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Abstract 
 

In this research, the influence of boron content on microstructure and dry sliding wear resistance of as-cast FeAl-based 

alloys was evaluated. The alloying process was carried out using vacuum induction melting and four specimens having 

different boron content of 0, 0.1, 0.5 and 1 at% were produced. As-cast specimens then were teste using standard pin-on-disk 

wear tester machine in 20 and 40 N applied load and a distance of 1000 m according to ASTM G99 standard. The surface of 

worn specimens then were examined using scanning electron microscope to determine the dominated wear mechanism. The 

investigations revealed that at lower applied load of 20 N, the governing wear mechanism is oxidative wear and for higher 

applied load of 40 N, delamination is the governing mechanism. Increasing the boron content increases the hardness as well 

as the wear resistance of the alloy which is related to the formation of Fe2B compounds in the material and increasing the 

hardness. 
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1. Introduction 
 

Iron aluminides based on FeAl and Fe3Al accordant 

with Fe-Al phase diagram form in the range of 20 

to 35 atomic percent of Aluminum. This type of 

intermetallic compounds has D03 ordered 

crystalline lattice, excellent oxidation, and 

sulfidation resistance and low material cost [1-4]. 

These alloys have a density of about 5.4-6.7 gr/cm3 

and they are 30% lighter than prevalent high-

temperature strength alloys such as stainless steels. 

Development of these alloys can help in save 

strategic elements such as Ni and Cr [5-7]. 

However limited ductility at ambient temperature 

and losing the strength at high temperatures have 

been a major deterrent to their commercial uses for 

structural applications. Nevertheless, by adding 

alloying elements such as Cr, B, Zr, Ti, W, … the 

mechanical properties of  Fe3Al-based alloys have 

been improved, generally the alloying elements that 

lead to creation of precipitate phases are added 

with a bite contents, because a large amount of  

alloying elements addition make the alloys brittle, 

the volume fraction of formed phases must be 

controlled.[8-10]. Iron aluminides (Fe3Al) with D03 

ordered lattice show proper high-temperature 

strength with increasing temperature until the 

critical temperature of  D03 stability, at the higher 

temperatures mechanical properties of Fe3Al-based 

alloys are decreased [9].  
There are different ways to improve the mechanical 

properties of iron aluminides: solid solution 

hardening, the formation  
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of precipitate hard phases at grain boundaries and 

inside the grains. The presence of B in the chemical 

composition of the iron aluminides, forms boride 

precipitates and Zr causes to form Laves phases 

[11-16], co-existence of B and Zr makes ZrB2 

precipitate phases in Fe3Al-based alloys [8, 10, 12]. 

Grain boundaries of ordered lattice Intermetallic 

compounds are weak, the presence of hard 

precipitate phases in grain boundaries strengthens 

these regions and improves the mechanical 

properties [4]. 

There are two major methods for production of iron 

aluminides: powder metallurgy and casting, but 

nowadays casting is preferred in order to the 

reduction of production costs. 

The aim of the present study is a comprehensive 

investigation of the effects of B and Zr on 

microstructure, phase identification, ordering 

transitions and dry sliding wear properties of FeAl 

iron aluminides. 

 

2. Materials and Methods 

 

Based on the chemical compositions of 

investigated FeAl-based intermetallic with varying 

amount of boron content of 0, 0.1, 0.5 and 1 at% 

were produced. All the alloys were prepared by 

vacuum induction melting. 

Primary needed materials were placed in the 

alumina crucible, melting and the alloying process 

was performed up to 1600 °C temperature with a 

0.02mbar vacuum. 

The melt was poured in a perfected cast iron mold, 

cylindrical samples with a diameter 40mm and a 

height 200mm were obtained. 
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The microstructure and wear properties of the 

alloys were evaluated in the as-cast condition. 

For the study of microstructure and worn surface of 

the specimens, light optical microscopy (LOM) and 

scanning electron microscopy (SEM) equipped 

with energy dispersive spectrometry (EDS) 

microanalysis were used. 

The samples were polished by SiC abrasive papers 

and finally using diamond paste with a particles 

size of 0.1μm, the samples then were chemically 

etched using (1%HF, 33%CH3COOH, 33%HNO3, 

33%H2O) etching reagent. 

Dry sliding wear test was used to evaluate the 

resistance of the material to wear. 

Micro-mechanisms of wear and the morphology of 

debris have been studied using SEM. 

The samples was prepared according to ASTM 

G99 (height =30 mm and diameter = 5mm) 

standard. The counter face was a heat treated and 

grounded disc of 52100 steel with a hardness of 58 

RC and the tests were conducted in 20 and 40 N 

applied load at a distance of 1000 m. 

 
3. Results and Discussions 
3.1. Microstructure and Phase Analysis 

 
Fig. 1. represents the microstructure of alloys in as-

cast conditions, images of optical microscopy 

shows dendritic microstructure with precipitate 

phases in interdendritic regions. 

According to Fig. 1.a, pure FeAl has coarse 

polygonal grains. By increasing the boron content 

in the alloy from 0 to 1 at%, the grain structure 

converted to the dendritic one gradually. 

For the sample with 1 at% boron, dendritic 

microstructure is illustrated in Fig. 1.d 

Interdendritic regions containing eutectic FeAl-

Fe2B phases with lamellar morphology.  

A precipitate forms a thin layer along the prior 

FeAl grain boundaries with a thickness of about 1.8 

μm and the average distance between precipitates is  

22 μm. The volume fraction of precipitate phases 

was calculated about 9.47%.  

Boron has a low solid solubility in the crystalline 

lattice of FeAl, so during solidification draws back 

to the solidification front and precipitates as a 

FeAl-Fe2B eutectic in interdendritic regions [10]. 

For a better understanding of the microstructure, 

SEM micrographs of the four specimens are seen in 

Fig. 2. As seen in this figure, grain boundary and 

interdendritic precipitates which dominantly is 

Fe2B is illustrated in those figures. 

This phase can strengthen the grain boundaries and 

also by increasing the content of boron in the 

chemical composition, the grains become finer as 

mentioned previously in the case of OM results. 

 

 

 

 

 

 

 

 

 
Fig. 1. LOM images of as-cast alloys a) FeAl b) FeAl-

0.1B, c) FeAl-0.5B d) FeAl-1B. 
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Fig. 2. SEM images of as-cast alloys a) FeAl b) FeAl-

0.1B, c) FeAl-0.5B d) FeAl-1B. 
 

3.2. Hardness Test 

 

Results of hardness tests are shown in Table. 1. 

Hardness of the samples in as-cast conditions in 

agreement with the values reported in other 

reports[18]. Intermetallic compound have high 

hardness value which may be is due to the ordered 

structure of the alloy that caused high strength and 

high hardness. 

High value of hardness and few slip systems are the 

main reasons for brittle nature of these alloys. In 

the case of wear properties of the material, high 

hardness caused the material to be more resistant to 

dry sliding wear. As seen in the table the hardness 

of the material increases with increasing of boron 

content. It is mainly due to the precipitation of 

some phases in the grain boundaries and formation 

of Lave phases which increase the hardness as well 

as the strength of the material. 

Table. 1. The hardness value of the investigated 

materials [19]. 

 

Rockwell 

Hardness 

Vickers 

hardness 
sample 

26 289 FeAl 

34 343 FeAl-0.1B 

39 367 FeAl-0.75B 

41 434 FeAl-1B 

 
3.3. Wear Test 
 

Fig. 3. shows the effect of increasing Boron content 

on the weight loss of the samples after the wear test 

of 1000 m travelling in 20 and 40N of applied load 

[20]. 

 
Fig. 3. the variation of weight loss of the samples after 

1000 m of dry sliding test. 

 

As seen here and mentioned previously, higher 

hardness of the material with higher content of 

boron is the main reason for improving wear 

resistance. It is dominated in the higher applied 

load of 40 N. in lower applied load of 20 N, the 

governing wear mechanism is oxidative. The worn 

surface s of the samples at the applied load of 20 N 

are shown in Fig. 4. As seen in the sample FeAl 

alloy, there seen grooves and oxidation signs [21]. 

The existence of grooves in this sample is due to 

lower hardness in comparison with the others 

containing boron. It caused higher weight loss in 

this sample. For other samples with higher boron 

content, the wear rate is lower than the pure alloy 

[22]. The EDS microanalysis of the surface is 

shown in Fig. 5. which evidences of oxygen is 

shown in the spectrum [23].   
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Fig. 4. Worn surface of the samples in the applied 

load of 20 N a) FeAl b) FeAl-0.1B, c) FeAl-0.75B d) 

FeAl-1B. 
 

 
 

Fig. 5. Microanalysis of the surface of the samples at 

the load of 20 N. 

At the load of 40 N, the governing mechanism is 

delamination, especially for the alloys with lower 

hardness. So as it is obvious in the weight loss of 

the samples, the sample with the lowest hardness, a 

dramatic failure is seen. 

The signs of severe delamination is observed in the 

worn surface of the pure sample [24, 25]. For the 

samples with higher content of boron, lower 

delamination were observed which is due to the 

hardness and strength of the material. 

The worn surface of the materials at the applied 

load of 40 N is shown in Fig. 6. [27]. 
 

 

Fig. 6. The worn surface of the materials at the load 

of 40 N a) FeAl b) FeAl-0.1B, c) FeAl-0.75B d) FeAl-

1B. 
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 The evaluation of the debris removed from the 

surface at different loads demonstrate the oxidative 

mechanism at low applied loads and fresh metallic 

debris at higher applied load. The morphology of 

the debris is shown in Fig. 7 [28, 29]. 

 

Fig. 7. SEM image of the a) oxide particles and b) 

fresh metallic particles removed from the surface 

during the wear. 

 

4. Conclusion 

 

From the results of this study the following 

discussions can be stated: 

1. For FeAl intermetallic compounds, by increasing 

the boron content, some precipitations were formed 

in the grain boundaries. These precipitates are 

dominantly Fe2B which increases the hardness and 

wear resistance of the alloy.  

2. By increasing the boron content from 0.1 to 1 

at% the hardness increases and so the wear 

resistance would be increased. At lower applied 

loads, the dominated mechanism for the samples 

with boron is mainly oxidative wear. For the pure 

FeAl sample both of oxidative and delamination 

was seen. At higher applied loads, the samples with 

low hardness show a delamination mechanism 

while for the samples with high hardness value, the 

sample shows only oxidative wear mechanism. 
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