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ABSTRACT

Deterioration of the fossil hydrocarbon resources causes rising interest towards different technologies
of engine fuels and fuel admixtures production from renewable vegetable materials. Biodiesel, bioethanol,
high-octane oxygen-containing admixture (HOCA) and universal liquid “Gamayun” are known as
representatives of such products. On the other hand, it is known that the rape seed oil esters exhibit high
corrosion activity while ethanol can cause damage to the fuel system sealants and other plastic car details.
Copper plates are used as corrosion activity/resistance indicators in the gasoline corrosive activity tests.
Therefore, it seems topical to investigate a process of copper corrosion in some bioliquids. This investigation
was realized using AAS, potentiometry, polarimetry, conductometry, visible light spectroscopy, metal gloss
measuring and SEM.

Following organic liquids were investigated for their corrosive activity: universal car liquid
“Gamayun”, HOCA, raw rape oil, biofuel and rectified ethanol. Following experimental methods were
employed to evaluate the copper corrosion intensity: conductometry and surface gloss measuring after
contacting with the liquids. Mass changes during the process of corrosion and the maximal electric current
density derived from polarization curves processing were used as quantitative characteristics of corrosion.

The empirical regression equations (R=A+Bt) were built from the experimental data. The coefficient R
was recovered from electric resistance of ethanol (during t = 328 days), universal car liquid and rape seed oil
(both for duration t = 169 days). Then the coefficient B was taken as a parameter representing the copper
corrosion rate. It was found that the corrosive activity decreased at the temperature 29343 K in the sequence rape
oil — ethanol — biofuel — universal car liquid.

Some soluble compounds of copper are being formed during copper corrosion, which also affects light
absorbance of the solutions. This result is seen particularly clear for the case of biofuel used as copper corrosion
medium. Corrosion processes also affect surface gloss. The data related to the copper surface gloss changes are in
good agreement with changes in the corrosion medium conductivity caused by corrosion of copper. For instance,
lower corrosion rate in universal car liquid agrees with less significant changes in surface gloss of the copper
samples treated in that liquid.

The products formed by corrosion are fixed strongly on the metal surface. It has been found that
corrosion results in decrease of the surface content of copper while contents of oxygen and carbon were
increasing. Mass loss of copper (%, weight) was same as mass increment of carbon and oxygen. The greatest
mass increments of the two latter elements were determined for the samples treated in biofuel.

The changes in the surface molar contents of carbon (Av(C)), oxygen (Av(O)) and copper (Av(Cu)) were
found for copper samples treated in all above mentioned corrosion agents. Then the ratios Av(C)/Av(O) have also
been calculated for HOCA, ethanol and biofuel (they were 4.0; 4.0 and 3.5 correspondingly). It is supposed that
copper undergoes corrosion according to the electrochemical mechanism in all the liquids mentioned in this
investigation.

KEY WORDS: copper, universal car liquid; high-octane oxygen-containing admixture for gasoline,
rape oil; biofuel; ethanol; corrosion.
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OOPMYJIIOBAHHS 3ABJIAHHSA

3MEHIIEHHS KITbKOCTI BHKOIMHHX BYIJICBOJAHEBUX PEYOBUH IMPHUMYIIYE JIOJICTBO 3BEPHYTH
yBary Ha MOXKJIMBOCTI BHUTOTOBJICHHS NAJMB JJIA JBUTYHIB BHYTPIIIHHOI'O 3TOPSIHHS Ta JOJATKIB JI0
HUX 3 BiJJHOBJIIOBAHOI POCIMHHOI CUPOBHHHU. TakKMMH MOTOPHUMHU NaUBaMU ¥ OJaTKaMH JI0 HUX €
«Ologmzenby, «0OioeTaHOM», BHCOKOOKTAHOBHH  KuUCHEeBOBMicHMI  nomatok (BKJ), pinuHa
yuiBepcanbHa (PY) «TAMAIOH» Ttomro. 3ragani OiomajuBa 1 JOAATKM 0 HUX TMPOAYKYIOTh, SIK
MPaBUIIO, 3 POCIUHHOT CHPOBHHH TIEPILIOTO TTOKOiHHS.

ICHYIOTh TIEpPCIIEKTUBM BHIOTOBJICHHS 1 BHMKOPUCTaHHS OiomajuB 13 BIIHOBJIIOBAHUX
CHPOBUHHUX JDKEpENT — POCITMHHUX OJii, TBepIoi 0ioMacH eHepreTHYHOro 3eMiIepo0CTBa, BiIXOIIB
BUPOOHHUITBA IYKpPY, IYKPOBOI TPOCTHUHH, KyKypyn3u Tomio [1, 2]. TBeprkeHHsl, 0 albTepHATHBHI
JpKepena eHeprii HeOe3meyHinni Ui eKoJorii 1 KiriMaTy 3eMiti, HiK TpaauliiHi — HadTa, IPUPOAHUI
ra3s i Byriuis, nye Auckyciiiui [3]. CBITOBI TeHACHIIT 10 30UIbIIICHHS BUKOPUCTAHHS BiTHOBJIIOBAHUX
JDKepen eHeprii, 30kpema Oilonanupa, He3amepedHi. Bimomo, 110 ectep pinmakoBOi OJIii BOJIOAIIOTH

3HAYHOIO0 KOPO31MHOI0 aKTHUBHICTIO. ETaHOoN y cKiali majwBa i aBTOMOOLUTIB MOIIKO/PKYyBaTHME
YIIUIBHIOOYI MPOKJIAIKK Ta 1HIII TUIACTUYHI Aeraji. Bimomi dakTu kopo3ii MiTHUX meTaiied mix Jac
BHPOOHHIITBA ETUJIOBOTO CIHMPTY; MIJHI IJJACTHHH 3aCTOCOBYIOTH JJIs OI[IHIOBAHHS KOPO3idHOT
aKTUBHOCTI OeH3MHIB. Lle croHykae 10 AOCHIPKEHHS PyHHYBaHHS Mifll B ISIKUX OpraHIYHUX PiAMHAX.

METOAOJIOTTYHA YACTHUHA

Jnst ekcrepuMEHTABHUX JIOCHIDKEHb KOpo3ii Mifml y Jedkux OiopiinHaxX 3acTOCOBYIOTh
METOJM AaTOMHO-a0COPOIIfHOI CIEeKTPOCKOMIl, MOTEHI[IOMEeTpii, MOJIAPU3aIIHHIUX 3aJICKHOCTEH,
KOHJTyKTOMETpIi, CIIEKTPOCKOIil y BUAMMIN 001acTi CHEeKTpy, BUMIpIOBaHHS ONUCKY METalliB, pacT-
POBOI €IEKTPOHHOT MIKpPOCKOMI1.

3a pesynpTaTaMu aToMHO-a0CcopOIiiiHOT crekTpockomii 3pa3ku Migi M1 mictsaTh (mass. %):
3aiizo < 0.01, kobanset < 0.01, uuk — 0.024, Hikens < 0.01, pernra — Mifb.

Jis mocmiikeHHs KOpo3ii Mijii 3aCTOCOBAaHO TaKi PiAMHU:

* piguaa yHiBepcanbHa (PY) mis aBromoOinie «AMAIOH»; TY V24.6-00333380-006-2005.
Pinuna yHiBepcanbHa — 1ie pi3HOBUA 3HeBomHEHOTo (99.85 %) GioeraHoNy, BUTOTOBIICHOTO i3
Meisicn OypsIKoBOT,

"  BHCOKOOKTaHOBWH KHcHeBoBMicHHU aoxaTok (BK]) mo OeH3uHIB, pU3HAYCHHA ISl BUKOPHUC-
TaHHs y CyMil 3 OEH3WHAMM ISl 30UTBIICHHS 1X OKTAHOBOT'O YHCIIA;

* pinakoBa omiss (PO) — cupoBuHAa Ui BUTOTOBJICHHS «Oiommsemo» [1]. PimakoBy omiro
BUKOPUCTOBYIOTh y XapuoBili MPOMHUCIOBOCTI ¥ TexHimi. PimakoBa omisi MICTUTh CIIOIYKH
JKUPHUX KucaoT (y mass. % ): maasmitunoBoi (1,0...3,0), creapunopoi (0.2...3,0), OereHoBOi
(0.6...2.5), mirnouepunoBoi (0.5...2,0), omneinosoi (15,0...32,0), minomeroi (13,0...25,0),
ninonenoroi (7,0...10,0), eiikozenoroi (8,0...15,0) i epykoroi (40,0...54,0).

»  OGionanmueo (BII) i3 piakoBoi omii;

* cnupt erunoBuid pektudikopanuit (ECII).

SIkicHe oOIiHIOBaHHS PyWHYBaHHS Mili B OOpaHHMX piiMHAX 3JAiHCHEHO, BUKOPHCTOBYIOYH
METO/IM KOHJYKTOMETPil (AOCHi/KEHHS EIEKTPUYHOTO OIMOpY KOPO3MBHHX CEPENOBHIN ITiJ Yac ix
B3a€MOJIIT i3 MiJJIt0) i KOHTPOIO OJNMCKY TIOBEPXHI 3pa3KiB Mifi Micis iX KOHTaKkTy 3 OiopiguHaMu
(s poro 3actocoBaHo Onuckomip Mapku OB-2).

KinpKicHUMH XapaKTEepUCTHKAMHU MIBHJIKOCT1 KOPO3ii CIyryBaiu MakCUMallbHA TYCTHHA CHITU
CIEKTPUYHOrO CTpyMy (Hampukian, B pA/cM’), BU3HAdYeHAa 3a pe3yldbTaTaMH  oOpPOOKH
MOJISIPU3AIIHMX JliarpaM, a TAKO)K MacoBa XapaKTepHCTHKA IIBUAKOCTI KOPO3ii:

Vool = mg-myear”.

JJis mociiKeHb KOPO3UBHUX cepenoBuIl B o0acti ciekrpy 220...1100 nm BUKOpHCTAHO
cnekrpodoromerp CD-46.

JAnst OIIHIOBAaHHSI CKJIQAy MPOAYKTIB KOpO3ii Ha MOBEpPXHI METaJeBHX 3pa3KiB 3aCTOCOBAHO
pactpoBwuii enexktponnuii Mikpockor (PEM) Zeiss EVO’50, ykoMiiekToBaHu eHEproAnCIepCiitHIM
anamizaropom INCA450.
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PE3YJBTATH TA IX OBIT'OBOPEHHS

BenbMu HarmsiHUM TIOKa3HUKOM PYHHYBaHHS MeETally € 3HadeHHS eNEKTPUYHOTO OMopy
kopo3uBHOro cepenouma (R, Ohm) ta ioro 3miHa. 3HaueHHS EIEKTPUYHOTO OIMOPY ETHIIOBOTO
ciupty R(ECII) 1 Giomamua R(BII), micns ix koHTakTy 3 Mimgoo mporsaroM 328 days, omuCyrOTh
pisasaEsMu R(ECIT) =1000000-2940,8t i R(BIT)=750337-1292,7-t BinnoBigHO, ¢ t — TPHUBAIICTh
(day) xoHTakTy MeTany 3 KOPO3MBHHMM cepenoBuieM. [ling dvac mepeOyBaHHS MiJli B piAMHI
VHiBepcaJbHId 1 pimakoBii onii mporsrom 169 days 3HaueHHS ENEKTPUYHOTO OIOPY PiAWH
onucywTbes piBHSHHIMH R(PY)=319041-1287,6-t i R(PO)=756303-3142,4-t BianoBigHo. Yuciosi
3HaueHHsS AR/At 3acTtocoBaHO jIs BIIHOCHOTO OI[IHIOBAaHHS IIBMJKOCTI pPyHHYBaHHS Mimi. 3a
temriepatypu 293+3 K 3MeHIIeHHS MIBHIKOCTI pYWHYBaHHS MiJll BHSIBJIICHO B TaKi MOCIHIJOBHOCTI
cepenoButnl: PO — ECII — BII - PV,

KopozsiiiHe pyiiHyBaHHS Mifli B 0OpaHUX piMHAX 1 YTBOPEHHS PO3UMHHUX CIONyK Kynpymy
MPHU3BOAUTE JI0 3MiHHM ONTHYHOI I'YCTUHU po3unHiB. Llel dakr sickpaBo BimoOpakeHU# y pe3ylbTaTax
Kopo3il Mimi B OiomanuBi; YiTKUH MAKCUMyM OINTHYHOI T'yCTHHU BHSBIICHO ISl JIOBXKHH XBHIIb
BurnpomintoBanHs 680+690 nm.

PyiiHyBaHHs TOBEpXHi 3pa3KiB MPU3BOAMUTH JJO 3MEHIIECHHS 1X OJMCKY, 1 16 BAKOPUCTAHO IS
OL[IHIOBaHHsI KOpO3iiiHOi TpuBKOcTi Mini. [licns koHTakTy Miai nmporsrom 169 days 3 PO, BIT i PY
OJIMCK TOBEPXHI MeTaay 3MeHImHUBCcsa Ha 85, 79 1 49 % piamoBiaHo. Hacnigku KOHTpOO ONHCKY
MOBEPXHI Miji, micyis 1 KOHTaKTy 3 BUKOPHUCTAaHUMH PiMHAMH 1 OIIHKA MIBUAKOCTI pyWHYBaHHS
MeTay 3a pe3yjbTaTaMH BHUMIPIOBaHHS 3HAYCHHS EICKTPHYHOTO OMOPY KOPO3WBHOTO CEpPEIOBHINA
Y3TOJIKYIOThCS MK COOOIO.

JAist KUTBKICHOT'O OIIHIOBAaHHS IIBUAKOCTI KOPO3il BUKOPHCTAHO METOJl BU3HAUYEHHS T'YCTHHH
MaKCHUMAaJIbHOTO KOpO3IMHOTO CTpyMy, a TaKOXX MAacOBHX BTpaT 3pa3kiB Meranmy. Hampukmnan,
wBKAKiCT pyitHyBanHs Mizi y BKJL i PY nopisrioe 10 i 20 g/(m’.year) BianoigHo. .

[IpomykTn KOpO3ii MiAl 3a y4acTi OpraHiYHHUX PiAMH JOOpE 34eIlIeHi 3 MOBEPXHEI0 METaly.
[Ipotsarom tepminy cnoctepeskenns (o 328 days) He BinOylocs BiIyIMIeHHS MPOIYKTIB KOpPO3ii Bif
MeraineBoi nosepxHi. s Bu3HaueHHs Bmicty Kynpymy, Kap6ony, Okcureny, Anrominito, Cuiinito,
Xnopy, Kampriro, Xpomy i LluHKy y moBepxHeBOMY Imapi 3pasKiB Milli 3aCTOCOBAHO PACTPOBY
enexkTpoHHy Mikpockomrito (PEM). ¥V mnporeci kopo3ii y MOBEpXHEBOMY IIapi MeTalny CYTTEBO
3MiHIoBaBcs BMicT Kynpymy, Kapbony i Okcureny. 3MiHH BMICTY iHIIUX 3raJaHUX BHUIIE €JIEMCHTIB
3HaXOMATHCS B MEXax MOXHOKU MeTony. AHani3 pesynbratie PEM 103BoIsie TOBOPHUTH, IO MPOAYKTH
KOpO3il MICTATh ()parMEHTH OpraHiuYHMX CHONYK KOPO3MBHHX cepeqoBUIl. 3a pedynbraramu PEM
BHM3HAYEHO 3MCEHIIICHHS Ha TOBepxHi BMicTy (mass. %) Kympymy (-A Cu), a Takox 30UIbIICHHS
BMmicTy Kap6ony (+A C) i Okcureny (+A O) BHaciiok kKopo3ii MeTany. BcraHOBIIEHO, 10 3MEHIIEHHS
BMicTy (mass. %) Kynpymy B IOBEpXHEBOMY IlIapi MeTally KOPEIIE€ 31 30UIblIeHHSIM (mass. %)
Kapbony 1 Oxcureny. Haii6inemi mpupoctr Bmicty Kapbony i OkcureHy BHSBICHO TICHS
nepeOyBaHHA 3pa3KiB Mini y Gionmanuei. Hanpuknan, micis mepeGyBanHs migi mpotsrom 328 days y
Oionamuei (+A C) = 32,3 mass. %, (+A O) = 12,5 mass. %, a (—A Cu) = 45,2 mass. %. MeHii1i 3MiHH
BMmicty Kynpymy, Kapbony i Okcureny micns kontakry (328 days) mini 3 BK/. dns (+A C) i (+A O)
BOHHU jopiBHIOWOTE 11,7 1 3,8 mass. % BignoBigno, a (—A Cu) = 16,4 mass. %. Ilicns nepeOyBaHHsS
Mifi B eTmiioBoMy ciupti mpotsrom 328 nio (+A C) = 4,9 mass. %, (+A O) = 1,7 mass. %, a (—A Cu)
= 6,3 mass. %. 3MeHmieHHs BmicTy Kympymy Ha moBepxHi Miai KOpemtoe 31 30UIbIIEHHAM BMICTY
Kapbony i Oxcureny.

3a pesynbratamu PEM nocnimkens Bu3HaueHo 3MiHu KibkocTi Kapbony (Av(C)), Oxcureny
(Av(O)) 1 Kynpymy (Av(Cu)) y moBepxHEBOMY Iapi 3pa3KiB MeTaly, a TaKOX BiJHOIICHHS
Av(C)/Av(O). s noganux BuIlle BUNAAKIB repeOyBanns Miai y BK]I, etnnoBoMy criupri 1 6iomanusi
snadeHHs: Av(C)/Av(O) nopisatotots 4,0, 4,0 ta 3,5 BignoBigHo. Ha OCHOBI IUX JaHWX MOMKJIMBO
BHCJIOBJIIOBATH YHCEIIbHI TIIIOTE3H 1010 XIMIYHOIO CKJIaay MPOAYKTIB KOpo3ii Miai. Mu He OyaeMo Ha
IIbOMY 30CEpEeIKyBaTH CBOIO yBary.

KoposiiiHe pyiiHyBaHHSI BifOyBa€ThCs 3a ENEKTPOXIMIYHMM MeXaHi3MOM. AHOAHUE Tporec
npu3BOIUTH 10 yTBopeHHs ioHiB kympym (II). VrtBopennss kympym (I) mamnoiimoBipHe, amke
Outerricts crosiyk Cu(l) mMamopo3uwHHI, a Mg 4ac KOHTAKTy Mili 3 BHUKOPUCTaHHMHU PiIMHAMHU
YTBOPIOIOTHCS PO3YMHHI CIIOIYKH, TIPO IO CBIIYATh PE3YJIbTATH BUMIPIOBAHHS EIEKTPUYHOTO OMOpY i
ONTHYHOI TYCTUHH PO3YHHIB.

JlomyIeHHs MO0 KAaTOMHOTO 1 CYMyTHIX TMpOIEciB 3po0ieHo Taki. SIKII0 y KOPOHMBHOMY
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CEPE/IOBUIL € CIUPT ETHUIIOBHMA, TO MOXIIMBA MOT0 CAaMOJMCOIIIallisl 1 YTBOPEHHS E€TOKCOHIW-aHIOHY.
VIMOBipHE KaTalliTHUHE eTeKTPOXiMiuHe BiHOBIEHHs ioHiB I'iporeny, sKi CONTBBATOBAHI MONEKYIIOH
ETUJIOBOTO CIUPTY. MOJEKYIIM CIUPTY ETHIIOBOTO i eTokcoHili-ionn 3 kynpym (II) iomamu 3nartHi
yrBoptoBatu kommekcHy cnonyky [Cu(C,H,OH),](C,H;O),. Sfxmo micis cuHTe3y METHUIIOBHX
ecTepiB pinakoBoi oJiii 1 BiJOKPEMIICHHS BijJ CyMillli TUIIEPHUHY HEBEIMKA 4YacTKa IIi€i pedoBUHU
3aNHMINATHCA y 010IM3EIbHOMY TTalIUBi, TO MOXIIMBA B3aeMois riinepuny 3 ionamu kynpym (II). IIpo
HMOBIPHICTh TaKOTO TIEPETBOPEHHS 1 YTBOPEHHS KynpyM TIIepaTy CBig4aTh XapakTepHUH
ONAKUTHUI KOJNIip PO3YMHY W HAsBHICTH YITKOTO MAaKCUMYMY ONTHYHOI T'YCTHHH OiOmMaivBa, IMiCIs
HOro KOHTaKTy 3 Mijmio. AncopOoBaHI Ha MOBEPXHI MeTaly atoMu [inporeHy 3maTHi nmpuiiMati
y4acTh y PEaKIlisix BiTHOBJICHHS IMOJABIHHUX 3B’S3KiB (DparMeHTiB XiMIYHHX CIIONMYK Oi0H3eBbHOr0
najuBa — METUJIOBHX €CTEpiB HEHACHYCHHMX KHCIOT. 3a HAsSBHOCTI y Ol0JHM3eIbHOMY TalluBi
HEBEJIMKOi KUTBKOCTI BOAM MOXIIMBUH TiIpOJII3 METHJIOBUX €CTEPiB 3 YTBOPECHHSIM KHCIOT 1
METHJIOBOTO crupty. Lli mpoayKTH 3MaTHI IpUItMaTH y4acTh Y XiMIYHUX MEPETBOPECHHSIX, SIKi 3raJlaHO
BUIIe. 3a MPHUCYTHOCTI B OiomanuBax PO3YMHEHOTO KHCHIO 1 BOJM MOXIIMBE YTBOPEHHS COIEH
kynpyMm(Il) 3 opraHivHUME KHCIOTaMH, IO TAKOXK MPU3BOJUTH J0 KOPO3ii Miji.

BUCHOBKH

3a Ttemmeparyp 291...296 K BigOyBaeTbcs KOpO3ist Mili Yy CIOHPTI  ETHIOBOMY,
BHCOKOOKTAaHOBOMY KHCHEBOBMICHOMY IIOJIATKY, PiIMHI yHIBepcalbHil, pinakosii omi i Gionmanusi,
BUTOTOBJICHOMY 3 pinmakoBoi omii. [3 BUKOpHCTaHMX HAaMH OpraHIYHMX pIIWH HAKOUIBIION
KOpO3ifHOI0 aKTHBHICTIO BOJIO/i€ PillaKOBa OIlis; Mayy KOPO3iifHYy 3[aTHICTh BHSBISIOTH piluHA
yHiBepcajbHa 1 BACOKOOKTAHOBHI KHCHEBOBMICHUHN J0MaTOK. [IpoayKTs KOpo3ii Milli y BUKOPHCTaHMX
cepeloBHIax J00pe 34eIUIcHI 3 TTOBEPXHEI0 METally, 3MCHIIYIOTh i OJUCK, 3MIHIOIOTh €IEKTPHUHY
MPOBIHICTD 1 ONTHYHY TYCTHHY PiJHH.
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