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Abstract
In the present study, characterization properties of borides formed on AISI D3 steel have been investigated. The boride layer was characterized
by optical microscopy, X-ray diffraction technique and the micro-Vickers hardness tester. X-ray diffraction analysis of boride layers on the
surface of the steels revealed the existence of FeB, Fe2B, CrB and Cr2B compounds. Depending on the chemical composition of substrates
and boriding time, the boride layer thickness on the surface of the steel ranged from 32.15 μm and 73.68 μm. The hardness of the boride compounds
formed on the surface of the steels ranged from 1692 to 1874 HV0,1, whereas Vickers hardness values of the untreated the steels was 584 HV0,1.
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INTRODUCTION

As a thermos chemical process used for surface hardening boriding or boronizing entails heating a material
to between 700-1000°C for 1 to 12 hours using a boronaceous solid powder, paste, liquid or gaseous medium. The
powder-pack boriding, which is one of the thermochemical
methods, is tech-nologically simpler and more economic in
comparison with other boriding processes. The morphology
of the boride layers is influenced by the presence of alloying
elements in the matrix. Sawtooth- shaped layers are obtained in low-alloys steels whereas in high-alloy steels, the
interfaces tend to be flat. Borided steel components display
excellent performance in several tribological applications in
mechanical engineering and automotive industries. Borided
steels exhibit high hardness, high wear resistance, and improved oxidation and corrosion resistance [1-3].
The hardness achieved is many times higher than any
other surface hardening process. The combination of high
hardness and low coefficient of friction enhance wear, abrasion and surface fatigue properties. Other benefits associated
with boriding are retention of hardness at elevated temperature, corrosion resistance in acidic environment, reduction in
use of lubricants and a reduced tendency to cold weld. The
borided steel surfaces with a high hardness have outstanding
wear and corrosion resistance. Therefore, boriding are common thermochemical surface treatments applied to improve
the surface properties of machine parts [5-7].
The wear behavior of borided steels has been evaluated
by a number of investigators [7-10]. However, there is no
information about the friction and wear behaviors of borided AISI D3 steel. The main objective of this study was to
investigate the friction and wear behaviors of borided AISI
D3 steel. Structural and tribological properties were investigated using optical microscopy, XRD, SEM, EDS, microhardness tests and a ball-on-disc tribotester.

MATERIALS AND METHODS

Boriding and characterization
The AISI D3 steel contained 1.76 wt.% C, 12.80 wt.%
Cr, 0.50 wt.% Mn and 0.35 wt.% Si. The test specimens
were cut into Ø28x10mm dimensions, ground up to 1000G
and polished using diamond solution. The boriding heat
treatment was carried out in a solid medium containing an
Ekabor-II powder mixture placed in an electrical resistance
furnace operated at the temperature of 1123 K and 1223 K
for 6 h under atmospheric pressure. The microstructures of
polished and etched cross-sections of the specimens were
observed under a Nikon MA200 optical microscope. The
presence of borides formed in the coating layer was confirmed by means of X-ray diffraction equipment (Rigaku Geigerflex) using Cu Kα radiation. The hardness measurements
of the boride layer on each steel and untreated steel substrate
were made on the cross-sections using a digital microhardness tester fitted with a Vickers indenter under loads of 100
g.

RESULTS AND DISCUSSION

Characterization of boride coatings
The cross-section of the optical micrographs of the borided AISI D3 steel at the temperature of 1123 K and 1223
K for 6 h are shown in Figure 1. As can be seen, the borides
formed on the cold work tool steel substrate have a smooth
morphology due to higher alloy content. It was found that
the coating/matrix interface and matrix could be significantly distinguished and the boride layer had a columnar structure. Depending on the chemical composition of substrates
and boriding time, the boride layer thickness on the surface
of the steel ranged from 32.15 μm and 73.68 μm.

Fig. 1. The cross-section of borided AISI D3 steel
a) 1123K-6h, b) 1223K-6h
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In this study, the presences of borides were identified using XRD analysis in Figs. 2a and 2b. XRD patterns show that the boride layer consists of borides such as
AB and A2B (A=Metal; Fe, Cr). XRD results showed
that boride layers formed on the AISI D3 5120 steel contained the FeB, Fe2B, CrB and Cr2B phases, in Fig. 2a,b.

The hardness of the boride layer formed on the AISI
D3 steel varied between 1692 and 1874 HV0,1. On the other hand, Vickers hardness values were 584 HV0,1 for the
untreated AISI D3 steel. When the hardness of the boride
layer is compared with the matrix, boride layer hardness is
approximately three times greater than that of the matrix.

CONCLUSION
In this study, wear behavior and some of the mechanical properties of borides on the surface of borided AISI
D3 steel was investigated. Some of the conclusions can be
drawn as follows.
•
The boride layer thickness on the surface of the
AISI H10 steel was obtained, depending on the chemical
composition of substrates, 32.15-73.68 μm.
•
The multiphase boride coatings that were thermo
chemically grown on the AISI H10 steel were constituted
by the FeB, Fe2B, CrB and Cr2B phases.
•
The surface hardness of the borided steel was in
the range of 1692-1874 HV0,1, while for the untreated the
steel substrate it was 584 HV0,1.
•
The lowest wear rate was obtained in the steel borided at 1223K for 6 hours while the highest wear rate was
obtained in the unborided steel.
•
The wear rate of the borided steel was found
to be approximately five times lower the wear rate of the
unborided steel.
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