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We investigated the impact of a new composition (HS-1) composed of gossypol resin
and IB-1 reagent taken in the ratio of 3:1 on the corrosion rate in the hydrogen sulfide
formation water under laboratory conditions. Concentrations of 20, 40, 60 and 80 mg/l of
the new composition were used. The formation water sample taken from well No. 1082
of «Bibiheybatneft» OGPD, SOCAR was used as an corrosion medium. The corrosion
effects were also investigated at the concentrations of 50, 100, 150 and 200 mg/l of
gossypol resin and 10, 15, 20 and 25 mg/l of IB-1 inhibitor. When the concentration of
gossypol resin in the formation water increased by 50–200 mg/l, the corrosion protection
effect took a value in the range of 60–82%. When the concentration of IB-1 inhibitor
varied between 10–25 mg/l in a hydrogen sulfide medium, the protection effect was
between 65–90%. Increasing the concentration of new HS-1 composition in the range of
30–80 mg/l resulted in an increase in its corrosion protection effect between 74–98%. It
was found that the optimal consumption rate of gossypol resin, IB-1 inhibitor and HS-
1 composition for corrosion protection in an aggressive medium with hydrogen sulfide
was 200 mg/l, 25 mg/l and 80 mg/l, respectively.
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Introduction
Protection of units and facilities used in the oil

industry from corrosion remains an urgent issue, and
the damage caused by corrosion to the world economy
is measured in billions of dollars per year. It is known
that the presence of components with corrosion
aggressiveness, including sulfur and oxygen compounds,
hydrogen sulfide, carbon dioxide, molecular oxygen,
as well as mineral salts dissolved in formation water,
causes corrosion of facilities during exploitation.
Hydrogen sulfide in formation water is extremely
dangerous for the units and facilities. This compound
is highly reactive and causes hydrogen brittleness in
metals [1,2]. Despite the extensive research of the
corrosion process of metals in the hydrogen sulfide
medium, the solution to this problem in the oil
industry is still very important [3,4].

It should be noted that the main factor affecting
the corrosion rate of the internal surface of oil industry

facilities is the hydrogen sulfide factor. Hydrogen sulfide
is the most aggressive corrosion agent. Being well
soluble in formation waters and fluid hydrocarbons,
it promotes further activation of cathode and anode
processes in electrochemical corrosion. It was
discovered that hydrogen sulfide dissociates into ions
as a weak acid, and HS– ion is adsorbed on the
surface of iron, changing its electrode potential to the
negative side. This reduces the overvoltage in hydrogen
separation and intensifies the cathodic process [5].
For the iron family metals, hydrogen sulfide stimulates
hydrogen brittleness by accelerating cathode and anode
processes. During the process, the reduced hydrogen
atoms diffuse to the surface of the metal, creating
hydrogen fatigue or hydrogen brittleness, as a result
of which the metal loses its property of plasticity. In
addition, the corrosion product formed during the
process has an effect on the intensification of the
corrosion rate in the presence of H2S. Thus, during
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the research of the effect mechanism of iron (II)
sulfide coating formed in the hydrogen sulfide medium
on the corrosion process, it was determined that in
the course of corrosion, iron (II) sulfide acts as the
cathode, and the iron atom acts as the anode, forming
a Fe–FeS microgalvanic pair.

The presence of hydrogen sulfide in formation
waters leads to intensive corrosion of the internal
surface of underground facilities in oil wells, oil
pipelines, oil storage and sedimentation tanks, as well
as facilities exploited in an oil refinery. For this reason,
the issue of selection, checking and wide application
of chemical reagents for reducing the rate of the
corrosion process and even completely stopping it
remains relevant.

Corrosion inhibitors are divided into non-volatile
and volatile inhibitors according to the application
conditions in various industries. In addition, the
protection effect of inhibitors depends on the pH of
the aggressive medium. In this regard, corrosion
inhibitors are divided into inhibitors used for neutral,
alkaline and acidic media. During protection, inhibitors
either reduce the rate of electrochemical corrosion or
completely reduces it to zero by reacting with the
metal to form a passive coating on the surface of the
metal, forming several molecular coating layers on
the surface of the metal, eliminating the effect of
corrosive ions, or removing those ions from the
corrosion medium and forming a deposit on the metal
surface, covering the surface.

Corrosion inhibitors are also divided into two
groups, inorganic and organic inhibitors according to
their chemical composition. In recent years, in various
fields of industry, especially in the oil industry,
inhibitors of organic origin have been applied, most
of which weaken the rate of electrochemical corrosion
in acidic media. Thus, based on the effect mechanism
of these inhibitors the adsorption process stops. They
are adsorbed in the anode and cathode areas,
preventing metal ionization and hydrogen ion release.
For this reason, when adding inhibitors to acidic
medium, although the corrosion rate is reduced enough,
the numerical value of the stationary potential is almost
unchanged. The protection effect of organic inhibitors
depends on their nature, temperature and concentration
of hydrogen ions. When protecting the internal surface
of industrial facilities from electrochemical corrosion
in an acidic medium, inhibitors of organic origin are
mostly used. It is in such a medium that organic
inhibitors have a stronger effect than inorganic
complexes, while showing a high protection effect
[6–9].

As corrosion inhibitors, individual compounds
and compositions are used that lead to a sharp reduction

or complete stoppage of electrochemical corrosion loss
of metals in harsh operating media. Therefore, the
synthesis of new types of reagents with inhibitory
properties, the research of their properties and effect
mechanism in terms of corrosion protection have
become the area of interest of the modern era [10,11].

The research objective was to conduct comparative
study of the effect of reagents in an aggressive medium
under laboratory conditions.

Experimental
Table 1 shows the ionic composition of the

formation water sample taken from the well No. 1082
of «Bibiheybatneft» OGPD used for the experiments.

Ions Concentration 
of ions, mg/l 

Equivalent 
concentration of 

ions, mg-eq/l 

Equivalent 
amount, % 

Na++K+ 31298.987 1304.12 46.57 
Ca2+ 1122.24 56 1.9998 
Mg2+ 486.4 40 1.4284 
Fe3+ 2561.58 853.86 – 
Cl- 49010.49 1382.52 49.37 
SO4

2– 28.81 0.60 0.0214 
HCO3

– 1037.00 17.00 0.6071 
H2S 15 – – 

Table 1
Ionic composition of formation water taken from well No.

1082

During the laboratory experiments, gossypol resin,
IB-1 inhibitor and a composition containing gossypol
resin and IB-1 inhibitor at the ratio of 3:1 and a new
composition with conventional name HS-1 were used
as reagents. It should be noted that gossypol resin is
an intermediate-level waste product obtained during
the production of cottonseed oil, and IB-1 inhibitor
is an unsaturated organic compound the molecular
composition of which contains carbon, hydrogen,
oxygen and halogen atoms.

Under laboratory conditions, gravimetric
experiments were carried out in accordance with the
requirements of the state standards SS 9.502-82 and
SS 9.506-87, and Ñò3 steel samples were used during
the experiment. For this, pre-prepared and cleaned
steel plates were weighed on an analytical balance
and placed in a rectangular flask equipped with a
mechanical stirrer. Then, the calculated volume of
formation water and the required amount of reagent
were added into the flask. It should be noted that the
amount of the reagent was calculated according to the
known rule for one liter of corrosion medium. The
test process was carried out at a temperature of 20±30C
for six hours with constant stirring at a rotation speed
of 800 rpm. After six hours, the system was kept at
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rest for a while, and then the steel samples were
washed, cleaned, wiped with alcohol, dried and
reweighed on an analytical balance. Then, the
corrosion protection efficiency of the researched
reagents was calculated.

Results and discussion
First of all, the effect of gossypol resin on the

corrosion rate of formation water was researched and
the corrosion protection efficiency was calculated. The
results obtained from the experiments are given in
Table 2.

In order to establish the effect of organic IB-1
inhibitor on the corrosion rate in the medium with
the hydrogen sulfide formation water, its concentrations
was varied in the range of 10 to 25 mg/l and the
results obtained are given in Table 3.

Table 2
Protection effect of gossypol resin in the formation water

with H2S

Cinh, mg/l 
Corrosion rate, 
K, g/m2⋅hour

Inhibition 
factor, γ 

Protection 
effect, Z, % 

50 1.72 2.50 60
100 1.38 3.10 68 
150 1.12 3.84 74 
200 0.78 5.51 82 

As is seen from Table 2, an increase in the
concentration gossypol resin in the hydrogen sulfide
formation water results in an increase in the corrosion
protection effect. Thus, the protection effect is 60, 68,
74 and 82% in the aggressive medium with the gossypol
resin concentrations of 50, 100, 150 and 200 mg/l,
respectively. At the given concentrations, the inhibition
coefficient is 2.50, 3.10, 3.84 and 5.51, respectively.

Figure 1 shows the effect of gossypol resin
concentration on the corrosion rate.

Fig. 1. Dependence of the corrosion rate on the gossypol resin

concentration

As is seen from the dependence presented in
Fig. 1, after six hours from adding 50, 100, 150 and
200 mg/l of gossypol resin to the medium with a net
corrosion rate of 4.30 g/m2⋅h, the corrosion rate gets
the value of 1.72, 1.38, 1.12 and 0.78 g/m2⋅h,
respectively.

Table 3
Protection effect of IB-1 inhibitor in the H2S formation

water

Fig. 2. Dependence of the corrosion rate on the IB-1 inhibitor

concentration

As is seen from Table 3, the corrosion protection
effect increases as the concentration of IB-1 inhibitor
increases in the hydrogen sulfide formation water.
Thus, the protection effect is 65, 74, 82, 90%,
respectively, in an aggressive medium where
concentrations of 10, 15, 20, 25 mg/l of the reagent
are added. At the given concentrations, the inhibition
factor is 2.86, 3.84, 5.51 and 10.0, respectively.

Figure 2 shows the effect of the IB-1 inhibitor
concentration on the corrosion rate.

As it seen from Fig. 2, when adding 10, 15, 20
and 25 mg/l of IB-1 inhibitor to the hydrogen sulfide
formation water, the corrosion rate in the is equal to
1.5, 1.12, 0.78 and 0.43 g/m2⋅h for six hours,
respectively.

The effect of new HS-1 composition on the rate
of electrochemical corrosion in the hydrogen sulfide
formation water was also studied (Table 4).

As is seen from the results given in Table 4,
HS-1 composition has a higher impact in an aggressive
corrosion medium compared to its individual
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constituents. Thus, the corrosion rate decreases sharply
and takes a very small value at a concentration of 20–
80 mg/l. The protection effect of HS-1 composition
varies between in the range of 74 to 98%.

Figure 3 shows the dependence of the corrosion
rate on the concentration of new composition HS-1.

As is seen from Fig. 3, when adding 20, 40, 60
and 80 mg/l IB-1 of HS-1 inhibitor to the hydrogen
sulfide formation water, the corrosion rate in the
medium takes a value of 1.12, 0.73, 0.34 and
0.08 g/m2⋅h for six hours, respectively.

has a high protection effect, having a more impact on
the corrosion rate in the hydrogen sulfide formation
water compared to its individual constituents.

3. It was determined that optimal consumption
rate of gossypol resin, IB-1 inhibitor, and HS-1
composition during corrosion protection is 200, 25,
and 80 mg/l, and protection effects is 82, 90, and
98%, respectively.
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water with H2S

Cinh, 
mg/l 

Corrosion rate, 
K, g/m2⋅hour

Inhibition 
factor, γ 

Protection effect, 
Z, % 

20 1.12 3.84 74 
40 0.73 5.89 83 
60 0.34 12.64 92 
80 0.08 53.75 98 

Fig. 3. Dependence of the corrosion rate on the HS-1

inhibitor concentration

Figure 4 compares the corrosion protection effects
of gossypol resin, IB-1 inhibitor and HS-1 composition
in the hydrogen sulfide formation water at the optimal
consumption rate, based on the results of laboratory
experiments.

Thus, the results presented in Fig. 4 reveals that
the HS-1 composition has the highest protection effect
compared to its individual constituents.

Conclusions
1. The effect of new HS-1 composition and its

constituent components, gossypol resin and IB-1
inhibitor, on the rate of electrochemical corrosion in
the hydrogen sulfide formation water was investigated
under laboratory conditions for the first time, and
their corrosion protection effects and optimal
consumption rate were determined.

2. It was revealed that new HS-1 composition

Fig. 4. Protection effects of reagents at their optimal

consumption rates
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ÄÎÑË²ÄÆÅÍÍß ÇÀÕÈÑÍÎÃÎ ÊÎÐÎÇ²ÉÍÎÃÎ
ÅÔÅÊÒÓ ÍÎÂÎ¯ ÊÎÌÏÎÇÈÖ²¯ ÍÀ ÎÑÍÎÂ²
ÃÎÑÈÏÎËÓ Â Ñ²ÐÊÎÂÎÄÍÅÂ²É ÏËÀÑÒÎÂ²É ÂÎÄ²

Ã.Ð. Ãóðáàíîâ, Ñ.Ì. Ïàøàºâà

Äîñë³äæåíî âïëèâ íîâî¿ êîìïîçèö³¿ (HS-1), ùî ñêëà-
äàºòüñÿ ç³ ñìîëè ãîñèïîëó òà ðåàãåíòó IB-1, âçÿòèõ ó
ñï³ââ³äíîøåíí³ 3:1, íà øâèäê³ñòü êîðîç³¿ ó ñ³ðêîâîäíåâ³é
ïëàñòîâ³é âîä³ çà ëàáîðàòîðíèõ óìîâ. Äëÿ öüîãî âèêîðè-
ñòîâóâàëèñÿ êîíöåíòðàö³¿ 20, 40, 60 òà 80 ìã/ë íîâî¿ êîì-
ïîçèö³¿. ßê êîðîç³éíå ñåðåäîâèùå âèêîðèñòîâóâàëàñÿ ïðî-
áà ïëàñòîâî¿ âîäè, âçÿòà ç ñâåðäëîâèíè ¹ 1082 ÎÃÏÄ «Á³á³-
Ãåéáàòíåôò», ÀÎ «ÑÎÊÀÐ». Òàêîæ äîñë³äæåíî âïëèâ êî-
ðîç³¿ ïðè êîíöåíòðàö³ÿõ 50, 100, 150, 200 ìã/ë ãîñèïîëó òà
10, 15, 20 òà 25 ìã/ë ³íã³á³òîðà IB-1. Ïðè çá³ëüøåíí³ êîí-
öåíòðàö³¿ ãîñèïîëó ó ïëàñòîâ³é âîä³ äî 50–200 ìã/ë, âåëè-
÷èíà çàõèñíî¿ çäàòíîñò³ â³ä êîðîç³¿ çíàõîäèëàñÿ ó ä³àïàçîí³
60–82%. Ïðè çì³í³ êîíöåíòðàö³¿ ³íã³á³òîðó IB-1 â³ä 10 äî
25 ìã/ë ó ñ³ðêîâîäíåâîìó ñåðåäîâèù³ çàõèñíèé åôåêò ñòà-
íîâèâ â³ä 65 äî 90%. Çá³ëüøåííÿ êîíöåíòðàö³¿ íîâîãî ñêëà-
äó HS-1 â ä³àïàçîí³ â³ä 30 äî 80 ìã/ë ïðèçâåëî äî çðîñòàí-
íÿ åôåêòèâíîñò³ éîãî çàõèñòó â³ä êîðîç³¿ â³ä 74 äî 98%.
Áóëî âèÿâëåíî, ùî îïòèìàëüíà øâèäê³ñòü ñïîæèâàííÿ
ãîñèïîëó, ³íã³á³òîðà IB-1 òà ñêëàäó HS-1 äëÿ çàõèñòó â³ä
êîðîç³¿ â àãðåñèâíîìó ñ³ðêîâîäíåâîìó ñåðåäîâèù³ ñòàíî-
âèëà 200 ìã/ë, 25 ìã/ë òà 80 ìã/ë, â³äïîâ³äíî.

Êëþ÷îâ³ ñëîâà: ñ³ðêîâîäåíü, ðåàãåíò, ³íã³á³òîð,
øâèäê³ñòü êîðîç³¿, ïëàñòîâà âîäà, îïòèìàëüíà øâèäê³ñòü
ñïîæèâàííÿ.
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We investigated the impact of a new composition (HS-1)
composed of gossypol resin and IB-1 reagent taken in the ratio
of 3:1 on the corrosion rate in the hydrogen sulfide formation
water under laboratory conditions. Concentrations of 20, 40, 60
and 80 mg/l of the new composition were used. The formation
water sample taken from well No. 1082 of «Bibiheybatneft»
OGPD, SOCAR was used as an corrosion medium. The corrosion

effects were also investigated at the concentrations of 50, 100,
150 and 200 mg/l of gossypol resin and 10, 15, 20 and
25 mg/l of IB-1 inhibitor. When the concentration of gossypol
resin in the formation water increased by 50–200 mg/l, the
corrosion protection effect took a value in the range of 60–82%.
When the concentration of IB-1 inhibitor varied between
10–25 mg/l in a hydrogen sulfide medium, the protection effect
was between 65–90%. Increasing the concentration of new
HS-1 composition in the range of 30–80 mg/l resulted in an
increase in its corrosion protection effect between 74–98%. It
was found that the optimal consumption rate of gossypol resin,
IB-1 inhibitor and HS-1 composition for corrosion protection
in an aggressive medium with hydrogen sulfide was 200 mg/l,
25 mg/l and 80 mg/l, respectively.

Keywords: hydrogen sulfide; reagent; inhibitor; corrosion
rate; formation water; optimal consumption rate.
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