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ABSTRACT

Enhanced corrosion and wear resistance are crucially
important to prolong the service life of biomaterials.
Boronizing has been reported to enhance the wear resistance of
pure chromium. In this research, we investigate friction and
wear behavior of boronized chromium. Pin-on-disc tribometer
was used to conduct the wear and friction tests. Experiments
were conducted in dry conditions as well as in simulated body
fluid (SBF). Fundamental aspects of wear mode and lubrication
behavior were studied using surface characterization techniques
such as TEM, and X-ray diffraction. Results showed evidence
of tribo-chemical interactions between SBF and work piece
materials.

INTRODUCTION

Boride coatings have been applied to metal surfaces in
order to improve their corrosion resistance, electrochemical
properties, tribological performance, and to prolong service life
[1, 2, 3 and 4]. Boronizing is one way to form this uniform
coating on the substrate material. It is a thermo-chemical
diffusion surface treatment in which boron atoms diffuse into
the surface of the work piece to form hard borides with the base
materials [5]. Efforts have been made in studying material
properties of boronized steels. Anthymidis et al. did a
comparative study of boride coatings on a steel substrate
obtained by the pack-cementation method and by fluidized bed
technology [6]. Wear mechanisms of boronized steels have
been reported. In a previous study, formation and self-
lubricating mechanisms of thin boron oxide and boric acid
films on surfaces of boronized steel were reported. The ultra-
low friction behavior of boronized steel surfaces was due to
layer-lattice structures of these films [7, 8, 9, 10, and 11].
Martini [12] found that there was difference in values of surface
height in different regions of the coatings in a study of wear
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mechanism of boronized steel. The difference was due to
various crystallographic orders of iron borides.

The motivation of present research is to understand the
most fundamental tribological issues of boronized chromium.
Our previous work reported the wear behavior of boronized
tungsten and niobium [13, 14, and 15].

MATERIALS AND METHODS

Boronized chromium for 4 hours at 940°C in a solid
medium using Ekabor powders was studied. The dimensions of
the specimen were approximately 1.1 cm x 0.7 cm x 0.5 cm.

A pin on disk tribometer (CSM instruments) was used for
the friction and wear tests with boronized chromium as the disk
materials and steel bearing ball (E52100) as the pin. Two
different test conditions were used i.e. dry and using simulated
body fluid (SBF). The chemical composition of SBF is given in
Table 1. The normal load applied was 5N. The half amplitude
of the linear reciprocating sliding motion was 1 mm with a
maximum linear speed of 2.5 cm/s which formed the wear track
of 2 mm.

The debris characterization was done using the
transmission electron microscopes JEOL 1200, and JEOL 2010.

Table 1: lonic concentration of Simulated body fluid [16].

lon Na* | K" | MgZ¥ | ca®| cCI | HCOs | HPO, | SO

Conc. [ 1420 [ 50 | 15 [ 25 | 1478 42 1.0 05
(mM)

RESULTS AND DISCUSSION

Figures 1, and 2 show variation of coefficient of friction
with time for boronized chromium against a steel bearing ball
in dry and wet conditions respectively. In the case of dry
conditions, the friction coefficient fluctuated initially but had an
overall increase and stabilized at approximately 0.42. There
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was no well defined break-in period. In wet condition, initially
coefficient of friction was achieved a local maxima and then
lowered. After that there was continuous increase in it. This
might indicates that the reaction between sliding materials and
the SBF fluid deteriorated the friction. The results indicate a
difference in the surface friction characteristics of the two
materials. On close examination of the wear particles (formed
during dry sliding of CrB) using transmission electron
microscopy shown in Figure 3, it was found that the particles
were amorphous. Similar observation is necessary for the wear
particles formed during wet test as well. These results provide
us with important information on the surface properties of
boronized chromium for future biomaterials development.

CONCLUSIONS

Friction and wear behavior of CrB in biofluid were studied.
The biofluid reduced the friction but was not stabilized. In dry
test the amorphous debris was formed.

Fig. 1: Friction coefficient Vs time for dry CrB.

Fig. 2: Friction coefficient Vs time for wet CrB.

Fig. 3: TEM micrograph of CrB debris in dry
condition. Inset: Selected area diffraction.
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