— 174 c. 3. Mtyers R.G., Morgan R.P. Aluminium coatings on steel by vacuum evaporation. // «Trans.
Vac. Metal Conf., N.-Y., 1966, Boston, Mass., Amer. Vac. Soc.», 1967. — P. 271 — 278, 304 — 320.
4. Poiix W.N., KontyHoBa J1.H., ®epocos C.H. HaHeceHMe 3aUTHLIX MOKPLITUIA B BakyyMme. — M.:
MalunHocTpoeHue, 1976. — 368 c.

Hagiiiwna fo peakonerii 22.05.08.

YK 620.197

E.2. UATVIPUHELL,, fOKT. TeXH. HayK,

".HO. TAJIBYUEHKO, KaHA. TeXH. HaykK,

O.A. MNPAHOBA, acnupaHT, HaunoHanbHaa Metannypriuyeckas
akagemus YKpanHbl

K BOIMPOCY OB OLIEHKE MPOTUBOKOPPO3VIOHHOW
3PPEKTUBHOCTU MHIMBUTOPOB ATMOC®EPHO
KOPPO3NI

Po3po6kKa, fOCNiAKEHHS 3aXMCHUX aHTUKOPO3iAHNX BNACTMBOCTEN | BU3HAYEHHS MeXaHi3My Aii iHri6iTo-
piB aTMOCEPHOI KOPO3ii, NPMU3HAYEHNX A1 3aXUCTY MEeTay 3 TOHKUMU Lapamu ipXi, noTpebye npose-
[EeHHS HaTYpPHMX Ta NPUCKOPEHMX KOPO3iiHMX BUNPo6yBaHb. OCKIiNbKN Yy 6ifbLLIOCTI BUNAAKIB Lel npo-
LleC AOBroTpMBaIuiA, TO ANA LUBUAKOrO BU3HAYEHHS aHTMKOPO3iHOIT eDeKTUBHOCTI iHri6ITOPIB KOPO3ii
po3po6sieHa MeTOAMKa X MPUCKOPEHNX BUMPobOyBaHb. MeToamKa nonsrae y BU3Ha4eHHi 3aXMCHUX Brac-
TUBOCTEN IHrIGITOPY LUMAXOM 3HATTA NONAPU3ALIAHNX KPUBMX Y HEATpasbHOMY CepeaoBULLi Ha MeTani 3
NPoLyKTaMun aTMoCcepHOi KOPO3il Ta 3aXUCHO0 MIBKOHO.

Development, research of protective anticorrosive properties and determination of mechanism of action
of atmospheric corrosion inhibitors for the protection of metal with thin layers of rust demands carrying
out of the natural and accelerated corrosion tests. As in most cases this process long, for rapid determina-
tion of anticorrosive efficiency of corrosion inhibitors the new method of their accelerated tests is devel-
oped. A method consists in definition of protective ability by removal of polarization curves on a metal
with the products of atmospheric corrosion and protective film in a neutral environment.

BBefeHue. MpuMeHeHWe COBPEMEHHbIX NMPOTYBOKOPPO3VOHHbIX CPEACTB peLLaeT
LUIMPOKWMIA CNeKTP 3aa4 B 06/1aCTV1 BPEMEHHOM 3alLMTbI METaNoM3aenunii B npoLiecce
MPOV3BOACTBA, TPAHCMOPTUPOBAHMS B Pa3NNYHbIX KIMMATUYECKMX YCOBUSX U ANU-
TENbHOr0 XpPaHeHWs Ha CKNagax Wav OTKPbITbIX MOLaAKaxX. MoaToMy ¢ KaXibIM ro-
[IOM, OPUEHTMPYSCb Ha TPeboBaHWS U CMPOC MOTPEOUTENS, aCCOPTUMEHT KauecTBeH-

47



HbIX BbICOKO3()(hEKTMBHbIX MPOTMBOKOPPO3MOHHBIX MpernaparoB BCe 60/bLUe pacLum-
pseTCA.

ABCONMOTHOE 6O/MBLUMHCTBO TaKMX Mpenaparos npegHasHayeHo Ans 3amThl
OT KOPPO3un MeTasina C NOBEPXHOCTbIO, OUMLLEEHHOMW OT PXKaBUMHbBI U XXMPOBbIX 3a-
rpAsHeHnid. OfHaKo, B MPaKTUKe A0BO/IbHO 4acTO BO3HMKaeT npobsema BpeMeH-
HOW 3alMTbl MeTanI0M3aeNni ¢ NPoayKTaMm aTMOCHEPHON KOPPO3UN Ha NOBEPX-
HOCTW. 3a4acTyt0 METa/I/IONPOKAT A0 HECKOIbKUX MeCALEB XPaHUTCA Ha CKnafax.
Ecnn He npowv3BecTn KOHCepBauuiO MeTana, TO Ha MOBEPXHOCTU CO BPEMEHEM
Ha4YMHAEeTCA MPOLLECC KOPPO3uMK, a NPUCYTCTBYIOLLAA BO3AYLUHO-MACCUBHAsA M/IEHKa
B TeYeHMe KOPOTKOro BPeMeHW MpeBpalyaeTca B pxkaByunHy (o, y-FeOOH), 4to
TpebyeT creymnasbHbIX METOL0B OUUCTKM (MEXaHUYECKN MO0 TPaB/iEHUEM).

Onepaunv NO yAaNeHNI0 PXKaBUMHbI 3KOIOTMYECKU Hebe3onacHbl, TpedyroT
3HAUNTENbHBIX 3HEePro3aTpar, TPYAOEMKM, UMEIKOT BbICOKYH CTOMMOCTb U He BCe-
rfa BO3MOXHbI TEXHUYECKW. [TpMMEHeHVEe N0 TOHKMUM C/I0SIM PXKaBUMHbI TPaLUL -
OHHbIX CPeACTB, NpeAHa3HaYeHHbIX A4/19 BPEMEHHOI 3aLUMTbl MOATOTOB/IEHHOM MO-
BEPXHOCTU, He 3((EKTMBHO, MOCKO/IbKY OHU He COAepXKaTt B CBOEM COCTaBe Liesie-
BbIX [06aBOK, BO3[ENCTBYIOLMX HA NPOAYKTbI aTMOCHEPHON Koppo3uun. Ans pe-
LLeHWA AaHHOW Npo6ieMbl HY>KHbI CneLmaibHble NPOTUBOKOPPO3MOHHbIE KOMMO-
311K C NPeobpasyoLw MMM PXKaBUMHY CBOMCTBAMMN.

B TO e Bpems, TpagULMOHHbIE METO/b! OLEHKM MPOTMBOKOPPO3MOHHON 3()-
(heKTMBHOCTM TakMX CPefCTB BPEMEHHOW 3alUMTbl He BCerga MoryT ObiTb MprMeHe-
Hbl, MOCKO/IbKY He YYMTbIBalOT Ha/lMuMe Ha NMOBEPXHOCTN MeTasiia C/ios NPOAYKTOB
aTMOC(EPHOI KOPPO3UK. B CBA3M C 3TUM CYLLECTBYET HE0OXOAMMOCTb B YTOUHEHNM
METOAVKM UCCNEL0BaHNA KOHTAKTHbIX MHIMOUTOPOB KOPPO3UM U KOMNO3NULUMIA NS
BPEMEHHOIN 3aLLUTbl META//IMYECKON MOBEPXHOCTU C TOHKMMW CNOSAIMW PXKaBUMHBI,
KoTopast 6bl MO3BONsANA AOCTOBEPHO OLEHMBATb MX MPOTMBOKOPPO3NOHHbIE CBONCTBA.

O60cHOBaHMe METOAMKW UCMbITaHUA UHIMBUTOPOB aTMOCHEPHON Kop-
po3un. fOencteytowmin TOCT 9.509-89 oroapvBaeT MeToAbl ONpeaeneHns 3a-
LLMTHON CNOCOBHOCTU CPEACTB BPEMEHHO NPOTUBOKOPPO3NOHHOM 3alunThl, K KO-
TopbIM (cornacHo MOCT 9.103-78) OTHOCATCA M KOHTaKTHblE MHIMbuTopbl. OfHa-
KO B PEKOMeHAaUMAX MO HAHeCEHMIO MHTMOUTOPOB, KPOME yKasaHusd caMoro mMe-
Tofa (OKYyHaHMs1), He YTOYHSAETCA BPEMS BbILEPXKKM B PacTBOPE U CYLUKN TOHKOM
MNEHKM UHIMBUTOPa aTMOCHEepHOM KOPPOo3un O NPOBeAEeHUS YCKOPEHHbIX MUCMbl-
TaHWIA, YTO NPUBOAMUT K MOAB/IEHNIO HEOAHO3HAYHON TPAKTOBKMN MPOBEAEHUS UC-
NbiTaHWin. CnegyeT oTMeTUTb, 4To B FTOCTe 9.509-89 ecTb TONbKO HEKOTOPbIE
yKa3aHus Mo MnoBo4y HaHeCeHUs NeTy4Yero MHrMomuTopa, HO NMpu 3TOM 3/1eKTPOXU-
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MUYECKME MeTO/bl, NMO3BOJIAOLLME C ONPesAeeHHON TOYHOCTbLIO U ObICTPOTON OLe-
HMBaTb KOPPO3MOHHOE COCTOSAHME 3aLLMLLaeMOro MeTasia, OTCYTCTBYHOT. 3BecT-
HO, YTO MPOTMBOKOPPO3NOHHbIE CBOMCTBA KOHTaKTHbIX MHIMOWUTOPOB Onpeaens-
toTCA (hOPMUPYEMOIA HA MOBEPXHOCTU MeTa/lfa 3alWMTHOM MIeHKoW. B To e Bpe-
M#A pe3y/ibTaTbl, MosyYeHHbIe MPU UCMbITAHWAX B PACTBOPE UHTMOUTOPA, He MOTyT
afleKBaTHO OTpaXkaTb MPOLECC KOPPO3UK, MPOTEKAKOLLMIA HA MOBEPXHOCTM MeTa1a
C MN/IEHKOW KOHTAKTHOro MHruoutopa BO BN@XXHON aTtMocdepe, YTO MPUBOAMT K
PaCXOXAEHWNI0 Pe3ynbTaToB /1ab0paTOPHbIX WCMbITAHUA C HaTypHbIMUK. [Mo3Tomy
OLLeHKY NPOTUBOKOPPO3NOHHBIX CBOMCTB KOHTAKTHOIO MHIMGmUTOpa 31eKTPOXUMM-
4YeCKMM MeTOAOM MUCCNefoBaHUA HEOOXOAMMO OCYLLECTBATb MYTEM CHATUA KpU-
BbIX Ha MeTasifie C NJEeHKOW B cpefe cynbara HaTpus, MOAENMPYHOLLEro aTMo-
ChepHYO KOPPO3KIO.

OnbIT COBCTBEHHBIX UCCNEL0BaHNIA MOKa3bIBAET, YTO CXOAMMOCTb pe3y/bTa-
TOB 3/1eKTPOXMMUYECKMX NCCNeL0BaHMIA NOBEPXHOCTM MeTasiNa C NaeHKamm UHIM-
OMTOPOB aTMOCHEPHON KOPPO3NM [OCTATOYHO XOPOLLAs NPU YCN0BUN, YTO OHN He
MeHee YeM CYTKM COXHYT. ['py 3TOM MeHKN, KaK Npasuio, He TO/IbKO BbIChIXatoT,
HO M YNIOTHAKOTCA. [OATBEPXKAEHMEM 3TOMY ABAAOTCA pe3ysnbTarbl UCCienoBa-
HWI, NOKasaBLUne, YTO MaKCMMasibHasi MOTepPsi MacChl NAEHKM KOHTAKTHOIO UHTU-
6uTOpa MPOMCXOAUT B TEYEHWe MepBbIX CYTOK NOCNe HaHeceHus. B TO Xe Bpems
Ob1/10 3aMeYEHO, YTO HeOCTaTOUHOE Bpems (DOPMUPOBAHNA 3aLLUMTHOW MJIEHKN Ha
MOBEPXHOCTU MeTaslla NPUBOAUT K UCKAXKEHWUIO Pe3y/ibTaToB MCMbITaHWIA, Nosy-
YEHHbIX B HaTYPHbIX YCNOBUAX. AHaA/IN3 YCN0BMIA HAHECEHWNS BPEMEHHbIX MOKPbI-
TUIA B YCNOBUAX [ENCTBYIOLLUMX MPeAnpuATMiA MOoKasblBaeT, YTO METas/IonpoKar,
KaK MnpaBusio, He MeHee CYTOK HaXOAMUTCA B YCNOBUAX aTMociepb! Lexa. Moatomy
OYeBWAHO, YTO MPU NPOBELEHUN 3NEKTPOXMMUYECKUX WCCMIEL0BaHWI MO OLEHKe
3)(HEeKTUBHOCTUN MHTMOUTOPOB aTMOCHEPHON KOPPO3nUM HEOOXOANUMO M [0CTaTou-
HO, 4YTOObI BpeMs (hOPMMUPOBaHMA MIEHKN Ha MOBEPXHOCTM MeTasina bblio He Me-
Hee CYTOK.

AHannm3 nMTepaTypbl MOKa3bIBAeT, YTO OMbIT UCC/EL0BAHWA HA PXXaBOM 3/1eK-
Tpoge nUmeetcs. Tak, C NMOMOLLbK aHOAHbIX KPUBbIX B HEMTPasIbHOM pPacTBOpe Cyau-
N1 O NMOBeAEHMM NPOAYKTOB KOpPo3umn B atmocepe [1]. Mpwv aTom, nonyyeHue cnos
PXXaBUMHbI OMHAKOBOr0 COCTaBa [0CTAaTOYHO NpobsiematnyHo. K npumepy, Crion
MPOAYKTOB KOPPO3un TonwmHon 10 — 20 MKM B YCNIOBUSX BbIAEPXKKM B aTmMochepe
0bpasyeTcs 3a nepuog He meHee 5 — 8 mecaLeB. [py 3TOM U3BECTEH U Psf, YCKOPEH-
HbIX METOLOB MOJlyYeHNS MOAEMbHON pPXKaBUMHbI. Tak, N0 peKoMeHZaLusm
HO.N. Ky3HeuoBa [2] cioit MpoayKTOB KOPPO3UM MOXHO MO/yyaTb MyTem Morpyxe-
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HMA 06pasLoB B AUCTUANMPOBaHHYIO Bogy uam 0,1 M pactBop Na,SO4 Ha 24 vaca,
MOCNeAYHOLLEN CYLLKM B TeYeHMe CYTOK B CTECTBEHHOW aTMOC(epe M NMOBTOPHOMO
MOrpy>XeHnsi B pacTBOP Ha 2 CYTOK. V13BeCcTeH Crocob nonyyvyeHns pXkaBuvHbl B pac-
TBope 150 mr/n NaCl n 350 mr/n Na,SO, [3]. Ho Hanbonee npvemnemMbiM SABSETCA
MeTog, [4], rae p>XaBUMHY Ha MOBEPXHOCTM MpeABapUTeNIbHO 00e3KMPEHHbIX U MPOo-
TpaBneHHbIX (5 — 6 MuH) B nogorpetom 10 — 15 % pacTBOpe CONAHOWN KMUCNOTbl 06-
pa3LLoB, NOyYatoT NyTeM MOMepeMeHHOM X BbIAEPXKKM B a3pvpoBaHHON AUCTUNN-
POBaHHOW BOfE M CYLLKM Ha BO3ayXe Mo 15 MuHYT. [pn 3TOM Takas pXkaBumHa Co-
cTouT u3 o N Y-FeOOH. MocnegHnii cnocob no3BonseT Mnosyyars Hambosee ofHO-
POAHBIA CNOIN pPXKaBUMHbBI, NOITOMY MOXET ObITb PEKOMEHA0BaH A1 MOMyYeHNS MO-
AeNbHOW PXKaBUMHBbI.

MeToguka wucnblTaHWA. [1oNAPU3ALMOHHBIE W3MEPEHUS MNPOBOAUIM B
1H Na,SO4 B NOTEHUMOCTATUYECKOM PEXXUME Ha YCTaHOBKE, BK/IHOUatOLLE NOTEH-
umoctat MN-50-1, nporpammarop MNP-8 n mewanky MM-5. B kayecTBe pabouyero
aneKTpoga mcnonb3osan obpasew, ctanm mapku C1. 3 nnowanbto 0,283 cM?, 3a-
MpPeccoBaHHbIn B Te(h/I0H. B KayecTBe BCIOMOrare/ibHOro 3/1eKTPoAa 1Crosib30Ba-
NN NIATUHOBBIA 3M1EKTPOS, B KAYECTBE 3/1eKTPOAa CPaBHEHUS — X/10pCepebpsHbIN.
[MoaroToBka 06pa3LOB BKIKOYasa NOMyvYeHMe MOENbHOM PXXaBUMHbI TOMLLMHOW
15 — 20 MKM B COOTBETCTBUM C OMMUCAHHOM BblLe MeToANKO [4]. Ha noBepXHOCTb
06pasLoB CO PXKaBUMHOW HAHOCU/IA MJIEHKM KOHTaKTHbIX NWHTMOWUTOPOB MOrpy»Xe-
HVEM W BbILEPXXKOM WX B UCCMeAyeMOM COCTaBe B TeyeHue 15 MUHYT C nocne-
AYIOLLEN CYLIKOW B eCTECTBEHHbIX YCNOBUAX B TeUeHWe CYTOK. [ uccnefosaHui
MCNONb30Ba/IM U3BECTHBIA WUHIMOMTOP atMoc(epHor Kopposunm M-1, npefcTas-
NAKOLWMIA COBOW COMb LMKNOreKcunammHa v pakumm CUHTETUYECKUX XKUPHbBIX K-
cnot Cyy — Cy3, @ TakKe paspaboTaHHblii B HaunoHanbHON MeTanypruyeckon
aKafieMMn YKpamHbl NPOTUBOKOPPO3NOHHLIA cocTaB BUTIK-KI1. [aHHbIA KOM-
MO3ULMOHHbIA MHIMOWUTOP CO34aH Ha OCHOBE M/IEHKO06PasytoLWmMX N KOMMIEKCO-
06pasyroLmMx KOMMOHEHTOB PaCTUTENbHOIO MPOUCXOXAEHNSA, CMOCOBHbLIX K UHEp-
TU3aUMM TOHKMX CI0eB MPOAYKTOB aTMOC(epHOM Kopposuun. ConocTasnieHve pe-
3yNbTaToB 3aLLUMTHON CNOCOOHOCTU MHIMOUTOPOB aTMOCHEPHOI KOPPO3UK NPOBO-
AWM N0 YCKOPEHHbIM 1 HaTypHbIM ucnbitaHmam (FTOCT 9.509-89). YckopeHHble
UCMbITAHUS NPOBOANIN B KIMMATMYECKO Kamepe (45 °C, BnaxHocTb 95 %) ¢ ne-
PUOANYECKO KOHAEHCaUMel Bnarn Ha obpasuax. BHenabopaTopHble nccnesosaHns
MPOBOAWAN MYTEM BbIAEPXKKM 06pa3LIOB B YCMIOBUSAX FOPOACKOW aTMocdepbl. Ans
yfep>mBaHus o6pasyos nog yrnom 30 — 45° K ropusoHTY NPUMEHSAN crieuuab-
HYHO KacceTy, KOTOPYH YCTaHOBW/N Ha KPbILLIE 34aHNUS.
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Pe3ynbTaTbl UCCNefoBaHUIA. AHa/IM3 3/1EKTPOXMMUYECKOTO MOBEAEHNSA CTa-
NN C TOHKUMW CNOAMM PXKaBUMHBI N HAHECEHHBIMW Ha HUX UHITMOMPYHOLLMMK KOM-
No3nMUMAMIN NOKa3sblBaeT (PUCYHOK), 4YTO pa3paboTaHHbIA COCTaB 3HAYUTENBHO
MPEBOCXOANT MO MPOTUBOKOPPO3NOHHOW 3(DMEKTUBHOCTU U3BECTHBIA UHIMOUTOP
M-1. O6 3TOM CBWAETENLCTBYIOT 60/1e€ HU3KME 3HAYEeHNsS TOKOB B aHOAHOW U Ka-
TOAHOW 061acTAX M, COOTBETCTBEHHO, 60/1ee BbICOKME 3HAYEHUS KOIPPULMEHTOB
Tadensi b, n by Ana MHrMbuTopa aTmocgepHo kopposnn BUTIK-KIT.
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PucyHok — TMonspusaumoHHble aHoaHble (1 — 3) u katoaHble (1" — 3') KpuBble CTann 3 B
1H Na,SO,4 C TOHKUMW C/IOSIMU PXKaBUNHBI:
1, 1' — 6e3 NOKpbITUA; C NOKpbITHEM: 2, 2" — M-1, 3, 3' — BUTOK-KI

B Tabnmue npvBedeHbl pe3ynbTaTbl CPaBHUTENbHBLIX UCMbITAHWIA 3alUTHBLIX
CBOWCTB MHIMOUTOPOB aTMOCHEPHOM KOPPO3UM B COOTBETCTBUM C NPEA/IOXKEHHOM
MeTOAMKOIN 1 meTogamu B cooTeeTcTBUM ¢ TOCT 9.509-89.

Tabnuua
3allUMTHbIe CBOMCTBA MHIMOUTOPOB aTMOCHEPHOW KOPPO3nK

.| YCcKopeHHble ucrnbiTaHnA B VcnbiTaHna B
DNEKTPOXUMNYECKUIA .
METOR Tepmorugpokamvepe (45 °C, NPOMbILLIEHHOMU
Cocrtasbl 90 % BnaxkHOCTb), 30 cyToK | aTMocdepe,3 Mecaua
CreneHb NopaxeHns NoBepxHocTn, %
(FOCT 9.509-89)

i (E.s,=0,1B), A/m?

BUTIK-KM 3,65 7 5
M-1 31,82 60 40
Be3 06paboTKm 848,06 90 80
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MpuBeAeHHbIE JaHHbIE CBUAETENLCTBYIOT, YTO MPeAN0XEHHbI METOA, OLEHKN
MO MONAPU3aLNOHHBIM KPUBbIM, MO/TYYEHHbIX Ha YaCTMYHO MPOKOPPOANPOBaBLLIEM
MEeTa//IMYECKOM 3/1IEKTPOAE C MJIEHKAMW MHTMOUTOPOB aTMOCHEPHOI KOppo3uu
XOPOLLO corfacyercs ¢ pesynbTataMy KOPPO3NOHHbBIX UCMbITaHWUI, NPOBOANMBIX B
COO0TBETCTBUN C pekomeHgaumamm FOCT 9.509-89.

BbiBogbl. OLUEHKY MPOTUBOKOPPO3NOHHBLIX CBOMCTB KOHTaKTHbIX UHIMOUTO-
POB aTMOC(EPHON KOPPO3nKM € NpeobpasyoLmMn pXKaBUnHY CBOMCTBaAMU LLeNeco-
06pasHO NPOV3BOAUTL HA OCHOBAHWW MONAPU3ALMOHHbBIX KPUBBIX, MOSTyYeHHbIX B
1 H cynbarte HaTPUA Ha MeTasINie Co C/I0eM pPXKaBUYUHbI (10 — 20 MKM), MOKPLITOM
MNEHKOW UHrmouTopa.

[anbHenwne nccnenosaHns OyayT HanpaefieHbl Ha M3y4YeHne CBA3N Mopdo-
NOTUN MNEHOK MHIMBUTOPOB aTMOCHEPHOM KOPPO3UU U KX 3alUTHON CNOCO6HO-
CTW NPV HaHECEHUW MO PXXaBYMHeE.
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