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Abstract: In order to improve the osseointegration and antibacterial activity of titanium alloys, micro/nano-structured ceramic 
coatings doped with antibacterial element F were prepared by plasma electrolytic oxidation (PEO) process on Ti6Al4V alloy in NaF 
electrolyte. The influence of NaF concentration (0.15−0.50 mol/L) on the PEO process, microstructure, phase composition, corrosion 
resistance and thickness of the coatings was investigated using scanning/transmission electron microscopy, energy dispersive 
spectroscopy, atomic force microscopy, X-ray diffractometer, and potentiodynamic polarization. The results demonstrated that 
Ti6Al4V alloy had low PEO voltage (less than 200 V) in NaF electrolyte, which decreased further as the NaF concentration increased. 
A micro/nano-structured coating with 10−15 μm pits and 200−800 nm pores was formed in NaF electrolyte; the morphology was 
different from the typical pancake structure obtained with other electrolytes. The coating formed in NaF electrolyte had low surface 
roughness and was thin (<4 μm). The NaF concentration had a small effect on the phase transition from metastable anatase phase to 
stable rutile phase, but greatly affected the corrosion resistance. In general, as the NaF concentration increased, the surface roughness, 
phase (anatase and rutile) contents, corrosion resistance, and thickness of the coating first increased and then decreased, reaching the 
maximum values at 0.25 mol/L NaF. 
Key words: plasma electrolytic oxidation; Ti6Al4V alloy; micro/nano structure; NaF; surface modification 
                                                                                                             

 
 
1 Introduction 
 

Ti and its alloys, unlike bioactive ceramics, bioglass, 
hydroxyapatite (HA), or glass ceramics, cannot directly 
bind to bone due to their poor osseointegration and bone 
induction properties [1,2]. Surface modification is an 
effective way to improve the biological properties of Ti 
implants [3−5]. Plasma electrolytic oxidation (PEO) is an 
electrochemical anodizing process that employs a higher 
potential and discharge. PEO porous coatings can 
improve the mechanical connection between implants 
and cells, increase the surface roughness of samples, and 
provide a larger area for initial adhesion and osteoblasts 
diffusion [6]. 

WEBSTER and EJIOFOR [7] found that coating  
Ti or its alloy surface with nano particles (<1 μm) 
significantly promoted osteoblast adhesion. ESTRIN   
et al [8] found that the proliferation rate of osteoblast- 

like cells increased by 20-fold when the average grain 
size of a pure Ti surface decreased from 4.5 to 200 nm. 
BRAMMER et al [9] found that 30-nm long nanotubes 
greatly promoted cell adhesion, but were not conducive 
to cell differentiation; in contrast, nanotubes with lengths 
of 70−100 nm significantly promoted the formation of 
alkaline phosphatase but did not improve cell 
proliferation to such an extent. On the other hand, some 
researchers have noted that the micro-scale surface 
structure is conducive to the adhesion and reproduction 
of bone cells, the promotion of bone growth and bone 
conduction, and the formation of mechanical bonds with 
surrounding bone tissue [10−12]. Therefore, the PEO 
coating of Ti alloys to form a micro-nano structure has 
become a focal point of implant tissue interaction and 
bone integration. 

PEO technology can also be used to introduce 
various elements into the PEO coating. By careful element 
selection, this can produce a film having antibacterial or 
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other functions [13,14]. Compared with Ag and Cu, F 
has both excellent antibacterial properties and certain 
osteogenic activity, so the addition of F has attracted 
great attention for improving the antibacterial activity of 
medical devices [15,16]. LIU et al [17,18] reported that 
incorporating F ions into the surface of a Ti implant 
improved its antibacterial activity and biocompatibility. 
Similarly, COOPER et al [19] showed that F ions 
treatment of TiO2 grit-blasted Ti substrates enhanced the 
osteoblastic differentiation of human mesenchymal stem 
cells and significantly increased the bone-to-implant 
contact in a rat tibia model. Furthermore, it is noted that 
dental implants with F-modified TiO2 showed the 
improved bone response and clinical performance by 
inducing topographical changes at the nano-scale and 
incorporating F ions in the surface structure [20]. 

YEROKHIN et al [21] reported that the PEO 
process showed relatively complex behavior when 
fluorides (NaF or KF) were used as the electrolyte, and 
that F ion concentration affected the size of the discharge 
pores. MOON and KWON [22] found that PEO films 
prepared in a NaF-containing electrolyte presented 
nodular features, and the surface roughness and thickness 
of the PEO film increased with increasing NaF 
concentration. Similar results were confirmed by other 
researchers, who further demonstrated that the fluoride- 
doped coatings had markedly improved corrosion 
resistance and microhardness [23,24]. However, 
VENKATESWARLU et al [25] found that the presence 
of fluoride promoted the transformation from anatase  
to rutile of the TiO2 coatings, resulting in a more  
porous surface structure with an unstable barrier layer, 
which weakened corrosion resistance. Nevertheless, 
MAKHLOUF and SOLIMAN [26] argued that doping 
had almost no effect on the crystal phase of ceramic 
coatings formed by PEO on magnesium alloys, and that 
fluoride-doped PEO coatings provided superior corrosion 
resistance in comparison with the magnesium substrate. 
It follows that fluoride has been widely studied as an 
additive in PEO electrolyte, although the effects of 
fluoride additives on the PEO process are not clear. 
Therefore, we studied the PEO process with fluoride as 
the principal component of the electrolyte to determine 
its effects, with the aim of proving micro/nano-structured 
coatings with antibacterial function. 
 
2 Experimental 
 

Ti6Al4V alloy samples with sizes of d10 mm ×   
10 mm were cut from a bar for the PEO experiments. 
The nominal composition (mass fraction) of this Ti alloy 
was 0.141% Fe, 0.008% H, 0.13% O, 6.43% Al, 4.13% V, 
and balance Ti. The base electrolyte was NaF with a 
concentration of 0.15−0.5 mol/L; the pH was adjusted to 

10 by the addition of NaOH. The PEO process was 
carried out using pulsed electrical power (WDM20−700, 
Xihua University) providing positive pulsed voltage. The 
Ti6Al4V samples were coated using PEO for 10 min 
with an average anode current density of 15 A/dm2, a 
fixed frequency of 200 Hz, and a duty cycle of 45%. The 
electrolyte temperature was kept below 20 °C by a heat 
exchange system during the PEO process. 

The thickness of the PEO coating was detected 
using a coating thickness gauge (Fischer DUAL- 
SCOPE®MP0). The surface and cross-sectional 
morphology of the PEO coatings were observed by 
scanning electron microscopy (SEM, Phenom ProX) and 
transmission electron microscopy (TEM, JEM−2100F, 
JEOL Co., Ltd.). The distributions of Ti, O, F, and Al 
were determined by energy dispersive spectrometry 
(EDS, Phenom ProX). Surface profile analysis was 
carried out (at small scale) to calculate the discharge 
channel diameter and average surface roughness (Ra) by 
using atomic force microscopy (AFM, SPM−9600) in 
tapping mode over a scanning area of 3 μm × 3 μm. The 
surface roughness of the coated specimens was 
calculated using Gwyddion 2.43 software. The phase 
composition of the coatings was investigated by X-ray 
diffractometer (XRD, AL−2700B) using Cu Kα radiation 
at 40 kV and 30 mA over a 2θ range of 10°−90° with a 
scan speed of 0.1 (°)/s. The phase composition of the 
coatings was quantitatively analyzed by the adiabatic 
method. The adiabatic method is based on the theory that 
the peak intensity of a particular phase in a phase 
mixture is proportional to its mass fraction [27]. Based 
on the adiabatic theory, if there are N phases in a system, 
the mass fraction of phase i can be calculated using   
Eq. (1): 
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where wi is the mass fraction of phase i in the sample, Ii 
is the strongest diffraction peak strength of phase i, and 
Kj

i is the intensity ratio of the strongest diffraction   
peak of reference phase j to phase i (1:1 mixing). 
Potentiodynamic polarization curves of the substrate and 
samples with different PEO treatment time were 
recorded in 3.5 wt.% NaCl solution using a CS120 
electrochemical measurement system at a scan rate of  
0.1 mV/s, from −0.4 to 0.2 V. Prior to the test, all 
samples were immersed in the test solution for 4 h to 
attain a stable open circuit potential (OCP). OCP 
measurements were conducted every 5 min throughout 
the 4 h immersion time. According to the Stern−Geary 
equation [28], the polarization resistance (Rp) was 
calculated as follows: 
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where βa and βc are Tafel constants of anode and cathode, 
respectively, and Jcorr is the corrosion current density. 
 
3 Results and discussion 
 
3.1 Effect of F ion concentration on discharge 

behavior 
The voltage−time response curves of the PEO 

process on Ti6A14V alloy in NaF electrolyte are 
presented in Fig. 1. The PEO process consisted of four 
stages, depending on the rate at which the process 
voltage was changed and the type of spark discharge was 
observed. In Stage I (the “traditional anodization” stage), 
the process voltage increased linearly at a very high rate 
(11.7−17.8 V/s). No sparks were observed on the sample 
surface. This was reportedly caused by the formation of a 
thin anodic barrier film at the substrate/electrolyte 
interface [25,29]. Moreover, as the NaF concentration 
was increased, the breakdown voltage (see Fig. 2) 
decreased. This is because the increased electrolyte 
conductivity causes a larger number of electrons to be  
 

 
Fig. 1 Voltage−time response during PEO process in NaF 

electrolyte 

 

 
Fig. 2 Breakdown voltage of PEO process in NaF electrolyte 

and its conductivity 

injected into the oxide conductive belt at the 
electrolyte/oxide interface, promoting the breakdown of 
the coating [30]. In Stage II (the “spark discharge” stage), 
the rate at which the process voltage increased was 
significantly reduced (0.47−0.09 V/s). Many small white 
sparks flashed rapidly on the sample surface. During this 
stage, the spark discharge time increased gradually as the 
F ion concentration increased. In Stage III (the “dynamic 
micro arc discharge” stage), as the PEO process 
continued, the process voltage gradually dropped, and 
the tiny sparks grew into larger micro arcs with an 
orange color that flashed across the sample surface. As 
the F ion concentration increased, the rate at which these 
micro arcs traveled decreased. Whereas the arc 
brightness first rose and then decreased, reaching a 
maximum at 0.25 mol/L NaF. In Stage IV (the “near 
steady arc discharge” stage), the voltage reached a 
relatively stable value, and few arcs were observed. 
However, some continuous discharge arcs occasionally 
occurred in certain corners and specific areas of the 
sample, especially in the 0.25 mol/L NaF electrolyte. 
 

3.2 Surface morphology of micro/nano-structured 
coatings 
Figure 3 shows the surface morphologies of the 

PEO-coated Ti6Al4V alloys in NaF electrolytes with 
different concentrations. After PEO in 0.15 mol/L NaF 
electrolyte, two discharge areas were observed on the 
coating surface (Fig. 3(a)): a spark discharge area, with 
pores of 200−800 nm in diameter, and an arc discharge 
area, with pits of ~11.1 μm. While there were many 
spark pores distributed evenly on the coating surface, but 
there were only a few pits caused by micro arc discharge, 
and they were not obvious. The coating formed in   
0.20 mol/L NaF electrolyte developed a large number of 
discharge pits with a diameter of ~13.2 μm (Fig. 3(b)). 
Increasing the F ion concentration clearly promoted 
micro arc discharge both in terms of quantity and size. In 
0.25 mol/L NaF electrolyte, the pits were larger and 
deeper due to the occurrence of micro arc discharge in 
the same regions (Fig. 3(c)). When the NaF 
concentration reached 0.50 mol/L, the powerful arc 
discharges moved slowly on the sample surface, making 
the discharge pits connect with each other to form a ditch 
morphology (Fig. 3(d)). However, there were still a large 
number of submicron-size spark pores in the micron pits. 
These results demonstrated that coatings with micro/ 
nano structures can be obtained by PEO using NaF 
electrolyte. 

The morphologies of pores and pits observed in  
Fig. 3 are different from the pancake structures that are 
typically seen for PEO-treated Ti6Al4V alloy using other 
electrolytes [31]. It is possible that the F ion 
concentration is a key factor in changing the discharge 
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model and structure evolution. EDS analysis showed that 
there were some residual fluoride crystals near the pits 
(Fig. 4). Some residual molten oxide could be observed 
around the pores or pits, but most of the molten oxide 
was dissolved, exposing the structure of the discharge 
channels. It is well known that F ion can bond with H  
ion to form HF, which preferentially adsorbs to certain 
parts of the TiO2 film. Once this happens, dissolution of 
the molten oxide occurs as the O atoms of TiO2 are 

replaced by F atoms. The reaction is described as  
follows [32]: 
 
Ti+2H2O→TiO2+4H++4e                       (3) 
 
TiO2+6F−+4H+→ 2

6TiF  +2H2O                  (4) 
 

Here, it should be noted that F ions can dissolve 
TiO2 and promote the formation of an anodizing porous 
film, which contributes to the spark discharge and  
micro arc discharge. This may explain the fact that the  

 

 
Fig. 3 Surface morphologies of PEO-coated Ti6Al4V alloys in NaF electrolytes with different concentrations: (a) 0.15 mol/L;      

(b) 0.20 mol/L; (c) 0.25 mol/L; (d) 0.50 mol/L  

 

 

Fig. 4 EDS analysis of PEO-coated Ti6Al4V alloys in 0.50 mol/L (a) and 0.25 mol/L (b) NaF electrolytes 
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discharge becomes increasingly violent as the F ion 
concentration increases, until a continuous arc discharge 
is generated that yields a ditch morphology. In addition, 
many pits were observed on the surface of the PEO 
coating in which discharge pores formed, while no 
nodular bulges or pancake structures were found 
surrounding the pores. Thus, the structural evolution of 
these PEO coatings is evidently different from that of the 
outward-growth coatings reported in Ref. [33]. 

The three-dimensional AFM surface topographic 
images of PEO-coated Ti6Al4V alloys in NaF 
electrolytes are shown in Fig. 5. Two types of pores can 
be observed: submicron-size pores, 200−800 nm in 
diameter (Fig. 5(a)); micron-size pores, 1−2 μm in 
diameter (Fig. 5(c)). The results showed that the 
modification of Ti6Al4V alloy by PEO with 0.15, 0.20, 
or 0.25 mol/L NaF led to the increase in the root mean 
square roughness (Rq), average surface roughness (Ra), 
and maximum vertical distance between the highest and 
lowest points in the area of analysis (Rmax). However, 
when the NaF concentration reached 0.50 mol/L, the 
powerful arc discharges induced serious ablation of the 
coating, which decreased the surface roughness. 

 
3.3 Cross-sectional morphology of micro/nano- 

structured coatings 
The cross-sectional morphologies of the PEO- 

coated Ti6Al4V alloys in NaF electrolytes with different 
concentrations are displayed in Fig. 6. Parameters such 
as pit dimension, area ratio of pits, and coating thickness 
were obtained from Fig. 3 and Fig. 6 and are given in 
Table 1. As shown in Fig. 6(a), with 0.15 mol/L NaF 
electrolyte, the contact interface between the substrate 
and PEO coating was largely flat, with some submicron- 
size pores observed in the coating. Notably, very few pits 
caused by arc discharge were found. Thus, the growth of 
the coating in the 0.15 mol/L NaF electrolyte was almost 
entirely attributed to spark discharge and anodization. As 
shown in Fig. 6(b), with 0.20 mol/L NaF electrolyte, the 
contact interface had many peaks and valleys due to the 
existence of pits caused by arc discharge. The pits grew 
in both diameter and depth as the NaF concentration 
increased up to 0.25 mol/L (see Fig. 6(c) and Table 1). 
Particularly, in 0.25 mol/L NaF electrolyte, the arc 
discharge moved repeatedly over the same region to 
create a large pit (Fig. 3(c) and Fig. 6(c)). However, as 
the F ion concentration increased to 0.50 mol/L, the 
contact interface became relatively flat again, due to the 
existence of numerous pits distributed evenly over the 
sample surface, in full contact with each other 
(Fig. 6(d)). 

Some researchers have proposed a voltage 
difference (ΔU) between the maximum working voltage 
and the breakdown voltage, which may represent the  

 

 
Fig. 5 3D surface topographic images and parameters of surface roughness of PEO-coated Ti6Al4V alloys in NaF electrolytes with 

different concentrations: (a) 0.15 mol/L; (b) 0.20 mol/L; (c) 0.25 mol/L; (d) 0.50 mol/L 
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Fig. 6 Cross-sectional morphologies of PEO-coated Ti6Al4V alloys in NaF electrolytes with different concentrations: (a) 0.15 mol/L; 

(b) 0.20 mol/L; (c) 0.25 mol/L; (d) 0.50 mol/L 

 

Table 1 Parameters of PEO coatings obtained by scanning 

electron microscopy 

Parameter of 

 coatings 

Concentration of NaF/(molꞏL−1) 

0.15 0.20 0.25 0.5 

Pit diameter/μm 11.1 13.2 14.2 12.4 

Pit depth/μm − 3.7 9.8 − 

Area ratio of pits, RI/% 6 18 37 78 

Thickness/μm 1.8 3.4 3.6 2.7 

 

power of the discharge and affect the dimensions of the 
pits and the coating thickness [34]. Figure 7 
demonstrates that both ΔU and the coating thickness first 
rose and then decreased with the increase of F ion 
concentration, reaching a maximum value for the    
0.25 mol/L NaF electrolyte. The same tendency was 
observed in the pit dimensions, as shown in Table 1. 
Therefore, it was concluded that F ions promoted the 
growth of the coating by increasing the power of the 
discharge. 
 

3.4 Phase compositions of micro/nano-structured 
coatings 
Figure 8(a) displays a TEM bright-field image of 

the inner dense layer of the PEO coating obtained in  
0.25 mol/L NaF electrolyte, and the corresponding 
selected area diffraction pattern is shown in Fig. 8(b). A 
50 nm thick layer of amorphous TiO2 was observed at 
the coating/substrate interface. Figure 8(c) shows a TEM 

 
Fig. 7 Column diagram of voltage difference (ΔU) and 

thickness of PEO coatings corresponding to different 

concentrations of NaF electrolytes  

 
dark-field image of the porous layer of the PEO coating 
obtained in 0.25 mol/L NaF electrolyte, and the 
corresponding selected area diffraction pattern is given in 
Fig. 8(d). The porous layer clearly consisted of a large 
number of nanocrystalline rutile TiO2 grain and anatase 
TiO2 grain. 

XRD patterns (see Fig. 9) of the PEO coatings 
revealed that they mainly consisted of rutile and anatase 
phases. The intensities of the Ti substrate peaks were 
very strong, indicating that the coating was thin   
enough to be easily penetrated by the X-ray. The Al 
content in the substrate was low, so it can be ignored   
in the analysis. Figure 10 illustrates the influence of NaF 
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Fig. 8 TEM bright-field image of inner dense layer of PEO coating obtained in 0.25 mol/L NaF electrolyte (a) and its selected area 

diffraction pattern (b), TEM dark-field image of porous layer of coating obtained in 0.25 mol/L NaF electrolyte (c) and its selected 

area diffraction pattern (d) 

 

 

Fig. 9 XRD patterns of PEO coatings obtained in NaF 

electrolyte with different concentrations 

 
concentration on the mass fractions of main phase. It  
was found that the amount of rutile and anatase phase  
in the coatings gradually increased as the NaF 
concentration increased up to 0.25 mol/L. Of the two 

 
Fig. 10 Influence of NaF concentration on mass fraction of 

phases 

 
phases, the amount of rutile phase increased faster, 
indicating that a phase transformation from metastable 
anatase to stable rutile phase occurred. This can be 
explained by the fact that a stronger spark was created in 
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the discharge channel with a higher concentration of F 
ions, and a higher local temperature was reached. 
However, when the NaF concentration exceeded    
0.25 mol/L, the amounts of rutile and anatase phases 
were both significantly reduced, which could be related 
to the conversion of plasma discharge to arc discharge, 
leading to coating ablation. The ablation of rutile was 
intenser, indicating that the rutile phase was on the 
outermost layer of the coating, which is consistent with 
the results shown in Fig. 8. 
 

3.5 Corrosion resistance of micro/nano-structured 
coatings 
Potentiodynamic polarization curves of the PEO 

coatings were obtained over a potential range of    
±600 mV in 3.5% NaCl solution (see Fig. 11). The Tafel 
constants (βa and βc), corrosion potential (φcorr), and 
corrosion current density (Jcorr) were derived from the 
plots by Tafel extrapolation and are presented in Table 2. 
According to the Stern−Geary equation [28], it was 
found that the corrosion current density of the coating 
was reduced as the NaF concentration increased from 
0.15 to 0.25 mol/L. Moreover, the coating formed in  
0.25 mol/L NaF electrolyte had the best corrosion 
resistance, which could be attributed to the thicker 
coating. To further confirm the influence of F ions on the 
corrosion resistance of the PEO coating, the AC 
impedances of Ti alloy and PEO-treated samples were 
measured. Figure 12 shows the electrochemical 
impedance spectra of PEO coatings obtained in NaF 
electrolytes with different concentrations. Studies have 
shown that that the reactance arc in the high frequency 
region reveals the properties of the solution/film 
interface, and the reactance arc in the low frequency 
region indicates the properties of the oxide film     
itself [21,35]. ZHU et al [35] found that there is a direct 
relationship between arc radius and corrosion rate in 
Nyquist plots. Compared with the Ti alloy substrate, the 
 

 
Fig. 11 Tafel polarization curves of PEO coatings obtained in 

NaF electrolytes with different concentrations 

Table 2 Potentiodynamic polarization data of PEO coating 

obtained in NaF electrolyte 

Concentration

 of NaF/ 

(molꞏL−1) 

βa/ 

mV

βc/ 

mV 

φcorr/ 

mV 

Jcorr/ 

(μAꞏcm−2)

Rp/ 

(kΩꞏcm2)

0.15 197.27 152.28 76.92 0.36 104.82

0.20 231.36 131.59 144.81 0.03 1125.20

0.25 202.07 144.70 46.30 0.01 3503.63

0.50 165.38 195.51 150.66 0.14 283.03

 

 

Fig. 12 EIS spectra of PEO coatings obtained in NaF 

electrolytes with different concentrations: (a) Nyquist plots;  

(b) Bode plots 

 
corrosion resistance of the PEO-treated sample was 
significantly improved. As the NaF concentration 
increased from 0.15 to 0.25 mol/L, the radius of the 
capacitance loop and |Z| (Z is impedance of the coated 
samples) decreased, which indicates an increase in the 
corrosion resistance of the oxide film. Therefore, the 
incorporation of F ions (using NaF electrolyte with a 
concentration of ≤0.25 mol/L) can promote the growth of 
the PEO coating and improve the corrosion resistance of 
the sample. However, as the NaF concentration increased 
to 0.50 mol/L, the discharge became increasingly violent, 
and coating ablation occurred, leading to inferior 
corrosion resistance of the PEO coating. 
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4 Conclusions 
 

(1) The Ti6Al4V alloys had very low PEO voltage 
(less than 200V) in NaF electrolyte. As the NaF 
concentration increased, the conductivity of the 
electrolyte gradually increased, the PEO voltage 
gradually decreased, and the brightness of the discharge 
spark firstly increased and then decreased, reaching a 
maximum at 0.25 mol/L NaF. 

(2) The morphology of the pores formed on the 
PEO-treated Ti6Al4V alloy in NaF electrolyte was 
different from the typical pancake structure produced in 
other electrolytes. Most of the molten oxides were 
dissolved by NaF solution, and the entire structures of 
the discharge channels, including a large number of 
nanometer-sized discharge pores, were exposed. Thus, 
micro/nano-structured coatings can be formed on 
Ti6Al4V alloy by PEO treatment in NaF electrolyte. The 
number of pits with diameters of 10−15 μm increased as 
the NaF concentration increased. In addition, pores with 
diameters of 200–800 nm were evenly distributed across 
the whole coating including the surface of the pits. 

(3) The coatings obtained in NaF electrolyte mainly 
consisted of amorphous TiO2, anatase phase, and rutile 
phase. The F ions promoted a slight phase transformation 
from metastable anatase to stable rutile phase. 

(4) The coating formed in NaF electrolyte was thin 
(<4 μm) and had low surface roughness. The F ion 
concentration had little effect on the phase transition, but 
significantly affected the corrosion resistance. In general, 
the surface roughness, rutile and anatase contents, 
corrosion resistance, and thickness of the coating firstly 
increased and then decreased as NaF concentration 
increased, reaching the maximum values at 0.25 mol/L 
NaF. 
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摘  要：为了提高钛合金的骨整合性和抗菌活性，在 NaF 电解液中对 Ti6Al4V 合金进行等离子体电解氧化(PEO)

处理，制备含抗菌 F 元素的微/纳米结构陶瓷涂层。采用扫描/透射电子显微镜、能谱仪、原子力显微镜、X 射线

衍射仪和动电位极化等手段，研究 NaF 浓度(0.15~0.50 mol/L)对 PEO 工艺、涂层的显微组织、相组成、耐蚀性和

厚度的影响。结果表明，在 NaF 电解液中 Ti6Al4V 合金的 PEO 电压低(低于 200 V)，且随着 NaF 浓度的增加，PEO

电压进一步降低。在 NaF 电解液中形成具有孔径分别为 10~15 μm 和 200~800 nm 的微/纳结构涂层，该涂层的形

貌与在其他电解液中形成的典型饼状结构不同。在 NaF 电解液中形成的涂层局部表面粗糙度很小，厚度较薄    

(<4 μm)。NaF 浓度对从亚稳态锐钛矿相向稳定金红石相转变的影响较小，但对涂层耐蚀性影响较大。总的来说，

随着 NaF 浓度的增加，涂层的表面粗糙度、锐钛矿和金红石含量、耐蚀性和厚度先增大后减小，NaF 浓度为

0.25 mol/L 时达到最大值。 

关键词：等离子体电解氧化；Ti6Al4V 合金；微/纳结构；NaF；表面改性 
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