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Abstract

The present investigation provides experimental results of corrosion performance in simulated
body fluid of Ti-20Co medical alloy coated with hydroxyapatite (HA) and Partialy Stabilized
Zirconia (PSZ) composite layer by electrphoretic deposition (EPD) technique. A three mixing ratios
of HA and PSZ powders (namely 90%HA+10%PSZ, 66%HA+34%PSZ and 25%HA+75%PSZ)
were electrophoretically deposited on the surface of a Ti-20Co substrates. Post heat treatment at
800C° in inert environment was performed to improve the adhesion strength of the coated layers.
The coated samples were subjected to electrochemical study in artificial saliva (Modified Carter's
solution) and simulated blood plasmain order to determine the optimum coating conditions that can
give corrosion resistance in simulated body fluid condition. The influence of mixing ratios and
deposition thickness on the corrosion performance of the alloy are discussed in details based on the
Open Circuit Potential (OCP), corrosion potential and corrosion rate using potentiodynamic
polarization. Results showed that the coating efficiency is highly depending on parameters like
composition, coating thickness, layer porosity and adhesion to substrate. The corrosion aspects
resulting from various deposition thicknesses are discussed in details.
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I ntroduction

Titanium and titanium aloys are widely
used today in both dentistry and orthopedic
surgery  because of their favorable
biocompatibility, high corrosion resistance,
light weight, and various mechanical
properties. In spite of the many advantages,
the high melting temperature and strong
tendency to oxidize and chemically react with
mould material make pure and low alloy
titanium difficult to fabricate by casting [1].
Among the various alloys, the Ti-Co system
has been of particular interest, not only
because the melting temperature can be largely
lowered, but also because cobalt is a widely
accepted biocompatible element [2]. Corrosion
resistance of metallic biomaterials such
titanium alloys is one of the basic criteria
determining their performance, however,
usually deteriorated when large amounts of
alloying additions were added [3]. According
to Chern Lin et a [4], within their polarization
scan limit (600 mV SCE), breakdown did not
occur in ether the Ti-Ni alloys with 20 wt%

Ni or less, or Ti-Co aloys with 30 wt% Co or
less in Ringer’s solution. As cobalt or nickel
content reached 30 wit%, the breakdown
potential went down sharply. Chern et a [5]
found that breakdown potentids of Ti-Co
alloys with 25-30 % Co were all higher than
900 mV and the critical anodic current
densities were all lower than 8uA/cm2 in
artificial saliva. Electrphoretic deposition is a
relatively new technique in ceramic processing
that enables the formation of thick ceramic
films. Several investigations have been
undertaken on the electrophoretic deposition
(EPD) of hydroxyapatite (HA) and Partially
Stabilized Zirconium (PSZ) e films on Ti and
its alloys for biomedical applications [6-8].
Both, HA and PSZ are well-known as valuable
implant materials. However, the interest in
their composites which could combine the
unique biocompatibility and bioactivity of HA
ceramics with  very good mechanical
properties of the materials based on partially
stabilized zirconia has started quite recently
[6,9]. Preparation of a two-phase (HA +ZrO,)
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composite material gives rise to some
guestions, which have not been fully clarified
in previous studies. In particular, these
guestions concern the influence of ZrO, on
phase stability of HA [9]. Thermal behaviors
of HA in the presence of ZrO, as
the admixture depends on a number of factors
which may, but not necessarily have to,
cause its degradation. This problem is of
crucial importance from both scientific and
application points of view since HA
degradation results in changes in its physic-
chemical properties. This determines the
behavior of an implant material in a living
system by dtering its  solubility,
biocompatibility and restorability. Most of the
studies which have been carried out in recent
years dealt with the preparation of HA-ZrO,
composites in the form of dense sinters
[10, 11]. Only a few reports described the
HA-ZrO, composite coatings obtained on
other materials [12]. In our recent work we
have found that mixing of a bonier ceramic
material (PSZ) with bioactive one (HA) led to
high integration between bone and implant by
increasing the bioactivity of the product
and to promote mechanical properties
of the implanted screws and enhanced
osseointegration during the healing period [6].
Therefore this work is aimed to evaluate the
effect of phase composition, homogeneity,
porosity and adhesion of HA-PSZ composite
layer prepared by EPD technique on the
corrosion behavior of Ti-20Co aloy in
simulated body fluids (artificial saliva).

Experimental Procedure
Electrophoretic Deposition

Electrophoretic deposition EPD
suspension was produced by breaking down
the agglomerates and uniformly distributing a
dispersing agent on the surfaces of the ceramic
particles. Suspension of different mixing ratios
of HA and PSZ (93.8Zr02+Hf02, 5.4Y,03,
0.1Si0,, 0.12TiO,, 0.25A1,03, 0.003Ce0s3,
0.02NaO and 0.05Ca0 wit%) powders
(namely  90%HA+10%PSZ, 66%HA +
34%PSZ and 25%HA + 75%PSZ) were
prepared by adding appropriate ratio of the
powders to the solvent (100 gL isobropanol)
in a container under continuous  stirring
for 10 minutes, then dispersant agent
(35 gL' phosphate ester) was added. The
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binder (3g gL *polyvinyl butyral) was added
after stirring for 10 minutes or continued
until a colloidal suspension was obtained.
The square specimens with dimension of
10x10x2 mm were cut from Ti-20Co alloy and
grinded up to 1000 grit before the deposition
process was carried out. The Ti-20Co
specimen was used as cathode electrode and a
plate of 316L stainless steel was used as anode
electrode and 10 mm distance between the
electrodes was maintained. A current density
of 0.3 mA/cm? was applied between the two
electrodes in the electrophoretic cell (applied
voltage 30 volts). The HA+PSZ coatings were
obtained on Ti-20Co specimens for different
period of time (namely 1, 2, 3, and 4 minutes).
The coated specimens were then sintered at
800°C for one hour under inert atmosphere.
The thickness of the deposited layer
was measured using ERICHSEN MINI test
3000 micro process coating thickness tester.
The phases present in the as received was
investigated using high resolution optical
microscope (Nikon Eclipse ME 600L/441002,
Japan), whereas the coated specimens of
Ti-20Co aloy were characterized using XRD.
Shimadzu LabX XRD-6000 powder X-ray
diffractometer using Cu Ka radiation was used
for this study. XRD patterns were collected for
different 2q values ranging from 25 to 60°
with a 0.05° step and counting time of 5 s per

step.

Electrochemical Measurements
Open Circuit Potential:

The electrochemical measurements were
carried out using potentiostat / galvanostat
(Weking  Mlab200, Bank  Elektronic,
Germany) provided with electrochemical
interface controlled by commercial software-
SCI 2007. The electrochemical cell used in
this study was fabricated according to the
ASTM standards G5-87 (Annual Book of
ASTM Standards, vol. 03.02, 1987). The aim
of the OCP-time measurements is to
understand the corrosion behavior ch/s
(characteristic) of the electrophoretically
HA+PSZ coated Ti-20Co specimens under
equilibrated  conditions in the body
environment. The open circuit potential versus
time measurement is considered as an
important parameter for evauating the
stability of the passive film of the alloys. The



specimens were immersed into the electrolyte
and immediately the initial potentia of the
specimens was noted and monitored as a
function of time up to 60 min.

Potentiodynamic Polarization:

Potentiodynamic polarization was carried
out for coated and uncoated Ti-20Co
specimensin artificial saliva (Modified Carters
solution NaCl: 0.7, KoH PO4:0.2, KCI: 1.2,
NaHCO3:1.5, NaHPO4:0.26, KSN: 0.33,
Urea: 0.13gL™ respectively) and simulated
blood plasma (NaCl: 6.8, MgS0,4:0.1, KClI:
0.4, NaHCO3:2.2, Na2HPO4:0.126, CaCl2:
0.2, NaH,PO, : 0.26 gL™ respectively), the
solutions were adjusted a pH of 7.4 and
temperature of 37.4+1°C. Nitrogen gas was
continuously purged into the electrolyte
throughout the study to eliminate the dissolved
oxygen. All the potential measurements
were made with reference to a saturated
calomel electrode (SCE) and platinum mesh
was used as auxiliary electrode. When the
specimen attained a congant potential,
polarization was started from an initial
potential of 250 mV below the open circuit
potential. The specimen was scanned in the
positive direction reaching a potential of 2.0V
at a sweep rate of ImV/sec, and the current
was monitored with respect to the potential.
The critical parameters like corrosion potential
(Ecorr), Corrosion current Il and corrosion
rate were evaluated from the polarization
Ccurves.

Results and Discussions
Microstructural Analysis

Optical micrographs in Fig.(1) show the
microstructure of the as received Ti-20Co
alloy contain the pre-eutectiod Ti.Co (white
dendrites) precipitate was formed
predominately at origina BTi (bcc) grain
boundaries. Also it can be seen from the
higher magnification micrograph that in the
binary Ti-20Co dloy, relatively few needle-
shaped aTi (hcp) crystals were observed
within the BTi dominate matrix. Chern Lin et
a [5 conformed that in  Ti-25Co and
Ti-20Co-5Ni systems, the large amount of
Ti2Co or Ti2(Co, Ni) precipitate appeared as a
continuous phase, whereas the retained B-Ti
(in Ti-25Co) or a-Ti plus Ti,(Co, Ni) in
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(Ti-20Co-5Ni) appeared in the form of isolated
islands surrounded by pre-eutectoid Ti2Co or
Ti2(Co, Ni) particles.

T R+ 5 =
: B b

Fig.(1) Optical micrographsof the
microstructure of Ti-20Co alloy, etched with

10 ml Hf, 75 ml HNos and 15ml deionized
distilled water.

X-ray Diffraction

Fig.(2) shows the XRD patterns of the
Ti-20Co  specimens before and  after
EPD coating with (66%HA+34%PSZ) and
(75%PSZ+25%HA). The patterns indicated
that the surface of the specimen are well
covered with PSZ and HA layer. The strongest
linesin the pattern of the coated specimens are
(111) and (022) a 206 30.081 and 49.900
respectively which is responsible for ZrO;
(JCPDSICDD files # 17-0923 & 37-1413)
and (002),(102), (211),(300) and (222) at 26
25.870, 28.050, 31.769, 32.902 and 46.650
which are responsible for the hexagonal
Cas(PO4)3(OH) (JCPDS-ICDD file # 00-090-
423). The patterns show aso the line (220) at
20 34.35 which is responsible of Cag(POa)2
phase (JCPDS-ICDD file # 09-0169).
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Fig.(2) Patterns of the Ti-20Co specimens before and after EPD coating.

Open Circuit Potential-Time

Passivity in body fluids is the maor
characteristics of surgical alloys. The stability
of passive condition of the coated Ti-20Co
aloy at different deposition period is
illustrated by the potential-time curves in
Figs.(3aand b). The OCP of the uncoated and

coated specimens were found to be in the
active region and shows stable potential with
time. The OCP’s of both HA/PSZ mixing
ratios measured for the specimen deposited for
4 minutes were found to be lower than that of
the steady state of uncoated specimen (-794
and -734 mV and -834 mV respectively).
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Fig.(3) Open circuit potential (OCP) versus time measurements for Ti-20Co alloy uncoated and
electrophoretically HA/PSZ coated in artificial saliva;
a: 66%HA+34%PSZ, b: 25%HA+75%PSZ.



Potentiodynamic Polarization

Corrosion behavior of the present alloys
was evaluated using potentiodynamic
polarization technique. The electrochemical
parameters obtained from the Tafel fit of the
polarization profiles for the specimens EPD
coated with (25%HA+75%PSZ) in the
modified artificial solution are shown in
Tables (1). The results prove that HA/PSZ
coating by EPD modified the electrochemical
behavior of Ti-Co alloy. All specimen coated
with 25%HA+75PSZ show high reduction in
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the corrosion rate value, which was even
lower than that for the reference uncoated
specimen. The lower corrosion rate
was recorded specimen coated for 1 minute
(3.7 x10°* mmly) comparing to that of the
uncoated specimen (13.02x10"* mmly). As the
deposition time was progressed the corrosion
rate increases and this may be attributed to the
coating porosity which was found to increase
as the deposition time increases.

Table (1)
Corrosion parameters of specimen EPD coated with (25%HA+75%PSZ)
for different deposition timein artificial saliva.

Deposition Coatin Corrosion . .
e‘?’ime thickn&gs Potential Cgrro_s;o_ncurriwt Corrc/)so: {gtg
(minutes) (um) Ecor,MVage | NS Wlear A | (MmA)
Un coated Un coated - 905 1.37 13.02
18.9 - 826 0.39 3.70
28.7 - 883 0.49 4.65
314 - 926 05 4,75
4 46 - 800 0.52 4.94

The corrosion parameters in Table (2)
show the same scenario, the corrosion rate of
the specimens coated with (66%HA+34%PSZ)
was increases as the deposition time increases
indicating that as the coating thickness
increases the coating layer becomes more
porous, and also the lower corrosion rate was
recorded for the specimen deposited for one
minute (4.75 x10° mm/y) which mean that
this time of deposition can provide dense
coating layer. Meng et al [13] confirmed that
EPD with a low voltage of 20 V can cresate a

coating of fine, dense HA particles (Ra<150-
200 nm). However, a constant higher voltage
created a porous surface composed of large
HA particles (~400 nm). For this reason we
have found that as the HA addition to the
composite layer increases the porosity and
decreases the adhesion strength of the coated
layer for the three trialed mixing ratios
90%HA+10%PSZ, 66%HA+34%PSZ and
25%HA+75%PSZ (20, 60 and 120 N/cm?

respectively).

Table (2)
Corrosion parameters of specimen EPD coated with (66%HA+34%PSZ)
for different deposition timein artificial saliva

D ition in rrosion . .
ePr?:LO t:\:icc);itn&gs %%t;?}gl Corros_lo_n current Corrosion ra@g,

(minutes) (um) Ecor,MVsce SETE Iz (24 ity <10
Uncoated Uncoated - 905 1.37 13.02

9.9 - 955 - 955 0.27 2.56

13.9 -973 -973 05 4.75

30.4 - 970 - 970 0.72 6.84

33.7 - 806 - 806 0.8 7.60
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The pours nature of the coating layer may
be also due to the decomposing of the HA
phase to tricalcium phosphate Cag(PO4)2
(Fig.(2) during the heat treatment of the
coated specimens which has porous nature.
Also we have noticed that the pore adhesion of
the 90%HA+10% PSZ layer produced on the
specimen resulted in failure in the coated layer
immediately after immersed in the artificial
sdliva. The micrographs in Fig.(3) show a
clear evidence of the pours nature of this
HA/PSZ coated layer with high HA content.
The failure may be due to the crakes occurs
after heat treatment. The increase in the l¢or aS
the thickness increases is due to the corrosion
process that occurs as results of the
microporous of the coating. It is through this
porous the electrolyte attacks the base metals.
Zhao et al [14] found that the most challenging
problems facing the elctrophoretic deposition
of composites like  AlxOs/Ce-ZrOzand

Y-ZrO,/Ce-ZrO, are the cracking of the
deposit during drying and the cracking of the
sintered body during heating.

Among al the coated specimens, one
coated at applied voltage of 30 volt for
1 minute (thickness 9.9 um) shows best
corrosion behavior.

Fig. (4) Micrographs of 90%HA+10%PSZ
layer produced by EPD on Ti-20Co alloy.
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Kwok et al [15] found that specimens EPD
coated with HA had a thickness of about
10 um and free of cracks, with corrosion
resistance higher than that of the substrate.
Fig.(5) shows the effect of variation of coating
thickness on the corrosion rate of
Ti-20Co aloy. The figure shows that
increasing the layer thickness and HA content
in the composite layer result in increase in the
corrosion rate.
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Fig.(5) Thevariation in corrosion rate with
coating thicknessfor Ti-20Co in artificial
saliva.

Table (3) demonstrated the electro-
chemical parameters obtained from the
polarization curves of the specimens EPD
coated  with  66%HAP+34%PSZ  and
25%HAP+75%PSZ a deposition time of
1 minute in simulated blood plasma. The
results confirm our results obtained from the
polarization curves in artificial saliva, that
using deposition time of one minute for this
type of composite coating can enhance the
corrosion properties of Ti-20Co aloy in
different body fluids environments.

Corrosion parameters of specimen EPD coated with 66%HA+34%PSZ and 25%HA+75%PSZ

Table (3)

for 1 minute in simulated blood plasma.

Coating Corrosion Corrosion .
ciﬁgi“t)ilc?n thickness Potential current C(cr)r:rrrc])/?/)o 2 rlgt?‘?
(pum) Ecor,MVsce densityicar, gA
Uncoated - -335 0.81 7.69
66%HAP+34
%PS7 9.9 - 338 0.16 1.58
25%HAP+75
06PS7 18.9 - 206 0.22 2.09




Conconclusions

Electrophoretic deposition of HA+PSZ
on samples of Ti-20Co with varying thickness
showed marked changes in the corrosion
resistance; optimum thickness was found to be
9.9 pum. This can be attributed to dense nature
of the coated layer formed on the samples
which will resist the mobility of the active ions
like CI- and other ions through the film. The
coating layer may block the path-way for a
Ti4+ migration from the metals to the solution
which normally occurs during anodic
polarization. The corrosion parameters show
that increasing the PSZ content in the EPD of
composite HA+PSZ coated layer enhance the
corrosion behavior of Ti-20Co aloy in
different body fluids environments.

Acknowledgment

The authors would like to acknowledge the
research funding from Directorate of Materials
Science (MSD), Ministry of Science &
Technology (MOST), Irag.

References

[1] Takahashi J., Kimura H., Lautenshlagrr
E.P., Chern Lin J.H.,Moser J.B. & Greener
EH. “Casting pure titanium into
commercia  phosphate-bonded  SiO2
investment molds”. Journal of Denta
Research. 69, (1990), p. 1800.

[2] JB. Pak, Biomaterials Science and
Engineering, Plenum Press, New York
(1984) p. 193.

[3] Zighowicz A. , Wake W., Barucha-K¢pka
A. and Kiel M.” Corrosion behavior of
metallic biomaterials used as orthodontic
wires” Journal of Achievements in
Materials and Manufacturing Engineering,
27, 2(2008) p. 151.

[4] Chern Lin JH., Chen Y.F. and Ju C.P.
“Cu-Ti,Co-Ti and Ni-Ti systems: corrosion
and microhardness”, J Oral Rehab, 17
(1990) p. 383.

[5] Chern Lin JH., Moser JB., Taira M.and
Greener E.H., “Effect of nickel addition on
microstructure and properties of T& Co-Ni
alloys”, Biomaterials, 16(1995) p. 1401.

[6] Thair L. Alzubaydi, Shatha S. AlAmeer,
Thekra Ismaeel, Athraa Y. AlHijazi and
M. Geetha” In vivo studies of the ceramic
coated titanium aloy for enhanced
osseointegration in dental applications”

K halid R. Alrawi

Materials Science, Materials in Medicine,
(2008), ISSN 0957-4530 (Print) 1573-4838
(Online).

[7] Cengiz Kaya "Electrophoretic deposition
of carbon nanotube-reinforced hydroxya-
patite bioactive layers on Ti—6Al-4V
alloys for biomedical applications’ J
Ceramic international, 34 (2008) p.1843.

[8] X.Pang, Zhimitomirsky I. and Niewczas
M., “Cathodic electrolytic deposition of
zirconia films " J surface and coating
Technology ,95 (2005) p.138.

[9] Vaov I., Stoychev D.and Marinova T.,”
Study of the kinetics of processes
during electrochemical deposition  of
zirconia from nonagueous electrolytes”
Electrochim. Acta,47,28 (2002) p.4419.

[10] Yamada Y. and Watanabe R., "Effect
of dispersed pores on fracture toughness of
HA/PSZ composites’, Scripta Materialia,
34 (1996) p.387.

[11] Silva V.V. and Domingues R.Z,
"Hydroxyapatite-zirconia composites
prepared by precipitation method" J.
Mater. Sci. Mater in Med, 8 (1997) p.907.

[12] Chang E., Chang W.J., Wang B.C. and
Yang C.Y., "Plasma spraying of zirconia-
reinforced  hydroxyapatite  composite
coatings on titanium. Pat |. Phase
microstructure and bonding strength”, J.
Mater. Sci. Mater in Med,8 (1997) p.193.

[13] MengX.,KwonT.Y., Yang Y., OngJ.
L. and Kim K. H.” Effects of applied
voltages on hydroxyepatite coating of
titanium by electrophoretic deposition”J.
Biomed. Mater. Res., 78B(2) (2006) p 373.

[14] Zhao C., Velugels J.,, Vanderperre L.,
Basu B. and Van Der Biest O.,”Graded
Tripological  Materials Formed by
Electrophoresis” Mater. Sc. Forum, 308-
311 (1999) p.95.

[15] Kwok C.T., P.K. Wong, F.T. Cheng
and Man H.C.” Characterization and
corrosion behavior of hydroxyapatite
coatings on Ti6Al4V fabricated by
electrophoretic  deposition  “Applied
Surface Science, 255, Issues 13-14( 2009)
p. 6736.




Journal of Al-Nahrain University Vol.14 (1), March, 2011, pp.84-91 Science

-

Ladal

b IS lia sad il Al j0 Canl) 138 6 o
bl Haa) @l Ti-20C0 48w aval Jallss
ey (HA) @il S0 saley Adladly
o Al A Gl y(PSZ) Ws Anfal LS )3l
.(EPD)4alladl (338l 3 yaglly

(PSZ) 5 (Ha) oo gis @ cijas
(90%HA+ 10%PSZ, 66%HA+34%PSZ .
o o L & Al 5%HA+75%PSZ)
a4 800°C 45 Juald e Lama 8 Ti-20C0
el pall 5 Al G Blall Judl e J sanl)
Oo Ailaas 5 5eSh @l oY) P e il A &
sl Ll elial Clall Jolae 4 s jee Pla
Aal L e Jpmnll Uyt L jumat 5l
g el s3a (Jidd o gall 628 (i y e JSTN
& Lexdinal il Ligal dla)s sadieall (ol
G Loee Bl e JSU Jamas L OSTY sgan
paorll dagidall 33 s WlE S ey Jslaa
J il & ekl (OCP) Glhaiin) sga Gl ol diuly
il L Jalse s o adey JSO Jaes selaS
Aalal il gadll 5 o) Glans oMl o gl Leddiial)
Kl e GlailN) 58 ) ALl Ul clida b
S s e U8 Ll Al 8 ;L deadi
adl Jaalst P DU e



