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Bnepeuvie 6 nabopamophbix ycioeuax uzyuenvl 6AKmMepuyuOHo-uHZHOUMOPHbBIE C8OLICEA
peazenma C-1 ¢ nnacmogvlx 600ax, co0epIHCAUUX CEPOBOOOPOO U 0OHOBPEMEHHO CEPOBOOOPOO U
Y2IIeKUCIblIL 2a3, U Ha numamenvHoul cpede «Ilocmeeiim-by, codepicawieii cynvhampedyuyupyio-
wiue oaxmepuu «Desulfomicrobium» u «Desulfovibriodesulfurican». B akcnepumenme ucnonp-
306anu konyenmpayuu 10, 15, 20, 25 u 30 me/n peazenma. Ckopocmo Koppo3uu 8 cepoeooopoo-
HOIl cpede npu KoHyenmpauuu ucciedyemozo peazenma 30 m2/n cocmasnsem 0,0864 2/m*-u, a
sawumnolii yppexm (Z) — 98,2%, ¢ mo épemsa KaxK 6 naacmoeoil 600e, 20e RPUCYMCMEYIom 0oa
2aza, ckopocmv Kopposuu cocmaensem 0,252 2/m, a 3awgummnstii I¢phexm cocmasnaem 96,5%.
Ilpu uccnedosanuu 6aKmepuyUOHO20 CEOIICHEA PeAzeHM A YCINAHO61EHO0, U0 OH 6 DoIbliell cie-
nenu crudcaem uuciennocms o6axmepuanvhoix Kiemox Desulfovibriodesulfurican no cpasnenuio
¢ oakmepusamu Desulfomicrobium. ITo konyenmpayuu ceposodopoda, npodyuupyemozo 6axme-
puamu, paccuumoleéanu daxmepuyuonstit Ipgpexm (S, %) peazenma C-1 6 cpede, cooeporcauiei
obe 6axmepuu. Ha cpeoe, cooepacamen Desulfovibriodesulfurican SRB, npu konyenmpayuu un-
cubumopa 30 m2/n eenuuuna 6akmepuyuoHozo IPgpexkma cocmasuna 68% ¢ nepewvie cym., 80% -
Ha emopwie cym., 85% - na mpemuou cym., 90% - na uemeepmutit denv, 91% - na namwtii denv, 92%
- Ha wecmoii denv u 93% - na cedvmoii denv. Y 6axmepuii Desulfomicrobium eeruuuna S co-
cmaesnsem 55, 70, 80, 83, 84, 85, 85% coomeemcmeenno. Takum obpazom, ycmanoeieno, 4mo
peazenm C-1 pe3ko cHudcaem KOAu4ecmeo OUO2EHHO20 CepPo8OOOPOOa 6 NUMAMmMEeIbHOU cpede
«locmzenm b» ¢ yuacmuem cynvgpampedyuyupyroujux 6axmepuit, Ho He OCMAHABIUEAEM NOTIHO-
cmulo npoyecc cyabhampeoyKyuu.

KuroueBble cioBa: MHIHOUTOpP, COCTaB, peareHT, KOPPo3us, MIacToBas BOAA, CEPOBOAOPO, YIIIEKHC-
JIBIY Ta3, CyJbhaTpeynupyronme OakTepun, 0aKTepUIIMIHOE JICHCTBHE
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For the first time, the bactericidal-inhibitory properties of the S-1 reagent were studied in
laboratory conditions in reservoir waters containing hydrogen sulfide and at the same time hydro-
gen sulfide and carbon dioxide, and in *"Postgate-B™ nutrient medium sulfate-reducing bacteria
“Desulfomicrobium” and “Desulfovibriodesulfuricans” containing. Concentrations of 10, 15, 20,
25 and 30 mg/l of the reagent were used during the experiment. The corrosion rate in the hydrogen
sulphide environment at a concentration of 30 mg/l of the studied reagent is 0.0864 g/m?-hour, and
the protection effect (Z) is 98.2%, while in the reservoir water where both gases are present, the
corrosion rate is 0.252 g/m, and the protection effect is 96.5%. During the investigation of the bac-
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tericidal property of the reagent, it was determined that it reduces the number of Desulfovibri-
odesulfuricans bacterial cells more in comparison with Desulfomicrobium bacteria. Based on the
concentration of hydrogen sulfide produced by bacteria, the bactericidal effect (S,%) of reagent S-
1 was calculated in the both bacteria containing medium. In the medium containing Desulfovibri-
odesulfuricans SRB, at a concentration of 30 mg/l of the inhibitor, the value of the bactericidal
effect was 68% on the first day, 80% - on the second day, 85% - on the third day, 90% - on the
fourth day, 91% - on the fifth day, 92% - on the sixth day, and 93% - on the seventh day. In Desul-
fomicrobium bacteria, the value of S is 55, 70, 80, 83, 84, 85, 85%, respectively. Thus, it was found
that reagent C-1 sharply reduces the amount of biogenic hydrogen sulfide in the nutrient medium
"Postgate B with the participation of sulfate-reducing bacteria, but does not completely stop the

process of sulfate reduction.

Key words: inhibitor, composition, reagent, corrosion, reservoir water, hydrogen sulfide, carbon diox-

ide, sulfate-reducing bacteria, bactericidal effect

JJis uuTMpoBaHus:

I'yp6anos I'.P., I'aceim3aze A.B., A66acosa JI.A. HccienoBaHre HOBOro MHOTO(YHKIIMOHAIEHOTO HHTHOUTOPA B J1a00paTop-
HBIX YCHOBUSAX. M38. 6y308. Xumusi u xum. mexronozusi. 2023. T. 66. Bei. 8 C. 106—112. DOI: 10.6060/ivkkt.20236608.6764.

For citation:

Gurbanov H.R., Gasimzade A.V., Abbasova L.A. Study of a new multifunctional inhibitor under laboratory condition. Chem-
ChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2023. V. 66. N 8. P. 106—112. DOI: 10.6060/ivkkt.20236608.6764.

INTRODUCTION

Ensuring the reliability and continuity of the
operation of oil industry equipment, including pipeline
systems, is one of the most important tasks in the de-
velopment of oil and gas fields and the subsequent
transportation of hydrocarbons. However, the corro-
sion aggressiveness of the operating environment in
this industry is quite high, and in its turn, this is the
transformation of the operating environment into an
aggressive corrosion environment due to mineralized
formation water, hydrogen sulfide, carbon dioxide and,
most importantly, sulfate-reducing bacteria. [1-5]. The
most dangerous for gas and oil pipelines is condensate
formed when the temperature of oil and gas drops.
Condensate combines a two-phase corrosion system
and corrosion processes occur in its water part [6-10].
Corrosion of well steel equipment, as well as highway
and technological pipelines shortens their service life
and increases repair costs, and can also cause serious
damage to the environment. Thus, damage to equip-
ment can lead to salinization of the soil with aggressive
groundwater, contamination of the soil and natural wa-
ter pools with oil and its products [11-13].

One of the effective methods of corrosion pro-
tection of field equipment and pipelines in the oil and
gas industry is the use of corrosion inhibitors. For this,
individual combinations or compositions of a number
of substances are used, which contribute to the sharp
reduction of corrosion losses of metals in harsh condi-
tions with mineral salts and aggressive gases (H-S, Oa,
CO») and sulfate-reducing bacteria in technological en-
vironments. Inhibitor protection of field equipment and
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pipelines from corrosion. is the most widespread and
economically justified method [14]. By changing the
concentration of the inhibitor or using an inhibitor with
different anti-corrosion properties, it is possible to re-
duce the corrosion rate to a minimum level without
making fundamental changes in the existing techno-
logical schemes [15]. At present, inhibiting the internal
surface of underground oil pipelines is the main
method of internal corrosion protection. Protection of
installations and equipment from corrosion caused by
aggressive environments is one of the important tasks
facing petroleum engineers. The use of inhibitors is one
of the most effective methods of combating corrosion of
metals in various aggressive environments. [16-20].

The purpose of the work is to study the protec-
tive effectiveness of the new multifunctional corrosion
inhibitor under laboratory conditions.

RESEARCH METHODOLOGY

The process of internal corrosion is caused by
the contact of the internal surface of the pipeline with
liquid. It is known that formation waters contain so-
dium, magnesium and calcium chlorides, and in some
cases sulfides, bromides, iodides and borates. Besides
CO; and O, elemental sulfur, H,S, mercaptans and
other organic sulfur compounds can also be dissolved
in formation water. From the sulfur compounds, hydro-
gen sulfide is the most aggressive corrosion agent
against steel equipment. The aggressiveness of other
sulfur compounds is mainly due to their ability to pro-
duce H; as a result of their decomposition. Carbon di-
oxide unambiguously increases the corrosion aggres-
siveness of formation water. The reason for this is the
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decrease in the pH of the environment during the dis-
solution of carbon dioxide in the formation water. The
presence of oxygen in the formation water (solubility
decreases with the increase in salinity of the water) fa-
cilitates the depolarization of the corrosion process.

In the presented article, Ct3 steel samples with
30x20x1 mm dimensions were used during laboratory
tests. The area of the samples taken for testing is cal-
culated according to the following formula:

Sx=2ah + 2ab + 2hb
where, Sy — area of the steel sample, m?; a — sample
length, mm; b — sample width, mm; h — height of the
sample, mm.

Since a =30mm, b = 20mm, h = 1mm, the area
of the steel sample taken for testing was Sy=2-30-1 +
+2-30-:20 +2-20-1 = 1300 mm? = 0.0013 m?.

The surface of the steel plates was polished on
a grinding machine in accordance with the require-
ments of the GOST 2789-73 standard, and after clean-
ing the surfaces with acetone and alcohol, they were
washed with distilled water. In order to activate the sur-
face, the steel plates were kept in a 15% HCI solution
for 60 s, after it was washed first in running water then
— in distilled water, dried with filter paper, kept in a
desiccator for sixty minutes, and weighed on an ana-
Iytical balance with an accuracy of 5-10° g. The exper-
iments were carried out in parallel in the same medium
without and with the inhibitor for comparison [21]. To
conduct the laboratory test, steel samples prepared ac-
cording to the regulations were placed in the corrosion
environment without inhibitor and inhibitor added and
the time was recorded.

After the laboratory test was completed, the
steel plates were removed from the environment and
cleaned of corrosion products on the surface. For this,
the plates were cleaned with cotton in a solution made
of 10% hydrochloric acid and 40% formalin, washed
in running water and dried with acetone. The plates
were kept in a desiccator for 10-12 h to bring them to
a constant weight both before and after the experiment.
The plates were then weighed again [22].

The gravimetric method is used to test corro-
sion inhibitors. The method consists of determining the
mass loss of metal samples in test environments with-
out and with inhibitors, and then evaluating the protec-
tive effect of the inhibitor based on the change in cor-
rosion rate. The water part of the water-oil environ-
ment was chosen as the test medium, because the well
oil samples presented contain suspended formation
water [28-29].

Metal loss (Am) is calculated by the following
equation.

Am=mg-my
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During the experiment, metal loss is calculated
for three steel plates and the average mass is found.
During gravimetric tests, the mass indicator of the cor-
rosion rate in both reagentless and reagent media is
characterized by Kn and is calculated by the following
mathematical equation [23].

_ Mmp-my 2
Kn=—g - /(m”h)
where, mg is the mass of the sample before the tests, g;
mz — mass of the sample after the tests, g; S — average
surface area calculated for three samples, my; t — dura-
tion of the test, hours.

Based on the corrosion rate, the penetration co-

efficient is determined as follows.

8760K,, = 4
K,= 5 -10™ mm/year

where, K, — penetration coefficient, mm/year, Km —

corrosion rate, g/m?-h, p — density of the investigated
metal, g/cm?, 8760 — the number of h in a year as a
constant quantity.

The equation used to calculate the retardation

factor is as following.
_ Ko
Kinh
where, Ko — without inhibitors, Kisn. — corrosion rate in
the presence of an inhibitor, (g/m?-h).

The protective effect of the inhibitor is calcu-

lated by the following equation [23, 24].
Ko—Kinn

X, 100%
where, Ko — Corrosion rate of sample in medium with-
out inhibitor (g/m?h), Kinn. — corrosion rate of the sam-
ple in inhibitory medium (g/m?-h).

"Postgate-B" nutrient medium was used for
germination and development of sulfate-reducing bac-
teria, and the experiments were conducted according to
NASE standard methodology [25]. Microscopic ap-
pearance of bacteria was studied in MBI-6 microscope.
A limited dilution method was used to quantify viable
tissues.

The number of sulfate-reducing bacteria cells
in 1 ml of initial suspension is calculated by the fol-
lowing formula [25]:

1000an
M= hs
where M is the number of cells in 1 ml suspension, a —
the average number of cells per square cell, h — cham-
ber depth (in mm) no, S — area of the square mesh (in
mm?), n — the degree of dilution of the suspension.
1000 mmé =1 ml

The growth factor (N, %) of sulfate-reducing
bacterial cells in the presence of bactericide is calcu-
lated by the following equation [26]:

7 =
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where, no — the number of microorganisms in reagent-
free medium, nis — the number of microorganisms in
the reagent medium.

According to the amount of hydrogen sulfide,
the bactericidal effect of the reagent (S, %) is calcu-
lated by the following formula [26]:

s, % = < G 14
inh.
where, Co is concentration of biogenic hydrogen sul-
fide in reagent-free medium, Cin, — concentration of bi-
ogenic hydrogen sulfide in the reagent medium.

The coefficient of variation of the concentra-
tion of hydrogen sulfide (c) is calculated by the fol-
lowing mathematical equation [26]:

C(H,S),
o= ——
C(HZS)inh.
where, C(HS)o is concentration of hydrogen sulfide in
reagent-free medium, C(H2S)inn— concentration of hy-
drogen sulfide in the reagent medium.

The mixture of "Desulfomicrobium” and
"Desulfovibriodesulfuricans" species of sulfate-reduc-
ing bacteria was used for the study.

RESULTS AND THEIR DISCUSSION

N, % =

A significant influence on the corrosion of
equipment during field development, operation and oil
transportation is related to parameters such as the pH
of formation water and the presence of dissolved oxy-
gen in water. Corrosion of metals is accelerated by salts
dissolved in mineralized water and high temperature of
formation water [9]. The presence of hydrogen sulfide
(H2S), carbon dioxide (CO) and SRB in formation wa-
ters is considered the most important threat in the cor-
rosion of metal equipment.

1.3-Dichloro-2 (2-iodo-1)(propanin-2-1yl)oxy)-
ethyl) benzene C11HyCl» 0. (provisional name-S-1) was
used as an inhibitor to conduct laboratory tests for de-
termining the effectiveness of inhibitors. [27].

The efficiency of S-1 inhibitor was studied un-
der laboratory conditions in formation waters contain-
ing hydrogen sulfide (H2S) and carbon dioxide (CO,)
and in "Postgate-B" nutrient medium containing sulfate-
reducing bacteria "Desulfomicrobium™ and ""Desulfovib-
riodesulfuricans”.

Table 1 presents the results of laboratory tests
to determine the effectiveness of inhibitor S-1 in oil
and reservoir waters containing hydrogen sulfide
(H2S).

As it can be seen from Table 1, the corrosion
protection efficiency increases wit the inhibitor con-
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centration increase in oil and hydrogen sulfide contain-
ing formation water.

The highest effect is observed at a reagent con-
centration of 30 mg/l. At this time, the corrosion rate is
0.0864 g/m?-h, and the protective effect of the inhibitor
(Z) is 98.2% (Table 1).

Table 2 shows the results of laboratory tests
conducted on the effectiveness of S-1-inhibitor in for-
mation water containing both hydrogen sulfide (H.S)
and carbon dioxide (CO,).

Table 2 shows that the corrosion rate is higher
in the environment where hydrogen sulfide and carbon
dioxide coexist, and this can be explained by increas-
ing the acidity of the carbon dioxide environment. The
overall protection effect of S-1-inhibitor is relatively
weak and it is 96.5% at a concentration of 30 mg/l. At
this time, the corrosion rate decreases from 7.2 g/m?-h
to 0.252 g/m?-h.

Table 1
Protection efficiency of S-1 inhibitor in formation water
containing hydrogen sulfide
Tabnuya 1. dpdexTuBHOCTS 3a1IUTHI HHTHOUTOpa C-1
B IVIACTOBBIX BOJAX, COAEPKALUUX CEPOBOIOPO]

Inhibitor | Corrosion rate, Retar- |Protec-

Inhi-| concen- g/m?-h Mass |dation|tion ef-

bitor| tration, | Without | With an |loss, g [factor, |fect, Z,
mg/l | inhibitor | inhibitor Y %

S-1| C; |10] 438 0.9696 | 0.007 | 4.95 | 79.8
S-1| C, |15] 438 0.8448 | 0.006 | 5.68 | 82.4
S-1| C; |20] 4.8 0.5952 | 0.004 | 8.06 | 87.6
S-1| C4 |25| 4.8 0.2736 |0.002 [17.54| 94.3
S-1| Cs |30] 4.8 0.0864 |0.0006(55.55| 98.2

Table 2

Protection efficiency of S-1 inhibitor in hydrogen sul-
fide and carbon dioxide environment
Tabnuua 2. dpdexTUBHOCTH 3aIUTHI HHrHOUTOpa C-1
B Cpeae CEPpoBOAOpOaAA U YITIEKHUCJIOI0 ra3a

Inhibitor Corrosion rate, Pro-
_ g/m?-h Retarda-|, .
Inhi~ | concen- G o — Mass | tion fac- [tection
bitor | tration, inhibi- With an| loss, g tor effect,

mg/l | [inhibitor ' zZ%
S-1|Cy| 10| 7.2 1.71 0.013 421 | 76.2
S-1|Cp| 15| 7.2 1.33 0.010 541 | 814
S-1 |C5/ 20| 7.2 | 0.820 | 0.006 | 8.78 | 88.6
S-1 |C4| 25| 7.2 | 0.453 | 0.003 | 15.89 | 93.7
S-1 |Cs[ 30| 7.2 | 0.252 | 0.001 | 28.57 | 96.5

During the investigation of the bactericidal
property of the S-1 reagent, it was found that the life
activity of sulfate-reducing bacteria effectively de-
creases in the "Postgate-B" nutrient medium. Thus, the
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number of both types of sulfate-reducing bacteria de-
creases sharply with the increase in the concentration of
the S-1 reagent in the "Postgate-B" medium (Fig. 1, 2).
As it can be seen from Figure 1, with the increase of the
concentration of S-1 inhibitor from 10 mg/l to 30 mg/l,
the effect on the growth factor of Desulfovibriodesul-
furicans bacterial cells increases from 20% to 64% on
the first day of the test. However, in Desulfomicrobium
bacteria, this coefficient increases from 10% to 64%
and rises to 53% (Fig. 2).

In the test carried out in "Postgate-B" environ-
ment, when the concentration of the reagent was in-
creased to 30 mg/I, its effect on the growth rate of sul-
fate-reducing bacteria cells is 75% on the second day,
80% — on the third day, 86% — on the fourth day, 88%
— on the fifth day, and 89% — on the sixth day and fi-
nally on the seventh day it is 90% (Fig. 1). In the sec-
ond case (Fig. 2) the effect is 63, 68, 75, 79, 80, 80%,
respectively. From the comparison of the results of the
experiments with the participation of both bacteria it is
known that the effect of the reagent in the environment
containing Desulfovibriodesulfuricans bacteria is
higher than in the Desulfomicrobium bacteria contain-
ing environment.
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Growth factor of sulfate-reducing
bacterial cells in presence of

Fig. 1. Effect of S-1 on the growth rate of Desulfovibriodesulfuri-
cans bacterial cells N (%): 1-10; 2-15; 3-20; 4-25, 5-30 mg/I
Puc. 1. Bnusaue C-1 Ha CKOPOCTh pocTa OaKTepHATBHBIX Kiie-
tok Desulfovibriodesulfuricans N (%): 1-10; 2-15; 3-20; 4-25,
5-30 mr/n

Thus, the studied reagent S-1 reduced the num-
ber of Desulfovibriodesulfuricans bacterial cells more
than that of Desulfomicrobium bacteria.

Based on the concentration of hydrogen sul-
fide produced by bacteria, the bactericidal effect (S, %)
of reagent S-1 was calculated in the medium contain-
ing both bacteria (Fig. 3, 4).

Fig. 3 and 4 show that, with the increase in the
concentration of S-1 reagent, its bactericidal effect also
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increases, and the highest value is observed at a con-
centration of 30 mg/l %, the second day it is 80%, the
third day — 85%, the fourth day — 90%, the fifth day —
91%, the sixth day — 92% and the seventh day — 93%.
In Desulfomicrobium bacteria, the value of S is 55, 70,
80, 83, 84, 85, 85%, respectively.
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Fig. 2. Effect of S-1 on the growth rate of Desulfomicrobium bac-
terial cells N (%): 1-10; 2-15; 3-20; 4-25, 5-30 mg/I
Puc. 2. Bmusiane C-1 Ha ckOpocTh pocTa OaKTepHAaIbHBIX KIETOK
Desulfomicrobium N (%): 1-10; 2-15; 3-20; 4-25, 5-30 mr/n
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Fig. 3. Bactericidal effect of S-1 (Desulfovibriodesulfuricans):
1-10; 2-15; 3-20; 4-25, 5-30 mg/I
Puc.3.bakrepunnanoe neiicreue C-1 (Desulfovibriodesulfuri-
cans): 1-10; 2-15; 3-20; 4-25, 5-30 mr/xn

Thus, reagent S-1 sharply reduces the amount
of biogenic hydrogen sulfide in the "Postgate B" nutri-
ent medium with sulfate-reducing bacteria, but does
not completely stop the sulfate reduction process. It is
clear that the S-1 reagent prevents the growth of sul-
fate-reducing bacteria in the nutrient medium, but it
cannot completely stop the metabolic process in them.
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Fig. 4. Bactericidal effect of S-1 (Desulfomicrobium): 1-10; 2-15;
3-20; 4-25, 5-30 mg/I
Puc. 4. bakrepunuanoe neiicreue C-1 (Desulfomicrobium): 1-10;
2-15; 3-20; 4-25, 5-30 mr/n

CONCLUSION

In order to study the bactericidal-inhibitory
properties of the S-1 reagent, for the first time, labora-
tory tests were carried out in hydrogen sulfide and car-
bon dioxide containing formation waters and in sul-
fate-reducing bacteria "Desulfomicrobium” and
"Desulfovibriodesulfuricans” containing "Postgate-B"
nutrient medium. During the experiment 10, 15, 20, 25
and 30 mg/I concentrations of the reagent were used.

It has been shown that the corrosion protection
effect increases as the concentration of S-1 inhibitor
increases in formation waters containing hydrogen sul-
fide and H,S + CO,, and the highest effect occurs at a
concentration of 30 mg/l in both environments. In
hydrogen sulphide medium, the corrosion rate is
0.0864 g/m?-h, and the protective effect of the inhibi-
tor (2) is 98.2%.
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The bactericidal property of the S-1 reagent
was studied in the "Postgate-B" nutrient medium
which contains sulfate-reducing bacteria "Desul-
fomicrobium™ and "Desulfovibriodesulfurican”. The
experiments were carried out for seven days, and the
effect of the reagent on the growth rate of bacterial
cells and the amount of biogenic hydrogen sulfide in
the medium were studied.

It was determined that with an increase in the
concentration of the inhibitor from 10 mg/I to 30 mg/I,
the effect on the growth rate of Desulfovibriodesulfu-
ricans bacteria cells increases from 20% to 64% on the
first day of the test. But in Desulfo microbium bacteria
this coefficient increases from 64% to 53%. The effect
on the growth rate of Desulfovibriodesulfuricans bac-
teria cells was 75% on the second day, 80% — on the
third day, 86% — on the fourth day, 88% — on the fifth
day, 89% — on the sixth day, and 90% — on the seventh
day. It was 79, 80, 80%.

The result of the calculation showed that as the
concentration of reagent S-1 increases, its bactericidal
effect also increases and the highest value is ob-
served, at a concentration of 30 mg/l. In an environ-
ment with Desulfovibriodesulfuricans the value of the
bactericidal effect at 30mg/l concentration inhibitor
the first day was 68%, second day — 80%, third day — 85%,
fourth day — 90%, fifth day — 91%, sixth day — 92%
and seventh day — 93%. In Desulfomicrobium bacteria,
the value of S is 55, 70, 80, 83, 84, 85, 85%,
respectively.

Aemopbl 3as615a10m 06 omcymcmeuu KOH-
@ruxkma unmepecos, mpeoyrue2o packpvimus 8 OaH-
HOlU cmambe.
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