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Abstract

ZnTa206 and ZnV20s nanomaterials were obtained by hydrothermal and co-precipitation synthesis methods.
Optical measurements (UV-VIS) were realized for ZnTa20es and ZnV20s nanomaterials. Using the drop casting
method sandwich structures of ZnTa20s and ZnV20es nanomaterials were deposited on steel electrodes. The
morphological characteristics for the obtained layers were investigated before the electrochemical
measurements by scanning electron microscopy and optical microscopy. Corrosion tests in NaCl 0.1M solution
were performed for the deposited layers on steel electrodes and the tests revealed that the best results were
obtained for the sandwich structures using hydrothermally obtained ZnTa20s as first layer and ZnTa20e
obtained by the co-precipitation method as the second layer, i.e. 88.29% inhibition efficiency.
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1. INTRODUCTION

Steel, which is one of the widely used materials in a lot of industries, is affected by the corrosion process due
to interaction with the environment. Replacing steel elements from damaged equipment to prevent accidents
and to ensure a good functionality of the assemblies means more expenses [1, 2]. Having as main purpose
prevent steel corrosion and to ensure a longer lifetime for steel elements protective techniques such as:
electroplating, anodizing, chromating, phosphating or the addition of corrosion inhibitors have been intensively
developed [3-5]. It was already reported [6-8] that pseudo-binary oxide materials based on ZnO, such as
ZnTa206 and ZnV20s, were obtained using various synthesis methods (sol-gel, solid state, etc.) and that these
materials could act as corrosion inhibitors for steel [9-10].

Stimulated by the previously obtained results of our group, some of our results focused on the obtaining of
ZnTa206 and ZnV20s pseudo-binary oxide nanomaterials by using the hydrothermal and co-precipitation
methods are presented in this paper. Results referring to anticorrosive properties of the obtained pseudo-
binary oxides, deposited on carbon steel disk electrodes using drop casting method and studied in 0.1 M NaCl
saline solution are also presented.

2, EXPERIMENTAL

To obtain ZnTa20s and ZnV20e pseudo-binary oxide nanomaterials two alternative synthesis methods were
used: hydrothermal and co-precipitation. The starting precursors used during the synthesis for ZnTa20s were
Zn(CH3CO0)3-2H20 and Ta20s in a stoichiometric ratio 1:1. For the hydrothermal synthesis the precursors
were mixed and the pH of the obtained solution was established to 12 with NaOH and put into an oven for 12
h at 250 °C. After the reaction took place, the obtained product was filtered and rinsed with double distilled
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water. For the co-precipitation method the only difference is that the settled reaction temperature was 250 °C
for 1 h.

To obtain ZnV20e were used Zn(CH3COO)s-:2H20 and V:20s in a stoichiometric ratio 1:1. The reaction
parameters for both used synthesis methods (hydrothermal and co-precipitation) are the same that were
described above and used to obtain ZnTa20e. There were listed as ZnTa206 (h) and ZnV20s (h) the pseudo-
binary oxide nanomaterials obtained by hydrothermal method and as ZnTa20e6 (c) and ZnV20s (c) the pseudo-
binary oxide nanomaterials obtained by the co-precipitation method.

The obtained materials were used for thin films depositions in sandwich structures in different combinations
(see Table 1) using the drop casting method. The depositions were realized on polished carbon steel electrode
disks, 10 mm diameter and 2 mm thick, with the following chemical composition (wt. %): Fe: 98, Al: 0.0309,
Cu: 0.311, Si: 0.339, Mn: 0.619, Cr: 0.18, Co: 0.0138, Ni: 0.179, C: 0.165, , Mo: 0.0339, W:<0.05, Pb:<0.05,
Nb: 0.0023, Ti:<0.005, V:<0.005, Zr:<0.005, P:<0.005 and S:<0.005.

The diffuse reflectance spectra for each ZnTa20e and ZnV20s nanomaterials, obtained by both synthesis
methods, were recorded at room temperature, in the wavelength range 240+700 nm using a Lambda 950 UV-
Vis-NIR spectrometer. Acquired data were used to estimate the band gap for each sample.

The morphology of the surfaces of the thin films depositions on carbon steel electrode disks was investigated
using the scanning electron microscopy (SEM) using a Model Inspect S microscope.

Table 1 Drop casting thin films depositions characteristics

Sample Target material and deposition order Deposition Mode
a ZnTa206 (h)/ ZnTaz206 (c)

b ZnTa206 (h) / ZnV20s6 (h)

c ZnTa206 (h) / ZnV206 (C)

d ZnTa206 (c) / ZnTa20e (h)

e ZnTaz06(c) / ZnV20e (h)

f ZnTaz06(c) / ZnV20s (c) Drop-cast Sandwich
g ZnV206 (h) / ZnTa206 (h) type

h ZnV20s (h) / ZnTa206 (c)

i ZnV206 (h) / ZnV20s6 (C)

j ZnV206(c) / ZnTa206 (h)

k ZnV20s(c) / ZnTa206 (C)

I ZnV206 (c) / ZnV206 (h)

It was also investigated the inhibition efficiency (/E) of the thin films depositions by electrochemical
measurements. The electrochemical characterization of the modified carbon steel electrode disks was
performed using a potentiostat type Voltalab Model PGZ 402. The potentiostat was coupled with a three
electrode electrochemical cell comprising: a counter electrode (platinum wire), a reference electrode (a
saturated calomel electrode) and working electrodes (bare or drop casting modified carbon steel disks (OL)
mounted into a Teflon body to ensure an active surface of 0.28 cm?). The potentiodynamic measurements
were performed by sweeping the potential in the range (-1.3 + -0.6 V range) at a scan rate (v) of 1 mV /s and
maintaining constant temperature of 23 °C. For the corrosion studies a 0.1 M NaCl saline solution was used
and the open circuit potential (OCP) of the modified electrodes was monitored for 30 minutes before
polarization.
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3. RESULTS AND DISSCUSION

For the nanomaterials obtained using the two synthesis methods, before their depositions on carbon steel disk
electrodes, diffuse reflectance spectra were recorded. Converting the acquired data, the absorbance spectra
were obtained and the corresponding values were inserted into the Kubelka - Munk equations [11-12]. Thus,
was plotted {(k / s) hv}? vs. hv for each sample, as it can be seen in Figure 1, and the optical band gaps values
were estimated (hv represents the photon energy, k represents the absorption coefficient and sis the scattering

coefficient).
The estimated values for the optical band gaps of the analyzed nanomaterials are: Eg(ZnTaz0s (h)) = 3.22 eV,
Ey(ZnTaz20s6 (c)) = 3.24 eV, E4(ZnV206 (h)) = 3.19 eV and E4(ZnV20s6 (C)) = 3.12 eV.
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Figure 1 The obtained optical band gaps for each material before the drop casting depositions:
a) ZnTa20s (h); b) ZnTa20s (c), €) ZnV20s6 (h); d) ZnV20s (C)

Figure 2 presents the SEM micrographs of the obtained thin films on carbon steel disk electrodes, by
deposition of the obtained nanomaterials in sandwich-type structures, using the drop casting method.

As it can be seen from Figure 2, the deposited particles that are present on the surface of the carbon steel
electrodes form irregular agglomerations. For the realized depositions which involve ZnV20s hydrothermally
obtained, it can be observed that spherical particles are combined with rode shapes particles. Morphologies
that are mimicking natural plants were generated, looking like: blowball (dandelion) as shown in
Figure 2-h and i or like cabbage as presented in Figure 2k.

In Figure 3 is presented the evolution of the open circuit potential versus time for bare OL and modified carbon
steel disk electrodes in 0.1 M NaCl saline solution for 30 minutes. It is observed that the OCP for the modified
electrodes shifts to more positive values comparing with bare OL's OCP. Also, is observed that around 1000
s, some of the deposited sandwich structures are stabilized Figures 3 (a, b, i, f, g) while some are constantly
decreasing in potential Figures 3 (c, h, I).
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Figure 2 SEM micrographs for the deposited materials in sandwich layers: a) ZnTaz20e (h)/ ZnTa20s (C);
b) ZnTaz20e6 (h) / ZnV206 (h); c) ZnTa206 (h) / ZnV20s6 (c); d) ZnTa20s (c) / ZnTa20e (h); €) ZnTa20e (c) /
ZnV206 (h); f) ZnTa20e (c) / ZnV206 (c); g) ZnV206 (h) / ZnTaz20s (h); h) ZnV20s (h) / ZnTa20s (c); i) ZnV20s (h)
/ ZnV206 (c); j) ZnV20s6 (c) / ZnTa206 (h); k) ZnV20s (c) / ZnTa206 (c) and 1) ZnV20s (c) / ZnV20s (h)
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Figure 3 Evolution of open circuit potential with time for the investigated electrodes in 0.1 M NaCl saline
solution for: OL (bare electrode), a) ZnTaz206 (h)/ ZnTa20s (c); b) ZnTaz20e (h) / ZnV20s (h); c) ZnTa20e (h) /
ZnV206 (c); d) ZnTaz206 (c) / ZnTaz0e (h); €) ZnTaz06 (c) / ZnV206 (h); f) ZnTaz06 (c) / ZnV206 (c); g) ZnV206

(h) / ZnTaz20s6 (h); h) ZnV20s (h) / ZnTaz20s6 (c); i) ZnV20s (h) / ZnV206 (c); j) ZnV206 (c) / ZnTaz20s6 (h); k)

ZnV206 (c) / ZnTa20e (c) and 1) ZnV206 (c) / ZnV20s (h)
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Tafel representation of polarization curves for the studied electrodes are represented in Figure 4 and the
summarized Tafel parameters according to the electrochemical measurements are presented in Table 2.
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Figure 4 Tafel representation of polarization curves recorded in 0.1 M NaCl saline solution for the
investigated electrodes: OL (bare electrode); a) ZnTaz206 (h)/ ZnTaz06 (C); b) ZnTaz0e (h) / ZnV206 (h); )
ZnTa206 (h) / ZnV206 (c); d) ZnTaz20s (c) / ZnTa20e6 (h); €) ZnTaz206 (c) / ZnV20e6 (h); f) ZnTaz206 (c) / ZnV20s
(c); 9) ZnV206 (h) / ZnTa20e (h); h) ZnV20s (h) / ZnTaz20s (c); i) ZnV206 (h) / ZnV206 (c); j) ZnV20e (c) /
ZnTaz20s6 (h); k) ZnV206 (c) / ZnTaz206 (c) and ) ZnV20s (c) / ZnV206 (h).

The Tafel parameters were calculated using VoltaMaster 4 v.7.09 software and the inhibition efficiency (/E)
was calculated based on the equation reported in [13]. It was found that the corrosion potential E..,- decrease
from -866.4 mV (the corresponding current density icor = 28.7318 YA / cm?) for the bare OL to -971.7
(feorr = 12.5647 pA / cm?) for the depositions with ZnTa2O0s (c) as first layer and ZnV-Os (h) as second layer.

Table 2 The Tafel parameters for bare OL and modified electrodes after 30 minutes immersion in 0.1 M NaCl
saline solution

i= lcorr a c Veorr
Electrode E(r(r:V())) (le-Q(:mz) — (rEV) (rﬁv) ey | TECH
oL 8664 | 05839 | 287318 | 1843 | -657 | 3360 i

ZnTaz06 (h)/ ZnTaz06(c) | -926.0 4.58 33639 | 2003 | -528 | 39.34 | 88.29
ZnTaz06(h)/ ZnV20s(h) | -971.0 | 0912 | 221579 | 481.1 97 | 2591 | 22.88
ZnTaz06 (h)/ ZnV206(c) | -912.2 2.38 107117 | 2948 | -953 1252 | 62.71
ZnTaz06 () / ZnTaz0s () | -949.8 187 42030 | 732 367 | 5821 | 8505
ZnTaz06(c)/ ZnV20s (h) | 9717 1.06 125647 | 1504 | -197 1469 | 56.26
ZnTaz06(c)/ ZnV20s () | -878.3 3.90 43328 | 1100 | -1036 | 5067 | 84.91
ZnV206(h)/ ZnTaz0e (h) | 9216 2.52 44336 | 908 587 | 51.85 | 84.56
ZnV206(h) / ZnTaz06 () | -943.2 110 71008 | 1171 483 | 8305 | 7528
ZnV206 (h) / ZNV206 () | -888.0 2.77 11.0678 | 2970 | -1389 | 1204 | 6147
ZnV20e (c) / ZnTaz0s (h), | -962.0 109 171487 | 2808 | 241 2005 | 4031
ZnV20e(c)/ ZnTaz06(c) | -963.7 115 30217 | 462 222 | 4586 | 86.35
ZnV206 (c) / ZnV20s (h) -868.3 3.73 48585 | 1450 | 985 | 5682 | 83.00

363



2017
NANOCON°® Oct 18" - 20" 2017, Brno, Czech Republic, EU

The deposited layers of ZnTa20s (h) / ZnTa20e (c) on modified carbon steel disk electrode present the best
inhibition efficiency, i. e. 88.29 %. The highest polarization resistance (R,) increase from 0.5839 kQ-cm? for
bare OL to 4.58 kQ-cm? which corresponds to the sandwich structure with the highest /E. Also, in Table 2 are
presented the values for the Tafel slopes, B, - the anodic Tafel slope which was found to be larger than the
cathodic Tafel slope - 8¢ for each realized deposition.

4, CONCLUSION

ZnV206 and ZnTa20e pseudo-binary oxide nanomaterials were obtained using the hydrothermal and the co-
precipitation methods. In the case of the deposited layers involving HV nanomaterials, alongside the spherical
particles agglomerations was observed rods like shape particles and blowball structures. The optical band
gaps estimation showed values of 3.1 + 3.2 eV for the obtained nanomaterials.

The performed corrosion tests in 0.1 M NaCl saline solution revealed that the best result in corrosion inhibition
i.e. 88.29 % inhibition efficiency was obtained for the sandwich structures using as first layer ZnTa20s
hydrothermally obtained and as second layer ZnTa20s obtained by co-precipitation method.
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