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For the first time, a chloroprene reagent (named as Z-1) has been used against corrosion
in various aggressive environments under laboratory conditions. The corrosion protection
properties of the reagent Z-1 have been studied in formation waters taken from oil wells
No. 2646, 33151, 4012, 31193 and 33016 in operation at Balakhani Oil OGED. Samples
made of Ct3 and P-105 brand steels with dimensions of 42×15×5 mm have been used
during the tests. Experiments have been performed under dynamic conditions at room
temperature for six and twenty-four hours, and the corrosion rate has been determined
by gravimetric method. During the experiments, concentrations of 10, 15, 20 and
25 mg/l of Z-1 composition were used. The analysis of results from numerous experiments
conducted with both types of steel revealed that the optimal concentration of the
composition is 25 mg/l. The protection efficiency of the composition Z-1 in the formation
waters of the abovementioned oil wells during the six-hour experiment was as follows:
for Ct3 samples, it ranged from 75% to 94%, 75% to 97%, 76% to 98%, 72% to 94%, and
68% to 87%, respectively, while for P-105 steel samples, it ranged from 76% to 96%, 72%
to 92%, 73% to 85%, 70% to 90%, and 72% to 96%, respectively. During 24-hour corrosion
tests, the protection efficiency of the composition Z-1 was 73–92%, 74–96%, 75–97%,
70–92%, and 66–85% for Ct3 steel samples and 75–94%, 70–91%, 72–83%, 68–89%,
and 71–95% for P-105 steel samples, respectively.
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Introduction
Currently, the rapid development of the oil

industry requires increasing the operational efficiency
of wells in oil extraction. For this reason, in order to
stabilize oil production and increase the operational
efficiency of wells, the protection of the internal surface
of mine pipelines from electrochemical corrosion
processes caused by an aggressive environment remains
an urgent issue. It is known that in most cases, in
order to stabilize and increase oil production, many
technical and technological methods, including
injecting water and gas into the reservoir, changing
the type of operation of the wells, in particular,
switching to rod pump and depth pump methods,
thermalizing the layer, injecting chemical reagents

and the like measures are implemented. As a result of
such measures, oil fields are enriched with substances
that create an aggressive environment, the amount of
oxygen, carbon and hydrogen-sulfide gases increases
significantly, which in turn causes the acceleration of
the corrosion process inside the pipes [1–7].

The results of the conducted microbiological
analysis confirm the presence of microbiological
groups, including sulfate-reducing bacteria (SRB), iron
bacteria (IB), hydrocarbon-oxidizing bacteria (HOB)
and thion bacteria (TB) in the reservoir waters produced
together with oil. Mainly sulfate-reducing bacteria cause
severe corrosion of the inner surface of underground
pipelines. It should be noted that in recent years their
amount reaches 107 per 1 ml of some production well
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products. In general, the use of irrigation in the oil
production process leads to enrichment of productive
oil reservoirs with bacteria. Some studies show that
80% of equipment failures in the oil industry are due
to corrosion caused by microorganisms.

An effective way to protect the inner surface of
underground pipelines from corrosion is the application
of inhibitors. The main function of inhibitors is to
reduce the corrosion aggressiveness of the fluid produced
from the well. Without studying the mechanism of
action of inhibitors, it is impossible to select an effective
inhibitor for any specific condition. Thus, the inhibitor
shows different effects depending on the environment,
because the temperature of the aggressive environment,
the speed of movement of the liquid, its aggressiveness
and many other factors affect the effectiveness of the
inhibitor. One of the effective measures applied in
the protection of oil from corrosion in internal
transport systems of the mine is the preparation of
multi-functional bactericidal-inhibitory compounds
[6,8–11].

Analysis of the reagents used in the oil fields of
Azerbaijan showed that cost-effective corrosion
inhibitors were used mainly in the production of
hydrogen-sulfide (acidic medium) and sulfur-free
(neutral medium) cases. An inhibitor that is effective
in an acidic environment is less effective in a neutral
environment, and conversely, an inhibitor that is
effective in a neutral environment may be less effective
in an acidic environment. In addition, using the same
reagent for a long time is not very effective. Thus,
although some reagents have a very strong bactericidal
effect on most microbiological groups at the beginning
of their use, with prolonged use of that reagent, some
groups of microorganisms adapt to that environment.
Some reagent that previously had a bactericidal effect
on that group wanes over time, and eventually that
group of microorganisms may use those reagents as
nutrient components. From this point of view, it is
more appropriate to alternate the application of
bactericides in oil fields in a planned manner. Each
newly developed reagent should be tested in a mixture
of sea water and formation waters with products
produced from all horizons of the field; and its
bactericidal property, its effect on corrosion of relevant
metal equipment, pH of the environment, as well as
its interaction with chemical reagents that can be
applied in the case of salt deposition in that
environment, paraffin deposition and other
complications in wells should be studied.

Long-term exploitation of oil fields caused their
watering, which increased the aggressiveness of
corrosion. Depending on the aggressiveness of the
medium, the process of electrochemical and biological

corrosion, sometimes the transition of biological
corrosion to electrochemical corrosion, as well as the
reverse process became characteristic. Under such
difficult conditions, the use of inhibitors unilaterally
slowing down the corrosion process does not give the
desired economic results. From this point of view,
there was a need to investigate bactericide inhibitors
of complex action for the protection of oilfield
equipment against electrochemical and biological
corrosion. Although these inhibitors consist of several
components, each of which separately has certain
effectiveness, their mixture slows down various corrosive
effects and has a complex effect by creating a synergistic
effect [12–14].

The work objective is to develop and study the
properties of a complex effective new multi-functional
composition for corrosion protection of the inner
surface of oil mine pipelines.

Experimental
Chloroprene reagent was used to protect the inner

surface from corrosion. Its chemical formula is
CH2=CCl–CH=CH2; it is a colorless liquid with a
boiling point of 59.40C. Its molar mass is
88.5365 g/mol and its density is 960 kg/m3.

Chloroprene as a corrosion inhibitor was first
studied under laboratory conditions in reservoir waters
taken from various wells at the «Balakhani Oil» Oil
Gas Extraction Department. For this, the steel plates
taken for testing were cleaned of dirt and rust, polished,
and then wiped with a solvent (alcohol) and dried.
Laboratory tests were conducted in accordance with
the state standard SS 9.506-87 in a U-shaped device
at a temperature of 200C for 6 hours. In an aggressive
environment, the consumption amount of the
composition was in the range of 10–30 mg/l. In the
tests, a mechanical mixer that circulates water 500
times per minute was used, which allows the oxygen
flow, which acts as a depolarizer, to be fully ensured.

To carry out the tests, the surface of the steel
samples made of Ct3 and P-105 brand steels with
dimensions of 42×15×5 mm was pre-degreased with
organic solvents, and when they were put to the test,
their surfaces were wiped with a cloth swab soaked in
ethyl alcohol (according to the state standard
5962-67), and then the samples were weighed on an
analytical scale and their initial weight was determined.
After the test, the corrosion products on the samples
were cleaned in accordance with the state standard
9.907-83, then washed with technical water under
the tap, rinsed in distilled water and dried through
filter paper. The type of corrosion and the coverage
area were determined by visual inspection of the
samples removed from the test. Then they were re-
weighed on an analytical scale and the weight loss
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occurring in them during the test period was
determined. Based on the determined weight loss, the
corrosion rate of the metal was calculated.

Metal weight loss (∆m) is calculated by the

following equation:

0 1∆m m m ,= −   (1)

where m0 and m1 are the weights of the samples
before and after corrosion tests, respectively.

During the experiment, metal weight loss is
calculated for three steel plates and the average weight
is found. During gravimetric tests, the weight index
of corrosion rate in both reagentless and reagent media
is characterized by the corrosion rate (Km, g/(m2⋅h)
and is calculated by the following mathematical
equation:

τS
∆mKm ⋅

=   (2)

where S is the average surface area calculated for
three samples (m2); and τ is the duration of the test
(hours).

Based on the corrosion rate, the penetration
coefficient is determined as follows:

m
P

8760 KK ,
ρ
⋅

=   (3)

where Kp is the penetration coefficient (mm/year);
Km is the corrosion rate (g/m2⋅h); ρ is the density of
the studied metal (g/cm2); and 8760 is a constant
number of hours in a year.

The equation used to calculate the inhibition
factor (γ) is as follows:

0

inh

Kγ ,
K

=   (4)

were K0 is the rate of corrosion in the absence of a
reagent; and Kinh is the corrosion rate in the presence
of the reagent.

The protection effect of the reagent is calculated
by the following equation:

0

0

K KZ 100%,
K
−

= ⋅ ,  (5)

where K0 is the corrosion rate of the sample in a
reagent-free environment (g/m2⋅h); and Kinh is the
corrosion rate of the sample in reagent environment
(g/m2⋅h).

The area of Ct3 and P-105 brand steel samples

with dimensions of 42×15×5 mm is calculated
according to the following formula:

2ab2bh2ahSN ++= , (6)

where SN is the surface area of the steel sample (m2);
a is the sample length (mm); b is the sample width
(mm); and h is the height of the sample (mm).

Since a=42 mm, b=15 mm, and h=5 mm, the
surface area of the steel sample taken for testing was
SN=2⋅42⋅5+2⋅4215+2⋅15⋅5=1830 mm2=0.00183 m2.

Results and discussion
It is known that an increase in the amount of

water in oil wells leads to an increase in the amount
of elements with corrosion aggressiveness, including
sulfur, oxygen compounds, hydrogen-sulfide and
carbon dioxide, as well as mineral salts dissolved in
formation waters and microorganisms that cause
biological corrosion. The mentioned substances
contained in formation water mainly increase the
corrosion rate of the oil field equipment. For this
reason, it is necessary to protect the inner surface of
the pipelines that carry out the underground
transportation of the oil well products delivered to the
surface of the earth against electrochemical and
microbiological corrosion.

First of all, in order to determine the optimal
rate of consumption of reagents to be applied against
aggressive environments, the aggressiveness of the
operating environment and the concentration of the
ions that create this aggressiveness should be
determined. The experiments were carried out under
the laboratory conditions in formation waters taken
from the oil wells in operation at the «Balakhani Oil»
OGED.

The laboratory analysis of formation waters
showed that the amount of hydrogen sulfide gas in
the formation waters of «Balakhani Oil» oil and gas
extraction department varied from 16.7 mg/l to
101.6 mg/l. Since the oil wells of this OGED have
been in operation for a long time, the amount of
aggressive ions in the formation waters has increased
significantly as the dilution reached the limit of 98%.
It should be noted that when taking formation water
samples from the production wells for the experiment,
due to the low pressure, the solubility of carbon dioxide
and hydrogen sulfide is relatively reduced and these
gases can be separated from the water by evaporation.
During packaging and research, a certain amount of
gases is lost due to the fact that the hermeticity of the
system is not fully ensured. This causes a change in
pH, which is an indicator of hydrogen in the
environment.
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Under laboratory conditions, the effect of
chloroprene on the corrosion rate of P-105 and Ct3
steel samples in aggressive formation waters was
studied. The experiments were carried out for 6 hours
in formation waters taken from active wells at

Сinh, g/t K0, g/m2⋅h Kkomp, g/m2⋅h γ Kp, mm/year Z, % 
Ct3 steel samples 

0 0 0 0 0
10 0.6323 3.84 0.708 74
20 0.2918 8.33 0.326 88
30 

2.4318 

0.1459 16.6 0.163 94
P-105 steel samples 

0 0 0 0 0
10 0.4873 4.16 0.545 76
20 0.2030 10.0 0.227 90
30 

2.0304 

0.0812 25.0 0.090 96

Table 1
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 2646 of «Balakhani Oil»

oil and gas extraction department (6-hours tests)

Table 2
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 33151 of «Balakhani Oil»

oil and gas extraction department (6-hours tests)

Table 3
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 4012 of «Balakhani Oil»

oil and gas extraction department (6-hours tests)

«Balakhani Oil» oil and gas extraction department.
The consumption amount of chloroprene in the
corrosion environment was 10–30 mg/l. The obtained
results are given in Tables 1–5.
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Tables 1–5 show that the P-105 steel is subjected
to relatively sharper corrosion effects in the
environment of formation water mixture than Ct3
steel. In addition to general corrosion, pitting corrosion
is assumed to occur in the steel samples in the
environment. During the 6-hour tests, the corrosion
rate of Ct3 and P-105 brand samples at concentrations
of 10–30 mg/l of the reagent in the formation waters
taken from wells No. 2646, 33151, 4012, 31193, and
33016 of «Balakhani Oil» oil and gas extraction
department was 0.6323–0.1459, 0.4873–0.0812,
0.3816–0.0456, 0.9593–0.2741, 0.3380–0.0275,
0.6174–0.1143, 0.3497–0.0749, 1.002–0.3342,
0.5096–0.2070, and 0.7120–0.1017 g/m2⋅h,
respectively. The protection effect of chloroprene ranges
between 74–94%, 76–96%, 75–97%, 72–92%,
76–98%, 73–95%, 72–94%, 70–90%, 68–87%, and
72–96%, respectively.

In addition, studies were carried out for 24 hours
in the formation waters taken from wells in operation

at «Balakhani Oil» oil and gas extraction department,
and the obtained results are given in Tables 6–10.

It can be seen from Tables 6–10 that during the
24-hour test, the corrosion rate of Ct3 and P-105
steel samples at the concentrations of 10–30 mg/l of
the reagent Z1 in the formation waters taken from
the wells No. 2646, 33151. 4012, 31193, and 33016
is 0.1172–0.0347, 0.0830–0.0234, 0.0708–0.0109,
0.1861–0.0558, 0.0640–0.0073, 0.1199–0.0299,
0.0669–0.0200, 0.2056–0.0707, 0.0966–0.0426, and
0.1418–0.0244 g/m2⋅h, respectively. The respective
protection effect of chloroprene ranges between
73–92%, 75–94%, 74–96%, 70–91%, 74–97%,
72–93%, 70–91%, 68–89%, 66–85%, and 71–95%.

Thus, the chloroprene reagent has a significant
effect on the rate of the electrochemical corrosion
process occurring in the hydrogen sulfide formation
water taken from different wells, showing a high
protective effect.

Table 4
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 31193 «Balakhani Oil» oil and

gas extraction department (6-hours tests)

Table 5
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 33016 of «Balakhani Oil» oil and

gas extraction department (6-hours tests)

Сinh, g/t K0, g/m2⋅h Kkomp, g/m2⋅h γ Kp, mm/year Z, % 
Ct3 steel samples 

0 0 0 0 0
10 0.3497 3.57 0.391 72
20 0.1249 10.0 0.139 90
30 

1.2492 

0.0749 16.67 0.083 94
P-105 steel samples 

0 0 0 0 0
10 1.002 3.33 1.122 70
20 0.4679 7.14 0.524 86
30 

3.3426 

0.3342 10.0 0.374 90
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Conclusions
1. The effect of chloroprene reagent on the

corrosion rate of the hydrogen sulfide formation water
taken from wells No. 2646, 33151, 4012, 31193 and
33016 of «Balakhani Oil» OGED was studied for the
first time, samples made of Ct3 and P-105 steels

being used in the experiment lasting 6 and 24 hours.
The consumption rate of chloroprene reagent was up
to 30 mg/l.

2. The protective effect of chloroprene at
concentrations of 10–30 mg/l of the reagent for Ct3
and P-105 steel samples in the formation waters taken

Table 6
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 2646 of «Balakhani Oil» oil and

gas extraction department (24-hours tests)

Table 7
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 33151 of «Balakhani Oil» oil and

gas extraction department (24-hours tests)

Table 8
Effect of chloroprene on the rate of corrosion in formation water taken from well No. 4012 of «Balakhani Oil» oil and

gas extraction department (24-hours tests)

Сinh, g/t K0, g/m2⋅h Kinh, g/m2⋅h γ Kp, mm/year Z, % 
Ct3 steel samples 

0 0 0 0 0
10 0.0708 3.85 0.305 74
20 0.0272 10.0 0.030 90
30 

0.2726 

0.0109 25.0 0.012 96
P-105 steel samples 

0 0 0 0 0
10 0.1861 3.33 0.208 70
20 0.0806 7.69 0.090 87
30 

0.6206 

0.0558 11.12 0.062 91 
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from wells No. 2646, 33151, 4012, 31193, and 33016
of «Balakhani Oil» OGED for 6 hours tests varied
between 74–94%, 76–96%, 75–97%, 72–92%,
76–98%, 73–95%, 72–94%, 70–90%, 68–87%, and
72-96%.

3. It was determined that during the 24-hours
tests, chloroprene effect (10–30 mg/l) for Ct3 and
P-105 samples in the formation waters taken from
wells No. 2646, 33151, 4012, 31193, and 33016 of
«Balakhani Oil» OGED varied between 73–92%,
75–94%, 74–96%, 70–91%, 74–97%, 72–93%,
70–91%, 68–89%, 66–85%, and 71–95%.
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ÄÎÑË²ÄÆÅÍÍß ÍÎÂÎ¯ ÁÀÃÀÒÎÔÓÍÊÖ²ÎÍÀËÜÍÎ¯
ÊÎÌÏÎÇÈÖ²¯ ÄËß ÇÀÕÈÑÒÓ ÂÍÓÒÐ²ØÍÜÎ¯
ÏÎÂÅÐÕÍ² ÍÀÔÒÎÏÐÎÂÎÄ²Â Ó ØÀÕÒ²

Ã.Ð. Ãóðáàíîâ, À.Â. Ãàñèìçàäå, Ö.¯. Ñ³í, Í.À. Àñêåðîâà

Âïåðøå õëîðîïðåíîâèé ðåàãåíò (ï³ä íàçâîþ Z-1) áóâ 
âèêîðèñòàíèé äëÿ çàõèñòó â³ä êîðîç³¿ â ð³çíèõ àãðåñèâíèõ 
ñåðåäîâèùàõ ó ëàáîðàòîðíèõ óìîâàõ. Çàõèñí³ êîðîç³éí³ 
âëàñòèâîñò³ ðåàãåíòó Z-1 áóëè âèâ÷åí³ ó ïëàñòîâèõ âîäàõ, 
âçÿòèõ ç íàôòîâèõ ñâåðäëîâèí ¹ 2646, 33151, 4012, 31193 
òà 33016, ùî ïðàöþþòü íà Áàëàõàíñüêîìó íàôòîâîìó 
ÎÃÄÅÃ. Ï³ä ÷àñ âèïðîáóâàíü âèêîðèñòîâóâàëè çðàçêè ç³ 
ñòàëåé ìàðîê Ñò3 òà P-105 ç ðîçì³ðàìè 42´15´5 ìì. Åêñïå-
ðèìåíòè ïðîâîäèëèñÿ â äèíàì³÷íèõ óìîâàõ ïðè ê³ìíàòí³é 
òåìïåðàòóð³ ïðîòÿãîì øåñòè òà äâàäöÿòè ÷îòèðüîõ ãîäèí, 
à øâèäê³ñòü êîðîç³¿ âèçíà÷àëàñÿ ãðàâ³ìåòðè÷íèì ìåòîäîì. 
Ï³ä ÷àñ åêñïåðèìåíò³â âèêîðèñòîâóâàëèñÿ êîíöåíòðàö³¿ 
Z-1 10, 15, 20 òà 25 ìã/ë. Ç àíàë³çó ðåçóëüòàò³â ÷èñëåííèõ 
åêñïåðèìåíò³â, ïðîâåäåíèõ ç îáîìà òèïàìè ñòàëåé, áóëî 
âèÿâëåíî, ùî îïòèìàëüíà êîíöåíòðàö³ÿ ñêëàäó ñòàíîâèòü 
25 ìã/ë. Åôåêòèâí³ñòü çàõèñòó êîìïîçèö³¿ Z-1 ó ïëàñòîâèõ 
âîäàõ çàçíà÷åíèõ âèùå íàôòîâèõ ñâåðäëîâèí ï³ä ÷àñ øåñ-
òèãîäèííîãî åêñïåðèìåíòó áóëà íàñòóïíîþ: äëÿ çðàçê³â Ñò3 
âîíà êîëèâàëàñÿ â³ä 75% äî 94%, â³ä 75% äî 97%, â³ä 76%
äî 98%, â³ä 72% äî 94% òà â³ä 68% äî 87%, â³äïîâ³äíî, 
òîä³ ÿê äëÿ çðàçê³â ñòàë³ P-105 âîíà êîëèâàëàñÿ â³ä 76% äî 
96%, â³ä 72% äî 92%, â³ä 73% äî 85%, â³ä 70% äî 90% òà 
â³ä 72% äî 96%, â³äïîâ³äíî. Ï³ä ÷àñ 24-ãîäèííèõ âèïðî-
áóâàíü íà êîðîç³þ åôåêòèâí³ñòü çàõèñòó ñêëàäó Z-1 áóëà 
73–92%, 74–96%, 75–97%, 70–92% òà 66–85% äëÿ çðàçê³â 
ñòàë³ Cò3 ³ 75–94%, 70–91%, 72–83%, 68–89% òà 71–95%
äëÿ çðàçê³â ñòàë³ P-105, â³äïîâ³äíî.

Êëþ÷îâ³ ñëîâà: êîåô³ö³ºíò ïðîíèêíåííÿ, øâèäê³ñòü
êîðîç³¿, ³íã³á³òîð, êîíöåíòðàö³ÿ, ïëàñòîâà âîäà, åôåêò çàõèñòó.
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For the first time, a chloroprene reagent (named as Z-1)
has been used against corrosion in various aggressive environments
under laboratory conditions. The corrosion protection properties
of the reagent Z-1 have been studied in formation waters taken
from oil wells No. 2646, 33151, 4012, 31193 and 33016 in
operation at Balakhani Oil OGED. Samples made of Ct3 and
P-105 brand steels with dimensions of 42´15´5 mm have been
used during the tests. Experiments have been performed under
dynamic conditions at room temperature for six and twenty-
four hours, and the corrosion rate has been determined by
gravimetric method. During the experiments, concentrations of
10, 15, 20 and 25 mg/l of Z-1 composition were used. The
analysis of results from numerous experiments conducted with
both types of steel revealed that the optimal concentration of the
composition is 25 mg/l. The protection efficiency of the
composition Z-1 in the formation waters of the abovementioned
oil wells during the six-hour experiment was as follows: for Ct3
samples, it ranged from 75% to 94%, 75% to 97%, 76% to
98%, 72% to 94%, and 68% to 87%, respectively, while for
P-105 steel samples, it ranged from 76% to 96%, 72% to 92%,
73% to 85%, 70% to 90%, and 72% to 96%, respectively.
During 24-hour corrosion tests, the protection efficiency of the
composition Z-1 was 73–92%, 74–96%, 75–97%, 70–92%,
and 66–85% for Ct3 steel samples and 75–94%, 70–91%,
72–83%, 68–89%, and 71–95% for P-105 steel samples,
respectively.

Keywords: penetration coefficient; corrosion rate; inhibitor;
concentration; formation water; protection effect.
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