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Abstract: Titanium diboride reinforced iron matrix composites were produced via powder metallurgy techniques. Iron powder (<10 

microns) and titanium diboride powder (<10 microns) were mixed in a ball mill and the powder mixture was cold compacted in a steel die at 

550 MPa pressure. Amount of titanium diboride that was added into iron was in 3-10 wt %. Sintering was performed at 1120 oC for 30 

minutes in argon atmosphere. Sintered samples were subjected to three-point bending tests, hardness measurements and microstructural 

examinations. 

It was found that the hardness of the composites increases significantly with the increase in the amount of titanium diboride addition. 

Hardness of unreinforced iron was 50 Brinell 10 and that of 10 % titanium diboride reinforced composite increased to 100 Brinell 10. On 

the other hand, there was a decrease in the bending strength and strain of the composites, with increasing titanium diboride addition. 

Bending strength of unreinforced iron was 850 MPa and that of 10 % titanium diboride reinforced composite decreased to 350 MPa. 
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1. Introduction 

 

In composite materials, two or more different material class are 

combined in proper ratios in order to obtain a multi component 

material having superior properties than those of its constituents. In 

composite materials, the constituents are separated by definite 

boundaries. The properties of composite materials can be tailored 

according to size, distribution and orientation of the reinforcement 

phase [1-3].  

Generally, in the class of ductile matrix composites, 

reinforcement phase is harder than the matrix phase, for the purpose 

of increasing the hardness of the matrix phase. Therefore, for metal 

matrix composites, reinforcement phase is mostly ceramics. 

Reinforcement phase may be in the form of particles or fiber. 

Aluminum, copper, iron are the most widely used metal matrix 

materials. B4C, Al2O3, TiB2, SiC are the commonly used 

reinforcement materials [1-3]. 

Mostly, the reaction between the phases constituting a 

composite material is undesired. On the other hand, in order to 

achieve good wetting of the matrix phase over the reinforcement 

phase, reaction is desired to some extent. In the case of iron-

titanium dibromide system, solubility of titanium diboride is very 

low in iron. Formation of iron borides results from the reaction of 

iron and titanium diboride at high temperatures [4,5]. 

Powder metallurgy method is one of the techniques that is well 

suited for the fabrication of metal matrix composites. In this 

technique, powder or metals and ceramics are shaped mostly by 

pressing, after mixing of the constituents of the composite material. 

Then, the green compact is sintered under pressure or without 

pressure. Control of the microstructure is superior in powder 

metallurgy, as compared to other manufacturing methods [6,7]. 

In the present study, TiB2 reinforced iron matrix composites 

were produced by powder metallurgy methods. After mixing and 

compacting the iron and TiB2 powders, the green sample was 

pressureless sintered in argon atmosphere. Mechanical properties 

and microstructure of the composite samples were investigated.  

2. Experimental Procedure 

In the present study, effect of TiB2 reinforcement addition into 

iron matrix has been investigated. TiB2 reinforcement amount was 

3, 6.5 and 10 % of the iron matrix (Table 1). 

 

 

 

 

Table 1: Amounts of the constituents of the composites 

Sample No Fe (Wt. %) TiB2 (Wt. %) 

1 100 0 

2 97 3 

3 93.5 6.5 

4 90 10 

 

Scanning electron micrograph of the Fe powder, which was 

used in the present study, is given in Fig. 1. It can be seen that the 

Fe particles are mostly sphere shaped. The size of the particles can 

be seen to be smaller than 10 microns. 

 

Fig. 1 Scanning electron micrograph of the Fe powder. 

 

Particle size distribution plot of the Fe powder, which was used 

in the present study, is given in Fig. 2. The average particle size is 

about 8 microns. The second mode in the particle size distribution 

plot has an average particle size of 50 microns. This can be due to 

agglomeration of the iron particles. Such agglomerates can be seen 

in the scanning electron micrograph of the Fe powder given in Fig. 

1. 

 

461

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 10, P.P. 461-463 (2019)



 

Fig. 2 Particle size distribution of the Fe powder. 

 

Scanning electron micrograph of the TiB2 powder, which was 

used in the present study, is given in Fig. 3. It can be seen that the 

TiB2 particles are irregular shaped with angular morphology. The 

size of the particles can be seen to be finer than 10 microns. 

 

I 

Fig. 3 Scanning electron micrograph of the TiB2 powder. 

 

After weighing and mixing the Fe and TiB2 particles, the 

powder mixtures were cold compacted in a tool steel die. The 

compacted green sample had 2.5 mm thickness, 6 mm width and 16 

mm length. The compacting pressure was 550 MPa. Higher 

pressures resulted in lateral cracking of the green sample. 

Sintering operation was conducted in an atmosphere controlled 

tube furnace having a mullite tube. The inner diameter of the 

furnace tube was 50 mm. Sintering of the samples was performed at 

1120 oC, which is the conventional sintering temperature of the iron 

powder metallurgy parts. Heating and cooling rates were kept at 5 
oC/min. 

Sintered samples were subjected to 3-point bending tests in a 

universal mecahanical testing machine (Shimadzu AG-IC, 50 kN). 

After that hardness values of the samples were determined in 

Brinell 10 scale. After mounting the samples in Bakelite, they were 

ground with 600, 1200, 3000 grit emery paper. Final polishing was 

conducted with 1 micron diamond paste. Microstructure of the 

composites was investigated with optical microscope (Nikon 

Eclipse LV150) and scanning electron microscope (SEM), (FEI, 

Quanta FEG 250). 

 

 

 

3. Results and Discussion 

Sintered unreinforced iron specimen and composites containing 

TiB2 reinforcement particles were subjected to microstructural 

examinations with optical microscope.  

Optical micrograph of the unreinforced iron sintered sample is 

given in Fig. 4. The phases in this sample was investigated by SEM-

energy dispersive spectroscopy (SEM-EDX). The continuous phase 

that has light color is iron. The small particles with gray color were 

found to contain oxygen. Therefore they are most probably iron 

oxide particles, which may have formed during sintering due to 

residual oxygen in the furnace atmosphere. 

 

Fig. 4 Scanning electron micrograph of the unreinforced iron specimen. 

 

Optical micrograph of the sintered composite sample reinforced 

with 3 % TiB2 particles is presented in Fig. 5. TiB2 particles can be 

seen in these micrographs as the irregular shaped particles. In the 

matrix there are also regions that are slightly darker than the matrix 

phase. These regions were found to contain B, in addition to Fe, by 

SEM-EDX analyses. Thus it is probable that these regions are iron 

boride.  

 

 

Fig. 5 Scanning electron micrograph of the composite containing 3 % TiB2 
particles. 

 

Sintered unreinforced iron sample and composite samples were 

subjected to hardness measurements with Brinell hardness tester. 

Results of the mechanical tests are presented in Table 2 and Figs. 6 

and 7.  
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Table 2: Hardness and bending strength values of the composites 

Sample 

No 

TiB2  

(Wt. %) 

Hardness 

(HB10) 

Bending 

Strength 
(MPa) 

 1 0 65.6 909.8 

2 3 80.5 675.9 

3 6.5 99.6 438.6 

4 10 109.9 369.2 

 

Hardness values of the unreinforced iron sample and TiB2 

reinforced composites are presented as a function of TiB2 content in 

Fig 6. The hardness of unreinforced Fe sample after sintering was 

about 60 HB10. Hardness of the composites was seen to increase 

significantly with the increase in the TiB2 content of the 

composites. Hardness of the composite containing 10 % TiB2 was 

about 110 HB10. 

 
Fig. 6 Hardness values of the composites as a function of TiB2 content. 

 

Bending strength values of the unreinforced iron sample and 

TiB2 reinforced composites are presented as a function of TiB2 

content in Fig 7. The bending strength of unreinforced Fe sample 

after sintering was about 900 MPa. Strength of the composites was 

seen to decrease with the increase in the TiB2 content of the 

composites. Strength of the composite containing 10 % TiB2 was 

about 370 MPa. 

 

 

Fig. 7 Bending strength values of the composites as a function of TiB2 
content. 

4. Conclusion  

TiB2 reinforced iron matrix composites were produced by 

powder metallurgy. The effect of TiB2 reinforcement was observed 

especially on the hardness of the composites. Hardness of the 

unreinforced iron specimen was about 60 HB10, whereas hardness 

of the composites sample containing 10 % TiB2 was about 110 

HB10. On the other hand, bending strength was seen to decrease 

with the increase in the TiB2 content of the composites. This was 

most probably due to the formation of iron boride phases in the 

structure. 
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