
Arch. Metall. Mater. 67 (2022), 3, 1079-1084

C.I. TarCea 1, C.M. PanTIlIMon 1, G. CoMan 1*, a.a. TurCanu 1,  
a.M. PredesCu 1, e. MaTeI 1, a.C. BerBeCaru 1, C. PredesCu 1*

Photocatalytic tio2 NaNostructures DeveloPeD oN the GraDe 2 ti Material

The research focused on Tio2 nanostructures environmental applications due to the special characteristics that displayed 
degradation of the organic compounds into environmentally friendly products through exposure to uV light. The protocol behind 
obtaining the nanostructures involved the use of a Ti material exposed to alkaline treatment and advanced oxidation using naoH 
solution and acetone. These studied nanostructures were analyzed extensively by using methods such as scanning electron micros-
copy (seM), energy dispersive X-ray spectroscopy (eds) and X-ray diffraction (Xrd) for characterizing the elements, compounds 
and morphological properties of the material. These differences in morphology is attributed to different naoH solution concentra-
tions. The Ti sheets were immersed into naoH and acetone mixed solutions for 72 hours. The best results were recorded by using 
30% naoH solution. after obtaining the 3d structures, which improve specific surface and contact area with the environment, the 
samples were tested under uV light in order to degrade methylene blue in order to determine their photocatalytic performance.
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1. introduction

In the universe of the oxide metals, Tio2 nanostructures 
with unique physical and chemical characteristics have attracted 
special attention. In fact, after the discovery of Tio2 in 1972 by 
Fujishima and Honda, it was considered an extraordinary nano-
material with a promising capacity in the catalytic field [1]. as 
a photocatalyst, Tio2 can completely and rapidly photodegrade 
various toxic compounds into Co2, H2o and other non-toxic 
substances [2]. all these positive results regarding the use of 
Tio2 in the photocatalytic applications are due to the fact that 
Tio2 compared to other photocatalysts has hydrophilicity, long-
term stability and high photo-reactivity, along with lower costs 
and non-toxicity [3,4].

lately, nano-Tio2 has attracted attention through its various 
nanostructured forms that provide an improvement in photocata-
lytic performance [5-8]. although, in the processes of photodeg-
radation, Tio2 is used in powder form being considered a viable 
alternative, in practice, the efficiency of the photocatalytic pro-
cess varies quite a lot, depending on the material used, as well 
as the environmental factors in which the process takes place. It 
is known that in photocatalytic applications, Tio2 is intensively 
studied in powder form due to its specific surface area, but at the 

same time disadvantages such as formation of aggregates, limi-
tation of uV light due to strong absorption of catalyst particles 
and organic species and loss of photocatalyst after each cycle 
causes limitations. In this context, the researchers turned their at-
tention to other types of nanostructures that would offer not only 
chemical stability but also superior photocatalytic properties [9].

syed Z.J. Zaidi and al. were obtained Tio2 nanotubes on 
reticulated vitreous carbon (rVC) by anodic electrophoresis [10]. 
up to now, various methods have been used to obtain nanotubes, 
such as templating sol-gel method [11], synthesis method [12], 
anodization method [13], hydrothermal method [14] and alka-
line treatment method [15]. among them, the alkaline treatment 
method has the advantages of low reaction temperature and is 
easy to obtain, thus becoming a development perspective in 
obtaining the different nanostructures. according to the studies, 
the main substrate for the preparation of Tio2 nanomaterials were 
glass, absorbent (activated carbon, silica gel, etc.) and metal 
[16-18]. However, when the glass is used as a substrate, there is 
poor compatibility with Tio2, which leads to easy separation of 
Tio2 from the substrate. To overcome the disadvantages of these 
substrates, the metal can be used as a precursor and substrate to 
obtain Tio2 nanomaterials. The advantages of using metal are 
excellent conductivity and strength.
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2. experiment 

tio2 nanostructures obtained 

Tio2 nanostructures were obtained on a fixed support using 
using a grade 2 Ti material. In order to obtain a homogeneous 
reaction surface, the discs with a diameter of 2.5 cm were obtained 
by cutting which were subsequently mechanically processed. The 
discs were prepared by successive mechanical grinding with abra-
sive paper with granules between 180-300 µm and by polishing 
with colloidal solutions with dimensions between 0.1-9 µm, in 
order to obtain a homogeneous surface, with a roughness below 
0.1 µm which allows the further development of nanostructures 
on the surfaces thus prepared. The requirement for such a low 
roughness of the surface exists because the solution which at-
tacks the titanium surface and oxidizes it needs to have a uniform 
plane in order to obtain the correct types of nanostructures and to 
maintain a homogeneous nature across the material. The sanded 
samples were washed and rinsed with distilled water and then 
dried in an oven at 80°C for 1 hour. The mechanically prepared 
surface was subsequently chemically treated to obtain dense Tio2 
nanostructures acicular and spherical. The chemical treatment 
consisted in the application of an alkaline treatment using naoH 
aqueous solution, followed by advanced oxidation, using acetone 
as oxygen source. Thus, the samples with a diameter of 2.5 cm 
were immersed in naoH solutions with different concentrations 
of 10, 20, 30 and 40% (noted P1, P2, P3, P4) over which acetone 
was added. In order to intensify the process, the samples were 
kept in the dark for 72 hours, after which they were washed with 
deionized water and ethanol to remove possible traces of impuri-
ties, and then subjected to heat treatment at a temperature of 550°C 
for 1 hour, with a temperature rise rate of 2°C/min (Fig. 1). The 
samples subjected to chemical treatment developed, after 72 hours, 
nanostructures validated by structural and morphological investi-
gations, presenting structures acicular and spherical appearance. 

characterization

The morpho-structural characterization of the obtained 
nanomaterials was performed by a wide range of measurements 
depending on the main factors that influence their structure and 
texture. The evaluation of the performances of the obtained 

materials was performed by tests on structure and morphology, 
using X-ray diffraction measurements (Xrd) and scanning 
electron microscopy (seM). Thus, the structural characterization 
was performed with an X’Pert Pro MPd X-ray diffractometer, 
Panalytical equipped with an X-ray tube with copper anode 
(wavelength of 1.54Å rays), linear and point focusing and with 
the help of the electron microscope scan (FeI Model: QuanTa 
450 FeG) information was provided on the size and shape.

Photodegradation and kinetic study

Methylene blue (MB) synthetic dye was used in the pho-
todegradation processes. Photodegradation experiments were 
performed at laboratory scale, at room temperature, reaction 
volume of 50 ml and pH 5 conditions, as close as possible to that 
of most solutions in the textile industry, without any corrections. 
In order to ensure a good reaction and to improve the concen-
tration of dissolved oxygen in the solution, the whole system 
was connected to a compressed air filter. For the photocatalysis 
experiments, a uV-a lamp equipped with 4 tubes of 15 W each 
Philips (λmax = 365 nm) was used as light source. In the process 
of photodegradation under uV-a light, samples were taken from 
the reaction systems at regular intervals, from 15 in 15 minutes.

during the photodegradation process, the MB concentra-
tions were measured using the uV-VIs spectrometer, Cintra 
220. The photodegradation efficiency was calculated using the 
following eq. (1):

 0

0

 Efficiency (%) 100tC C
C


    (1)

where C0 and Ct (mg/l−1) are the initial and final concentrations 
of MB in solution, respectively.

The kinetics of the photodegradation rate of MB was de-
termined using the langmuir-Hinshelwood kinetics model, as 
given in the following equation:

 0.ln app
t

C
k

C
   (2)

The pseudo-first-order rate constant, kapp (min−1), was 

calculated from the slope of 0.ln
t

C
C

  versus irradiation time t.

Fig. 1. sample preparation and experimental procedure for obtaining Tio2 nanostructures
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3. results and Discussion

characterization of tio2 nanostructures 

Tio2 nanostructures obtained by alkaline treatment followed 
by advanced oxidation showed different morphology and struc-
tures, depending on the concentrations of naoH used. The results 
obtained by the X-ray diffraction test show the following results 
regarding the purity and crystalline phases identified. regardless 
of the naoH concentration used, the diffractogram highlights the 
appearance of specific maxima for pure Ti, as seen in Fig. 2. This 
indicates that the Ti substrate exists for all samples. The X-ray 
diffraction indexing was done using the ICCd database, and the 
Ti element corresponds to PdF file no. 01-089-2762, from which 
it can be seen that the diffraction angles (2θ) correspond to planes 
(100), (002), (101), (102), (110), (103), (200), (112) and (201) 
respectively. With the increase of the naoH concentration, from 
the X-ray diffraction analyzes, it can be observed that besides 
the presence of Ti, in the structure of the samples the crystalline 
compound of Tio2 is formed, which according to the PdF file 
no. 01-085-5943 indicates the crystalline phase of the anatase 
type. Therefore, a different degree of crystallization was observed 
depending on the naoH concentrations used.

Comparing the 4 samples, Ti material treated with 30% 
NaOH (noted P3) shows the most diffraction peaks at (2θ) of 
25.3°; 37.79°; 55.06°; 62.69° and 75.05°, angles corresponding 
to planes (101), (004), (211), (204) and (215), according to the 

ICCd file, PdF no. 01-085-5943, specific to the anatase phase, 
reason for which the photocatalytic response is expected to be 
better for this structure obtained.

The morphological aspect corresponding to the 2 nanostruc-
tures developed on the surface of the Ti material using different 
naoH solution concentrations of 10%, 20%, 30% and 40% 
respectively are presented in Fig. 3.

Fig. 3. seM images at different magnifications (M = 30,000×, 60,000×, 120,000×) of samples P1, P2, P3 and P4 treated on the Ti material with 
10%, 20%, 30% and 40% naoH solutions

Fig. 2. X-ray diffractograms of Tio2 nanostructures obtained using 
different concentrations of naoH 10%, 20%, 30% and 40% noted P1, 
P2, P3 and P4
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The analyses were performed at different magnifications 
to highlight the uniform and homogeneous structure of the 
surface, as well as to determine the average pore size formed 
after treatment. It can be seen that for each sample treated with 
different concentrations of naoH, nanodimensional structures 
were obtained, with a different profile depending on the con-
centrations used. at a low concentration of 10% naoH there is 
a superficial reaction on the surface, while for 20% naoH the 
structures formed begin to show fragility. This tendency disap-
pears at a concentration of 30% naoH, in this case appearing 
on the surface, nanodimensional structures acicular and spheri-
cal. When the surface has been treated with a solution of 40% 
naoH, it is found that the structures formed begin to destroy 
starting to form voids. although these structures would favor 
the photodegradation process, the fact that they do not show 
homogeneity on the entire surface, leads to the decrease of the 
specific active surface necessary for the degradation of dyes.

Photodegradation performance of tio2  
nanostructures

The photocatalytic activity of Tio2 nanostructures obtained 
using different concentrations of naoH solutions was studied 
by photocatalytic degradation of Methylene Blue dye, using the 
optimal concentration of 1 mg/l MB (Fig. 4).

Fig. 4. efficiency of photodegradation of MB in the presence of pho-
tocatalysts obtained on samples P1, P2, P3 and P4 treated on the Ti 
material with 10%, 20%, 30% and 40% naoH solutions (1 mg/l MB, 
solution volume of 50 ml, irradiation time of 60 min)

after the irradiation time of 60 minutes, the maximum 
photodegradation of MB was observed for the P3 sample and 
decreasing in the following order: 83% (P3) > 60% (P4) > 49% 
(P2) > 40% (P1). This result is supported by the anatase crys-
talline phase and 3d structures which improve specific surface 
and contact area.

These values are consistent with langmuir-Hinshelwood 
model by plotting ln(C0 /Ct) against the irradiation time (t ) 
according to the correlation coefficients R2. The pseudo-first 
order rate constants for each Tio2 nanostructure obtained us-
ing different concentrations of naoH solutions, kapp (min–1), 
were  calculated from the slope of the plots and are shown 
in Fig. 5.

Fig. 5. First order kinetics of MB photocatalytic degradation for the 
photocatalysts obtained on Ti material

The results obtained from the slope of the lines represent 
the pseudo-first order rates constants (kapp) associated with the 
photodegradation efficiencies in the case of MB in contact with 
samples P1, P2, P3, P4. The variation of the naoH concentra-
tion from 10 to 40%, used in obtaining Tio2 nanostructures on 
Ti material influences the performance of the photodegradation 
process, observing an increase of the first order constant, the 
maximum being registered in the case of the P3 sample.

tio2 nanostructures stability

Tio2 nanostructures (P3) re-usability were examined by 
cycling experiments in the same reaction conditions. This process 
is important because has an economic necessity. Tio2 nano-
structures were used in more cycles of photocatalytic process 
to investigate the durability of them. Tio2 nanostructures were 
washed several times with deionized water and then dried in air 
after each process, in order to reuse it in other experiments. The 
photodegradation efficiency of Tio2 nanostructures remained 
stable during the first three cycles, then decreased to 25% in the 
last cycle, as shown in Fig. 6.

This decrease in photodegradation efficiency can be ex-
plained by the occupation of the organic molecules of the active 
sites on the surface of the photocatalyst.
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Fig. 6. stability of Tio2 nanostructures obtained on sample P3 for the 
photodegradation of MB at initial concentration 1 mg/l, solution volume 
of 50 ml, irradiation time of 60 min

4. conclusions

In this study, anatase Tio2 nanostructures were obtained 
using alkaline treatment method on the surface of Ti material. 
Thus, it has been demonstrated that (1) Tio2 nanostructures are 
obtained directly on the Ti material surface using alkaline treat-
ment method with excellent photodegradation performance of 
methylene blue synthetic dye; (2) Tio2 nanostructures and Ti 
material are connected facilitating reusing the nanostructures in 
more cycles; (3) the effect of naoH concentration on Tio2 na-
nostructures morphology and properties has been demonstrated.

The effect of the concentration of naoH on the formation of 
Tio2 nanostructures on the surface of Ti material using alkaline 
treatment and advanced oxidation reaction was reported. The 
varying naoH concentrations lead to different formations of 3d 
nanostructures. Furthermore, the photodegradation of methylene 
blue show that Tio2 nanostructures obtained using 30% naoH 
concentration might be potential catalyst for the degradation the 
dye due to the presence of crystalline phase of the anatase type 
and 3d nanostructures.

The stability studies showed that the photodegradation ef-
ficiency of MB using Tio2 nanostructures remained stable under 
the experimental conditions studied during 3 cycles.
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