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ABSTRACT

In order to improve bioactivity of new type of tiiam alloy,
TNTZ, Hydroxyapatite (HA) coating is applied. Elexghoretic
Deposition (EPD) has chosen as coating method becte
simplicity of the instrument and its making, inerpive cost, and
ability to coat things with complicated design. EBEed electric
current to move the HA particle through electrode the
suspension of ethanol and HA. Desired HA coatingliucan be
adjusted with optimizing the voltage and coatinmeti This
research aimed to analyzed the effect of voltagecaating time
of EPD process toward the HA coating that produoedthe
surface of new type titanium implant prototype,ZBNb-13Ta-
4.6Zr (TNTZ). Voltages are in range of 3, 5, andvait and
coating times are in range of 3, 5, and 7 minuBesed on the
result it is known that the best HA coating thamh ¢ produced
are on 7 minutes and 7 volt. This best result shtives good
surface morphology, highest value of screw masw/irocoating
thickness, and surface coverage. Enhancement ¢fgeolwill
affect the surface coverage value of HA coatingydwer, coating
time will affect the thickness. Based on this resledt can be
concluded that enhancement of the voltage can peatitHA
coating that spread more evenly that proved byinbeasing of
surface coverage value. The enhancement of coétimg will
produce thicker layer of HA coating and increaspodéion rate
of HA on the implant surface. This result shows tha EPD can
be used to produce TNTZ titanium implant that cdatéth HA
for orthopedic application.

KEY WORDS: TNTZ, Electrophoretic Deposition (EPD),
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1.0INTRODUCTION

Hydroxyapatite (HA) had been used worldwide for toaa
material on metallic implant for orthopedic apptioa due to
biocompatibility and bioactivity properties that ncancrease
implant ability to accelerate bone fracture hedlifg4]. The
increasing cases of metallic implant failure madee t
hydroxyapatite coating become one of good solufion the
problems such as aseptic loosening, metal ionseldzat can be
the trigger for metal allergy, and chronic inflantroa[5]-{7].
Electrophoretic Deposition (EPD) has chosen asimpahethod
because the simplicity of the instrument and itsking
inexpensive cost, and ability to coat things withmplicated
design[8]-[10]. EPD used electric current to move tHA
particle through electrode in the suspension ofamth and
HA[10], [11]. Desired HA coating quality can be asfed with
optimizing the voltage and coating time[12], [13].

Ti-29Nb-13Ta-4.6Zr (TNTZ) is the new type of titam
alloy that designed to use for orthopedic implanilization. This
new material have mechanical properties that similith bone
mechanical properties such as low Young’'s Moduhs desired
strength for load bearing and dynamic load. Howetles inert
properties of titanium made the TNTZ still have Ioactivity
properties so that, it needs to be coat with HA @aining
bioactivity properties. This research aimed to yrexd the effect
of voltage and coating time of EPD process towasd déating
that produced on the surface of new type of titaniliNTZ.
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20MATERIAL AND METHOD

2.1 Sample Preparation

TNTZ Titanium bar in length of 400 mm and 4 mm iardeter

was cut and lathe into screw shape with type M35 Screw
length and diameter were 5 mm and 3 mm, respegtiddien,

the screws were sandblasted to refine the screfacsuand clean
the remaining waste from lathe process. After thatews were
cleaned using ultrasonic cleaner in 15 minutes.

2.2 Coating Process using Electrophoretic Deposition
Pretreatment was conducted before coating proGesews were
submerged in ethanol, aseton, and HN® 15 minutes,
respectively. After that, screws were remain in Na® one hour.
HA suspension was made of 1.8g HA powder and 5@hanel,

and pH was set about 4. HA powder that used was the

commercial HA. The anode was graphite and katode TiNTZ
titanium. Voltages were in range of 3, 5 and 7 \auitl coating
time were in range of 3, 5, and 7 minutes. Aftee ttoating
process screws were sintered in vacuum furnac@@C7with
holding time about one hour.

2.3 Hydroxyapatite (HA) coating Characterization
Characterization of HA coating was conducted by icapt
microscope that directly connected with digital eaanto obtain
the microstructure images of HA coating and cordgthto assess
surface coverage value using software ImageJ. tfitiad to,
screws mass growth was also assessed to confirmeiesition
of HA on the screws surface. After that, HA coatihickness
was assessed using coating thickness gauges.

3.0RESULT AND DISCUSSION

3.1 Surface Morphology of HA coating on TNTZ Titanium

(2) ©)

Figure 1: Screws sample of Voltages variation (1). 3V, (2) 5V
3)7v

(D ) ©)

Figure2: Screws sample of Coating Time variation (1) 3M,
(2)5M, (3). 7M

Figure 1 and figure 2 shows the morphology of H/Atowy on
TNTZ titanium that captured by optical microscoBesed on the
image it is shows that the enhancement of the geltwill
produce HA coating that spread more evenly. Safnpie 7 volt
treatment shows the best surface coverage of HAingpaln
addition to, coating time variation also shows #agne pattern
with the voltage variation. Enhancement of coatinge produce
thicker layer of HA coating on screws surface. Skenfpom 7

minutes treatment had the thickest HA coating. Adgtalso
revealed same result with this recent study, kriswn that the
voltage and coating time influenced the depositate of HA on
the titanium surface[14], [10].

3.2MassIncreaseof TNTZ Titanium
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Figure 3: Screw Mass Growth versus Applied voltage at the
same time (5 minutes).

Figure 3 shows the average of mass growth of sseemples
at different applied voltages. The data shows ¢én&iancement of
applied voltage will increase the mass of screwsstédy also
revealed the same result with this research. Thee@sing of
applied voltage on the EPD process will increagedbposition
of HA on the surface of titanium[15]. Data from tog time
variation (figure 4) also have same pattern witls tdata.
Enhancement of coating time will increase the n@fsscrews.
This data are in compliance with the microstructdeda that
shows the increasing of HA particle deposition loa surface of
screws when the voltage and coating time are rise.
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Figure4: Screw Mass Growth versus Coating Time at the same

Voltage (5 Volt).

3.3 Surface Coverage of HA Coatingon TNTZ Titanium
Figure 5 shows the data of surface coverage veagied
voltage at the same time (5 minutes). Based ondéts, it is
known that increasing of voltage will produce higtsirface
coverage of HA coating. The data shows signifidantease of
surface coverage from sample of 3 volt treatment7 twolt
treatment. In compliance with this data, increasihgoating time
also produce higher surface coverage of HA coafiiite data
shows in figure 6. However, there were no significacrease of
surface coverage of HA coating in different coatimges, it
means that voltage had more great influence agaunstce
coverage than coating time.
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Figure5: Surface Coverage versus Applied Voltage at theesam
time (5 minutes).

Many research also revealed the same result with th
research. However, applied of ac and dc currenit pvidduce
different character of HA coating on the titaniunrface. DC
current will produce uniform HA layer but, AC cuntewill
produce different HA coating topography, inner ki consist
by smaller particle of HA and outer layer will cistsby greater
HA particle. This kind of coating is believed witlake a greater
osseointgeration [16].
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Figure 6: Surface Coverage versus Coating Time at the same
Voltage (5 volt).

3.4 Thickness of HA Coatingon TNTZ Titanium

Figure 7 and figure 8 shows the data of coatingktiéss at
different voltage and coating time. Based on tligadit is known
that enhancement of voltage and coating time witkéase the
coating thickness. The thickness of HA coating a&nd 7 volt
treatment have no significant differencess and alsé and 7
minutes treatment. Based on this result, it cardreluded that
voltage and coating time can affect the thicknédsfocoating.
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Figure7: Coating Thickness versus Applied Voltage at theesa
time (5 minutes)
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Figure 8: Coating Thickness versus Coating Time at the same
Voltage (5 volt)

Another research explained that the coating thisgnalso
have an important role for implant performance. ldéating
thickness can affect the corrossion rate of metadrwapplied in
the living tissue and also increase the shear giiteof the
implant. In addition to, coating thickness believeh also affect
the osseointegrassion of implant with bone tisstie[19].

4.0 CONCLUSION

1. Electrophoretic Deposition (EPD) had been proved dgan
be the promising method to coat titanium implarnthvwiA
for orthopedic application.

2. Voltage and coating time are the most importanapeter
of EPD process.

3.  Enhancement of voltage will affect the surface cage of
HA coating on the titanium surface.

4. Enhancement of coating time will affect the thickaeof
HA coating.
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