized by mixing the desired amounts of elemental powders:  

Co (balnce), (28 at.%) Cr and (6.at.%) Mo to get Co28Cr6Mo alloy, and then the mixture was ball 

milled using high energy ball mill (Fritsch P7) under a protected argon atmosphere. 

Table 1 Characteristics of as-received elementary Co, Cr, Mo powders (Fellah et al. 2023) 

Element Co Cr Mo 

 Mean Grain size (µm) <140 <140 <140 

Purity (%) 99.97 99.7 99.8 

Shape Irregular/Spherical  Irregular/Spherical  Irregular/spherical 

Melting point (°C) 14925 18555 26165 
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Figure 1. The SEM images of the as received elemental powders (a)-Co, (b)-Cr and (c)-Mo used in 

the synthesis procedure  

The milling medium was mainly composed of 10 mm diameter alumina balls in an 80 mL 

capacity vial, using a ball-to-powder ratio of 20:1, for 18 hours. Milling process was performed for 

28-minute cycles with a 9-minute rest period in between. After each milling cycle, the vials were 

opened after a 35 to 40 min cooling period in order to avoid excessive heating of the powders caused 

by repetitive collisions (Fig. 2), Subsequently, the pre-alloyed powders were subjected to a powder 

metallurgy procedure using both cold and hot pressing. During cold pressing, the mechanically 

alloyed powders were loaded into the rigid steel die and uniaxially compressed at a pressure of 150 

MPa using a manual hydraulic press (Specac 25 Ton), forming a cylindrical shape with 13 mm 

diameter and 4 mm thickness. After the cold pressing step, the specimens were processed by hot 

isostatic pressing (HIPing) at a temperature of  1000°C and a pressure of 400 MPa , with 45 min of  

holding time (Fig. 2). 

The HIPed samples were finally sintered, at different temperatures of 950, 1050, 1150 and 1250 °C 

in a protected atmosphere, with a heating and a cooling rate of 15°C/min and 20 °C/min respectively, 

at holding time of 3 h. The sintering heat treatment cycle is summarized in Figure 3  
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Figure 2. Co28Cr6Mo Samples reparation method 
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Figure 3. The sintering Heat Treatment Cycle of compacted Co28Cr6Mo Alloys. 

2.2 Samples characterization 

2.2.1. Structural and mechanical characterization  
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Structural characterization was performed using Scanning Electron Microscopy (SEM type 

Hitachi S-520) and X-Ray diffraction Analysis using (XRD type INTEL CPS 120/Brucker AXS). SEM 

was used for investigating the powders morphology, and for analyzing the wear mechanisms, track 

and debris morphology after the wear tests. XRD was used for structural characterization.  SEM 

analysis was recorded on an accelerating high voltage (HV) of 25 KV.   

XRD analysis was performed using a Brucker AXS diffractometer, with a voltage and current 

values of 40 KV and 20 mA respectively, and a Cu-Kα (λ= 1.5406 Å) radiation using a (<θ>–<2θ>) 

Bragg-Brentano geometry, along with a scan range of 20 – 110° and a sweep speed of 0.005 °/s in, 

the phase identification are verified and compared using ASTM codes and standards :  (Co-hcp) ( 

ICDD:5-727) and (Co-fcc)(ICDD:15-806); Mechanical characterizations such as, density, 

microhardness, porosity, Elastic modulus and roughness were also evaluated. Density was measured 

utilizing Archimedes’ principle (Shukla et al., 2021), while, microhardness and Young’s modulus 

were evaluated using Vickers’s microdurometer type ZwickRoell ZHV10 (ULM, Germany). Pore 

characteristic parameters were determined by quantitative analysis of micrographs using Image-Pro 

Plus software” (Fellah et al. 2019) 

2.2.2Tribological Characterization  

After cold and Hot isostatic pressing and sintering, friction tests were carried out using a Tribotester 

(TRIBOtechnic type ball-on-disc) as illustrated in Figure 4, according to ISO 7148.  All the wear tests 

were performed under a simulated body fluid medium using Hank’s Solution (Corona-Gomez et al., 

2021 & Fellah et al. 2023). 

 
 
 

  

 

 

 
 
 

Figure 4. Schema of Tribotester (TRIBOtechnic type ball-on-disc) 
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RESULTS AND DISCUSSION 

Structural characterization 

SEM-EDS analysis  

. The results demonstrated that the Co segment represents the majority phase which constitutes the 

grey coloration matrix, with a distribution of areas of dark lamellar morphology rich in chromium 

and light areas rich in molybdenum. These outcomes are showed by means of the quantitative 

evaluation of EDS (Table. 2). The experimental conditions used together with the initial composition, 

the synthesis method, the sintering temperature and time have an   influence on the formation and 

constitution of the phases obtained (Eka Perkasa et al., 2019). 

 

   
Figure 5. SEM micrographs of the Co28Cr6Mo sample sintered at different temperatures. (a) 950, 

(b) 1050, (c) 1150 and (d) 1250 °C. 

The chemical composition obtained with power dispersive X-ray spectrometry for special phases are 

depicted in Figure 6. The effects given via the EDS verify that for the matrix (gray region) the 

existence of cobalt spikes and the analysis of the dark segment suggest the presence of chromium. 

For the white segment, the evaluation outcomes show molybdenum spikes. No carbide is gift inside 
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the microstructure, which corresponds adequately to the XRD analysis results of the Co26Cr8Mo 

alloy given by Figure 7 (Zangeneh et al., 2012).  

  

 
 

Figure 6 EDS  Different spectra of the sintered Co28Cr6Mo at 1250 °C. 

Table. 2 EDS spectra of the sintered Co28Cr6Mo alloy. 

Sample Co ( at.%) Cr Mo O (at.%) 

950 °C 65.4 28.6 4 2 

1050 °C 64.1 24.5 8.4 3 

1150 °C 59.7 29.6 7.2 3.5 

1250 °C 61.4 27.9 6,5 4.2. 

X-ray diffraction analysis 

XRD patterns recorded on different samples are illustrated in Figure 7. This indexing genuinely 

suggests the presence of the ε-Co with a compact hexagonal crystal shape (HC), all of the samples 

heat-treated with the aid of sintering, which confirms the one-section character of the CoCrMo alloy 

according with what has been published in the literature (Shukla et al., 2021,  Eka Perkasa et al., 

2019, Fellah et al., 2023). Amore precise analysis of the diffraction peaks of the CoCrMo alloy was 

carried out for 2Ө values ranging from 25° to 95°.  
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To sudy the evolution of each phases after treatment, only the diffraction peaks  of the planes 

(011) (022), (122)  for the -Co phase ( fcc) : (ICDD:15-806) and those of planes (101), (102), (100), 

(102) of the -Co phase (hcp) (ICDD:5-727) were used. These diffraction planes have higher 

intensities, which reduces the margins of error  when calculating the volume proportions of phases 

present in the Co28Cr6Mo  (Saldívar-García et al., 2005). No look of recent peaks of the alternative 

levels formed together with the σ phase in the CoCr phases and the intermetallic phases within the 

Co-Mo system had been located t the diffractograms of the sintered alloy at exceptional temperatures 

(Fellah et al., 2020).  

 

20 30 40 50 60 70 80 90

C
o
-

In
te

n
si

ty
, 
(a

r
b

.u
n

it
s)

2, (deg.)

 1250°C

 1150 °C

 1050 °C

 950 °C

M
o
 C
o
- C
o
-

C
o
-

M
o

C
o
-

C
o
-

C
r

0.0 0.2 0.4 0.6 0.8 1.0

 
 

Figure 7. XRD diffraction spectra of the sintered Co28Cr6Mo alloy at different temperatures  

This result is not associated to non-lifestyles of these levels in as-prepared samples, however it 

may be explained by means of the small amount of these stages at some point of the sintering, which 

gives very susceptible diffraction peaks which can be tough to differentiate because of past noise 

which is very important in our diffraction diagrams (Hezil et . al 2019, Namus et al., 2020, & Bouras 

et al. 2023)  

Crystallite size and microstrain 

The evolution of the average crystallite-size “D” (nm) and the internal microstrain values ℇ (%) 

of CoCrMo alloy sintered at different temperatures are displayed in Figure 8. The crystallites size 
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was determined by the broadening  of the diffraction peaks within ± 5 nm accuracy  using Scherer 

formula, While lattice strain was determined using the classical Williamson–Hall, (W–H) equation 

(Fellah et al., 2023 & Hammadi et al.2021):  

𝐷 =
𝑘𝜆

𝛽 cos 𝜃
      (Eq.1)                  and           = (βcosϴ/4 sinϴ)-(

𝐾𝜆

4𝐷sinϴ
)  (Eq.2) 

where D is the average crystallites size of the ordered domains, β is the full width at half 

maximum (FWHM) of peaks, k is a dimensionless shape factor (~1.0), ɛ is a lattice distortion 

(microstrain),  λ is the wavelength of the X-ray and θ is the  Bragg angle. Grain size growth in addition 

to the relaxation and release of micro-stresses that are induced in the crystal lattice by the annihilation 

of various structural defects. 

It can be clearly seen that the crystallite size gradually increases with increasing sintering 

temperature, staring from 11.55 nm at 950 °C and reaching a value of 15.53 nm at 1250 °C. This 

increase may be due to the expansion of the stresses introduced under the effect of the sintering 

temperature which is in accordance with the displacement of the peaks towards smaller angles. 

The evolution of microstrain <ɛ> (%) it rapidly decreases as a function of sintering temperature from 

950 to 1250 °C with values of 0.0893 to 0.0722 %, respectively. This can be attributed to the stacking 

defects and the density of dislocations caused by the plastic deformations sustained by the particles, 

grain surface relaxation and most importantly to lattice distortion caused by phase transformation 

(Ren et al., 2016 et Fellah et al., 2019). Furthermore, the transformation has entered the stabilization 

phase and further phase transformation is not possible, since the Co28Cr6Mo alloy is completely 

formed. The alloying elements Cr and Mo were completely inserted in the Co matrix forming the 

final HCp phase.  The above observations and results can be attributed to the refinement of particle 

size, up to the nanosized scale followed by an increase in the micro strains induced at the internal 

level  
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Figure 8. The evolution of microstrain <ɛ> (%) and crystallites size <D> (nm) as a function of 

sintering temperature. 

Mechanical characterization 

Density and porosity 

Biomedical materials require a positive qualification of porosity. Pores are necessary for tissue 

formation, as they permit cell migration and proliferation, in addition to vascularization (Yamanaka 

et al., 2014). We consequently hold that sintering at a high temperature has a fine effect on the 

reduction of porosity and the boom of hardness. It is well known that the mechanical properties and 

the microstructure of sintered Co28Cr6Mo alloy are strongly stimulated through the heat treatment 

(sintering) parameters, particularly the sintering temperature (Saldívar-García et al., 2005 & Namus 

et al., 2020). 

The material becomes compact for a temperature of 1250 °C, taking into account the melting 

temperature of the base element cobalt (1490 °C), sintering at 1250 °C ensures healing of the bridges 

following an extreme viscous waft of rely. The densification mechanisms involved in the course of 

sintering are specifically extent diffusion among debris of the equal nature (unmarried-segment 

sintering) and the viscous flow of the debris underneath the impact of temperature (Cuao-Moreu  et 

al., 2019). Approaching the melting point of the least refractory section, the viscous glide of the 

particles is considerably accelerated, ensuing in a closure of the pores by using displacement of the 

bridges among the substances. When sintering is achieved a temperature of 950 °C, the relative 

porosity is of around 17 %, therefore a low hardness. 
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Figure 9. Evolution of the density and the porosity of the Co28Cr6Mo samples as a function of the 

sintering temperature. 

Figure 9 summarizes the density and porosity of the samples sintered at different temperatures. 

It is observed that the passage of the sintering temperature from 950 to 1250 °C is accompanied by 

means of a non-negligible increase inside the density and decrease within the porosity. As the 

sintering temperature decreases, it seems that the density is strongly decreased with increasing of 

porosity (Toh et al., 2017).  

Microhardness and Young’s modulus 

Microhardness is a critical feature for metallic materials meant for biomedical programs, mainly 

because of the friction troubles of clinical prostheses. This friction releases alloy particles that can be 

harmful to the frame (Wei et al., 2018). In this work, the microhardness analysis was carried out to 

highlight the effect of the sintering temperature and to recognize the effect of the porosity fee on the 

mechanical properties of the produced Co28Cr6Mo alloy. Based on the obtained results, it can be 

concluded that the sintering temperature has a crucial effect on the dispersion of the values of the 

microhardness which indicates that the footprint modifications appreciably when passing from one 

region to any other (Thornley et al., 2020). 

Figure 10 represents the evolution of Young’s modulus and microhardness as a function. These two 

properties increase with increasing sintering temperature, such that the high value of Young’s 

modulus received become 92.44 GPa and the microhardness 386.747 HV for the sample sintered at 
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1250 °C. The Young’s modulus values received are too lower than those published in many research 

(Ren et al., 2016), which can be of the order of (210-250 GPa).  

However, the Young's modulus values obtained are: E = 61.84,  70.6 GPa,  84.4 GPa, 92.5 GPa for 

samples sintered at 950°C,  1050 °C,  1150 °C,  1250 °C, respectively. Stay encouraging despite the 

fact that still some distance from that of bone (E = 30 GPa), but although have a much decrease fee 

than that of the alloys currently used inside the manufacture of prostheses (Cuao-Moreu et al., 2019 

& Toh et al., 2017, ). 

We consequently observe the significant decrease of young’s modulus of sintered samples, with the 

presence of a porosity permitting better mechanical compatibility with the bone, i.e. a reduction 

within the phenomena pressure-defensive, due to the distinction between the young’s modulus of 

stable implants and bone (Wei et al., 2018, Thornley et al., 2020, Gong et al., 2018 & Kumagai et al., 

2006). In addition, the development of the mechanical resistance is the main objective of many 

research to develop substances having each a low young’s modulus of elasticity and a high resistance.  

According to the outcomes acquired from the young’s modulus and microhardness, the CoCrMo alloy 

has superior residences to cortical bone. It can consequently be concluded that the porous structures 

lower these properties. 
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Figure 10. Evolution of microhardness and Young’s modulus of Co28Cr6Mo samples sintered at 

different temperatures  

Jo
ur

na
l P

re
-p

ro
of



 

The final result of the microhardness of sintered samples is much better as compared to previous 

studies, such as those of samples designed by paintings (Eka Perkasa et al., 2019 & Zangeneh et al., 

2012). Concerning the evolution of the porosity, the best rate is received for the pattern sintered at 

1050 °C. According to the Hall-Petch relationship, the Young’s moduls and microhardness increases 

with a decrease in grain size. microhardness is an important tool for defining the mechanical 

properties related to microstructure” 

Tribological behavior 

Coefficient of Friction  

The effect of sintering temperature on the tribological behavior of the (Co28Cr6Mo/Al2O3) was 

studied under wet conditions simulating the human body fluid using Hank’s solution. The 

deterioration of the cobalt-alloy implants is due to wear, corrosion and their synergistic effect as a 

result of the simultaneous effect of chemical and mechanical effects in the trabecular contact 

(Stojanović et al., 2019). For this reason, simulated body fluids have been widely used for many 

decades to test the tribological properties of biomaterials (Lashgari et al., 2011). In most cases, 

mineral substances are naturally covered by a negative film when immersed in physiological media. 

The mechanical action of friction will destroy this protective layer during the coupling of these 

different mechanisms (Zangeneh et al., 2018). 

The friction coefficient shows a decrease with increasing load and sintering temperature in Figure 

11. When the load decreases, the projections are compressed and thus subject to flexible plastic 

deformation. The original point of contact also becomes in contact with the surface, which is 

equivalent to changing the bump from the plow to friction, indicating a decrease in the friction 

coefficient. However, it increases with the increase in the applied load. Meanwhile, when the sintering 

temperature increases and the material contact interface loosen and the microhardness increases. 

Thus, The above results suggest that the sliding friction of Cr28Co6Mo alloys does not only depend 

on the sintering temperature, but also depends on the microstructure, and the experimental paramaters 

such as, applied load, sliding speed, testing environment, friction couple, etc. Thus the coefficient of 

friction decreases as observed in previous studies (Cheng et al., 2022). 
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Figure 11. Friction coefficient values of Co-28Cr-6Nb samples as function of sintering 

temperature. 

Wear volume and rate 

The wear phenomenon results in a surface degradation in contact by friction during use. Several 

methods allow us to quantify the wear of the materials tested. In our case we quantified the wear by 

calculating the wear volume of the cross section of the wear tracks after each friction test (Fig.12.a). 

The highest wear volume has been obtained for sample tested under 20 N, the volume also, decreased  

from 72.34 to 42.33 μm3 with increasing sintering temperature from 950 °C to 1250 °C, respectively.  

Fig.12.b shows the variation of the wear rates of the Co26Cr8Mo alloy. From Fig.12.b, For 

applied load of 2N,  it can be seen that the wear rate decreases from 41.45x10-3 μm3 (N.m)-1 to 31.75x 

10-3μm3 (N.m)-1, when the sintering temperature increases from 950 to 1150°C, which corresponds 

to the conventional wear law. The highest wear rate has been obtained for sample tested under 20 N, 

the wear also, decreased  from 53.41 to  49.95 x10-3μm3 (N.m)-1 with increasing sintering temperature 

from 950 °C to 1250 °C, respectively. The lowest wear rate was obtained for the sample sintered at 

1250 °C which is about 31.75 x10-3μm3 (N.m)-1. This can be explained by the increase in 

microhardness which is produced by increasing the sintering temperature.  

microhardness is an important characteristic because according to Archard’s law of linear wear, 

the rate of wear is inversely proportional to the microhardness of the wear material (Zambrano et al., 

2019). The microhardness values are in good accordance with the wear results. Other factors can also 
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contribute to the tribological behavior such as the transformation of the stable ε-Co phase which 

brings an improvement in the wear resistance of cobalt alloys (Balagna et al., 2012). 

It has been observed that the structure and the microhardness have significant effects on the wear 

behavior of this alloy. Sintering at 1250 °C seems to be a good compromise to obtain reasonable 

mechanical properties (low porosity, high hardness) and improved tribological behavior. The 

Co28Cr6Mo alloys sintered at 950 , 1050 , 1150 °C have a closer wear track width and depth, on the 

other hand, for the sample sintered at 1250 °C, the wear volume is the minimum (Fig.12.a).  

According to this result, the friction resistance improved with increasing sintering temperature due to 

the closed porosity and grain size refinement. 
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Figure 12 Evolution of: a) Wear volume (x 107 μm3) and b) Wear rate (x 10 3μm3.N-1.μm-1) of 

Co28Cr6Mo as a function of sintering temperature. 

Morphological Wear track 

When a surface is subjected to stresses, several varieties of warm surface can occur relying at the 

depth of the stresses implemented. When the latter regionally exceed the elastic restriction of one of 

the two substances in contact, it deforms either plastically (ductile material) or will flake of (brittle 

material) after a few running cycles (elasto-plastic conduct). The evaluation of the morphology and 

wear tracks of the sintered samples, and the ball makes it possible to discover the wear mechanisms 

that occur at some stage in the friction of a given couple. The micrographs obtained with a scanning 

electron microscope highlight the surfaces degradation mechanisms of the samples sintered at one-

of-a-kind temperatures. Observations of these put on tracks display indications of abrasive and 
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adhesive wear mechanisms which ends up in the presence of streaks and scratches parallel to the 

sliding route of the Al2O3 ball. These phenomena are without a doubt visible on worn surfaces. 

According to the SEM images (Fig. 13), it can be examined that put on debris became 

highlighted, which might be due to the elimination of asperities with the serve of plastic deformation 

or shear. Moreover, the existence of chips eliminated from the mating floor by delamination, occur, 

while a sufficient quantity of wear product is removed (Fig. 12. a and b). These chips may be 

deposited on the alumina surface or unfold over the alloy floor via the adhesive mechanism. In the 

case of the pattern sintered at 1150 °C (Fig.13.c), the streaks become deeper which could impact the 

tearing of the particles. These particles are produced by using the rupture of asperities of the floor of 

the material. This normally occurs in tillage put on (Stojanović et al., 2019, Lashgari et al., 2011 & 

Zangeneh et al., 2018). 

For the sample sintered at 1250 °C (Fig.13.d), the presence of scratches parallel to the path of 

friction and which might be clearly seen at the worn surfaces, function of abrasive put on.  It can be 

seen also the arrival of signs of delamination by detachment similar to adhesive put on. We will recall 

these mechanisms as fundamental for the touch (CoCrMo/Al2O3) studied.  

 Table 3 shows the EDS analysis and the elements present in each sample after the tribological 

process presented in Figure 13. The scratching made by the Alumina ball made it possible to 

noticeably highlight the alloying metals (Hammadi , et al., 2021). The proportions vary according to 

the depth of the scratch, which also depends on the hardness and resistance of each alloy and its 

sintering temperature (950 °C-1250 °C).  
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Figure 13. SEM micrographs of the wear marks formed on the surfaces of the sintered Co28Cr6Mo 

alloy samples: a)- 950, b)- 1100, c)- 1150 and  d)- 1200 °C. 

Table. 3  EDS Analysis of of the wear tracks formed on the surfaces of the sintered Co2CrMo alloy  

Sample Co ( at.%) Cr Mo O (at.%) 

950 °C 84.05 8.6 5.05 2.3 

1050 °C 77.5 14.5 4.4 3.6 

1150 °C 54.7 22.6 19.2 3.5 

1250 °C 61.4 25.9 8,5 4.2 
 

CONCLUSIONS 

A Co-28Cr-6Mo alloy was successfully synthesized utilizing high energy ball milling, followed 

by pressing and sintering at different temperatures. Structural, mechanical and tribological properties 

were evaluated. The following conclusions can be drawn:   

• The sintered samples exhibited improved mechanical proprieties; higher densities, lower 

porosities, higher microhardness and stiffness with increasing sintering temperatures, due to grain 

refinement, atomic cohesion and closed packing. 

• The morphological characterization showed the presence of one crystalline ε-hcp structure 

crystalline.  
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• Sintering, significantly enhanced structural and mechanical properties of sintered sample due to 

the grain size refinement. 

• The enhanced microhardness had a significant contribution on improving the tribological 

performance of samples sintered  

• The CoCrMo alloy sintered at 1250 °C gave the best structural, mechanical and tribological 

performances. 

• The higher wear resistance of samples sintered at 1250 °C is attributed to its enhanced structural 

properties.   

• The predominant wear mechanisms of CoCrMo  alloys were found  to be abrasion, adhesion And 

delamination defect. 
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