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I Clarivate
Analytics

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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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S.R. Massakbayeval!, G.S. Aitkaliyeva?’, B.R. Abdrakhmanova®, M.A. Yelubay!,
S.Azat?

Toraighyrov University, Pavlodar, Kazakhstan;
2Satbayev University, Almaty, Kazakhstan;
SLLP KSP STEEL, Pavlodar, Kazakhstan.
E-mail: g.aitkaliyeva@satbayev.university

EVALUATION OF THE PROPERTIES OF THERMODIFUSION ZINC
COATING OF COUPLINGS OF PUMP-COMPRESSOR PIPES PRODUCED
BY «KSP STEEL»

Abstract. The protection of tubing pipes from corrosion destruction is now becoming
especially important. In world practice, one of the promising directions for preventing
corrosion damage is the use of protective coatings for couplings. The choice of the
method of applying a protective coating is an important step in ensuring the long-term
operation of tubing. The wrong choice of the type of coating leads to additional operating
costs. Among the existing methods of protection against corrosion, the operation of
couplings with a protective thermal diffusion zinc coating is relevant, which makes it
possible to increase the operational reliability and service life of tubing couplings and
provide protection for the “pipe-coupling” threaded connection.

This article presents the results of a comprehensive assessment of the properties
of a protective coating applied by the method of vapor-phase thermal diffusion
galvanizing on couplings for tubing in the conditions of “KSP Steel LLP”. In the
course of the work, the properties of the coating were determined, which ensure the
corrosion resistance of metal products. Methods of assessment are stated and the
results of studies of technological, operational and physical-mechanical properties
of the coating are presented.

The results of the study of the technological, physical-mechanical and operational
properties of the coating showed that the properties of the coating that provide
corrosion resistance, such as: thickness, wear resistance, adhesion strength of the
coating to the surface of a metal product, porosity, corrosion protection properties
correspond to the normalized values.

Key words: Thermal diffusion galvanizing, protective coatings, pump-compressor
pipes, porosity, corrosion resistance.
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C.P. Macakb6aeBa', I.C. AiitkanuneBa”, b.P. Aoapaxmanosa’, M.A. Eny6aii’,
C. Azar?

'TopaiirpipoB yHHBepcuTeTi, [1aBnomap, Kasakcran;
2CorbaeB ynuBepcurerti, AnMarsl, Kazakcran;
3KIIC KSP STEEL, ITaBnonap, Kasakcras.
E-mail: g.aitkaliyeva@satbayev.university

«KSP STEEL» OHIIPICIHIH HACOC-KOMIIPECCOPJBIK K¥BbIPJIAP
MY®TAJAPBIH TEPMOAN®Y3UAJBIK MBIPBILIITEH KAIITAY
KACHUETTEPIH BAFTAJIAY

Annoramus. TyTik KyOBIpiapblH KOPpPO3HSHBIH OyY3bUTYBIHAH KOpFay Kasipri
YaKbITTa €peKIle MaHBI3Abl OOJNBII OTHIp. ONEMOIK TIKiprOene KOPPO3HUSIIBIK,
3aKBIMJIAHYJBl  OOJIBIPMAay/JblH TEpPCIEKTUBAILI OaFBITTApBIHBIH  Oipi  MydTanap
YIIiH KOpFaHbIC KaObIHIAPBIH KOJAaHy Oonbin TaObmansl. KopraHbic sKaObIHIBICHIH
KOJJIaHy OJICIH TaHJay TYTIKTEPIIH y3aK MEp3iMIi JKYMBICBIH KaMTaMachl3 €TYyAer]
MaHbBI3bl KagaMm. KopraHbIC KaOBIHBIHBIH TYDPiH Kare TaHAay KOCHIMIIA MaijanaHy
HIBIFBIHAAPBIHA oKeseni. Koppo3usaaH KoprayablH KOJNJIaHBICTAFbl 9ICTEePIHIH IIIiH/Ie
KOPFaHbIC TEPMUSUIBIK TUGQY3USUIBIK MBIPHIII JKa0bIHBI 0ap MyQTajiapAblH KYMBICHI
©3€KTi, OYJI KYOBIp My(TalaphIHbIH MalialaHy CEHIM/IUTIT MEH KbI3MET €Ty Mep3iMiH
apTTHIPYFa J)KOHE «KYOBIP- My TaHbIHY» OypaHIaIbl KOCBUIBIMBIH KOPFayIbl KAMTaMacChl3
eTyre MyMKIiHIIIK Oeperi.

Maxkanana «KSP Steely XIIC sxarnaiisinga KyObIpiapra apHairaH Mydranapaa
Oy- dazanbl TepMHUUIBIK  AUPQPY3UAIBIK  MBIPBINTAY OIICIMEH KOJIaHBLUIATHIH
KOpFaHbIC >KaOBIHBIHBIH KACHETTEPiH KeUIeH 1 Oaranay HoTwxkenepi Oepinren. JKymbic
0apbIChIHIA METa/UT OYHBIMIAPBIHBIH KOPPO3HsSFa TO3IMIUIIH KaMTaMachi3 €TETIiH
*KaOBIHHBIH KacHUeTTepl aHbIKTaNbl. baranay ofictepl OasHIalIFraH KoHE JKAOBIHHBIH
TEXHOJIOTUSUIBIK, TMaijanaHy jXoHe (U3MKAIbIK-MEXaHHKAJbIK KaCHETTepiH 3epTTey
HOTHXKenepl OepiireH. KanraMaHbIH TEXHONOTHSUIBIK, (DHU3MKA-MEXaHUKAJBIK JKOHE
OKCILTYaTallMsUIBIK ~ KACHETTEepiH 3epTTey HOTHKeNepi KaOBIHHBIH  KOPPO3HsFa
TO3IMAUIITH KAMTaMachl3 €TeTiH KAaCHETTEPiH KOPCETTI, MBICAJIbI: KAJBIHIBIFbI, TO3yFa
TO3IMJIUTIr, KaOBIHHBIH MeTayul OYHBIMHBIH OeTiHe XaObICy OEpiKTiri, KeyeKTiNiK,
KOppO3UsiIaH KOpFay KacHeTTepi HopMaJlaHFaH MOH/IEpTre ColKec KeJleIi.

Tyiiin ce3mep: TepMusIIBIK AUDDY3UAIBIK MBIPBILTAY, KOPFaHBIC >KaOBIHIAPEL,
COPFBI-KOMIIPECCOPIBIK KYOBIpIap, KEYEKTUTIK, KOPPO3USFa TO3IMALTIK.
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'TopaiireipoB yuuBepcutet, [laBnonap, Kazaxcraw;
?CarmaeB ynuBepcureTt, Anmarsl, Kazaxcran;
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OIIEHKA CBOMCTB TEPMOJIU®®Y3MOHHOI'O IMHKOBOT'O
HOKPBITUA MYDPT HACOCHO-KOMITPECCOPHBIX TPYB
IMPOU3BOJACTBA “KSP STEEL”

AHHoTamus. B HacTosiee BpeMst 0c000€ 3HaUEHUE TPUOOPETACT 3aIlMuTa HACOCHO-
KOMITPECCOPHBIX TPYO OT KOPPO3HMOHHOTO pa3pyIieHus. B MUpOBO# MpaKkTUKe OJHUM U3
MEPCTICKTUBHBIX HAIPABICHU N TIPEIOTBPAIIICHUS KOPPO3ZHOHHBIX TOBPEIKICHUH SIBIISCTCSI
NpUMEHEHHUE 3allUTHBIX TOKPBITHH My(pT. BeiOop cmocoba HaHeceHHs 3aIIUTHOTO
MOKPBITHS ABJISICTCS BAYKHBIM STArloM B 00eCIIeUeHUH JUTUTENbHOM skciutyaraiuin HKT.
HenpaBunpHbI BEIOOp THIA 3aIATHOTO MOKPBITHS MPHUBOAUT K TOTOTHUTEIEHBIM
AKCILTyaTallnOHHBIM 3aTparaM. Cpenu CyIIeCTBYIOIIMX CIIOCOOO0B 3aIIUThI OT KOPPO3HH
aKTyaJbHBIM SIBIIIETCS OSKCIUTyatanus My(pT C 3aiuTHBIM TepMoauddy3noHHBIM
[IUHKOBBIM TIOKPBITHEM, IMO3BOJISIOIINM TOBBICUTH JKCIUTyaTallMOHHYIO HAJEKHOCTh
u cpok ciayx0el myhpt HKT u obecrieuynBaromyM 3amuTy pe3n00BOrO COSIUHEHHS
«Tpyba-mydrar.

B nanHOil crarbe mNpeacTaBlIeHbl PE3YJbTaThl KOMIUJIEKCHOW OIIEHKM CBOMCTB
3alIUTHOTO MOKPBITHS, HAHECEHHOTO METOAOM mapoda3Horo TepMoaudhy3MOHHOTO
iuHkoBanus Ha MydTel an1 HKT B ycmousx TOO «KSP Steel». B xome pabothr
OBLIH OTIPE/ICIICHBI CBONCTBA MOKPBITHS, 00SCIICUUBAIOIINE KOPPOZUOHHYIO CTOMKOCTh
METaJUTMUECKUX u3Menuii. V3I0KeHb METONBI OIEHKH U MPECTABICHBI PE3yIbTAThI
UCCIICIOBAHUI TEXHOJOTUYECKUX, OSKCIUIYyaTallUOHHBIX U (PU3UKO-MEXaHHUYECKUX
CBOICTB IIOKPBITHSI.

Pesynbrarhl McCIeI0BaHUS TEXHOJIOTUYCCKUX, (PU3UKO-MEXaHMUYSCKUX U IKCILTya-
TaI[MOHHBIX CBOWCTB MOKPBITHS MTOKA3aJI0, YTO CBOWCTBA MOKPBITHS, 00CCIICUMBAIOIINE
KOPPO3HMOHHYIO CTOHKOCTh, TaKW€ Kak: TOJIIUHA, H3HOCOCTOMKOCTH, IMPOYHOCTH
CIEIUICHHUSI TIOKPBITUS C IMOBEPXHOCTHIO METATMYECKOTO W3MIETHUsl, TOPUCTOCTD,
3aIIUTHEIE CBOMCTBA OT KOPPO3UU COOTBETCTBYIOT HOPMHUPYEMBIM 3HAYCHUSIM.

KiaroueBbie ciioBa: TepMoAu(Py3uMOHHOE LHMHKOBAHUE, 3aIlIMTHBIC TMOKPBITHS,
HACOCHO-KOMIIPECCOPHBIC TPYOBI, TOPUCTOCTH, KOPPO3UOHHAS CTOHKOCTB.

Introduction. Violation of threaded joints “pipe-coupling”, due to metal corrosion,
is the cause of up to 55% of all accidents and failures of tubing in the fields (Penner,
2013).

One of the promising methods of corrosion protection is the operation of pipes and
couplings with protective coatings, which make it possible to increase the operational
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reliability and service life of tubing, significantly reduce metal losses from corrosion,
and improve the environmental situation in production (Proskurkin, 2003).

The effectiveness of protecting metal products from corrosion depends on the
following properties of the coatings:

the strength of adhesion to the surface of a metal product, on which the resistance to
corrosion, abrasive wear, oxidation, cavitation and erosion depends (Proskurkin, 1988);

microhardness, which determines the resistance to corrosive aggressive media
during operation;

porosity, which determines the protective function of the coating against aggressive
media (Jain, 2021);

- the main phase in the structure of diffusion coatings is the & 1-phase (iron 7-12%
(wt) and 93-88% zinc), which provides the coating with corrosion resistance (Proskurkin,
2015 a).

- the thickness of the coating, which determines the service life (the duration of its
destruction from exposure to the environment to exposure of the base) of the coating;

- uniformity of coating distribution along the thread profile is an important indicator
thatprovides complete surface sealing and high protective properties (Proskurkin,2015b).

Research materials and methods. The object of the study was couplings for
seamless tubing made of carbon steel, standard size 108 x 15.5 mm, strength group
N8O, type Q according to GOST 31446, with a coating applied by the method of vapor-
phase thermal diffusion galvanizing (TDG) at the base of enterprise KSP Steel LLP
(GOST 31446-2017).

The technological process was carried out with the following parameters:

heating at a temperature of 435°C for 140 minutes;

cooling for 90 minutes, with a vacuum in the furnace retort of 0.7-0.8 bar.

Heat treatment of the sleeve consisted of quenching and subsequent tempering. The
physical and mechanical properties of the couplings are shown in Table 1.

Table 1 - Physical and mechanical properties of couplings with thermal diffusion coating

Indicator name Mechanical properties, for steel grade
Normalized values Actual values
Ultimate tensile strength G, not less, MPa 689 822,8
Yield strength ot
not less, MPa 650-758 702,9
no more, MPa
Relative elongation Af,%, not less 16 24,6

The appearance of the coating was evaluated in accordance with GOST R 9.316.

The thickness of the coating was estimated by the eddy current method according
to GOST 9.302 using the “Constant K5 device. The relative error of this method is =
5%. The thickness control was carried out on the lower and upper sides of the sleeve at
6 points on each inner groove (ASTM B602 — 88).

The control of the thickness of the coating on the thread by the metallographic method
was carried out in accordance with GOST 9.302. Microsections polished on a grinding
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polishing machine and etched with 4% alcohol solution HNO, were used as a material
for determining the thickness of the coating on the thread of the coupling. Sections
were studied using an Olympus BX51M metallographic microscope. According to
the requirements of GOST 633-80, the interference fit of the coupling with a coating
along the thread gauge of the plug (the distance from the end of the coupling to the
end of the thread runoff on the pipe) should be from 2.5 to 7.5 mm. To comply with
this requirement, the thickness of the zinc coating is regulated within 40 + 20 microns
(«Pervouralsk Novotrubny Planty JSC).

To assess the uniformity of the coating, the thickness was measured on the outer
side of the coating, on the upper and lower sides of the box: along the ends and along
the outer band, at six points on each surface. Uniformity was estimated as the deviation
from the arithmetic mean of all thickness measurements, in percent. In foreign and
domestic NTD and GOST there are no unambiguous requirements for the uniformity
of the coating, according to the results of the literature review, the deviation of the
thickness from the arithmetic mean no more than 5% is accepted as the standard value
(Chizhov, 2015).

The assessment of the wear resistance of the coating was carried out in accordance
with the requirements of API 5 B (API 5B-2017) according to the factory method, the
material was pipes with a nominal diameter of 73 mm, strength group D (ASTM F3226)
and couplings with a thermal diffusion coating of heat No. 5190973. The protective
properties of the coating against corrosion were determined through the index of resistance
to pitting formation. The test was carried out in accordance with the requirements
of GOST 9.302 and the technological regulations of the enterprise (Technological
regulations “Thermal diffusion galvanizing of couplings”). Microhardness was
measured in accordance with GOST 9450 (Bao, 2011) according to the factory method
on a Shimadzu HMV-2 series device (PA «KSP Steel» LLP). The microstructure of the
coatings was determined according to GOST 5640 on polished, polished and etched
with 4% alcohol solution of HNO, microsections, which were studied at a magnification
of x 60 to x 1000 on an Olympus BX51M microscope (Elkoca, 2015). According to
GOST 5640, the microstructure is assessed on microsections with a size of 30x40 mm.
Samples for microsections were cold cut mechanically so that their plane coincided with
the direction of the fibers (samples should be longitudinal). The adhesion strength of
the coating to the metal of the coupling (adhesion) was determined according to GOST
9.302-88, by the heating method. The porosity of the coating is determined by various
methods according to GOST 9.302. In this work, the corrosion method was used.

Result and discussion. A general view of samples with a coating on the outside and
a threaded surface is shown in Figure 1.

Figure 1. Coupling with a thermal diffusion coating: a. appearance; b. threaded surface

110


https://www.researchgate.net/scientific-contributions/T-Bao-2046100148

ISSN 2224-5278

6. 2022

The appearance assessment showed that the thermal diffusion zinc coating meets the
requirements of the standards for this coating. The results of measuring the thickness of
the coating are shown in tables 2, 3.

Table 2 - The results of measurements of the coating thickness, using the device “Constant K5”

No Thickness, micron
meas. On the upper and lower On the uncoated Arithmetic mean - | Taking into account
inner girdle of the coupling (conditional |conditional zero | the method error + 5%
coupling Z€ro)
1 68
2 68 ?
3 69
9
4 68
5 74
6 73 8
7 62 66,1-8,83=57,27 | 60,13-54,41 micron
9
8 62
9 60
10 62 8
11 59
12 68 10
Average 66,1 8,83

The data of metallographic control of the coating thickness are given in Table 3, the
type of coating is shown in Figure 2.

Table 3 - Thickness of coatings on the coupling thread

Thickness of TDG coating, microns

Ne measuring | At the top of the | In the socket |On the side Average Normalized values
tooth surface meaning
1 47 23 30
2 48 28 34
3 47 29 35
4 46 26 35 35,7 20-60
5 42 30 32
6 44 32 35
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Figure 2. View of TDG coating on the coupling thread when measuring the thickness by the
metallographic method: a. socket; b. apex of the tooth
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According to the results of evaluating the coating thickness by the eddy current
method using the Constant K5 device and the metallographic method using an Olympus
BXS51M microscope, the coating thickness is on average 57.27 microns (the minimum
value with an error of 5% is 54.41 microns) and 35.7 microns respectively, which
corresponds to the normalized values (from 20 to 60 microns).

The results of measurements of the thickness of the sleeve, to assess the uniformity
of the coating, taking into account the “conditional zero” indicator are given in Table 4,
the results of evaluating the uniformity are shown in Table 5.

Table 4 - Results of coating thickness control with the “Constant K5 device, to assess the uniformity

Ne meas. Coating thickness, microns
On the upper end | On the upper inner | At the On the lower inner|Average
of the coupling | belt of the coupling | bottom of the | shoulder of the | value
coupling coupling
1*' meas. 51,17 59,17 38,17 53,17 50,42
2™ meas. 44,17 59,17 37,17 53,17 48,42
3" meas. 53,17 60,17 35,17 51,17 49,92
4" meas. 48,17 59,17 37,17 53,17 49,42
5t meas. 60,17 65,17 38,17 50,17 53,42
6™ meas. 54,17 64,17 35,17 59,17 53,17
Average 51,84 61,17 36,84 53,34 50,79

Table 5 - The results of evaluating the uniformity of the coating on the couplings

Type of coating Coating thickness, microns
On the On the upper At the On the lower | Average value
upper end of | inner belt of | bottom of the | inner shoulder of
the coupling | the coupling coupling the coupling
. max 60,17 65,17 38,17 59,17
TDG, micron 1) 44,17 59,17 35,17 50,17 o142
Deviation 1 . x 17,02 26,74 25,76 15,07
max, min 18.5
from th ’
a0 | Min 14,09 15,07 31,60 24

After analyzing the data in Table 5, we can conclude that the coating is not uniform
enough with a deviation from the arithmetic mean of the coating thickness by 18.5%
(with the accepted uniformity indicator, the deviation is no more than 5%). However,
taking into account the absence of regulatory requirements for uniformity in NTD and
the compliance of the minimum thickness indicators with the standard values (from 20
to 60 microns), we can say that the coating with this uniformity indicator will protect
the product from the effects of aggressive media.

Wear resistance was determined after 6-times make-up-unscrewing of a sleeve with
a coating with tubing pipe on a sleeve-screwing machine.

The actual make-up moments for each stage of make-up are given in Table 6,
the appearance of the threaded surface of the coupling after the assessment of wear
resistance is shown in Figure 3.
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Table 6 - Make-up moments for each make-up stage

Make-up stage, Ne Recommended make-up torques, N - m Actual make-up

min optimal max torque, N - m
1 1464
2 1521
3 1428
2 978,75 1305 1631 1433
5 1428
6 1442

= |

Figure 3. Threaded surface of a coupling with TDG coating after wear resistance tests

Thus, it can be concluded that the coating has good frictional properties, allowing at
least six acts of make-up and unscrewing of a pipe with a coupling without damaging
the threaded surface and meets the requirements of API 5B (16th edition).

To assess the protective properties against corrosion, a freshly prepared solution of
copper sulfate with a concentration of 100 g / dm*® was used, which was applied to a
sample previously defatted with alcohol and held for 60 seconds. The place where the
drop was applied was limited to the glass with a pencil. Samples coated and uncoated
after testing are shown in Figure 4.

a b
Figure 4. Samples after the study of protective properties: a. coated sample; b. uncoated sample
As you can see from the figure, after 60 seconds, a pink spot was formed on the
uncoated samples. On the coated sample, there are no pink pits, which is an indicator of
the provision of high-quality corrosion protection of the product.

When determining the microhardness of the coating, measurements were carried out
on cross-sectional sections of the samples. The measurement results are shown in Table 7.
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The hardness of the coating averaged 649.33 HVO0.2. The table shows that the
hardness changes significantly. Thus, the hardness of the layer located closer to the
base metal was 788 HV0.2, and in the layers closer to the surface, it decreases, which is
comparable to the presence of phases, the hardness of which changes (mainly decreases)
with approaching the outer surface of the coating. In general assessment, the hardness of
the coating is high, compared to the hardness of uncoated metal, averaging 224.5 HV0.2
due to the presence on the metal surface of phases and intermetallic compounds of metal
with zinc in various ratios that form the basis of the coating.

Table 7 - Results of measurements of the hardness of the zinc coating

Hardness, HV,
Ne meas. 02
Uncoated Coated (454-471 HV)
1 227 788
2 225 751
3 222 680
4 225 610
5 220 548
6 228 518
Average value 2245 649,33

The results of metallographic studies at various magnifications are shown in Figure 5.

Figure 5. Microstructure of zinc coating: a. x 200 magnification; b. x 1000 magnification

In the study of thermal diffusion zinc coating, the following phase layers were found:

a-phase - the transition zone from the base metal to the coating, on the microstructure
of the form as a weakly etched white layer. It is a solid solution of zinc in iron;

G-phase - a dark narrow strip located on a steel base is the hardest phase in the
coating;

d1-phase - mainly has a columnar structure, gives corrosion resistance to the coating.

When testing the strength of adhesion (adhesion) of the coating, the sample of the
coated sleeve was heated to a temperature of 190°C, kept at this temperature for 1 hour
and cooled in air, after which its appearance and integrity were evaluated.

The threaded surface of the coated coupling before and after the bond strength test
is shown in Figure 6.
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a b
Figure 6. Threaded surface of the coated coupling before and after the bond strength test:
a. before the test; b. after the test

As can be seen from the figure, on the surface of the sleeve after heating, no swelling
or delamination was found, the surface was not deformed, and the adhesion strength of
the coating to the metal was high.

To assess the porosity, the samples were immersed in a solution containing potassium
ferrocyanide 3 g / dm?and sodium chloride 10 g / dm? at a temperature of 22°C. The
immersion time of the samples is 5 minutes. The surface of the samples after testing is
shown in Figure 7.

a b

Figure 7. Surface of samples after porosity tests: a. coated sample; b. uncoated sample

As can be seen from Figure 7, no blue pits were found on the surface of the sample
with a coating, which is an indicator of the non-porosity of the coating.

Conclusion. As a result of a comprehensive assessment of the properties of a thermal
diffusion zinc coating applied by the vapor-phase method, the following results were
obtained:

1. the appearance meets the requirements of GOST R 9.316;

2. the average value of the coating thickness, taking into account an error of 5%, is
equal to 57.27 microns, the minimum thickness is 54.41 microns and 335.7 microns
on the thread, which corresponds to the standardized requirements for the coating

115



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

thickness for corrosion protection in accordance with GOST 9.302 and for interference
in accordance with thread according to GOST 633-80;

3. the uniformity of the thickness of the coating over the surface of the product has a
deviation from the arithmetic mean of the thickness by 18.5%. Taking into account the
absence of regulatory requirements for uniformity in NTD and the compliance of the
minimum thickness indicators (35.17 um) with the standard values, it can be assumed
that the coating at this uniformity indicator will protect the product from the effects of
aggressive media;

4. the coating has high wear resistance and resistance to pitting corrosion;

5. the coating has a high hardness - an average of 649.33 HV0.2, the outer layers of
the coating have softer layers that play the role of solid lubricant and provide high wear
resistance to the coating;

6. the coating has high adhesion to the surface of the product;

7. the coating has no pores;

8. there is a 6 _1-phase in the microstructure of the coating, which imparts corrosion
resistance.

In general, according to the results of the complex tests carried out, it can be concluded
that the coating obtained by the method of vapor-phase thermal diffusion galvanizing
under the conditions of KSP Steel LLP provides reliable corrosion protection for tubing
couplings.
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