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Abstract In this research work, Langmuir isotherms, equilibrium constant of the process, thermodynamic quantities,
temperature dependence of AG of the adsorption process and the mechanism of corrosion of metal samples in various acidic
and hydrogen sulphide solution environments with the help of composite inhibitors containing nitrogen, amide and
phosphorus were studied. If H,S participates in the environment where a metal sample is being corroded, it can form sulfides
with a complex composition in the form of HS™ or S ions on the surface of iron in the form of Fe,Sy, as well as HS™ anions
adsorbed on iron, and iron in the solution environment with H,S It was found that the corrosion process is gradual and H,S is
adsorbed on the metal surface at the first stage, then corrosion starts in the cathodic and anode processes and the adsorption
rate of S* ion depends on the temperature and the concentration of H,S. When the IKA-8 inhibitor is introduced into the
system, the equilibrium constant value of the adsorption-desorption process is large, and the negative value of AGggs

determines that the adsorption of the inhibitor on the metal surface is irreversible.
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1. Introduction

Corrosion is a common problem for industrial metals
and directly impacts their cost and safety. Presently, there
are many ways to retard metal corrosion, such as the
optimization of the metal constituents and smelting process,
organic/inorganic coating technology, and the addition of
corrosion inhibitors, among which the addition of corrosion
inhibitors is the most economical and commonly used [1-4].
Most of the organic inhibitors have the ability to adsorb on
the metal surface and form hydrophobic film layers, limiting
the transmission of aggressive particles. The adsorption
capacity of this type of inhibitor is related to the presence of
heteroatoms such as N, O, P and S in the molecular structure
[5,6].

2. Research Methods

Considering the above, the thermodynamics of adsorption
and the physico-chemical basis of the inhibition process
were studied based on Langmuir's molecular-kinetic theories.
In order to calculate the value of the degree of saturation of
the surface with an inhibitor (0), the following equation was
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also used based on the values of the dissolution rate when the
inhibitor was introduced into the corrosion process (Kin) and
without (Ko)
0 =1 — [Kinn /Ko (1)
Corrosion of St.3 and St.12 steel samples in acidic and
hydrogen sulphide environments with composite IKA-8
additives was studied according to the Langmuir isotherm
equation:

Cin 1

el"l = Koo + th (2)
here, C;,, — inhibitor concentration, K,4, — adsorption and
desorption equilibrium constant.

3. Results and Discussion

The dependence of the level of surface filling on the
concentration of IKA-6, IKA-7, and IKA-8 inhibitors on the
corrosion protection of St.3 steel sample in 3.0% H,SO,
acidic environment is shown by Langmuir isotherms given
above according to the equation (2) with 3.0% H,SO, and
studied in the media of 5.0% H,S solutions (Table 1).

It was found that the correlation coefficient and
thermodynamic values are different in the temperature
range of 298+343°C by the method of correlation through
determined isotherm curves (straight line lying on the curve).
This situation indicates that the IKA-8 inhibitor has different
protection efficiency at different temperatures. [5,6].
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Table 1. Values of surface filling level (0) and adsorption equilibrium
constant (B) of different inhibitors in 3.0% H,SO, environment (Cr.3 — steel
sample, T=323K)

Inhibitors Cinn» Mg/l K, (g/m**days) 0 B
100 18.71 0.84 1.58
150 8.91 0.94 1.03
HNKA-6
200 6.15 0.97 0.68
250 5.28 0.97 0.64
100 14.84 0.92 1.25
150 10.31 0.96 0.91
UKA-7
200 5.94 0.97 0.89
250 4.88 0.97 0.93
100 9.12 0.93 1.32
150 4.84 0.98 1.12
HKA-8
200 2.83 0.99 0.83
250 1.84 0.99 0.78

At the same time, it was found that the adsorption
properties of the IKA-8 inhibitor depend on the number of
electron-donating heteroatoms included in its composition,
and how much heteroatoms are present ensures chemical
sorption on the surface of the metal sample. Based on the
results of the experiments, it was found that the inhibition of
the IKA-8 composite inhibitor on the surface of the metal
sample in acidic and H,S environments is very high.

In the presence of the inhibitor, the protection of the St.3
steel sample from corrosion in 5.0% H,S atmosphere as a
function of the concentration and temperature of the IKA-6,
IKA-7 and IKA-8 inhibitors is presented in Table 2.

Based on the results of the experiments, it was found that
during the adsorption process in the presence of 1KA-6,
IKA-7 and IKA-8 multi-component composite inhibitors, the
high filling of the surface of the metal sample depends on the
concentration of the inhibitors in the solution and the
temperature is well explained by Langmuir isotherms.

Also, the rate of dissolution of metal samples (K) depends
on the content of the inhibitor, and even when the inhibitor
has a low concentration, the degree of protection of metal
samples from corrosion is 96-99.6%.

Table 2. Values of surface filling level (0) and adsorption equilibrium
constant (B) of different inhibitors in 5.0% H,S environment (Cr.3 — steel
sample)

Inhibitors Tempf(rat“re' fngh” “ /mz}iﬁays) 0 B
IKA-6 1785 086 149
VIKA-7 208 100 8.19 093 114
MIKA-8 441 097 103
IKA-6 7.05 094 088
MIKA-7 200 5.88 097 0.69
VIKA-8 3.04 098 108
1IKA-6 1110 089 135
MIKA-7 323 100 244 098 201
VIKA-8 152 099 359
MIKA-6 3.09 096 162
MIKA-7 200 2.89 097 295
MIKA-8 139 099 305

The degree of filling of the surface of the metal sample
with a coating layer (initial mono-molecular layer) is very
high, which indicates that the adsorption equilibrium
constant depends on the content of inhibitors. Thus, it is
confirmed that IKA-6, IKA-7 and 1KA-8 inhibitors are able
to protect the above metal sample in various aggressive
environments.

The results of the calculation of thermodynamic quantities
are presented in tables 3 and 4. Experiments show that the
adsorption-desorption process of the adsorption-desorption
process, which takes place in the system, has a large
equilibrium constant value, and this condition shows that the
IKA-8 composite inhibitor protects metal samples from
corrosion in acidic and hydrogen sulphide environments.
showed that it is of high value. According to tables 3 and 4,
the negative value of the process AGys indicates that
the adsorption of the inhibitor on the metal surface is
self-irreversible.

Table 3. Thermodynamic parameters of the process of adsorption of
IKA-8 composite inhibitor in of 3% H,SO, environment (Cr.3 — steel
sample, C;,, = 100mg/l)

Temperature, Kads » AGags, R AHags, ASags,
K mol™ kd/mol kJ/mol kd/mol

298 6.8-10° -48.24 0.991 -75.73 87.54

313 3.310° -46.83 0.993 -74.84 90.25

323 1.710° -45.53 0.997 -74.86 92.56

343 0.410° -43.92 0.998 -73.82 94.75

Table 4. Thermodynamic parameters of the process of adsorption of
IKA-8 composite inhibitor in of 5% H,S environment (Ct.3 — steel sample,
Cinn = 100mg/I)

Temperature, Kads » AGags, R AHags, ASags,
K mol™ kJ/mol kJ/mol kJ/mol

298 7.110° -50.28 0.992 -77.44 89.38

313 4.210° -49.37 0.993 -76.39 90.41

323 1.810° -48.35 0.996 -76.52 93.65

343 0.510° -47.92 0.997 -74.29 95.70

When the St.3 steel sample was added to the environment
of 3.0% H,SO, solution with the IKA-8 composition
inhibitor, the value of AG,¢ changed from -48.24 kJ/mol™ to
-43.92 kJ/mol™ in the temperature range of 298+343K.
This inhibitor St. 3 indicates that the surface of the steel
sample is affected by mixed adsorption, that is, the inhibitor
is adsorbed as a result of physical and chemical sorption
processes.

Adsorption of 1KA-8 inhibitor in 3.0% H,SO, environment
of St.3 steel sample AH,q4s value was found to be between
75.73 and 73.82 kJ/mol, and 77.44 and 74.29 kJ/mol in 5.0%
H,S environment. The negative value of AH,g, indicates that
the adsorption of IKA-8 inhibitor on the surface of the metal
sample is an exothermic process. Based on the data presented
in the literature, it is determined that AH,4s>0 in the process
of endothermic adsorption. If adsorption occurs exothermicly,
then A Hggs >0<0, and in such conditions physical or mixed
type sorption takes place.
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It was found that the values of AS,4s and AH,gs, calculated
by the relationship between AGg,qs and process temperature,
calculated according to the results of experiments, are
equivalent (Fig. 1). The value of AGygs Was found to change
in a linear relationship with increasing process temperature.
It was found that the effectiveness of the IKA-8 composite
inhibitor in protecting the metal sample from corrosion
in acidic and hydrogen sulphide environments does not
change significantly with increasing temperature, and during
the adsorption process, physical sorption occurs more and
chemical sorption occurs relatively less.
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Figure 1. Temperature dependence of the AGads value of the adsorption
process (Crt.3 — steel sample, Ci;»=100mg/I)

The obtained results showed that the adsorption of the
IKA-8 composite inhibitor on the St.3 steel sample was
carried out in the temperature range of 298+343, and it was
found that the inhibitor is effective in protecting the metal
from corrosion even in these aggressive environments,
because the adsorption of the IKA-8 inhibitor at a
temperature of 298K AHgs -78.85 kJ/mol is equal to
Therefore, the IKA-8 inhibitor can be adsorbed by strongly
binding to the surface of the metal sample even in
alkaline-saline environments. Langmuir adsorption isotherm
curves of IKA-8 composite inhibitor in alkaline-saline
environment were studied (Figures 2-3).
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Figure 2. Langmuir adsorption isotherm of IKA-8 inhibitor in

alkaline-saline medium (Cr.3 — steel sample, Ci;n=100mg/I)
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Figure 3. IKA-8 inhibitor adsorption AGads value as a function of
temperature (St.3 — steel sample, in 3.0% NaOH + 3.0% NaCl environment,
Cinn=100mg/1)

It was found that the AGads value of the IKA-8 inhibitor
metal sample adsorbed in an alkaline-saline environment
decreases with increasing process temperature (Fig. 3). In
this case, the protective layer created by the inhibitor on the
surface of the metal sample in alkaline-saline environment
does not dissolve in this environment, that is, it is solid.

4. Conclusions

With the use of composite inhibitors, the activation energy
and thermodynamic calculations of St.3 and St.12 steel
samples in various environments were shown to have a high
negative value of AGg. IKA-6, IKA-7, and IKA-8 filled the
surface of the metal sample in the process of adsorption in
the presence of multicomponent composite inhibitors. The
dependence of inhibitors on concentration in solution and
temperature was well explained by Langmuir isotherms.

It was shown that the rate of deposition of additional
reagents with surface-active properties of phosphate ions on
the surface of the steel sample is uniform according to
Langmuir's law, and the formation of a mono-molecular
layer that prevents metal corrosion is shown.
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