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Ni-Cr based composite samples were manufactured under 
the 220 MPa, 275 MPa and 330 MPa compressing pressure 
and sintering at 900°C and 1000°C temperature. The role 
of compressing pressure and sintering temperature on the 
porosity, microstructure and mechanical characteristics 
of sintered specimens were studied.  Low porosity was 
obtained for the samples compressing and sintered at 330 
MPa pressure and 1000°C, respectively. The mechanical 
properties of Ni-Cr based composite, including modulus of 
elasticity, bulk modulus and hardness, were achieved at 
the highest compressing pressure and temperature. The 
crushing strength of composite increased for compressing 
pressure, but it decreases at 1000°C sintering 
temperature. However, there was not any evidence for 
decreasing cursing strength for the highest sintering 
temperature. The composite microscopic photographs 
disclosed the place of porosity. The role of the experiment 
is to study the effect of compressing pressure and 
sintering temperature on Ni-Cr based composite. 
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1.0 INTRODUCTION 
Ni-Cr based self-lubricating is used in various applications due to its combination with other 

elements Santos et al. (2020), Fattahi et al. (2020), Huang et al. (2017), Mohamad et al. (2017). 
With the addition of other elements in Ni-Cr composite, its physical and mechanical properties 
will improve for elevated temperature. Sliney (1982) and Ouyang et al. (2009) studied the 
Tribological properties of self-lubricant for high-temperature applications and still are one of the 
challenging problems in the manufacturing of self-lubricant for such application. Wu et al. (1997) 
developed Ni/MoS2 self-lubricating composites material for high-temperature applications with 
the addition of MoS2. The properties of material improve up to a specific limit with the addition 
of MoS2, but it is not used for higher temperature applications. Xiong (2001) investigated the Ni-
Cr-Mo-Al-Ti-B with the MoS2. The result says that the mechanical and Tribological properties of 
the material are increased with the addition of MoS2 up to 10wt%. Hodgson et al. (2004), Vidal et 
al. (2009) Zhang and Liu (2016) developed a Co-Cr-Mo base composite and studied in biomedical 
application due to its better corrosion resistance properties. Jia et al. (2013) investigate Ni-Cr self-
lubricating composites with the addition of BaCr2O4 by hot pressing method for elevated 
temperature up to 800oC. Wan et al. (2017) studied the physical and mechanical properties of Ni-
Cr based composite with two different sintering temperatures and reported the maximum 
porosity percentages for given applied load. Sabahi et al. (2019) studied the influence of sintering 
temperature 1150°C, 1300°C and 1450°C on Ti–Mo–B4C Composites and concluded that higher 
temperature increases the characteristics of composite. Halpin-Tsai calculated the practical 
young’s modulus of composite and observed that, the practical value should be present between 
the theoretical values of young’s modulus. Various Researchers Mohamad et al. (2017) Sabahi et 
al. (2019) manufacture Ni-Cr base composite by using powder metallurgy process with different 
applied pressure, sintering temperature and studied the mechanical and Tribological properties 
for various applications, but still some development is required in such composition. 

This work is to enhance the mechanical properties of Ni-Cr based self-lubricating material by 
compressing under 220 MPa, 275 MPa and 330 MPa pressure and different sintering temperature 
900°C and 1000°C. Also, study its influence on mechanical characteristics. 
 
 
2.0 EXPERIMENTAL PROCEDURE 

Composition of Ni, Cr, Co, Si, Mo, Cu and W are selected as per the graph theory of Chen W K 
(1997) and multi-criterion Decision Making (MCDM) of Darji and Rao (2014). This Ni-Cr (12-15 
μm average size, 99.9 wt.% purity) base composition is developed for high-speed engineering 
applications. Composite wt.% shown in Table 1 is uniformly mixed with binding agent by using a 
ball mill process having case-hardened stainless-steel ball (24 mm in diameter). The ratio of ball 
to powder is taken as 10:1 in weight. Here the milling process is done under Argon gas, with 08 
hours having a rotational speed 400 rpm. The mixed composite powder is used for the 
preparation of respective specimens. The cylindrical-shaped green pallets with a diameter of 
12mm × 30mm were pressed in ambient temperature (28°C) with uniaxial pressure 220 MPa, 
275 MPa and 330 MPa. Computerized Universal testing machines having 150 T Capacity is used 
as a Mechanical press. To avoid the friction between the pressed powders during cold pressing, 
the surface of the die is highly finished with Ra value 0.052 μm. Green pallets were kept in the 
calibrated muffle furnace for sintering at room temperature till the temperature 900°C for one 
batch and 10000C for another batch withholding time is 02 Hours. The temperature rise rate of 
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the furnace is noted 40°C per minute. To avoid the chemical reaction or oxidation, a closed system 
used an Ar gas flow as an inert blanket.  

WF Mohamad et al. (2017) developed Ni-Cr based composites with and without the addition 
of solid lubricants (MoS2, silver and CaF2) prepared by the powder metallurgy method. The 
Samples were sintered at two different temperatures, 1000°C and 1200°C.  In this work, furnace 
temperature is maintained below the lowest melting point of given elements. Cu particles having 
a low melting point; hence sintering temperature used 9000C and 10000C for sintering different 
batches manufactured green pallets were kept in the furnace at room temperature and time noted 
for such condition. Then after every 5 to 10 minutes, the temperature of the furnace was noted. 
After reaching the peak value of temperature, it kept constant for 2 hours. Then it is cool till the 
temperature of the furnace down up to 800C. Manufacturing green pallets and sintering process 
duration for specimen I, II and III-IV, are 43, 24 and 18 hours respectively for (1000°C) sintering 

 
Table 1: Typical Formulation of the pallets specimens fabricate. 

 Ni % Cr% Co% Si% Mo% Cu% W% PVA% 
Specimen-I 27.21 49.19 12 2.75 4.6 2 2 0.25 
Specimen-II 27.21 47.54 12.25 2.75 4 3 3 0.25 
Specimen-III 51.75 24 12.25 1.75 5 3 2 0.25 
Specimen-IV 48.21 25 14.08 2.75 4.6 2.8 2.31 0.25 

 
Figure 1 shows the detailed temperature profile for sintering, from room temperature to 

1000°C temperature and it takes 90 minutes for reaching this temperature. After reaching 1000°C 
temperature, it is stable for 2 hours. Then it cools down up to 80°C, such as sintering time present 
16 Hours.  All specimens were removed from the furnace under 80°C temperature and then kept 
in a tray for cooling till room temperature was noted.    

 

 
Figure 1: Temperature Profile used in sintering for 10000°C condition. 

 
Figure 2 shows the detailed temperature profile for sintering, from room temperature to 

900°C furnace takes 60 minutes. After reaching this temperature, it is stable for 2 hours, and then 
again, it takes some time to cool down. The total time for such a process was 20 hours. After 20 
hours, the temperature of the furnace was noted 86°C. All specimens were removed from the 
furnace under 86oC temperature and then kept in a tray for cooling till room temperature noted. 
Green pallet numbers I, II and III-IV, pressed under room temperature 31°C then kept in the 
furnace for (900°C temp.) sintering after 96, 76 and 70 hours, respectively.  
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Figure 2: Temperature profile used in sintering for 900°C condition. 

 
2.1 Mechanical Characteristics 

The modulus of elasticity and compression stress of the composite specimens calculated at 
room (29°C) temperature using an experimental setup, as shown Figure 3. The specimen is kept 
between two jaws and applies the pressure and notes the corresponding reading. Modulus of 
elasticity calculated based on volume changed. Crushing or compressive stress value calculated 
based on applied load till crack developed in specimen or break specimen. 

 

  
Figure 3: Schematic/ Experiment setup for finding Young’s Modulus and crushing stress of 
specimen. 
   
 
3.0 RESULTS AND DISCUSSION 

Yan et al. (2013) and Altenbach et al. (2013) reported the vital role of porosity in a self-
lubricating composite. The porosity of material depends on the initial applied load on the green 
pallet and sintering temperature. The porosity of every specimen is calculated by using a 
traditional method, based on the difference between the dry and wet weight. Initially, the mass of 
dry specimens was noted, and it was immersed in hot water (temp. 28°C) for 2 hours. The porosity 
percentage decides such a difference between dry and wet specimens. Table 2 shows the porosity 
of different specimens for different applied loads and sintering temperature. 
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Table 2: Porosity percentages for different specimens. 

Specimen 
Number 

Sintering Temp. 
(0C) 

Porosity (%) 
Batch-I 
(220MPa) 

Batch-II 
(275MPa) 

Batch-III 
(330MPa) 

1 
900 4.082 3.769 2.446 
1000 3.830 2.938 1.909 

2 
900 4.304 3.475 2.755 
1000 3.643 2.455 2.179 

3 
900 3.962 2.562 2.155 
1000 3.330 2.324 1.865 

4 
900 3.495 2.856 2.501 
1000 2.959 2.677 1.894 

 

 
Figure 4: Porosity percentage under 900°C sintering Temperature for 220 MPa,275 MPa and 330 
MPa pressure condition. 

 
Figure 4 shows the porosity of Ni-Cr composite decreases for 330 MPa applied pressure on 

green pallets than the 220 MPa and 275 MPa. The porosity of Ni-Cr composite varies for the other 
elements wt.% and applied load.  Such a trend is also the same for different load conditions under 
900oC sintering temperature. Minimum porosity 2.15% is present for specimen 03 under 330MPa 
load condition and higher porosity 4.304% is present for specimen 02 under 220 MPa load 
condition under the 900°C sintering temperature. 
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Figure 5: Porosity percentage under 1000°C sintering Temperature for 220 MPa,275 MPa and 330 
MPa pressure condition. 

Figure 5 also shows the porosity of Ni-Cr composite decreases for higher side applied pressure 
on green pallets than lower pressure. The porosity of Ni-Cr composite varies for the other 
elements wt.% and applied load.  Such a trend is also the same for different load conditions under 
1000°C sintering temperature. Minimum porosity 1.865% is present for specimen 03 under 
330MPa load condition and higher porosity 3.830% is present for specimen 01 under 220 MPa 
load condition under the 1000°C sintering temperature. As per the Sabahi (2019) it is proved that 
the porosities of composite specimens decrease with increased compressing pressure and 
sintering temperature, which has also been observed in Tosun et al. (2019) research. 

 
3.1 Microstructure Analysis 

Surface preparation of the final specimen done by using Silicon carbide paper grade 600, 800, 
1000 and 1200, Alumina polishing powder (0.017-micron size, Rotary cotton surface having 800 
rpm. For better results of microstructure, Acetone (CH3)2CO was used as an etchant. The final 
surface was deep in acetone and used a hot dryer to remove the wet particles. In the final step, 
the specimen surface kept on an optical microstructure and observed its microstructure under 10 
μm and 20 μm.  

Figure 6 to 9 shows the detailed microstructure of Ni-Cr based composite for different 
sintering temperature and load. 

 

 
Figure 6: Optical Microstructure of Specimen 01 
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Figure 7: Optical Microstructure of Specimen 02. 

 
Figure 8: Optical Microstructure of Specimen 03 

 

 
Figure 9: Optical Microstructure of Specimen 04. 

 
In all microstructure of Ni-Cr based composite zone letter “A” is marked, such a black dark 

zone indicates the vacancy of element and indicates porosity.  Porosity percentages of specimens 
are based on the vacant area of composite. Due to the porosity, such a gap has carbonized under 
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sintering temperature and throughout the structure of specimens is the same. Specimens 
sintering under 900°C temperature covered the maximum black zone area than 1000°C sintering 
temperature. Also, the compressing pressure plays a vital role in porosity. If compressing 
pressure increases for manufactured specimens, then the porosity percentage decreases.  In 
porosity contents, it observed that the porosity of specimens decreases with higher compressing 
pressure and sintering temperature. Han et al. (2017) studied particle scale on compaction 
composite powders. The result shows that higher compaction pressure and same compactness 
pressure change the microstructure and mechanical characteristics of a composite, including 
porosity and stresses. Through the above whole macrostructure, the percentages of porosity were 
decreased with increasing compactness pressure and sintering temperature, which has also been 
observed in Tosun et al. (2019). 

Modulus of elasticity of composite calculated as per the experimental setup, as shown in Figure 
3 and Equation 1 by applying forces on specimens, as shown in Table 3. 

 

 𝜕𝑙 =
𝑃𝐿

𝐴𝐸
 (1) 

 
Where, 
𝜕𝑙= deformed length/ change in length (mm) 
𝑃 = Applied force on Specimen (N) 
𝐴 = Cross section area of specimen (mm2) 
𝐿 = Length of Specimen (mm) 
𝐸 = Modulus of Elasticity (GPa) 
 

Table 3: The modulus of elasticity of Ni-Cr base composite specimen number 01 to 04. 

Specimen 
Number 

Sintering Temp. 
(0C) 

Modulus of Elasticity (GPa) 
Batch-I 
(220MPa) 

Batch-II 
(275MPa) 

Batch-III 
(330MPa) 

1 
900 153.24 185.64 207.45 
1000 155.45 163.25 203.56 

2 
900 171.23 135.26 205.63 
1000 173.64 184.25 173.56 

3 
900 148.75 156.43 201.56 
1000 142.23 208.15 210.55 

4 
900 169.54 199.653 201.56 
1000 168.54 195.21 187.54 
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Figure 10: Modulus of Elasticity of specimen (900oC sintering Temperature and 220MPa,275MPa 
and 330MPa compressing pressure condition). 

 
Figure 10 shows the modulus of elasticity of Ni-Cr based composite notes with Co, Si, Mo, Cu 

and W with different wt%. Specimen 01 having maximum modulus elasticity 207.45 GPa than 
other specimens for 900°C sintering temperature for 330 MPa applied load. For 220 MPa and 275 
MPa condition modulus of elasticity is less than 330 MPa condition under 900°C sintering 
temperature. 

 

 
Figure 11: Modulus of Elasticity of specimen (1000°C sintering Temperature and 220 MPa, 275 
MPa and 330 MPa compressing pressure condition). 

 
Figure 11 shows the modulus of elasticity of Ni-Cr based composite notes with Co, Si, Mo, Cu 

and W with different wt.% under 10000C sintering temperature. Specimen 03 having maximum 
modulus elasticity 208.15 GPa and 210.55 GPa than other specimens for 1000°C sintering 
temperature for 275 MPa and 330 MPa respectively applied load. The modulus of elasticity is 
almost the same under 900°C and 1000°C sintering temperature for all specimens with respective 
batches. Mechnik et al. (2019) also reported the effect of size and hardness of composite on its 
modulus of elasticity, composition wt.% decided the modulus of elasticity and hardness.  
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Bulk Modulus is calculated based on the relation between young’s modulus and Poisson’s ratio 
as per Equation 2 and using experimental setup Figure 3. Here the trend of the result is the same 
as the modulus of elasticity. Table 4 shows the bulk modulus of specimens with a range of 85.17 
GPa to 132.98 GPa.  

 𝐾 =
𝐸

3(1 − 2𝜇)
 (2) 

 
𝐾= bulk Modulus (GPa) 
𝐸 = Modulus of Elasticity (GPa) 
𝜇 = Poisson’s ratio 
 

Table 4 Bulk modulus (K). 

Specimen 
Number 

Sintering Temp. 
(0C) 

Bulk Modulus (GPa) 
Batch-I 
(220MPa) 

Batch-II 
(275MPa) 

Batch-III 
(330MPa) 

1 
900 94.593 116.31 130.47 
1000 98.141 106.70 126.21 

2 
900 109.76 85.07 129.52 
1000 109.66 114.33 107.73 

3 
900 93.24 98.05 127.30 
1000 88.12 128.96 132.98 

4 
900 108.13 126.27 127.44 
1000 98.70 122.77 120.77 

 

 
Figure 12: Bulk Modulus of specimen (900°C sintering Temperature and 220 MPa,275 MPa and 
330 MPa compressing pressure condition). 
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Figure 13: Bulk Modulus of the specimen (1000°C sintering Temperature and 220 MPa,275 MPa 
and 330 MPa compressing pressure condition). 

 
3.2 Hardness 

A computerized micro hardness tester is used for measuring hardness value. 1 kgf load applied 
on a sample for 10 seconds along the diameter (core) of the specimen, and at least three 
indentations for hardness measured. Then the average of these readings is reported as the 
hardness value of that specimen, as shown in Table 5. 

 
Table 5: Hardness range of specimen. 

Specimen No. 
Hardness Value(Hv) in range 

Sintering under 900°C Sintering under 1000°C 
1 185-199 192-210 
2 198-212 196-214 
3 212-236 208-245 
4 209-242 202-238 

 
Variation is present in hardens of Ni-Cr composite under the different sintering temperature 

conditions. Highest hardness value obtained at the 1000oC sintering temperature. The porosity of 
the specimen and the particle present on the surface of the specimen decided the hardness value 
of the composite, which has also been observed in Tosun and Mehmet (2019) research work. 

Table 6 shows the detailed values of crushing stress (MPa) for all specimens. For specimen 2 
minimum stress values present 23.64 MPa for compacting pressure and sintering temperature 
275MPa, 900oC, respectively. The maximum crushing stress values present for specimen 03 is 
300.02MPa for 1000oC sintering temperature and 330MPa compacting pressure condition. 
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Table 6: Crushing/Compression properties of the specimen. 

Specimen 
Number 

Sintering Temp. 
(0C) 

Crushing Stress (MPa) 
Batch-I 
(220MPa) 

Batch-II 
(275MPa) 

Batch-III 
(330MPa) 

1 
900 57.88 74.19 145.93 
1000 39.94 66.85 123.10 

2 
900 70.11 23.64 123.11 
1000 61.14 85.60 77.45 

3 
900 48.10 66.03 132.89 
1000 29.35 136.15 300.02 

4 
900 68.48 115.77 123.92 
1000 66.03 107.61 98.64 

 

 
Figure 14: Crushing stress of specimen (900°C sintering Temperature and 220 MPa, 275 MPa and 
330 MPa compressing pressure condition). 

 
Crushing stresses for specimens, as shown in Figures 14 and 15 are decreased for 1000°C 

sintering temperature than 900°C. But the trend of increased cruising stress present for specimen 
2 manufactures under 275 MPa compact pressure and Specimen 3 manufacture under 275 MPa 
and 330 MPa compact pressure. However, there was not any evidence for decreasing cursing 
strength for the highest sintering temperature. Han et al. (2017) reported the compactness of 
powder in die and punches. Three layers were present during such a process having upper, middle 
and lower and conclude that in the real process. The powder compaction can be affected by many 
factors, where the compaction (or compression) pressure plays the most important role in 
determining the mechanical characteristics of the composite. The upper and lower zone of the 
specimen present with proper bonding than the middle zone. 
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Figure 15: Crushing stress of specimen (1000°C sintering Temperature and 220 MPa,275 MPa and 
330 MPa compressing pressure condition). 

 
 

4.0 CONCLUSIONS 
The dynamic process of Ni-Cr based composite powder compactness and sintering under 

different temperatures has been studied. The compression pressure effect on the compact 
composite and sintering temperature of the composite are discussed, and the mechanical 
characteristics of the composite are observed. 

(a) With increased compression/compact pressure and sintering temperature on Ni-Cr 
composite, the porosity of composite decreases. Higher side compression 330MPa 
pressure plays a vital role in the proper bonding of particles in composition, and it 
avoids the maximum gap between them. This study is useful for deciding the initial 
load for pressed composite powder and selecting the sintering temperature for 
composite material. 

(b) For maximum porosity percentage, a low load is sufficient for converting powder into 
a green pallet. Hence porosity is based on the selected load and sintering temperature. 
The results confirmed that the coaxial different compressing pressure plays an 
essential role in the mechanical characteristics of Ni-Cr based composition. 

(c) Porosity % of Ni-Cr based composite decreases with 330MPa compacting pressure and 
1000oC sintering temperature. The influence of Low Porosity % increases the 
mechanical properties of Ni-Cr composite for different wt.% in the composition. 
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