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2 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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 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 UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul 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
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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
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A.K.Sambetbaeva'’, E.B. Kurmanbekoval, S.T. Shaltabaeva!, S.A.
Ugryumov?

International Educational Corporation, Almaty, Kazakhstan;

2St. Petersburg State Forestry Engineering University named after S.M. Kirov,
Saint Petersburg, Russia.
E-mail: aigultdo@mail.ru

EVALUATION OF PROTECTIVE PROPERTIES OF COATINGS OF
FILLED COMPOSITIONS BY ELECTROCHEMICAL METHODS

Abstract. This article discusses the possibility of using new chemically
resistant fillers from local, non-scarce and inexpensive raw materials. It is known
that mineral fillers are characterized by high chemical resistance. At the same
time, glass powder has high acid resistance, and expanded clay dust has high acid
and alkali resistance. The introduction of fillers into a heat-resistant anticorrosive
coating based on ED-16 epoxy resin to protect metal products and structures
from corrosion, contributes to improving the technological and operational
properties of coatings. It is shown that on a liquid glass binder, with an increase
in the dosage of the filler — glass powder, the adhesive strength of coatings and
its protective ability increases. When used as a filler of expanded clay dust, on
the contrary, with an increase in the dosage of the filler, the adhesive strength
of the coatings and its protective ability decrease. The introduction of expanded
clay dust improves the electrochemical state of the steel under the coating, and
at the same time increases the fire resistance of the coating, which significantly
reduces the deformation of the metal when exposed to high temperature (up
to 900-950°C). Having a large surface, the fillers come into contact with the
functional groups of the polymer, while the adhesion forces are manifested,
the nature of which determines the resistance to aging of coatings and the
preservation of their protective properties for a long time. The influence of glass
powder and expanded clay dust on the adhesive properties and protective ability
of coatings has been studied. It is known that visual assessment of the corrosion
state of steel samples does not provide accurate information about the further
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electrochemical state of steel samples under coating. Therefore, electrochemical
studies of steel samples protected by anticorrosive coatings have been carried
out by removing anodic polarization curves, as well as by measuring the ohmic
resistance of coatings. It is concluded that the data obtained by capacitance-
ohmic measurement are similar to the data obtained from the anode polarization
curves of steel samples protected by anticorrosive coatings. Tests have shown
that the greatest displacement of the stationary potential is observed when filling
the binder with glass powder, regardless of the type of binder.

Key words: anticorrosive coatings, filler, glass powder, steel, metal structures.

A.K.CamberdaeBa'’, J.b. Kypmanoekosa', C.T. lllanta6aesa’, C.A.
Yrpwomos?

"Xanbikapaisik 0is1iM Oepy kKopriopauusicel, Anmarsl, Kasakcras;
2C.M. Kupos ateiagarsl CankT-IleTepOypr MeMIIEKETTIK OpMaH-TEXHUKAJIBIK
yHuBepcuteTi, [lerepOypr, Peceii.
E-mail:aigultdo@mail.ru

KABBUIFAH KYPAMJAPABIH KOPFAHBIIITBIK KACUETTEPIH
IIEKTPOXUMHUAJIBIK OAICTEPMEH BAFTAJIAY

AHHOTamusi. byn Makamama >KeprigikTi, Tamiibl €MeC JKOHE KbIMOaT
eMeC MIMKI3aTTaH >KaHa XUMUSUIBIK TO3IMJII TOJTBIPFBINITAPABI TaiiTanaHy
MYMKIHJITT KapacTeIpbUiaabl. MuUHepanabl TONTBIPFBIIITAPABIH XUMUSIIBIK
TO3IMIUIITT JKOFapbl ekeHi Oenrim. CoHbIMEH Oipre IIbIHBI YHTAFBIHBIH
KBIIIKBIIFA TO3IMJIUIITT JKOFapbl, ajd KepamM3uUT IIAHBIHBIH KBIIIKbUT MEH
ciaTire TO3IMIUIIT Korapbl. Mertamn OyMbIMIaphl MEH KOHCTPYKIHSIIapbIH
Koppo3usiian Kopray yiriH ED-16 snokcuari maiblp HETi3iHIeri BICTBIKKA
TO31M/Il KOPPO3HsIFa Kapchl jKa0bIHFA TOJNTBHIPFBILITAP/ABI €HI13Y JKAaObIHIAPIbIH
TEXHOJIOTHSITBIK JKOHE TIai1ajaHy KaCUeTTePiH apTThIpyFa bIKIal eTe/i. CyibIK
IIBIHBI OAIJIAHBICTHIPFBINITA TOJNTHIPFBIII — IIBIHBI YHTAFBIHBIH MOJIIIepiIeMeci
VIIFaiifaH CalblH YKaOBIHIAPABIH aJIe3UsIIbIK OSpIKTIri MEH OHBIH KOPFaHbBIC
KaOineri apra TyceTiHi kepceTuireH. TOATBIPFBINI pETiHE NaianaHblUIFaHaa,
KepaM3UT IaHbl, KEPICIHIIE, TOJITBHIPFBIIITHIH J03aChIHBIH >KOFapbUIaybIMEH,
KAOBIHJIAP/BIH  QTE3MSCHIHBIH OEPIKTITT KOHE OHBIH KOpFaHBIC KaOimeTi
ToMeHelal. KepamM3uT TIaHBIH €Hri3y JKaObIH acCThIHIAFBl OOJATTHIH
ANMEKTPOXUMUSIIBIK KYHIH JKaKcapTaJbl )KOHE COHBIMEH Oipre »KaOBIHHBIH OTKA
TO3IMILIITIH apTThIpabl, OYJI KOFapbl TEMIIEpaTrypa ocep €TKEH/Ee MEeTaJIbIH
nedopMaIusChIH alTapiabIKTall ToMeHeTe Al (neinri auamazonaa). 900-950°C).
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Ynken OeTke me 00ia OTBIPHIIN, TOITHIPFBIITAP MOIMMEPIIH (PYyHKIIMOHAIIBI
TONTapbIMEH OallaHbICKa TYCEIl oHE aAre3usi KYIITepl KOpiHEMl, OJapablH
Taburarel KaOBIHIAAP/ABIH KAPTAIObIHA TO3IMJIUIITIH JKOHE Y3aK YaKbIT OOIbI
OJIap/IbIH KOPFaHbIC KACHETTEpiH cakray[bl aHbIKTailnbl. I1IbIHBI YHTaFrbl MeH
KEpPaM3HUT IIaHBIHBIH JKaObIHIAPIBIH AATe3UsUIBIK KAacHETTepi MEH KOPFaHBIC
KabineriHe ocepi 3eprreni. bonar yarinepiHiH KOppO3UsUIbIK KYHiH BU3yallabl
Oaranay >kaObIH aCTBIHAAFBI 00JIAT YIATUIEPIHIH OJaH 91 AEKTPOXUMHUSIIBIK KYH1
TypaJibl HaKThl akmapar OepmeiTini Oenrisi. COHIOBIKTaH KOPPO3USFa KapChl
KaOBIHJIApDMEH KOpFajFaH OoJlaT YiTUIEpiHE SJIEKTPOXUMMSUIBIK 3€epTTEYIep
AQHOATHIK TOJIAPHU3AIMS KUCBIKTAPBIH ©JIIIeY, COHBIMEH KaTap XaObIHIapablH
OM/IBIK KEIEPTICIH OJIIIeY apKbUIbI KYPri3iiai. ChlHBIMIBUIBIK-OMIBIK OIICY/Ie
QJIBIHFAH HOTIDKENIEp KOPpO3WsiFa Kapchl >KaOBIHIApMEH KOpFajFaH Oosat
YJTUIEpiHIH aHOATHIK MOJIAPU3AIMs KUCBIK CBI3BIFBIH ally apKbUIbl ajbIHFaH
MOJIIMETTEpPre YKcac JIereH KOPbIThIHABI *kacaiabl. ChIHAKTap CTal[MOHAPIIbIK
MOTEHIMAJ/IBIH €H YJIKEH BIFBICYBI OaiIaHBICTBIPFBIMITHIH TYPiHE KapamacTaH
LIBIHBI YHTAFbIMEH TOJITBIPBUIFAH Ke3/1e 0aliKaaaTbIHbIH KOPCETTI.
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OIIEHKA 3AIMUTHBIX CBOMCTB MMOKPHITUI HAIIOJTHEHHBIX
KOMIO3UIIUHI JIEKTPOXUMHUYECKUMU METOJAMUA

AHHOTanus. B n1aHHOl cTarbe paccMaTpuBaeTCsi BO3MOXKHOCTh PUMEHEHUSI
HOBBIX XUMHUYECKH CTOMKHMX HAIOJHUTEICH M3 MECTHBIX, HEACHUIIUTHBIX U
HEJIOPOTUX ChIPHEBBIX MarepuayioB. MI3BECTHO, UTO MUHEPAJIbHBIE HAITOJTHUTEIN
OTJIMYAIOTCA BBICOKOM XHWMHUYECKOM CTOMKOCTBHIO. [Ipy 3TOM CTEKISHHBIN
MOPOIIOK UMEET BBICOKYIO KUCIIOTOCTOMKOCTD, a KEPaM3UTOBAs MBI 00JIa1aeT
BBICOKOM KHCJIOTO- U IIEJIOUECTOMKOCThIO. BBenaeHue HamoJHUTEIel B
TEPMOCTOMKOE aHTHUKOPPO3UOHHOE MOKPBHITHE HA OCHOBE AIOKCHIHOW CMOJIBI
O/1-16 nns 3amuUThl METAJUIMYECKUX M3JEIUNH U KOHCTPYKIMH OT KOPPO3HH,
CIOCOOCTBYET IMOBBIIICHUIO TEXHOJIOTMYECKUX M IKCIUTYyaTAIlMOHHBIX CBOMCTB
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nokpsITuil. [Ioka3aHo, 4TO Ha KUIKOCTEKOJIBHOM CBSI3YIOIEM C IOBBILIEHHEM
JIO3UPOBKH HAIMOJIHUTENSI — CTEKISTHHOTO MOPOIIKA MOBBIIIAETCS aAre3uOHHas
IIPOYHOCTh IMOKPBITUM M €ro 3amuTHas crnocoOHOCTh. llpu mpumeneHun B
KaueCTBE HAMOJHUTEIS KEepamM3WTOBOM IMbUIM, HAOOOPOT, C MOBBILICHHEM
JO3UPOBKM HAMOJHUTEIS CHUXKAETCSl aAre3MOHHAs IMPOYHOCTb IOKPBITHM
U ero 3alluTHas CHOCOOHOCTb. BBeaeHue KepamM3UTOBOW MbUIM YIydllaeT
AIIEKTPOXUMHUYECKOE COCTOSIHUE CTaJd TIOJ IMOKPBITUEM M OJHOBPEMEHHO
MOBBIIIAET OTHECTOWKOCTh MOKPBITHS, YTO 3HAUUTEIILHO CHIDKACT Je(pOpPMAIIUI0
MeTajula MpU BO3ACWUCTBUM Ha HEe BBICOKOW TemIeparypbl (B Ipenenax o
900-950°C). O0Gmamast GONBIION MMOBEPXHOCTHIO, HAMOJHUTEIN BCTYHAlOT B
KOHTaKT C (DyHKIIMOHAIBHBIMU TPYIIAMHU IMOJIUMEPA, TPU 3TOM MPOSIBISIOTCS
CWJIBI aJIF€3UH, IMPHUPO/Ia KOTOPBIX OOYCIOBIMBAET CTOMKOCTh K CTapeHUIO
MOKPBITUN M COXPAaHEHUE B TEUEHUE JIUTEIBHOIO BPEMEHM HX 3aLUTHBIX
CBOMCTB. M3y4eHO BIMSHUE CTEKJISIHHOTO IMOPOIIKAa U KEPaM3UTOBOM MbLIU
Ha aJre3MOHHBIC CBOWCTBA M 3aLIUTHYIO CIIOCOOHOCTH MOKpHITHH. M3BecTHO,
YTO BH3yajbHas OIEHKa KOPPO3MOHHOTO COCTOSIHHS CTalIbHBIX OOpa3loB He
JaeT TOYHOW MH(OPMAIMK O JAJbHEHIIEM 3JIEKTPOXMMUYECKOM COCTOSTHUU
CTaJIbHBIX 00pa310B oA MOKpbITHEM. [103TOMY ITPOBEIEHBI AIEKTPOXUMHUYECKIE
WCCIIEIOBAHMS 3allUIICHHBIX AHTUKOPPO3HMOHHBIMU MOKPBITUSMHU CTaJIbHbIX
00pa3loB METOIOM CHSTHS AHOIHBIX TMOJAPU3ALMOHHBIX KPUBBIX, & TaKKe
M3MEPEHHEM OMMUYECKOIO CONPOTUBIEHUS MOKpbITHH. ChaenaH BBIBOI O TOM,
YTO IOJIyYE€HHBIE NPU €MKOCTHO-OMHYECKOM M3MEPEHUHU CXOJHBI C JaHHBIMH,
MOJIyYEHHbIMH CHSITUEM AaHOAHBIX MOJIPU3ALMOHHBIX KPUBBIX CTaJbHBIX
0o0pa3oB, 3allMIICHHBIX AHTUKOPPO3UOHHBIMU MOKPHITUSMU. McnbiTanus
MoKa3aly, 4TO HauOoJIbIIIee CMEIIEHHE CTAI[MOHAPHOTO MOTEHIIMAaIa OTMEYaeTCs
[IPY HANOJIHEHUU CBS3YIOLIEr0 CTEKJISHHBIM IOPOIIKOM HE3aBHUCHMO OT BHJA
CBSI3YIOLIETO.

KiroueBble cjI0Ba: aHTUKOPPO3UMOHHBIE  TOKPBITHS, HAIOJIHUTEIND,
CTEKJISIHHBIN TOPOILIOK, CTallb, METAJIMYECKHE KOHCTPYKIUH.

Introduction. Steel and its alloys are used in all leading industries and
construction, but these materials are highly sensitive to the effects of various types
of corrosion. Currently, Russia produces anticorrosive coating compositions
based on imported raw materials. The largest manufacturers of epoxy polymers
for anticorrosive coatings were Dow Chemical, Shell, Nan Ya. EHB insulation
systems provide corrosion protection in a wide variety of conditions, as thanks
to a special technology, anticorrosive coatings such as Ceramite Glassguard
have high performance, durability and versatility. Coatings of this type contain
millions of flakes of heat-cured glass in various resins. These flakes self-cleave in
the coating shortly after application and are completely encapsulated, forming a
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strong barrier capable of withstanding the effects of any corrosive environment.
(Leviev et al., 2021:5).

The components consist of a mixture of oxidized petroleum jelly,
microcrystalline waxes, metal sulfonates, water-displacing agents, and pigments
in a hydrocarbon solvent. The components of oxidized petroleum jelly and
microcrystalline waxes have the ability to remove moisture from the surface,
and sulfonates form an absorbent layer of corrosion inhibitor on metal surfaces
(Mammedov et al., 2021:8).

Analysis of literature sources shows that for corrosion protection of metal
structures and equipment, an important role is assigned to fillers that are
introduced into the binder to reduce shrinkage of coatings, increase their strength
and protective ability in various aggressive environments, as well as to reduce
the cost of coatings on both liquid-glass binder and polymer.

Materials. For the preparation of anticorrosive composite coatings for the
protection of metal structures, epoxy compounds may be suitable as a binder
along with liquid glass. However, they are prone to shrinkage, and are not elastic
enough, which causes fears of cracks during transportation and installation of
metal structures. Therefore, it becomes necessary to modify the polymer with
special additives. It is known from the literature that various plasticizers are
used to give elasticity to coatings based on epoxy resins. In our experiments,
we adopted dibutyl phthalate as a plasticizer, the most available and effective
plasticizer.

It is known that metal structures, when exposed to high temperatures
commensurate with the temperature during a fire, can deform, and the epoxy
coating can burn out, and thereby lose protective functions. In order to increase
the heat resistance of the anticorrosive coating, we modified it with the addition
of a mineral filler - expanded clay dust.

From the practice of selecting paintwork compositions, it is known that their
protective properties improve with the introduction of fillers (Kovrizhkina et al.,
2019:8) which, in addition, improve the film formation process, reduce residual
stresses, and change the electrochemical state of steel under coating (Shintemirov
et al., 2009:4). Non-deficient fillers, ground glass fight and expanded clay dust
were used for experiments.

Methods. When metal comes into contact with an anticorrosive coating,
metal ions are transferred into the coating, as well as when unprotected metal
comes into contact. In this case, metal ions pass into the coating, similar to how
it happens in true electrolyte solutions. An unbalanced number of electrons
remains in the metal, therefore, a double electric layer is formed at the metal-
coating boundary (Rossina et al., 2019), which has its own potential. It also
happens under a polymer coating. In that way, if you connect a coated metal
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and a coating into a circuit, then a current will flow through it, which is called a
corrosion current. Consequently, a corrosion process occurs on the metal under
the coating. The course of this process was controlled by potentiostatic and
capacitance-ohmic (Rossina et al., 2019) measurements of the corrosion current
in samples subjected to corrosion tests.

To remove the anode polarization curves, we used the IPC-PRO potentiostat.
Metal samples with coatings (working electrodes), a silver chloride reference
electrode, an auxiliary platinum electrode (Yaroslavtseva et al., 2015) were
immersed in a dielectric vessel with an aggressive solution (electrochemical
cell) and connected to a potentiostat according to the scheme (Figure 1).

- =\ = 4 = - _/flfrn‘rwﬁmfm‘m‘?
— =% = - —

P - potentiostat; PM - potentiometer; pA - microammeter; R - reference electrode; W - working
electrode; A - auxiliary electrode

Figure 1. — Connection diagram of devices for conducting potentiostatic studies

The recording of potentials and polarization currents was carried out with a
HANS ORION potentiometer, as well as with an M254 microammeter. When
selecting the composition, the potentiostatic method made it possible to select
the most effective passivating ingredients. Their effectiveness is most evident
with small coating thicknesses (up to 50 microns) (Mammedov et al., 2021:8).

When studying coatings with a thickness of more than 50 microns, when
they have high dielectric and barrier properties, the capacitive-ohmic method
was used. To measure capacitance and ohmic resistance, coated samples were
placed in an electrochemical cell. To make electrical contact with an electrically
conductive body of a water-saturated anticorrosive coating, an auxiliary electrode
made of platinum was placed in an electrochemical cell (Yaroslavtseva et al.,
2015) and through a separating capacitor of sufficiently large capacity, which did
not affect the measurement results, the sample was connected to a full resistance
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meter (Figure 2). A recorder was used to record the measured parameters, and
the frequency (@ =10*) was set by an audio frequency generator and controlled
by a frequency meter.

R

F —HDJ ————A W

Electrochemical cell - ar b cllere sl B s o

® ] 3

F - full resistance meter; R - recorder; S - sound frequency generator; E - electronic
counting frequency meter; W - working electrode; A - auxiliary electrode; D - decoupling
capacitor.

Figure 2. - Connection diagram of devices for conducting capacitance-ohmic studies

Results. It is known that visual assessment of the corrosion state of steel
samples does not provide accurate information about the further electrochemical
state of steel samples under coating. In addition, when visually assessing the
corrosion condition, it is necessary to remove the coating from the surface
of steel samples, which is fraught with considerable difficulties, since after
removing the coating itself, the samples still have to be etched with hydrochloric
acid inhibited by urotropin. This process can additionally cause corrosion of
steel, under the influence of hydrochloric acid. Therefore, electrochemical
studies of steel samples protected by anticorrosive coatings have been carried
out by removing anodic polarization curves, as well as by measuring the ohmic
resistance of coatings.

Figures 3 and 4 show the results of electrochemical studies of the condition of
steel samples protected by anticorrosive coatings based on liquid glass and epoxy
resin. The studies were carried out by the potentiostatic method, by removing
the anode polarization curves on the [IPC-PRO potentiostat. The dependence of
the polarization current density on the potential was recorded with a ZGANS
ORION potentiometer. The auxiliary electrode was a 12X18HI10T stainless
steel ring. The reference electrode was a silver chloride electrode filled with a
saturated solution of KCI.

In the case of using glass powder as a filler, the corrosion current density
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decreases even more and ranges from 3.2 to 5.0 pA/cm?, depending on the
thickness of the coating, which in turn depends on the amount of filler introduced
(Figure 3). These values of the polarization current density reduction indicators
indicate full protection of the steel sample with tested coatings.

Figure 3 also shows that anticorrosive coatings shift the stationary potentials
of the steel sample in the positive direction by 120-150 mV when filling the
liquid-glass binder with expanded clay dust. If this binder is filled with glass
powder, then the displacement of the stationary potential is 220-250 mV.
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1 — uncoated sample after 180 cycles; 2 - coated sample, where the filler was expanded clay
dust (100% of the mass of liquid glass); 3 — the same (125% of the mass of liquid glass); 4 - the
same (150% of the mass of liquid glass); 5 — the same filler glass powder (100% by weight of
liquid glass); 6 - the same filler glass powder (125% by weight of liquid glass); 7 - the same
filler glass powder (150% by weight of liquid glass).

Figure 3 - Anodic polarization characteristics of steel with anticorrosive coatings on a
liquid-glass binder after 180 cycles of accelerated corrosion tests

When using an anticorrosive coating based on a liquid-glass binder, the
average specific polarizability of samples increases (from 40.1-47.7 to 69.7-89.0
mV /pA /cm?), and the stationary potential of steel is shifted by the coating in the
positive direction (by 110 - 160 mV) when used as fillers of expanded clay dust.

Somewhat greater polarizability of the steel sample is observed when using
glass powder as fillers. At the same time, the average specific polarizability
increases from 66.6-92.0 to 115.4-140.0 mV/uA/cm?.

Figure 4 shows the anodic polarization curves of a steel sample protected by
an anti-corrosion coating based on epoxy resin, where expanded clay dust and
glass powder are used as fillers.
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1 —uncoated sample after 180 cycles; 2 - coated sample, where the filler was expanded clay
dust (100% by weight of epoxy resin); 3 — the same (125% by weight of epoxy resin); 4 - the
same (150% by weight of epoxy resin); 5 — the same filler glass powder (100% by weight of
epoxy resin); 6 - the same filler glass powder (125% by weight of epoxy resin); 7 - the same

filler glass powder (150% by weight of epoxy resin).

Figure 4 - Anodic polarization characteristics of steel with anticorrosive coatings based on
epoxy resin after 180 cycles of accelerated corrosion tests

Figure 4 shows that anticorrosive coatings based on epoxy resin reliably
protect steel samples from corrosion, regardless of which filler was used in the
coating. However, the analysis of the curves shows that in the case of filling the
epoxy resin with glass powder, the values of the polarization current densities
are less than when filling the resin with expanded clay dust.

Table 1 shows the results of tests of anticorrosive coatings by the capacitive-
ohmic method. These data are necessary for the correct interpretation of the
obtained measurement results of capacitance (C) and ohmic resistance (R), which
depend not only on the properties of the coatings at the time of measurements,
but also on the frequency of the current at which these measurements are made.
In addition, measurements of capacitance and ohmic resistance objectively
complement the results obtained by removing the anode polarization curves of
steel samples protected by anticorrosive coatings (Yaroslavtseva et al., 2016).
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Table 1 - Effect of filler additives on the electrochemical properties of protective coatings

Shift of ... | Average specific
. . Polarization o
Stationary stationary polarizability
Type . current Number of
of filler electrode potential of density, LA/ of the coated fest cycles
potential, mV | coated steel, . ’ reinforcement,
mV ¢ mV/pA/cm?
Anticorrosive coating based on liquid glass
glass powder -250...280 270...300 [3,2...5,0 56...93,75 180
expanded clay dust [-136...170 170...210 |7,5...94 22,6...22,3 180
Anti-corrosion coating based on epoxy resin
glass powder -75...100 450...475 |0,5...14 71,4...150 180
expanded clay dust [-170...210 340...380 |2/4...34 61,8...70,8 180
control (uncoated) |-550 - 25,7 - 180

It can be seen from Table 1 that the data obtained by capacitance-ohmic
measurement are similar to the data obtained from the anode polarization curves
of steel samples protected by anticorrosive coatings.

Discussion. Epoxy resin-based coatings filled with expanded clay dust reduce
the polarization current density at a potential of +300 mV (from 25 to 2.2-3.2
pA /em?), which is more than three times more effective than anticorrosive
coatings based on liquid glass. In the case of using glass powder as a filler,
the corrosion current density decreases even more and ranges from 0.5 to 1.5
pA/cm?, depending on the thickness of the coating, i.e. the protective ability
increases with increasing coating thickness. These values of current density
reduction indicators indicate full protection of the steel sample with tested
coatings. The average specific polarizability of the samples increases from 68.75
to 120.0 for coatings where the filler was expanded clay dust and up to 90-100,
where the filler was glass powder. The presented experimental results show that
the specific polarizability of steel samples protected by anticorrosive coatings
based on epoxy resin is almost 1.5 - 2 times higher than samples protected by
coatings based on liquid glass. Tests have shown that the greatest displacement
of the stationary potential is observed when filling the binder with glass powder,
regardless of the type of binder. However, even in this case, it is impossible to
discount such a filler as expanded clay dust, which also reliably protects steel
samples from corrosion. In that way, based on preliminary experiments, fillers
— glass powder and expanded clay dust from the cold end of the firing furnace
- were selected as components of an anticorrosive coating based on liquid glass
and epoxy resin.

Conclusion. Analysis of the anodic polarization characteristics taken after
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180 cycles of accelerated corrosion tests shows that the protection of steel
samples with anticorrosive coatings based on liquid glass filled with expanded
clay dust or glass powder, in all cases:

- improves the electrochemical condition of steel;

- the polarization current density decreases at a potential of +300 mV (from
25 to0 7.0-9.2 pA/cm?) when using expanded clay dust as a filler.

However, the analysis of the curves shows that in the case of filling the epoxy
resin with glass powder, the values of the polarization current densities are less
than when filling the resin with expanded clay dust.
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