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Abstract

This paper presents some results of the study regarding the corrosion inhibition properties evaluated in HCI
environment of drop casting deposited layers on steel, using ZnV20s oxide (obtained by hydrothermal and co-
precipitation methods) and two Zn-metalloporphyrins, namely: Zn-5-pyridyl-10,15,20-tris(3,4-
dimethoxyphenyl)-porphyrin (ZnPyDiMeOPP) and Zn-5(30H-phenyl)-10,15, 20-tris-(3,4-dimethoxyphenyl)-
porphyrin (Zn30Htris34DiMeOPP).

The open circuit potential measurement and potentiodynamic polarization electrochemical technique with Tafel
representation were used to investigate the corrosion protection of mixed sandwich deposited layers.

The performed tests revealed that the best corrosion resistance was obtained in the case of the steel coated
with hydrothermally obtained ZnV20s oxide as first layer and Zn-5-pyridyl-10,15,20-tris(3,4-dimethoxyphenyl)-
porphyrin (ZnPyDiMeOPP) as the second layer, i. e. 70.58 % inhibition efficiency.
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1. INTRODUCTION

Steel is an extensively used material in constructions and in many industries, especially in petroleum industry
and power plants [1-3]. Although steel presents exceptionally structural and mechanical properties, steel is
exposed at intensive corrosion as a result of its interaction with the environment. Due to the fact that corrosion
can affect the integrity of the assembilies build from steel, methods to prevent and diminish its corrosion were
developed. The coating with corrosion inhibitors is one of these methods (beside electroplating, chromating,
anodizing etc.) [1] that is used to decrease the damage produced by this process. The oxide nanomaterial
ZnV20s is already a well-known material considered for potential applications in lithium secondary battery, light
emitting diodes [4-5] or rechargeable Na-ion energy storage [6]. Until present ZnV20s was obtained using
various methods of synthesis from melt-quenching method [4], sol-gel method [7] to rheological phase reaction
method [5].

Porphyrins are highly recognized as inhibitors that can reduce corrosion rate usually by adsorbing on the
surface of the metal to form a compact protective or passive film [8]. Being extended 1r-electronic systems,
porphyrins act as Lewis acids and have been found to possess excellent anticorrosion properties. Besides,
porphyrins are chelating agents with strong bonding capability of interaction with metal surfaces [9].

Due to the fact that oxides and porphyrins thin films depositions already proved to possess anticorrosion
properties by presenting an excellent degree of inhibition efficiency [10], the aims of this paper is to present
results of experimentally investigations regarding inhibition of corrosion of carbon steel in aggressive 0.1 M
HCI media by using coatings of ZnV20e (obtained by hydrothermal or co-precipitation method), and
Zn-metalloporphyrins: Zn-5-pyridyl-10,15,20-tris(3,4-dimethoxyphenyl)-porphyrin  (ZnPyDiMeOPP) or Zn-
5(30H-phenyl)-10,15, 20-tris-(3,4-dimethoxyphenyl)-porphyrin (Zn30Htris34DiMeOPP).
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2, EXPERIMENTAL PART

21. Synthesis

ZnV206 oxide was synthesized using two synthesis methods: hydrothermal or co-precipitation. The starting
precursors were the same for both methods: Zn(CH3COO)3-2H20 (99.99, %) and V205 (99.99 %) in a 1:1
molar ratio. In the case of the hydrothermal synthesis, to obtain the ZnV20s oxide a 250°C temperature was
used for 12 h, the pH of the solution being established at 12. In case of obtaining ZnV20e oxide by co-
precipitation method the time for the reaction was 1 h at 250°C.

The Zn-metalloporphyrins were obtained by metalation of the corresponding porphyrin bases that were
synthesized by multicomponent synthesis procedures, by using two different aldehydes in condensation
reaction with pyrrole [11].

2.2. Apparatus

To perform the anticorrosive tests, single and sandwich structures were obtained by drop casting method on
carbon steel disks electrode using the obtained ZnV20s oxides (by different hydrothermal or co-precipitation
synthesis methods) and one of the porphyrins.

The passive layers containing nanomaterials (ZnV20s oxides and / or porphyrins) (see Table 1) were deposited
through the drop casting method on carbon steel disks (2 mm thick and 10 mm diameter) with the chemical
composition: (wt. %) Fe: 98, Si: 0.339, Mn: 0.619, Cu: 0.311, Cr: 0.18, Ni: 0.179, C: 0.165, Al: 0.0309, Mo:
0.0339, Co: 0.0138, 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.
Before the depositions the electrode surface was mechanically polished using emery paper, rinsed with double
distilled water and degreased with ethanol. For the drop casting method acetone was used. In Table 1 are
presented the structure and the combinations of ZnV20e oxides and of porphyrins which were deposited on
carbon steel electrodes (OL). There were listed as ZnV20e (h) the ZnV206 oxide obtained by the hydrothermal
method and as ZnV20s (c) the ZnV206 oxide obtained by the co-precipitation method.

Morphological and topographical analysis of the obtained single and sandwich-like structures were performed
by scanning electron microscopy (SEM - Model Inspect S) and atomic force microscopy (AFM - Model
Nanosurf@ EasyScan 2 Advanced Research) using the noncontact mode cantilever (scan size of 2.3 ym x
2.3 ym).

Table 1 Drop casting thin films depositions

Target material and deposition order Deposition mode
ZnV,0 (h) Mono layer
ZnV706 (C) Mono layer
ZnPyDiMeOPP Mono layer
Zn30Htris34DiMeOPP Mono layer
ZnV,0g (h) / ZnPyDiMeOPP Sandwich
ZnV,0¢ (h) / Zn30OHtris34DiMeOPP Sandwich
ZnV,0s (c) / ZnPyDiMeOPP Sandwich
ZnV70¢ (c) / Zn30OHtris34DiMeOPP Sandwich
ZnPy-DiMeOPP / ZnV,06 (h) Sandwich
ZnPy-DiMeOPP / ZnV,0s (c) Sandwich
Zn30Htris34DiMeOPP / ZnV,0s (h) Sandwich
Zn30Htris34DiMeOPP / ZnV,0¢ (C) Sandwich
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The electrochemical measurements used to investigate the anticorrosive properties of samples were
performed on a Voltalab Model PGZ 402 potentiostat coupled with a three electrode electrochemical cell
consisting of: a platinum wire counter electrode, a saturated calomel electrode as reference electrode and the
working electrodes (bare or drop casting modified OL - mounted into a Teflon body to ensure a controlled
active surface of 0.28 cm?). The potentiodynamic polarization measurements were performed at 23 °C by
sweeping the potential from -1.3 V to -0.6 V, at a scan rate of 1 mV / s. The solution used for the corrosion
studies was 0.1 M HCI. The open circuit potential (OCP) of the modified electrodes was monitored for 30
minutes before polarization. The degree of inhibition efficiency IE (%) was calculated using the background
equations [12].

3. RESULTS AND DISCUSSION

The morphology of the obtained ZnV20s oxide through the two synthesis methods and of the porphyrins
depositions on carbon steel electrodes was investigated using SEM. The SEM micrographs presented in
Figure 1 reveal the formation of spherical agglomerates combined with an irregular morphology of rode shape
in the case of ZnV20s6 (h) (Figure 1a). It also can be observed that the deposited sandwich structures
Figure 1e, f, i and k preserve the morphology of their corresponding monolayer thin films Figure 1a. In the
case of ZnV20s (c), Figure 1b, the SEM micrograph reveals a morphology consisting in the formation of an
irregular agglomeration, a shape that is preserved in the deposited sandwich structures which contain ZnV20s
(c): Figure 1g, h, jand I.

Figure 1 The SEM micrographs of: a) ZnV20e (h); b) ZnV206 (c); ¢) ZnPyDiMeOPP;
d) Zn30Htris34DiMeOPP; e) ZnV20s (h) / ZnPyDiMeOPP; f) ZnV20s (h) / Zn30Htris34DiMeOPP;
g) ZnV206 (c) / ZnPyDiMeOPP; h) ZnV20s (c) / Zn30Htris34DiMeOPP; i) ZnPyDiMeOPP / ZnV206 (h);
j) ZnPyDiMeOPP / ZnV20s (c); k) Zn30OHtris34DiMeOPP / ZnV20e(h); I) Zn30Htris34DiMeOPP / ZnV20s (c)

In Figure 2 are presented the 2D topography for the thin film depositions of ZnV20s (h), ZnV206 (c) and of the
ZnPy-DiMeOPP and Zn30Htris34DiMeOPP porphyrins. As in the case of the SEM images, it can be observed that
the deposited sandwich structures preserve the morphology of their corresponding mono-layer: Figure 2e, f,
i and k vs. Figure 2a and Figure 2g, h, j and | vs. Figure 2b. In Figure 2, images c, e, f and g, where the
porphyrin layers are above the oxide it can be seen the specific kwatarion structure of porphyrins aggregates.

From AFM analysis data, using the NanoSurf EasyScan 2 software, were determined the dimensions of the
particles that were present on the surface as it can be seen in Table 2. The smallest particle dimension, 33 nm,
corresponds to the Zn30OHtris34DiMeOPP / ZnV20s (c) sandwich structure, while the larger dimension of
115 nm appears in the case of the particles presented on the surface of the ZnPyDiMeOPP porphyrin mono
layer, that is probably due to the distortion of porphyrin from planar shape to ruffed or saddle conformation. It
also were calculated the surface roughness S; - the average roughness, S; - mean square root roughness and
Sy which represents the layer thickness.
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Figure 2 2D AFM surface images of: a) ZnV206 (h); b) ZnV206 (c); c) ZnPyDiMeOPP;
d) Zn30Hitris34DiMeOPP; e) ZnV20s (h) / ZnPyDiMeOPP; f) ZnV20s (h) / Zn30Htris34DiMeOPP;
g) ZnV20s6 (c) / ZnPyDiMeOPP; h) ZnV20s (c) / Zn30OHtris34DiMeOPP; i) ZnPyDiMeOPP / ZnV206 (h);
j) ZnPyDiMeOPP / ZnV20s (c); k) Zn30OHtris34DiMeOPP / ZnV20e(h); |) Zn30Htris34DiMeOPP / ZnV20e (c)

Table 2 Surface particle dimensions and the nano-roughness

Deposited Specimen Type Particle dimension | Sa Sq Sy
(nm) (hm) | (nm) | (um)
ZnV,06 (h) 71 11 14 0.088
ZnV206 (C) 29-30 13 16 0.11
ZnPyDiMeOPP 115 37 46 0.26
Zn30Htris34DiMeOPP 65 12 15 0.11
ZnV,06 (h) / ZnPyDiMeOPP 53 29 37 0.19
ZnV>0¢ (h) / Zn30Htris34DiMeOPP 43 18 21 0.13
ZnV>06 (c) / ZnPyDiMeOPP 68 17 21 0.14
ZnV,06 (c) / Zn30Htris34DiMeOPP 46 11 14 0.098
ZnPyDiMeOPP / ZnV,0¢ (h) 45 6.7 9.2 |0.072
ZnPyDiMeOPP / ZnV,0¢ (c) 68 13 18 0.13
Zn30Htris34DiMeOPP / ZnV,0s (h) 65 21 24 0.13
Zn30Htris34DiMeOPP / ZnV,0s (c) 33 23 29 0.15

In Figure 3a are represented the plots for the OCP with time for the investigated electrodes in 0.1 M HCI
solution for 30 minutes. As it can be observed, for the sandwich layers structures, the values for potential are
higher than for the single layers structures. The curves stabilize after 200 s. The evolution in time of the open
circuit potential indicates a shift in free potential toward more negative values.

The Tafel curves (potential vs. log current density) of the modified OL disks with drop casting deposited layers
(mono or sandwich structures) recorded in 0.1 M HCI are presented in Figure 3b. The Tafel parameters
calculated for the investigated electrodes are illustrated in Table 3. The highest value for the inhibition
efficiency (IE), 70.58 %, was obtained in the case of the deposited sandwich structure ZnV:0s (h) /
ZnPyDiMeOPP. The corrosion potential Ecoof the bare OL electrode is -501.5 mV and the corresponding
corrosion current density icor is 0.9329 mA / cm?. In the case of the deposition with the highest IE, E.o-presents
the largest value from all the analyzed electrodes obtained values, -401 mV, and i¢orr is 0.2745 mA / cm?2,
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Figure 3 a) Evolution of OCP with time for investigated electrodes in 0.1 HCI solution for the realized
depositions; b) Tafel representation of polarization curves recorded in 0.1 M HCI for the studied electrodes

It can be also noticed that the corrosion current intensity values of carbon steel material in 0.1 M HCI solution
decrease from 0.93 mA / cm? for bare OL for all the depositions going to the lowest value of 0.27 mA / cm?for
the ZnV.0¢ (h) / ZnPyDiMeOPP which offers the best inhibition efficiency in relationship with the capacity of this
porphyrin to develop non-planar conformations and to form high aggregates with kwatarionic architectures.

Table 3 The Tafel parameters of investigated electrodes after 30 minutes immersion in 0.1 M HCI solution

Electrode Ecor Rp i corr Veorr IE
(mV) (Q-cm?) (mA/cm?) | (mm/y) | (%)

oL -501.5 64.54 0.9329 3.210 -
ZnV06 (h) -431.9 53.76 0.5047 5.903 45.89
ZnV206 (C) -429.9 38.98 0.4904 5.735 47.43
ZnPy-DiMeOPP -435.9 43.80 0.4790 5.602 48.65
Zn30Htris34DiMeOPP -435.8 40.56 0.5331 6.235 42.85
ZnV,0g (h) / ZnPyDiMeOPP -401.0 76.85 0.2745 3.210 70.58
ZnV70¢ (h) / Zn30Htris34DiMeOPP | -404.8 60.81 0.3788 4.430 58.97
ZnV,05 (c) / ZnPyDiMeOPP -413.4 58.88 0.3271 3.825 64.93
ZnV706 (c) / Zn30OHtris34DiMeOPP | -422.3 53.80 0.3747 4.382 59.83
ZnPy-DiMeOPP / ZnV»0s (h) -418.4 49.95 0.4460 5.216 52.19
ZnPy-DiMeOPP / ZnV»0s (c) -425.3 53.10 0.4256 4.978 54.37
Zn30Htris34DiMeOPP / ZnV,0¢ (h) | -416.5 57.11 0.3650 4.269 60.87
Zn30Htris34DiMeOPP / ZnV,0¢ (c) | -413.3 57.48 0.3412 3.991 63.42

4, CONCLUSION

ZnV206 nanomaterial was successfully obtained using two different synthesis methods. ZnV20e, ZnPyDiMeOPP
and Zn30OHtris34DiMeOPP porphyrins were deposited in single or sandwich structures on carbon steel
electrodes. The surface and the morphologies of the deposition were analyzed using microscopic SEM and
AFM techniques. The electrochemical measurements for the deposited layers revealed that the best results
regarding the inhibition efficiency (70.58%) of the deposited layers on carbon steel disks were obtained in the
case of the sandwich structure with the first layer consisting in ZnV20s hydrothermally obtained and ZnPy-
DiMeOPP porphyrin as the second layer. Also, it was determined that the sandwich structures depositions
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present a better /E than single layers depositions. The fact that porphyrin above the oxide is the best covering
layer for corrosion inhibition might be explained by the capacity of porphyrins to be distorted from planar
structure, creating in this way thicker layers that are more protective because of kwatarionic architectures.
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