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ABSTRACT

In the present study, UHMWPE (Ultra High Molecular Weight Polyethylene)- 0.5, 1 and 2 wt-%
Hap (hydroxyapatite) composite film coatings on Ti6Al4V alloy were produced by dip coating
method. Homogeneous dispersion of Hap particles was detected by SEM (Scanning Electron
Microscope) and FE-SEM (Field Emission Scanning Electron Microscope). The characteristic
absorption peaks of Hap are observed by FTIR (Fourier Transform Infrared Spectroscopy).
Hap addition caused the increment of the crystallinities of composites from 24.6% to 56.8%
related with the increment of the melting temperatures. Composite coatings showed
excellent wear resistance with the decreasing worn area of 96% and the friction coefficient
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of 97%, compared to the uncoated Ti6Al4V. The biocompatibility and wettability tests of all
coated surfaces were performed. It is foreseen that UHMWPE/2wt-%Hap composite film

coating on Ti6Al4V will be promising for Hip joint prosthesis.

Introduction

Biomaterials, which is a multidisciplinary field, are
natural or artificial materials used to support the func-
tions of living tissues that have lost their function in
the human body [1]. An implant material must first
be biocompatible, sufficiently durable, corrosion
resistant, nontoxic, antiallergic and doesn’t have any
mutagenic or carcinogenic effects, and has an accepta-
ble price/benefit ratio [2-4]. Pure titanium and its
alloys are the most preferred material for biomedical
applications due to their bone-near elastic modulus
(120 GPa), durability, excellent corrosion resistance,
load-bearing ability, lightness, non-toxicity and most
importantly biocompatibility [5,6]. The low elastic
modulus of titanium and its alloys causes lower stress
accumulation than bone. So one of the most common
biomedical application areas of them is the artificial
hip joint replacement applications [7,8].

In the case of Ti6Al4V alloys are used as an implant
material, titanium ions may accumulate locally in tis-
sues after long-term use. However, the reaction of the
bone against the implant and the success of the
implant related to the chemical and physical proper-
ties of surfaces. Studies on the surface treatment of
titanium are carried out to increase the bonding
between the bone tissue and the implant. It is clear
that reducing ion accumulation by forming stable pas-
sive TiO, film will provide many benefits for the
patient and increase the life of the implant and prevent
repeated surgeries [5,7,9,10]. This natural oxide is
easily broken down and can harm the body [11]. In

addition, while titanium alloys are used in the con-
struction of joint prostheses due to their biocompati-
ble, durable and lightweight nature, they are not
ideal for joint surfaces due to their high coefficient
of friction and poor wear resistance [12]. Surface coat-
ings with a polymer film by dip coating method is a
low cost, easy to perform method, thus increasing
the wear life of the component.

UHMWPE which is one of the promising polymer
film, has been widely studied to improve the tribologi-
cal properties of steel, aluminium and titanium sub-
strates [4,12] and common application of this organic
polymer in medicine is as hip and knee prosthetic com-
ponents [13-15] because of its high corrosion and
wear-resistant, biocompatibility, low coefficient of fric-
tion, good strength/ductility, self-lubricating properties
compared to all other polymers [2,16,17]. Despite these
superior properties of UHMWPE, wear, osteolysis and
aseptic loosening caused by long-term use in hip pros-
theses cause bone loss, discomfort, joint loosening and
limit the life of the joints [4,14,17-24]. To overcome
this problem and increase the mechanical and tribolo-
gical properties of UHMWPE, Hap (Ca,q (PO,) 6
(OH) ,) one of the attractive materials for biomedical
applications can be added into the matrix. Studies
have shown that the optimum amount of micro and
nanoscale second phase, inorganic particles, ceramic
and biomaterial reinforcement to the UHMWPE
matrix can improve not only the mechanical but also
the tribological properties of the UHMWPE matrix
composite [19,25-29].
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The objective of this study is to increase the tribo-
logical properties of Ti6Al4V substrate, which was
chosen as hip joint material, and also to prevent any
metal ion transfer to human body by coating with
UHMWPE/Hap composite films. Microstructural
and tribological properties of all UHMWPE/Hap
composite film coatings will be characterized. With
this study, we will also see the effect of Hap addition
to the UHMWPE matrix. According to author’s
knowledge, this is the first reported paper investi-
gating the effect of Hap addition on UHMWPE com-
posite coatings over Ti6Al4V alloy for potential
application of hip joint components.

Materials and methods
Preparation of samples

The UHMWPE powder having a molecular weight of
10°-6.10° g/mol, was supplied by Sigma-Aldrich.
Reinforcement agent of Hap powder was produced
by biomimetic method. Decalin (decahydronaphtha-
lene) >99% was used as solvent and supplied from
Alfa Aesar. Other chemicals were all purchased from
Sigma-Aldrich. Ti6Al4Valloy plates with dimensions
of 15 mm x 50 mm X 2 mm were ground in steps of
240, 320, 400, 600 and 800 grid abrasive papers to
have smooth surface before anodic oxidation and
cleaning process were performed in ethanol, acetone,
deionized water.

Experimental studies were performed at three
stages as listed below:

1. Anodic oxidation:

First anodic oxidation process of Ti6Al4V substrate
has been carried out. In the electrochemical process
Ti6Al4V alloy was used as anode, and a steel pot
was used as cathode using a constant voltage of
100 V for 20 min. Electrolyte solution was containing
of phosphoric acid and hydrogen peroxide. After oxi-
dation process heat treatment was performed at 600°C
for 1 h. Anodized and heat-treated sample surfaces
were roughened and got ready for dip coating process.

II. Gellation- crystallization:

Second UHMWPE solution was prepared for dip
coating process by gelation crystallization method. 3
wt-% concentration UHMWPE powder was dissolved
in decalin solution by heating to 80°C for 20 min and
after to 160-180°C for 45 min using magnetic stirrers.
When the solution turned to transparent it indicated
that  dissolution was completed uniformly.
UHMWPE/Hap composite gel wsa obtained by add-
ing different weight ratios of Hap particles into the
hot gel.

III. Dip coating:

In the third stage, anodic oxidized Ti6Al4V alloys
were coated by UHMWPE-Hap composite film by
dip coating process. 1.9 mm/s of dipping and withdra-
wal speed was used for the dip coating process with a
soaking time of 75-80s in solution. Finally, the
samples were heat treated at 100°C for 20 h.

Flow chart including experimental studies was
given in Figure 1.

Characterization of samples

Microstructural characterization

The chemical composition and surface morphologies
of UHMWPE/Hap composite films were examined
by JEOL LV6000 SEM- EDS (scanning electron micro-
scope equipped with energy dispersive spectroscopy)
and FE-SEM (Field Emission Scanning Electron
Microscope).

FTIR analysis

Organic structure and the functional groups of com-
posite coatings were analyzed by a Fourier-trans-
formed infrared (FTIR) spectroscopy on Perkin
Elmer-Spectrum in the range of 3000-500 cm™" in
wavelength. Three scans were applied for each sample

and the average results were taken.

DSC analysis

The DSC analysis of the UHMWPE/Hap composite
films was carried out by DSC (differential scanning
calorimeter), TA Instruments Q20 calorimeter,
under a nitrogen atmosphere. Each sample was heated
to 200°C with a heating rate of 10°C/min. The melting
temperature (Ty), enthalpy of fusion (AHj), and
degree of crystallinity (Xc) of samples were obtained
by means of DSC curves. The crystallinity degree of
the UHMWPE and its composites was calculated
using Equation (1).

AH;

XC =
AH100

x 100 (1)

(AH)) represents the enthalpy of fusion and (AH,q)
represents enthalpy of the crystalline UHMWPE
(290Jg™!) at melting point. (AHp) is determined
from the area under endotherm melting peak [30].

Wear and friction tests

A tribological study of the UHMWPE-Hap composite
films coated and uncoated Ti6Al4 V alloys was carried
out on ball-on-disk mode at a sliding speed of 12 cm/s
for 6000 cycles in the mode of dry friction by CSM
Instrument. Wear studies were performed against a
6 mm diameter of alumina ball, under the 2 N load
in linear mode. Adhesion behaviour of composite
coatings was tested via scratch tests under the 1IN
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Figure 1. Process flow chart of the UHMWPE/Hap composite film

load, 0.34 cm/s sliding speed and 5 mm siliding dis-
tance in accordance with ASTM D7027 standards.
KLA Tencor model 2D surface profilometer was
used to analyze the worn surface and determine the
wear volume.

Bioactivity tests

In this study, in vitro bioactivity examination of
UHMWPE-Hap composite coatings was performed
by soaking specimens in nonconventional simulated
body fluid (SBF) solution. The ionic composition of
blood plasma and SBF solution was given in Table 1.
While preparing the SBF, the pH was set to 7.4
using hydroxymethyl aminomethane (TRIS) and
1.0 M HCI to prevent precipitation, and the reagents
were added after the dissolution process in the
700 mL of water. The biomimetic process in SBF is
based on the precipitation of heterogeneous calcium
phosphate nucleation formed in SBF (synthetic body
fluid) at 37°C and 7.4 pH. Synthetic body fluid is pre-
pared as a result of chemical analysis of human body
fluid. Its concentration is adjusted equal to the
human blood plasma. Biomineralization by depositing
bone-like apatite in the prepared SBF was carried out
in a water bath of 37°C. Since the apatite formed on
the surface will consume the phosphate ions and cal-
cium ions, therefore, synthetic body fluid is renewed
at regular intervals. Bone-like apatite deposition was
achieved on the surface of UHMWPE/Hap composite
materials by keeping them in SBF environment at
body temperature for 8 days and characterized by
SEM-EDS.

Surface wettability

Contact angle tests were performed for determining
the  hydrophilicity and biocompatibility — of
UHMWPE-Hap composite coatings with the human

Table 1. lon concentration of blood plasma and SBF solution.
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body before and after keeping them in SBF solution
by using Attention Optical Tensiometer measuring
device. The pendant drop method was used for con-
tact angle analysis by dripping microliter distilled
water on the substrate surfaces. Before this process,
the contact angle device was calibrated, and the sub-
strate was made flat.

Results and discussion

UHMWPE-Hap composites were coated on anodic
oxidized Ti6 Al4V alloy homogeneously by dip coating
method. Microstructures of UHMWPE/Hap compo-
site films were first examined by SEM. Figure 2
shows SEM microstructures of UHMWPE- Hap com-
posite coatings with the unreinforced UHMWPE.
Grey dimpled regions belong to UHMWPE matrix,
and rare white small dots indicate the Hap particles.
The Hap particles were surrounded and tightly
bound by the polymer matrix and dispersed homoge-
neously in the UHMWPE matrix. Although interfaces
were defect-free.

Microstructures of UHMWPE/Hap composite
films were investigated in detail by FESEM (Figure 3).
It is seen from the microstructures that the composite
coatings have a homogeneous, dense porous and
fibrous structure composed of UHMWPE lamellar
chains connected to each other by fibrils having
macrovoids. The diameter of macrovoids is approxi-
mately 3-5pm, and the pore diameters decreased
with the addition of Hap particles, and the structure
has become more homogenous. At higher magnifi-
cations lamellar structure and grain boundaries of
UHMWPE matrix are seen obviously (Figure 4).

Homogenous distribution of Hap particles in
UHMWPE matrix and perfect bonding between
them provided superior properties. We suggested

lon (mM) Na* K+ Mg** Ca®* a HPOZ 504% HCO*
Blood 142.0 5.0 15 25 103.0 1.0 0.5 27.0
SBF 142.0 5.0 15 25 147.8 1.0 05 42
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Figure 2. SEM images of (a) pure UHMWPE, (b) UHMWPE/0.5wt-%Hap, (c) UHMWPE/1wt-%Hap and (d) UHMWPE/2wt-%Hap com-

posite films.

that gelation crystallization method ensured the dis-
persion of Hap particles homogenously and caused
the heterogeneous nucleation by attaching UHMWPE
chains on them. Therefore, UHMWPE-Hap compo-
sites have higher crystallinity than unreinforced
UHMWPE. Furthermore, SEM and FESEM results
showed that the surface of UHMWPE-Hap composite
coating became more homogenous and less wrinkled
in relation to the smaller size of macro voids with
increasing the amount of Hap particles. A decrease
in the size of macro voids can be based on the
increased nucleation agent of Hap particles by con-
necting each other with the polymer chains. It is poss-
ible to say that, increased bonds will increase the
crystallinity degree and therefore mechanical proper-
ties of UHMWPE/Hap composites will increase posi-
tively similar to studies done by Senatov [31] and
Maksimkin et al. [32]. In other words, the adhesion
of Hap particles with the polyethylene matrix will
increase the mechanical properties of the composite.
Elemental analysis and mapping were carried out
through SEM- EDS in order to estimate the atomic
composition of composite coating (Figures 5 and 6).
The results revealed that white regions in Figure 5
including Ca, P and O elements indicate the hydroxya-
patite particles. It was found that the atomic ratio of
Ca/P is approximately 1.65 which proves the presence

of hydroxyapatite. As can be seen in the SEM-Map
analysis (Figure 6) Ca, P and O are found together
and dispersed homogenously in the UHMWPE
matrix.

Mechanical properties and wear resistance of
UHMWPE composites highly depend on the chemical
properties, crystalline- amorphous phase amount and
the reinforcing particle distribution of composite.
FTIR analyses of pure UHMWPE, UHMWPE-0.5, 1
and 2wt-%Hap composite coatings, treated with IR
rays to get an idea about their special chemical
bonds, are illustrated in Figure 7. The characteristic
absorption peaks for phosphate group (PO4) of
Hap are observed in the range 561 and 610 cm™'
(v4), between 1033 and 1074 cm™' (v;), and at
957 cm™" (v,) which are attributed to P-O bending,
asymmetric P-O stretching and symmetric P-O
stretching vibrations, respectively. Three basic peaks
for UHMWPE could be found. As shown in Figure
7 two strong peaks at 2846 and 2915 cm™" correspond
to CH stretching modes, peaks at 1458-1469 cm™"
corresponding to the bending of -CH,- and the
peaks at 718-732cm™' attributes to CH, rocking
vibration. With the addition of Hap other peaks
appeared at the 1645 cm™" and 1735 cm™" are attribu-
ted to C=C stretching vibration [33] and C=0O bonds
[20], respectively. All characteristic peaks of both
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UHMWPE/0.5wt.%Hap

UHMWPE/1wt.%Hap

UHMWPE/2wt.%Hap

Figure 3. FE-SEM images of UHMWPE/Hap composite films, 1000x (left column) and 5000x (right column).

Hap and UHMWPE structures were determined with
the FTIR results, and their structures were confirmed
compatible with literature. Chemical groups identified
by FTIR are evidence of homogenous distribution of
reinforcement particles into the UHMWPE matrix.
Increasing intensity of all peaks with increasing Hap
particles can be attributed to increasing bond strength

between UHMWPE chains and Hap, and it brings
increasing the crystalline phase amount. UHMWPE
has small hydrogen side groups, which cause high
chain mobility.

Effect of Hap addition on the crystallinity degree of
UHMWPE was detected by DSC analysis. Figure 8
shows the DSC curves of the UHMWPE composites.
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Figure 4. FE- SEM images of (a) UHMWPE, (b) UHMWPE/0.5wt-%Hap, (c) UHMWPE/1wt-%Hap and (d) UHMWPE/2wt-%Hap com-

posite films, 50.000%.

Figure 8 shows that there are distinct endotherm peaks
showing the melting points (Tm) of the composites
which are approximately 140°C for pure UHMWPE.
The addition of Hap increased the T, of
UHMWPE-Hap composites. There is an apparent
increase in T, at 2 wt-% of Hap addition.

Table 2 shows the DSC data results for UHMWPE-
Hap composites. The addition of Hap increased both
T, and the crystallinity degree of UHMWPE
significantly.

Any barrier to chain movement can increase the
degree of crystallinity and also the strength of poly-
ethylene by means of crosslinking between the chains
[34]. As a study done by Chang et al. showed that
reinforcement can increase or decrease the nucleation
of polymer depending on its chemical properties. In
this study, the increment of both the melting point

and 130% of crystallinity for UHMWPE-2wt-%Hap
composite was achieved. This is related to the arrange-
ment in chain folding orientation [35] enhancing
chain mobility and increasing bond strength. As
Chang et al. [15] claimed in their study, nonhomoge-
neous dispersion and the agglomeration of reinforce-
ment can cause abrasive wear by the detachment of
fillers easily. Therefore, obtaining an optimum level
and homogenous dispersion of filler has a positive
effect on the wear mechanism of UHMPE matrix com-
posites. It is obviously known that fillers in the poly-
mer matrix composites act as load-bearing agent
[36]. In our study homogenous distribution of Hap
particles had favourable effect on wear properties.
Wear traces of UHMWPE-Hap composite films were
analyzed by SEM (Figure 9). In general, pure
UHMWPE has significant folds perpendicular to the

wt.%
Elements | Mark | Mark | Mark |Mark
1 2 3 4
C 52.67 | 70.09 | 864 | 77.2
32.35 | 21.75 | 12.11 | 21.8
5.58 3.49 1.18 0.6
Ca 9.39 4.67 0.28 | 0.36

Figure 5. SEM-EDS analyzes of UHMWPE/0.5wt-%Hap composite film.
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Ca

Figure 6. SEM-EDS map analyzes of UHMWPE/1wt-%Hap composite film.

wear trace and the wear mechanism occurs by creep-
ing and folding of the polymer in adhesive character.
Plastic deformation decreases with increasing Hap
amount. Figure 9 shows that scar width significantly
decreased with the addition of 2wt-% of Hap
particles.

Worn surface images of UHMWPE-Hap composite
coatings at higher magnification were given in Figure
10. White regions are Hap-rich zones, and it is seen
that they dispersed homogeneously in the matrix.
Plastic deformation folds are clearly seen for pure
UHMWPE coating and the size and depth of these
folds and the plastic deformation decreases as the
Hap addition to UHMWPE matrix.

Variation of the friction coefficient of pure
UHMWPE, and UHMWPE-Hap composite coated
and as well uncoated Ti6Al4V alloy is shown in Figure
11. The friction coefficient of pure UHMWPE started
with a value of 0.4 at the beginning and during the
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Figure 7. FTIR spectra of UHMWPE/Hap composite films.

wear test reached a steady state with a friction coeffi-
cient of 0.55. As is seen in Figure 11 the friction coeffi-
cient of UHMWPE dropped to 0.02 with the addition
of Hap. It is possible to claim that Hap addition
decreases the friction coefficient of UHMWPE signifi-
cantly. Test results showed that higher crystallinity
resulted in lower friction coefficient and increased
wear resistance. With the addition of the 2wt.Hap pow-
ders to the UHMWPE, a drastic decrease of friction
coeflicient was observed (96%) and also wear resistance
improved noticeably, compared to the purely
UHMWPE sample. A decrease in friction coefficient
with increased crystallinity could be related to the
increased storage modulus caused by the increased
crystallinity. It can be said that adhesive wear is the
main mechanism. After each test, any deep grooves
and micro-cuttings were not found on the surface. As
Aliyu et al. claimed in their study that this is related
to the self-lubrication effect of UHMWPE matrix
[37]. Folds on the worn surfaces of composite film coat-
ings appeared to be smaller with the addition of Hap,
and the degree of plastic deformation was observed to
be reduced with a smoother worn surface which will
probably cause a reduction in the wear rate. This can
be related to the better load carrying capability of
UHMWPE-Hap composite coatings in comparison to
pure UHMWPE. As Tong et al. reported in their
study, reinforcements improve the bond strength at
the interface [38] and increase the wear properties.
Many studies revealed that wear resistance of a polymer
is relevant to its mechanical properties in connection
with crystallinity. Hence, higher crystallinity gives
higher elastic modulus and yield strength [39].
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Figure 8. DSC curves of UHMWPE and UHMWPE/Hap composite films.

Worn surfaces of UHMWPE/Hap composite films
including uncoated Ti6Al4 V were analyzed by 2D
surface profilometer and their graphs were given in
Figure 12.

Worn area given by profilometer and friction
coeflicient variation of uncoated (anodic oxidized)
Ti6Al4V alloy and UHMWPE-Hap composites versus
wt-% of Hap was illustrated in Figure 13. The worn
track area gives information about the wear perform-
ance. The smaller the worn area, the higher the wear
resistance. The worn area of UHMWPE-2wt-%Hap
composite was 78 times lower than the uncoated
(anodic oxidized) TI6Al4V alloy and also 22 times
lower than the pure UHMWPE coating. The above
results showed that the reinforcing with Hap particles
increases the mechanical and wear properties of com-
posite coating film on Ti6Al4V. As it was seen in SEM
results (Figure 2-3), this is the consequence of

Table 2. DSC results of UHMWPE/Hap composites including
Tm, AH¢ and Xc.

Sample T (0 AHr (Jg™") Xc (%)
UHMWPE 139 711 25
UHMWPE/0.5wt-%Hap 139.8 100.3 35
UHMWPE/1wt-%Hap 144 157.1 54.30
UHMWPE/2wt-%Hap 148 164.4 56.8

decreasing micro asperities by means of Hap addition
similar to the study done by Pina et al. [40].

SEM microstructures of UHMWPE/Hap composite
films after immersion in SBF solution for 8 days were
given in Figure 14.

It is seen from Figure 14 that, flower-like plates accu-
mulated on the surfaces of all composite coatings
homogeneously. Elemental analysis of this accumu-
lation was performed by SEM-EDS analysis. EDS
results given in Figure 15 showed that flower-like plates
include Ca, P and O elements which are the main com-
ponents of Hap. Considering the Ca/P ratio, it can be
said that these deposits belong to brushite, which is
the precursor phase of Hap. This result shows that
brushite can be transformed into Hap if the immersion
time is increased. Studies done by Macuvele et al. indi-
cated that the growth of Hap increases with the increas-
ing immersion time [28]. Any accumulation out of Hap
was not observed on the surface of the test materials
during immersion of test materials in the SBF.

Water contact angle measurements were performed
on the surfaces of the UHMWPE/Hap composite films
before and after immersion in SBF solutions and the
results were given in Table 3. It is observed that the
water contact angle decreased with the Hap content
both before and after immersion in SBF.
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Figure 9. (a) SEM images of origin of the wear traces for pure UHMWPE, (b) UHMWPE/0.5wt-%Hap, () UHMWPE/1wt-%Hap and
(d) UHMWPE/2wt-%Hap composite films.

Plastic deformation

/ folds

. Wear track
.Wear direction /

Figure 10. (a) SEM images of wear traces of pure UHMWPE (top, b) UHMWPE/0.5wt-%Hap, (c) UHMWPE/Twt-%Hap and (d)
UHMWPE/2wt-%Hap composite films.
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Figure 11. Friction coefficient of UHMWPE/Hap composite films including uncoated oxidized Ti6AI4V.
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Figure 12. 2D profilometer graphs of UHMWPE/Hap composite films with uncoated oxidized Ti6Al4V.

The water contact angle of UHMWPE film is deter-  respectively before the immersion in SBF. After
mined as 103° and decreased to 98, 94 and 88° for the =~ immersion in SBF solution water contact angle for
0.5, 1 and 2wt-% reinforced composite coatings, @ the UHMWPE film was determined as 82° and
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Figure 13. Worn area and friction coefficient variation of
uncoated Ti6Al4V alloy and UHMWPE/Hap composite films
versus Hap addition.
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decreased to 60° with the addition of 2wt-% Hap. The
decrement in the contact angle values indicates the
increasing hydrophilic character [41].

Hap addition to UHMWPE not only increases the
mechanical properties but also makes easy the biologi-
cal adsorption on tissue [28]. We performed in vitro
tests in SBF solutions. It was observed that with an
increasing amount of Hap particles and also with the
immersion in SBF solution, the surface of the compo-
site coating became more hydrophilic related to the
increasing surface roughness. Tihan et al. investigated
the hydrophilic-hydrophobic balance on biocompat-
ibility of polymethyl methacrylate- hydroxyapatite
composites via contact angle test. Their results showed

Figure 14. SEM microstructures of (a) pure UHMWPE, (b) UHMWPE/0.5wt-% Hap, (c) UHMWPE/1wt-%Hap and (d) UHMWPE/2wt-

%Hap composite films after immersion in SBF solution.

Mark | Mark | Mark
Elements
1 2 3
't 6.59 | 9.96 | 7.65
0 54.71 | 44.44 | 425
P 17.79 | 13.72 | 23.6
Ca 20.29 | 24.07 | 262

Figure 15. SEM-EDS analysis of UHMWPE-0.5wt-% Hap composite coating after immersion in SBF solution.
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Table 3. Water contact angle measurements of UHMWPE and UHMWPE/Hap composite films before and after immersion in SBF.
Contact angle, °

UHMWPE UHMWPE-0.5wt.%Hap | UHMWPE-1wt.%Hap | UHMWPE-2wt.%Hap
103 98 94 88

B

m

n

2

=

m
82 73 70 60

s 9

m

wn

&

<

that contact angle of composites decreased with
increasing amount of Hap particles similar to our
results which implies the increment of hydrophilic
character leading to good cell growth [42].

Hydrophilic surfaces are beneficial for improving
wear properties. The reduction in contact angles will
have a favourable effect in vivo, as it will provide
more interaction with body fluids in the relevant
region in the body environment.

Conclusions

e In this study, both the porous TiO, and
UHMWPE-Hap composite film coating processes
were performed successfully to improve the chemi-
cal, tribological and biological properties of
Ti6Al4V alloy by anodic oxidation and dip coating
method, respectively.

e SEM and FESEM studies showed that composite
coatings were homogenous and continuous. Hom-
ogenous dispersion of Hap particles in UHMWPE
matrix was detected via SEM-EDS analysis. Fur-
thermore, the existence of Hap particles was proved
by FTIR analysis.

o DSC studies showed us that the melting points and
herewith bond strength of composites increased by
the addition of Hap particles.

¢ The addition of Hap not only increased the melting
point and crystallinity degree but also the wear
resistance of UHMWPE.

o Increasing crystallinity brings about both ultra-low
friction coefficient of 0.02 and excellent wear dura-
bility with a decrease of 98% of the worn area for
UHMWPE-2wt-%Hap composite coating.

e Hap additions to the UHMWPE matrix also
increased the hydrophilicity which is the evidence
of biocompatibility. Hence, the UHMWPE-2wt-%
Hap composite coating on anodic oxidized Ti6Al4
V can be a potential nominee for Hip joint
prosthesis.
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