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Abstract. The article considers the anticorrosive properties of inorganic
di-and polyphosphate compositions in relation to St-3 steel, depending on
the pH of the medium, the nature and concentration of phosphate, and the
nature of the modifier ion. The research was conducted using GOST-based
methods:  gravimetry, potentiometry, photocolorimetry, infrared
spectroscopy and scanning electron microscopy. On the basis of
experimental data, quantitative indicators of corrosion process were
determined: the rate of corrosion process, the degree of protection, the
depth index, the coefficient of inhibition and the assessment of the stability
of the formed film on the ball scale of corrosion resistance against steel.
The analysis of experimental data allows to establish the influence of the
above factors on the corrosion processes in the systems under study. The
experimental data are supplemented by thermodynamic calculations of the
corrosion process parameters, the results of which correlate well with the
kinetic data of the process under study. In the course of the research work,
the analysis of corrosion deposits was also carried out. The regularities
established during the work contribute to the creation of effective di-and
polyphosphate inhibitors with the highest degrees of protection.

1 Introduction

The problem of corrosion is one of the most important in industry, transport and
agriculture. Experts estimate the total annual cost of corrosion control at 3-5 % of the gross
domestic product [1, 2]. According to research by the international Association of corrosion
engineers (NACE), the cost of US corrosion control in 2011, for example, amounted to
almost $ 1 trillion. The numbers are not comforting, and encourage large companies around
the world to engage in thorough anti-corrosion protection.

Most of the costs are actually the cost of anti-corrosion protection, losses in case of
equipment failure due to corrosion, as well as the cost of replacing damaged components
and, of course, all sorts of accidents. One of the most common ways to reduce the level of
corrosion losses in the operation of industrial equipment is the use of corrosion inhibitors
[3, 4]. To date, considerable practical experience has been accumulated in their use.
However, the difference in the corrosive aggressiveness of working environments and
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changes in the operating conditions of equipment and structures at different stages of
development put forward new requirements for the selection of inhibitors and improvement
of the inhibitor protection technology [5].

Despite the wide range of reagents available, there is a constant search for new
inhibitors and inhibiting compositions that can provide a comprehensive protective effect.
In this regard, the relevance of this work is to find and implement complex inhibitors to
ensure efficient and reliable operation of industrial equipment.

2 Research methodology

The purpose of this work is to study effective corrosion inhibitors of complex action.

The following were studied as inhibitors: sodium dihydrodiphosphate Na,H,P,07,
sodium  diphosphate  NasP>O7, sodium cyclotriphosphate = Na3P30Oo,  sodium
cyclohexaphosphate NagPsOis. Trivalent ions of iron, aluminum, and lanthanum were
chosen as modifier ions.

The corrosion test procedure was generally accepted [6, 7, 8]. Rectangular steel plates
30x20x3 mm in size were used. The duration of the experiments is 24-480 hours. The
corrosion rate was estimated by the weight loss of the samples after 24, 48, 72, 96, 120, 240
hours.

Quantitative indicators of corrosion processes were calculated according to the
formulas, the measurement uncertainty was estimated according to the algorithm, using the
Student's coefficient with a confidence probability of 0.95 [9, 10].

In the course of the work, potentiometric determinations of the pH of corrosive media
were carried out using a combined glass electrode and ionomer, the conductometric
method, and photocolorimetric determination of the iron (III) content with potassium
thiocyanate [11, 12]. And also analyzes of corrosion deposits were carried out on infra-red
specroscopy and scanning electron microscopy.

3 Results and its discussion

36 multicomponent systems were constructed in order to conduct research on the inhibitory
ability of phosphate compounds.

In diphosphate model systems, the passage of reactions is indicated by changes in the
concentration of modifier ions, iron (III) ions, and phosphate ions. This relationship is
shown in figure 1 for a system with a lanthanum ion, where the inhibitory effect is most
effective.
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Fig. 1. The dependence of changes in the concentration of the ion of the modifier of lanthanum, iron,
phosphate on time for sodium dihydrodiphosphate.
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As shown in the figure, the plate dissolves and the iron passes into the solution under
the influence of the medium and the system components. There is an increase in the
concentration of iron in the solution in this system on the ninth day. The concentration of
phosphate ions at the same time decreases. This indicates that there is a process of
interaction between phosphate ions and iron and the formation of corrosive deposits. On the
twelfth day, the concentration of iron, lanthanum and phosphorus ions decreases in this
system. Apparently, a compound is formed in the system, which inhibits the process of
dissolution of iron. Subsequently, the system again shows a slight increase in the
concentration of all components of the system. Hence, it can be assumed that the formed
compound does not have sufficient strength and degree of protection. The effectiveness of
the inhibitory action is only 8.43%. This is the highest degree of protection observed among
18 diphosphate systems.
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Fig. 2. Dependence of the corrosion rate on the nature of the modifier ion at a different ratio for
sodium dihydrodiphosphate.

The change in the corrosion rate and the course of the dependence curve in the presence
of modifier ions at different ratios for sodium dihydrodiphosphate is shown in figure 2. As
can be seen from the figure, in the presence of iron ions, when the concentration of
phosphate increases, there is a decrease in the corrosion rate at a ratio of 2:1, and at a ratio
of 3:1, it increases back. For a system with an aluminum modifier ion, the inverse
relationship is observed. In the system with lanthanum ion there is a gradual increase in the
speed of the corrosion process with increasing concentration.
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Fig. 3. Spectrogram of the corrosion deposition of the composition of sodium dihydrodiphosphate
with lanthanum in a ratio of 1:1.
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Figure 3 shows a spectrogram of the corrosion deposition of the sodium
dihydrodiphosphate system with an ion modifier in a ratio of 1:1. According to the
literature [13, 14], sodium dihydrodiphosphate is characterized by bands of 1270 c¢cm™
corresponding to asymmetric v (P = O), and a band of 1092-990 cm™ to symmetric v (P =
O) vibrations. The bands at 884 cm™ correspond to asymmetric v (P-O-P), and the bands at
792-595 cm™! correspond to symmetric v (P-O-P) vibrations. The figure shows that in the
IR spectrum of the corrosion deposition peaks are formed in the range of 1030-980 cm™, as
well as 1620 cm™!, confirming that another unstable compound is formed.
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Fig. 4. Spectral scale of elements for corrosion deposition of the composition of sodium
dihydrodiphosphate with lanthanum in a ratio of 1:1.

Analysis of corrosion deposits using a scanning electron microscope (Figure 4) showed
that the corrosion deposits of this system contain oxygen - 46.58%, Fe - 13.36%, P - 7.92%.
A small amount contains Na - 0.44%.
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Fig. 5. The dependence of the change in the concentration of the ion of the modifier of lanthanum,
iron, phosphate on time for sodium cyclotriphosphate.

Of the eighteen cyclophosphate systems, the sodium cyclotriphosphate system with the
lanthanum modifier ion in the ratio 3:1 has the greatest inhibitory effect (Figure 5). The
effectiveness of the inhibitory effect is 45.86%. From the above dependence it is seen that
at the beginning of the experiment, a gradual increase in the concentration of iron and a
decrease in the concentration of lanthanum and phosphate ions are observed. On the ninth
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day and thereafter, a gradual decrease in iron concentration is observed. At the same time,
the concentration of lanthanum and phosphate ions decreases. This, possibly, indicates that
a complex compound is formed, which reduces the transition of iron ions from the steel
plate to the solution, and therefore reduces the corrosion process.
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Fig. 6. Dependence of the corrosion rate on the nature of the modifier ion at a different ratio for
sodium cyclotriphosphate.

As can be seen from Figure 6, as well as for diphosphates, cyclophosphates in the
presence of iron ions with an increase in the concentration of phosphate are characterized
by a decrease in the corrosion rate at a ratio of 2:1, and at a ratio of 3:1 it increases back.
An inverse relationship is observed for a system with an aluminum modifier ion. In the
system with the lanthanum ion, a gradual decrease in the rate of the corrosion process with
increasing concentration is observed. As mentioned above, perhaps this is due to the
formation of a complex compound, which reduces the corrosion process.
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Fig. 7. Spectrogram of the corrosion deposition of the composition of sodium cyclotriphosphate with
lanthanum in a ratio of 3:1.

Figure 7 shows a spectrogram of the corrosion deposition of the sodium
cyclotriphosphate system with lanthanum in a ratio of 3:1. From literary sources it is known
that for sodium hydrogen phosphate, the bands of 1225 c¢cm! are characteristic for
asymmetric v (P = O), and the band for 1294-1262 ¢cm™! - for the symmetric v (P = O)
vibrations. The bands at 1168 cm™ correspond to asymmetric v (P-O-P), and the bands at
1162-1121 cm! correspond to the symmetric v (P-O-P) vibrations. In the IR spectrum of
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the corrosion deposition, the peaks are not similar to the data from literature, which
suggests that another compound was formed as a result, which forms a protective film.
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Fig. 8. Spectral scale of elements for corrosion deposition of the composition of sodium
cyclotriphosphate with lanthanum in a ratio of 3:1.

Figure 8 presents an analysis of corrosion deposits on a scanning electron microscope
and showed that oxygen - 36.97%, iron - 28.68%, phosphorus - 5.24% prevail in the
corrosion deposits of this system. A small amount contains sodium, carbon.

Table 1. Basic thermodynamic indicators of multicomponent diphosphate and cyclophosphate

systems.
| or e | G | Ay s | 8100kl |k
1 NaxH,P207 21.25*10* -12.71 713.36 37.34
2 NasP207 21.17*10* -1.51 750.56 37.28
3 NazP309 21.77*%10* -10.95 730.64 38.24
4 NasPsO13 21.3*104 -4.71 714.91 37.42

Table 1 presents the thermodynamic characteristics of diphosphate and cyclophosphate
systems with ion modifiers. The highest Gibbs energy for diphosphate systems is
characteristic of the sodium dihydrogen diphosphate system.

Diphosphate ions are metastable in an aqueous solution and their protective effect under
the experimental conditions is somewhat low [15, 16]. The mechanism of action of
diphosphates is that, when the corrosion process proceeds in background media, according
to literature data, they form relatively soluble complex compounds of the Me[Me2(P,07)]
type, which are stable in weakly acidic media pH = 3-5, which shifts the equilibrium of the
corrosion process towards metal dissolution [17, 18].

AG%9s.15 of the cyclotriphosphate system is -21.77*10%This confirms that this
composition has the greatest inhibitory effect among cyclophosphate compositions.
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4 Conclusion

Based on the obtained experimental data, the following conclusions can be drawn:

1. An increase in the concentration of phosphate in most cases leads to a deceleration of
the corrosion process and the pH is shifted to the slightly alkaline side in all the studied
systems.

Diphosphate systems showed the lowest rates of corrosion rate and caused a shift in the
pH to the acidic region, which is associated with the metastable state of the phosphates
themselves [19, 20].

2. Quantitative indicators of the effectiveness of modified di- and polyphosphate
inhibitors are determined. The degree of protection in the NasP3Qy + La** system is 45.86%
and the value of the corrosion resistance of the metal based on the value of the depth index
of corrosion is 4 points (according to GOST 5272-90).

3. The experimental data were confirmed by thermodynamic calculations to determine
the stability of the system in the presence of modified inhibitors. The highest value of
Gibbs energy is also characteristic of the sodium tripolyphosphate system with an ion
modifier lanthanum in a ratio of 3:1 (AG%g9s.15= -21.77*10%).

36 compositions were studied and based on the experimental data obtained, it was
established that the most practically significant protective effect was shown by Na3;P309
systems with a concentration of 0.05 mol/dm® with La** and a concentration of
0.025 mol/dm? with Fe**.

Currently, Kazakhstan corrosion inhibitors are inferior to international standards in
technological and economic parameters. The main task of the coming years is the creation
in Kazakhstan of our own effective reagents and the expansion of industrial production, and
their introduction into the national economy. The production of our own corrosion
inhibitors will reduce the dependence on the import of expensive imported supplies, which
necessarily require additional analytical quality control at the places of consumption.

The correct and effective use of the country's natural resources will contribute to
sustainable economic growth and better people's lives.

The regularities established during the work expand and supplement the existing ideas
about the protective effect of compositions based on inorganic phosphate compounds. The
results obtained significantly contribute to the creation of effective, environmentally
friendly and economically feasible steel corrosion inhibitors based on Kazakh raw
materials. The data obtained make a certain contribution to the scientific field of effective
inhibitory protection of metals.
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