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Abstract

In the present study, the effects of TiB2 ceramic on the density, mechanical, tribological properties and
microstructure were investigated. The austenitic stainless steel/TiB2 composites with various volume of TiB2
were prepared by Spark Plasma Sintering (SPS). The samples were sintered at temperatures of 1000°C and
1100 °C and duration of 5 minutes. The phase composition and microstructures were characterized using
scanning electron microscopy. For the tested composites, the relative density, Young's modulus,
microhardness, and wear resistance were measured. The highest densities were obtained for composites
prepared at 1100 °C. The relative densities for these samples were in the range of 96-98%. Analysis of the
composite microstructure revealed that TiBz particles are homogeneously distributed in the steel matrix. In
addition, formation of new fine chromium phases which were distributed along the grain boundaries was
observed. The addition of hard TiB2 particles to steel leads to increase of hardness. Furthermore, the wear
resistance of the composites was better for higher TiB2 contents.
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1. INTRODUCTION

Stainless steels, particularly the austenitic grades, have superior corrosion resistance and tensile ductility than
iron. However, austenitic stainless steels also super a major drawback for use in certain tribological
environments. They have relatively poor wear resistance owing to their low hardness. The hardness of
stainless steels can be increased among others by the addition of hard ceramic particles [1,2]. Many authors
studied the effect of different ceramic particles (e.g., SiC, Al2Os, TiBz, and TiC) on properties of steel
composites [3-6]. The steel-matrix composites with TiBz as the reinforcing phase have increased stiffness,
hardness, and wear resistance, along with reduced coefficient of thermal expansion and only a moderate
decrease in thermal conductivity [7, 8]. Powder metallurgy is the most attractive producing route for these
types of particulate-reinforced metal-matrix composites. Technological progresses, as well as economic and
ecological considerations, make the search for new manufacturing techniques of composite materials
constantly growing. Spark plasma sintering (SPS) is a new technique to rapidly produce ceramic, metallic and
composite products [9-12]. Taylor is widely recognized as a progenitor of this technology, who in 1933
proposed a pioneering solution involving heating up during sintering. The Joule heat is released during current
flow through the consolidating powder. This process was named resistance sintering (RS) [13,14]. Currently a
new generation of apparatus for SPS is used. The heating is accomplished by spark discharges in voids
between the particles. Due to these discharges, the particle surface is activated and purified, and a self-heating
phenomenon is generated between the particles. The pulsed current during SPS sintering is usually applied
during consolidation of materials that conduct electric current. As a result, heat-transfer and mass-transfer can
be completed instantaneously [15, 16].

2. EXPERIMENTAL

Commercial AISI 316L austenitic stainless steel (25 m in average grain size) and titanium diboride powders
(2.5-3.5mMm in average particles size, 99.9 wt.% in purity) were used as the starting materials. The 316L
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austenitic stainless alloy and composites contained 4 and 8 vol. % TiB2 were fabricated by SPS process. The
SPS process was carried out using the HPD 5 FCT System GmbH furnace. Materials were compacted in a
graphite die using a maximum pressure of 35 MPa at vacuum. Maximum pressure was obtained after 10 min.
Vacuum and pressing time of 10 minutes was to vent the mixture. After that, the SPS furnace chamber
introduced argon, which acted as a protective gas and the sintering process was carried out. The powders
were sintered at temperature of 1000 °C and 1100 °C and duration of 5 minutes. The heating rate was about
200 °C/min. The density of the sintered specimens was determined by the water displacement method
(Archimedes method). Young’s modulus and Poisson’s ratio were measured from the velocity of propagation
of transverse and longitudinal waves using detector Panametric Epoch Ill. Vickers hardness was measured
on the polished surfaces using a diamond pyramid indenter under a load of 2.942N by FM-7 microhardness
tester. Microstructure investigations of the sintered composites were observed using optical light microscope
(Olympus GX-51) and scanning electron microscopy (SEM) (Model JEOL JSM 6610L) together with energy-
dispersive spectrometry (EDS) (AZtec). The wear tests were carried out using a ball-on-disc wear machine
UMT-2T (producer CETR, USA). The wear test conditions were: ball made of Al2Os, test duration of 2000s,
ball diameter of 3.175 mm, friction track diameter 4 mm, sliding speed of 0.1 m/s, total sliding distance of 200
m, load applied of 4 N, room temperature.

3. RESULTS AND DISSCUTION

A set of sintering experiments was conducted at temperatures of 1000 °C and 1100 °C for 5 min to study the
effect of TiBz addition on the properties of 316L stainless steel and the results are shown in Fig. 1 and
Table 1. As expected, the density of sintered composites slightly decreases with increase of the content of
TiB2 additions. A maximum relative density 198% is achieved under a condition of sintering at 1100 °C for
5 min with 8 vol% TiB.. In the case of the composites sintered at temperature of 1000 °C, the achieved density
was about 82-86% of theoretical density. Young modulus of the test specimens is in the range from 130 GPa
to 217 GPa, Poisson’s ratio of 0.26 to 0.28 and porosity from 0.26 to 15.8%. In general, the highest properties
were observed for composites with 8 vol.% TiB..
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Fig. 1 Results of: a) relative density and b) microhardness of sintered materials.

Fig. 1b shows the variations of the Vickers microhardness with TiB2 content. The microhardness increases
with the increase in TiB2 content. Microhardness of 316L austenitic stainless steel was measured as 170-185,
which increased up to 265 GPa with the addition of 8 vol.% TiBa.
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Table 1 The properties of sintered materials

Materials 316L steel Steel+4% vol. TiB2 | Steel+8% vol. TiB:
Sintering
1000 1100 1000 1100 1000 1100
temperature [°C]
Tested properties
Porosity, P [%] 12.4 4.2 10.0 4,3 15.8 2.6
Poisson’s ratio, n 0.28 0.28 0.27 0.28 0.26 0.26
voung's modulus; |5 | 57 130 192 166 215
[GPa]
E
E_ [%] 66 92 58 86 67 92
0

Fig. 2 shows microstructures of 316L austenitic stainless steel and composites sintered at different conditions.
The optical micrograph (Fig. 2a) reveals the presence of pore structure of steel. Microstructures of sintered
composites show evidences of microstructural changes as compared to the microstructure of 316L steel.
Analysis of the composite microstructures revealed that TiB2 particles are homogeneously distributed in the
steel matrix. In addition, formation of fine chromium phases which were distributed along the grain boundaries
was observed. Chemical analysis (Fig. 3 and 4) indicates the presence of chromium and molybdenum in
observed precipitations.

d) e)

Fig. 2 Microstructure of sintered: a) 316L austenitic stainless steel (1100°C) and composites with: b) 4%vol
TiB2 (1000°C), c) 4%vol TiB2 (1100°C), d) 8%vol TiB2 (1000°C), e) 8%vol TiB2 (1100°C)

455



'EY, . .
ME 1AL

2014 C 0 (M o+ THS% +

Ti Kal Cr Kal

SEF, 25KV 1000  ———
502_8%1iB2 3 e Tny 50um T Soum

Fe Kal Ni Kal B Kal 2 Mo Lal

]

—— —
50um 50um 50um 50um

Fig. 3 SEM microstructure of composites with 8%vol.TiB:z (sintering 1100 °C) and corresponding surface
scans analysis (EDS)
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Fig. 4 The selected line scanning analysis (EDS) of composites (sintering temperature of 1100°C)

Fig. 5 presents the influence of titanium diboride on tribological properties of composites. The results have
also shown a reduction in the friction coefficient with the increase of the share of the strengthening phase in
the steel matrix. The friction coefficient varied from 0.62 to 0.51 and from 0.61 to 0.38, when increased the
TiB2 content in matrix from O to 8 vol.% (Fig. 5a). The wear rate of composites clearly decreases with the
increase of ceramic content (Fig. 5b). Compared with the steel, the wear rate of the composite with 8 vol.%TiB2
is the lowest. Tjong and Lau [17, 18] investigated the wear behavior of AISI 304 stainless steel and composites
reinforced with various volume fractions of TiB2 particles. They reported the wear resistance of 304 stainless

steel improves with increasing TiB2 content.
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a) b)
Fig. 5 a) Variations of the friction coefficient and b) the wear rate with content of TiB2 particles

CONCLUSIONS

The addition of TiB2 particles for developing properties and microstructure of the stainless steel composites
was investigated. The TiB2 addition improves the sintered density, microhardness and wear resistance of
sintered composites. The highest properties were observed for the composites with 8% vol. TiB2 which were
sintered at temperature 1100 °C.
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