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Abstract

The article discusses in detail the physico-chemical properties of the EDF-1 corrosion inhib-
itor containing nitrogen and phosphorus, which prevent the deposition of salt in the pipelines
of heating boilers, as well as the occurrence of corrosion in water systems used in industry for
heating and cooling. Which functional groups are present and formed in this inhibitor using
an IR-Fourier device, Shimazu, were studied and, accordingly, the absorption peaks of the new
substances obtained were determined. As a result of the synthesis, metal corrosion inhibitors
were obtained and the degree of their corrosion protection was checked in accordance with the
requirements of GOST 9.506—87 and conclusions were drawn.
Keywords: Corrosion inhibitors, Nitrogen, organic compounds, inorganic compounds, in-
dustrial waters, furnace, GOST 9.506—-87

The formation of mineral deposits and
corrosion of structural steels in technolog-
ical processes related to industrial use as
a heat carrier, heat carrier and hydraulic
transport has been a serious problem for
more than a hundred years and remains rel-
evant today.

One of the most optimal ways to protect
metals from corrosion is to use corrosion
inhibitors. The use of inhibitors can only
slow down corrosion, but not stop it com-
pletely (Shamuradov, Ulugbek Meylievich,
Hasan Soyibnazarovich Beknazarov, and
Abdulakhat Turapovich Dzhalilov. 2025;
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Andreatta F., Fedrizzi L., 2016). Corrosion
leads to huge economic losses for many in-
dustries. According to an international Nice
study conducted in 2016, global corrosion
costs amount to 2.5 trillion US dollars per
year, which is equivalent to a significant
portion of the global gross domestic product
(GDP) (Amin H. M. A,, Galal A., 2021). Var-
ious countries have conducted studies on
the corrosion of national costs. According to
this survey, the U.S. economy has shrunk by
$70 billion due to corrosion, accounting for
4.2 percent of the gross national product.
The government of India spends about 3.5%
of the country’s GDP per year on corrosion
losses (Kamath, R., Venumuddala, V.R.,
2023). Oil and gas storage tanks are made of
aluminum and steel, which must be protect-
ed due to their tendency to corrosion, which
directly or indirectly affects the economy.
Steel and aluminum are important metals
that are used in almost all parts of the Vegas
oil industry prior to the distribution of final
products (Kamath, R.; Venumuddala, V.R.,
2023). Synthetic inhibitors are widely used
in various industrial applications due to
their effectiveness, but their potential envi-
ronmental impact must be considered, and
their choice and dosage must be careful-
ly monitored (FayomiO.S.I., Akandel.G.,
Odigie S., 2019).

Material and method

Synthesis of composite corrosion inhibi-
tor EDF-1. Ethylenediamine was dissolved in
12 ml of distilled water, taking 2 grams and
dissolving 0.59 grams of phosphoric acid in 3
grams of distilled water, and both prepared
solutions were placed in a round-bottomed
flask with a double bottom, the flask was
lowered into an oil bath, into which a re-
versible inert gas cooler (nitrogen gas) was
installed from one neck of the flask with two
necks An ashtray was installed in the second
neck of the chloride hose for adding acid and
formalin and the technological part was pre-
pared. Then the oil was placed in an oven
with a bath, nitrogen gas was introduced
to create an inert medium and added drop-
wise with a slow increase in temperature to
60-65 °C for 1.5-2 hours with a concentra-
tion of 37% hydrochloric acid of 1.92 g, af-
ter which formalin was removed from a 37%

Section 2. Chemistry

solution of 0.7 g until the temperature of the
reaction mixture increased to 115-120 °C.
taken off 24 hours drops are added during.
The resulting reaction mixture is first cooled
to room temperature, then neutralized with
a 30% NaOH solution, while the precipitate
is lowered to the bottom of the flask, and the
resulting reaction mixture is dried in an oven
until a dry mass is formed. The substance
of the bright yellow shape of the tablets was
used as a basis.

Infrared Spectroscopy (IR)— IR spectros-
copy (Japanese-made Fury spectrometer. IR
spectroscopic studies were performed using
the powder method on a Shimazu infrared
Fourier spectrometer (range 400—4000 cm™!,
resolution 4 cm™).

SEM analysis. The precorrosive, postcor-
rosive, and inhibited states of the steel sur-
face were studied using a JEOL JSM-it200la
multi-faceted tungsten filament scanning
electron microscope with intuitive controls,
including a touchscreen and a scanning elec-
tron microscope with SEM imaging and EDS
analysis directly from the optical image.

The results obtained and
their discussion

The EDF-1 corrosion inhibitor was tested
by gravimetric method. This method is one
of the widely used and effective methods for
determining the rate of metal corrosion and
the protective ability of corrosion inhibitors
in the laboratory. The gravimetric method
is based on calculation by measuring the
mass difference before and after exposure to
corrosion by placing controlled metal sam-
ples in inhibitory and inhibitory media. The
disadvantage of using this method is that it
describes the average rate of corrosion with-
out taking into account irregularities on the
metal surface.

Our test experience has been verified in
accordance with GOST 9.506-87 “meth-
ods for determining the protective ability
of metal corrosion inhibitors in a water-oil
environment”.

The analysis of the IR spectrum and the
corrosion inhibitor EDF-1. EDF-1 was pre-
sented to study the composition and struc-
ture of the corrosion protection inhibitor

(Fig. 1).
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Figure 1. IR spectrum of EDF-1 corrosion inhibitor

The composition and structure of the
EDF-1 corrosion inhibitor were investigated
using IR spectrometer technology (IQ-Fu-
ry, SHIMADZU, Japan) in the Dead range
up to an area of 4000 cm™'. The absorption
line of IR spectroscopy is shown. 2677.20—
—2571.11 cm™! intensity of weak —(PO)oh
groups with valence vibrations in absorption
regions, 2445.74 cm™! —P—H groups with va-
lence vibrations in absorption regions, 1653—
1600.92 cm™ type of vibrations in absorp-
tion regions valence, intense —C=N- group,
1487.12-1558.48 cm™ absorption during
asymmetric valence vibrations in fields of the
C—N=0 group, the type of vibrations in absorp-
tion fields is 1367.53 cm™ Simm.The valence,
intense —-N—N=0 group has lines correspond-
ing to —P—O-C groups with a valence oscilla-
tion in the absorption region of 1226.73 cm™'.

According to these analyzed results, our
investigated corrosion inhibitor contains ni-
trogen and phosphorus, which indicates that
it has anti-corrosion properties.

The results obtained using a scanning
electron microscope, as well as their analysis.

A scanning electron microscope (SEM) is
adevice that uses directed beams of high-en-
ergy electrons on the surface of solid sam-
ples to generate various signals. SEM makes
it possible to extract data such as surface
structure (external morphology), chemical
composition, orientation of components, as
well as the crystal structure of the sample
from the electronic interaction signals of the
sample. The purpose of the SEM analysis is
to determine the presence of an inhibitor on
the steel surface.

Figure 2.1. Initial photo Figure 2.2.Photo of f}ﬁl;;ige'géggfez
of the steel sample a steel sample in SEM sample in SEM

Typically, data is taken from the sample
surface using a selected area (from 1 cm to

5 microns), represented as a 2D image. Mag-
nification can range from 20x to 30000x with
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a spatial resolution of 50 to 100 Nm. In addi-
tion, SEM analysis does not lead to a change
in the composition of the sample. The reason
is that the sample does not lead to a loss of
sample volume during electronic interaction.

Morphologically, the surface surface of
steel samples conducted with samples of the
St30 grade in various concentrations was
studied using the Sem method.

Section 2. Chemistry

It is known from the above figures that
Figure 2.1 shows a preliminary photograph
of a steel sample cleaned with sandpaper of
different grades and washed in acetone. Mi-
crographs of the initial steel sample made
on an inhibitor-free surface were also ob-
tained using a scanning electron microscope
(Fig. 2.2) and inhibitory (Fig. 2.3) media.

Figure 3. Microscopic image of the arrangement of elements on the surface of a trapped
metal and a diagram of their presence using a scanning electron microscope

BC-K EK-EK BO-K Eha-X

P-X

M=K

1 100

[Counis]

w

[

#

fi

AN

The analyses obtained using a scanning
electron microscope show that our EDF-1
grade corrosion inhibitor provides excellent
protection for metal surfaces, and we can see
that it contains anti-corrosion elements, as
well as how it settles on the metal surface.
The properties of corrosion inhibitors that
are highly soluble in water and retain nitro-
gen and phosphorus in their composition
were tested according to GOST 9.506-87.
The molecules of these corrosion inhibitors
consist of one or more functional groups,
which are organic substances containing
a hydrocarbon radical.

3 different concentrations for 360 hours
in the tester at atmospheric pressure. The
test time is calculated from the moment the
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samples are placed in the environment. The
duration of the tests was determined ac-
cording to GOST 9.506—87. The tests were
carried out on waters used in the oil and gas
industry.

The concentration of EDF-1 grade corro-
sion inhibitor containing nitrogen and phos-
phorus is 1%, 3%, 5%; this was done in an
acidic environment. The tests showed pro-
tection levels of 84.34, 96.3, and 99.98 per-
cent, respectively. The graph below shows the
degree of protection of our corrosion inhibi-
tor at various temperatures.

Table 1 shows the corrosion rate and
degree of protection for 360 hours in an
environment without inhibitors and inhib-
itors.
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Table 1. Corrosion rate and degree of protection 360 hours in
an environment without inhibitors and inhibitors
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Without 11003 1400894 1326007 0,94887  0,02384
inhibitors
1 0,11053 14,10306 14,09591 0.00715 0,000179 84,34
2 0,11053 14,63365 14,63027 0.00338 0,000085 96,3
3 0,11053 14,85650 14,85374 0.00276 0,00073 99,98

Table 2. The values of corrosion rate, protection levels and surface treatment
coefficient are EDF-1 corrosion inhibitors in various molar mass ratios

Ethylenediamine: . Gonrate  Protection level 0 Tempera-
phosphic acid ture, °C
1:3 0,074 73,3 0,733 20
1:2 0,068 81,7 0,817 50
1:1 0,053 92,6 0,926 70
2:1 0,061 85,5 0,855 80
3:1 0,079 69,7 0,697 90

Table 2 shows the values of the corrosion  also higher when the starting products ob-
rate, protection levels, and surface treatment  tained in different proportions during the
coefficient of the EDF-1 corrosion inhibitor = reaction, namely ethylenediamine and phos-
in various molar mass ratios. The results phitic acid, were obtained in a 1:1 ratio.
showed that the rate of metal inhibition was

Figure 3. Dependence of EDF-1 corrosion inhibitor on
molar ratios and degree of protection, scheme
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Figure 3 shows a graph of the dependence
of the molar ratios of the synthesized corro-
sion inhibitor on the degree of protection. The
results show that the optimal conditions for
the synthesis of an EDF-1 inhibitor are 70°C,
and the concentration of the starting sub-
stance is 1:1, and the reaction yield is 92.6%,
as can be seen from the data presented.

As a result of trial studies, we can see us-
ing Table 1 and Table 2 that the best mass ra-
tio of amino compounds and phosphitic acid
is 1:1, and its protection level is 92.6%.

Section 2. Chemistry

Conclusion

The physicochemical properties of the
EDF-1 corrosion inhibitor synthesized by us
and the analysis of the IR spectrum of the syn-
thesized product, SEM (scanning electron mi-
croscope), were obtained. From the analysis
results, it can be concluded that the corrosion
inhibitor contains nitrogen and phosphorus,
these elements have maximum inhibitory
properties at a temperature of 70 °C. Expo-
sure to metals in testing processes has shown
that inhibitors slow down the corrosion pro-
cess and also protect the metal surface from
corrosion. These compounds have proven to
be the most effective against corrosion.
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