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ABSTRACT: The present investigation has been performed at 1350°C for 90 min under the atmosphere of argon gas 
with a nickel aluminide NIAl composite enhanced with yttrium Y2O3 and additional chromium. Brinell hardness 
according to (ASTM E140 – 12b) was performed. By adding 1.5 wt. % Cr, the compound hardness (90NiAl-10Y2O3) 
is increased to 290 HB and continues to expand to 373 HB by additivity of 2.5 wt. % Cr to NiAl. The hardness 
increases to 390 HB for the compound content (70NiAl-30Y2O3) by adding 1.5 wt. % Cr, and continues to develop 
by adding 2 wt. % Cr to around 406 HB. By the addition of 2.5 wt. % Cr, the hardness increases to 438 HB. The wear 
test results exposed that the additional cobalt leads to reduce the wear-rate of NiAl- 30Y2O3. Addition of 1.5 wt. % Cr 
leads to reduce the adhesion wear rate from 7.61 * 10-6 gr/cm to 7.49 * 10-6 gr/cm while adding 2 wt. % of Cr decreases 
the wear rate to 6.46* 10-6 gr /cm. By the addition of 2.5 wt. % Cr, the wear rate decrease to 5.84 * 10-6 gr/cm. 
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INTRODUCTION 

Intermetallic compounds consist of two or more chemically distinct metallic elements to produce a different phase 
with new features and different crystalline structures, which are a standard alloy phase. These compounds have both 
metallic and ceramic characteristics and intermediate properties include the properties of ceramic (usually tougher and 
more brittle) and the characteristics of metal materials (in general soft and ductile). Intermetallic could be classified 
into two classes: the first group contains compounds of intermetallic with a moveable structure (for example, NiAl), 
whereas the second group with a fixed structure (for example, MoSi2) [1–4]. 

One of the most vital intermetallic compounds is the aluminides of the metal structures with the microstructure B2. 
They have three compounds: nickel aluminides NiAl, cobalt aluminides CoAl, and iron aluminides FeAl. These B2 
aluminides at the current time being widely explored for structural applications that operate in high temperature and 
hard environments. The beneficial prominent of these three aluminides materials and the most important phase system 
is NiAl [4–6]. 

In recent years, main developments have been attained in composites concerning the reproducibility of the 
manufacturing process system to fit them to industrial scales. These improvements have released a wide range of uses 
for composites in many different fields like automotive, aerospace, domestic appliances, and sporting goods, among 
others. Aerospace engineering has focused its efforts on reducing aircraft's overall weight to decrease gas emissions 
and fuel consumption. The accepted solution was high volumes of light metal composites such as Al, Ni, and Ti 
matrices.  

Applications of NiAl are steadily growing and are mostly employed in applications that working in high temperature 
and aggressive environments (steam turbines, diesel engines, heat exchangers, Aero-gas turbines, and supercritical 
boilers) in order to reduce the dissolution of the surfaces of these parts or in order to separate them thermally versus 
hot circles. NiAl is a structural material in supersonic aircraft, heat-treating trays, jet engines, high-speed commercial 
aircraft heat-treating trays, and pipe suspension devices, high-temperature furnaces, tube hangers, steel hardening 
furnaces. A new application of NiAl is employed in the manufacture of radiant burner tubes for heat treatment furnaces 
[7–9]. 
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Popular intermetallic compounds are hard and difficult to machine. The NiAl ductility is approximately zero below 
500 K. However, NiAl has a wide range of stoichiometries, suitable alloying with additional elements (including Zr, 
W, Hf, Cr, Co, Mn, Ti, Nb, Ta) are likely to help improve its mechanical characteristics. Alloying additions are added 
to increase the independent slip systems number by decreasing the antiphase boundary (APB) energy in various 
methods [10,11]. The NiAl ambient ductility has been developed by alloying with a third element. One potential 
method to raise the strength at high temperatures is to incorporate metallurgically stable, hard, dispersed, evenly, and 
fine ceramic particles in the alloy [12,13]. The present study's subject mainly focuses on wear characterization of 
NiAl-Y2O3 composites and the impact of Cr on the wear, hardness, and microstructure of NiAl-Y2O3 composites 
multiple weight percentages of Cr (1.5, 2, and 2.5 wt. % Cr). 

This research mainly aims at providing a dense, specific discussion and evaluation of the improvement operation to 
create NiAl as a construction material for high-temperature applications. Engineering concerns and science-based 
issues that restrict the application of NiAl will be debated, along with creative lines to pass the recognized deficiencies. 
An insight gained from investigations of deformation and failure mechanisms will be presented. The mechanical and 
physical properties of NiAl will be declared.  

MATERIALS USED 
 
Preparing NiAl required many stages: 

1. Making the powder mixture (defining the Ni, Al, Y2O3, and Co percentages). 
2. Using a planetary ball mill to produce the ingredients (alcohol was used at 10 weight percentage). 
3. At room temperature, dry compacting (by using a pressure of 190 MPa) was accomplished to attain samples 

with 13 mm diameter and 14 mm height). 
4. Sintering process (at 600 oC for 15 hrs.) was accomplished to form NiAl compound. Table (1) shows the 

powders utilized in this study.    
              
Table 1. Applied Powders in this Investigation 

The NiAl-Y2O3 samples were generated in the same way as the sintered process for NiAl compound formation alone, 
once NiAl compound had been gained and the sintering time and temperature were correct. The same mixing method 
was used to generate the intermetallic composite (NiAl-Y2O3) and NiAl-Y2O3 with added (Cr). The Dry Pressing 
method has been used for producing cylindrical green samples for adhesive wear and hardness tests. 

Machine type (Wilson-BUEHLER) was used for brinell hardness examination and depending on (ASTM E140 – 12b) 
[14,15]. The hardness of the specimen has been verified using three reading’s average at three various locations. The 
wear tests (pin-on-disk system) have been performed to measure the wear characteristics with a diamond indenter. It 
includes an electric motor with a steady spinning speed of 490 rpm. In this test, a fixed load of 10 N has been used for 
30 min (the dimension of samples was 20 mm diameter and 10 mm diameter). By using the following relationship, 
the wear rate of these samples was taken into account [16,17]: 

WR= ∆W/SD (1) 
 
Where: WR - is the wear rate (gr/cm),  
SD - Sliding distance (cm), determined based on (SD=SS*t), t - operating time (min),  
SS- is the sliding speed (cm / sec)  
∆W- is the change in the weight of the specimens after the test. 

Powder Mean particle size (µm) Purity 

Powder of Nickel 37.53 99.90 % 

Aluminum Powder 20.14 99.89 % 

Yttrium Powder 14.23 99.56 % 

Chromium powder 16.78 99.81% 
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Table 2.  Powder of Nickel Aluminide with Additives. 

 
RESULT AND DISCUSSION  
 
Analyses of the Microstructure  
 
As the sintering period at 600 OC increases to over 15 hrs, the Ni peaks nearly disappear, and NiAl is the main 
component. Figure (1a) shows the XRD results at this level of the sintering process. The 1.5 hr sintering process at 
1350 OC for the NiAl phase alone has been performed. All peaks were significantly the same as regular 
Nickel/Aluminum Powder X-ray Diffraction Tables (JCPDS). Increasing the sintering time result in transforming a 
large number of Ni3Al-nickel aluminides to NiAl by allowing nickel atoms enough time to disperse and thus 
communicate with each atom with a single aluminum nickel instead of Ni3Al (Figure 1b). 
 

 
 

Figure 1. XRD for the Composition Structure: a) after Process of Sintering at 600oC for 15 hrs. 
 b) after Process of Sintering at 1350oC for 1.5 hrs. 

 And c) after the Process of Sintering at 1350oC for 1.5 hrs (for composite material NiAl-30 Y2O3) 
 

The spread of nickel through Al continues and increases the percentage of NiAl formation. The number of nickel 
atoms is steadily decreasing throughout the long period of sintering (12 hrs), due to NiAl alone, NiAl formation 
remains roughly continuous.  The diffusion speed of Al is greater than Ni; a solid-state interdiffusion has created 
aluminum riches intermetallic (namely Ni2Al3) at the interface between nickel and aluminum powders. The Ni2Al3 
and Al peaks are fully substituted by those referring to Ni3Al and NiAl when the time exceeds 12 hrs. (Figure 2 a and 
b). 

Specimen 
number Powder Weight percent (wt. %) Powder Weight percent (wt. %) 

І 55Ni-45Al 55Ni-45Al 

II NiAl-10 Y2O3 NiAl-30 Y2O3 

III 

88.5NiAl-10 Y2O3-1.5Cr 
 
88NiAl-10 Y2O3-2Cr 
 
87.5NiAl-10 Y2O3-2.5Cr 

68.5NiAl-30 Y2O3-1.5Cr 
68NiAl-30 Y2O3-2Cr 
67.5NiAl-30 Y2O3-2.5Cr 
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Figure 2. a) SEM image before the sintering process (after compacting). 
b) SEM image of Bonding Process between Particles of Al and Ni throughout Sintering at 1350oC for 1.5 hrs. 

 
Influence of Chromium on the Hardness of NiAl-Y2O3 Composite 
 
The addition of cobalt results in improved composite hardness (NiAl-Y2O3), as shown in figure (3). Hardness increases 
primarily due to the mechanical strength of NiAl when added chromium by strengthening the solid-solution and high 
density (7.15 gr/cm3). This is because of the low yttrium oxide density (5.01 gr/cm3) associated with NiAl (5.86 
gr/cm3) [16,17]. As the density improved, the porosity diminished such that the adding of Y2O3 to NiAl will maximize 
its hardness. 
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Figure 3. Effect of Cr on the Hardness of NiAl-Y2O3 Composite. 
 

Influence of Chromium on NiAl-Y2O3 Composite Adhesive Wear: 
 
Figure 4 indicates that the adding of cobalt results in a reduction in the NiAl-Y2O3 wear rate. The development of hard 
NiAl-Y2O3 composites (depending on the particulate chromium inclusion) with superior wear resistance is since the 
high toughness caused by the adding of chromium. As the hardness increased, the wear rate reduced. Microstructural 
refinement modifies the action of wear. Grain boundary strengthening growths the longevity of the fiber resulting in 
improved wear resistance [1]. 
 

 
 

Figure 4. Influence of Chromium on NiAl-Y2O3 Composite Adhesive Wear. 
 

CONCLUSIONS 
 

1. For producing nickel-aluminide powder, a temperature of 600°C under the atmosphere of argon gas for 15 hrs. 
were used to accomplish the reactive sintering technique. 

2. The addition of chromium to the composite material (NiAl-10Y2O3) and (NiAl-30Y2O3) composite material affects 
the direction of increasing its hardness. 

3. The addition of chromium to the composite material (NiAl-10Y2O3) and (NiAl-30Y2O3) composite material affects 
the direction of decreasing its wear rate. 
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