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Preparation of calcium phosphate coatings on Mg-1.0Ca alloy
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Abstract: The calcium phosphate coatings were prepared by virtue of electrochemical deposition in order to improve the corrosion
resistance of Mg-1.0Ca alloys in simulated body fluids. The chemical compositions, structures and morphologies of the coatings
were investigated by energy dispersive spectroscopy (EDS), X-ray diffractometry (XRD) and scanning electron microscopy (SEM),
respectively. The potentiodynamic electrochemical technique was employed to investigate the bio-degradation behavior of Mg-1.0Ca
alloys with Ca-P coatings in Hank’s solutions. The experimental results show that the deposited coatings predominately consist of
flake-shape brushite (DCPD, CaHPO,2H,0) crystallites. The corrosion resistance of the substrates with coatings is improved in

Hank’s solutions significantly.
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1 Introduction

The magnesium alloys exhibit an attractive
combination of biocompatibility, biodegradability and
mechanical properties analogous to natural bones[1-2].
These properties make them become ideal candidates for
biodegradable implant applications. In recent years, there
is an increasing research on magnesium alloys used as
biodegradable metal implants in potential orthopedic
surgery. Currently, the studies are mainly focused on
commercial alloys, such as Mg-Al and Mg-RE alloys,
due to their relatively high strength and good corrosion
resistance[3—7]. However, it has been reported that Al
element can cause nerve toxicity and restraining growth to
human body[8]. And the rare earth elements, such as
cerium, praseodymium and yttrium, may lead to a severe
hepatotoxicity[9]. The alloying elements Ca, Zn, Mn can
be tolerated in human body and can also retard the
biodegradation of magnesium alloys[10]. Calcium is one
of the most attractive elements due to the fact that it is a
major component of human bones and essential in

chemical signaling with cells. In addition, Mg-Ca alloys
have a similar density to bones and magnesium is
necessary for the incorporation of calcium into bones[11].
Nevertheless, these alloys have issues identical to other
magnesium alloys, and this shows that they have a low
corrosion resistance[11].

One of the effective approaches to reduce their
degradation rates is to coat the base materials. The
calcium phosphates, including hydroxyapatite (HA),
octacalcium phosphate(OCP) and brushite (DCPD), have
been widely utilized as the coatings of bone implant
materials because of their excellent biocompatibility,
non-toxicity, bioactivity and bone inductivity[12—13].
Up to now, some scientists attempt to prepare calcium
phosphate coatings on magnesium alloys to manipulate
the degradation rates[14—17]. The results indicate the
calcium phosphate coatings can improve the corrosion
properties of Mg-Al alloys. No report dealing with the
study on the degradation rate of Mg-Ca alloys with
calcium phosphate coatings can be found in the
literatures[1—2]. Thus, this study aims to prepare calcium
phosphate coatings on Mg-1.0Ca alloy by electrochemical
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deposition and
behavior by means of potentiodynamic electrochemical
technique in Hank’s solutions.

investigates their bio-degradation
2 Experimental

The substrate Mg-1.0Ca
magnesium alloy (nominal chemical composition: 1.0%

material used was

Ca (mass fraction), balance Mg) with size of 20 mmx20
mmx2 mm. The sample surfaces were ground by 200—
1 200 grit SiC papers, and then cleaned ultrasonically in
acetone for 15 min and finally dried with hot air. Samples
1, 2, 3 and 4 were electro-deposited on Mg-1.0Ca alloys
in a bath, containing the solution of 42 mmol/L
Ca(NO3),4H,0 and 25 mmol/L NH4H,PO, with pH
value of 5.0 for 20, 60, 120 and 240 min, respectively.
The Mg-1.0Ca alloy substrate was used as the cathode for
electro-deposition with an applied cathode potential of
—2.5 V versus saturated calomel electrode (SCE). The
coating structure was analyzed by means of X-ray
diffractometry (XRD). The morphology was observed by
virtue of a JSM—6460LV type scanning electron
microscopy (SEM) and its affiliated energy dispersive
spectroscopy (EDS) was used to probe the chemical

compositions.
The electrochemical tests were performed on an
EG&G 273 type potentiostat in a classical three-electrode

cell with platinum as counter electrode, saturated
calomel electrode (SCE) as reference electrode and the
uncoated or coated samples as working electrode with an
exposed surface area of 2.84 cm’. The potential was
scanned from —300 mV to 300 mV versus free corrosion
potential (p.o) at rate of 0.5 mV/s. Hank’s solutions
consisted of 8 g/ NaCl, 0.4 g/L KCl, 0.14 g/L CaCl,,
0.35 g/L NaHCO;, 1.0 g/L C¢HOg, 0.1 g/L MgCl,-6H,0,
0.06 g/L MgSO47H,0, 0.06 g/L. KH,PO, and 0.06 g/L
Na,HPO,12H,0 with pH of 7.4. All potentials
correspond to SCE.

3 Results and discussion

3.1 Morphologies of coatings

The morphologies of the coatings formed on the
Mg-1.0Ca substrates with deposition time of 20, 60, 120
and 240 min are illustrated in Fig.1. It is obvious that the
deposition time has a significant influence on the
morphologies of the coatings. After 20 min deposition, a
few dot-like and lamellar crystallites have already been
formed on the surfaces of the substrates. The magnitude
of area B in Fig.1(a) shows a fissure surface with white
floccules observed under the crystallites. After 60 min
deposition, the crystallites partly cover the surface of the
substrate. The coating consists of lamellar crystallites
distributed irregularly (Fig.1(b)). Just as exhibited by the
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magnitude of area B in Fig.1(a), a fissure surface can
also be seen of area C in Fig.1(b). After being deposited
for 2 h, the lamellar crystallites grow larger. The
crystallites of the coating appear regular flower-like
structure diverging from centre towards periphery (see
Fig.1(c)). Fig.1(d) displays that the surface of sample 4
is fully covered with dense lamellar crystallites which
are finer and fairly uniform distributed compare with
those of the other samples. And the lamellar crystallites
of the coating interlace together and form micropores.
The microporous structures may be helpful for the bone
tissues to infiltrate into the implants then to accelerate
the healing of the damaged bones[12]. The thickness of
the Ca-P coating (shown in Fig.2) is 20—25 pum on
sample 4.

EDS results show that the lamellar crystallite (area
A) in Fig.1(a) consists of oxygen, phosphorus and
calcium, and n(Ca)/n(P)=1.01 which is approximate the
n(Ca)/n(P) value of DCPD(Fig.3(a)). The area C in
Fig.1(b) is rich in magnesium, oxygen and a small
amount of phosphorus and calcium (Fig.3(b)), indicating
Mg(OH), film containing phosphorus and calcium forms
on the surface of substrate. The fissure surface may be
caused by the dehydration of the layer after drying.

3.2 XRD analysis of coatings

Fig.4 shows the XRD patterns of the coatings
formed on Mg-1.0Ca substrates after electro-deposition
for different These
crystallographic structures. Besides the peaks of a-Mg
and Mg,Ca phases in the substrates, some special peaks
correspond to brushite (DCPD, CaHPO, 2H,0) of the
(020), (021), (040) and (041) planes. No other calcium
phosphates, e.g. OCP and HA, are observed, suggesting

times. patterns  represent

that the deposition time has no influence on the
transformation of DCPD to other calcium phosphate
phases. But the intensity of the diffraction peaks of

Substrate

Fig.2 SEM image of sample 4 on cross-sectional view
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Fig.3 EDS spectra of areas A(a) and B(b) in Fig.1(a)
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Fig.4 XRD patterns of coatings formed on substrates

DCPD increases from 20 min to 120 min, while that of
ao-Mg decreases. Moreover, the narrow line widths and
high intensities of the diffraction peaks reveal that the
crystallinity of DCPD is relatively high. It was reported
that a highly crystalline structure yields less dissolution
of the coating[18]. Therefore, the high degree of
crystallinity may be beneficial to decreasing the
biodegradation rate of Ca-P coating.

The formation of DCPD among calcium phosphate
phases is closely dependent upon the super-saturation
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and the pH values of the solutions[19]. At lower pH,
DCPD may be involved as a precursor phase. It is
reported that magnesium ion markedly inhibits HA
crystal growth in a solution supersaturated only with
respect to this phase, has a modest influence on the
kinetics of OCP growth, and has practically no effect on
DCPD crystallization[19]. Therefore, in the case of
pH=5.0 of the solutions, the deposited coatings on
Mg-1.0Ca  predominately DCPD
(CaHPO42H,0) crystallites.

consist of

3.3 Corrosion behaviour

The polarization curves for the substrate and Ca-P
coated samples in Hank’s solutions are shown in Fig.5.
Tafel fits are employed to analyze the polarization curves.
On one hand, as can be seen in Fig.5, the Mg-1.0Ca alloy
substrate exhibits a lowest @cor of —1.65 V. The @cor
values of the coated samples 1, 2, 3 and 4 are
approximately —1.60, —1.54, —1.51 and -1.46 V,
respectively, which are fairly higher than that of the
substrates. The coated sample 4 has a highest @cor,
followed by sample 3, 2 and 1, which implies that the
thickness and the coverage of coating influence the ...
On the other hand, the corrosion current density of
coated samples is lower than that of substrates. The
coated sample 4 with best coverage and dense crystallites,
has the lowest corrosion current density of 7.47x10°°
A/em?, nearly two orders of the magnitude lower than
that (5.9x10~* A/cm?) of the substrates.
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Fig.5 Polarization curves of Mg1.0-Ca alloy and its coatings

After a three-day immersion in Hank’s solution, the
corrosion pits occur on the substrate, while merely slight
corrosion appears on the coated samples. But the
lamellar crystallites of the coatings are partly dissolved.
The mass loss of the coated sample 4 is just one fourth
that of its substrate, further revealing the degradation
rates of the substrates with the coatings decrease
significantly.

4 Conclusions

1) A calcium phosphate coating was successfully
Mg-1.0Ca
electrochemical deposition. The deposited coatings
consist of flake-shape brushite (DCPD, CaHPO,2H,0)
crystallites. The deposition time has obvious influence

prepared on alloys by means of

on the morphologies of the coatings, but has no impact
on the transformation of DCPD.

2) The free corrosion potential of the coated
samples is fairly higher than that of substrate, and the
corrosion current density of coated samples is two orders
of the magnitude lower than that of the Mg-1.0Ca
substrate, which indicates that the Ca-P coating can
improve the corrosion resistance of Mg-1.0Ca alloy in
Hank’s solutions.

3) The thickness and morphology of the coating
have significant impact on the corrosion behavior of
Mg-1.0Ca alloy.
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