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Abstract— Commercially pure titanium has characteristics that define it as an excellent biomaterial, and for
presenting these properties, it is widely used for biomedical purposes. In view of this information, studies are being
conducted on titanium in order to improve its biocompatibility and adaptation with human tissue. Several types of
topographic, chemical and surface analysis are proposed in order to make Ti CP an increasingly biocompatible
material. The present work aimed to analyze the surface roughness and wettability of Ti CP, as well as the correlation
of these properties. Twelve titanium discs with different Ra roughness grades and different orientations of this
roughness were used and then a wettability analysis was performed using the sessile drop technique using water.
Relationships between wettability and roughness can be made from the results obtained.
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. INTRODUCTION

Actually, with the increasing number of injuries
associated with accidents and factors related to
longevity, the use of implants is necessary, where they
are made from biomaterials. Thus, the use of
biomaterials is extremely important to provide a better
quality of life for the population as a whole[1].

From this perspective, biomaterials comprise a
significant fraction of the products used in both Health
and Engineering, being estimated at 300,000 prostheses
in about 10 years[2]. Thus, the problem of obtaining
prostheses as close as possible to natural bone tissue is
widely studied in the field of materials science.[3].

However, for a direct structural and functional
connection between the living organized bone and the
implant surface, Osseointegration [4],elements such as
commercially pure titanium (Ti-CP), is widely used for
the broad corrosion resistance, conformability, ductility
and strength of a specific application[5], reducing
rejection phenomena in the long run[6].

Ti-CP surface characteristics such as surface
energy, roughness, wettability and topography are
essential conditions for osseointegration [7].Considering
the parameters, a material subjected to superficial
modifications may present a reduction in the biological
response time, in order to have a greater effectiveness in
the adaptation of the implant with living organisms[8].

Thus, when there are changes in the roughness
of Ti CP, consequently there will be a variation in the
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surface energy as well as its topography and
wettability[9].

Roughness can be defined as a set of
irregularities on the surface of a sample, including peaks
and valleys relative to a reference plane or imaginary
plane[10].There are fundamental parameters indicating
roughness, which can be cited: Ra, Rqg, Rz e Ap eAv.

The Ra parameter indicates the average
variation between peaks and valleys of the imaginary
surface mean line. Already Rq, the mean square value of
the roughness profile deviations and Rz the mean value
of the unit roughness obtained in five measurement
lengths. Ap and Av are the areas of the peaks and
valleys[11].

Surface wettability can be studied through the
contact angle of the liquid with the solid surface. Thus,
the higher the wettability, the greater the interaction of
the surface with the biological environment[12]. In the
study of wettability, wetness is the ease that gout has to
spread and can be classified into two types: physical and
chemical. The first can be classified as interfacial solids
interactions as Van der Walls force[13], and the second
type of wetting can be defined as the chemical reactions
between a solid and a liquid, or surface tension decrease
and greater wetting[14].

The contact angle calculated by Young's

equation:
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cos Br — Ysv=¥s1) (1)
Yiv
Were: Yo (solid-gas), yq(solid-

liquid),y;,, (liquid-gas)[15]. The surface characterization
of solids with respect to hydrophobic and hydrophilic
surfaces can be determined from their respective contact
angles[16]. Where, according to Young's equation, for
0 _r <90 one has a hydrophilic surface and for 6 r> 90 a
hydrophobic surface.

Wenzel's model studies the contact angle for a
micro and nanoscale surface. Thus, on a smooth surface
when we add a roughness to it, there is an increase in
surface area, so that its initial contact angle values
change, tending to increase. The phenomenon occurs
because with the roughness, the material gains what
Wenzel calls the roughness factory,, [15].

In 1932, Wenzel proposed his relatively simple
model for rough surfaces[17]. With it, one can observe
how roughness affects wettability due to the increase of
contact angle. The contact angle of the Wenzel equation
is described as follows:

(Ysv—vs0)
Ysv—Vsl) _ %,y COS 91‘
Yiv

)
6,,is called Wenzel's apparent contact angle, as

opposed to the actual contact anglef,to Young's
equation for a smooth surface[15].

cosf, =1,

1. MATERIALS AND METHODS

Initially we worked with 12 samples of Ti CP,
where they were submitted to the metallographic
preparation of sanding with silicon carbide sandpaper
with granulometry ranging from 220# a 2000# and
polishing using alumina ofl pm, 0,5 um e de 0,03 um
respectively, making them all the same.

After the discs were homogenized, they were
divided into three groups according to the direction of
the grooves that were made with the sandpaper, was
used a sandpaper of 80#, 220#, 600# e 1200 #. To
measure the final roughness a standard roughness meter
was usedTime Group Inc., model TA 630 and Ra
parameter.

After roughness analysis, the samples were
subjected to the determination of the contact angle,
which was made by the sessile drop method using water
as wetting liquid. The contact angle value was measured
using the Surftens DEMO software.

. RESULTS
Figure 1 shows the roughness results for different
working groups. A decrease in Ra roughness was
observed as the sanding grain size was increased, as
expected since 1200 # sandpaper is thinner than 80 #
sandpaper for example.

Orientation Sandpaper 80 # Sandpa:#per 220 Sandpz;per 600 Sandpazer 1200
Group 1 1- 1,656 pm 4- 0,698 um 7- 0,289 pm 10- 0,186 um
e 1
Group 2 f_ ?t' 2- 1,734 pym 5-0,713 um 8- 0,232 um 11- 0,209 um
S,
AT
|'|" S I|\I
Group 3 \ 'd?:irl,,l 3-1,201 pm 6- 0,404 um 9- 0,289 um 12- 0,159 pm
e
— - 3

Fig.1 — Roughness orientation for different groups

Comparing the three groups, it can be observed that group 2 had higher Ra roughness than the others, except for
condition 7. This difference can be attributed to the pressure variation used during mechanical and manual sanding.
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Fig.2 —Roughness x different particle size of the sandpaper.
Figure 2 shows a new representation of the data

in Figure 1, where it can be seen that group 3, group in
which the surface treatment done by an automatic sander

had an initial disparity in relation to groups 1 and 2,
which had their roughness orientations done manually,
but for the sandpaper 1200 all had similar roughness.

Figure 3 shows the contact angle values for all
conditions analyzed. A relationship between the contact

angle values and those of the Ra roughness was
observed, this relationship is justified based on Wenzel's
theory which shows that when a sample has different
roughness its surface area increases, and from Young's

equation for energy. This new area tends to receive a

roughness factor, making the larger this factor, the
wetter the material becomes.
. . 22 12
Orientation Sandpaper 80 # Sandpaper 220 | Sandpaper 600 | Sandpaper 1200
# # #
Group 1 1- 23,18° 4-28,12° 7-24,7° 10- 32,38°
- 1
T
Group 2 f_ ?t' 2-21,44° 5-25,18° 8-32,12° 11- 34,16°
.‘-;:::; 2
AN
Group 3 WAL 3-23,96° 6- 19,16° 9- 26,96° 12- 26,24°
i
— - 3
Fig.3 - Contact angles for different groups
roughness was related for the three different topographies analyzed.

From the roughness and contact angle data, the graph of figure 4 was constructed, where the contact angle with the
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Fig.4 - Analysis of the contact angle relationship as a function of roughness for the different groups analyzed.

In figure 4, it was observed that the group 2
presented the best results of roughness as well as
wettability, because for higher degree of roughness had
greater wettability and for lower roughness values,
consequently the samples wet less. Among the analyzed
groups, group 3 was again quite different from the others,
thus it was observed how the mechanical surface treatment
affected the analyzed samples from group 3.

V. CONCLUSIONS
It was observed that we can relate the roughness and
wettability of a material through the Young and Wenzel
equations, and thus, it can be observed that samples with
different degrees of roughness tended to have larger and
smaller contact angles, directly correlating to roughness
with wettability.
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