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MeTomoM 3eKTPOXUMUYECKOM MMIIEIaHCHOM CITEKTPOCKOIMY U3Y4eHO KOPPO3UOHHOE
noBeneHue criaa AMII B 0,05 M pactBope xnopuna Hatpus (pH 10), cogepxaiiem
0,003 MOJIL,/I[M3 oproBaHagata Hatpus. [lokazaHo, 4YTO Ha HaYaJIbHOM 3Talle UCIbITA-
HUI B UCCJIEIYEMOM BJICKTPOJIUTE HAOII0JaeTCsl CHUXKEHE KOPPO3MOHHOM aKTUBHO-
CTH CIIJIaBa aJIIOMUHUS, O0YCJIOBJICHHOE aIcOpOIIeli Ha €ro MOBEPXHOCTM MOHOBAaHAT-
noHoB. BappupoBaHue pH pactBopa B rpoiiecce Koppo3uu CriocoOCTBYeT MPOTEKAHUIO
MTPOLIECCOB MOJTUMEPU3ALINI-ACTIOTIMMEpU3allii BAHAIATOB, a TAKXKE MIPOLIECCOB OKMC-
JIEHUSI-BOCCTAHOBJICHMS aIcCOpOMPOBAHHBIX HAa TOBEPXHOCTH CIJIaBa BaHagulicoaepxKa-
IIUX COEAUHEHUI, YTO TPUBOIUT K CYIIECTBEHHOMY M3MEHECHUIO UX MHTUOUPYIOIINX
CBOMCTB. YCTaHOBJICHO, YTO TIPY YBEJIMUYCHUHU TIPOIOJIKUTETLHOCTH BBIIEPKKM 00pa3-
LIOB B BaHAAUICOAEPKAIIMX PACTBOpaX XJI0praa HaTpus ot 1 10 24 4 mpoucxoaut ¢op-
MHPOBaHME Ha UX MOBEPXHOCTU KOMITAKTHBIX 3aIIUTHBIX IUVIEHOK, a 00I1ee COIIPOTUB-
JICHME TIOBEPXHOCTH CIIJIaBa Bo3pacTtaeT B 4,3 pa3za.

Corrosion behavior of AMZ (AA3003) alloy in 0.05 M NaCl solutions (pH 10) containing
0.003 mol/dm3 of sodium orthovanadate has been studied by electrochemical impedance
spectroscopy (EIS) method. It has been shown, that at the first stage of the treatment
a decrease in aluminium alloy corrosion activity is observed due to adsorption of
monovanadate ions. Variation of the solution pH during the process of corrosion promotes
polymerization-depolymerization and reduction-oxydation of adsorbed vanadium
compounds, which results in sufficient changes in their inhibition properties. It has been
found that an increase in the duration of the samples treatment in vanadium-containing
solutions from 1 to 24 hours caused the formation of protective films on their surface and
4.3-fold rise of total surface resistance.

Karouegwie croea: Koppo3usi; OpTOBaHAIAT HATPUS; UHTMOUTOP; OECTOKOBBIM MOTEHIIM -
aJT; JIEKTPOXUMMYECKAs UMIIeTaHCHAsI CTIEKTPOCKOIMSI.

Keywords: corrosion; sodium orthovanadate; inhibitor; open-circuit potential;
electrochemical impedance spectroscopy.

H_[I/IpOKOe IIPOMBIINTIJICHHOC IIPUMCHCHUC CIIJIaBOB aJIIOMUHMUA O6YCJ'IOBJ'[€HO nx
OTHOCHUTCEJIBbHO BBICOKMMMH OKCILUTYaTaAlIMOHHBIMU XapaKTCPUCTUKAMM U KOPPO3HU -
OHHOMI YCTOfIqHBOCTbIO, JICTKOCTbBIO O6pa6OTKI/I, TCILJIO- U SJICKTPOIIPOBOAHOCTLIO,
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MaJibIM YAeJIbHBIM BECOM, IPUBJIEKATEIbHBIM BHEIIIHUM BUIOM, HETOKCUYHOCTBIO
1 BO3MOXKHOCTbIO BTOPUYHOI MepepadoTKM.

[eTeporeHHast MUKPOCTPYKTYpa aTlOMUHUEBBIX CIUIAaBOB O0YCIOBIMBAET UX IO/ -
BEP>KEHHOCTD JIOKAJIbHOI KOPPO3UU 1 KOPPO3UU Ioa HanpspkeHueM [ 1]. OcHoBHas
MPUYKMHA BEICOKOM CKJIOHHOCTHU CITJIABOB aJTIOMMHUS K JIOKAJIbHOM KOPPO3UU — pa3-
JIMYKE DJIEKTPOAHBIX MOTEHIIMAJIOB ATIOMUHUEBOU MaTPULIbl U MHTEPMETAILIN-
YEeCKMX YaCTHll, BXOASIIMX B COCTAaB CIJIABOB, YTO MPUBOAUT K (DOPMUPOBAHUIO
MMKporajbBaHUYECKUX Iap Ha rpaHulle pa3aeia ¢a3 aJloMUHUEeBask MaTpulla — UH-
TepMeTayuindeckast yactuua [2—4]. C noBbIlIEeHUEM CTENIEHU YUCTOTHI ATIOMUHUS
HaO0JII01aeTCsl YBEJIUUEHME €r0 CTOMKOCTU K IIUTTUHIOBOI KOppo3uu [5].

Jloaroe BpeMsi ISl 3alUThI CILIABOB ATIOMUHMSI OT KOPPO3UU MPUMEHSIIA UH-
rubutopsl Ha ocHoBe coeauHeHuit xpoMa(VI) [1]. OmHaKo BbICOKasl 3KOJI0TUYE-
CKasl ONaCHOCTb 1 KaHIIEpOTE€HHbIE CBOMCTBA 3TUX COEAMHEHUM MPUBEIU K YKECTO-
YECHUIO HOPM MX IMPOMBILLJIEHHOTO UCMOJIb30BaHus. [10aTOMYy B HacTosiee BpeMs
BO BCEM MUPE BeIETCS MOUCK 0oJjiee 6€30MacHbIX IS OKPYXKaIoIIei cpelbl U 310-
POBbS YeJI0BEKA aIbTepHATUB coearuHeHUsIM Xpoma( V1), cpenu KoTopbix Haubosiee
MEePCHEeKTUBHBIMU SIBJISIIOTCSI MTHTUOMTOPHI HA OCHOBE COeIMHEHMI BaHaaus1. B nu-
TepaType ONMMCAHO X IIPUMEHEHME IS 3allUTH OT KOPPO3UHU cTaiu [6—8], imHKa
[9], HekoTophIX critaBoB antoMuHus [10—14] u maraus [15].

B 3apyOexxHoiI tuTepaType OCHOBHOE BHUMaHUE YIESIeTCs 3allUuTe OT KOPPO3UU
IIMPOKO MPUMEHSIEMbIX B a3POKOCMUYECKOI OTpaciayu MeAbCOoAepXKallliX CIJIaBOB
amoMuHMs, Takux Kak AA2024-T3 (B oTedeCTBEHHOM CUCTEME MapKHUPOBKY CILJIaB
J116). ABTopamu psiia padot [10—16] ycTtaHOBJIEHO, YTO MHTMOMPYIOLIee IeiCTBIE
PacTBOPMMBIX BAHAIATOB 110 OTHOIIIEHUIO K 3TUM CIUIaBaM CBSI3aHO C UX CIleMdu-
YeCKOM afcopOlLireii Ha TOBEPXHOCTU MEIbCOAEPKAILLIMX MHTEPMETAJNIMYECKUX Ya-
ctull coctasa Al,CuMg. OTo CHMXKAET 3J1EKTPOXUMUUYECKYIO aKTUBHOCTD ITOCIEIHUX
1 CMellaeT 3HaueHre 0eCTOKOBOIO MOTeHIMala B KATOAHYIO 001aCTh 10 3HAYCHMIA,
MPY KOTOPbIX HE MPOUCXOAUT CEJIEKTUBHOTO pacTBOpeHUsI Mg 1 ero ynajeHus u3
nHTepMeTainueckux yactuu Al,CuMg. CeeaeHust 0 BO3MOXHOCTU MPUMEHEHUS
BaHAJATOB 11 KOPPO3UOHHOM 3allIMTHI CILIaBOB AJTIOMUHUS, JIETUPOBAHHBIX KpPEeM-
HUEM, MapraHiem, JUTUEeM, OTCYTCTBYIOT.

[Ilenoun, Kak mpaBuI0, arpeCCUBHBI IO OTHOLIEHUIO K aTIOMUHIIO, HAIIpUMED,
TUAPOKCUI HATPUS JaXKe UCITOJIb3YEeTCs IS XMMUYECKOTo (hpe3epOoBaHUS ATIOMU-
Hus. B pacTtBopax 6osiee caabbixX 1Iejioueii, TaKMX KakK KapOoHAT HaTpus, KOPpo-
3MOHHOE pa3pylleHWe MeTala MOXHO IIPeAyIpeanuTh, UCIIOAb3ysl UHTMOUTOPHI.
CruiaBbl aJTlOMUMHUSI ¢ MAarHUEM WJIM MarHueM 1 KpeMHUeM OObIYHO 00Jjiee CTOMKM
B LLIEJIOYHBIX Cpeaax, YeM JIpyrue alloMMHUEBBIE crijiaBbl [17].

[TockoJibKy MapraHelcoaepxXxaliue CIIaBbl AJIIOMUHUS IHUPOKO MPUMEHSIIOT-
Csl TIPU U3TOTOBJICHUM TEINIOOOMEHHUKOB U PaaMaTOPOB, Pa3IMYHbIX EMKOCTEH 151
XMMUUYECKMX BEIIECTB, KOPIYCOB U AeTajieidi 000pyI0BaHUS, KEJIE3HOIOPOKHBIX
BaroHOB, CTPOMTEIbHBIX KOHCTPYKLIWI, OypUIbHBIX TPYO [1], KOTOpBIE YacTO 3KC-
IUTyaTUPYIOTCS B IIEJIOYHBIX CpeAax, U3ydeHUe MyTe KOppO3MOHHOM 3alllThl Map-
raHeLCoAepXKalllX CIJIAaBOB aJIIOMUHUS B 3TUX YCIOBUSIX MPEACTABISIET OOJIbIION
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MpakKTUYeCKUi nHTepec. HayyHas 3HAaUMMOCTb TAaKOTO pojJa UCCIIEI0BAHUI COCTO-
UT B BBISIBJICHUU OCOOCHHOCTE MeXaHM3Ma JIeiiCTBUS BaHAIaTOB, MHTMOMPYIOIINX
KOPPO3UIO CIIABOB aJTIOMUHMSI, B 3aBUCUMOCTH OT IIPUPOJIBI JIETUPYIOIIMNX 100a-
BOK U COCTaBa KOPPO3UOHHOM CPeIbI.

Llenb JaHHOTO MCCIEIOBAHUS — M3yYeHUE BIMSIHUS MHTMOMPYIOIINX CBOMCTB
OpTOBaHaJaTa HaTPUS Ha KOPPO3MOHHOE MOBEACHKE MapraHelcoAepXKalllero CIija-
Ba aTloMUHMS Mapku AMII B 1e10uHol XJ10puacoaepxKalieit cpee.

METOJUKA DKCIIEPUMEHTA

OOBEeKTOM HCCIeJOBaHU B TaHHOM paboTe SIBJISIJICS CIJIaB aJJlOMUHUSI MapKU
AMII (AA3003). HomunanbHbIi cocTaB ciutaBa mo 'OCT 4784—97, %: Si — 0,60;
Fe —0,7; Cu—0,05-0,20; Mn — 1,00—1,50; Mg — 0,20; Zn — 0,1; Ti — 0,10; Al —
OanaHc. B ncciaeqoBaHUsIX MCIIOJb30BaIU MPEABAPUTEIBHO ITOATOTOBJIEHHBIE 00-
pasubl pazmepom 20 x 20 x 2 MM.

[ToaroroBka 00pa31oB aJTIOMUHMS BKJIIOUaa CJAEIyIOIINe ONepaluiu:

1) monMpoBaHKe MOBEPXHOCTH 00Ppa31I0B Ha MOJIMpoBaibHOM MalrHe LaboPol 5
¢ mocJiefoBaTeJIbHBIM MCIIOJb30BaHUEM HaxaauHoit oymaru P250, P500, P800 u
P1200 B BomHOI4 cpene;

2) npoMbIBKa 00pa3LoB B 18,2 MQ neroHU3MpOBaHHOI BoJe (CUCTeMa IeMOHU-
3auuu Milli-Q). Jist manbHeiIero xpaHeHus1 00pasiibl momeran B 99,9 % sraHou,

3) puHMIIHAS TOIMPOBKA C MPMMEHEHMEM aJIMa3HOM MacThl C pa3MepPOM 3epHa
1 MxMm B cpene 99,9 % sraHona;

4) ynbpTpa3ByKoOBasi OUMCTKA B TeueHue 20 MUH ISl yAaJeHUs OCTaTKOB MOJIM-
pOBaJIbHOM NacThl B cpene 99,9 % sraHona;

5) o4MCTKa MMOBEPXHOCTH CILIaBa CXXaThIM a30TOM.

B xauecTBe KOoppo3uoHHOU cpenbl ucnoab3oBaiu 0,05 M pactBop NaCl 6e3
J100aBKM U ¢ 100aBKOI opToBaHagaTa HaTpus B Koiudectse 0,003 MOJIB/I[M3 , TIOJI-
nepxuBast pH paBHbIM aecsatu. Koppektupoky pH npoBoaunau 0,1 M pacTBopa-
mu NaOH n HNO; (x. 4.).

Br160p cocTaBa KOPPO3MOHHOM Cpelibl 00YCIOBJIEH TEM, UTO KOPPO3UOHHAS aK-
TUBHOCTb €CTECTBEHHBIX BOJIHBIX CpeJl 00YCIOBJIEHA MPEXKIE BCET0 COASPKAHUEM B
HUX XJIOPUI-MOHOB, KOTOPhIE 001a1aI0T BhIPAKEHHBIMU ACTIOJISIPU3YIOIIMMMU CBOI-
ctBamu. ConepzkaHue noHOB Cl™ B IIpUpPOIHBIX BOAAX MOXET KOJIEOAThCS B Ipeaesiax
ot 50 mo 5000 Mr/)lM3 . Ilpu conepxaHuu xjiopua-nuoHoB dosiee 150 MF/I[M3 BOJIA SIBJISI-
€TCsI CWJIBHO arpeCcCUBHOM, UTO OOYCIOBIMBAET IOCTATOYHO BBHICOKYIO CKOPOCTh KOP-
PO3UM METAJLJIOB, HAXOISIIMXCS B KOHTAKTe C 3TUMU cpegaMu. Tak Kak a(peKTuBHOE
HCIIOJIb30BaHNE MHTMOUTOPOB KOPPO3UHU AJIIOMUHUS B IIEJIOYHBIX CpeaaX BO3MOXK-
Ho npu pH, He npeBbiaromux 11, o nccaeaoBaHUM UCIIOJIb30BaIU PACTBOPHI C
pH 10. KoHuieHTpalL1io opToBaHagaTa HaTpUsl BIOMpPaIU UCXOJs M3 DKOHOMUYE-
CKOM LIEJIECOOOPA3HOCTU U 3KOJOTMYECKON 0€30MaCHOCTU ITPOMBIILIEHHOTO UC-
T0JIb30BaHUSI JAHHOTO COSAMHEHMS B KQUeCTBE MHIMOUTOpPa KOPPO3UM ATFOMUHMUSL.

MMnenaHCHBIE CIIEKTPbl CHUMAJIM Ha ITOTeHLIMocTate Solartron 1287A B KoMILiek-
Te ¢ MomyJieM aHanu3a umrenanca Solartron 1260A. CrieKTpbl MMIIEIaHCa 3aITCHIBAIN
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MpY 3HaYEeHM 1 O€CTOKOBOIO MOTeHIMaa yepes 1, 8 u 24 4 mocie norpyxeHus oopas-
1oB criaBa AMII B uccienyembie pacTBOphI. Jlamna3oH 4acTOT U3MEPEHUST COCTABIISLI
10°—1072 T, aMIuIdTyaa kojaebanuii — 10 MB, KonndyecTBo ToUYeK Ha AeKaay Kojieba-
HUi — 7. KoJInuecTBO Mapajuie/IbHbIX OIBITOB — HE MEHEE TPEX.

N3MepeHus mpoBOAUIM B TPEXINEKTPOAHON siUeiiKe ¢ OOKOBBIM KPETLJIEHUEM
paboyero 3JeKTpoAa U XJa0pcepeOpsiHBIM 3JIEKTPOIOM CpaBHeHMs. BcmoMorareib-
HBIM 3JICKTPOAOM CJIYXKMJa IIaTUHOBas ceTka. [lnomanb pabodero 3j1eKTpoaa Bo
BCEX MCCIIENOBaHMsIX cocTaBmsiia | cm?. Bee MOTeHLMANbl, TPeACTABICHHBIE B pa-
0oTe, MepeBeIeHbI B IIIKay CTAaHIApPTHOTO BOAOPOIHOTIO 3JIEKTPOJA.

AHaJIU3 CIIEKTPOB UMITEJAHCHOM CEKTPOCKOMNMMU, TOAOOP SKBUBAJIEHTHBIX CXEM
1 pacyeT IapaMeTPOB UX 3JIEMEHTOB IMMPOBOAWJIM C UCIIOJIb30BAHUEM ITPOTPAMMHO-
ro obecneueHus «ZView» u «Nova 1.11».

Huarpammel [TypOe, ha3oBbie 1 (ppaKIIMOHHbBIE AMarpaMMBbI 17151 BAHAAUMACOIEepXKa-
LIMX CUCTEM CTPOWIU C IIPMMEHEHUEM IporpaMMHoro odecrneyeHust «Medusa» [18].

PE3YJIBTATbI 1 UX OBCYKIEHUE

st onpenesieHrsi MOHHBIX (DOpM BaHaAus B UCCIEAYEMbIX pacTBOpax ¢ IMOMO-
mpto [10 «Medusa» moctpoeHa nuarpamma IlypOe, KoTopas npeacTasieHa Ha puc. 1.
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Puc. 1. Inarpamma Ilyp6e mi1st coenmHeHWI BaHAaus B paCTBOPE COCTaBa, MOJ'IB/I[M3 :
NaCl - 0,05; Na,;VO, — 0,003:
a — paCTBOPUMBbIE U HEPACTBOPUMBIE (DOPMBI; 6 — TOJIBKO paCTBOPUMBbIE (DOPMBI

HauanbHoe 3Hauenune pH npurorosneHHbIx pactBopoB NaCl cocrasiisuio 6,0—6,3.
[1Ipu BBeneHuM B poHOBBIN a5meKTpoauT 0,003 MOJII)/I[M3 oproBaHaaara Hatpus pH
yBenmuuBaics 10 11. CorinacHo guarpaMme B 3TOM pacTBOPE MPEUMYILECTBEHHbIMU



KOPPO3VMOHHOE ITOBEAEHUE CIUTABA AMII 121
B IIEJIOYHBIX CPEIAX B IIPUCYTCTBUY OPTOBAHAJIATA HATPUS

dopmamu cymiectBoBaHus BaHaausI(V) SIBISIIOTCS TeTpasaApuiIecKi KOOPAMHUPOBAH -
Hble MOHOBaHanaT-uoHbI. KoppekTrpoBKa 3HaueHus1 pH npuroroBaeHHbBIX BAaHAAWIA-
coaepxKalx pactBopoB 10 10 coracHo nuarpamMme He TPUBOIMT K CYIIIECTBEHHOMY
M3MEHEHUIO MOHHBIX (popM BaHanus B pacTtBope (puc. 1). Ilpu ganpHeiiiemM CHIKe-
Huu pH MoHOBaHaIaT-MOHBI TTOJIMMEPU3YIOTCS 10 TPU- U TeTpaBaHaAaT-MOHOB, a 3a-
TE€M — JI0 TUAPATUPOBAHHBIX B PA3JIMUHON CTENIEHU OKTa3IpUIe€CKU KOOPAUHUPOBAH -
HBIX JeKaBaHanaT-nuoHoB [9, 16]. I1pu 3HaueHusix pH pactBopoB MeHee 6 BOBMOXHO
o0pa3oBaHME KaTUOHHBIX (hopM V¥, VO*t, Vi VO2+. B pactBope Takke BO3MOX-
HO oOpa3oBaHue MajaopacTBOpUMbIX okcruaoB BaHaaus (11, 111, IV, V).

OTcyTCcTBUE OKpPACKM Y COACPKAIIMX BaHagaT-uOHbI pacTBOpoB ¢ pH 11 cBuze-
TeJIbCTBYET O CYIIECTBOBAHMM B PAaCTBOpPE OECLIBETHBIX COCIMHEHUI BaHAIMsI CO-
cTaBa VO3OH2_, V2074_ u VO43_ [18]. ITpu mocreneHHOM cHUXXKeHUU pH pacTBopa
no 10 seenenueM 1 M pactBopa HNO; HabmogaeTcs nosiBiieHUe 0J1eIHOM KeITo-
OpaHXeBOI OKpacKU pacTBOpPa, UYTO MOKHO OOBSICHUTh 3HAUUTEIbHBIM JIOKAJTbHBIM
MOJKMCJIEHUEM PACTBOPA, COMPOBOXAAIOIIUMCS 00pa30BaHMEM YCTOMUMBBIX MPU
HU3KUX 3HaYeHUsIX pH nmonuBaHagaT-moHOB pa3inyHoro ctpoeHus [18]. ITockonb-
Ky denojarMepu3anusi 00pa30BaBIIMXCS MOJUBaHAAAT-UOHOB MIPOTEKAeT OUYCHb
MeIJIeHHO [19], mis1 ycTaHOBJIEHUS B pacTBOpaX XUMMYECKOTO paBHOBECHUS T1OCTIE
MIPUTOTOBJIEHUS UX BblIEPKKUBaIU B TeueHUe 24 4 nipu temnepatype 20 = 1 °C oo
HMCYE3HOBEHMUST OKPACKU.

JAvHaMmuka n3amMeHeHUs 6ecToKoBoro noreHuuana cruiaa AMIL B 0,05 M pac-
tBope NaCl (pH 10) npencraBiaeHa Ha puc. 2, a. CorjiacHO NOJy4eHHbIM JaHHBIM
C YBEJIMUYEHHUEM TIPOJOIKUTETLHOCTU BBIAEPKKM 00pa3iia B (POHOBOM 3JIEKTPOJIU-
Te HAOII01aeTCsI MOCTENEHHOE CMEIeHEe 0€CTOKOBOTO MOTEeHIMAaIa B 3J1EKTPONO-
JIOXKUTEIbHYIO 00JIaCTh, YTO MOXKHO OOBSICHUTD UBMEHEHUEM JIEKTPOXUMUYECKUX
XapaKTEepUCTUK TTOBEPXHOCTU B MPOLIECCE PACTBOPEHUSI OKCUIHOM MJICHKU U ai-
copOLMY NPOAYKTOB KOPPO3UM Ha MOBEPXHOCTU cIuiaBa. Yepes 10 4 mocie Havana
OITbITa YCTAaHABJIMBAETCS MTOCTOSIHHOE 3HAaYeHNe OECTOKOBOroO MOTEHIIMAJIa, KOTO-
poe B cpeaHeM cocTabiisieT okojio —0,395 B. 3HauuTenbHOE BpeMsl cTaOuIM3alun
0OECTOKOBOIO MOTEHIMAaIa B IIEJIOUHOM Cpelie, BEPOSITHO, OOBSICHSICTCSI aKTUBHBIM
B3aMMOIEHUCTBUEM IOBEPXHOCTU CILIaBa ¢ KOPPO3UOHHOM CPpEHOit:

ALO; + 20H™ + 3H,0 — 2[Al(OH),] . (1)

JlnHamuka usMeHeHus 6ecTokoBoro rnoreHuuana cruiasa AMLI B 0,05 M pactBo-
pax NaCl (pH 10), conepxxaiiyx opToBaHagaT HaTpusl, IpeACTaBlIeHa Ha puc. 2, 0.
Pe3koe ymeHbllIeHME 37IeKTPOIHOI0 MOTeHIIMaIa B IIEPBbIE 2 U OMNbITa CBSI3aHO, T10-
BUIMMOMY, C aacopOLMeil BaHaJaT-UOHOB Ha TIOBEPXHOCTU CILJIaBa U CHUKEHUEM
€€ BJIEKTPOXMMMYECKOM aKTMBHOCTU. [lajibHelilllee yBeInueHre 3HaYeHUM cTalu-
OHApHOTIO MOTEHIIMAJIAa MOXET OBITh CBSI3aHO C TEM, UTO IIPU PACTBOPEHUU 3aLLUT-
HOI OKCUIHOM IJIEHKMU IO peakiuu (1) MpoucxoauT nocTeneHHoe ymeHblneHue pH
B MIPUIJIEKTPOJHOM CJI0€. DTO B CBOIO OUYepelb MPUBOAUT K 0Opa30BaHUIO B 00be-
M€ 2JIEKTPOJIMTA MOJMBaHAAaT-MOHOB, KOTOPbI€ 00/1a1aI0T CYILIECTBEHHO MEHBbIIIEH
MHTMOUPYIOLIEH CITOCOOHOCTBIO IT0 CpaBHEHMIO ¢ MOHOBaHagaT-uoHamu [9, 16, 18].
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Puc. 2. UsmeHeHUe 0eCTOKOBOro nmoTeHunana cruiaBa AMLI Bo BpemeHu.
CocTaB pacTBOpOB, MOJIB/,Z[M3 :
a— 0,05 NaCl; 6 — 0,05 NaCl + 0,003 Na;VO,; pH 10

KpomMme Toro, ripu perucTpupyeMbix 3HaUYSHUSIX 3JIEKTPOIHOTO TTOTEHIIMAIa CHU-
>KeHue pH nmpuBoauT K BOCCTAHOBIEHUIO aCOPOMPOBAHHBIX BAHAAAT-MOHOB 110 CO-
enuHeHuit Banagusa(I1l) (puc. 1, 3).

: v . V,0; (k) ot
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s I » VO,OH’
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0,2: VOH,,,II:' |
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Puc. 3. ®azoBas (a) u ppakiioHHas (6) AMarpaMMBbl IJIsl COeAMHEHWI BaHAIUS
B pacTBope, comepxkaiiem 0,003 MOIII:/)Z[M3 Na;VO, u 0,05 Monb/LLM3 NacCl,
Mpu cTaloHapHoM noteHnane —0,714 B

[1pu crauimonapHom noreHuuane —0,714 B B imanazone pH 5—13 B ucciemyeMbix
cuctemax npeobJanaroieii popmoit saeasgercsa okeua BaHaaus(111), koTopeiii mpu
pH MmeHee 5 BoccTaHaBIMBaEeTCs 10 % (puc. 3, a). B cnyyae HU3KOrO colepKaHus
COEIMHEHMI BaHaMs B IPUIIOBEPXHOCTHOM cJioe Hapsny ¢ V,0; MOXET CyILLEeCTBO-
BaThb rugpokcua BaHaaus(111), koropslit mpu cHIKeHUM pH mocTeneHHo nepexoauT
B OCHOBHbIE COJIH, a TAKXe BoccTaHaBmuBaercst 1o VOH (puc. 3, 6). ©3mMeHeHue Ba-
JIEHTHBIX (D)OPM BaHaAMs B MPUITOBEPXHOCTHOM CJIO€ IMPUBOAMUT K YBEJTMUYEHUIO 3HA-
yeHus1 6ectokoBoro noreHuana Ha 0,100—0,250 B, kotopoe Habm0gaeTCs 1151 BCEX
HcclieIoBaHHBIX 00pa31oB ciiaBa AMII B naHHOM pacTtBope yepe3 5—9 4 nocjie Ha-
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yaJia onbiTa (puc. 2, 6). I1loydeHHy10 3aBUCMMOCTh MOXKHO OOBSICHUTh CHUKEHUEM
WHTUMOUPYIOLIMX CBOMCTB 00pa3yIoIIMXCsl COSAMHEHUI BAaHAAWS U aKTUBaLMe po-
11ecca pacTBOPEHMS aTIOMUHMUSI;

Al+40H™ —3e” — [AI(OH),]". (2)

Haxoruienue B mpuanexrpoaHoi oo6aactu annoHos [Al(OH),]™ paciuupser 06-
JIACTh TEPMOAMHAMMNYECKOMN YCTOMUMBOCTU OKCUTUIPOKCUIOB AJIIOMUHMS U T10 TaH-
HbIM [20] MpUBOAUT K MPOTEKAHUIO IIpoliecca:

[AI(OH),]” — AIOOH + H,0 + OH". (3)

Hab6nopaemoe npu 3ToM yBeaudeHue 3HayeHus pH B mpuUaIeKTPOIHOM ClI0oe
BbI3bIBAET JICTIOJMMEPU3ALIMIO MTOJMBaHAAaT-UOHOB B pacTBope (cM. puc. 1), a Tak-
ke okucieHue coenuHenuit BaHaauA(Il) u o6pazosanue V(OH);. Oty poueccol
CIOCOOCTBYIOT CHUXKEHUIO JIEKTPOXMMUYECKOM aKTUBHOCTHU CILIaBa U CMEILIEHUIO
CTaLlMOHAPHOTIO MOTEeHIIMAaIa B KATOJHYIO 00J1acTh (CM. puc. 2).

Pe3ynbraThl uMNenaHCHOM CIEKTPOCKOMUM MOBEPXHOCTU 00pa3lioB CIljiaBa
AMII nocne ux BeIAEpKMBaHUS B UccenyeMbix pactBopax ¢ pH 10 mpeacrasie-
HBI Ha puc. 4.

Ananu3 nuarpamMm HalikBucra (puc. 4, a) rokasai, 4To s o0pa3lioB CIlIaBa
AMII, BeiaepxaHHbIX B 0,05 M pactBope NaCl B TedueHue 1 4, ciekTp uMIiegaHca
nmeeT GopMy IBYX MCKAXKEHHBIX ITOJTYOKPYKHOCTEI, YTO XapaKTEPHO JIJIsl IPOLIECCOB
¢ IMMUTHUpYIOLLIel cTaauei mepeHoca 3apsiaa. Ha rmojgyyeHHOM CrieKTpe MOXKHO BbI-
JeJINTh IB€ BPEMEHHbIE KOHCTAHThI, UTO YKa3bIBa€T HA MPUCYTCTBUE Ha MOBEPXHO-
CTU CIUIaBa OKCUIHOM 1uieHKU Al,O;, uMero111eil HEOMHOPOIHYIO MTOPUCTYIO CTPYK-
Typy. C yBeIMUeHUEM BPEeMEHHU BbIIECP>KKM 00pa31I0B B paCTBOPE 10 8 U HAO/II0JaeTCs
yBEJIMUYEHUE 10J1 aKTUBHOIO pacTBOPEeHMS cIliaBa (yBeJMdyeHue PaHI010BCKOM Ya-
CTU CIIEKTpa) U MOSIBJIECHUE MPSIMOTIo y4acTKa CIeKTpa Mo YIJioM 0Koo 45° K ocu
abcIucc, YTO CBUIETENIbCTBYET O AM(PPY3MOHHOM KOHTPOJIE IMPolLecca KOPPO3UU.

[Tocne BrinepxuBaHus 00pa3LoB ciiaBa AMLI B uccienyeMoM pacTBope B Teue-
HUe€ 24 4 CIIEKTp UMIIeAaHca MPEACTABIISIET CO0O0M C1a00 NCKAXKEHHYIO IMMOJTYOKPYXK-
HOCTb, YTO XapaKTEePHO IsI MPOLIECCOB, MPOTEKAIOIIMX B KWUHETUYECKOI 00JIacTH.
Hanuune onHo#l BpeMEeHHOI KOHCTaHThI, UCYE3HOBEHUE TU(P(HY3MOHHOTO Yy4acT-
Ka CIIEKTpa U CYLIECTBEHHOE YBEJIMUCHUE 3HAYCHU I peaIbHON COCTABIISIOLIECHA UM-
nenaHca Z° CBUAETEILCTBYIOT O TOM, YTO Ha IMOBEPXHOCTH CILIaBa c(pOpMUpoOBaHa
KOMITaKTHas 3alllMTHAsI OKCUAHO-TUIPOKCUAHAS IUIeHKAa. Hannuue B moydyeHHBIX
CIEKTpax IIyMOB B 00JIaCTU CPEeIHMX YAaCTOT YKa3bIBaeT Ha yBEJIMUECHUE KOJINUECTBa
JIOKQJIbHBIX 1€(PEKTOB 1 00111ei MUKPOILLIEPOXOBATOCTU MTOBEPXHOCTH ciuiaBa AMII,
YTO 0OYCJIOBJIEHO €r0 KOPPO3UEH.

Ananu3 nuarpamm boae o6pa3uoB crutaBa AML, BeinepkaHHbIX B 0,05 M pac-
tBope NaCl, moka3bIBaeT, UTO B TEUCHME OMbITA HE MIPOUCXOAUT UZMEHEHMUS CO-
MIPOTUBJICHUSI KOPPO3MOHHOM Cpeabl (Y4aCTOK BBICOKMX YacCTOT), IIpU 3TOM IIpHU
YBEJMYEHUM TIPOJOIKUTEIbHOCTU BBIAEPKKM OT 1 10 24 4 o0l1iee COMpOTUBIEHUE
TOBEPXHOCTH CIUIaBa (Y4acTOK HU3KMX 4acToT) Bo3pacrtaer ot 10% mo 10° OM/CM2
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Puc. 4. Pe3ynsratsl UMIIEAAHCHOM cieKTpOoCcKomuu crjiaBa AMLI B Buzie nuarpamMmm
Haiiksucra (a, ) u bone (6, ¢) mocie BoinepkuBaHus B TeueHue 1, 8 u 244 0,05 M
pactBopax NaCl 6e3 (a, 6) u ¢ nob6askoii 0,003 MOJIb/z[M3 Na;VO, (s, ¢) nmpu pH 10.
CumBosiaMu 0003HAaYEHBI 3KCIIEPUMEHTaIbHbIE JAHHbBIE, JTUHUSIMUA — PE3YAbTaThl
noxdopa napaMeTpoB SKBUBAJIEHTHBIX CXEM

(puc. 4, 6). Do cornacyeTcs ¢ JaHHBIMU nuarpaMm HaiikBricra v CBUAETENLCTBYET
00 3KpaHUPOBAHUM MOBEPXHOCTU 00pa3lia 3allMTHON MJIEHKOM, 001ada01eil OT-
HOCUTEJIbHOU KOPPO3UOHHOM YCTOMYUBOCTHIO.

Juarpammbl HalikBucTta mist oopasuos criaBa AML, BeinepxkaHHbix B 0,05 M
pacTBope xjiopuaa Hatpus ¢ gjodaskoii 0,003 MOJIb/ﬂ,M3 OpTOBaHajaTa HaTpUsl, UMe-
10T BUJI UCKaKEHHBIX MTOJTYOKPYXKHOCTEH (puc. 4, ¢). Hannuure 1Byx BpeMEHHbBIX KOH-
CTaHT yKa3biBaeT Ha (OpPMUPOBAHME HA TIOBEPXHOCTU 00Pa31i0B MOPUCTHIX IIEHOK.
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AHaJIM3 IMarpamMM MOKa3bIBAaeT, YTO MPU YBEJIUYEHUU MPOAOIKUATEIbHOCTU BhI-
JIep>XK1 00pa3loB B BaHaaulicoaepKalleM 3JeKTpoanTe oT 1 1o 8 4 HabogaeTcs
YMEHBIIIEHNE aMIUIMTYIbl CIEKTPA. DTO CBUAETEIbCTBYET 00 aKTUBALIMK Mpoliecca
KOPPO3UH CIUIaBa U XOPOIIO COIJIacyeTcsl ¢ IMHAMUKOM M3MEHEHUS BEJIMYMHBI CTa-
LIMOHAPHOTO 3JIEKTPOIHOTO MOTeHIIMaa (puc. 2, 0). YBeIM4eHUE BPEMEHHU BbIIEPXK-
KU B pacTBOPE A0 24 4 IPUBOJIUT K BO3pACTaHUIO aMILIUTYbI CIIEKTpa UMIIeIaHCa,
YTO YKa3bIBaeT Ha YBeJIMUYEHNUE KOPPO3ZMOHHON YCTOMYMBOCTU 00pa3iia.

Ananu3 nuarpamMm boge (puc. 4, ¢) moka3bIBaeT, YTO HAaMMEHbIIIEEe 00Ilee CO-
MIPOTUBJIEHUE TIOBEPXHOCTU UMEIOT 00pa3libl, BbIAECPKaHHBIE B paCTBOpaX XJI0puaa
HaTpust, conepxarmx 0,003 Mosib/mM° opToBaHaTaTa HATPUsI, B TeyeHue 8 4. B ciry-
yae 00pa3loB, BbIACPKaHHBIX B JaHHBIX pacTBOpax B TeueHue 24 4, HaOI0gaeTCs
yBeJIMUeHME OOIIEro CONPOTUBICHUSI MOBEPXHOCTU MIPUMEPHO 10 S 104 OM/CMZ.

J1s onpeneaeHUs mapaMeTpoB ABOMHOIO 3JEKTPUYECKOTO CJIOS Ha TpaHuUlIe
BJIEKTPOJI — 3JIEKTPOJIUT UCIIOIb30BAIN SKBUBAJICHTHBIE CXEMBbI, MPEACTABIEHHbBIE Ha
puc. 5. CxeMa 5, @ OnMChIBaeT MOJYYEHHBIE CIIEKTPhI C OAHOM BPEMEHHOM KOHCTaH-
TOM, cxeMa 3, 6 — criekTp ¢ 1 y3MOHHBIMY OTPAHUYECHUSIMU, CXEMa 5, 8 — CIIEKTPHI C
JIBYMS$1 Bp€MEHHBIMM KOHCTaHTaMU. B ncnosb3yeMbix cxeMax R1 COOTBETCTBYET COMPO-
TUBJICHUIO pacTBOpa, R2 — CONpOTUBIIEHUIO ITepeHoca 3apsiga, Q1 — eMKocTu Gapbep-
HOTO CJIOSI HA TIOBEPXHOCTU cIuiaBa, W — nuddy3noHHoMy anemeHTy BapOypra, R3 u
(02— conpOTUBJICHUIO U EMKOCTHU IJIEHKM Ha TIOBEPXHOCTHU CILJIaBa COOTBETCTBEHHO.

Puc. 5. DxBUBajIeHTHBIE CXEMbI, UCITOJIb30BaBIINECA
)1 UHTEpIIpETAaluM CIIEKTPOB UMIIEAaHCA:

a—[R(RO); 6 — [R(OIRW])]; 6 — [R(QIR(RO)])]

B npennioxkeHHBIX 3KBMBAJEHTHBIX CXeMaX BMECTO KOHIeHCAaTOpa UCIOIb30Ba-
JIV DJIEMEHT IOCTOSIHHOM (pa3bl (0, yUUThIBAIOLINI 1e(EKThl TOBEPXHOCTU CILIaBa,
BO3HUMKAIOIIME B XO/I¢ TIPOliecca KOPPOo3uu. 3HAYCHUSI ITapaMeTPOB SKBUBAJICHTHbBIX
CXeM MpeACTaBJIeHbI B TaOJIULIE.

HapaMeprl 9KBHUBAJICHTHBIX CXEM CHEKTPOB UMIICAAHCA

Coctas p-pa, Bpewsi RI, o1, R2, 02, R3,
MOJIb/IM’ Bblg?g?in Bl Om - em? HCw™ - ¢"/em?| kKOM - em? |pCwm - ¢"/em?| KOM - em?
0,05 NaCl 1 216,2 44,0 30,4 10,5 4,97
0,05 NaCl 8 215,8 19,9 33,7 — -
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OkonuaHue mabauybl

CocraB p-pa, Bpems R1, 01, R2, 02, R3,
MOJTb/IIM3 Bblg?g:(in Bl oM em? uCwm - c”/CM2 KOM - cM? uCwm - c”/CM2 KOM * cm?
0,05 NaCl 24 213,3 16,7 110,1 _ _

0,05 NaCl +

0,003 Na,VO, : 198,2 22,9 15,7 7,49 29,1

0,05 NaCl +

0,003 Na,VO, 8 165,6 6.6 10,3 29,3 21,1

0,05 NaCl +

0,003 Na,vo, | 24 170,1 28,1 67,2 20,7 25,2

[TonyyeHHbBIE TaHHBIE CBUIETEILCTBYIOT, UYTO JJ1s1 00pa3ioB ciiaBa AMLI, Bbi-
Jep>XKaHHBIX B BaHaauicoaepxXkalux pactBopax xjaopuaa Hatpus ¢ pH 10 B Teue-
Hue 1, 8 u 24 4, 3HaUeHUsI CONIPOTUBJICHUSI MIEPEHOCA 3apsiia HIKE, a CONPOTUB-
JIeHre TIJIEHKY Ha TTOBEPXHOCTU CIljIaBa BhIIIE, YeM Y 00paslioB, BbIAEPXKaHHBIX B
(bOHOBOM 3JIEKTPOJUTE NPU OAUMHAKOBOU MPOAOKMUTEILHOCTUA OMNbITA. YBEJIUYe-
HUE TIPOAOJIKUTEILHOCTH BbIAEPXKKM 00pa3ioB ciuiaa AMII B BaHanuiicogepxa-
1IEM BJIEKTpOUTE C 1 10 24 4 IpUBOAUT K YBEJIMYEHUIO COMIPOTUBIICHUS TIEPEHO-
ca 3apsiga B 4,3 pa3a.

BBIBOJIBI

1. B menounsix cpenax (pH 10) BBenenue B 0,05 M pactsop NaCl 0,003 MOJIb/JlM3
Na;VO, Ha HayaJIbHOM 3Tarne NPUBOAUT K aACOPOLIMM OPTOBaHAAaT-UOHOB Ha I10-
BepXHOCTH ciiaBa AMII ¥ CHUKEHMIO er0 KOPPO3MOHHOI aKTUBHOCTH.

2. YmensblueHue pH B nipoiiecce koppo3uu ciiaBa AMII B 111e104HBIX pacTBOpaXx,
coaepxKallluX OpTOBaHaAAaT HATpUsl, IIPU YCTAHOBUBIIUXCS 3HAYEHUSIX CTallMOHAP-
HBIX MTOTEHLXAJIOB MPUBOAUT K MPOTEKAHUIO peaKlnii MOJMMEPU3ALIMM U BOCCTa-
HOBJICHMSI MOHOBAHAIaTOB, YTO CHIKAET MX MHTUOMPYIOIIKE CBOMCTBA U IPUBOIUT
K aKTUBallM KOPPO3UOHHOTO mpolecca. YBeandeHue pH cnocoOcTByeT nporeka-
HUIO POLIECCOB AEMOJIMMEPU3ALIMY BAHAIATOB U OKMCJICHUIO aJCOPOMPOBAHHBIX HA
MMOBEPXHOCTU 31eKTpoaa coenHenunit BaHanusi (11, 111), yto npuBoaut Kk popmupo-
BaHUIO 00Jiee YCTOMYMBBIX K KOPPO3UHU 3alUTHBIX BAaHAAUMCOAEpKAIINX TVIEHOK.

3. IIpouecc koppo3uu odpasioB criaBa AMLL, Beinepxansbix B 0,05 M pac-
tBope NaCl B teueHue 1 u 24 4, TMMUTUpPYETCS CTaAWe MepeHoca 3apsaa, a pu
BbIJIEP>KKE B pacTBOpE B TeueHUe 8 U HabonaaeTcs: M @y3MOHHbII KOHTPOJIb ITPO-
necca. [asa odbpasuos criaBa AML, BeigepXaHHbBIX B IIEJIOYHBIX pacTBOpax, CO-
JepKallliX OpTOBaHAAAT HATPUsI, IIPOLIECC KOPPO3UU MPOTEKAET B KUHETUUECKOM
00JacTu.

4. YBenndeHue NpoaoKUTEIbHOCTU BBIASPKKM 00pa3Li0B B BaHaaulicoaepxka-
1IeM 2JEKTpoauTe OT 1 10 24 4 mpuBOAUT K (DOPMUPOBAHUIO Ha UX TIOBEPXHOCTHU
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KOMITAKTHBIX 3alIUTHBIX IJIEHOK U YBEJIMYEHHMIO OOIIEr0 COMPOTUBICHUS TTIOBEPX-
HOCTH cIuiaBa B 4,3 pa3a.

ABTOpBI BhIpaXkaroT 01arogapHOCTb KoMItiaHMM Taspo (. MUHCK) 3a MpeaocTaB-
JIEHHBIE JUI51 UCClIeIOBaHU 00pa3libl amtoMuHus 1 rpodeccopy [1apy Kinaeccony u
npodeccopy xxuinany [lany (kadeapa XuMumn moBEPXHOCTHBIX SIBJICHUI U KOPPO-
3MOHHBIX TIpobieM Koponesckoro TexHonornuyeckoro MHctutyta, . CTOKIOJIbM,
[IIBeLust) 3a MOMOIIb B OpraHU3allMU U TTPOBEICHUU UCCIIEIOBaHUIA.
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