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a

Abstract

 Porous structures can be produced as nanotubes, nanowires and membranes, and they can be used in gas sensors, 
magnetic and electronic devices, biotechnology, etc. These structures can be obtained by the anodizing process, in which 
the electrolyte must etch the oxide to occur the pore formation. In the case of niobium, porous oxides have been obtained 
successfully in electrolytes containing hydrofluoric acid (HF). However, studies have shown that niobium dissolves in 
electrolytes of NaOH with pH 14, and porous oxides of niobium have already been obtained by the anodizing process with 
the occurrence of sparking. Thus, the objective of this work is to obtain porous oxides on Nb without HF addition by studying 
the sparking phenomenon. Therefore, niobium was anodized at different current densities (10, 25, 50, 75 and 100 mA.cm-2). 
The samples were evaluated concerning morphology by SEM and chemical microanalysis by EDS. It was observed that 
sparking depends of the oxide barrier thickness and occurs at current densities higher than 50mA.cm-2. However, the increase 
of the current density, in spite of not increasing the thickness of the barrier layer, caused a greater incidence of sparking. 
According to the assignment proposed it was possible to obtain a porous structure in niobium with NaOH electrolyte, but 
this structure got an irregular aspect.
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1 Introduction

Brazil has the major niobium deposits in the world, 
having 98% of the metal available in the planet. Also, Brazil 
is the main niobium producer, with 96% of the worldwide 
production. The main deposits are in the states of Minas Gerais, 
Goiás and Amazonas. Niobium is a metal with high melting 
point, a slightly higher density than iron, superconductivity 
at temperatures lower than -264 °C and high chemical attack 
resistance to acids and liquid metals [1]. It is extremely high 
corrosion resistance and its oxide thermodynamic stability 
make these materials suitable for a variety of industrial 
applications [2-4]. The properties of niobium and its oxides 
have raised large interest that has led to intense research 
and development [5].

Among the niobium applications, jewelry and nuclear 
industry use can be mentioned. Also, Niobium is added to 
titanium to produce superconductor niobium-titanium alloys, 
used for the magnetic resonance tomography machines magnets. 
Niobium is also used for electronic ceramic and camera lenses. 
Niobium anodizing has been carried out to obtain porous oxides 
employed in gas sensors, catalysts, electrochromic devices, 

optical fiber, etc. Niobium is a valve metal that shows high 
oxidation resistance; i.e. it is capable of forming inert oxides 
that are stable in aqueous medium [6]. Niobium and other valve 
metals oxides obtained through anodizing grow amorphously 
until they reach the dielectric breakdown potential and, in 
consequence, sparking [7]. Niobium anodizing commonly 
takes place in hydrofluoric acid electrolyte [8], that promotes 
the formation of pores on the oxides.

Hydrofluoric acid has been widely used to obtain 
porous structures, which are formed due to the intense 
dissolution caused by the attack of fluoride ions to the oxide. 
However, handling hydrofluoric acid can be dangerous, 
causing irreversible damage to health [9].

There are few studies referring to niobium porous 
oxides in fluoride-free electrolytes. Some organic electrolytes 
were already tested [9,10] but the results were not satisfactory 
when compared to the results of tests conducted with 
hydrofluoric acid electrolyte.

Literature studies reported that niobium dissolves 
chemically in NaOH electrolytes with pH=14. Therefore 
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region, there is the formation of a barrier film, in which all 
the current is used for. ∂V/∂t remains constant until reaching 
the dielectric breakdown potential or sparking potential (Vb); 
from which on there is a decrease in the potential increase 
rate, which starts the Region 2 [7]. Various authors [12-16] 
reported the behavior transition from Region 1 to Region 2 for 
some valve metals when anodized, and pointed out that the 
(∂V/∂t) variation is characteristic of the dielectric breakdown.

During all the different anodizing processes it was 
observed the presence of small sparks that started on the 
center of the samples and then went to the surface, with 
material loss for some samples. This is in agreement with 
that observed by Ikonopisov [17], since sparking manifests 
as a chain of individual sparks. Figure 2 shows the potential 
transients measured during the anodizing processes in 1 M 

one can expect to promote the formation of porous oxide 
when using NaOH electolyte [6].

2 Materials and methods

2.1 Surface preparation

Before anodizing, niobium samples were cut to the 
dimensions of 1.5 cm x 1 cm from a 1 mm thick commercially 
pure niobium plate provided by CBMM. After that, all the 
samples were drilled at one extremity to fix a copper wire as 
electric contact. Ketone lacquer was applied on the copper 
contact to avoid it interfere in the anodizing process. The exposed 
area for all the samples was 2 cm2, 1 cm2 in each face.

2.2 Anodizing

For anodizing, two platinum (Pt) wire counter-
electrodes were used. These electrodes were located parallel 
and equidistantly from the niobium sample, in order to ensure 
that the growth of the oxide took place in the same way on 
both sides of the samples. For this, a non-conductive material 
device, fixed on the 250 mL beaker, was used.

Before anodizing, samples was pickled during 
10 seconds in 1M NaOH solution, heated and stirred. After 
pickling, samples was washed with deionized water and 
dried with cold air. Then, the samples were put in between 
the platinum wires and submersed in the electrolyte. In this 
process, niobium was the anode, whereas the platinum 
worked out as cathode. A 300 V and 0.5 A power source 
with a computer assisted data acquisition system was used.

Anodizing process was carried out in galvanostatic 
mode and with different current densities (10, 25, 50, 75 and 
100 mA.cm-2), and samples were identified according to Table 1.

2.3 Experimental techniques

2.3.1 Morphological characterization

Coatings morphology were evaluated by scanning 
electron microscopy (SEM), with a Jeol JSM-6510LV 
equipment. Samples were observed from the top to determine 
the surface morphology and also in cross sections. Coupled 
to the SEM equipment, an energy dispersive spectroscopy 
(EDS) microprobe was used, in order to obtain qualitative 
information about the chemical composition of the samples.

3 Results and discussion

3.1 Potential transient

Figure 1 presents a schematic potential transient, 
where two different regions are observed.

Region 1 shows a linear increase in potential over time, 
which constant value (∂V/∂t) is named anodizing rate. In this 

Table 1. Description of the samples: substrate and coating precursor 
formulation

Sample Anodizing conditions
0Nb Non-anodized
10Nb Anodized with 10 mA.cm-2

25Nb Anodized with 25 mA.cm-2

50Nb Anodized with 50 mA.cm-2

75Nb Anodized with 75 mA.cm-2

100Nb Anodized with 100 mA.cm-2

Figure 1. Graphic of the two different regions in the potential transient 
during niobium anodizing.

Figure 2. Potential transients for Nb anodized in 10, 25, 50, 75 and 
100 mA/cm2.
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NaOH electrolyte. Table 2 gives (∂V/∂t) values measured 
for the anodized niobium at different current densities.

The sample 10Nb, Figure 2, shows a potential increase 
up to approximately 2 V and remains stable. Oliveira [18] 
anodized niobium under different conditions and found barrier 
oxide growing rate was independent from the electrolyte. 
Therefore, the author concluded that the electrolyte did not 
influence in the oxide layer thickness.

The potential value of 2V induces the formation 
of a low thickness oxide, which can be compared to the 
behavior of other metal valves such as aluminum, which 
forms low thickness alumina oxide at low potentials, 
since the growth of the oxide has an approximate factor 
of 1.2 nm / V [19-21]. The same behavior was verified for 
titanium with the formation of fine oxide by anodizing at 
low potentials close to 10V.

Since NaOH attacks the base metal, the applied current 
density could have not been enough to ensure the complete 
oxide formation, allowing the occurrence of just an attack 
and dissolution process [8]. Sample 25Nb showed a similar 
behavior compared to the 10Nb one. Its final potential was 
close to 2 V, indicating that there was not an increase in 
the barrier layer thickness with the increase of the current 
density until 25 mA/cm2.

On the other hand, with the increase of current density 
until 50 mA/cm2, sample 50Nb experienced a delay in the 
start of the anodization process, indicated by the initial 
time variation up to the potential increase. For the samples 
10Nb and 25Nb, the barrier film has a thickness close to that 
formed with air exposition; that is why this delay was not 
seen. It can be observed that the potential increases up to 
50 V, indicating the oxide barrier presents a higher thickness. 
After that, there is a change in the anodizing curve slope, 
where sparking starts.

Samples 75Nb and 100Nb showed a higher potential 
oscillation after the sparking, in the second part of the curve, 
which represents that the sparking takes place with the oxide 
formation, and the phenomenon happened more often than 
in the other ones.

It was expected that with the increase of current density 
there were an increase in the oxide thickness, hypothesis 
that was not proved. It points out that the oxide grows 
amorphously, until the anodizing rate varies and sparking 
depends on the potential and the oxide layer thickness.

3.2 Analysis of the oxides morphology

Figure 3 presents morphology of the samples with 
and without anodizing, and Table 3 presents atomic % of 
elements obtained by EDS.

Morphology of sample 0Nb (Figure  3  a,  b) was 
evaluated in order to veryfy the electrolyte influence in the 
sample surface. The surface looks homogeneous, without 
pores and with some deffects coming from piclking. According 

to the EDS measurements (Table 3), sodium (Na) was not 
detected on the surface; proving efficiency of the cleaning 
process after pickling.

Sample 10Nb micrographs show small deffects on 
the surface that are apparently similars to the ones on the 
0Nb. Table 3 shows a small atomic percent of oxygen, as 
well as a little significant sodium peak. In this case, it is 
supposed that an effective sodium incorporation took place. 
However, it is not possible to state that an oxide was formed, 
because the anodizing potential was very low, justifying 
that its thickness, probably, is similar to that formed by air 
exposition.

The sample 25Nb surface shows some deffects like 
those observed on 10Nb. Oxyen or sodium incorporation is 
not observed in the EDS Table 3. Due to the small dimension 
of the analyzed region, it is possible that those elements 
could not be detected, perhaps by the lack of homogeneity 
of their incorporation on the surface sample.

On the surface of sample 50Nb, irregular shaped pores 
are present. This is a consequence of the sparking phenomenon. 
The EDS data in Table 3 shows a significant amount of 
oxygen and sodium is absent. Regarding D’Alkaine [8], in 
some cases, the sodium ions precipitate in the electrolytic 
solution and, that is why, they are not detected by EDS 
analysis of the surface. Hence, it can be supposed that there 
was the formation of oxide on the sample surface, even 
without the confirmation of sodium incorporation.

Samples 75Nb and 100 Nb show a very porous 
surface, with irregular shaped pores like those observed in 
50Nb. Their EDS data on Table 3 show significant oxygen 
and sodium amounts.

It was observed that the sparking phenomenon took 
place with an increasing intensity in the samples 50Nb, 
75Nb and 100Nb.

Table 2. Anodizing process results in 1M NaOH for different current 
densities

Sample Sparking 
potential Vb (V)

Time in Region 
1 (s)

Anodizing rate 
∂V/∂t (V/s)

10Nb - 4 2
25Nb - 4 2
50Nb 52 13 7.8
75Nb 54 22 7.3

100 Nb 55 46 6.8

Table 3. Niobium anodized oxides composition determined by EDS

Sample
Atomic %

O Al Cl Na Nb
0Nb - - - - 100.00
10Nb 16.46 - - 0.21 83.32
25Nb - 0.20 - - 99.80
50Nb 32.80 0.08 0.19 - 66.93
75Nb - 0.23 - 32.12 67.65
100Nb 57.30 0.13 - 19.74 22.83
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3.4 Cross-section analysis

Figure 4 shows cross-section of the anodized samples.
As aforementioned, it can be stated that samples 10Nb 

and 25Nb formed very thin oxides. That is why cross-section 
SEM analysis was carried out only for the other samples, 
which clearly formed niobium oxide. Sample 50Nb shows 
an irregular oxide layer, less than 10 µm thick. The oxide is 
cracked due to the sparking phenomenon during the anodization.

Sample 75Nb presents a similar behavior to that of 
50Nb, and it can be perceived irregular oxide formation 
along the metal surface. However, its oxide layer is thinner 
than the one in sample 50Nb.

Sample 100Nb cross-section also shows an irregular 
oxide formation. This sample presents a higher oxide thickness 

than the others, consequence of higher sparking incidence that 
promotes a higher located melting, with irregular morphology.

4 Conclusion

It was possible to form oxides when anodizing Nb in 
NaOH at pH=14 when the current density exceeded 50 mAcm-2. 
The oxides formed showed a large incidence pores, randomly 
distributed, due to the sparking phenomenon. Sparking increased 
when current density increased.

Based on the obtained results, niobium anodizing with 
in 1 M NaOH electrolyte, promotes the formation of porous 
oxides on the substrate surface. Further studies for obtaining  
regular porous structure porous structure are needed.

Figure 4. Morphology of cross-section of the anodized samples in different magnifications: 2000x and 10000x: (a, b) 50 Nb; (c, d) 75 Nb and 
(e, f) 100 Nb.

Figure 3. Morphology of the samples with and without anodizing: 500x and 5.000x. (a, b) blank and anodized (c, d) 10Nb, (e, f) 25Nb, 
(g, h) 50Nb, (i, j) 75Nb and (k, l) 100Nb.
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