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Abstract: 

 
This work studies the characteristics of two different metallic matrixes composites, ferritic and 

austenitic steels, reinforced with 3% wt nano size tantalum carbide by powder metallurgy. The 

starting powders were characterized by X-ray diffraction (XRD) and scanning electron microscopy 

(SEM). The effects of the nano sized carbide dispersion on the matrix microstructures and its 

consequences on the mechanical properties were identified. The preliminary results showed that the 

sintering were influenced by morphology and the distribution of carbide and the alloys. 

 

Introduction 
 

Stainless steel is a widely accepted material because high corrosion resistance. However stainless 

steels have poor sinterability and poor wear resistance due to their low hardness. Metal matrix 

composite (MMC) combining soft metallic matrix reinforced with carbides or oxides has attracted 

considerable attention for researchers to improve density and hardness in the bulk material [1]. 

The stainless steel production is lower compared to the iron and steel, representing an estimated 

market of 9350 tonnes in the United States for the year 2004 [2]. However, in recent years, there 

was an increase in the market for stainless steel processed by powder metallurgy in the automotive 

industry and structural applications. Compared to conventional techniques, the steel produced by 

sintering has advantages such as relatively low processing temperature, shape and dimensions close 

to final design, increased use of material and more refined microstructures. Among the various 

types of stainless steel processed by sintering to highlight the austenitic and ferritic [3]. 

Ferritic stainless steels have been used in automotive exhaust
 
systems, containers, railway 

vehicle and other functional applications
 
owing to good fabrication at low cost and good resistance

 

to chloride stress-corrosion cracking, atmospheric corrosion and also oxidation [4]. 

The carbide has primarily been produced by the carbothermal reduction of Ta2O5 with carbon 

due to the low cost of the raw materials. It has been reported that tantalum carbides can be obtained 

by heating at high temperatures (>1400 °C) and under high vacuum and higher temperatures (>1500 

°C) for long time. While a high-temperature ensures a fast and complete reaction, it also causes 

coarsening of the carbide grains. Recent studies have shown that the reduction of the carbide size 

generally has a significant improvement of the mechanical properties. The toughness of structurals 

ceramics can be increased considerably without sacrificing the hardness by reducing the grain size 

[5]. 

A novel technique have been developed to synthesize TaC at low temperatures through a gas–

solid reaction. The technique is based on the carburizing reaction between a tantalum-containing 

precursor and a mixture of CH4 and H2. TaC can be obtained at 1000°C in 1 h. Furthermore, very 

fine powders, can be obtained [6]. 
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The cold pressing is the method used in powder metallurgy. A mass of dust or not containing 

small quantities of lubricants or binders is placed in an array, and axially pressed or isostatically. 

Besides these, other techniques can be used in the pressing of the powder, such as dynamic 

compression and injection molding, in addition to techniques that do not apply loads on the post 

such as glue, gravity and vibration [7]. Axial arrays are the most widely used due to its practicality, 

although the isostatic pressing to produce a compact high uniformity. 

Sintered stainless steels have a wide range of applications, mainly in the automotive industry 

(such as ABS rings or temperature control valves). However, they present lower properties than 

their wrought counterparts in terms of strength, corrosion and wear resistance [8]. 

In order to achieve the best performance, stainless steels produced by powder metallurgy (PM) 

must be sintered in inert atmospheres at high temperatures. Their properties can be improved with 

different additions, with the aim of improving the final density of the steel and enhancing the 

mechanical and corrosion behaviour [9]. When the goal is to improve the wear resistance, oxidic 

ceramic particles [10, 11] are used on account of their hardness. The main problem related to these 

particulate metal matrix composites (MMCs) is their poor corrosion behaviour as compared with 

their unreinforced matrix due to the low interaction between matrix and reinforcement [11, 12]. 

This work analyzes the effect of nanosized TaC powders dispersion on the sintering and 

properties of the MMC. The characterization of two different metallic matrixes composites, ferritic 

and austenitic steels, reinforced with 3wt%TaC nano structured by route of powder metallurgy. 

 

Experimental Procedure 

 
To the metallic matrix ferritic and austenitic stainless steel were added nano particles of tantalum 

carbide (TaC). The powders of stainless steel were characterized by X-ray diffraction after the 

steels were mixed with 3wt% TaC. The austenitic steel form mixed with 3%wt TaC in a mill of 

conventional of balls for 24 hours and the one of steel ferritics with 3wt% TaC in the planetarium 

both for 24 hours. After mixed the particles composites were characterized scan electronic 

microscopy (SEM) and compacted in a cylindrical matrix (∅ = 5.0 mm) at 700 MPa and sintering 

was carried out at vacuum atmosphere. The samples were heated up to 1290ºC, heating rate 

20ºC/min isothermal hold for 60 minutes. The sintered samples were characterized by scanning 

electron microscopy and micro hardness measurements. The preliminary results of the sintered 

samples showed that mechanical properties of MMC were influenced by the morphology and 

distribution of carbide in the alloys.
 

 

Results 

 

The Figure 1 it is had the result XRD of powders of stainless steel, the two presented 

characteristic picks of steel. In the (Fig 1a) of powder ferritic steel pure and (Fig. 1b) of powder 

austenitic steel pure.  

 
 

Figure 1: XRD of powders (a) Ferritic and (b) Austenitic Steel pure. 
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In the (Fig. 2) scanning electron microscopy (SEM) of particles composites mixed with 3wt% 

TaC for 24 hours. In the grinding of steels with different carbide the size and morphology is 

presented heterogeneous. Comparing the Figures 2a to 2b (arrows), note that the dispersion of 

carbides in the metal matrix appears similar for both steels, austenitic (Fig. 2a) and ferritic (Fig. 2b), 

but the morphology of steels are different. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: SEM of particles composites, (a) austenitic steel with 3%wt TaC (1000x)and (b) ferritic 

steel with 3%wt TaC (2000x). 
 

In the Table 1 presents the values the micro hardness of the sintered. In the Figure 3 had the 

results (SEM), initially in Figure 3 is only observed the metal matrix, gray and the presence of some 

pores, the darker color. (Fig. 3a) there is a larger number and size of pores, this is the austenitic 

steel as compared to the ferritic (Fig. 3b), the quantity and size of pores decrease in size and 

quantity according to the type of matrix used for in both cases the sintering process was the same 

temperature of 1290 ° C sintered for 60 minutes and the Figure 4 had the (SEM) it is observed 

regions of gray, which were identified as metal matrix while the clear, a carbide, which are 

dispersed and segregated in grain boundaries of the metal matrix. The TaC keeps the same 

distribution in the different matrixes metal. A small difference (Fig. 4a) compared to (Fig. 4b) is 

that in this there is a greater agglomeration of carbides in certain regions. 
 

Table 1: Values the micro hardness of the sintered. 

 

Samples Micro handness (HV)

Austenitic Steel  76.00 

Ferritic Steel  123.00 

Austenitic Steel 3%wt TaC 115.00 

Ferritic Steel 3%wt TaC 146.4 
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Figure 3: SEM(600x) of sintered samples, 60 min. (a) austenitic steel and (b) ferritic steel. 

 

 

 

 

 

 

 

Figure 4: SEM(600x) of sintered samples, 60 min. (a) austenitic steel + TaC and (b) ferritic steel + 

TaC. 

Conclusions 

 

The effect of TaC on the sintering and micro hardness of austenitic steel and ferritic steel was 

investigated. The kinetic of sintering was strongly influenced by dispersion of carbides in the 

sintered microstructure. 

The micro hardness values obtained were 115HV of austenitic steel   and 146.4 HV ferritic steel 

for the reinforced sample. For the samples without reinforcement 76 HV and 123 HV.  

The results of the dispersion of the carbide in the different metallic matrix head offices are 

shown similar, because in both TaC they are in the outlines of grain of the samples. 

The addition of 3wt%TaC to the matrix increases significantly the micro hardness of the in the 

different alloys. 
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