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Abstract — In this study surface behaviour of sand blasted and
acid etched ultra-fine grained Til3Zr13Nb specimens were
investigated. Surface characters are a crucial factor that effect
osseointegration performance of implants. Til3Nb13Zr
specimens were processed by means of hydrostatic extrusion
technique. The effect of the grain size and surface modification
on the surface roughness and topography were systematically
investigated with stylus-profilometer and scanning electron
microscope.
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1. INTRODUCTION

Titanium and its alloys are most common materials for
biomedical and dental applications due to their close
mechanical properties to human body, high specific strength
with low elastic modulus and good corrosion resistance [1-
3]. Among their mechanical properties, surface
characteristics are also important for biomedical application.
With the development of severe plastic deformation
techniques, ultrafine-grain sized alloy metals become
attractive because of its good properties [4-8]. An enhanced
mechanical strength [4], good mechanical compability to the
body with low young modulus [5-7] and good
biocompability with non-toxic behaviour [8] on B type
ultrafine-grained titanium were reported. In addition, it is
reported that small grain size provides rapid cell formation
on the implant surfaces [9, 10]. Decreasing cell sizes
increases grain boundary lengths. According to the literature
cells favoured to accumulate along the grain boundaries
[11]. Besides, biomaterials still need some surface
modification to biologically activate their bioinert surfaces
[12].

In literature there are plenty reports for surface modification
of biomaterials to provide a proper surface morphology and
chemical composition for cell adhesion on surfaces. The
cited studies have been performed on a wide variety of
material surfaces produced through various processes, using
different modification techniques including blasting [13, 14,
16], chemical etching [15,16], laser pulses [17], micro-arc
oxidation [18], coating technique [19]. The results indicate
that surface characteristics have a significant effect on the
osseointegration success.

Severe plastic deformation techniques bring about grain
size down to sub-micron level [20-25]. For titanium alloys
some biologically toxic elements (Al, V) are being widely
used to increase mechanical properties for implants [26-27].
This plastic deformation technique enables improving
material ~ strength  without changing its chemical
composition.  Till now, a number of severe plastic
deformation techniques have been developed, including
hydrostatic extrusion [21, 22], high pressure torsion [23],
equal-channel angular pressing [24, 25].

The purpose of the present work is to investigate surface
morphology and roughness of ultrafine grained Til3Nb13Zr
for biomaterial usage. The specimen surface morphologies
and roughness values are compared with coarse grained
Til3Nb13Zr and pure titanium (Grade 4). After sand
blasting of modified sample discs surface characteristics
were observed with SEM investigations and quantified with
roughness measurements by means of stylus-profilometer.

2. MATERIALS METHOD

The experiments were conducted using Ti-13Nb-13Zr
alloy with chemical composition given in Table 1. The
material was supplied in the form of cylindrical bars from
Timet, USA. The specimens were in roll geometry with 30
mm diameter. Hydrostatic extrusion applied ambient
condition. For both extrusion steps the hydrostatic pressure
was measured nearly 1 GPa. After each extrusion the
materials were water quenched at the die exit.

Table 1. Ti1l3Nb13Zr Chemical Composition

Material Wt(%)
Ti Base
Nb 12,5
Zr 13,8
Fe 0,059
C 0,009
N 0,024
0 0,09
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H 0,003

For the surface morphology, three discs selected from each
specimen group. Specimens were observed on a scanning
electron microscope with energy dispersive spectroscopy
(EDS) for qualitative chemical analysis.

The roughness parameters were measured two-
dimensionally with a contact method using a stylus
profilometer (Mitutoyo). Three discs from each group were
used; the roughness parameters were determined in two
directions in each specimen (n = 5). The parameters for
characterizing the roughness were: arithmetic mean of the
absolute values of roughness (Ra), and the root square value
of average roughness (Rq).

Before blasting procedure, samples were either abraded with
P200 silicon carbide abrasive metallographically polished to
a 1 pum finish using diamond paste. Samples were grit-
blasted at 80 psi using 60-100 um diameter particle sized
titanium oxide abrasive. Samples were blasted from a 60
mm distance to provide a uniform surface topography.

3. CONCLUSIONS

Biomedical implants require a proper surface roughness
and morphology for a successful osseointegration
performance. Homogenous morphology enables proper
fixation with equal cell adhesion on the implant surface.
Ultrafine grained Til3Nb13Zr material expected to have
more homogenous surface owing to its refined grain
structure.
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