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ABSTRACT

Utilization of an alloy titanium (particularly Ti6laV), as fracture
fixation in biomedical application has restrictibrcause of will
associate with osseointegration failure. An efftut titanium
coating by hydroxyapatite monolayer still has powgchanical
properties and may lead to implantation failure dkbxyapatite
bilayers coating aims to protect releasing hazasdous from
implant to the body and improving the osseointégnagt the
same time. In this research, nanoparticle hydroatjep (first
layers) and microparticle hydroxyapatite (secongels) were
used as coating materials on implant prototype i6ARYV ELI
screws. The coating was carried out by electroglwodeposition
(EPD) method used different voltage (2 and 3 Volt)deposition
time of 2 and 3 minutes for forming first layef$ie process was
then continuing for making second layer at 5 anddofor 2 and
5 minutes. In order to intensify of coatings, hydrapatite
bilayers-coated titanium was air-dried overnighd &men sintered
at 7000C for 1 hour. The coating layers were charaed by
optical microscope, Scanning Electron Microscop&M$ and
thickness gauge series tester. Result of the ssidyw that
nanoparticle hydroxyapatite layers are more unifatim, dense
than microparticle hydroxyapatite layer. Moreovirte second
layer shows less adhesion. The obtained voltagedapdsition
time for best bilayers coating characteristic areoR/3 minutes
for nanoparticles hydroxyapatite and 5volt/Sminutéer

microparticles hydroxyapatite. By approximately 71%0%
surface coverage and 56 pum thickness of bilayeasinm that
parameters can be considered to improve ossecatiyr

KEY WORDS: Hydroxyapatite, bilayers coating, Ti6Al4V,
electrophoretic deposition.

1.0 INTRODUCTION

Alternative biomaterial using titanium alloy (Ti-64V) as
implantation materials with biomechanical and biopatibility
characteristic still cannot overcome the problenmahunity and
osseointegration response. Titanium biomaterialyve hdow
bioactivity properties and negative impact on csion with exert
long-term period. Afterward this condition stimatbiological
environment disruption and may cause trauma or iimga
immunity [1]. Baan et al [2], not only the toxic-BAl-4V alloy
constituents, but in 2006 the International Ageffmy Research
on Cancer (IARC) classified TiO2 as a carcinogefactor
against body tissue. Another study from Oldani &winguez
[3] showed that the titanium inert properties hadtable implant
result with skeletal tissue, so there is a movemamicro scales
and resulting in leakage that can lead to cracis ¢hn degrade
the biomechanical properties of titanium. Wangrgfjorted that
layer formation of fibrosis (encapsulation) in T&B-4V implant
may be failed on osseointegration. Other cruciliés that arise
are the release of biomaterials such as Ti4+, GofI-AI3+ ions
resulting in decreased cellular metabolism such RSA
synthesis, mitochondrial activity, mineralizatioand alkaline
phosphorus and osteocalcin activity in vitro [5].

Alfarsi et al [6] and Hamlet et al [7] suggest thatire
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titanium biomaterial induces proinflammatory cytukiactivity ie
TNF-q, IL-1q, IL-1p and chemokine Ccl-2. The same conditions
were also found by Meng and Yang [8] on titaniunttipkes
induced proinflammatory cytokines (IL-1, IL-6, TNH- and
osteoclast differentiation factors (RANKL). Wazen & [9]
suggest that there is a decrease in the expresSI&F in vivo
on the surface of Ti-6Al-4V biomaterials. The résudf in vivo
gene expression profile analysis on titanium bi@mals by
Ivanoski et al [10] suggest that there is an ineee&n gene
expression associated with an inflammatory resp¢hsé&-a, IL-
1 and MCP-1) and low gene expression for osteogeeit
differentiation such as osteoblasts (BMP-2, VEGKB Ikinase /
NF-kB cascade, TGF-b / BMP, Notch and Wnt signaliridhis
proves that titanium surfaces are still less bivacto stimulate
new bone tissue growth and improve osseointegrafibarefore,
titanium surface modification can be performed withaffecting
the biomechanical properties of biomaterials as lamation
materials.

Ti-6Al-4V surface modification with bioactive biorteial
i.e. hydroxyapatite aims to improve the integratidrbone tissue
with implantable biomaterials thus increasing thecgss of
implantation. The bioactive properties and biocotilyiliy of
hydroxyapatite can reduce the immune response rashecé the
growth of new bone tissue thus stimulating ossegimtion.
However, poor mechanical strength and hydroxyapatit
monolayer solubility may affect the structure anddtionality of
the implant [11]. Hydroxyapatite monolayer may legichded in
the body environment and associated with an inflatony
response. These characteristics will stimulategmoadsorption
on the surface of the implant and further prombteadhesion of
cells to the growth of new bone tissue requirettheteginning of
repair of bone tissue. Although hydroxyapatite degtion
triggers the growth of new bone tissue and integratell with
bone tissue, weak bonds with the substrate mayadegthe
biomechanical properties of Ti-6Al-4V biomaterialBhus, the
hydroxyapatite coating must have good strength te t
biomaterials substrate with the level of controltetyradation i.e.
the formation of bilayers.

Mechanically, the use of hydroxyapatite coatings lzm
effect on the mechanical characteristics of bionmee
Levingstone [12] suggests that multilevel hydroxafite coatings
consisting of stable/solid and active/amorphousersy with
plasma spraying methods have good biocompatiljiliperties
with bone tissue in vitro. In addition to triggeginthe
differentiation and formation of bone tissue by apmmus layers,
the implants have a stable bond between substrateaterials
and hydroxyapatite due to stable/solid layers. Guale[13]
revealed that the adhesive properties of hydroxytepare
preferable in stratified coatings compared with dager of
hydroxyapatite and there is an increase in borehgth in the
coating. Therefore, the use of hydroxyapatite cmatiot only
gives effect to biological response but also gieffect to
osseointegration implantation.

The use of plasma sprayed methods negatively affewt
mechanical characteristics of the coating and so@ated with
implant failure. Sintering processes with tempeeguabove
10000C trigger the degradation of the mechanicapgrties of
titanium (phase transformation, grain growth, andrfexe
oxidation) resulting in biocompatibility of biomatals [14]. An
alternative method that uses low temperature tdywe a layer of

hydroxyapatite bilayers efficiently and effectivelyis
electrophoretic deposition (EPD). The use of EPDnas only
based on its high versatility on biomaterial diffeces [15], but it
is also an effective (cost) method that requiresy @imple
equipment [16]. The advantage of the EPD methodhis
deposition of biomaterials with uniform homogeneity the
microstructure and yields controlled coating thieks with thin
and dense forms of substrate with different shegres three-
dimensional and porous complexes [17] The EPD naetias
been used for homogeneous HA coating on corticascwhich
can improve bone fixation and reduce interfaciaglachnce [18]
and can increase the corrosion protection of meitalsSBF
solution [19]. Therefore, this study examines thmatmg of
hydroxyapatite bilayers on the surface of Ti6Al4Y/IEnaterial
with prototype screws.

2.0 MATERIALS AND METHODS

Titanium alloy discs, Ti-6Al-4V, was formed by latmachine in
order to make a screw that used as a substrathisnstudy.
Samples abraded by using silica carbide (SiC) pajthr600-grit
and 1000-grit followed by polishing machine for ifiate
coatings. Material was then immersed and cleaneadistillation
water and methanol used ultrasonic bath for 15 teswand
followed with NaOH solution for 1 hours. The sangpleere air
dried with Stirring Hot Plate machine for 5 minutes

The EPD suspension was prepared by adding 1 gram
hydroxyapatite powders to 100 mL ethanol solutidhe pH
value was adjusted to 4.0 by addition of HNO3 sohg. The
graphite and titanium were anode and cathode, césply. The
deposition process was carried out by different odon
voltages and times for the first layers The coatimg carried out
by electrophoretic deposition (EPD) method usedfediht
voltage (2 and 3 volt) for deposition time of & minutes for
forming first layers that is 2V2M, 3V2M, 2V3M and/3M. The
process was then continuing for making second lay&rand 10
volt for 2 and 5 minutes that is 5V2M, 10V2M, 5V5Mnd
10V5M. In order to intensify of coatings, hydropgdite
bilayers-coated titanium was air-dried overnighd &men sintered
at 7000C for 1 hour. The as-deposited coatings Eaimpated
used vacuum furnace (High Temperature Vacuum Tulvedee
GSL-1100) in order to increase density of coatifderphology
analysis of coating surface was examined using calbti
microscope (Olympus GX71) and scanning electrorrasimpe
(Hitachi S3400N operating at 15.0 kV) and thickngasge series
tester.

3.0 RESULTS AND DISCUSSIONS

Figure 1 show that commonly electrophoretic depmsitmethod
of nanoparticle and microparticle is effective @sulting bilayers
coating on biomaterial Ti6AI4V ELI screws surfatevingston
[12] reported that hydroxyapatite bilayers coatinguld be
obtained by plasma sprayed method. Hence, usitigiofmethod
may affect the alteration of coating compositiord amill affect
for implantation process in body tissue.
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Figure 1: Hydroxyapatite bilayers coating by electrophoretic
deposition at 2V3M and 5V5M; (a) uncoated sample) (
nanoparticle-coated sample, (c) microparticle-aba@mple, and
sintered sample.

Titanium surface was covered
hydroxyapatite entirely, uniform, and thin, whilelile amount
of microparticle hydroxyapatite was found as sectayers. At
second layers was seen particle agglomeration asrsin the
Figure 2. Differences of particle size have impaahoparticle
hydroxyapatite migrate easily in suspension benelittric field.
Movement of larger particle needs higher electniergy.

The else influence factors for morphology charastier of
bilayers coating is charge difference. Nanopartigldroxyapatite
adhered conveniently owing to charge differencenwiegative-
charged titanium surface. Therefore, when EPD m®0ésecond
layers was applied on nanoparticle hydroxyapatié is positive
charged, microparticle hydroxyapatite have diffi@ttachment.

Figure 2: SEM assessment of hydroxyapatite bilayer coating a
surface Ti6AI4V ELI screw

The given voltage and deposition time within eleghoretic
deposition method lead to an influence for coastrgcture too.
At lower treatment, 2V2M dan 5V2M, the optimal hggyapatite
bilayer coating wasnot achieved. The same conditias found
at highest treatment that is 3V3M and 10V5M. Thiage of 2V
fo 2M is sufficient to deposite nanoparticle hydragatite
already, but is not enough to move microparticldrbyyapatite
so amount of particles adhered is sligh. The higbrgy was
needed in order to deposit larger particles.

up by nanoparticle

. L
s [l J7V-FTUA 10.0kV 7

Figure 3: Morphology characteristic of hydroxyapatite bilese
coating at different treatment; (a) 2V2M and 5VJHl), 3V2M
and 10V2M, (c) 2V3M and 5V5M, and (d) 3V3M and 105

Deposition increase along with the raising of vgpdtaand
deposition time. The excess energy and time wifluence for
degradation the quality of coating such as lessesslbn of
intraparticle and then peeling off easily. The wjati result in this
study was found at 2V3M and 5V5M treatment. Titamisurface
was coated by nanoparticle and microparticle hyglmpatite as
bilayers coating properly. The voltage 2V is suéfit to deposite
nanoparticle hydroxyapatite for 3M. During 5M, nuparticle
hydroxyapatite can be deposited through voltage I5\¢an be
shown in coating characteristic such as surfacecreme and
coating thickness value.

Through over 2V3M and 3V3M treatment, titanium sod
was covered up properly by nanoparticle hydroxyiepdilayers
as shown in the Table 1. However, it was resultéctaparticle
layer that coat titanium surface entirely yet. dgk have
contribution to coat the entire of titanium surfaewenly.
Herewith, time have impact for movement and depwsibf
particles in suspension. The previous researchrréipat the too

JOMA se| Received: 30-October-2017 | Accepted: 30-JarR@ty | [(51) 1: 14-18]
Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineevsy.isomase.org ISSN: 2354-7065 & e-ISSN: 2527-6085



Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-Vol.51

January 30, 2018

high voltage affect particle agglomeration cause cofrent
turbulence. In the relative short time, particlesn cmigrate,
deposite, and arranged improperly The resultingtimgahave
uneven structure and less adhession.

Table 1: Surface coverage value of hydroxyapatite
bilayerscoating by electrophoretic deposition mdtho different
treatment of voltage and time deposition

2V2M 3V2M 2V3M 3V3M
Surface
Coverage (%) and and and and
5V2M 10V2M 5V5M 10V5M
First layer 95,26 99,6 100,00 100,00
Second laye 32,1¢ 57,5 71,9¢ 60,9(

Deposition time determine the deposition rate orfase
titanium. The increas of deposition time followeg the rise of
particle number that migrate and depsoite. Theimgahickness
was influenced by the increase of deposition tir2@] [. This
study obtains the coating thickness is around 3g4B5as shown
in Figure 4 that means appropriate with biomedagadlication in
orthopaedic application.
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Figure 4: Thickness value of hydroxyapatite coating layeys b
electrophoretic deposition

4.0 CONCLUSION

In conclusion, the uniform, thin and dense layens e obtained
by nanopaarticle hydroxyapatite coating and folldwey less
adhesion of microparticle hydroxyapatite layer. Toletained

voltage and deposition time for best bilayers cupti
characteristic are 2 volt/3 minutes for nanopaetcl
hydroxyapatite ~and  5volt/Sminutes  for  microparticle

hydroxyapatite. By approximately 71%-100% surfaceetage
and 56 um thickness of bilayers coating, that patars can be
considered to improve osseointegration. Therefmratings with
electrophoretic deposition method used nanoparticied
microparticle hydroxyaatite as bilayers coatingeféective for
resulting the coating suitable for biomedical apgtiion. There is
needed advanced research for assessment the bidoatca
properties and biological response for bilayerdinga
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