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Abstract—The main subject of many studies in anodization of 

Ta2O5 is to investigate the role of electrolyte composition on 
nanostructure Ta2O5 formation. However, the simple and clear 
explanation on how electrolyte composition affects the 
mechanism of nanotubular formation is hardly to be found. In 
this paper, we provided organized and step by step discussion on 
how NH4F, H2O and H2SO4 influence the growth of nanotubular 
by performing the experiments with different concentration of 
NH4F, H2O and H2SO4. The electrochemical formation of 
nanotubular tantalum pentoxide (Ta2O5) was investigated in 50 
ml ethylene glycol (EG), 0.5–3 wt% of NH4F, 0–6 vol% of H2O 
and 0–1 vol% of H2SO4. Depending on electrolyte concentration, 
Ta2O5 films exhibit different structural structures and features 
after anodization. The results were shown through FESEM, real 
images of samples and XRD analysis. By varying the 
concentration, it was possible to change the structures of Ta2O5. 
Finally, we demonstrated how electrochemical response during 
anodization, thus forming nanotubular Ta2O5.  
 

Index Terms—anodization, electrochemical, metal oxide, 
nanotubular, tantalum, Ta2O5 
 

I. INTRODUCTION 
N recent years , a numbers of studies on nanotubular oxide 
films synthesized via anodization have been published, for 

instance Al[1], [2], Ti [3], [4], Zr [5], [6], Nb [7], [8] and W 
[9], [10]. Another type of oxide films which we introduced in 
this study is tantalum pentoxide (Ta2O5). Although studies on 
obtaining nanotubular Ta2O5 via anodization is limited, the 
interest on synthesizing nanostructure Ta2O5 with variety of 
methods are steadily increasing, for example; one-pot 
hydrolysis method [11], sol-gel method [12], endo-templating 
method [13], facile hydrothermal method [14] etc. This is due 
to the fact that tantalum oxide is a versatile metal oxide, which 
has been used in a wide range of application; microelectronics 
[15], fuel cells [16], photonics [17], photocatalyst [18] and 
sensors [19], [20]. Ta2O5 is as wide band-gap metal oxide with 
band-gap of 3.9 – 4.0 eV [21]. It is regard as new favorable 
oxide metal thanks to its resistance towards corrosion which  
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make it widely use in coating industry [22], [23] and its great 
dielectric properties which make it suitable as storage 
capacitors [24], [25].  

In the past several years, nanotubular metal oxide has drawn 
a great deal of attention owing to its physical properties and 
potential applications [6], [8], [10]. Previous studies shows 
that nanotubular offers utmost advantages, by providing a 
direct and fast pathway for transporting electrons, thus 
increases the electron lifetimes in semiconductor [26], [27]. 
For this reason, the fabrication of nanotubular Ta2O5 structures 
is likely to be promising for many applications. Anodization is 
a pronounced process for the production of an oxide films on 
metal oxide such as Ta. In this process, electrical current 
(field) or voltage is applied and electrochemical reactions will 
occur on the surface of metal electrode. An oxide film will 
then form with various morphologies such as nanotubular 
structure. Anodization is widely used because the method is 
controllable, reproducible results and the credibility to tune the 
size and shape of nanotubular to the wanted dimensions. In 
addition, the method is cost effective and the thickness and 
morphology of Ta2O5 films can easily be controlled by 
manipulating the parameters [28], [29].   

Up to this date, the main subject of many studies in 
anodization of Ta2O5 is to investigate the role of electrolyte 
composition on nanostructure Ta2O5 formation; electrolyte 
containing acetic acid and hydrogen or phosphoric acid [30], 
electrolyte with additive such as H3PO4 and dimethyl 
sulfoxide [31], electrolyte with H2SO4 + HF [32]–[34]etc. 
However, the mechanism of anodization on nanotubular Ta2O5 
formation is still the matter of investigation. The formation of 
structures or pattern in the electrochemical synthesis of 
materials is a valuable topic. Therefore, a clear-cut 
investigation and explanation on nanotubular Ta2O5 formation. 
mechanism is needed. 2 
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 For that reasons, in this paper, we will presented the results 

of an experimental investigation on anodization of nanotubular 
Ta2O5 in electrolyte mixture consist of H2SO4, NH4F, H2O and 
EG. We will manipulate the concentration of H2SO4, NH4F, 
and H2O and discuss its role and effect on nanotubular Ta2O5 

formation in details through structural characterization via 
FESEM and XRD.  
 

II. METHODOLOGY 

A. Material 
Ethylene glycol (EG) (purity >99.5%), NH4F (purity >98%) 

and H2SO4 (purity >98%) were analytical grade and used 
without further purification. All reagents were purchased from 
Friendemann Schmidt and J.T Baker®. The solutions were 
prepared with distilled water (Mili-Q, resistivity of 18.2 
MΩ•cm). Tantalum (Ta) foils (purity >99.95%, 0.25 mm 
thickness, 1.0 × 2.5 cm) were used as anode pole. Platinum 
k(Pt) gauze (purity, 99%) was used as cathode pole. Both 
electrodes were purchased from Sigma Aldrich.  

 

B. Fabrication of nanotubular Ta2O5 
Prior to anodization, Ta foil was cleaned ultrasonically for 

15 minutes in acetone and distilled water, respectively. Next, 
Ta foil was dried under stream of dry nitrogen. Electrolytes 
were prepared by mixing 50 ml ethylene glycol (EG) with 
0.5–3 wt% of NH4F, 0–6 vol% of distilled water and 0–1 vol% 
of H2SO4. Then, anodization was executed; Ta foil as anode 
and Pt as cathode were anodized in electrolytes at ambient 
temperature for 1 h. The samples were anodized at constant 
voltage of 20 V during each experiment. Samples were 
annealed after anodization at a temperature of 500 °C for 2 h 
with ramp up and down rate of 5 °C/min. Schematic 
illustration in Fig. 1 shows cleaning, anodizing and annealing 
process of nanotubular Ta2O5 while Fig. 2 displayed the 
anodization set-up used in laboratory.  

 

C. Structural characterization  
Field emission scanning electron microscope (FESEM; 

JEOL JSM-7600F) was used to characterize the morphological 
properties of the Ta2O5 samples. X-Ray diffractometer (XRD;  
PANalytical X’Pert PRO) was used to characterize the 
crystallinity properties of nanotubular Ta2O5. 

 

III. RESULT AND DISCUSSION 
In order to study the effect of electrolyte parameters on 

nanotubular Ta2O5 morphology during anodization, we varied 
the concentration of NH4F, H2O and H2SO4. As a baseline, we 
referred to Hongbin et al. [35] where they anodized Ta foil for 
1 h with bias voltage of 20 V in electrolyte which consists of 
EG, 3% of NH4F, 10% of H2O and 0.25% of H3PO4. Instead 
of using H3PO4, we used H2SO4 in our experiments.  

 

A. Optimization of NH4F concentration in electrolyte  
In past studies, it has been uncovered that the presence of 

fluoride ions in the electrolyte triggered the disintegration of 
oxide film on metal oxide and help nanostructured 
development [30], [36], [37]. Fluoride ions have the ability to 
form water - soluble complexes, and due to their small ion 
radius its can penetrate and compete more easily through the 
growing Ta2O5 lattice [36]. Therefore, these abilities lead to a 
continuous dissolution of Ta2O5. When the balance between 
oxidation and dissolution is reached, a nanostructured surfaces 
form. However, nanostructures cannot form on the initial 
compact oxide layer if the amount of fluoride ions in the 
electrolyte is inadequate.  
 
 

 
 
 
 
 
 
 
 

 
Fig. 1 Schematic illustration of cleaning, anodizing and annealling process of nanotubular Ta2O5 sample. 

 

Fig. 2 Schematic set-up of nanotubular Ta2O5 anodization 
experiments in which two electrodes are used: cathode (Pt 
gauze) and anode (Ta foil) with different concentration of 
electrolytes. Samples were anodized for 1 h with voltage bias 
of 20 V. 
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Contrarily, an earlier study reported that an excessive 

amount of fluoride ions in the electrolyte can partially damage 
the nanostructured network due to over-etching by fluoride 
ions [37]. 

The effect of fluoride ions on nanotubular formation during 
anodization was investigated by using 0.45 wt% (sample A), 
1.0 wt% (sample B), 1.35 wt% (sample C) and 3.0 wt% 
(sample D) of NH4F in electrolyte. The concentrations of EG 
(50 mL), H2O (10 vol%) and H2SO4 (0.25 vol%) in electrolyte 
were consistence. Fig. 3(A1) illustrates that there are no 
nanostructures formed on sample A and Fig. 3(A2) shows that 
sample changed into dark blue colour. Fig. 3(B1) and (B2) 
shows similar observations on sample B. These indicated that 
0.45 wt% and 1 wt% of NH4F was insufficient to produce 
enough ion fluoride in electrolyte, thus no nanostructured 
Ta2O5 was created. We also discovered that dark blue colour 
on sample can be determined as one of the sign that 
anodization layer is too thin and fail to form nanostructures on 
Ta foil.  

 Similarly, it can be seen from Fig. 3(C1) and Fig. 3(C2) 
that there were also no nanostructures produced and sample C 
shows colour change, where it turned into dark blue colour. It 
is apparent from these results that 1.35 wt% of NH4F still 
produced too few fluoride ions. The insufficiency of fluoride 
ions in electrolyte were thought to be caused by high water 
content, with a high volume of water exhibiting a lower 
dissolution rate. As a result tantalum oxide did not dissolve 
and compact oxide films were formed.  

On top of that, it can be seen from Fig. 3(D1) that there are 
no nanostructures forming on sample. Instead of the colour 
change, Fig. 3(D2) shows that the sample D has been 
excessively etched and damaged. This analysis found evidence 
that 3 wt% of NH4F or more produce an excessive amount of 
fluoride ions and destroy nanostructure Ta2O5 on sample. The 
summary of these experiments is shown in Table 1. 
 
Table 1  
Summary of the anodization experiments with different concentration 
of NH4F. 

Experiment EG 
(ml) 

NH4F 
(wt%) 

H2O 
(vol%) 

H2SO4 
(vol%) 

Observation 

Baseline 50 3.0 10 0.25 
H3PO4 

 

Sample A 50 0.45 10 0.25 No structure. 
Dark blue 
colour 
Smooth surface 

Sample B  50 1.0 10 0.25 No structure. 
Dark blue 
colour 
Smooth surface 

Sample C  50 1.35 10 0.25 No structure 
Dark blue 
colour 
Smooth surface 

Sample D  50 3.0  10 0.25 No structure 
Sample 
damaged 

 
 

B. Optimization of H2O concentration in electrolyte 
As noted in previous investigations, the addition of H2O in 

the electrolyte leads to the formation of compact oxide layer 
[38]. Previous study described H2O as “passivator” and 
suggested that H2O must be added in electrolyte as low as 
possible [35].  

The influence of H2O content on nanotubular formation was 
explored by using 0 vol% (sample E), 2.0 vol% (sample F), 
4.0 vol% (sample G) and 6.0 vol% (sample H) of H2O in 
electrolyte. The concentrations of EG (50 mL), NH4F (1.35 
wt%) and H2SO4 (0.25 vol%) in electrolyte were consistence. 
It can be seen from Fig. 4(E1) and (E2) that no nanostructured 
was produced without the presence of H2O. In the presence of 
2 vol% H2O the nanotubular structure began to form, but 
imperfect. The anodic layer began to slit and crack, indicating 
that nanotubular were taking shape, as can be seen in Fig. 
4(F1). Moreover, the sample changed colour to pink and the 
surface became rough (Fig. 4(F2)).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 FESEM and samples images after anodization in 
different concentration of NH4F; (A1)(A2) 0.45 wt% NH4F, 
(B1)(B2) 1 wt% NH4F, (C1)(C2) 1.35 wt% NH4F and 
(D1)(D2) 3 wt% NH4F  
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The results in Fig. 4(F1) and (F2) have confirmed that the 
addition of a small amount of H2O helps to promote the 
formation of Ta2O5 and conversely, to suppress its dissolution.  
While this may be true, the results also showed that when the 
volume of H2O was too low, the dissolution rate required for 
the formation of nanotubular was limited, implying that the 
dissolution cannot be carried out continuously. Consequently, 
nanotubular could not achieve their final shape as seen in Fig. 
4(F1). 

Therefore, volume of H2O was slightly increase more than 2 
vol% and this deliver significantly better result. As shown in 
Fig. 4(G1) where 4 vol% of H2O was used, more apparent 
nanotubular structures with noticeable white cloud can be 
seen. This white cloud was assumed to be layer of Ta2O5 that 
this not dissolve properly to form nanotubular shape. Although 
the structures improved, the nanotubular shapes were very 
thin. Besides that, Fig. 4(G2) shows that sample changed into 
silver colour and the surface was smooth. Here, we discovered 

that silver colour on sample can be determine as a sign that 
anodization is performing properly and nanostructure Ta2O5 is 
starting to take shape.  

To further prove this fact, we conducted XRD analysis on 
sample G. Other than providing information on crystalline 
quality, XRD also provided orientation of nanostructure on 
metal oxide. Fig. 5 illustrated the XRD pattern for sample G 
after annealing. Interestingly, it exhibited the crystalline phase 
according to JCPDS file no. 25-0922, where diffraction peaks 
can be seen at 22.9, 28.3, 36.7, 46.7, 49.7, 55.5, 58.5, 63.6 and 
70.5° 2-theta. The peaks fitted well with orthorhombic Ta2O5. 
However, diffraction peaks also appeared at 69.6° 2-theta 
which fitted well with cubic Ta. This result supported that 4 
vol% of H2O starting to produce nanotubular Ta2O5 but thin.  
 

 
 

 
 

 
 
 
 
Table 2  
Summary of the anodization experiments with different concentration 
of H2O. 

Experiment EG 
(ml) 

NH4F 
(wt%) 

H2O 
(vol%) 

H2SO4 
(vol%) 

Observation 

Baseline 50 3.0 10 0.25 
H3PO4 

 

Sample E 50 1.35 0 0.25 No structure. 
Silver colour 
Rough surface 

Sample F  50 1.35 2.0 0.25 Pore structure. 
Pinkish colour 
Rough surface 

Sample G  50 1.35 4.0 0.25 Thin 
nanotubular 
Pinkish colour 
Smooth surface 

Sample H  50 1.35 6.0 0.25 Damaged 
structure 
Pinkish colour 
Rough surface 

Fig. 5  XRD pattern of sample anodized in electrolyte with  
4 vol% of H2O (sample G) after annealing at 500 °C for 2 h. 
Diffraction peaks appeared at 22.9, 28.3, 36.7, 46.7, 49.7, 
55.5, 58.5, 63.6 and 70.5° 2-theta as orthorhombic Ta2O5 and 
69.6° 2-theta as cubic Ta. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 FESEM and samples images after anodization in 
different concentration of H2O; (E1)(E2) 0 vol% H2O, 
(F1)(F2) 2 vol% H2O, (G1)(G2) 4 vol% H2O and 
(H1)(H2) 6 vol% H2O  
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We decided to slightly increase the volume H2O to 6 vol%. 
However, nanotubular appears to be damage in the presence of 
higher concentration of H2O (Fig. 4(H1)) even though the 
condition of the sample was smooth (Fig. 4(H2)). These 
results lead to conclusion where by controlling and slightly 
adding the amount of H2O not more or less than 4 vol% 
contributes in increasing the dissolution rate, overcome the 
limitation of continuous dissolution and form thicker 
nanotubular Ta2O5. Table 2 provides the summary of these 
experiments. 

 

C. Optimization of H2SO4 concentration in electrolyte  
Prior research suggest that the use of acid in anodization is 

necessary to produce nanostructure metal oxide [32], [39]. In 
addition, previous studies have emphasized that nanotubular 
Ta2O5 can be produced specifically with concentrated H2SO4 
[31], [40].  

 

H2SO4 solutions with different concentration possess 
different acidity, which leads to different chemical dissolution 
of tantalum and influence the equilibrium between 
electrochemical formation of tantalum and chemical 
dissolution of tantalum. It is expected that no nanotubular 
Ta2O5 could be formed in the electrolyte with acidity that is 
too high or too low. 

The effect of H2SO4 on nanotubular formation was study by 
using 0 vol% (sample I), 0.5 vol% (sample J), 0.75 vol% 
(sample K) and 1.0 vol% (sample L) of H2SO4 in electrolyte. 
The concentrations of EG (50 mL), NH4F (1.35 wt%) and H2O 
(4.0 vol%) in electrolyte was consistence. From Fig. 6(I1), no 
nanostructures can be observed when Ta film is anodized 
without the presence of H2SO4. To boot, there was no 
significant color change on the sample (Fig. 6(I2)). Results in 
Fig. 6(I1) and (I2) demonstrated that nanotubular Ta2O5 
cannot be produce without the present of H2SO4. 

On the other hand, nanotubular Ta2O5 with less prominent 
white cloud can be observed when anodized in 0.5 vol% of 
H2SO4, as seen in Fig. 6(J1). The voids and tubes of 
nanotubulars were very obvious. Notably, sample changed 
into smooth deep silver colour (Fig. 6(J2)). This shows that 
dissolution rate by localized acidification were adjusted 
properly with 0.5 vol% of H2SO4.  

We conducted XRD analysis on sample J. Fig. 7 illustrated 
the XRD pattern for sample J after annealing. As expected, it 
exhibited a crystalline phase according to JCPDS file no. 25-
0922, where diffraction peaks can be seen at 22.9, 28.3, 36.7, 
46.7, 49.7, 55.5, 58.5, 63.6, 69.3 and 70.5° 2-theta. The peaks 
fitted well with orthorhombic Ta2O5. In comparison with 
previous XRD result on sample G, diffraction peaks of 
crystalline phase were higher and no diffraction peaks of cubic 
Ta can be seen. This result supported that 0.5 vol% of H2SO4 
produced thicker nanotubular Ta2O5 layer.  
 

 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 FESEM and samples images after anodization in 
different concentration of H2SO4; (I1)(I2) 0 vol% H2SO4, 
(J1)(J2) 0.5 vol% H2SO4, (K1)(K2) 0.75 vol% H2SO4, 
(L1)L2) 1 vol% H2SO4. 

Fig. 7 XRD pattern of sample anodized in electrolyte with 0.5 
vol% of H2SO4 (sample J) after annealing at 500 °C for 2 h. 
Diffraction peaks appeared at 22.9, 28.3, 36.7, 46.7, 49.7, 
55.5, 58.5, 63.6, 69.3 and 70.5° 2-theta as orthorhombic 
Ta2O5. 
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Contrary to findings of Fig. 6(J1) and (J2), nanotubular can 
be observed but random, imperfect and thinner when 
concentration of H2SO4 increased to 0.75 vol%, (Fig. 6(K1)). 
Sample changed into brighter silver colour and slightly rough 
(Fig. 6(K2)). A difference result between 0.5 vol% and 0.75 
vol% of H2SO4 can be attributable to dissolution rate which 
assumed to be affected by high concentration of acid in 
electrolyte. 0.75 vol% of H2SO4 was deem to disturb the 
steady state of nanotubular formation.  

Fig. 6(L1) further proven that concentration higher that 0.5 
vol% effect the formation of nanotubular. Similarly, 
nanotubular structures were random, imperfect and thinner. 
Only pores can be seen, while tubes did not exist. Surface of 
the sample was rougher (Fig. 6(L2)) compare to Fig. 6(K2). 
The summary of these experiments is shown in Table 3 
 
Table 3  
Summary of the anodization experiments with different concentration 
of H2SO4 

Experiment EG 
(ml) 

NH4F 
(wt%) 

H2O 
(vol%) 

H2SO4 
(vol%) 

Observation 

Baseline 50 3.0 10 0.25 
H3PO4 

 

Sample I 50 1.35 4.0 0 No structure. 
No colour 
change 

Sample J  50 1.35 4.0 0.5 Thicker 
nanotubular 
Deep silver 
colour 
Smooth surface 

Sample K  50 1.35 4.0 0.75 Random, thin 
nanotubular 
Silver colour 
Rough surface 

Sample L  50 1.35 4.0 1.0 Pore structure 
Silver colour 
Rough surface 

 

D. Growth mechanism of nanotubular Ta2O5 structure  
Based on our discussion in previous chapter, the physical 

and chemical properties of nanotubular layers can be 
controlled by changing the parameters of fabrication process, 
mainly the concentration of electrolyte mixture. Concentration 
of electrolyte mixture affected the pH of electrolyte. The pH 
of electrolyte is an important factor to achieve high-aspect 
ratio nanotubular. The pH difference leads to significant pore 
diameter variations. Differences in thickness are attributed to 
the pH dependency of the oxide dissolution rate, in which 
previous study shows that the low pH dissolution rate is much 
higher than the higher pH. The formation of hydrolysis 
products at the working electrode leads to a decrease in pH; 
local acidification is therefore established. Adjusting the local 
acidification could promote the dissolution of Ta2O5, thus 
providing a more protective environment against dissolution 
along the tube mouth, and longer tubes were thus obtained.  

Based on the observation and reports of the growth 
mechanism of the nanotubular Ta2O5, the evolving process of 
the nanotubular is shown in Fig. 8 and Fig. 9. Before 
anodization start, initially a tantalum oxide passivation layer is 

formed on Ta foil through hydrolysis of tantalum. In the 
electrolyte, oxide layer is formed when a constant voltage is 
applied. The formation of the nanotubular in NH4F, which is 
the source of fluoride ion in electrolyte, is due to two 
competing electric field-assisted processes. These two 
processes are as follow; (i) hydrolysis of Ta to form Ta2O5 and 
(ii) chemical dissolution of Ta2O5 at the oxides/electrolyte 
interfaces (Fig. 8). Fluoride ion (F‒) is fundamental factor for 
the development of tubular structure due to its ability to form 
soluble [TaF7]2‒. Moreover, its small ionic radius makes them 
suitable to penetrate into the growing Ta2O5 lattice, thus 
transported through the oxide by applied field. Precisely, it has 
a role as an oxide dissolution agent. The reactions to 
nanotubular formation are given below; 
 

Oxidation of Ta; 
Ta  →  Ta5+  +  5e‒ (1) 
 
Formation of oxide layer (hydrolysis); 
2Ta  +  5H2O  →  Ta2O5  +  10H+ 10e‒ (2) 
 
Chemical dissolution of oxide layer; 
Ta2O5  +  10H+ + 14F‒  → 2[TaF7]2‒  +  5H2O (3) 

 
Eq. 1 illustrates the oxidation of Ta into Ta5+. As seen in 

Eq. 2, H+ increased during hydrolysis, and then F‒ ions travel 
to the sites of H+ to achieve electroneutrality. Eventually, F‒ 

ions compete for the sites of O2‒ in the oxide. Next, the 
dissolution of Ta2O5 happened by the formation of [TaF7]2‒ 
when concentration of H+, F‒ and O2‒ reached a critical level 
at local regions, as shown in Eq. 3. Dissolution of Ta creates 
negatively charged cation vacancies at the oxide and migrates 
to the metal/oxide interface as a result of potential gradient 
across the oxide. The existence of metal cation vacancies near 
the metal /oxide interface promotes the reaction in Eq. 1 and 
the Ta5+ jumps easily to the vacancy sites available. 
Furthermore, nanopores were nucleated on the oxide surface 
during this state.  

A mass of H+ ions are generated at the bottom of the pore 
where the Ta came out of the metal and dissolved in the 
solution and the concentration of HF inside the pores increases 
rapidly. High concentration of HF causing the wall of pores 
dissolves until the adjacent pore walls disappear. In meantime, 
the integration by small pores resulted in the same appearance 
of larger pores. Synchronously, the enhanced electric field-
assisted dissolution at the pore bottom deepening the pore and 
forming the voids. Due to the applied electric field, the Ta-O 
bond undergoes polarization and weakened which promotes 
the dissolution of the metal oxide. The pore bottom is self-
acidified due to the electrochemical dissolution of Ta. This 
leads to the formation of pH profile in the growth direction of 
the pore. As a result, the dissolution rate at the pore bottom is 
higher than at the pore top, which increases the length of the 
nanotubular along with time.  
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Briefly, the mechanism of nanotubular can be concluded as 

following; (a) oxide layer formation, (b) formation and 
deepening of pore, (c) initial nanotubular formation and (d) 
perfect formation of nanotubular. Fig. 9 shows the summary of 
nanotubular growth mechanism. 

 

 
 

 
 

 

IV. CONCLUSION 
Nanotubular Ta2O5 can be produced in an exceptionally 

controlled condition by electrochemical anodization in 
ethylene glycol solution with addition of acid sulphuric, 
ammonium fluoride and water. Optimized concentration of 
NH4F (1.35 wt%) plays a major role in pore formation and 
dissolution. Experimental results uncovered that addition of 
water (4 vol%) accelerate chemical dissolution of Ta2O5. Our 
results also revealed that chemical dissolution of Ta2O5 with 
H2SO4 (0.5 vol%) presence in electrolyte plays a key role in 
the formation of nanotubular. Finally, crystallographic 
structures show that thermal treatment (annealing) at high 
temperature of 500 °C change Ta2O5 morphology from 
amorphous to crystalline phase.  
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