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Abstract Plasma electrolytic oxidation (PEO) in an

alkaline phosphate electrolyte was used to produce a novel

multifunctional polytetrafluoroethylene (PTFE)-containing

oxide composite coatings on AM60B magnesium alloys.

The composition and microstructure of the PTFE-contain-

ing PEO coatings were analyzed by X-ray photoelectron

spectroscope (XPS), X-ray diffraction (XRD), and scan-

ning electron microscope (SEM). The electrochemical

corrosion behavior, tribological properties, and wetting

properties of the PTFE-containing PEO composite coatings

were evaluated using potentiodynamic polarization mea-

surements, a reciprocating ball-on-disk tribometer, and a

contact angle meter, respectively. Results show that the

PTFE-containing PEO composite coatings exhibited supe-

rior corrosion resistance, excellent self-lubricating

property, and better hydrophobic property when compared

with pure PEO coatings, and will be the attractive

advanced materials for a wide range of functional

applications.

Introduction

Due to a unique combination of high strength-to-weight

ratio, high dimensional stability, good machining and

recycling ability, magnesium and its alloys are of interest

in a wide range of industries, e.g. the automotive, aero-

space, and communication fields [1]. Unfortunately,

magnesium and its alloys have two great weaknesses,

namely, their vulnerability to corrosion and wear [2]. These

disadvantages strongly restrict the widespread applications

of magnesium and its alloys, especially in some harsh

service environments [3].

Currently, industrial application of magnesium alloys is

limited to the static component field. However, in certain

applications, magnesium alloys are subjected to sliding

motion including automotive brakes, guide bars, bearing

plates, seat supports, and engine components (piston and

cylinder brakes). Sliding wear is also an important con-

sideration in material processing by rolling, extrusion,

forging, etc. Magnesium alloys in general, exhibit very

poor tribological performance under unlubricated wear

conditions resulting in severe seizing (seizing and wear). A

more widespread use of magnesium alloys in the automo-

tive industry demands powerful functional surface coatings

to ensure better tribological property, as well as satisfying

anticorrosion performance [4–7].

Plasma electrolytic oxidation (PEO) [8–12] which is a new

and effective surface treatment technique developed from

traditional anodic oxidation has been used for surface mod-

ification of Mg alloys and some significant results have been

reported [9, 13–16]. PEO process could provide Mg alloys

with thick, hard ceramic-like oxide coatings composed of

outer porous layer and inner barrier layer [17, 18], and this

ceramic-like coating can improve the corrosion resistance

and antiwear abilities. However, the unavoidable porous
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structures in the sintered ceramic-like PEO coatings decrease

the corrosion resistance [19]. Furthermore, although PEO

coatings improve the wear resistance of Mg alloy, they have

higher friction coefficient than Mg alloys [20]. These disad-

vantages still restrict the potential applications of Mg alloys.

Thus, the application of composite PEO coatings with a

unique combination of high strength, better corrosion resis-

tance, superior self-lubrication, and antiwear properties on

Mg alloys would be attractive advanced coatings for a wide

range of functional applications.

Polytetrafluoroethylene (PTFE) have been used suc-

cessfully in many industries because of its many

advantages such as nonstick, higher dry lubricity, lower

friction, chemical inertness, hydrophobic, good wear, and

good corrosion resistance properties. [21]. In this article,

we have developed a method to introduce PTFE nanopar-

ticles into the PEO coatings to combine their advantages

together and improve the overall properties of the PEO

coatings. To the best of our knowledge, this is the first

report on the fabrication of such multifunctional PEO

composite coatings formed on Mg alloys with superior self-

lubrication, hydrophobic, and anticorrosion properties.

Experimental

Fabrication of PEO composite coatings on Mg alloys

Rectangular coupons (20 9 36 9 2 mm3) of AM60B

magnesium alloy (mass fraction: 5.6%–6.4% Al, 0.26%–

0.4% Mn, 20.2% Zn, and Mg balance) was used as the

substrate for depositing PEO coatings. Prior to PEO treat-

ment, the substrates were ground and polished with SiC

abrasive paper to achieve a surface finish of Ra & 0.18 lm

and then degreased in acetone. Dispersed PTFE nanoparti-

cles suspension (10 wt%) was used as the additive in the

alkaline phosphate electrolyte to prepare the PTFE-con-

taining PEO coatings on Mg alloys. It is well known that

surfactants cannot only improve the stability of a suspen-

sion by increasing the wettability and surface charge of

suspended particles but also enhance the electrostatic

adsorption of suspended particles on an anode surface by

increasing their net positive charge. In this case, nonionic-

surfactant (octylphenol polyoxyethylene ether, with the

addition of 1–2 vol.% in dispersed PTFE suspension) and

anionic surfactants (sodium dodecyl sulfonate, with the

addition of 2–4 vol.% in dispersed PTFE suspension) were

used for nano PTFE particles dispersion and surface charge

adjustment.

The alkaline phosphate electrolyte was prepared from

solution of sodium phosphate (10.0 g/L) in distilled water

with the addition of potassium hydroxide (1.0 g/L) to adjust

the pH and conductivity. The plasma electrolytic oxidation

processes were carried out in the alkaline phosphate elec-

trolyte without and with the addition of 3 vol.% PTFE

nanoparticles suspension (10 wt%), using a bipolar pulsed

electrical source (Institute of Low Energy Nuclear Physics,

Beijing Normal University, China). The electrical source

provided the voltage and current waveforms as described in

Ref. [22]. The electrical parameters were fixed as follows:

frequency = 150 Hz, the positive pulse = 1.0 ms, the

negative pulse = 1.5 ms, and duty cycle = 37.5%. The Mg

alloy sample and the wall of the stainless steel container

were used as the anode and the cathode, respectively. The

voltages of the positive pulse cycle and the negative pulse

cycle were controlled so as to maintain constant current

density at 6.0 A/dm2 (positive current density is equal to

negative current density). The final voltage was kept at

approximately 500 V. During the PEO process, the tem-

perature of the electrolytes was always maintained within

the range 25–30 �C by a mechanical stirrer in solution and a

water cooling system. The treatment times were set at 5 min

for the samples oxidized in alkaline phosphate electrolyte

without and with PTFE nanoparticles, respectively. After

the PEO treatment, the coated samples were rinsed thor-

oughly in water and dried in warm air.

Microstructure characterization

The Zeta potential of the modified nano PTFE particles

added in the alkaline phosphate electrolyte was measured

by a nanoparticle size analyzer (Zetasizer Nano ZS ZEN

3600, Malvern, UK). The size and morphology of these

particles were observed by a JEOL JEM-1200EX trans-

mission electron microscope (TEM).

A JEOL JSM-5600LV scanning electron microscope

(SEM) was used to observe the surface and cross-section

morphologies of the oxide coatings. The XPS analyses of

the oxide coatings were performed on a PHI-5702 multi-

functional X-ray photoelectron spectroscope, using Al-Ka
radiation (photon energy 1476.6 eV) as the excitation

source. The binding energy of C1s (284.8 eV) was used as

the reference. The phase composition of the oxide coatings

was studied by X-ray diffraction (XRD, Philips X’ Pert Pro

MPD X-ray diffractometer), using Cu-Ka radiation as the

excitation source at a grazing angle of 2�.

Corrosion resistance, tribological, and hydrophobic

properties evaluations

The electrochemical measurements were carried out in a

three-electrode cell. The Mg alloys samples coated with

PEO coating was used as a working electrode. A platinum

plate and saturated calomel electrode (SCE) were used as

counter and reference electrode, respectively. Measure-

ments were performed in 3.5 wt% NaCl solutions at a
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temperature of 20 �C using a CHI760B potentiostat/gal-

vanostat system. Scan was conducted with a constant rate

of 10 mV/s. Potentiodynamic anodic polarization curves

were established and the corrosion potential (Ecorr) and

corrosion current density (icorr) were determined using the

Tafel extrapolation method.

The friction and wear properties of the uncoated Mg

alloy, the PEO coating and PTFE-containing PEO coatings

were evaluated on a reciprocating ball-on-disk UMT-2MT

tribometer (Center for Tribology, California, USA). Our

previous studies shown that wear life of the 5 min (oxi-

dation time) PEO coatings is short [20], so in this case, the

30 min (oxidation time) PEO coatings which were pre-

pared under the same conditions were chosen for friction

and wear tests. A AISI52100 steel ball (diameter 3 mm,

hardness HRC 62 * 63, surface roughness Ra about

0.01 lm) was used as the counter body and its chemical

compositions is C (0.95–1.05 wt%), Si (0.15–0.35 wt%),

Mn (0.2–0.4 wt%), Cr (1.30–1.65 wt%), and Fe (balance).

All the wear tests were performed using a load of 2 N, a

sliding frequency of 5 Hz, and sliding amplitude of 5 mm

at room temperature. The friction coefficient and sliding

time were recorded automatically during the tests.

Sessile water droplet contact angle (CA) values were

acquired using a contact angle meter (CA-A type, Kyowa

Scientific Company, Ltd., Japan) at ambient temperature.

The average CA values were obtained by measuring the

sample at five different positions, and the images were

captured with a digital camera (Panasonic, Ltd., Japan).

Results and discussion

Characteristics of PTFE nanoparticles

It is well known that nanoparticles tend to agglomerate in an

electrolyte due to high surface free energy and high ionic

strength of the electrolyte [23]. The agglomeration makes

the co-deposition of the nanoparticle relatively difficult. It

has been widely reported that surface modification of these

particles, especially the addition of surfactants, can over-

come this problem significantly [24–26]. The Zeta

potentials of the modified PTFE nanoparticles added in the

alkaline phosphate electrolyte immediately (a) and after

24 h (b) were measured, respectively. The Zeta potential of

the PTFE particles was about -6 mV, but after 24 h it

changed to about -3 mV. From the bright field TEM image

of the treated PTFE nanoparticles (Fig. 1) it can be seen that

the particles with diameters in the range of 170–270 nm

were wrapped by the layers of surfactants and uniformly

dispersed in water with slight aggregation. The composite

surfactants containing nonionic and anionic surfactants

improved the wettability and stability of the suspension by

changing the surface polarity of the inert PTFE nanoparti-

cles. Furthermore, the anionic surfactants increased the

negative charge (known as the Zeta potential) of the PTFE

nanoparticles, which will be useful for the electrophoresis

and subsequent electrostatic adsorption of PTFE particles

towards Mg alloy anodes and for the co-deposition of PTFE

particles in PEO coatings [27].

Characteristics of PTFE-containing PEO coatings

Figure 2 shows the development of the positive voltage of

the anodization as a function of time of the plasma electro-

lytic oxidation processes in alkaline phosphate electrolyte

without and with the addition of PTFE particles using a

constant current density mode. It can be seen that the vari-

ation of the positive voltage is similar for the two solutions,

but the work and final voltage for the solution containing

PTFE particles is slightly smaller than that without PTFE

particles during PEO process. The chemical compositions of

Fig. 1 Bright field TEM image of the treated PTFE nanoparticles
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Fig. 2 Variation of positive voltage in alkaline phosphate electrolyte

without and with the addition of PTFE particles

2000 J Mater Sci (2009) 44:1998–2006

123



the PEO coatings formed in alkaline phosphate electrolyte

with and without the addition of PTFE nanoparticles were

determined by XPS analyses. The XPS survey spectra and

specific spectrum of F1s of the oxide coatings are shown in

Fig. 3a, b, and c, respectively. It can be seen from Fig. 3a

that the pure PEO oxide coatings formed in alkaline phos-

phate electrolyte contain mainly O, Mg, and P. For the PEO

oxide coatings formed in electrolyte with the addition of

PTFE nanoparticles, there is an evident peak of F1s, as well

as the above O, Mg, and P elements (Fig. 3b), indicating that

the fluorine element which is the component of the PTFE

nanoparticles incorporated into the oxide coatings during the

PEO process. Figure 3c demonstrates the specific spectrum

of F1s taken from the composite oxide coatings formed in

electrolyte with addition of PTFE nanoparticles. It can be

seen that the spectrum has only one peak at 690.0 eV cor-

responding to CF2 group (
     
C C

F

F

F

F

), which constitutes the

basic unit in the structure of PTFE. It is inferred that the

PTFE nanoparticles incorporated into the PEO oxide coat-

ings exist in the form of PTFE [28].

X-ray diffraction (XRD) analyses were used to further

investigate the changes in composition of PEO coatings

before and after the addition of PTFE nanoparticles into the

alkaline phosphate electrolyte. The spectrum of the PEO

film labeled A in Fig. 4 shows the peaks corresponding to

MgO, Mg, and MgAl2O4, respectively. The spectrum of the

PEO film formed with addition of PTFE nanoparticles

(spectrum B in Fig. 4) shows a new peak at 2h around 18�,

indicating the existence of an integrated PTFE phase. This

clearly demonstrated that PTFE particles were effectively

incorporated in the PEO coatings, which is in agreement

with the results of XPS analyses.

Figures 5, 6 show the surface and cross-section mor-

phologies of pure PEO coating and PTFE-containing PEO

composite coatings, respectively. As can be seen, microp-

ores and cracks are found to be existed on the surface of the
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Fig. 3 XPS survey spectra of a the PEO coating and b the PTFE-

containing PEO coating, c Typical XPS specific spectrum of F1s for

the PTFE-containing PEO coatings

Fig. 4 XRD patterns of PEO coatings formed in an alkaline phosphate

bath (a) without and (b) with addition of PTFE nanoparticles
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pure PEO coating (Fig. 5a). The diameter of the micropores

ranges from a few to more than ten micrometers. The cracks

are relatively wide and long, even going through the mi-

cropores. The pores were formed by the molten oxide and gas

bubbles thrown out of microarc discharge channels, while

the microcracks resulted from the thermal stress due to the

rapid solidification of the molten oxide in the relatively cold

electrolyte [9, 29, 30]. As shown in the cross-sectional

morphology (Fig. 6a) the PEO coating with thickness of

about 15 lm grown on the magnesium alloy is composed of

an outer porous layer and an inner barrier layer. There are

also many pores and microcracks in the cross-sectional

morphology. Compared with the inner layer, the outer layer

is more porous which would permit more corrosive medium

to get through and reach the magnesium substrate, and

decrease the corrosion resistance of PEO coatings on mag-

nesium alloy substrates [12]. In contrast, the micropores on

the surface of the PTFE-containing composite coatings are

small and relatively homogeneous (Fig. 5b). In addition, the

cracks that can be easily found on the surface of pure

PEO coatings can hardly be found on the surface of

PTFE-containing PEO coatings. In the cross-sectional mor-

phology of PTFE-containing PEO coatings (Fig. 6b), it can

be clearly observed that the composite oxide coating with a

thickness about 13 lm is dense without through-going pores

or defects. The PTFE-containing PEO coating appeared to be

well bonded with the substrate and the pores and microcracks

can hardly be found in the outer layer. As a result, the cor-

rosive medium can not get through the oxide coatings so

easily. During the PEO process, the PTFE nanoparticles with

negative Zeta potential in the electrolyte could move towards

anode (Mg alloy) under the electric field force and then co-

deposit on the surface of the Mg alloy. These particles could

be partly filled in the micropores and cracks of the oxide

layers to make them small and consequently, the micro-

structure of the composite coatings was rather uniform

compared with the pure PEO coatings.

Anticorrosion property

The corrosion resistance of pure PEO coatings and PTFE-

containing PEO coatings was evaluated by the potentio-

dynamic polarization curves in 3.5 wt% NaCl solution, the

Fig. 5 SEM surface morphologies for a PEO coating and b PTFE-

containing PEO coatings

Fig. 6 SEM cross-sectional morphologies for a PEO coating and

b PTFE-containing PEO coating
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curves of which are shown in Fig. 7. The corrosion

potential (Ecorr) and the corrosion current density (icorr)

derived from the potentiodynamic polarization curves are

shown in Table 1. It can clearly be observed that in NaCl

solution, the corrosion potential positively increased from

-1.605 V for pure PEO coatings to -1.557 V for PTFE-

containing PEO coatings. Moreover, the corrosion current

density of PTFE-containing PEO coatings is more than one

order of magnitude lower than that of pure PEO coatings,

which indicated that a better corrosion protection to Mg

alloy is afforded by the PTFE-containing PEO coating

when compared with pure PEO coating.

The different electrochemical corrosion behavior of the

pure PEO coating and the PTFE-containing PEO coating is

mainly due to their different composition and microstruc-

tures. As shown in Figs. 5a and 6a, there are many large

micropores and cracks on the surface and whole layer of

pure PEO coating. Therefore, with increasing of anodic

potential during polarization, corrosive intermediate (Cl-)

would be rapidly transferred through the outer porous layer

and reach the inner barrier layer of the PEO coating, which

then increased the corrosion current density. At the same

time, MgO as the main phase in the pure PEO coating, is

unstable and will be subjected to progressive chemical

dissolution in neutral aqueous solution [31]. All of these

resulted in a limited corrosion protection of pure PEO

coatings to the Mg alloy substrate. In contrast, the PTFE-

containing PEO composite coatings with small micropores

and cracks (Figs. 5b and 6b) have less surface defects than

pure PEO coatings. Dense oxide layer containing PTFE

nanoparticles can act as a diffusion barrier and a general

hindrance to corrosion at the surface of composite PEO

coatings when exposed to corrosive environments, thus

effectively decreasing the rapid diffusion paths for chloride

ions into bulk Mg alloy substrates, which leads to a sig-

nificant decrease in corrosion current density. Meanwhile,

the PTFE phases are more stable than MgO phase in

neutral aqueous solution. As a result, the corrosion poten-

tial of PTFE-containing PEO composite coatings is shifted

to a positive potential compared to the pure PEO coating.

Therefore, it can be concluded that much enhanced cor-

rosion resistance of PTFE-containing PEO coatings in

chloride containing environments can be mainly attributed

to the diffusion barrier or blocking effect of dense and

protective composite oxide layer on Mg alloys.

Tribological behavior of PTFE-containing PEO

coatings

The typical evolution of friction coefficient with sliding

time for Mg alloy substrate, pure PEO coating, and PTFE-

containing PEO coating are shown in Fig. 8, respectively.

For the uncoated Mg alloy substrate, the friction coefficient

varies in the range of 0.2–0.4, accompanied by severe

oscillation, typical of soft Mg alloy materials with adhesive

wear and stick–slip tendency (curve 1 in Fig. 8). Although

the friction coefficient of pure Mg alloy is low, the oscil-

lation of friction coefficient demonstrates that the Mg alloy

substrate shows poor tribological behavior without pro-

tective surface coatings. It can also be observed that the
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Fig. 7 Potentiodynamic polarization curves of (a) PEO coating and

(b) PTFE-containing PEO coatings

Table 1 The results of potentiodynamic corrosion test of PEO

coating and PTFE-containing coating in 3.5 wt% NaCl solution

Ecorr (V vs. SCE) icorr (A/cm2)

PEO coating –1.605 ± 0.006 2.416 ± 0.03 9 10-6

PTFE-containing

PEO coating

-1.557 ± 0.004 2.130 ± 0.02 9 10-7
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Fig. 8 Dry sliding behaviors against CCr15 steel ball for (1) Mg

alloy substrate, (2) the PEO film, and (3) the PTFE-containing PEO

coating
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pure PEO coating shows a very high friction coefficient

around 0.5–0.7 as it sliding against steel ball under unlu-

bricated conditions (curve 2 in Fig. 8). Curve 3 in Fig. 8

shows an improved tribological behavior provided by the

PTFE-containing PEO coating. The PTFE-containing PEO

coating exhibited a low and stable friction coefficient

(below 0.2) during the overall sliding test. It is evident that

the improvement in tribological properties can be attributed

to the presence of the PTFE phase in the PEO coating

which acts as a solid self-lubricant during the wear test.

The improved wear resistance and remarkable reduction

of friction coefficient for PTFE-containing PEO coating

over Mg alloy substrate and pure PEO coatings were further

confirmed by comparing the worn surface morphologies as

shown in Fig. 9. It can be seen that the wear track of the Mg

alloy substrate (Fig. 9a1) is broad and deep. Many grooves

and scratch marks, parallel to the sliding direction, are

evident on the wear track (Fig. 9a2). Such features are

characteristics of abrasion wear [32, 33]. Also many scraps

can be found on the wear track of pure Mg alloys. All of

these indicate the Mg alloy substrate with low hardness has

poor wear resistance. For the pure PEO coatings with higher

hardness than pure Mg alloys, the wear track (Fig. 9b1) is

wide but not as deep as the pure Mg alloy. The coatings

show severe wear characterized by a large extent of debris

formation and microfractures (Fig. 9b2). However, when

compared with pure Mg alloy, grooves and scratch marks

cannot be found on the worn track of pure PEO coatings. So

the PEO process can improve the wear resistance of Mg

alloys. As shown in Fig. 9c1, the wear track of the PTFE-

containing PEO coating is hard to detect, the entire worn

surfaces appear quite smooth and show no evidence of

appreciable material removal (Fig. 9c2). The PTFE-con-

taining PEO coatings with higher hardness than pure Mg

alloys, exhibited the lowest wear rate and friction coeffi-

cient (Fig. 8) among the three materials. This can also be

attributed to the presence of the solid self-lubricating PTFE

phase. Its extended chain linear molecules, –(CF2–CF2)n–,

formed low shear strength films upon its surface and mating

counter-faces [34, 35]. As mentioned in other articles [36],

PTFE could be easily transferred to the surface of the

counter-part during the wear process, which therefore can

prevent direct contact between the steel ball and the PEO

coatings and act as a solid lubricant. During the dry sliding

Fig. 9 SEM micrographs of

wear track after sliding tests:

a1 and a2 for Mg alloy

substrate, b1 and b2 for PEO

film, and c1 and c2 for PTFE-

containing PEO coating
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wear process, the PTFE layer could effectively reduce the

abrasion wear (as evident in Fig. 9c2) and consequently,

less wear debris were generated between the contacting

interfaces. This demonstrates that such nano PTFE particles

can play a beneficial role in improving the dry self-lubri-

cating performance of PEO coatings.

Hydrophobicity

Mg alloys have a number of applications in the fields of

automobile and aerospace for its excellent physical and

mechanical properties. Unfortunately, Mg alloys are highly

susceptible to corrosion, especially in some moist service

environments. According to the mechanism of corrosion

protection of metals, the hydrophobic coatings with low

wettability are possible to effectively prevent the water onto

the substrate surface, and exhibit an excellent corrosion

resistance in the wet environment. Previous studies have

shown that hydrophobicity of a surface is useful for

improving the corrosion resistance of Mg alloys [37]. So,

under moist or water environments, hydrophobicity of Mg

alloy surface is desirable for various coatings which have

self cleaning and water repellant surfaces. In this case, the

surface hydrophobicity of the samples showed in this work

was investigated by probing the contact angle using the

sessile drop measuring method. The water contact angle

(CA) of the surface of pure PEO coating was measured to be

in the range of 50�*55�, indicating that pure PEO coatings

formed on Mg alloy substrates were hydrophilic. However,

as shown in Fig. 10, the water CA of the PTFE-containing

PEO coatings increased up to 92�*101�, indicating that

PTFE-containing PEO coatings were hydrophobic. It can be

seen that the presence of PTFE particles in PEO coatings

results in the transition of the PEO coating from hydrophilic

to hydrophobic. It is well known that hydrophobic surfaces

require large surface roughness and low surface energy [37,

38]. As shown in Fig. 5b, the PTFE-containing PEO coat-

ings reveal a porous microstructure and crater-like

structure. Also, PTFE have excellent nonstick and hydro-

phobic properties [39, 40]. Therefore, in the these works,

the distinguishable porous and crater-like structures devel-

oped by PEO process and the co-deposition of hydrophobic

nano PTFE particles are believed to responsible for the

formation of the final hydrophobicity.

Conclusions

Novel PTFE-containing PEO composite coatings with

good hydrophobic properties were successfully produced

on AM60B magnesium alloy using plasma electrolytic

oxidation in alkaline phosphate electrolyte with addition

of modified PTFE nanoparticles. The electrochemical

corrosion property of the PTFE-containing PEO coatings

was markedly superior compared to those of pure PEO

coatings. Furthermore, the PTFE-containing PEO coatings

exhibited improved wear resistance and lower friction

coefficients compared with the pure PEO coatings and pure

Mg alloys under dry sliding wear conditions. The

improvement in the corrosion, tribological, and hydro-

phobic performance of PTFE-containing PEO coatings can

be attributed to a denser and more uniform surface, solid

lubrication effect of PTFE and better nonsticking proper-

ties of PTFE particles. Such multifunctional and high-

performance PTFE-containing PEO coatings with superior

anticorrosion, self-lubrication under dry wear conditions,

and good hydrophobic properties, will be the attractive

advanced materials for a wide range of functional

applications.

Acknowledgements The financial support from the NSFC (Grant

No.50772115), the prearranged project of General Armament

Department (maintenance techniques subject) and Innovation China

UK (ICUK) funding are gratefully acknowledged.

Fig. 10 Photos of the water droplet on the surface of a PEO coating

and b PTFE-containing PEO coatings
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