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Abstract. TNTZ is a p-type titanium alloy that designed for orthopedic implant application.
This material has superiority in mechanical properties such as high strength to work on load
bearing or dynamic bearing, elasticity that is close to the human bone, contained non-toxic
materials, and biocompatible. However, the inertness of titanium made this material still have
no bioactivity, so that it cannot trigger the bone tissue to grow faster and produce optimum
osseointegration. Hydroxyapatite (HA) has chosen as the coating material for TNTZ since the
biocompatibility and bioactivity of this ceramic material. So that, by combining mechanical
properties of TNTZ and bioactivity of HA it can be expected that better orthopedic implant
would be produced. Electrophoretic Deposition (EPD) has chosen as the coating method since
the simplicity of the making, relatively low cost, and the ability to coat things with complicated
design. In this method, electrical current is used trough cathode and anode within the HA
suspension. The electrical potential (voltage) will transport the small particle of HA to be
deposited on the surface of TNTZ until producing an even layer of HA coating. This coating
process requires two major parameters that are voltage and coating times. The desired quality
of HA coating that would produce can be achieved by adjusting these parameters. Voltages are
in the range of 7, 10, and 13 volts while coating times are in the range of 7, 10, and 13 minutes.
Based on the result it is known that the best HA coating that can be produced are on 10 minutes
and 10 volts. This best result shows the good surface morphology, optimum value of mass
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growth, coating thickness, and surface coverage. Based on this research it can be concluded
that increasing voltage and coating times will increase the coating thickness and surface
coverage of HA coating. This result shows that the EPD can be used to produce TNTZ titanium
implant that coated with HA for orthopedic application.
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1. Introduction

TNTZ is a B-type titanium alloy that designed for orthopedic implant application[1], [2]. This material
has superiority in mechanical properties such as high strength to work on load bearing or dynamic
bearing, elasticity that is close to the human bone, contained non-toxic materials, and
biocompatible[2]. However, the inertness of titanium made this material still have no bioactivity, so
that it cannot trigger the bone tissue to grow faster and produce optimum osseointegration[3]. Besides
that, some research revealed that using titanium implant for a long period can cause some adverse
reaction, such as chronic inflammation, foreign body giant cell reaction, and aseptic loosening[4]-[6].
A series of this adverse reaction is caused by the debris from oxide layer and metal ions at the titanium
surface that detached and enters the bone tissue since the corrosion of metal material in the body
fluids[6]-[9].

To decrease the adverse effect of this debris particle and improve the bioactivity of the material, it
needs additional material to coat the TNTZ[10]. Hydroxyapatite (HA) has chosen as the coating
material for TNTZ since the biocompatibility and bioactivity of this ceramic material as we know that
HA is one of the main compounds that build human bone along with the proteins, other minerals, and
bone cells[11]. So that, by combining mechanical properties of TNTZ and bioactivity of HA it can be
expected that better orthopedic implant would be produced[12]. Electrophoretic Deposition (EPD) has
chosen as the coating method since the simplicity of the making, relatively low cost, and ability to coat
things with the complicated design[13]-[15]. In this method, electrical current is used trough cathode
and anode within the HA suspension. The electrical potential (voltage) will transport the small particle
of HA to be deposited on the surface of TNTZ until producing an even layer of HA coating[16], [17].
This coating process requires two major parameters that are voltage and coating times. The desired
quality of HA coating that would produce can be achieved by adjusting these parameters[18].

Many researchers have been conducted to understand the HA coating process on the titanium using
EPD method[13], [19], [20]. These research usually use commercial pure titanium (CpTi) or titanium
alloy (Ti6Al4V)[13], [21], [22]. HA particle that has been used also have variation, such as the
microparticle or nanoparticle[23]-[25]. However, there are still wide ranges of parameters value in
voltage and coating times that have been conducted on those researches. Because of that, it is
necessary to research optimizing the parameters of EPD (voltage and coating times), especially on
TNTZ material to know the optimum parameters.
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2. Materials and Method

2.1. Sample Preparation

Titanium TNTZ in bar shapes with 400 mm long and 5 mm in diameter providing by IMR Tohoku
University Japan was cut using grinder until 50 mm long and 5 mm in diameter. After that, titanium
samples were cleaned using sandpaper with size 800, 1000, 1500, and 2000. Then, solution treatment
was conducted to the samples in the temperature about 700°C and holding for 2 hours. After that,
samples were cleaned using sandpaper until really clean. Then, pre-treatment was conducted by
submerging the samples in the ethanol 96% and acetone within ultrasonic cleaner for 15 minutes,
respectively. After that, samples remained in HNO3 15% for 15 minutes and then followed by
submerging in the NaOH 1 mol for one hour.

2.2. Hydroxyapatite (HA) Suspension Preparation

Hydroxyapatite (HA) suspension was made by mixing the 4 gram of commercial HA particles from
SIGMA Aldrich with the particle size 10 pum within 100 ml of ethanol 96%. The suspension was
stirred up by using hotplate magnetic stirrer with the velocity of 100 rpm for one hour
(homogenization).

2.3. HA coating using EPD method

Series of EPD tools consisted of a power supply for adjusting the voltage, a pair of cathode and anode
that immersed in the HA suspension that stirred up using hotplate magnetic stirrer. The cathode was a
carbon bar, and the anode was the samples. The parameters that used in this research were 7, 10, and
13 volts and 7, 10, and 13 minutes.

2.4. Sample Characterization

Image of surface morphology of each sample will be captured by using the optical microscope and
scanning electron microscopy (SEM). Mass growth of each sample will be measured by using digital
scales. The coating thickness of the HA layer will be measured by coating thickness gauges. Surface
coverage value will be measured by imaging software ImageJ using the image from the optical
microscope.

3. Result and Discussion

3.1. Surface Morphology of HA coating on TNTZ

Figure 1. and Figure 2. shows the image surface morphology of HA coating on the TNTZ surface that
captured by the optical microscope. Based on the figures it can be seen that the samples from voltage
and coating times’ treatment have been coated finely by HA particles. There was a very little empty
spot that can be seen from these figures, but on each treatment can be seen that HA coating that
produced have a different coating thickness and particle distribution.
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Figure 2. Surface morphology of HA coating on TNTZ at different coating times

The result that can be seen on the figures shows that increasing of voltage will increase the surface
coverage and thickness of HA coating. This pattern also found on the samples from coating times
treatment. However, increasing the value of voltage and coating times at some point will produce HA
coating that has the crack. Samples from 13 volts and 13 minutes treatment show the HA coating that
has the most crack. These results indicate that increasing of coating thickness will decrease the
bonding strength between HA particles that would easily produce the crack.

Samples from 10 volts and 10 minutes treatment show the best HA coating layer. HA coating layer
that produces on these samples are more even than the other samples, and there is a very small amount
of crack that can be found. In addition to, samples from 7 volt and 7 minutes treatment still showing
non-even coating layer and there are so many spots that not coated yet. These results indicate that
there is an optimal value of voltage and coating times that should be considered to produce better HA
coating using the EPD process. Based on the figures it can be concluded that the samples from 10
volts and 10 minutes treatment are the samples that have the best HA coating. Other researches also
have the same result with this current research. Enhancement of voltage and coating times will always
be made a positive linear correlation. It indicates that energy that produces from potential differences
between cathode and anode (voltage) is the most important factor to produce HA coating on the
surface of the TNTZ using EPD process. Meanwhile, coating times will affect the amount of deposited
HA particle on the surface of TNTZ, longer times for coating will increase the amount of HA particle
that deposited[13], [16], [26], [27].
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Figure 3. SEM imaging of HA coating on TNTZ at different voltage
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Figure 4. SEM imaging of HA coating on TNTZ at different coating times

The results of SEM imaging also have the same pattern with optical microscope result and inclined
to support each other. Based on the SEM imaging it can be seen that the samples from 7 volts and 7
minutes have non-even HA coating layer and there are many stacks of HA particles. Samples from 10
volts and 10 minutes treatment show the HA coating layer that more even than other samples and HA
particles distribution is homogeneous, beside that there is a very little area that shows crack. Samples
from 13 volts and 13 minutes treatment show thicker HA coating layer than other samples and show
many areas that have the crack. Based on this result, it can be concluded that samples from 13 volts
and 13 minutes cannot be used for orthopedic implant application because HA coating that produces is

not appropriate with the desired one. Another research also has the same result with this current
research[15], [22], [28].

3.2. Mass Growth of TNTZ samples
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Figure 5. Samples mass growth at a different voltage.
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Figure 5. shows the graphic of correlation between the mass growth of samples at the different
voltage. Based on the graphic it can be seen that increasing voltage will increase the mass growth. It
means that a higher voltage will increase the amount of particle that can be deposited on the TNTZ
surface. Mass growth from samples of 7-volt treatment until 10-volt treatment is pretty significant.
But, mass growth from samples of 10 volts until 13-volt treatment seems not significant. This result
shows that there is an optimum value of the voltage that able to give enough energy for depositing HA
particles on TNTZ surface. Based on the theory, particle in small size inclined more easily to
deposited and require smaller voltage[13], [25], [29].

However, samples from coating times treatment show the different mass growth pattern (Figure 6.).
Mass growth value is decreased from sample 7 minutes until 10 minutes treatment, then increase again
on the samples from 13 minutes treatment. It can be assumed that this result is caused by electrical
voltages that not stable during the coating process that is resulting non-linear mass growth data. Lack
of data can be another reason for such phenomena like this since a small amount of data will produce
larger deviation value. Based on the theory, it can be known that increasing of coating times value will
increase the amount of HA particle that deposited on titanium surface[30]-[32].
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Figure 6. Graphic of samples mass growth at different coating times

3.3. Coating Thickness of HA on TNTZ
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Figure 7. Graphic of HA coating thickness at different voltage

Figure 7. shows the graphic of correlation between HA coating thickness at the different voltage.
Based on the graphic it can be seen that increasing voltage will increase the thickness value of the HA
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coating. This result has a similar pattern with the result from optical microscope imaging and mass
growth measurement. However, the result from coating times treatment shows a different pattern but
similar to the result from mass growth measurement from the same treatment (coating times treatment)
(Figure 8.). Other research also revealed the same result with current research. Based on the result, it
can be seen that the value of HA coating thickness that produces on this research have been fulfilled
the desired coating thickness that can be used for orthopedic implant application (50-100 um)[33]-
[35].
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Figure 8. Graphic of HA coating thickness at different coating times

3.4. Surface Coverage of HA coating on TNTZ
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Figure 9. Graphic of HA surface coverage at different voltages

Figure 9. shows the graphic of correlation between surface coverage at the different voltage. Based on
the graphic it can be seen that increasing voltage will increase the value of surface coverage by HA
particles. Based on this result it can be assumed that voltage is the most important parameters that
have a major role in the EPD process[18], [36]-[39]. Voltage can affect the whole coating variables,
such as the mass growth of samples, coating thickness, and surface coverage. However, coating times
also have a great effect on the EPD process but produces smaller value on coating variables (Figure
10.). Surface coverage that produces in this research relatively above 90% that indicated the coating
process that conducted using EPD method is successfully produce desired HA coating on TNTZ
surface.
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Figure 10. Graphic of HA surface coverage at different coating times
4. Conclusion

1. Voltage and Coating Times are the most important parameter on Electrophoretic Deposition
process.

2. Increasing voltage and coating times will increase mass growth, coating thickness, and surface
coverage of the samples.

3. The optimum parameters that produce the better quality of HA coating are 10 volt and 10
minutes treatment.

Acknowledgment

The authors thanks to Ministry of Research and Education, the Republic of Indonesia for providing
financial support under Penelitian Hibah Kompetensi (PBK) on contract number
04/UN.16.17/PP.PBK.MM/LPPM/2018.

Reference

[1] Gunawarman, Niinomi M and Akahori T 2005 Mechanical properties of Ti —4 5Al -3V —
2Mo — 2Fe and the possibility for healthcare applications Mater Sci Eng C25 pp 296-303

[2] Gunawarman, Niinomi M, Eylon D, Fujishiro S and Ouchi C 2002 Effect of b Phase
Stability at Room Temperature on Mechanical Properties in B-Rich a+f Type Ti—4.5Al-3V—-
2Mo-2Fe Alloy IS1J Int 42, pp 191-9

[3] Campbell S, Crean S J, and Ahmed W 2014 Titanium allergy: fact or fiction? Fac Dent J5 1
pp 18-25



Conference on Innovation in Technology and Engineering Science IOP Publishing

IOP Conf. Series: Materials Science and Engineering 602 (2019) 012071 doi:10.1088/1757-899X/602/1/012071

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Langton D J, Jameson S S, Joyce T J, Hallab N J, Natu S and Nargol A V F 2010 Early failure
of metal-on-metal bearings in hip resurfacing and large-diameter total hip replacement A
Consequence of Excess Wear J Bone Jt Surg [Br] 92-B pp 38-46

Langton D J et al. 2009 Blood metal ion concentrations after hip resurfacing arthroplasty A
Comparative Study of Articular Surface Replacement,J Bone Jt Surg [Br] 91-B 10 pp 1287-
95

Langton D J et al. 2011 Adverse reaction to metal debris following hip resurfacing J Bone Jt
Surg [Br] 93-B pp 164-71

Yadav J, Samelko L, Gilvar P, Mcallister K and Hallab N J 2013 Osteoclasts Lose Innate
Inflammatory Reactivity to Metal and Polymer Implant Debris Compared to Monocytes /
Macrophages Open Orthop J 7 pp 605-13

Pearl J I et al. 2011 Role of the Toll-like receptor pathway in recognition of orthopedic
implant wear-debris particles Biomaterials 32 24 pp 5535-42

Hallab N J and Jacobs J J 2011 Implant Debris : Clinical Data and Relevance Elsevier Ltd

Voigt J D and Mosier M 2011 Hydroxyapatite (HA) coating appears to be of benefit for
implant durability of tibial components in primary total knee arthroplasty Acta Orthop 82 4 pp
448-59

Daugaard H, Elmengaard B, Bechtold J E, Jensen T and Soballe K 2010 The effect on bone
growth enhancement of implant coatings with hydroxyapatite and collagen deposited
electrochemically and by plasma spray J. Biomed. Mater. Res. A. 92 3 pp 913-21

Family R, Solati-Hashjin M, Nik S N and Nemati A 2012 Surface modification for titanium
implants by hydroxyapatite nanocomposite Casp. J. Intern. Med. 3 3 pp 460-5

Drevet R, Ben Jaber N, Fauré J, Tara A, Larbi A B C and Benhayoune H 2015 Electrophoretic
deposition (EPD) of nano-hydroxyapatite coatings with improved mechanical properties on
prosthetic Ti6AI4V substrates Surf Coat Technol pp 1-6

Zhitomirsky | and Gal-Or L 1997 Electrophoretic deposition of hydroxyapatite J. Mater. Sci.
Mater. Med. 8 pp 213-9

Boccaccini A R, Keim S, Ma R, Li Y and Zhitomirsky | 2010 Electrophoretic deposition of
biomaterials J. R. Soc. Interface 7 pp S581-5613

Kollath V O et al. 2013 AC vs. DC Electrophoretic Deposition of Hydroxyapatite on Titanium
J. Eur. Ceram. Soc. pp 1-12



Conference on Innovation in Technology and Engineering Science IOP Publishing

IOP Conf. Series: Materials Science and Engineering 602 (2019) 012071 doi:10.1088/1757-899X/602/1/012071

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Goudarzi M, Batmanghelich F, Afshar A, Dolati A and Mortazavi G 2014 Development of
electrophoretically deposited hydroxyapatite coatings on anodized nanotubular TiO 2
structures : Corrosion and sintering temperature Appl. Surf. Sci. 301 pp 2507

Khandan A, Abdellahi M, Barenji R V, Ozada N and Karamian E 2015 Introducing natural
hydroxyapatite-diopside ( NHA-Di ) nano-bioceramic coating Ceram. Int. 41 9 pp 12355-63

Mohseni E, Zalnezhad E, and Bushroa A R 2014 Comparative investigation on the adhesion of
hydroxyapatite coating on Ti — 6Al — 4V implant : A review paper Int. J. Adhes. Adhes. 48 pp
238-57

Hohlinger M, Heise S, Wagener V, Boccaccini A R and Virtanen S 2017 Developing surface
pre-treatments for electrophoretic deposition of biofunctional chitosan-bioactive glass coatings
on a WE43 magnesium alloy Appl. Surf. Sci.

Anand R 2012 Electrophoretic Deposition of Hydroxyapatite on Ti6Al4V

Kwok C T, Wong P K, Cheng F T, and Man H C 2009 Applied Surface Science
Characterization and corrosion behavior of hydroxyapatite coatings on Ti6Al4V fabricated by
electrophoretic deposition Appl. Surf. Sci. 255 pp 6736-44

Roy M, Bandyopadhyay A and Bose S 2012 Induction Plasma Sprayed Nano Hydroxyapatite
Coatings on Titanium for Orthopaedic and Dental Implants Surf. Coat. Technol. 205 8-9 pp
2785-92

Yamada M et al. 2012 Bone integration capability of nonpolymorphic crystalline
hydroxyapatite coated on titanium implants Int. J. Nanomedicine. 7 pp 859-73

Xiao X F and Liu R F 2006 Effect of suspension stability on electrophoretic deposition of
hydroxyapatite coatings Mater. Lett. 60 pp 2627-32

Frajkorova F, Molero E, Montero P, Gomez-Guillen M C, Sanchez-Herencia A J and Ferrari B
2015 Biodegradable bi-layered coatings shaped by dipping of Ti films followed by the EPD of
gelatin/hydroxyapatite composites J. Eur. Ceram. Soc.

Khalili V, Khalil-allafi J, Frenzel J and Eggeler G 2016 Bioactivity and electrochemical
behavior of hydroxyapatite-silicon-multi walled carbon nano-tubes composite synthesized by
EPD on NiTi alloys in simulated body fluid Mater. Sci. Eng. C.

Mahmoodi S, Sorkhi L and Shahrabi T 2013 Electrophoretic deposition of hydroxyapatite —
chitosan nanocomposite coatings in different alcohols Surf. Coat. Technol. 216 pp 106-14

Amiri H, Mohammadi | and Afshar A 2016 Electrophoretic deposition of nano-zirconia
coating on AZ91D magnesium alloy for bio-corrosion control purposes Surf. Coat. Technol.

10



Conference on Innovation in Technology and Engineering Science IOP Publishing

IOP Conf. Series: Materials Science and Engineering 602 (2019) 012071 doi:10.1088/1757-899X/602/1/012071

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Kumar R M et al. 2016 Electrophoretic deposition of hydroxyapatite coating on Mg—3Zn alloy
for orthopedic application Surf. Coat. Technol. 287 pp 82-92

Cook S D, Thomas K A, Kay J F and Jarcho M 1988 Hydroxyapatite-Coated Titanium for
Orthopedic Implant Applications Clin. Orthop. Relat. Res. 232 pp 225-43

Farrokhi-rad M 2015 Electrophoretic deposition of hydroxyapatite nanoparticles in different
alcohols : Effect of Tris ( tris ( hydroxymethyl ) aminomethane ) as a dispersant Ceram. Int. pp
1-11

Lynn A K and DuQuesnay D L 2002 Hydroxyapatite-coated Ti-6Al-4V part 1 the effect of
coating thickness on mechanical fatigue behavior pp 1937-46

Svehla M, Morberg P, Bruce W, Zicat B and Walsh W R 2002 The Effect of Substrate
Roughness and Hydroxyapatite Coating Thickness on Implant Shear Strength J. Arthroplasty.
17 3 pp 304-11

Li H et al. 2014 Effect of Thickness of HA-Coating on Microporous Silk Scaffolds Using
Alternate Soaking Technology Biomed. Res. Int.

Montazeri M, Dehghanian C, Shokouhfar M, and Baradaran A 2011 Applied Surface Science
Investigation of the voltage and time effects on the formation of hydroxyapatite-containing
titania prepared by plasma electrolytic oxidation on Ti — 6Al — 4V alloy and its corrosion
behavior Appl. Surf. Sci. 257 16 pp 7268—75

Chew K K, Zein S H S, Ahmad A L, McPhail D S and Abdullah M F 2013 The
electrochemical studies of the corrosion resistance behavior of hydroxyapatite coatings on
stainless steel fabricated by electrophoretic deposition J. Ind. Eng. Chem. 19 pp 1123-29

Albayrak O, El-atwani O and Altintas S 2008 Hydroxyapatite coating on titanium substrate by
electrophoretic deposition method: Effects of a titanium dioxide inner layer on adhesion
strength and hydroxyapatite decomposition Surf. Coat. Technol. 202 pp 2482—-7

Meng X, Kwon T, Yang Y, Ong J L and Kim K 2006 Effects of Applied Voltages on
Hydroxyapatite Coating of Titanium by Electrophoretic Deposition J. Biomed. Mater. Res.
Part. B Appl. Biomater 78B pp 3737

11



