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Abstract- Recently, PEO process of tantalum has been developed as a method of producing 

corrosion-resistant, hard, wear-resistant, and biocompatible as well as having good adhesion 

coatings. In this review, we present the results of PEO process of tantalum in three main 

electrolytes. This review tries to measure the effect of electrolyte composition and voltage that 

were used within PEO procedure on the surface behavior of the produced oxide coatings on 

Ta. The results of the PEO treatment of Ta in H4SiW12O40 electrolyte revealed that the 

morphology of oxide coatings really depends on the PEO procedure time. Density of discharge 

channels declines as their diameter rises. This leads to an increase in the oxide coating 

roughness within the PEO procedure of tantalum. In electrolytes of β-glycerophosphate 

disodium and calcium acetate, the results indicated that the employed voltage significantly 

affected morphologies, the coatings bond strength and the phase components. However, it 

affected surface chemical species a little. Finally, in 0.5 M Ca (H2PO2)2 electrolytes, the results 

revealed that using a precise control on the procedure voltage, tuning the obtained coatings 

thickness is possible in addition to their roughness, adhesion strength and relative values of the 

electrolyte type inside the modified surfaces of tantalum. 
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1. INTRODUCTION  

Having good corrosion resistance and high melting points are the features that have turned 

the refractory metals as just modern materials that are highly demanded. Tantalum (Ta) is a 

particular one amongst various refractory metals. In fact, the tantalum use has increased 

throughout the last two decades. It is logically worth with great qualities like its low 

temperature of ductile-to-brittle transition, high melting point (2996 ºC), biocompatibility, 

ductility, corrosion resistance, toughness, thermal conductivity strength, wear resistance and 

so on that has attracted a lot of attention to its splendid capabilities and diverse uses [1]. But, 

commercially pure tantalum presents several disadvantages. For instance, it shows just an 

average strength and its high dependency on oxygen results in the production of grain boundary 

oxides that make embrittlement.  

Ta has a high dependency on carbon, nitrogen, hydrogen, oxygen and hydrogen that can 

create a solid solution containing tantalum. In addition, they are able to react with tantalum in 

order to make extremely firm compounds like tantalum carbide that raise the  tantalum 

refractory capability [2]. This effect is intensified by a big grain size that was gained after a 

service with a high-temperature [1]. Ta is totally high-priced and occasionally, it is not 

definitely economical to fabricate whole pieces of an apparatus using Ta metal. Thus, these 

appliances are normally made using traditional materials. For instance, stainless steel, and then 

a tantalum thin solid film is exerted on the surface in order to prepare a corrosion resistant 

finishing. So, the ultimate product will have Ta properties on its surface whereas keeping the 

bulk material benefits like cost efficiency and workability of stainless steel within the substrate 

[2,3]. 

Corrosion resistance of tantalum depends on a quite firm, dense and non-porous tantalum 

pentoxide (Ta2O5) film that was formed on its surface while exposing to air or an aqueous 

ambience. The native Ta2O5 that is formed on its surface prepares significant protection versus 

the most corrosive ambience. Although the attendance of distinct metastable phases of Ta-O or 

suboxides has been recorded properly, the  form of pentoxide is the only firm oxide phase at 

balance that stays in its phase of alpha up to 1320 °C [4]. This oxide layer raises corrosion 

resistance of tantalum against harmful chemical attacks due to its great  stability and adherence 

[5,6], and functions more efficiently than protective layers that can be formed on Mg, Ti, their 

alloys and alloys of Co-Cr based in a physiological ambience [7]. Ta other biological qualities 

such as biocompatibility, hemocompatibility, osseointegration properties, and high radio-

opacity have turned it to a perfect alternative for many significant biomedical usages [7,8]. 

 In spite of the fact that Ta presents great passivation tendency inside many aggressive 

ambiences, it can be easily invaded using hydrofluoric acid at temperatures that are less than 

150 °C, free sulfur trioxide and fluoride ions in acidic solution. Moreover, tantalum can be 

attacked by strong and hot alkalis like boiling aqueous solutions of metal hydroxides but the 

procedure is slow [2,9,10]. That is due to the fact that Ta is utilized to make procedure 
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equipment to be used in rough chemical ambiences. Tantalum chemical-mechanical polishing 

either in alkaline slurries or acid has drawn a lot of attention throughout recent years [2,11]. 

Stents that are tantalum based are prosperously used in endovascular surgery by presenting 

significant radio-opacity these days. Therefore, they have been made as a sensible alternative 

for low-temperature isotropic pyrolytic carbon and converted them into a material options to 

produce artificial heart valves [12]. Also, porous structures and coatings of tantalum have been 

discovered to be used in different orthopedic usages like spine surgery, hip and knee 

arthroplasty, and bone graft substitute by imitating the features of cancellous bone and 

indicating significant low fatigue strength comparing to generally used biomaterials that are 

limited in their utility on account of their high density [7,13–15]. As the usage of tantalum 

having bulk structures is not cost-effective and limited due to its high density, a more sensible 

choice would be to use coating technologies to create protective coatings of Ta on weaker 

substrates. This method has been really common these days [7].  

 

2. PEO PROCESSING 

PEO (occasionally called micro-arc oxidation (MAO)) process that is obtained from 

common anodic oxidation is an environmental-friendly and effective surface treatment which 

is mainly exerted on valve metals that are hard to be anodized using usual anodizing processes 

[16–19]. PEO procedure allows the formation of uniform, thick (typically 10 to 100 μm) [20] 

and adherent coatings on metallic pieces with complicated forms [21]. Furthermore, it permits 

the formation of surfaces having so many diverse natural textures and colors. So, it is really 

attractive to be used in many usages. PEO industrial usages continues to increase. Also, in the 

recent years studying it has increased. In addition, commercial and industrial use of this 

treatment goes on enhancing [22–24]. 

PEO comes from anodization in which the substrate is located in a bath of an electrolyte 

and a potential is exerted between an inert cathode and it. According to Fig. 1, PEO process is 

schematically compared with conventional anodizing procedure. It is evident that this treatment 

is more complex than usual anodization. Its one reason is that a PEO coating is persistently 

rebuilt throughout its thickness by the formation of discharge that occurs as growing. Also, 

there is major scope for controlling the chemical and electrical conditions to modify the coating 

microstructure [23]. For some metals, especially Al, Ti and Mg, the oxide layer is made on the 

surface, usually with a very fine, porous and columnar morphology (however other structures 

are feasible) in addition to a fine-grained and occasionally relatively atomic and amorphous 

structure [23,25–27]. 

In PEO process, higher voltages are employed (∼300–700 V), generally connected with an 

AC electrical supply such that repeated breakdown of dielectric occurs by the growing 

thickness of oxide layer, such many (micro)-spread discharges that are all over the surface of 

substrate. In fact, PEO treatment is obtained from DC or AC polarization of a treated specimen 
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in high potential, making plasma micro-discharges on the surface that tolerates high 

temperature (up to 4700–6700 ºC) in addition to high pressure during its channels. As a result 

of layers, local effect of high-energy, containing either elements of electrolyte or are formed 

on the product surface [28]. This mechanism causes the thicker oxide layers formation easier 

and mainly results in a harder and crystalline microstructure. Generally, as discharges release 

big values of heat, tending to advance crystallization around oxide material. Indeed, PEO 

coatings include quite high levels of porosity accompanied by a complex architecture. 

Nevertheless, they intend to be more wear-resistant than anodized coatings. Furthermore, they 

are normally able to be increased to a larger thickness [23]. 

 

 

Fig. 1. Comparison of PEO process with conventional anodizing process 

 

3. METALS USED IN PEO PROCESS 

PEO treatment is generally focused on Al and its alloys [29–38], Ti and its alloys [20,39–

48], Mg and its alloys [49–57] and Zr and its alloys [58–67]. Fig. 2 shows how the PEO 

coatings have been applied on different metals and progressed in the last 50 years. The best 

metals that are oxide coated by PEO in appropriate electrolytes include titanium, aluminum, 

magnesium, zirconium in addition to their alloys. A lot of authors have reported about PEO 

procedure and properties of coatings on these metals and their alloys so far. However, few 

articles about PEO surface treatment on niobium [68–80] and tantalum [81,82,91,92,83–90] 

have been reported. Table 1 summarizes a list of papers that have studied the chemical 

compositions and thickness of coatings formed on tantalum.  
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Table 1. Chemical compositions of electrolytes and chemical compositions and thickness of coating 

First author [Ref] Year 
Coating thickness 

(µm) 

Phase compositions 

of coatings 
PEO treatment condition Electrolytes 

Stojadinović [81] 2011 --- --- 270 mA/cm T: 21 ± 1 °C)(pH: 2.8 and 40 O12SiW40.001 M H 

Petkovic [82] 2011 --- 2SiO, 5O2Ta, 3WO 270 mA/cm 
40O12SiW40.001 M H (pH: 2.8 and T: 21 ± 1 °C) 

Sowa [83] 2013 0.56-8.69 5O2Ta 

 2Current density: 0.1 A/dm 

(up to a voltages of 100, 200 or 400 V) 

Treatment time: 5 min  

KOH 3+ 5 g/dm 3SiO2K 3mol/dm0.1, 0.5 and 1  

Wang [84] 2013 1.2 and 1.7 
6O2CaTa 

5O2Ta 

TaO 

Positive pulse voltage: 450 V 

Negative pulse voltage: 70 V 

Pulse frequency: 100 Hz  

Duty ratio: 26% 

Treatment time: 1-20 min  

0.2 M calcium acetate + 0.02 M  β-glycerophosphate disodium (T: 20 °C)  

Gao [85] 2014 --- Tantalum oxide Sodium tantalates 
 2Current density: 0.085 A/cm 

Treatment time: 30 min 

O + 1 g/l KOH (T: not exceed 30 °C)2.5H3SiO25 g/l Na A: 

+ 1 g/l KOH (T: not exceed 30 °C) 4PO35 g/l Na B: 

Rokosz [86] 2016 --- Tantalum phosphate 
DC voltage: 450 ± 10V 

Treatment time: 3 min  
C)∘(85%) (T: 20±2 4 PO3in 1 l of H 2)3+ 300 g Ca(NO 2)3300 g Cu(NO 

[87] Goularte  2016 --- --- Treatment time: 1, 3 and 5 min 0.2 M calcium acetate + 0.02 M β-glycerophosphate disodium 

Wang [88] 2016 5-20 
5O2Ta 

6O2CaTa 

TaO 

Pulse voltages: 350, 400, 450 and 480 V 

Negative pulse voltage:70 V 

Pulse frequency: 100 Hz 

Duty ratio: 26% 

Treatment time: 10 min  

0.2 M calcium acetate + 0.02 M β-glycerophosphate disodium (T: 20 °C) 

Zhao [89] 2017 --- TaO, 5O2Ta, 6O2CaTa 
Frequency: 100 Hz  

Duty ratio: 40% 
C)∘glycerophosphate disodium (T < 30 -0.2 M calcium acetate + 0.02 M β 

Sowa [90] 2017 1.48-144 

O2.2H2)3Ca(PO 

3MgCO 

7O2P2Ca 

6)4(PO5Mg4Ca 

2)4(PO3Ca 

(OH)3)4(PO5Ca 

6O2CaTa 

 2Current density: 150 mA/cm 

(up to the desired limiting voltages of 200, 

300, 400 and 500 V) 

2)2PO20.5 M Ca(H A: 

21.15 M Ca(HCOO) +2 )2PO20.5 M Ca(H B: 

2COO)3+ 1.15 M Mg(CH2 )2PO20.5 M Ca(H C: 

2COO)3Mg(CH+ 1.50 M 2 )2PO20.5 M Ca(H D: 

Sowa [91] 2018 ~1-65 6O2CaTa 

2Current density: 150 mA/cm 

(up to one of the three limiting voltages of 

200, 300 or 400 V) 

Treatment time: 5 min 

2)2PO20.5 M Ca(H A: 

2+ 1.15 M Ca(HCOO)2 )2PO20.5 M Ca(H B: 

2Mg(HCOO)+ 1.15 M 2 )2PO20.5 M Ca(H C: 

Antonio [92] 2019 ~19-43 

5O2Ta 

 6O2CaTa 

2)4(PO3Ca 

Hydroxyapatite 

Pulses: 350, 450 and 500 V at repetition rate 

of 100 Hz 

Duty ratio: 60% 

Treatment time: 1-10 min 

0.2 M calcium acetate + 0.02 M  C)∘60 -disodium (T: 25 glycerophosphate-β 
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Fig. 2. PEO coatings schematic improvements of different metals in the last decades 

 

Tantalum is mostly a very fascinating coating material because of its capability of growing 

stable oxides having good properties of dielectric, high melting point, hardness, good thermal 

conductivity, good resistance against wear and temperature [82]. The present review 

concentrates on PEO coatings that have been applied on tantalum. That is because of the growth 

of stable oxide films on Ta using PEO procedure that can improve their mechanical behaviors 

that is really significant in different applications [82]. 

All curves of voltage–time indicated three stages (Fig. 3) in PEO process. At beginning of 

the PEO treatment called “stage 1”, potential increased linearly and quickly while the time 

passing due to the formation of a thin barrier layer on the surface (anode).  

 

 

Fig. 3. Schematic of the cell potential-time and formation process of PEO coating 

 

In the second stage, the potential increased with time in a lower ratio in comparison to stage 

1 and then the weak parts breakdown of the oxide film occurred. After increasing the 

breakdown potential, many small and white transient sparks that were specified by the 

concentration and composition of the electrolyte and metal were appeared on the surface and 
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the potential increased slightly. In this step, the growth rate of coating decreased on account of 

the coating growth and dissolution. Potential reached a really constant value and sparks got 

keener in the third stage called “the micro-arc step”. The color of sparks also shifted to yellow 

and then after that turned into orange slightly [37,93]. 

 

4. PEO TREATMENT OF Ta IN 12-TUNGSTOSILICIC ACID 

Fig. 4(a) indicates voltage–time response within tantalum PEO treatment in 12-

tungstosilicic acid of 0.001 M [82]. The voltage augments almost linearly with time to around 

420 V in a little time leading to the fixed rate of an increase in the oxide layer thickness from 

the start of anodization. This step is followed by obvious deviation from linearity of voltage–

time plot, beginning from breakdown (sparking) voltage. Fig. 4(a) shows that voltage increases 

constantly. However, the slope of voltage–time declines and many small size micro-discharges 

become visible, equally spread over the whole surface of specimen after the breakdown. More 

anodization leads to fairly constant value of the anodization voltage. The micro-discharges size 

get bigger when micro-discharges spatial density gets less while increasing PEO procedure 

time (Fig. 4(b)) [82].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. (a) Voltage vs. time relationship recorded during PEO of Ta in 0.001 M H4SiW12O40 at 

70 mA/cm2; (b) Micro-discharges appearance at various steps of the PEO treatment: (i) 120 s; 

(ii) 600 s; (iii) 2400 s [82]. (With permission from Ref. [82]; License Number: 4775700463627, 

Feb 24, 2020). 
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The PEO procedure can be separated into three steps according to the voltage–time plot. In 

the first step, the strength of electric field for a certain current density remains stable within the 

anodic growth and the ionic current is two to three orders of magnitude larger than that of the 

electronic part. The anodization voltage should have a linear increase while the thickness of 

film to keep the strength of electric field in a constant status. Moreover, the electric field 

producing avalanches injects electrons and accelerates them into the conduction band of the 

anodic oxide using a mechanism impact ionization within anodization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. SEM images of the PEO coatings formed on Ta in 0.001 M H4SiW12O40 at various steps 

of PEO treatment: (a) 15 s; (b) 180 s; (c) 600 s; (d) 900 s; (e) 1800 s; (f) 2700 s [82]. (With 

permission from Ref. [82]; License Number: 4775700463627, Feb 24, 2020). 
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The breakdown occurs as the current of avalanche electronic gets critical value. In the 

second step, a fairly low voltage is needed to keep the similar overall current density, because 

of the electron current density independence having thickness of anodic oxide layer. In the third 

step, the fraction of electron current density in overall current density gets dominant. The total 

current density is independent from thickness of anodic oxide layer. Furthermore, the voltage–

time slope is near zero in this step [81,82]. 

Micrographs of SEM for the oxide surface are indicated in Fig. 5 before and after 

breakdown [82]. The fairly compact oxide layers are created before breakdown (Fig. 5(a)). 

Then after breakdown the surface of oxide gets laced with some micro-discharge channels in 

addition to molten areas created because of quick cooling influence of the electrolyte (Fig. 

5(b)–(f)). The oxide layers breakdown is operated using effects of local heating that were arisen 

from highly localized procedures occurring at macro and micro-defects inside the oxide. In a 

thicker film of oxide coating, the current needs higher energy go through the coating. In this 

status, the current is localized at weak points of the formed film in order to find its mechanism 

through the coating. As a result, the discharge channel diameter will rise. In addition, the 

thicker the coatings are, the higher surface roughness is [81,82]. 

 

5. PEO TREATMENT OF Ta IN CALCIUM ACETATE AND  

β-GLYCEROPHOSPHATE DISODIUM SOLUTIONS 

Wang et al. [84] indicated the Ta PEO coatings XRD patterns in calcium acetate and β-

glycerophosphate disodium solutions at 450 V for 60, 180, 300, 600 and 900 s (Fig. 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. XRD spectra of oxide coatings formed on Ta in calcium acetate and β-glycerophosphate 

disodium solutions at 450 V for (a) 60 s, (b) 180 s, (c) 300 s, (d) 600 s and (e) 900 s [84]. (With 

permission from Ref. [84]; License Number: 4775700767355, Feb 24, 2020). 
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These XRD patterns exhibited that the coatings consist of CaTa2O6, Ta2O5 and TaO phases 

in which CaTa2O6 is the dominant component. It is also proved that the intensities of the phase 

diffraction peaks increase. However, no new phases is produced by rising the MAO time, 

showing that the MAO time is not able to modify the coatings phases in the applied voltage 

[84]. In the other paper, Wang et al. [88] explained the PEO coatings XRD patterns that were 

formed at 350 V, 400 V, 450 V and 480 V for 600 s (Fig. 7). The peaks of Ta are ascribed to 

the contribution from the Ta substrate and the broadened spectra located at 20–35◦ depict that 

there is an amorphous phase within the PEO coatings. As can be observed in Fig. 7, the PEO 

coating that was formed at 350 V is mostly composed of the amorphous phase and shows extra 

Ta2O5 diffraction peaks. Also, TaO and CaTa2O6 spectra are discovered in the coatings that 

were formed at the employed potential which was higher than 350 V and feel like to augment 

by rising the potential as the broadened peaks located at 20–35◦ get weaker that shows the 

amount of the amorphous phase slightly declines. For 480 V, the formed PEO coating on 

tantalum are com-posed of Ta2O5, TaO, CaTa2O6 and a bit amorphous phase inside the outer 

areas of the layer in which CaTa2O6 is the dominant component [88]. Zhao et al. [89] 

discovered the similar XRD patterns of Ta PEO coatings in β-glycerophosphate disodium and 

calcium acetate solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. XRD patterns of oxide coatings formed on Ta in calcium acetate and β-

glycerophosphate disodium solutions at 350, 400, 450 and 480 V [88]. (With permission from 

Ref. [88]; License Number: 4775700988566, Feb 24, 2020). 

 

6. PEO TREATMENT OF Ta IN 0.5 M Ca(H2PO2)2 SOLUTIONS 

Sowa et al. [90] studied the influence of applied voltage and composition of electrolyte that 

were utilized within PEO on the surface behaviors for the resulting oxide coatings on Ta. The 
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PEO treatment was discovered in 0.50 M Ca(H2PO2)2 solution that was modified using the 

addition of 1.15 M Ca(HCOO)2 in addition to 1.15 and 1.50 M Mg(CH3COO)2. Current and 

voltage altered with time and were recorded throughout the PEO process of tantalum samples 

and the plots are illustrated in Fig. 8 [90]. For electrolyte of A as can be seen in Fig. 8(a), the 

voltage was precisely rising with time within the beginning seconds of the procedure. Thus, 

there was a slight decline in the slope of voltage-time that was related to the appearance of the 

first sparks throughout the anodization. The sparks were the results of the oxide layer or/and 

oxygen gas dielectric breakdown. After the transient area between ~150 and ~250 V, another 

area could be recognized that had an increase in the linear voltage and it was seen up to 300 V. 

there was still  another area in which little perturbations of voltage versus time could be 

considered between 300 and 400 V. The perturbations depended on the beginning of stronger 

sparks that were fewer and keener. After achieving ~400 V, the perturbations were slightly 

rising in amplitude during the whole procedure time. 

 

 

Fig. 8. Voltage and current vs. treatment time during PEO process of Ta in 0.5 M Ca(H2PO2)2 

electrolytes (A, B, C and D (see table 1)) [90]. (With permission from Ref. [90]; License 

Number: 4775701188039, Feb 24, 2020). 

 

After adding the second element (calcium formate) to the main electrolyte, the 

developments in current time and voltage were considerably changed comparing with those for 

the solution of A as can be seen in Fig. 8(b). Voltage oscillations related to strong sparks were 

seen after applying 300 V till the first stage of the procedure. Except for the first area where 
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the increase in voltage rate was more gradual comparing with the solution of A, all the slopes 

were steeper in the case for electrolyte of B. This electrolyte also had a lower breakdown 

voltage. The increase in solution conductivity was the reason of these observations that 

influenced the voltage drop through the oxide film within the process. The more charge carriers 

within the electrolyte, the less resistive the solution was and a great part of applied voltage drop 

was ascribed to the electrochemical interface. Moreover, the start of the bigger sparks was 

considered lower, that is in a good agreement with the discussion above. For the solution C as 

shown in Fig. 8(c), the developments in voltage and current time were totally distinct from the 

former two ones. Three linear areas could be recognized. Although ~300 s was sufficient to 

reach the restricting potential of ~500 V, the second stage in the anodization did not occur due 

to the limitation of time. For the solution D as shown in Fig. 8(d), the curve of progression was 

same as that for the solution of C. Then after the first linear area, another quasi-linear area 

could be recognized that was followed by a really smooth and turbulent rise in the applied 

voltage to the final restricting voltage. Compared to the obtained results from Sowa et al. [83], 

the increase in voltage was much lower for the phosphate-based electrolyte versus solutions of 

silicate based and the plots possessed fewer features. In addition, Petkovi´c et al. [82] have 

realized three voltage vs. time relationships within the PEO process. In the first area, the voltage 

sharp linear increase was attributed to the anodization procedure having the anodic reactions 

[90]: 

𝑇𝑎 → 𝑇𝑎5+ + 5𝑒−                                                                                                                         (1) 

2𝐻2𝑂 → 𝑂2 + 4𝐻+ + 4𝑒−                                                                                                            (2) 

This procedure results in thickening the oxide film that is required to keep the constant 

electric field throughout the oxide film [90]. 

 

7. COMPARING THE PEO COATING FORMATION MECHANISM IN VALVE 

METALS AND Ta 

PEO treatment has been highly applied on valve metals like an effective way to modify the 

surface and has been approved to lead to a major improvement on these alloys corrosion 

resistance [94,95]. Fig. 9 presents the schematic of the structural characteristics for PEO 

coating that was formed in low voltages (Voltages< breakdown potential) and high voltages 

(Voltages> breakdown potential) on tantalum and also valve metals. A double-layer structure 

is composed of an inner compact layer and an outer porous layer was formed in PEO process 

in terms of valve metals [96,97]. Generally, the generation of PEO coating on valve metals is 

halved into totally different stages [94,98,99]: (i) a barrier layer (dense and thin oxide layer) is 

formed on the surface under a quite low anodic voltage (Fig. 9(a)). There is no spark in this 

step. (ii) When the voltage rises the breakdown voltage threshold, the loss of dielectric stability 

results in the generation of discharge channels in the low dielectric zone [94,98,99]. Thus, 
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several micro-sparks are generated in the thinner or weaker spots and move rapidly through the 

oxide layer. Although any spark lifetime is no longer than 1 ms, the local temperature at the 

discharge channels can make molten substrate and anodic film be generated [99,100].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Schematic of the structural characteristics of PEO coating formed in low and high 

potential on (a, b) valve metals and (c, d) Ta. 

 

A little of melt is in discharge channel and the products are formed on the discharge 

channels walls while is cooled by solution. Thus, thickness rises and porous structure is 

revealed as Fig. 9(b). In the growth of PEO coating, the compact inner layer comes into the 

initial stage of discharge sparking as the voltage surpassing the breakdown potential [101]. The 

generation of PEO coating on tantalum shows a comparable process comparing with valve 

metals. A thin anodic film is produced at the stage 1. Consequently, a thick and porous coating 

is formed as the voltage increases through the voltage of breakdown. However, the compact 

inner layer is destroyed in terms of PEO process on tantalum (Fig. 9(d)). It is discovered that 

in the stage 1 and before the spark anodization, a barrier layer can be produced over the surface 

in terms of valve metals while, these dense and passive oxide layers do not exist in terms of 

non-valve metals such as Ta, Zn, Fe, etc [94,102,103]. Overall, the anodic film which was 

formed in low voltage is removed with a lot of pores and cracks shared through the cross-

section as presented in Fig. 9(c). Therefore, it is assumed these defects were produced in low 

voltage in the anodic layer resulting in the incoherent compact inner structure under the 

condition of high gas release and micro-arcs in the beginning sparking discharge stage [94].  
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8. CONCLUSIONS 

The results of PEO process of tantalum in three main electrolytes were presented as below: 

1. Tantalum PEO procedure in H4SiW12O40 is distributed to three different stages based on 

the changes in the response of voltage-time. The electron current density portion in whole 

current density within the anodization leads to the transformation of voltage-time curve slope. 

The morphology of oxide coatings highly depends on the time in PEO procedure. Discharge 

channels density declines as their diameter rises, leading to an increase in the oxide coating 

roughness during the PEO treatment of Ta. The primary elements in PEO coatings include O, 

Ta, Si and W. The coatings are slightly crystallized and mostly contain Ta2O5, SiO2 and WO3. 

2. The results of the PEO process of Ta in electrolytes of β-glycerophosphate disodium and 

calcium acetate showed that the employed voltage significantly had an effect on the 

morphologies phase elements and the coatings bond strength. However, it slightly affected 

surface chemical species. The PEO oxide coating was formed at 350 V mostly composed of an 

amorphous phase and indicates extra Ta2O5 diffraction peaks and by rising the employed 

voltage to 480 V, the produced PEO coatings on tantalum consisted of Ta2O5, CaTa2O6 and 

TaO in addition to a bit amorphous phase in which CaTa2O6 was a dominant element. While 

rising the employed voltage, the diameter of the pores aimed to augment as the number of the 

pores declined and the coatings bond strength declined.  

3. The results of the of tantalum PEO treatment in solutions of 0.5 M Ca(H2PO2)2 

demonstrated that it is possible to tune the obtained coatings thickness in addition to their 

roughness, adhesion strength and comparative amounts of the different types of electrolytes in 

the modified surfaces of tantalum by a precise control on the voltage of process. Moreover, the 

results indicated that by adding salts of Ca2+ and Mg2+ carboxylic, that were mainly utilized by 

recent researchers within PEO procedure and leads to the sparks intensification on the surfaces 

that were treated. 
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