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2 Clarivate
Analytics

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.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.



bac penaxrop:
KYPBIHOB Mypar ’KypbIHyJibl, XMUs FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥FA akagemuri,
Kazakcran PecniyOnukacel ¥JITTBIK FBUIBIM akajeMuschiHbiH mpe3uaeHti, AK «/1.B. CokoiabCKuil aThIHIarbl
OTBIH, KaTaJlu3 )KOHE AIICKTPOXUMUSI HHCTUTYTHIHBIHY Oac aupektops! (Anmarel, Kazakcran) H = 4

Pepakuus ankacel:

9/IEKEHOB Cepra3bl MbIHKacapyabl (0ac pelakTOpAbIH OpbIHOAcaphl), XMMHUS FHUTBIMIAPBIHBIH
nokropel, ipodeccop, KP ¥FA akanemuri, «®utoxumusy» XaablKapaiblK FhUILIMH-OHIPICTIK XOJIUHTIHIH
nupextopsl (Kapararner, Kazakcran) H =11

ATABEKOB Baagumup EnoxoBud (6ac peakTop/IbIH OpbIHOACaphl), XUMHUS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, benapycy ¥FA akagemuri, Kana marepuaniap XUMHSChl HHCTHTYTBIHBIH KYPMETTi TUPEKTOPHI
(Mumnck, benapycs) H =13

CTPHAJ Mupocaas, mpodeccop, Uexus FbUIBIM aKaJIeMUSICHIHBIH JKCIEPUMEHTTIK OOTaHMKa
WHCTUTYTBIHBIH 3epTXxana meHrepyici (Omomoyr, Yexust) H = 66

BYPKITBAEB Myxam0eTKaau, XUMUS FhUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, KP ¥FA akagemuri,
on-®apadu arbigarel Kaz¥Y Y-neiy Oipinmn npopextopsl (Anmarsl, Kazakcran) H = 11

XOXMAHH JIxxymut, Ceren ynuBepcuteriniH @PapmaneBruka (axynsreTinin DapMakorHo3us
kadenpaceiHbIH MeHrepymici, JKapaTbulbICTaHy FBUIBIMAAPBIHBIH ITOHAPAIBIK OPTAJIBIFBIHBIH JAHPEKTOPHI
(Ceren, Benrpusa) H = 38

POCC Camup, PhD nokrtopbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMICPIH FBUIBIMH 3€pTTEY
WITTBIK opTajbiFbl, @apMaryst MexTeOiHiH podeccopsl (Oxedopa, AKII) H = 35

XYTOPSIHCKHAM Burammii, ¢unocopus pokropsr (PhD, dapmanesr), Peaunr yHHBEpCHTETiHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJITAEB baraar bypxanOaiiyibl, TeXHHWKa FBUIBIMJIAPBIHBIH TOKTOPHI, mpodeccop, KP ¥FA
KoppecnonieHT-mymeci, Kazakcran Pecriyonmukacet MHaycTpust s)koHe HHPPAKYPBUTBIMJBIK 1AMy MUHUACTPIIT]
(Anmarsl, Kazakcran) H=13

DAPYK Acana Jlap, Xammap anme-Mamkuna LIsiFeic MequimmHa KoyuteKiHIH mipodeccopsl, Xammapa
yauBepcutetinig LLbirpic MmequnmHa dakynereri (Kapaun, [Tokicran) H =21

DA3DBIJIOB Cepik JIpaxmeTyiibl, XMMHUs FBUIBIMIIAPBIHBIH TOKTOPHI, ipodeccop, KP ¥FA akaxemuri,
OpraHukaiblK CHHTE3 XOHE KOMIp XMUMHICHI MHCTUTYTHI JUPEKTOPBIHBIH FBIIBIMU KYMBICTAp KOHIHAETI
operabacaps! (Kaparanasr, Kazakcran) H = 6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHS FBUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop,
Keiprezcran ¥FA akagemwuri, KP ¥FA Xwumusg jkoHE XUMHSUIBIK TeXHOJMOTHS HMHCTUTYTH (bimrkek,
Keiprescran) H = 4

XAJIMKOB [Ixypa6aii XaaukoBUY, XUMHUS FBUIBIMAAPBIHEIH JTOKTOPHI, mpodeccop, Taxikctan FA
akagemuri, B.M. Hukutia ateiaaarsl Xumust nHCTUTYTH ([yman6e, Toxikcran) H =6

DGAP3AJIMEB Barug Memkuaoribl, XUMUsi FHUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop, ¥F'A akagemwri
(baxy, O3ipbaiixan) H =13

T'APEJINK Xempaa, dunocodus noxropsr (PhD, xumus), Xambikapaibslk Ta3a xKoHE KOJAaHOAIbI XUMUS
OJIaFbIHBIH XUMUS ’KOHE KopiaraH opta Oemiminig npesuaenti (Jlongon, Aarmus) H = 15

«KP ¥F'A Xabapaapbl. XuMus K9He TeXHOJIOTHS CepPUChD»
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Menmrikrenymni: «Kazakcrtan PecrmyOnmukachlHBIH YATTBIK FRUTBIM - akameMmusicbD» PKbB (Anmarer K.).
Kazakcran PecrmyOnmukachlHBIH AKmapaT >KOHE KOFAMIBIK AaMy MHHHCTPIITIHIH AKIapar KOMHTETiHIIE
29.07.2020 x. 6epinren Ne KZ66VPY00025419 mep3iMmik OachUIBIM TipKEyiHE KOWBLITY Typajbl KyoliK.
TaxbIpBINTHIK OAFBITBI: OP2AHUKANLIK XUMUS, OEUOPaHUKANbIK XUMUS, KAMAau3, 1eKMpPOXUMUSL JHCIHE
KOppo3us, hapmayesmuKaniblk Xumus HcaHe mexHoi02usLap.

Mep3iMIimiri: )KpUTBIHA 4 PET.

Tupaxsr: 300 gana.

Penaxiusanaeig MekeH-kaibl: 050010, Anmars! K., IlleBuenko xemr., 28, 219 6e:., Ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecryOnukacbHbH Y ITTHIK FRUTBIM aKaieMusichl, 2022

Penmaknusaeig Mekerkaiibl: 050100, AnMatel K., KonaeB k-ci, 142, «J1.B. CokoJIbCKHI aThIHIAFbI OTBIH,
KaTaiu3 KOHE MEKTPOXUMUS MHCTUTYTE AK, xab. 310, Tem. 291-62-80, dakc 291-57-22, e-mail:orgcat@
nursat.kz

TunorpadusHeiH MekeH-kalbl: «ApyHay XK, AnMarsl K., Mypar6aes ker., 75.
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I'maBHBI penakTop:
KYPUHOB Mypat )KypunHoBu4, JOKTOp XUMHUECKUX HayK, ipodeccop, akanemuk HAH PK, npesunent
HanmonansHoit akagemun Hayk PecrnyOnuku Kazaxcran, reHepanbubiil qupekrop AO «HCTUTYT TOTUMBA,
katanuza u snexrpoxumuu uM. J[.B. Cokonbekoro» (Anmarsl, Kazaxcran) H = 4

PepakumnonHasi kosterus:

AJIEKEHOB Cepra3sl MpbIH:kacapoBu4  (3aMECTHTENb IJIABHOTO PEIaKTopa), AOKTOP XUMHUYECKUX
HayK, ipodeccop, akagemuk HAH PK, nupekrop MexayHapoaHOTO HayYHO-ITPOM3BOACTBEHHOTO XOJIIMHTA
«Durtoxumus» (Kaparanaa, Kazaxcran) H=11

ATABEKOB B gagumup EHOk0oBHMY (3aMECTHTENh IIABHOTO PENAKTOpa), JOKTOP XUMHUYECKHX Hayk,
npodeccop, akaneMuk HAH benapycw, mnodeTHslii aupekrop MHCTUTyTa XMMHUH HOBBIX MarepuasioB
(Mumnck, benapyces) H =13

CTPHA/l Mupocaas, mnpogeccop, 3aBeaylomuil JabopaTtopreil WHCTUTYyTa OKCIEepPUMEHTATbHON
6oranuku Yenickoit akagemun Hayk (Onomoyt, Yexus) H = 66

BYPKUTBAEB Myxam0eTkaJ/u, TOKTOp XUMHYECKUX HayK, mpodeccop, akanemuk HAH PK, Ilepssrit
npopexrop KasHY umenn anp-Papadu (Anamarsl, Kazaxcran) H =11

XOXMAHH xymnut, 3aBenyrommii kadenpoir dapmakornosun DapmarieBruueckoro (axkymnprera
Yuusepcutera Cerena, AUPEKTOp MeXAUCIUIUIMHAPHOTO IIeHTpa ecTecTBeHHbIX Hayk (Cerex, Benrpus)
H=38

POCC Camup, noxtop PhD, mpodeccop Ilkonbr ®apmaiiuu HalMOHAIBHOIO IIEHTPA Hay4HBIX
WCCIIEZIOBAaHUH PACTUTEIBHBIX MPOAYyKTOB YHUBepcuTeTa Muccucunu (Oxcdopn, CIIA) H = 35

XYTOPSIHCKHUM Buranmii, noxrop ¢unocopun (Ph.D, dapmaresr), npodeccop VYempepcurera
Peaunra (Penunr, Aurms) H = 40

TEJIBTAEB barnar bypxan6aiiy/jbl, JOKTOp TEXHHUYCCKHUX HayK, MPodeccop, WICH-KOPPECTIOHICHT
HAH PK, MunuctepctBo Unaycrpun n nadpactpykryproro pazsutusi Pecriyonukn Kazaxcran (Anmarsl,
Kazaxcran) H =13

DAPYK Acana [lap, npodeccop xomiemka Boctounoit Meauimabl Xamaapa anb-Mamkuna, Gakyibrer
Bocrounoit menumas! yauBepcuteta Xamaapaa (Kapaum, [lakucran) H =21

®A3BIJIOB Cepuk /IpaxmeTroBHY, TOKTOp XHMHYECKHMX Hayk, mpodeccop, akagemuxk HAH PK,
3aMEeCTUTENb IUPEKTOpa 1Mo HaydHOl padore MHCTUTYyTa oprannyeckoro cuHTe3a u yriexumun (Kaparannga,
Kazaxcran) H=6

KOPOBEKOBA Illapuna 7Kopo0ekoBHa, JOKTOp XMMHUYECKHMX HaykK, mpodeccop, akamemuk HAH
Keiprescrana, Mactutyt xumnn u xumuuaeckoid texnonorun HAH KP (bumikexk, Keipreiscran) H = 4

XAJIMKOB Jl:kypa6aii  XaJuKoBHY, JOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk AH
Tamxukucrana, Muactutyt xumun nmenu B.M. Hukutuna AH PT ([lyman6e, Tamxuknucran) H =6

GAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, npodeccop, akagemunk HAHA
(baxy, Azepbaiimkan) H =13

T'APEJIMK Xempaa, noktop ¢umocodpun (Ph.D, xumus), npesugaent Otaena XUMUU U OKpYXKarolien
cpenbl MexXIyHapoIHOTO CO03a YNCTO u npukiaaaoi xumud (Jlonnon, Aurmus) H =15

«H3Bectust HAH PK. Cepusi XuMHH ¥ TEXHOJIOTHID».
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CoOctBennuk: PecmybOnukanckoe oOmectBeHHoe oObeanHeHue «HamuoHanmpHas —akageMusi Hayk
PecrryOmuku Kazaxcran» (. AiMater).

CBUAETENBCTBO O MOCTAHOBKE HAa YYeT MEPUOJMYECKOTO medaTtHoro u3gaHus B Komurere mHpopmanuu
MunuctepcTBa nHpopManuu 1 odmecTBeHHoro pa3sutusi Pecnyonuku Kazaxcran Ne KZ66VPY 00025419,
BemanHoe 29.07.2020 r.

Temaruueckasi HaPaBICHHOCTD: OP2AHUYECKASL XUMUSL, HEOP2AHUUECKAs XUMUSL, KAMAU3, S1eKmpoXuMus u
KOppO3usl, Qapmayeemuyeckas Xumusi u mexHoI02Uu.
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© HammonanbHast akagemust Hayk PecrryOnuku Kaszaxcran, 2022

Anpecpemaxiuu: 050100, . Anvartsr, yir. Kynaesa, 142, AO « AHCTUTYT TOTUIHBA, KaTaIn3a U JICKTPOXUMHUHT
uM. J[.B. Coxkoinbckoroy, kab. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz
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Editor in chief:
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
D.V. Sokolsky (Almaty, Kazakhstan) H =4

Editorial board:

ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor,
academician of NAS RK, director of the international Scientific and production holding «Phytochemistry»
(Karaganda, Kazakhstan) H = 11

AGABEKOY Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor, academician
of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk, Belarus) H = 13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech academy
of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first vice-
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HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of
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ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal
Products, University of Mississippi (Oxford, USA) H =35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading, England)
H=40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan
(Almaty, Kazakhstan) H = 13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental
medicine, Hamdard university (Karachi, Pakistan) H =21

FAZYLOYV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
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ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
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FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan
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A. Niyazbekova, T. Shakirov*, M. Almagambetova, G. Gubaidullina, D. Salimova

Zhangir Khan West Kazakhstan Agrarian Technical University, Uralsk, Kazakhstan.
E-mail: shakirov_1985@mail.ru

CORROSION AND PROTECTION OF ST-3 STEEL BY INORGANIC INHIBITORS
IN AMODEL 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 H,S 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.

A.b. Huszoexosa, T.A. Illlakupos*, M.2K. Anmaramberosa, I.M. I'y6aiinysummna, JI.K. Canumosa

XKourip xan arbigars! bareic Kazakcran arpapiblK-TeXHUKANBIK yHUBepceuTeTi, Opain, Kazakcran.
E-mail: shakirov_1985@mail.ru

CT-3 BOJIATbIHBIH KOPPO3USIFA YIIBIPAYBI 5)KOHE KABATTBIK CYJIbIH MOJEJIBIIK
EPITIHIICIH/JIE BEHOPTAHUKAJIBIK UHTUBUTOPTAPMEH KOPFAJIYBI

AHHOTanus. bonarTsl XUMHUSIIBIK peareHTTep/iH Tepic 9CepiHeH Kopray arpecCUBTI OpTanapia OHIIpiCTIK
00BeKTiIep MEH MyHail KyObIpJIapbIHbIH y3aK MEP3IMIUIITiH apTTHIPYAbIH HEFYPIIbIM THIMI daicTepiHiy Oipi
Ooubin Tadbanel. JKbUTysHEpreTHKAchIHA, MYHAal-ra3 OHepKociOiH CyMeH Ka0abpIKTayFa ailTapibIKTai 3aat
KenTipinai. OpraHukaiblK eMec HHIHOUTOPIapbl KOJIJaHy TOTBIFY HHTHOUTOPIIAPbI 9pTYPIl akToprapasH
KOPPO3HUSJIBIK TIPOLECTEPre JCepiH OasynaTyblHa Hemece asarobiHa OaiinanbicTel, CO, xone H,S Gonran
Ke3Jle arpecCUBTI OpTaja OOJIATTHI THIMI CaKTay MaKCaThIH/A Tay-KeH OHEPKICIOiH/Ie Kallllbl KaObUIIaHFaH
ToXiprOe OoibIN TaObuIAABl. Texeyln 9Iic JKOFapbl THIMIUIIKIIEH, TOMEH KYHMEH JKOHE iCKe achIpYIbIH
KapanaibIMABUIBIFBIMEH culaTTanaabl. HruOuTopiapasl KoIgany MeTall OeTTepiH KOpFaFbIil SMalbaapMeH
YKOHE MacTHUKaIapMeH OHJeyACH ayJak 0oiryFa, COHIal-aK KoclanaHFaH OonaTTaH xacajlfraH KbIMOAT TYpaThiH
KyObIpiapra Tarncelpbic Oepyre MyMKiHIIK Oepeni. Koppo3usHbIH anabH aly YIUiH KOppo3usi mpouecTepiH
OeliTapantaHablpy HeMece O9CEHETY YILiH XUMHUSIIBIK KOCBUIBICTBI arpeCcCUBTI OPTaFa Caly KeTKUTIKTI.

Tyiiin ce3nep: Koppo3us, ”HHTUOUTOP, opTodocdarrap, KOpray Iopexkeci, TEpeHIIK KOPCETKIlll, MyHai.
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A.Bb. Husiz6ekoBa, T.A. lllakupos*, M.7K. AnmaramoeroBa, I.M. I'y6aiinynnuna, K. CaannmoBa

3anaaHo-Ka3axcTaHCKUN arpapHO-TEXHUYECKUN YHUBEpcUTeT uMeHu JKaHrup xaHa, Ypainbck, Kasaxcran.
E-mail: shakirov_1985@mail.ru

KOPPO3UA N 3AINUTA CTAJIN CT3 HEOPTAHUYECKUMU UHIT'MBUTOPAMMU B
MOJIEJIbHOM PACTBOPE IINIACTOBOM BOJIbI

AHHOTaNUsA. 3alMTa CTAIN OT HETaTHBHOTO BO3JICHCTBHS XMMHUYECKHX PEAareHTOB SIBISIETCS OTHHUM W3
Haunbomnee 2 PeKTUBHBIX METOIOB MOBBILICHHUS JOJITOBEYHOCTH TPOU3BOACTBEHHBIX 00bEKTOB M HEPTEITPOBOIOB
B arpeccHBHBIX cpenax. Koppo3uws Meramia NOpPUYMHSET 3HAYUTCIBHBIA yIIepO TEMI0’HEPreTHKe,
BOJOCHA0KEHHIO M He(hTETa30BOM MPOMBIIIIIEHHOCTH. [IprMeHeHe HeOpraHn4eCKUX HHTHOUTOPOB SIBIISIETCS
OOIIENPUHSTON MPAKTUKOW B TOPHOIOOBIBAIOIICH MPOMBIIUICHHOCTH C 1ETbI0 AP(PEKTUBHOTO COXPaHEHHUS
craju B arpeccuBHOM cpenie npy Hamuuuu CO, n H.S B cBA3M ¢ 3aMeTIEHHEM WITH yMEHBIIEHUEM BO3ICHCTBUS
pa3nM4HbIX (AaKTOPOB Ha KOPPO3HMOHHBIE Hporecchl. Merox npuMmeHeHust GocdaToB I KOPPO3HOHHOMN
3alIUThl XapaKTePHU3YeTCsl BBICOKOH A((PEKTHBHOCTHIO, HU3KOH CTOMMOCTBIO W MPOCTOTOW peau3alvy.
Hcnonp3oBaHne MHIMOMTOPOB MO3BOJISIET M30erarb 00pabOTKM METAJUIMYECKHUX MMOBEPXHOCTEH 3alUTHBIMU
SMaIAMH M MAacTHKaMH. [l IpeoTBpalIeHNs] KOPPO3UH JOCTAaTOYHO BHECTH XMMHYECKOE COCITUHEHHE B
arpeccUBHYIO Cpely JUlsd HeHTpalu3aluy WIN 3aMeUICHUs IIPOLIECCOB KOPPO3HH.

Ki1roueBble ciioBa: Koppo3us, HHTHOUTOP, (ocdarel, CTENEHb 3alUThI, NTYOMHHBIN TOKa3areib, He(Th

Introduction. Technological equipment and pipelines of the oil and gas complex operate under the impact
of highly aggressive fluids containing a large amount of mineralized water, hydrogen sulfide and carbon
dioxide [1]. The corrosion processes of underground equipment of wells and oil pipelines are intensified under
the influence of these fluids. 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 sufficient concentration, reduce the rate of metal corrosion without significantly 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]. Significant 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 fields 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 find and implement complex inhibitors to ensure efficient 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 St, steel with phosphate inhibitors: Na,HPO,
(sodium hydrogen phosphate), Na,H,P O, (sodium pyrophosphate), Na,PO, (sodium phosphate), Na,P,O,
(sodium trimetaphosphate), NaH,PO, (sodium dihydrogen phosphate), Na P O . (sodium hexametaphosphate)
with a concentration of 0.01 mol/l.

Materials and methods. 7 samples of St, steel were taken for corrosion tests. A model reservoir water
solution was prepared. Its composition: C(NaCl) = 2,215 mol/l, C(KCI) = 2,215 mol/l, C(CaClZ) = (0,422 mol/l. The
research was conducted in an aggressive environment with hydrogen sulfide content in the solution. The
concentration of H,S 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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K= (1)

Sxt

Am = my — m,, ©)

K-corrosion rate, g/ m? * h;
Am - sample loss mass;

m, — mass before corrosion, g;
m -mass after corrosion, g;

t - time, h;

S-the surface of the sample, m?.

S=2[(axb—“x4dz)+h(a+b+"zid)], 3)
a — length of sample, m;

b — sample width, m;

h — sample depth, m;

d — diameter of the hole.

O

Figure 1. Test sample

The protective effect Z and the braking coefficient Y are estimated by the formula [13]:

7= (KO_K'] 100% “4)
K

0
Y=KK,, 5)

C,- 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.

C.%

Ne o 33 4,0 5,0 6,0 6,9
1 0,01 M Na HPO, 8,71 8,56 8,24 8,16 8,02
2 0,01M Na H PO 9,01 8,99 3,84 8,56 8,24
3 0,01 M Na PO, 7,25 7,12 7,06 6,99 6,78
4 0,01 M NaP.O, 11,68 11,46 11,39 11,28 11,01
5 0,01 M NaH_PO, 6,08 5,96 5,74 5,68 521
6 0,01 MNaP.O, 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 H,S [14]. The usage of inhibitors prevents the development
of these types of corrosion.

75



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Table 2 - Corrosion Rate (K, g / m*x<h), protective efficiency (Z, %) of St, steel inhibitor in inhibited solutions (t = 24 hours)

Inhibitor C,,, % Na,HPO, Na,H,P,0, Na,PO, Na,P.0, NaH,PO, NaP.O,, -
13 K 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 -
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 -
5o 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 -
60 K 0,1123 0, 5856 0,0127 0,3586 0,4456 0,1128 0,6254
’ zZ 83,65 37,3 88,35 24,26 27,39 81,1 -
6o 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 Na,H,P,O, (sodium
pyrophosphate), Na,P,O, (sodium trimetaphosphate), NaH,PO, (sodium dihydrogen phosphate) is low (does
not exceed 75% in the presence of hydrogen sulfide). Na,HPO, (sodium hydrogen phosphate), Na,PO, (sodium
phosphate), and Na P O, (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 H,S
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: Na,PO, (sodium orthophosphate), and Na,HPO, (sodium hydrophosphate) with 0.01 M
concentration in the presence of H,S.

Table 3 - Corrosion rate (K, g/m*xh), protective efficiency (Z, %) of St, steel inhibitors (0.01 m) in inhibited solutions (t = 240

hours), corrosion resistance (CR)

Inhibitor

Cooer % Na,HPO, Na,H,P,0, Na,PO, Na,P.O, NaH,PO, Na,PO -

33 K 0,0668 0,4125 0,0078 0,2753 0,3124 0,0832 0,3965
V4 90,14 50,25 93,56 30,25 37,56 88,35 -
CR 5 6 3 6 6 5 6

40 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 H,S 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 H,S.

76



Volume 1, Number 450 (2022),

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 St, 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/m?* per
day when using a NaH,PO, as an inhibitor and 40 g/m* per day during the usage of Na,HPO, 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 Na,HPO, as an inhibitor, and after 48 hours during usage of
the NaH PO, as an inhibitor.

Inhibitory effect occurs in NaH,PO,, Na ,H,P,O, and Na,P.O, 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 Na,PO, 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 Na,PO, 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 H,S was studied. The influence of the pH and the duration of the experiment and
the concentration of H.S s is considered.

2. The effectiveness of sodium phosphate and sodium hydrogen phosphates inhibitors in the reservoir water
solution containing H,S 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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