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In this paper, composite anti-corrosion coatings based on
vermiculite and polymer were obtained and an attempt was
made to determine their inhibition efficiency by
electrochemical methods. The experiments were mainly
carried out in 1 M chloride, 1 M sulfuric acid and 3.7% sodium
chloride solutions. According to the obtained results, the
anti-corrosion coating obtained on the basis of vermiculite
has a high degree of protection for salty environments, and it
was also determined by microphotographs obtained after the
experiment.
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Introduction.

There are two main methods of protecting metals and metal-based structures from corrosion,
which include: mainly various anti-corrosion coatings and chemical pickling[1]. Today, various
types of protective coatings are used to increase the corrosion resistance of the surfaces of steel
parts. For the production of these protective coatings, it must be thermally stable and resistant
to various mechanical and aggressive environments. This coating is becoming more and more
popular due to its several advantages. These coatings are currently called anti-corrosion
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coatings. Organic (polymer, oligomer, etc.), inorganic, and metal-organic composite and hybrid
anti-corrosion coatings are used as raw materials for these coatings[2].

Accelerated tests are an efficient and quick solution to assess organic coatings under controlled
conditions[3]. A thoughtful examination of typical accelerated tests was made by Jacques, who
described the main factors and the significance of each assay. Further modifications have been
made in order to correct deficiencies in traditional tests. Combined tests and new types of
chambers have been proposed to study the effects of different environmental factors on organic
coatings[4].

In this paper, the behaviors of four anticorrosive organic coatings subjected to accelerated tests
are analyzed using electrochemical impedance spectroscopy (EIS)[5]. The results obtained
helped to establish an exponential relationship between the impedance module and the
explanatory variables for each coating, being the response variable. This relationship allows
assessing the performance of the coatings studied under the aforementioned conditions[6].
Also, it may be useful for weighing the effects of each factor, estimating the impedance modules
of the coatings for extended periods, and establishing times of failure. A minimum value of is
selected as criterion for protective performance, where a value in the range between 10¢ and
107 Q cmz? is generally accepted[7].

Materials. Vermiculite of the Tebinbulak deposit was used as a natural mineral. Before using
vermiculite, acid treatment was carried out with a 1 M hydrochloric acid solution. Within two
days. Then it was washed with distilled water until neutral and the resulting product was dried
to a constant weight.

Methods. Infrared spectra were recorded using an IRAffinity-1S FT-IR spectrometer, Japan,
between 600 and 4000 cm-1. The surface morphology of the coatings, as well as the morphology
and size of the hybrid composite, were studied using a scanning electron microscope (SEM,

leo1455vp-leq).
Experimental part

Vermiculite of the Tebinbulak deposit was used as a natural mineral. Before using vermiculite,
an acid treatment was carried out with a 7% hydrochloric acid solution. Within two days. Then
it was washed with distilled water until neutral and the resulting product was dried to a constant
weight.

Hybrid coatings were prepared as follows: first, crotonaldehyde (a secondary raw
material in the synthesis of acetaldehyde) was treated with ammonia, after which epoxy resin
ED-20 was used to obtain the coating, the epoxy resin was mixed with treated crotonaldehyde
with ammonia, and acid-treated vermiculite. Substrate preparation. Steel plates with
dimensions of 150x100x0.6 mm were manufactured according to the following steps[8].

Results and Discussion

Electrochemical measurements were carried out under extreme environmental
conditions, including exposure to an aqueous solution of sodium chloride (3.5% NaCl) in air.
Each sample was sealed with waterproof tape to prevent premature corrosion along the edges
of the substrate. A 1cmx1cm ear at the center of each specimen was exposed to the solution
during testing. Corrosion analysis of bare and coated substrates was performed using a CS350
potentiostat system connected to corrosion analysis software[9].
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Figure-1. Electrochemical method for determining the degree of protection of hybrid
composite coatings

Polarization measurements were made potenciostatically at room temperature using an
Ag/AgCl/Cl- (0.222 V) and a platinum electrode. Potentiodynamic measurements were carried
out in the range from 2000 to 10000 mV relative to Ag/AgCl/Clat at a rate of 5 Vs.
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Figure-2. Typical Nyquist plots of impedance diagrams of coatings
The corrosion protection level of this Vermiculite-based anti-corrosion coating on steel
materials in different solutions of 1 M hydrochloric acid, 3.7% sodium chloride solution and 1 M
sulfuric acid solution was evaluated using Nyquist plots of impedance diagrams for up to 500
hours. studied[10].
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From this we can see that the corrosion rate of the uncoated steel material in normal water for
50 hours and aging at 400 resistance is very high. The degree of protection of this coating gave
good resistance to both sulfuric and hydrochloric acids, but the best degree of protection was
achieved in the 3.7% solution.

These cases provide the most reliable information about the corrosion protection properties of
these coatings based on the low-frequency modulus of the electrochemical impedance.

Study of the surface of anti-corrosion coatings.

The substrate is covered with dense layers consisting of many small particles, and the surface
roughness increases after processing. With an increase in the content of vermiculite, cracks do
not appear on the surface of the films. The introduction of hybridity into the vermiculite
composite changes the microstructure of the resulting coating and forms many microholes on
the surface, which may be associated with the formation of a solid solution between the organic
parts and metal oxides in vermiculite[11].

Figure-2. Photographs of vermiculite-based coatings tested in various aggressive
environments over a period of 500 hours.

As we can see from the above pictures, picture a is the original sample, picture 2b is the one in
1 M sulfuric acid environment, picture 2 c is the one under the influence of 1 M chloride, and
picture 2d is the practical one when it is exposed to 3.7% sodium chloride. photos from the
experience.

The existence of an active hydroxyl in the composites forms large aggregates and makes the
coating resistant to scratches. With increasing vermiculite content, the surfaceturned out to be
porous with an uneven arrangement of particles and an uneven particle size distribution.

Conclusion

When the effectiveness of anti-corrosion coating based on vermiculite mineral was studied
using Nyquist plots of impedance diagrams, the level of protection of steel materials in 3.7%
NaCl solution showed the highest indicator. In addition, it was determined based on practical
experiments that the corrosion in saline solution is less than that in acidic solutions when
analyzing photos of plate samples from test processes in various aggressive environments.
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