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OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research databases. The inclusion of 
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index 
demonstrates our dedication to providing the most relevant and influential content of chemical 
sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Химия және 
технология сериясы» ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-me индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index 
Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation lndex-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия 
және технология сериясы Emerging Sources Citation lndex-ке енуі біздің қоғамдастық үшін 
ең өзекті және беделді химиялық ғылымдар бойынша контентке адалдығымызды білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия химии и технологий» 
был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of 
Science Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, 
the Socia1 Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science 
предлагает качество в глубину контента для исследователей, авторов, издателей и 
учреждений. Включение Известия HAH PK в Emerging Sources Citation Index демонстрирует 
нашу приверженность к наиболее актуальному и влиятельному контенту по химическим 
наукам для нашего сообщества.
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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research  databases.  The  inclusion  of 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор: 
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан) H = 4

Редакция алқасы:
ӘДЕКЕНОВ Серғазы Мыңжасарұлы (бас редактордың орынбасары), химия ғылымдарының 

докторы, профессор, ҚР ҰҒА академигі, «Фитохимия» Халықаралық ғылыми-өндірістік холдингінің 
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АГАБЕКОВ Владимир Енокович (бас редактордың орынбасары), химия ғылымдарының докторы, 
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СТРНАД Мирослав, профессор, Чехия ғылым академиясының Эксперименттік ботаника 
институтының зертхана меңгерушісі (Оломоуц, Чехия) H = 66

БҮРКІТБАЕВ Мұхамбетқали, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
әл-Фараби атындағы ҚазҰУ-дың бірінші проректоры (Алматы, Қазақстан) H = 11

ХОХМАНН Джудит, Сегед университетінің Фармацевтика факультетінің Фармакогнозия 
кафедрасының меңгерушісі, Жаратылыстану ғылымдарының пәнаралық орталығының директоры 
(Сегед, Венгрия) H = 38

РОСС Самир, PhD докторы, Миссисипи университетінің Өсімдік өнімдерін ғылыми зерттеу 
ұлттық орталығы, Фармация мектебінің профессоры (Оксфорд, АҚШ) H = 35

ХУТОРЯНСКИЙ Виталий, философия докторы (PhD, фармацевт), Рединг университетінің 
профессоры (Рединг, Англия) H = 40

ТЕЛТАЕВ Бағдат Бұрханбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 
корреспондент-мүшесі, Қазақстан Республикасы Индустрия және инфрақұрылымдық даму министрлігі 
(Алматы, Қазақстан) H = 13

ФАРУК Асана Дар, Хамдар аль-Маджида Шығыс медицина колледжінің профессоры, Хамдард 
университетінің Шығыс медицина факультеті (Карачи, Пәкістан) H = 21

ФАЗЫЛОВ Серік Драхметұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
Органикалық синтез және көмір химиясы институты директорының ғылыми жұмыстар жөніндегі 
орынбасары (Қарағанды, Қазақстан) H = 6

ЖОРОБЕКОВА Шарипа Жоробекқызы, химия ғылымдарының докторы, профессор, 
Қырғызстан ҰҒА академигі, ҚР ҰҒА Химия және химиялық технология институты (Бішкек, 
Қырғызстан) H = 4

ХАЛИКОВ Джурабай Халикович, химия ғылымдарының докторы, профессор, Тәжікстан ҒА 
академигі, В.И. Никитин атындағы Химия институты (Душанбе, Тәжікстан) H = 6

ФАРЗАЛИЕВ Вагиф Меджидоглы, химия ғылымдарының докторы, профессор, ҰҒА академигі 
(Баку, Әзірбайжан) H = 13
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«ҚР ҰҒА Хабарлары. Химия және технология сериясы»
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Редакцияның мекен-жайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv
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nursat.kz
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sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H = 6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan 
(Azerbaijan) H = 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of 
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CORROSION AND PROTECTION OF ST-3 STEEL BY INORGANIC INHIBITORS
IN A MODEL RESERVOIR WATER SOLUTION

Abstract. The problem of corrosion of metal pipes is particularly acute in the field of drilling and operation 
of oil wells. Technical progress is slowed down due to a number of unresolved problems with corrosion. As 
a result of corrosion, tens of millions of tons of metals are lost every year, and a huge amount of equipment, 
instruments and tools become unusable.

Natural produced water contains many different salts and their compounds. These salts can settle on the 
walls of pipes. Salt formation is a deposition that clogs the perforation channels, casing and production string 
tubing, valves, thus clogging the well and preventing the flow of liquid. The protective properties of phosphate 
inhibitors in relation to steel in a solution of produced water containing hydrogen sulfide were studied by 
gravimetric corrosion tests. It is shown that corrosion inhibition is caused by the combined action of the 
inhibitor and the surface membrane of the resulting corrosion products. The effect of a number of inhibitors on 
the corrosion resistance of carbon steel in a model solution of produced water saturated with H2S was studied. 
The studied inhibitors slow down the diffusion of hydrogen into steel and help preserve its properties.

Key words: corrosion, inhibitor, orthophosphates, degree of protection, depth index, oil.
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СТ-3 БОЛАТЫНЫҢ КОРРОЗИЯҒА ҰШЫРАУЫ ЖӘНЕ ҚАБАТТЫҚ СУДЫҢ МОДЕЛЬДІК 
ЕРІТІНДІСІНДЕ БЕЙОРГАНИКАЛЫҚ ИНГИБИТОРЛАРМЕН ҚОРҒАЛУЫ

Аннотация. Болатты химиялық реагенттердің теріс әсерінен қорғау агрессивті орталарда өндірістік 
объектілер мен мұнай құбырларының ұзақ мерзімділігін арттырудың неғұрлым тиімді әдістерінің бірі 
болып табылады. Жылуэнергетикасына, мұнай-газ өнеркәсібін сумен жабдықтауға айтарлықтай залал 
келтірілді. Органикалық емес ингибиторларды қолдану тотығу ингибиторлары әртүрлі факторлардың 
коррозиялық процестерге әсерін баяулатуына немесе азаюына байланысты, CO2 және H2S болған 
кезде агрессивті ортада болатты тиімді сақтау мақсатында тау-кен өнеркәсібінде жалпы қабылданған 
тәжірибе болып табылады. Тежеуші әдіс жоғары тиімділікпен, төмен құнмен және іске асырудың 
қарапайымдылығымен сипатталады. Ингибиторларды қолдану металл беттерін қорғағыш эмальдармен 
және мастикалармен өңдеуден аулақ болуға, сондай-ақ қоспаланған болаттан жасалған қымбат тұратын 
құбырларға тапсырыс беруге мүмкіндік береді. Коррозияның алдын алу үшін коррозия процестерін 
бейтараптандыру немесе бәсеңдету үшін химиялық қосылысты агрессивті ортаға салу жеткілікті.

Түйін сөздер: коррозия, ингибитор, ортофосфаттар, қорғау дәрежесі, тереңдік көрсеткіші, мұнай.
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КОРРОЗИЯ И ЗАЩИТА СТАЛИ СТ3 НЕОРГАНИЧЕСКИМИ ИНГИБИТОРАМИ В 
МОДЕЛЬНОМ РАСТВОРЕ ПЛАСТОВОЙ ВОДЫ

Аннотация. Защита стали от негативного воздействия химических реагентов является одним из 
наиболее эффективных методов повышения долговечности производственных объектов и нефтепроводов 
в агрессивных средах. Коррозия металла причиняет значительный ущерб теплоэнергетике, 
водоснабжению и нефтегазовой промышленности. Применение неорганических ингибиторов является 
общепринятой практикой в горнодобывающей промышленности с целью эффективного сохранения 
стали в агрессивной среде при наличии CO2 и H2S в связи с замедлением или уменьшением воздействия 
различных факторов на коррозионные процессы.  Метод применения фосфатов для коррозионной 
защиты характеризуется высокой эффективностью, низкой стоимостью и простотой реализации. 
Использование ингибиторов позволяет избегать обработки металлических поверхностей защитными 
эмалями и мастиками. Для предотвращения коррозии достаточно внести химическое соединение в 
агрессивную среду для нейтрализации или замедления процессов коррозии.

Ключевые слова: коррозия, ингибитор, фосфаты, степень защиты, глубинный показатель, нефть

Introduction. Technological equipment and pipelines of the oil and gas complex operate under the impact 
of highly aggressive fl uids containing a large amount of mineralized water, hydrogen sulfi de and carbon 
dioxide [1]. The corrosion processes of underground equipment of wells and oil pipelines are intensifi ed under 
the infl uence of these fl uids. An effective and widely used method of protection against corrosion is the usage 
of inhibitors [2]. Corrosion inhibitors are chemical compounds or their compositions that, when present in 
a system in suffi cient concentration, reduce the rate of metal corrosion without signifi cantly changing the 
concentration of any corrosive reagent [3].

Inhibition is the most technological and effective way to combat corrosion of oil-producing equipment, 
therefore it has found wide application in the oil and gas industry [4]. Signifi cant practical experience in the 
use of corrosion inhibitors has been developed. However, the difference in the corrosion aggressiveness of oil 
and reservoir water from different fi elds and changes in the operating conditions of equipment put forward new 
requirements for the selection of inhibitors and improvement of inhibitor protection technology [5].

Despite the wide range of available reagents, there is a constant search for new inhibitors and inhibiting 
compositions that can provide a comprehensive protective effect [6]. In this regard, the relevance of this work 
is to fi nd and implement complex inhibitors to ensure effi cient and reliable operation of industrial equipment. 
Inhibitors are substances that can slow down or stop chemical processes in small amounts [7]. A number of 
inorganic and organic substances have an inhibitory effect on metals, especially steel, therefore they are often 
added to the corrosive environment in order to prevent corrosion. Inhibitors have the property of creating a 
very thin membrane on the metal surface that protects the metal from corrosion [8]. Inhibitors are substances 
that can slow down or stop chemical processes in small amounts [9].  A number of inorganic and organic 
substances have an inhibitory effect on metals, therefore they are often added to the corrosive environment, in 
order to protect metals from corrosion, especially steel [10]. Inhibitors have the property of creating a very thin 
membrane on the metal surface that protects it from corrosion [11].

The aim of this work is to study the effectiveness of protection of St3 steel with phosphate inhibitors: Na2HPO4 
(sodium hydrogen phosphate), Na2H2P2O7 (sodium pyrophosphate), Na3PO4 (sodium phosphate), Na3P3O9 
(sodium trimetaphosphate), NaH2PO4 (sodium dihydrogen phosphate), Na6P6O18 (sodium hexametaphosphate) 
with a concentration of 0.01 mol/l.

Materials and methods. 7 samples of St3 steel were taken for corrosion tests. A model reservoir water 
solution was prepared. Its composition: C(NaCl) = 2,215 mol/l, C(KCl) = 2,215 mol/l, C(CaCl2) = 0,422 mol/l. The 
research was conducted in an aggressive environment with hydrogen sulfi de content in the solution. The 
concentration of H2S varied from 3,3 to 6,9 %.

The rate of corrosion is estimated by the mass loss of samples from seven parallel experiments.
The rate of corrosion is determined by the formula [12]:
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a – length of sample, m;
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d – diameter of the hole.

Figure 1. Test sample

The protective effect Z and the braking coefficient Y are estimated by the formula [13]:
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Co- rate of corrosion in the background solution;
K - is the rate of corrosion in the presence of an inhibitor.
Results and discussion. It was found that the pH of the solution decreases, while the concentration of 

hydrogen sulfide is increasing. This correlation is shown in table 1.

Table 1 - Dependence of the pH of model reservoir water solution on the concentration of hydrogen sulfide.

№
СH2S, %
Inhibitor 3,3 4,0 5,0 6,0 6,9

1 0,01 M Na2HPO4 8,71 8,56 8,24 8,16 8,02
2 0,01M Na2H2P2O7 9,01 8,99 8,84 8,56 8,24
3 0,01 M Na3PO4 7,25 7,12 7,06 6,99 6,78
4 0,01 M Na3P3O9 11,68 11,46 11,39 11,28 11,01
5 0,01 M NaH2PO4 6,08 5,96 5,74 5,68 5,21
6 0,01 M Na6P6O18 10,10 10,05 9,94 9,72 9,61
7 Without inhibitor 7,16 7,06 6,98 6,79 6,62

The surface of the samples evaluated visually changes after 24 hours of testing in an uninhibited 
solution. It gets darker and it is covered with a red coating, that binds more strongly to the surface with 
increase of the concentration of hydrogen sulfide. Subsurface corrosion appears in 10-and 30- day 
experiments. The nature of this type of corrosion depends on concentration of H2S [14]. The usage of 
inhibitors prevents the development of these types of corrosion.

Table 2 - Corrosion Rate (K, g / m2×h), protective efficiency (Z, %) of St3 steel inhibitor in inhibited solutions (τ = 24 hours)
      Inhibitor

СH2S, %
Na2HPO4 Na2H2P2O7 Na3PO4 Na3P3O9 NaH2PO4 Na6P6O18 -

3,3
К 0,0776 0,4340 0,0096 0,2983 0,3564 0,0892 0,4318
Z 89,83 48,2 92,17 27,34 34,8 87,2 -

4.0 K 0,09863 0, 4836 0,0099 0,3124 0,3745 0,9963 0,5236

    (3)

a – length of sample, m;
b – sample width, m; 
h – sample depth, m;
d – diameter of the hole.
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inhibitors prevents the development of these types of corrosion.

Table 2 - Corrosion Rate (K, g / m2×h), protective efficiency (Z, %) of St3 steel inhibitor in inhibited solutions (τ = 24 hours)
      Inhibitor

СH2S, %
Na2HPO4 Na2H2P2O7 Na3PO4 Na3P3O9 NaH2PO4 Na6P6O18 -

3,3
К 0,0776 0,4340 0,0096 0,2983 0,3564 0,0892 0,4318
Z 89,83 48,2 92,17 27,34 34,8 87,2 -

4.0 K 0,09863 0, 4836 0,0099 0,3124 0,3745 0,9963 0,5236

Figure 1. Test sample

The protective effect Z and the braking coeffi cient Y are estimated by the formula [13]:
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a – length of sample, m;
b – sample width, m; 
h – sample depth, m;
d – diameter of the hole.
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The protective effect Z and the braking coefficient Y are estimated by the formula [13]:

                               
%100

0

10 ⋅






 −
=

K
KKZ

                                                               (4)

                                            Y = К/К0 ,                                                                       (5)

Co- rate of corrosion in the background solution;
K - is the rate of corrosion in the presence of an inhibitor.
Results and discussion. It was found that the pH of the solution decreases, while the concentration of 

hydrogen sulfide is increasing. This correlation is shown in table 1.

Table 1 - Dependence of the pH of model reservoir water solution on the concentration of hydrogen sulfide.

№
СH2S, %
Inhibitor 3,3 4,0 5,0 6,0 6,9

1 0,01 M Na2HPO4 8,71 8,56 8,24 8,16 8,02
2 0,01M Na2H2P2O7 9,01 8,99 8,84 8,56 8,24
3 0,01 M Na3PO4 7,25 7,12 7,06 6,99 6,78
4 0,01 M Na3P3O9 11,68 11,46 11,39 11,28 11,01
5 0,01 M NaH2PO4 6,08 5,96 5,74 5,68 5,21
6 0,01 M Na6P6O18 10,10 10,05 9,94 9,72 9,61
7 Without inhibitor 7,16 7,06 6,98 6,79 6,62

The surface of the samples evaluated visually changes after 24 hours of testing in an uninhibited 
solution. It gets darker and it is covered with a red coating, that binds more strongly to the surface with 
increase of the concentration of hydrogen sulfide. Subsurface corrosion appears in 10-and 30- day 
experiments. The nature of this type of corrosion depends on concentration of H2S [14]. The usage of 
inhibitors prevents the development of these types of corrosion.

Table 2 - Corrosion Rate (K, g / m2×h), protective efficiency (Z, %) of St3 steel inhibitor in inhibited solutions (τ = 24 hours)
      Inhibitor

СH2S, %
Na2HPO4 Na2H2P2O7 Na3PO4 Na3P3O9 NaH2PO4 Na6P6O18 -

3,3
К 0,0776 0,4340 0,0096 0,2983 0,3564 0,0892 0,4318
Z 89,83 48,2 92,17 27,34 34,8 87,2 -

4.0 K 0,09863 0, 4836 0,0099 0,3124 0,3745 0,9963 0,5236
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Y = К/К0 ,                                                                       (5)

Co- rate of corrosion in the background solution;
K - is the rate of corrosion in the presence of an inhibitor.
Results and discussion. It was found that the pH of the solution decreases, while the concentration of 

hydrogen sulfi de is increasing. This correlation is shown in table 1.

Table 1 - Dependence of the pH of model reservoir water solution on the concentration of hydrogen sulfi de.

№
СH2S, %
Inhibitor 3,3 4,0 5,0 6,0 6,9

1 0,01 M Na2HPO4 8,71 8,56 8,24 8,16 8,02
2 0,01M Na2H2P2O7 9,01 8,99 8,84 8,56 8,24
3 0,01 M Na3PO4 7,25 7,12 7,06 6,99 6,78
4 0,01 M Na3P3O9 11,68 11,46 11,39 11,28 11,01
5 0,01 M NaH2PO4 6,08 5,96 5,74 5,68 5,21
6 0,01  M Na6P6O18 10,10 10,05 9,94 9,72 9,61
7 Without inhibitor 7,16 7,06 6,98 6,79 6,62

The surface of the samples evaluated visually changes after 24 hours of testing in an uninhibited solution. 
It gets darker and it is covered with a red coating, that binds more strongly to the surface with increase of the 
concentration of hydrogen sulfi de. Subsurface corrosion appears in 10-and 30- day experiments. The nature of 
this type of corrosion depends on concentration of H2S [14]. The usage of inhibitors prevents the development 
of these types of corrosion.
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Table 2 - Corrosion Rate (K, g / m2×h), protective efficiency (Z, %) of St3 steel inhibitor in inhibited solutions (τ = 24 hours)
 Inhibitor  СH2S, % Na2HPO4 Na2H2P2O7 Na3PO4 Na3P3O9 NaH2PO4 Na6P6O18 -

3,3
К 0,0776 0,4340 0,0096 0,2983 0,3564 0,0892 0,4318
Z 89,83 48,2 92,17 27,34 34,8 87,2 -

4.0
K 0,09863 0, 4836 0,0099 0,3124 0,3745 0,9963 0,5236
Z 85,23 43,1 90,26 26,32 30,2 85,3 -

5,0
K 0,1023 0, 5265 0,0112 0,3265 0,4025 0,1023 0,5645
Z 84,23 39,8 89,65 25,36 29,63 83,6 -

6,0
K 0,1123 0, 5856 0,0127 0,3586 0,4456 0,1128 0,6254
Z 83,65 37,3 88,35 24,26 27,39 81,1 -

6.9
K 0,1235 0, 6852 0,0254 0,3785 0,4867 0,1254 0,6288
Z 82,48 32,1 87,56 22,01 26,21 79,9 -

The rate of corrosion increases with the increase of concentration of hydrogen sulfide. The usage of inhibitors 
reduces the rate of dissolution of steel [15]. According to daily tests, the protective effect of Na2H2P2O7 (sodium 
pyrophosphate), Na3P3O9 (sodium trimetaphosphate), NaH2PO4 (sodium dihydrogen phosphate) is low (does 
not exceed 75% in the presence of hydrogen sulfide). Na2HPO4 (sodium hydrogen phosphate), Na3PO4 (sodium 
phosphate), and Na6P6O18 (sodium hexametaphosphate) are characterized by a higher protective effect in the 
three model systems.

With an increase in the concentration of hydrogen sulfide from 3,3 to 6,9%, the protective effectiveness of 
inhibitors decreases by 5-16 % during the experiment in corrosive environment for 24 hours.

During the 240 hours of exposure (Table 3) the relation between corrosion rate and concentration of H2S 
remains the same. The rate of corrosion grows with increase of concentration of hydrogen sulfide. Increasing 
the test duration to 240 hours is accompanied by an increase in the protective effect of all inhibitors.

Tables 2 and 3 show that the rate of corrosion in both non-inhibited and inhibited solutions decreases over 
time and depends on the concentration of hydrogen sulfide. The pH of the solutions declines with an increase 
of the hydrogen sulfide concentration in the model reservoir water solution.

This suggests that the protective membrane of corrosion products in the model solutions are formed in the 
absence of an inhibitor, that is modified in its presence, which causes lower corrosion losses of steel [16]. The 
calculation of the protective effect of the membrane of corrosion products Z was conducted according to the 
method described in [17]. According to the results, the highest value of Z is achieved during the usage of the 
following inhibitors: Na3PO4 (sodium orthophosphate), and Na2HPO4 (sodium hydrophosphate) with 0.01 M 
concentration in the presence of H2S.

Table 3 - Corrosion rate (K, g/m2×h), protective efficiency (Z, %) of St3 steel inhibitors (0.01 m) in inhibited solutions (τ = 240 
hours), corrosion resistance (CR)

         Inhibitor 
СH2S, %

Na2HPO4 Na2H2P2O7 Na3PO4 Na3P3O9 NaH2PO4 Na6P6O18 -

3,3 К 0,0668 0,4125 0,0078 0,2753 0,3124 0,0832 0,3965
Z 90,14 50,25 93,56 30,25 37,56 88,35 -

CR 5 6 3 6 6 5 6

4.0
K 0,0698 0, 4526 0,0085 0,2956 0,3245 0,08935 0,4238
Z 88,53 46,52 92,35 29,56 35,32 86,53 -

CR 5 6 3 6 6 5 6

5,0
K 0,07985 0, 5127 0,0110 0,3324 0,3965 0,09658 0,4596
Z 86,24 42,35 90,38 26,35 33,29 84,39 -

CR 5 6 4 6 6 5 6

6,0
K 0,0953 0, 5963 0,0119 0,3345 0,4123 0,1023 0,4758
Z 83,49 40,25 88,57 24,77 31,46 82,84 -

CR 5 6 4 6 6 6 6

6.9
K 0,1023 0, 6124 0,0214 0,3563 0,4523 0,1127 0,5035
Z 81,24 38,39 86,54 23,51 29,53 79,12 -

CR 6 7 4 6 6 6 6

The increase of protective efficiency in solutions with H2S with a test duration of 240 hours may be caused 
by synergism [18]. The growth of concentration of hydrogen sulphide from 3,3 to 6,9% does not change 
the dynamic of the corrosion rate (tables 2 and 3). Protective efficiency in the presence of sodium hydrogen 
phosphate is slightly lower (by 1-2%) than in the presence of sodium phosphate with H2S.
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The high Z value in alkaline media is obviously caused by protonation of inhibitors that simplifies their 
adsorption on the surface of steel, coated with a membrane of corrosion products and adsorbed surface-active 
chlorine-ions [19].

The requirements to the usage of phosphate inhibitors are very high. Coatings must have good adhesion to 
the protected surface; they are also supposed to be non-porous and elastic. Inhibitors of corrosion should have 
high mechanical strength and high heat resistance.

Model reservoir water solutions are highly corrosive due to the presence of chlorine ions. The rate of 
corrosion of St3 steel in these solutions depends on the duration of experiment, the composition and concentration 
of hydrogen sulphide. The biggest corrosion losses are observed at 240 hours of exposure. It is 36 g/m2 per 
day when using a NaH2PO4 as an inhibitor and 40 g/m2 per day during the usage of Na2HPO4 as an inhibitor. 
This is 1,7-1,9 times more than corrosion losses in reservoir water in the absence of an inhibitor. As the test 
time increases, due to the formation of a membrane of corrosion products on the corroding metal surface, the 
process speed decreases. The corrosion becomes steady. In this case, the time of establishment of dynamic 
equilibrium also depends on the presence of the inhibitor in the solution. Thus, dynamic equilibrium occurs 
after 240 hours of experiment during usage of the Na2HPO4 as an inhibitor, and after 48 hours during usage of 
the NaH2PO4 as an inhibitor.

Inhibitory effect occurs in NaH2PO4, Na2H2P2O7 and Na3P3O9 solutions. However, the use of these substances 
is complicated by the need of constant monitoring of the solution and maintaining the initial pH value. Also, 
their protective effect is relatively small. Thus, with a corrosion test duration of 240 hours during the usage of 
sodium hydrogen phosphate as an inhibitor, corrosion losses are reduced by 3,6 times. The usage of sodium 
dihydropyrophosphate with the same concentration leads to decrease corrosion losses by 1,5 times with a 
degree of protection of almost 81,24 and 38,39%, respectively. The implication of Na3PO4 with the same 
concentration in the reservoir water solution increases the corrosion protection of steel, and a positive effect 
occur during the duration of corrosion experiments of 120 hours. For example, when Na3PO4 is applied into 
the solution, corrosion losses are reduced by 2,5 times, and the degree of protection does not exceed 86,54 %. 
However, a significant increase in the pH of the medium (pH = 12- 12,2 with inhibitors) can complicate the 
process of corrosion protection.

Conclusion. Based on the experimental data obtained, the following conclusions can be drawn:
1. Using gravimetric measurements, the corrosion process of St3 steel in a model solution of reservoir water 

and phosphate inhibitors with H2S was studied. The influence of the pH and the duration of the experiment and 
the concentration of H2S s is considered.

2. The effectiveness of sodium phosphate and sodium hydrogen phosphates inhibitors in the reservoir water 
solution containing H2S increases with expansion of duration of the experiment. At 24-240 hour experiment 
time and the application of inhibitors with concentration of 0.01 M, steel is characterized as "resistant" and 
corresponds   to  4   points   of   corrosion   resistance   at   a   corrosion   rate  of 0,01-0,05 mm/year.

3. The effect of usage of studied inhibitors in steel corrosion and the total protective effect were estimated 
according to gravimetric measurements. The contribution of the inhibitor in corrosion protection is significantly 
high.
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