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STRUCTURE AND STRENGTH CHARACTERISTICS OF NiAl-BASED 

COMPOSITE MATERIALS 

In this paper, the structure of NiAl-15wt.%CrB2, NiAl-15wt.%ZrB2 and NiAl-15wt.%TiB2 composite compact materials 

was studied using SEM. The composites were obtained by sintering in vacuum. The phase composition was studied by XRD 

analysis. The effect of the diboride additives on the NiAl hardness was studied. It is shown that the initial intermetallic had  

a hardness of 288 HV20. At the same time, the hardness value for the NiAl-15wt.% ZrB2 composite is 349 HV20, for  

NiAl-15wt.%TiB2 it is 392 HV20 and for the NiAl-15wt.%CrB2 composite material it is 468 HV20. 
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INTRODUCTION 

The direction of the development of new composite 

materials intended for use in demanding operating con-

ditions, is one of the most perspective in modern mate-

rials science. The main focus is on the development of 

composites based on metals or alloys dispersed with 

refractory compounds (oxides, carbides, nitrides or bor-

ides) [1-4]. In order to obtain high performance charac-

teristics of composites designed to work under condi-

tions of slip friction, it is rational to use materials with 

high corrosion resistance, in particular nickel aluminide 

[5]. However, its use as a high-temperature structural 

material in friction units is limited due to its intense 

plastic deformation at temperatures above 500°C. One 

of the ways to increase the high-temperature strength of 

nickel aluminide is its hardening by refractory com-

pounds, in particular borides. It has been found that an 

optimum refractory additive for the production of  

NiAl-based composites is chromium diboride [6]. 

The aim of this work was to investigate the struc- 

ture and mechanical characteristics of NiAl-CrB2,  

NiAl-15wt.%ZrB2 and NiAl-15wt.%TiB2 composite  

materials. 

EXPERIMENTAL TECHNIQUES  

Commercial powders of the NiAl intermetallic com-

pound and diborides (CrB2, TiB2, ZrB2) supplied re-

spectively by Polema JSC were used as the base materi-

als. The powder particle sizes of the initial components 

were 40 micrometers for the intermetallic compound 

and 20 micrometers for the diborides. 

The composite materials based on the NiAl-MeB2 

system were obtained by vacuum sintering at T =  

= 1650°C of a mixture of the initial components. The 

porosity value for all the composites was ~ 5%. 

Composites phase analyses were conducted by 

means of X-ray phase analysis. Filtered CoKα radiation 

was used. Remote control of the measurement, and data 

processing are realized by means of a computer system, 

which uses APD (Philips) or DIFFRACplus (Bruker 

AXS) programs and the ICDD crystallographic data-

base. 

Hardness tests were conducted using a FALCON 

509 Vickers hardness tester (Innovatest). The HV  

parameter was measured under a 20 kg force. 

Microfragility (γ) and microstrength (σ) were calcu-

lated using formulas: 

 γ =
�
�
��

�

��
 and σ =

����·�

��
 

where: D
2
 - the maximum diameter of the brittle damage 

zone around the indenter print [µm]; d
2 

- the average size 

of the damage zone [µm]; P - Indenter load [N]. 

The microstructure, and chemical composition of 

the composite materials were researched using   an FEI 

Quanta 3D FEG dual beam high-resolution  scanning  

electron microscope  integrated with the EDAX Trident 

system (an Apollo 40 EDS spectrometer, a TEXS 

WDXS spectrometer and a Hikari EBSD camera) and 
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a PHILIPS XL30 scanning electron microscope 

equipped with a LINK ISIS energy dispersive X-ray 

spectrometer, Oxford Instruments. 

RESULTS AND DISCUSSION 

The microstructure of the compact composite sam-

ples (Fig. 1) is characterized by a mainly uniform  

distribution of diboride grains (2) in the intermetallic 

matrix (1). 
 

а)

  

b)

  

с)

  
Fig. 1. SEM micrographs of compact composite materials:   

NiAl-15 wt.%CrB2 (а); NiAl-15 wt.%ZrB2 (b); NiAl-15wt.%TiB2 

(c); 1 - intermetallic matrix (NiAl); 2 - diboride grains (2a - CrB2, 
2b - ZrB2, 2c - TiB2), 3 - new boride phase 

According to the microstructures of all the materials, 

the NiAl-15wt.%ZrB2 (Fig. 1b) and NiAl-15wt.%TiB2 

composites (Fig. 1c) are characterized by the presence 

of cracks. This result can be explained by the difference 

in the thermal expansion coefficient of the starting ma-

terials (CTE for NiAl = 13⋅10
6
°С

−1
, for ZrB2 = 

= 5.9⋅10
6
°С

−1
, for TiB2 = 8.1⋅10

6
°С

−1
). In the process of 

heating and cooling the materials during sintering, this 

leads to the formation of cracks at the matrix - boride 

grain boundary. 

For the NiAl-15 wt.%CrB2 composite (Fig. 1a) a new 

boride phase (3) is formed because of the physical-

chemical interaction between the initial components. 

This phase is intermediate between the intermetallic 

matrix and the refractory inclusions that can promote 

better bonding between the initial components. The mi-

crohardness of the new boride phase is ~ 9÷11 GPa. 

The presence of an additional strengthening phase in 

the material structure in the future should give a posi-

tive impact on the mechanical characteristics of the ma-

terials. Furthermore, the presence of an intermediate 

phase is also useful in terms of compensating for differ-

ences in the CTE of the metallic and refractory phases 

(CTE for СrB2 = 10.5⋅10
6
°С

−1
). 

According the SEM analysis results of the NiAl-

15wt.%CrB2 composite (Fig. 2) we can see two differ-

ent boride grain shapes in its structure (Fig. 2a,b). The 

presence of some grains with a lineal form (Fig. 2b) in 

the composite structure is related to secondary boride 

phases forming during the sintering process.  

 
a)

  
b)

  
Fig. 2. SEM micrographs of sintered NiAl-15wt.%CrB2 composite  

material 

To investigate the phase formation of the NiAl-

15wt.%CrB2 composite materials, integrated XRD 

analyses were performed. 
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Fig. 3. XRD results of NiAl-15wt.%CrB2 sintered composite material

According to the XRD results (Fig. 3

oped composite material consists of three main phases: 

initial intermetallic (AlNi), chromium borides (CrB

Cr3B4) and Cr1.5Ni0.5B3. 

Since the materials are designed to work in highly 

stressed units, the strength characteristics (

and 5) were investigated (like hardness, microfragility 

and microstrength). 

 
HV20 

number of measurements 

Fig. 4. Hardness diagram of initial NiAl and developed composite 
materials 

According to the experiment data, the lowest har

ness value was exhibited by the initial intermetallic 

compound and is 288 HV20. The obtained hardness 

results of the intermetallic correlate with the literature 

data [8-10]. For the developed composite materials, the 

hardness values are 349 HV20 for NiAl

392 and 468 HV20 for NiAl-15wt

NiAl-15wt.%CrB2 respectively. Thus, the hardness tests 

results showed that the HV/20 parameter of the deve

oped composite is 1.2-1.6 times higher than that of the 

intermetallic compound (Fig. 4).  

The obtained results are confirmed by the corr

sponding microstructures of the materials after testing, 

crack distribution on the initial NiAl and the developed 

composites (Fig. 5), as well as by calculations of the 

microfragility (γ) and microstrength (σ).
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correlate with the literature 

10]. For the developed composite materials, the 
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sponding microstructures of the materials after testing, 

l NiAl and the developed 
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a)

b)

c)

Fig. 5. Crack distribution on initial NiAl and developed composite 
materials after hardness test: 

-15wt.%ZrB2, c) NiAl-15wt.%TiB

The crack propagation for the NiAl

composite (Fig. 5a) has a classic appearance 

begins at the top of the imprint and spreads through the 

intermetallic matrix. The formation of cracks on the 

boride grains near the imprint is also observed. At the

same time, the values of micro

strength for this material are γ = 0.51 and σ = 

= 1.63 N/µm
2
, respectively. 

The NiAl-15wt.%ZrB2 composite 

acterized by the formation of c

the imprint and along its faces. However, the formation 

of cracks on the boride grains is also observed. The 

microfragility of such a composite is 1.29, and the 

microstrength is 0.94 N/µm
2
. 
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Crack distribution on initial NiAl and developed composite  

 а) NiAl-15wt.%CrB2, b) NiAl- 

TiB2 

The crack propagation for the NiAl-15wt.%CrB2 

has a classic appearance - the crack 

begins at the top of the imprint and spreads through the 

intermetallic matrix. The formation of cracks on the 

e grains near the imprint is also observed. At the 

same time, the values of microfragility and micro-

strength for this material are γ = 0.51 and σ =  

composite (Fig. 5b) is char-

acterized by the formation of cracks, both at the top of 

the imprint and along its faces. However, the formation 

of cracks on the boride grains is also observed. The  

microfragility of such a composite is 1.29, and the  

 
  



O. Poliarus, O. Umanskyi, J. Morgiel, P. Bobrowski, M. Szlezyner, T. Mosina, I. Martsenyuk 

Composites Theory and Practice  19: 4 (2019)  All rights reserved 

172

 

 

  
Fig. 6. SEM micrographs of crack distribution in sintered NiAl-15 wt.%CrB2 composite material after hardness tests 

For the NiAl-15 wt.% TiB2 composite (Fig. 5c), 

crack propagation is completely different. The cracks in 

this material begin on the titanium diboride grains  

and spread to the nearest boride grains, covering  

a large area. The values of micro-fragility and micro- 

strength for this composite are equal to γ = 0.95 and  

σ = 0.92 N/µm
2
, respectively. 

More detailed investigations of the nature of the 

crack distribution of the NiAl-15wt.%CrB2 composite 

(Fig. 6) showed that the chromium boride grains in the 

structure of this material act hinder the further spread of 

cracks. Thus, the chromium diboride in the nickel alu-

minide counteracts the spread of cracks, which leads to 

a significant increase in the strength of the material. 

SUMMARY 

The structure of NiAl-15wt.%CrB2, NiAl-15wt.%ZrB2 

and NiAl-15wt.%TiB2 composite materials was studied. 

It is shown that the formation of additional Cr3B4 and 

Cr1.5Ni0.5B3 boride phases occurs during the preparation 

of NiAl-15wt.%CrB2 composites. 

The effect of the diboride additives on the hardness 

of the intermetallic compound was studied. It was found 

that the NiAl-15wt.%CrB2 composite material hardness 

is 1.6 times higher than the hardness of the initial in-

termetallic compound. Investigations of the nature of 

the crack distribution showed that the chromium dibor-

ide grains in the structure of the composite material im-

pede the further spread of cracks. 
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