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This study is devoted to evaluating the protective performance of a newly developed
composite inhibitor system under complex corrosion conditions involving sulfate-reducing
bacteria (SRB) and electrochemically active components. The main objective was to
design synergistic composite inhibitors that provide high protection efficiency at low
concentrations. Among the individual reagents tested, «Neftqaz-2013» exhibited 90%
corrosion protection efficiency in an electrochemical environment at a concentration of
1.0 mg/L, but its activity was limited under microbiological conditions. Specifically, the
growth rates of Desulfovibrio and Desulfomicrobium SRB strains reached 78% and 80%,
respectively, while the concentration of biogenic hydrogen sulfide decreased only to
77 mg/L. Conversely, the < MARZA-1» reagent showed relatively weak bactericidal action
against SRB; even at the highest dosage, the growth rates remained within 82—84%, and
the H,S level decreased to 38 mg/L. To overcome these limitations, both reagents were
combined in different ratios to obtain a series of complex NMK-type compositions.
Among them, the NMK-3 composition (1:19 ratio) provided the best performance,
ensuring 98% corrosion protection in an electrochemical medium and 99% and 97%
inhibition of Desulfovibrio desulfuricans and Desulfomicrobium strains, respectively, at
a concentration of 7.0 mg/L. Under these conditions, the biogenic H,S concentration
was reduced to 18 mg/L. Gravimetric and microbiological analyses were conducted in
accordance with ASTM G31, GOST 9.913-90, and NACE TMO0172 standards. The results
demonstrated that, unlike individual reagents, synergistic composite inhibitor systems
exhibit superior performance against both electrochemical and microbiological corrosion,
indicating their strong potential for industrial application.
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Introduction materials, primarily metals, due to chemical or

In modern industrial sectors, particularly in oil
and gas production, transportation, and processing,
ensuring the long-term service life of metallic
equipment and structures requires highly effective
protection against corrosion.

Corrosion, defined as the gradual degradation of
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electrochemical interaction with the environment, leads
to substantial economic losses, technological safety
risks, and environmental pollution across various
industries. Accordingly, numerous technological and
chemical strategies have been developed to combat
corrosion, among which the use of corrosion inhibitors

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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is one of the most widespread approaches [1—4].

Corrosion inhibitors are chemical compounds
that, even in small concentrations, extend the service
life of materials by forming protective films on metal
surfaces or by retarding the electrochemical reactions
involved in the corrosion process. However, the
efficiency of these inhibitors strongly depends on their
chemical nature, the characteristics of the corrosive
medium, and their mechanism of action.

In the petroleum industry, the environments
where corrosion occurs are often not only
electrochemical in nature but also microbiologically
active. In particular, microbiologically influenced
corrosion (MIC) caused by sulfate-reducing bacteria
(SRB) represents a widespread and highly hazardous
problem in formation waters and oil transportation
systems [5—7].

SRB are mainly microorganisms belonging to
the genera Desulfovibrio and Desulfomicrobium, which
reduce sulfate ions to hydrogen sulfide (H,S) under
anaerobic conditions. H,S generated through their
metabolic activity acts as a highly aggressive corrosive
agent that reacts with metallic surfaces, leading to
deformation, perforation, and eventual failure.

In addition to such microbiological effects, the
presence of ions and other reactive components in
the surrounding medium intensifies electrochemical
corrosion processes [§—10].

In complex environments where microbiological
and electrochemical influences act synergistically, the
use of single-function inhibitors, those targeting only
one mechanism (either microbiological or
electrochemical), is often insufficient. Therefore, the
development of multifunctional inhibitors capable of
simultaneously mitigating both microbiological and
electrochemical corrosion is an urgent scientific and
practical task.

Such inhibitors must neutralize aggressive
chemical agents while also suppressing microbial
activity. This integrated approach not only prevents
corrosion but also enhances the overall biological
stability and operational safety of the system.

Within this framework, various compositions were
prepared based on the well-known industrial
electrochemical inhibitor «Neftqaz-2013» and the
nitrogen—halogen-containing experimental reagent
«MARZA-1», which exhibits microbiological activity.

The individual and combined effects of these reagents
were investigated, and the synergistic potential of their
mixtures under corrosive conditions was evaluated.

The goal of developing these compositions was
to combine the adsorption and protective properties
of both reagents to achieve high inhibition efficiency
in environments subject to both electrochemical and
microbiological corrosion.

In the experimental phase of this study, the
protective action of the inhibitors was assessed using
gravimetric and electrochemical methods, while the
growth rate of SRB was monitored through
microbiological analysis. In addition, the variation of
biogenic hydrogen sulfide concentration was evaluated
to determine the influence of individual and composite
inhibitors on bacterial activity and H,S generation
[11,12].

The results demonstrated that the optimally
formulated NMK-3 composition exhibited high
protection efficiency in both corrosion environments,
confirming the potential of complex inhibitor systems
for integrated corrosion control.

This introduction provides the scientific rationale
of the study, its relevance to the current problem, and
the justification for the chosen methodology. The
subsequent sections present a detailed analysis of
experimental results, comparative evaluation of the
synthesized compositions, and their potential for large-
scale industrial application.

Experimental

For the cultivation and testing of sulfate-reducing
bacteria (SRB), a nutrient medium of the «Postgate
B» type was used, which provides active growth of
Desulfomicrobium and Desulfovibrio desulfuricans
strains. The chemical composition of the medium is
presented in Table 1. The pH value was maintained
within the range of 7.0—7.5 and verified using a
universal indicator.

The population density of SRB was determined
by the serial dilution method, and cell counts were
observed microscopically using an MBI-6 optical
microscope.

To evaluate the effect of the tested reagents on
the growth of sulfate-reducing bacteria (SRB), cultures
were incubated under thermostatic conditions at 35°C
for 15 days. The formation of biogenic hydrogen
sulfide (H,S) was determined by the iodometric titration

Table 1
Composition of the «Postgate B» medium
Ca FeSO4
Component | NH,Cl | K,HPO, | MgSO47H,0 | CaSO, lactate Na,S | Na,SO, (5% solution
in 1% HCI)
Content, g/L 1.0 0.5 2.0 1.0 2.6 0.2 2.0 0.5
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method, while the visual identification of microbial
activity was carried out based on the appearance of a
characteristic black precipitate.

In contrast, in samples containing reagents with
bactericidal activity, a white precipitate was observed,
indicating the suppression of SRB growth.

The quantitative assessment of SRB populations
and the determination of the inhibitory efficiency
were performed according to the following formula
[1,13]:

1000-a-n
h-s ~

M =

where M is the number of cells in 1 mL of suspension;
a is the average number of cells counted within one
square of the hemocytometer grid; h is the depth of
the counting chamber (mm); S is the area of the grid
square (mm?); and n is the dilution factor of the
bacterial suspension.

The growth rate (N, %) of SRB cells in the
presence of a reagent was determined using the
following formula:

Ny =Ny

n,

N,%= -100%

where n, is the number of SRB cells in the control
(reagent-free) medium; and n,,, is the number of
SRB cells in the sample containing the tested reagent.

Steel specimens of Ct3 grade were used in the
experiments (Table 2). Prior to testing, the samples
were mechanically cleaned, weighed, and subjected to
corrosion tests under standard conditions.

The corrosion rate in aggressive laboratory media
was calculated according to the following relationship
[1,13]:

where m, is the weight of the steel specimen before
the experiment (g); m, is the weight of the steel
specimen after removing corrosion products (g); S is
the surface area of the steel specimen (m?); and r is
the test duration (h).

In corrosion studies, the inhibition coefficient
(or corrosion retardation factor) is also used, which is
determined according to the following relationship:

KO
I<inh ’

’Y:

where K, is the corrosion rate in the blank (without
reagent) (g/m>h); and K, is the corrosion rate in
the presence of the reagent (g/m?>h).

The inhibition coefficient (corrosion retardation
factor) is calculated as:
K,-K

Z= 100%

0

where K, is the in the blank (without reagent)
(g/m?h); and K is the corrosion rate in the presence
of the reagent (g/m?>h).

Another term used in corrosion studies is the
penetration rate (depth loss per unit time), which is
determined as follows:

_ Am
p-S-t’

K

P

where Am is the mass loss; p is the metal density; S
is the exposed area; t is the exposure time; and K, is
the penetration rate (thickness loss).

Two domestically produced corrosion inhibitors
were employed for the experimental investigations.
One of these, «Neftqaz-2013», is widely used in the
oil and gas industry for protecting the internal surfaces
of equipment against corrosion; its technical
specifications are presented in Table 3.

The theoretical technical profile of the
«MARZA-1» reagent can be summarized as follows.
«MARZA-1» is a liquid-phase reagent formulated on
the basis of unsaturated organic compounds containing
nitrogen functionality in combination with a halogen-
bearing moiety. Structurally, it contains C, H, O,
and halogen elements. Owing to its chemical
architecture, particularly the presence of nitrogen
together with halogen functionality, the reagent is
reactive toward electrochemical corrosion processes
and simultaneously exhibits resistance to
microbiological effects.

Its color is theoretically light brown to yellowish.
In an inert aqueous medium, the pH is 7—8, providing
a neutral to slightly alkaline environment. The pour
point is estimated to be below —20°C, enabling
operability at low temperatures. <MARZA-1» is miscible

Table 2
Constituents of Ct3 grade steel
Constituent C Mn Si P S Cr Ni Cu Fe
Content, wt.% 0.2 0.5 0.15 0.04 0.05 0.30 0.20 0.20 98.36
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with aliphatic and aromatic solvents, which enhances
its technological versatility and facilitates integration
into various systems. The reagent is expected to display
high bactericidal activity, with a synergistic inhibitory
effect against sulfate-reducing bacteria (SRB), notably
strains of Desulfovibrio and Desulfomicrobium.
«MARZA-1» is intended primarily for protection
against microbiological degradation in oil and gas
processing systems.

Results and discussions

Preliminary investigations began with an
assessment of the protective performance of the widely
used industrial corrosion inhibitor «Neftqaz-2013»
against electrochemical corrosion. For this purpose,
H,S-bearing formation water was employed as the
test medium. The optimal inhibitor concentration
and the corresponding laboratory results are
summarized in Table 4.

The results in Table 4 summarize the
electrochemical corrosion protection efficiency of the
«Neftgaz-2013» inhibitor in H,S-bearing formation
water. During testing, carbon-steel specimens were
exposed for 24 h to inhibitor solutions at concentrations
of 0.4, 0.7, and 1.0 mg/L; a 0 mg/L blank served as
the control. These data indicate a pronounced,
concentration-dependent reduction in corrosion rate,
demonstrating effective protection by «Neftqaz-2013».
The highest protection was observed at 1.0 mg/L,
consistent with suppressed electrochemical kinetics
and strengthened adsorption-controlled inhibition.

In the next stage, the microbiological protection
afforded by «Neftqaz-2013» was evaluated using Postgate
B nutrient medium to monitor the growth of sulfate-
reducing bacteria. The test strains belonged to
Desulfovibrio desulfuricans and Desulfomicrobium. The

influence of different inhibitor concentrations on the
SRB growth rate was examined, and concentration-
dependent changes in bacterial activity were recorded.
The corresponding results are presented in Figures 1
and 2. The data show that increasing inhibitor
concentration did not completely suppress bacterial
growth. Even at the maximum concentration of 1.0
mg/L, the growth rate of Desulfovibrio desulfuricans
remained at 78%, while that of Desulfomicrobium
was 80%.

These findings indicate that the microbiological
effect of «Neftqaz-2013» is limited and that achieving
complete inhibition would require either higher dosages
or the use of composite inhibitors. Thus, while
«Neftgaz-2013» partially reduces microbial activity, it
alone is insufficient for full suppression of SRB under
the tested conditions.

For comparative analysis, the influence of
different concentrations of the <MARZA-1» reagent
on the growth of sulfate-reducing bacteria (Desulfovibrio
desulfuricans and Desulfomicrobium) was also
investigated. The dependence of bacterial growth rate
on inhibitor concentration is presented in Figures 3
and 4. In both cases, bacterial growth increased
with concentration, reaching 82% for Desulfo
vibrio desulfuricans and 84% for Desulfomicrobium
at the maximum concentration of 10 mg/L. These
results indicate that the microbiological activity of
«MARZA-1» is limited, and that even at elevated
concentrations, bacterial activity is not completely
suppressed.

The conducted experiments demonstrated that
when used individually, neither «Neftqaz-2013» nor
«MARZA-1», could provide maximum protection
efficiency: neither in H,S-rich formation waters nor

Table 3
Physicochemical properties of the «Neftqaz-2013» inhibitor
Parameter Value
aggregate state liquid
color light brown
density (at 20°C) 0.9514 g/cm’ (=951.4 kg/m’)
kinematic viscosity (at 20°C), cSt 20.81
pour point (freezing point), "C 46
pH 9-10
flash point, °C 38
Table 4
Corrosion inhibition performance of «Neftqaz-2013» in H,S-containing formation water
Cinn,mg/1 Ko, g/m*h Kinn, g/m>-h Y K,, mm/year Z, %
0 1.3840 — 0 — 0
0.4 — 0.4429 3,12 0,496 68
0.7 — 0.2214 6,25 0,248 84
1.0 — 0.1384 10 0,155 90

Development and performance evaluation of a synergistic composite inhibitor against electrochemical and
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in microbiological environments dominated by sulfate-
reducing bacteria (Desulfovibrio desulfuricans and
Desulfomicrobium). Therefore, to achieve higher
efficiency in both types of corrosive environments,
the two reagents were combined in different ratios to
produce synergistically active composite formulations.
The main advantage of these compositions lies in
their ability to integrate the specific adsorption and
protective properties of each component. These dual-
action mixtures exhibited enhanced protection against
both electrochemical and microbiological corrosion

90

while maintaining high efficiency at lower total
concentrations.

Table 5 presents the provisional designations,
compositional ratios, and overall concentrations of
the newly developed composites prepared on the basis
of the «Neftqgaz-2013» and «MARZA-1» reagents,
which demonstrated higher effectiveness compared to
individual inhibitors. For all compositions, the total
concentration was fixed at 7 mg/L, with variations
only in the relative proportions of the two components:
«Neftqaz-2013» and <MARZA-1».
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Fig. 1. Effect of Neftqaz-2013 concentration on the growth rate N (%) of Desulfovibrio desulfuricans
(Cretgaz203=0.3, 0.5, 0.8, and 1.0 mg/L)
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Fig. 2. Effect of Neftqaz-2013 concentration on the growth rate N (%) of Desulfomicrobium
(Chefiqaz2015=0.3, 0.5, 0.8, 1.0 mg/L)
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As in the case of individual inhibitors, the initial
tests of the complex compositions were carried out in
H,S-containing formation water, focusing mainly on
mass loss and corrosion rate at the metal surface. For
comparative analysis, five selected compositions were
examined by the gravimetric method, and the
experimental results were systematically summarized
in Tables 6—10.

Experimental results showed that in all
compositions, mass loss and corrosion rate decreased
significantly with increasing concentration, while the
protection efficiency rose proportionally.

The NMK-1 composition («Neftqaz-2013»:

100

«MARZA-1»=1:27) provided 92% protection efficiency
at a total concentration of 7.0 mg/L. Due to the
higher proportion of <MARZA-1», this formulation
can be recommended for mild or passive corrosion
environments.

The NMK-2 composition (1:22.3) achieved 94%
protection efficiency, demonstrating satisfactory
performance in electrochemical media.

The NMK-3 composition (1:19) exhibited the
maximum protection efficiency of 98% at 7.0 mg/L,
confirming that the synergistic effect between
«Neftgaz-2013» and «MARZA-1» is maximized at
this optimal ratio.
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Fig. 3. Effect of MARZA-1 concentration on the growth rate N (%) of Desulfovibrio desulfuricans (Cyarza1=3, 5, 7, 10 mg/L)
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Fig. 4. Effect of MARZA-1 concentration on the growth rate N (%) of Desulfomicrobium
(Cyarza1=3, 5, 7, 10 mg/L)
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Table 5
Designations, component ratios, and total concentrations of newly developed synergistic inhibitor compositions
(NMK series)

Designation Components Ratio Concentration
NMK-1 Neftqaz-2013+MARZA-1 1:27
NMK-2 Neftqaz-2013+MARZA-1 1:22.3
NMK-3 Neftqaz-2013+MARZA-1 1:19 7 mg/L
NMK-4 Neftqaz-2013+MARZA-1 1:16.5
NMK-5 Neftqaz-2013+MARZA-1 1:14.6
Table 6
Corrosion inhibition performance of NMK-1 in H,S-containing formation water
Cinn,mg/l Ko, g/m>h Kinn, g/m”h v K, mm/year | Z,%
0 1.3840 — — — 0
2.0 — 0.3875 3.57 0.434 72
4.5 — 0.1799 7.69 0.201 87
7.0 — 0.1107 12.5 0.124 92
Table 7
Corrosion inhibition performance of NMK-2 in H,S-containing formation water
Cinn,mg/1 Ko, g/m>h Kinn, g/m*h v K,, mm/year | Z, %
0 1.3840 - 0 _ 0
2.0 - 0.3322 4.17 0.372 76
4.5 - 0.1384 10 0.155 90
7.0 - 0.0830 16.67 0.009 94
Table 8
Corrosion inhibition performance of NMK-3 in H,S-containing formation water
Cinn,mg/1 Ko, gm>h | Ky, g/m*h y K, mm/year | Z, %
0 1.3840 — 0 - 0
2.0 — 0.2629 5.26 0.294 81
4.5 — 0.0968 14.29 0.108 93
7.0 — 0.0277 49.96 0.031 98
Table 9
Corrosion inhibition performance of NMK-4 in H,S-containing formation water
Cinnmg/l | K, g/m*h Kinn, g/m*h y K,, mm/year | Z, %
0 1.3840 - 0 e 0
2.0 — 0.3045 4.55 0.341 78
4.5 — 0.1246 11.11 0.139 91
7.0 — 0.0692 20 0.078 95
Table 10
Corrosion inhibition performance of NMK-5 in H,S-containing formation water
Cipnmg/l | Ko, g/m™h | Ky, g/m>h y K,, mm/year | Z, %
0 1.3840 - 0 - 0
2.0 = 0.2076 6.67 0.233 85
4.5 = 0.1107 12.5 0.124 92
7.0 = 0.0554 2498 0.062 96
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The NMK-4 composition (1:16.5) provided 95%
protection, making it suitable for more aggressive
electrochemical environments.

Finally, the NMK-5 composition (1:14.6)
achieved 96% protection, characteristic of systems with
a higher proportion of «Neftqaz-2013».

Overall gravimetric analyses indicated that
NMK-3 was the most efficient formulation, ensuring
both the highest protective performance and the lowest
metal loss. These findings confirm that combining
«Neftqaz-2013» and «<MARZA-1» in a 1:19 ratio
enables complex and effective protection against
electrochemical corrosion, highlighting the potential
of such composite systems for industrial application.

Subsequently, the study was extended to evaluate
the microbiological protection capabilities of these
compositions in Postgate B nutrient medium,
containing sulfate-reducing bacteria of the genera
Desulfovibrio desulfuricans and Desulfomicrobium. The
effect of varying composition concentrations
(3.0—7.0 mg/L) on bacterial growth rate was examined,
and the obtained results are illustrated in Figures
5 and 6.

Analysis of the results obtained from the study
of the microbiological effects of composite inhibitors
revealed that all NMK-series compositions
significantly restricted the growth of bacterial cells
with increasing concentration. For both bacterial
species, Desulfovibrio desulfuricans and
Desulfomicrobium, the maximum inhibitory effect was
observed at a concentration of 7 mg/L.

In particular, the NMK-3 composition exhibited
inhibition efficiencies of 99% and 97%, respectively,
for Desulfomicrobium and Desulfovibrio desulfuricans,
confirming its superior performance in suppressing
microbiological activity. Although NMK-2 and
NMK-5 also demonstrated high efficiency (93—95%),
NMK-3 presented the most balanced ratio in terms
of synergistic interaction and stable microbiological
effectiveness.

The NMK-1 and NMK-4 compositions
provided slightly lower but still satisfactory protection
(90—92%). These results indicate that the
microbiological efficiency of compositions containing
MARZA-1 and Neftqaz-2013 depends not only on
the total concentration but also critically on the relative
ratio of their components.

Overall, the findings confirm the effectiveness
of complex inhibitor systems in mitigating
microbiologically influenced corrosion (MIC) and
highlight the industrial potential of NMK-3 as a
promising formulation.

Furthermore, since high concentrations of
biogenic hydrogen sulfide (H,S) accelerate the

corrosion process, variations in the H,S concentration
were also investigated under reagent-free conditions,
as well as in the presence of individual inhibitors
(«MARZA-1» and «Neftqaz-2013») and their composite
formulations. The corresponding results are presented
in Fig. 7.

Based on the data presented in Fig. 7, the
influence of individual reagents and their composite
formulations on the concentration of biogenic
hydrogen sulfide (H,S) is shown comparatively. It
should be noted that, for each reagent and composition,
the experiments were conducted at their respective
optimal concentrations.

In the blank medium (without inhibitor), the
H,S concentration reached 270 mg/L, indicating an
intense sulfidogenic process. The individual inhibitors
«Neftqaz-2013» and <MARZA-1» reduced this value
to 77 mg/L and 38 mg/L, respectively. However,
more pronounced results were obtained with the
composite inhibitors.

In particular, the NMK-3 composition (1:19
ratio, 7.0 mg/L concentration) achieved the lowest
H,S concentration of 18 mg/L, while other
formulations (NMK-1, NMK-2, NMK-4, and
NMK-5) produced comparable results within the
24—25 mg/L range.

These findings once again confirm that composite
inhibitors, when formulated at optimal ratios and
concentrations, can effectively minimize the risk of
microbiologically influenced corrosion not only by
protecting metal surfaces but also by reducing sulfide
generation. Thus, such compositions offer a promising
approach for controlling biogenic H,S in industrial
systems.

Conclusions

1. The research results demonstrated that the
combination of the Neftqaz-2013 and MARZA-1
inhibitors at specific ratios, particularly the NMK-3
composition (1:19, 7.0 mg/L), provided up to 99%
protection efficiency in an electrochemical corrosion
environment. This outcome is attributed to the
synergistic interaction between the components, which
enhances both adsorptive stability and inhibitor
kinetics. Such a synergistic approach outperformed
individual reagents and expanded the applicability of
complex inhibition mechanisms.

2. Microbiological tests performed in Postgate B
nutrient medium revealed that the studied inhibitor
compositions (at the optimal concentration of
7.0 mg/L) reduced the biogenic H,S concentration
from 270 mg/L to 18—25 mg/L. These findings
confirm that the formulations significantly suppress
the activity of sulfate-reducing bacteria (SRB),
Desulfovibrio and Desulfomicrobium, and effectively
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Fig. 5. Effect of NMK compositions on the growth rate N (%) of Desulfomicrobium (Cyy=2, 4.5, 7 mg/L)
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Fig. 6. Effect of NMK compositions on the growth rate N (%) of Desulfovibrio desulfuricans (Cyyx=2, 4.5, 7 mg/L)
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control the risk of microbiologically influenced
corrosion (MIC).

3. Comparative gravimetric and microbiological
analyses established that the NMK-3 composition
(1:19 ratio) provides the most balanced and stable
protection against both electrochemical and
microbiological corrosion, owing to its optimal
inhibitor distribution. The use of such composite
systems represents a promising scientific direction for
developing and implementing high-efficiency corrosion
control strategies in industrial applications.
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PO3POBKA TA OLIHIOBAHHA E®EKTMBHOCTI
CUHEPTETUYHOI'O KOMITO3UIIIIHOTO
IHTIBITOPA TIPOTU EJEKTPOXIMIYHOI TA
MIKPOBIOJIOTTYHO THAYKOBAHOI KOPO3Ii

A.B. TI'acumzade, 3.1. Dapsaaizade

Lle mocmimkeHHSI MPUCBAYCHE OLIIHIOBAHHIO 3aXMCHOIL
e(eKTUBHOCTI HOBOPO3POOJEHOI KOMITO3ULIIHOI iHriOiTOpHOL
CHCTEMU B yMOBaX KOMILJIEKCHOI KOpO3il 3a y4yacTio CYJjib-
daTBinHOBMIOBaTbHUX OakTepiii (SRB) Ta enexkTpoximiuHO ak-
TUBHUX KOMIMOHEHTiB. OCHOBHOIO METOIO0 OYJIO CTBOPEHHSI CHU-
HEPreTUYHUX KOMITO3UIIMHUX IHTIOITOPIB, 110 3a0e3MeYyIlOTh
BUCOKY €(eKTUBHICTb 3aXMCTy 3a HU3bKUX KOHLEHTpALIiil.
Cepen iHOMBigyaJbHUX pEareHTIB, 110 BUIIPOOOBYBAJINUCH,
«Neftqaz-2013» npoaemoncTpyBaB 90% edekTUBHICTL 3a-
XMCTY BiJ KOpo3ii B €JEKTPOXiMiYHOMY cepeaoBHUILi 3a
koHueHTtpauii 1,0 Mr/, ogHaK Oro aKTUBHICTh Oysa oOMexe-
HOIO B MiKpOOiOJIOTiYHMX YMOBaX. 30KpeMa, IIBUIKICTh POCTY
wramiB SRB poniB Desulfovibrio Ta Desulfomicrobium mocsi-
rana 78% i 80%, BimIoOBimHO, TOMI SIK KOHLIEHTpALis 010reHHO-
TO CipKOBOAHIO 3MeHIIyBaiacs juiie a0 77 mr/n. Hatomicts
peareHT «MARZA-1» BUSIBUB BiTHOCHO CJIa0Ky OaKTepULIUIHY
nmiro momo SRB; HaBiTh 3a MaKCMMaJIbHOI JO3W TTOKA3HUKU
pocty sanuinanucs B Mexax 82—84%, a piseHb H,S 3HMXKy-
BaBcs 0 38 mr/n. g momosiaHHS 1UX OOMEXeHb o0uaBa
peareHTH OYyJI0 MOETHAHO B Pi3HUX CITIBBIZHOILIECHHSIX 3 METOIO
onepxxaHHs cepii komno3uuiii Tumy NMK. Cepen HuX KomIio-
sunigs NMK-3 (cniBBinHoiuenHs1 1:19) 3abe3neunna Halikpaiii
MOKa3HUKU, rapaHTyioun 98% 3axucTy Bil KOpo3ii B €JIeKTpO-
XimiuHomy cepenoBuili ta 99% i 97% iHriOyBaHHSI I1LITaMiB
Desulfovibrio desulfuricans i Desulfomicrobium, BigmosimzHo,
3a koHueHTpauii 7,0 mMr/n. 3a nMxX yMOB KOHIEHTpAIlis
oiorennoro H,S 3menuryBanacs no 18 mr/n. I'paBiMeTpuuHi Ta
MiKpOOiOJIOTiuHI JOCTIIKEHHS MPOBOIUINCS BIiAIOBIZHO OO
crannaptisB ASTM G31, T'OCT 9.913-90 ta NACE TMO0172.
OTpuMaHi pe3yabTaTu IMPOAEMOHCTPYBaIM, 10, Ha BiIMiHY
BiIl IHIMBiOyaJlbHUX pEareHTIB, CMHEPTeTUYHI KOMITO3MIIIiHI
iHTiOITOpHI cUCTeMU BMSIBJISIIOTH BUILY €(MEKTHBHICTH IPOTU
K €JICKTPOXiMiuHOI, TaK i MiKpoOiojoriuHoi Kopo3sii, 110
CBIIUUTH PO iXHIM 3HAYHMI TOTEHIIIad IJIsSI IIPOMMCIOBOTO

3aCTOCYBAHHSI.
KuarouoBi cioBa: kopo3sisi; iHTiIOITOp; MiKpOOiOJIOTiYHO
iHIyKOBaHa KOpo3is; eJeKTpoXiMiuHa KOpo3is;

cynb(haTBiIHOBIIOBAIbHI 0aKTepii; CHHEPreTHYHAa KOMITO3MILis.

Development and performance evaluation of a synergistic composite inhibitor against electrochemical and

microbiologically influenced corrosion



40 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 2, pp. 30-40
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AGAINST ELECTROCHEMICAL AND
MICROBIOLOGICALLY INFLUENCED CORROSION
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This study is devoted to evaluating the protective
performance of a newly developed composite inhibitor system
under complex corrosion conditions involving sulfate-reducing
bacteria (SRB) and electrochemically active components. The
main objective was to design synergistic composite inhibitors that
provide high protection efficiency at low concentrations. Among
the individual reagents tested, «Neftqaz-2013» exhibited 90%
corrosion protection efficiency in an electrochemical environment
at a concentration of 1.0 mg/L, but its activity was limited under
microbiological conditions. Specifically, the growth rates of
Desulfovibrio and Desulfomicrobium SRB strains reached 78%
and 80%, respectively, while the concentration of biogenic
hydrogen sulfide decreased only to 77 mg/L. Conversely, the
«MARZA-1» reagent showed relatively weak bactericidal action
against SRB; even at the highest dosage, the growth rates remained
within 82—84%, and the H,S level decreased to 38 mg/L. To
overcome these limitations, both reagents were combined in
different ratios to obtain a series of complex NMK-type
compositions. Among them, the NMK-3 composition (1:19 ratio)
provided the best performance, ensuring 98% corrosion protection
in an electrochemical medium and 99% and 97% inhibition of
Desulfovibrio desulfuricans and Desulfomicrobium strains,
respectively, at a concentration of 7.0 mg/L. Under these
conditions, the biogenic H,S concentration was reduced to
18 mg/L. Gravimetric and microbiological analyses were conducted
in accordance with ASTM G31, GOST 9.913-90, and
NACE TMO0172 standards. The results demonstrated that, unlike
individual reagents, synergistic composite inhibitor systems exhibit
superior performance against both electrochemical and
microbiological corrosion, indicating their strong potential for
industrial application.

Keywords: corrosion; inhibitor; microbiologically influenced
corrosion; electrochemical corrosion; sulfate-reducing bacteria;
synergistic composite.
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