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Abstract: To enhance the corrosion resistance of magnesium (Mg) alloy and to impart its surface with antibacterial functionality for
inhibiting biofilm formation and biocorrosion, Mg(OH), films were fabricated on AZ31 magnesium alloy substrates by an in-situ
hydrothermal method and well-defined multilayer coatings, consisting of gentamicin sulfate (GS) and poly(sodium 4-styrene
sulfonate) (PSS), were prepared via layer-by-layer (LbL) assembly. The morphologies, chemical compositions and corrosion
resistance of the obtained (PSS/GS),/Mg sample were investigated using scanning electron microscopy, Fourier transform infrared
spectroscopy, X-ray photoelectron spectroscopy, electrochemical methods and immersion tests. Finally, the bactericidal activity of
(PSS/GS),/Mg samples against Staphylococcus aureus was assessed by the zone of inhibition methods and plate-counting method.
The so-synthesized composite coating on the Mg alloy substrates exhibits good corrosion resistance and antibacterial performance,

which make them attractive as coatings for medical implanted devices.
Key words: magnesium alloy; corrosion resistance; antibacterial property; layer-by-layer assembly

1 Introduction

Magnesium alloys have been intensively
investigated as potential candidates for orthopedic and
cardiovascular stent applications owing to their good
biocompatibility, unique biodegradability and better
mechanical properties compared with the other types of
biodegradable materials such as polymer and
ceramic [1-5]. However, a relatively poor resistance to
corrosion is a serious impediment against wider
application of magnesium alloys [6,7]. Therefore, some
methods must be supplied to improve the corrosion
resistance of magnesium and its alloys [8,9]. One of the
most significant ways to protect corrosion is to coat the
base materials.

On the other hand, while issues related to rapid

surface degradation must be solved, good antibacterial
properties are also necessary. The biomaterials as
implants were believed to be at the risk of the adsorption
of bacteria and the subsequent bacterial colonization and
biofilm formation on the surfaces when exposed to the
living tissue. Afterward, infections are usually caused by
the bacterial adhering and colonizing on implants and
then lead to the development of a biofilm, which would
damage surrounding tissues and generate planktonic
bacterial cells that spread infection [10]. Therefore,
antibacterial properties play a significant role in
determining the outcome and success of an
implant [11,12] and it is highly desirable to fabricate a
new class of coating on Mg alloys to reduce the
corrosion rate while concomitantly suppressing the
proliferation of the bacterial.

Among the various technologies available for
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coating, the process known as layer-by-layer (LbL)
self-assembly, is a simple, versatile, and inexpensive
approach to generate functional multilayer thin coatings
on surface [13,14]. By incubating a substrate in
alternating solutions of positively and negatively charged
polyelectrolyte, thin well-adhered film layers are formed
as expected [15]. Some researches show that the
advantages of the LbL self-assembly of polyelectrolytes
on metal are that they do not contain toxic and harmful
substances and the production process is simple and
economical [16]. LbL self-assembly films have been
utilized as drug carrier systems to reduce the possibility
of localized infection. For instance, SCHMIDT et al [17]
reported an LbL film composed primarily of
nanoparticles and small molecules, demonstrating a

systematic electro-activated drug release from such films.

MIN et al [18] developed a multi-agent delivery thin LbL
film with controlled local release of gentamicin.

In this work, the coated AZ31 substrates were
prepared by hydrothermal treatment with NaOH solution
and electrostatic-based LbL self-assembly. The obtained
Mg(OH);, film as an inner layer has been used in order to
enhance the corrosion resistance because it works as a
barrier between the substrate and body fluids [19]. The
assembled films are composed of poly(styrene
sulfonate) (PSS) and a small molecule antibiotic,
gentamicin sulfate (GS), which is an aminoglycoside
antibiotic, for use in the treatment of severe infections
caused by both Gram-positive and, especially,
Gram-negative bacteria [20,21]. GS serves as the
cationic component of the LbL film and PSS is the
anionic component. To our knowledge, there were few
reports about functional composite films combining
corrosion resistance and antibacterial properties on
magnesium alloy. The physicochemical properties of the
composite films were characterized using different
analytical techniques. Furthermore, the effects of LbL
films on the corrosion and bactericidal efficiency against
Staphylococcus aureus (S. aureus) were studied.

2 Experimental

2.1 Materials and chemicals

The as-extruded AZ31 magnesium alloy used has
nominal chemical composition (mass fraction, %): Al
2.5-3.0, Zn 0.7-1.3, Mn>0.20 and balanced Mg. PSS
(M=70000) and polyethyleneimine (PEI, M=600) were
purchased from Qingdao Jingke Chemical Reagent Co.,
Ltd., China. GS (M=575.67) was purchased from
Chengdu Ai Ke Chemical Technology Co., Ltd., China.
Figure 1 shows the chemical structures of PSS and GS
used in this work. All chemicals were of analytical grade
and deionized (DI) water was used throughout to prepare
the solutions and wash the samples.
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Fig. 1 Chemical structures of GS and PSS

2.2 Preparation of composite coatings

The substrates with dimensions of 20 mm x
20 mm x 3 mm were polished with SiC papers up to
1500 grit, washed with DI water to remove excess
impurities and dried in air. A hydrothermal method was
utilized to treat the prepared Mg alloy. In brief, sodium
hydroxide (10 g) was added into DI water (100 mL) with
stirring. Then, the solution and the substrates were
transferred into a 100 mL Teflon-lined stainless. The
autoclave was kept in an electric oven at 170 °C for 3 h.
Finally, the substrates were washed thoroughly with DI
water several times and dried in air [22,23]. The samples
prepared under this process were denoted as
NaOH-treated Mg.

Layer-by-layer coatings were
dip-coating method, wherein the NaOH-treated Mg
samples were firstly immersed in the PEI solution
(10 mg/mL) for 10 min to obtain a precursor layer with a
stable positive charge to initiate the LbL assembly
process [24,25]. Then, the layers were generated with the
following sequence: BCBCBCBCB (B and C represent
negatively and positively charged polyelectrolytes,
respectively). Solutions B and C contain anionic
polyelectrolyte, PSS (pH=5.5) at 2 mg/mL and GS
(pH=5.5) at 2 mg/mL. Thus, each bilayer consists of PSS
layer and GS layer. The dipping cycles were repeated
until (PSS/GS),/Mg (where n denotes the number of
bilayers) samples were obtained. Figure 2 outlines the
idealized pictures of the proposed methodology
schematically.

created via a

2.3 Surface characterization

The surface morphologies of the coatings were
observed by means of scanning electron microscopy
(SEM, Nova NanoSem 450) equipped with energy-
dispersive X-ray spectroscopy (EDS). The possible
chemical bonding formed in the coatings was confirmed
by Fourier transform infrared spectrometry (FTIR,
Nicolet 380, Thermo Electron Corporation) and X-ray
photoelectron  spectroscopy (XPS, ESCALAB250,
Thermo VG Corporation). For the FTIR measurements,
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Fig. 2 Schematic representation of construction of (PSS/GS),/Mg samples

the multilayered components carefully taken from the
samples were diluted in KBr (0.2%, mass fraction) to
generate pellets and were analyzed in the absorbance
mode using a resolution of 4 cm ™' and a total of 32 scans.

2.4 Electrochemical measurements and hydrogen

evolution

The potentiodynamic polarization curves and
electrochemical impedance spectroscopy (EIS) were
performed by an electrochemical analyzer (PAR Model
2273, Princeton). A three-electrode cell set-up was used
wherein the prepared coated AZ31 alloy samples,
saturated calomel electrode (SCE) and a platinum wire
were used as the working, reference and counter
electrodes, respectively. The polarization curves were
tested at a constant scan rate of 2 mV/s, initiated from
—2000 mV to —1000 mV. EIS studies were carried out at
open circuit potential for 10 mV sinusoidal amplitude
over a frequency range of 100 kHz to 0.01 Hz. A stable
open circuit potential was established prior to testing. All
experiments were conducted at room temperature in
simulated body fluid (SBF) with a pH of 7.40. The
chemical composition of the SBF is listed in Table 1.
Each test was duplicated to prove the reproducibility of
the results.

Table 1 Chemical composition of SBF

Reagent plgL™h
NacCl 8.035
NaHCO; 0.335
KCl 0.225
KH,PO43H,0 0.231
MgCl, 6H,0 0.423
CaCl, 0.292
Na,SO,4 0.072
Tris ® 6.228

* Tris = 2-amino-2-(hydroxymethyl)-1,3-propanediol

The hydrogen evolution set-up design was tested by
placing the sample with full surface exposure in SBF at
37 °C under an inverted funnel connected to a graduated
burette. The water level in the burette was intermittently

recorded during the immersion experiment for 9 d. The
hydrogen evolution rate (HER) can be calculated by [26]

HER=Vy/st (1)

where Vy is the hydrogen evolution volume, s is the
exposed area and ¢ is the immersion time.

2.5 Antibacterial assays

The antibacterial spectrum of the samples was
evaluated by zone of inhibition (ZOI) testing.
Gram-positive Staphylococcus aureus (S. aureus) was
cultured in agar plates at 37 °C overnight. The optical
density of the test organism was adjusted to 0.699 at
650 nm, which indicated the content of bacteria
approximately reached 10° colony-forming units
(CFU)/mL. Freshly grown bacteria were diluted by broth
to an approximate concentration of 5 x 10’ CFU/mL of
S. aureus. 10 mL of this stock solution was spread onto
the surface of an agar plate. The Mg, NaOH-treated Mg,
(PSS/GS),y/Mg and (PSS/GS)s/Mg samples were placed
on the inoculated agar plates and incubated at 37 °C for
24 h. Colonies were visualized and images of the clear
zones around the samples were captured [27].

To further investigate the antibacterial effects of the
coated Mg alloy, the plate-counting method was used
[28]. The sample was added to 3 mL of broth containing
approximately 10° CFU/mL of S. aureus. After 2 h of
treatment, the suspension was diluted with 0.8% NaCl
solution, and then approximately 1.8 x10° CFU of
S. aureus was swabbed onto an agar plate. The plate was
then incubated at 37 °C for 16 h. The colonies were then
counted to evaluate bactericidal activity of the PSS/GS
modified Mg by comparison with the native Mg alloy.

3 Results and discussion

3.1 SEM images of composite film on substrate

The surface morphologies of the bare and coated
Mg alloy were examined using SEM and are shown in
Fig. 3. The surfaces of bare AZ31 alloy (Fig. 3(a)) and
NaOH-treated Mg (Fig. 3(b)) display similar morphology
and the scratches on the surface are less obvious after
hydrothermal treatment. The SEM images of (PSS/GS),¢/
Mg (Fig. 3(c)) and (PSS/GS)s/Mg (Fig. 3(d)) show that
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the surfaces are covered by polyelectrolyte coatings after
the modification by PSS/GS bilayers. However, some
defects are presented on the surfaces and when the
bilayers number is increased, more defects are observed,
which may be ascribed to the fact that the AIMnSi [29]
particles are preferentially corroded due to the interaction
between the Mg(OH), film matrix and the assembled
units. This is responsible for the reduction in corrosion
protection on Mg alloy in SBF solution.

The cross-sectional morphologies of the samples are
shown in Fig. 4. The total thicknesses of different
coatings are 14.5, 9.6 and 5.4 um for the NaOH-treated
Mg, (PSS/GS),¢/Mg and (PSS/GS)¢/Mg samples,
respectively. The distinction in thickness is engendered

by different number of the assembled layers, which can
be ascribed to the fact that the LbL process would
decrease the thickness of the Mg(OH), film. It has been
reported that the protection provided by coatings is
proportional to the coating thickness [30], thus the
assembly would result in a low corrosion resistance of
the sample.

3.2 FTIR spectra

FTIR testing has been used to validate the
development of the composite coatings on the AZ31
substrates. As can be seen in Fig. 5, all the samples
show the stretching vibration bands for hydroxyl group
(3695 cm ') and Mg—O (447 cm ') of Mg(OH), [31,32].

10,m)

Fig. 3 SEM images of surfaces of Mg alloy (a), NaOH-treated Mg (b), (PSS/GS),¢/Mg (c) and (PSS/GS)¢/Mg (d) samples
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Fig. 4 Cross-sectional SEM images of NaOH-treated Mg (a), (PSS/GS),¢/Mg (b) and (PSS/GS)sp/Mg (c) samples
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Fig. 5 FTIR absorption spectra of prepared NaOH-treated
Mg (a), (PSS/GS),¢/Mg (b) and (PSS/GS)s0/Mg (c)

As for the NaOH-treated Mg, the bands at 1640 cm '
arises from H,O bending vibration and the band for
carbonate group is observed at 1450 cm™' [33]. After the
modification of PSS/GS, the FTIR spectra (curves (b)
and (c)) show peaks at 2926 and 2854 cm ' that are
attributed to stretching vibrations of —CH and —CH,
groups from the assembled multilayer [34]. Notably, the
band at 1613 cm ' is assigned to the stretching vibration
of C=C groups of PSS [35] and the two bands at 1262
and 1070 cm' are assigned to the asymmetric and
symmetric vibrations of the —SO;H groups of PSS [34],
respectively. Meanwhile, the absorption bands at 1517,
1458 and 1406 cm™' are related to the bending of N—H
bond of the primary and secondary amines, which are the
characteristic groups of GS [36]. All these absorptions
confirm a successful construction of the PSS/GS films.
In addition, with the increase in the number of bilayers,
the N—H adsorption peaks of GS increase, which
suggests that more GS is assembled on the substrate.

3.3 XPS spectra

The XPS wide scan spectra of the samples were also
employed to characterize the LbL process. As shown in
Fig. 6, the spectrum of the NaOH-treated Mg displays
the predominant elements of C, O and Mg, which
indicates the formation of Mg(OH), film. The high
content of carbon is derived from the environmental
contamination [37]. Successful PSS/GS modification on
the surface of Mg(OH), film was confirmed by the
presence of additional peaks of N and S (curves (b) and
(c)). Moreover, the N content is 6.44% for (PSS/GS),y/
Mg (curve (b)) and 8.4% for (PSS/GS)s/Mg (curve (c)).
This result shows that more GS could be immobilized on
the substrate by increasing the number of the assembled
bilayers, which is consistent with the conclusion from
FTIR spectra.
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Fig. 6 XPS spectra of NaOH-treated Mg (a), (PSS/GS),¢/Mg (b)
and (PSS/GS)e/Mg (c)

3.4 Corrosion characterization

Polarization curves for the bare and coated
substrates can be seen in Fig. 7. Table 2 gives a summary
of the corrosion potential (¢..;) and corrosion current
density (J.or) as calculated from extrapolation of the
Tafel plots. All three coated samples, NaOH-treated Mg
(curve (b)), (PSS/GS),/Mg (curve (c)) and (PSS/GS)sy/
Mg (curve (d)) show lower J,,, values than the AZ31
alloy substrate (curve (a)), and the ¢, values are more
anodic than that of the bare AZ31 alloy. The NaOH
treatment offers the greatest reduction in J, value,
which is measured at 3.11x10* A/cm”. This can be
ascribed to the Mg(OH), film retarding the penetration of
species (such as water and chlorine) [38]. Nevertheless,
the J.o values of the (PSS/GS),o/Mg and (PSS/GS)¢/Mg
samples are 1.52x107 A/em® and 6.11x10°° A/ecm?,
respectively, which show an increase in J,, compared
with that of the NaOH-treated Mg. Moreover, large
number of assembled bilayers leads to a higher corrosion
rate. This result can be ascribed to the fact that some

-1.0
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-1.2¢

-1.3 _(b)
-14f
=15
-1.61
-1.7¢
-1.81
-191
-2.0

Potential/V

10° 10% 107 10° 10° 10* 107
Current density/(A+cm™2)

Fig. 7 Polarization curves of AZ31 alloy (a), NaOH-treated

Mg (b), (PSS/GS),y/Mg (c) and (PSS/GS)s/Mg (d) immersed

in SBF solution
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Table 2 Electrochemical parameters of polarization curves

Sample Oeor! V Jeon/(Arem ™)
AZ31 alloy -1.73 1.21x107*
NaOH-treated Mg -1.33 3.11x10°8
(PSS/GS),/Mg -1.47 1.52x1077
(PSS/GS)¢/Mg -1.59 6.11x10°°

defects might be generated and the thickness of
Mg(OH), film would be decreased during the LbL
assembly process [13,39]. Thus, the more the layers that
are performed on the substrate, the larger the decline in
the corrosion resistance of the sample. This result is
consistent with the discussion in Section 3.1. However,
even in this case, the J., values of the (PSS/GS),,/Mg
and (PSS/GS)¢/Mg samples are still lower than that of
the bare AZ31 alloy, which demonstrates that the
obtained samples have better anti-corrosive properties
than the bare Mg substrate.

To further investigate the characteristics of the
corrosion inhibition effect of the composite coating, EIS
was employed in this study. Figure 8 shows the Nyquist
and Bode plots of the bare and coated AZ31 alloy
immersed in SBF solution. It is generally acknowledged
that the diameter of the capacitive loop in Nyquist plots
represents the polarization resistance of the working
electrode [40]. The impedance values at the onset of
immersion are 145 Q-cm” for AZ31 alloy, 400 kQ-cm®
for NaOH-treated Mg, 140 kQ-cm?® for (PSS/GS),/Mg
and 1900 Q-cm? for (PSS/GS)s/Mg, respectively. Thus,
the Nyquist plots demonstrate that the corrosion
resistance of the four samples reduces in the order of
NaOH-treated Mg > (PSS/GS),,/Mg > (PSS/GS)¢/Mg >
AZ31 alloy, which is in agreement with the polarization
results, indicating the better anticorrosion
performance of composite coatings than the AZ31
substrate.

In addition, the Nyquist plots for the AZ31 alloy
(Fig. 8(a)) are characterized by three loops: a high
frequency (HF) capacitive loop, a medium frequency
(MF) capacitive loop and a low frequency (LF) inductive
loop, which is taken as an indication of pitting
corrosion [41,42]. Thus, the corrosion of AZ31 alloy has
begun in the initial stage of immersion. It is well known
that higher impedance modulus |Z| at lower frequency
exhibits better corrosion resistance of the samples [43].
With increasing the immersion time to 2—8 h, the |Z]
values increase gradually, but reduce suddenly after
immersion for 12 h, and then increase again after 24 h.

For the NaOH-treated Mg, the Nyquist plots
(Fig. 8(c)) show two capacitive loops for 0—8 h of
immersion. When the immersion time is increased to
12 h, the capacitive loop at MF disappears and an
inductive loop shows up at low frequency, indicating the

curve

pitting corrosion. From the bode plots (Fig. 8(d)), the |Z|
values decease gradually as time evolves, suggesting that
the Mg(OH), film is degraded unceasingly.

The Nyquist plots for the (PSS/GS),/Mg (Fig. 8(e))
consist of two capacitive loops for 0—4 h of immersion.
When the time is increased to 8 h, the capacitive loop
gets much smaller and one inductive loop appears at the
LF, indicating the dissolution of the composite coatings
and the inducement of pitting on the substrate. As can be
seen from the bode plots (Fig. 8(f)), the |Z] values
decease continuously for 8 h and increase slightly after
12 h. When the sample is immersed in SBF solution for
24 h, the |Z] values decrease again.

When the sample is modified by 60 bilayers of
PSS/GS, the Nyquist plots (Fig. 8(g)) show two
capacitive loops at HF and MF and one inductive loop at
LF, which demonstrates that the pitting corrosion has
begun at the onset of immersion for (PSS/GS)s0/Mg
samples. The bode plots show that the |Z] values decease
gradually for 8 h and increase slightly after 12 h
immersion, then decrease again. The comparison of the
overall impedance of the different coatings also indicates
that the multilayer coating has higher protective ability
than the bare Mg substrate and the protective property
comes from the Mg(OH), film, which is consistent with
the SEM and Tafel measurements.

Alternatively, the corrosion rates of the samples
were also assessed by hydrogen evolution. As presented
in Fig. 9, the hydrogen evolution rate (HER) of the AZ31
substrate consistently decreases with time, whereas the
HER of NaOH-treated Mg increases continuously in the
first 30 h and descends successively and slowly. As for
the PSS/GS modified samples, the HERs decrease with
time during the initial stage, then dramatically rise to
higher values and tend to decrease and stabilize in the
subsequent stage.

Once immersed in corrosive solutions, the AZ31

alloys are corroded according to the following
electrochemical reactions:

Mg— Mg*'+2e )
2H,0+2e—20H +H, 3)

The by-product (OH) of magnesium dissolution
can raise localized corrosion and stabilize the corrosion
product (Mg(OH),):

Mg”+20H — Mg(OH), 4)

As immersion proceeds, the thickness of the
corrosion product layer increases and the corrosion rate
decreases gradually [44]. When equilibrium between
dissolution and formation of corrosion products is
established, the corrosion rate stabilizes. In contrast with
the AZ31 substrate, the HER of the NaOH-treated Mg
increases in the first 30 h. Because when immersed in the
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SBF solution, the Mg(OH), film is attacked by chloride
ions and transformed into MgCl,. Dissolution of
Mg(OH), makes the surface more active, subsequently
decreasing the protected area and resulting in an increase
of the corrosion rate. Afterward, the corrosion products
cover the surfaces and the degradation rate is nearly
constant over time, which is about half that of AZ31
alloy. With the propulsion of assembly process, the
HERs decrease rapidly in the first 4 h because of the
protection of the multilayer coatings. When the corrosive
medium penetrates into the Mg(OH), film through the
defects on the surfaces, the HERs continuously increase
for sever hours. Finally, the HERs trends are similar to
that of the NaOH-treated Mg.

On the whole, the corrosion rates of different
samples follow the order of NaOH-treated Mg <
(PSS/GS),y/Mg < (PSS/GS)s0/Mg < AZ31 substrate. The
trends are very much in agreement with the results

4035

observed by polarization measurements, which also
indicates that the corrosion resistance of Mg alloy has
been effectively improved after hydrothermal treatment
and LbL assembly.

3.5 Morphology observation after immersion test

Figure 10 shows comparative optical
morphologies of samples after 9 d of immersion. Figures
10(a) and (b) show the morphologies of the AZ3l
substrate and NaOH-treated Mg, and Figs. 10(c) and (d)
illustrate those of the samples modified with 20 and 60
bilayers of PSS/GS, respectively. As can be seen, the
corrosion area of the AZ31 substrate accounts for the
great proportion of the surface, especially some edges are
corroded severely. But for the NaOH-treated Mg, both
area and depth of the local corrosion reduce significantly.
From the magnitude of the corroded zone, it is clear that
corrosion resistance of PSS/GS bilayers modified Mg
alloy becomes weaker than that of the NaOH-treated Mg,
and the more the number of bilayers is, the weaker the
corrosion resistance is. However, the corrosion areas of
(PSS/GS),/Mg and (PSS/GS)sy/Mg are still less than
that the AZ31 substrate.

To investigate the microstructure evolutions of
different samples after immersion, SEM measurements
were performed (Fig. 11). Discernable crevices and
randomly distributed deep pits along with white
precipitates are observed on the surface of AZ31
substrate. For the NaOH-treated Mg, some cracks appear
on the surface as a result of the dehydration of the layer
during the drying process and the micro-pores are
observed at high magnification. For the (PSS/GS),,/Mg,
some cracks and white particles in the cauliflower shape
are formed on the surface, whereas rough morphology
with deep pitting corrosion on the (PSS/GS)s/Mg
surface is observed. The EDS analysis results suggest

macro-
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Fig. 10 Optical macro-morphologies of samples after being immersed in SBF solutions for 9 d: (a) AZ31 substrate; (b) NaOH-treated
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Fig. 11 SEM images of AZ31 substrate (a, b), NaOH-treated Mg (d, ), (PSS/GS),¢/Mg (g, h), (PSS/GS)s/Mg (j, k) after immersion
in SBF and corresponding EDS spectra of Spectrum 4 (c), spectrum B (f), spectrum C (i) and spectrum D (1)

that the surface degradation products of the samples are
rich in O, Mg, P and Ca. This indicates that P and Ca
ions in the SBF solution are involved in corrosion
reaction and incorporated corrosion precipitants formed
onto the samples.

3.6 In vitro activity of films against S. aureus

The antibacterial efficacies of the bare and coated
Mg alloy against S. aureus bacteria were assessed by
Z0I testing. The formation of a ZOI within a lawn of
bacteria was used to evaluate the efficacy of released GS.
A ZOI represents inhibition of the growth of an organism
within a designated zone corresponding to the presence
of an active substance. Figure 12 shows that after 24 h of
incubation, the diameters of ZOI of the (PSS/GS),,/Mg
and (PSS/GS)¢/Mg are 18.68 and 23.98 mm,
respectively, whereas there is no visible zone of
inhibition for the uncoated Mg and NaOH-treated Mg.

The good inhibition can be ascribed to the release of high
dosage of diffusible GS from the multilayer coating into
the surrounding medium. Based on these results, it can
be concluded that LbL assembled coatings have
significant antibacterial action on S. aureus bacteria and
large number of assembled layers result in an obvious
increase in antibacterial efficiency.

The antibacterial effect of the PSS/GS modified Mg
alloy, evaluated by the plate-counting method is shown
in Fig. 13. The CFUs of S. aureus decrease in the
following order: (PSS/GS)s/Mg > (PSS/GS),¢/Mg >
AZ31 alloy > NaOH-treated Mg. Plating of a diluted
sample from the control tube (the bare AZ31 alloy)
yields 415 CFU. The sample treated with NaOH solution
increases the CFU count to 612. Compared with
NaOH-treated Mg, the bare Mg alloy shows better
antibacterial activity, which can be ascribed to the fact
that the corrosion products of Mg alloy would inhibit the
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Fig. 13 Number of S. aureus colonies in antibacterial test (The
inserted photographs of agar plates incubated under condition
in the samples of AZ31 alloy (a), NaOH-treated Mg (b),
(PSS/GS),0/Mg (¢) and (PSS/GS)s/Mg (d))

growth of S. aureus [45]. Further modification with 20
bilayers of PSS/GS is able to reduce the CFU to 18,
suggesting at least 96% reduction in bacteria viability.
When the surface is coated with a number of 60 bilayers,
the reduction rate of bacteria is approximately 100%
after 2 h of incubation. This demonstrates that the
antibacterial performance is greatly improved by
increasing the number of bilayers, which is in accordance
with the results of ZOI testing. What’s more, as the high
CFU levels applied in this study are rarely found in
real-life systems, it appears that the LbL coating

20 mm

possesses an excellent biocidal effect and exhibits
effectiveness in reducing bacteria growth.

4 Conclusions

1) Compared with bare AZ31 alloy, the
(PSS/GS),/Mg samples exhibit both an improved
corrosion resistance and excellent antibacterial property.
The assembled multilayers are more effective in
inhibiting the in vitro growth of S. aureus when the
number of assembly is increased.

2) The data imply that there is probably an
interaction between the Mg(OH), film matrix and the
polymer coatings, which undermines the corrosion
resistance of the sample. The quality of the coating needs
a further improvement.
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