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Study of instantaneous rate of corrosion
of aluminum in media with different acidity

Instantaneous rate of aluminum corrosion in media with different acidity

has been studied using a method of polarization and the electrical resistance.
A resulting time series of instantaneous corrosion rate have been analyzed us-
ing the standardized range. As a result, it has been found that in all studied
media corrosion process has a stochastic character, and time series of instanta-

neous rate are anti-persistent.
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Introduction

From the viewpoint of observa-
tion of the development of corrosion pro-
cess of greater interest is the differential
characteristic of the rate of corrosion, so-
called instantaneous rate of corrosion [1].

Since the corrosion process on the
metal surface is likely to develop very un-
evenly, so fixing the instantaneous values
of the corrosion rate one can be trace the
alternation of its activation followed by

Experimental part

As an object of the study aluminum
wire (Al not less than 99.6-99.7 % (wt.))
has been used.

The instantaneous rate of corrosion of
aluminum has been studied in three so-
lutions: H,SO,, Na,SO, and NaOH, a pH
of which was 0.78, 5.71 and 11.11 respec-
tively. The instantaneous rate of corrosion
has been evaluated by two methods: po-
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temporary decay, which could again be
replaced by reactivation. Observations
of such changes in instantaneous rate at
the initial stage of the corrosion process
development can be used as the basis for
the development of long-term corrosion
forecast model. Therefore the choice of
methodology of instantaneous corrosion
rate research is actual.

larization and electrical resistances. Meas-
urement of polarization resistance and
recording polarization curves have been
performed in a standard electrochemi-
cal cell with divided cathode and anode
spaces using Solartron 1280 C test station.
A measurement design is shown in Fig. 1.

A program of measurement of the
polarization resistance has included
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300 cycles, which consisted of measuring
the currentless potential for 10 seconds,
followed by potential sweep from -15 to
+15 mV relative to the stationary poten-
tial, sweep rate is 3 mV/s. Polarization
curves for determining Tafel coeflicients
have been recorded by polarization from
the cathode region to the anode one at
linear potential sweep of 3 mV/s.

Results and Discussion

A typical curve of the time depend-
ence of the experimental polarization re-
sistance of the aluminum sample is shown
in Fig. 3.

According to experimental data of
the polarization resistance (Rp) values of
instantaneous corrosion rate in current
units (i, , A/cm?) have been calculated by
the Stern-Geary equation [2]:

b,-b,
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wherein b_and b, are the Tafel slopes of
the anodic and cathodic processes.
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Fig. 1. Apparatus for polarization
measurements: 1 - computer; 2 -
electrochemical station; 3-3-way stopcock;
4 - silver chloride reference electrode;

5 - saturated solution of KCI; 6 — working
electrode; 7 — working solution; 8 - platinum
auxiliary electrode; 9 — Haber-Luggin
capillary; 10 - support for the cell; 11 - salt
bridge

Measurement of electrical resistance
has been carried out by means of high-
resistance voltmeter. A measurement de-
sign is shown in Fig. 2. The time interval
between measurements was 30 seconds,
in each solution up to 300 measurements
have been performed.

In all solutions under study oscilla-
tions have presented on the time depend-
ence of the instantaneous corrosion rate.
The presence of oscillations proves that
the corrosion process has a stochastic
character. The amplitude of oscillations
and the general trend of change of po-
larization resistance suggest the following
features of the corrosion process:

- in a neutral salt solution dissolving
aluminum occurs in pores existing on the
surface of the oxide film;

- in sulfuric acid solution the initial
more or less active dissolution is replaced
by the reduction of the oxide film, and the
dissolution process slows down and local-
izes in pores of the oxide film;

Fig. 2. The electric resistance measuring
circuit 1 - glass with the test solution,
2 - sample (in the form of wire spiral), 3 -
thermocouple, 4 - high-resistance voltmeters
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- in alkali medium dissolution of alu-
minum observed in cracks of fast-grow-
ing aluminate film.

Experimental curves of the change in
time of the aluminum sample electrical
resistance also had characteristic oscilla-
tions in all studied media (Fig. 4).

The instantaneous rate of corrosion
(V, um/s) can be calculated from the de-
pendence of the electrical resistance on
the radius of the wire sample [3]:
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wherein r is the radius of aluminum wire;
p is the electrical resistivity of aluminum;
[ is the length of aluminum wire; R(t) is
the resistance value at time ¢.

The resulting time dependencies of the
corrosion rate have oscillations regardless
of the composition of the corrosive solu-
tion. This indicates that despite the sig-
nificantly different values of the electric
resistance and oscillation amplitude in

Conclusion

1. Studies of electrochemical behavior
of aluminum by electrical and polariza-
tion resistance in solutions with different
pH have been carried out.
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Fig. 3. The polarization resistance of the
aluminum sample in sodium sulfate
solution
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different solutions the stochastic charac-
ter of dissolution maintains.

In order to identify the character (ran-
dom or fractal) the time series have been
processed by the method of Hurst. The
method involves the standardization of
data to zero, mean and standard deviation.
The calculated values of the Hurst expo-
nent for the time series of polarization
and electrical resistances in the studied
media (Table 1) are in the range from 0
to 0.5. Accordingly, all of the analyzed ex-
perimental time series are anti-persistent,
so observed at the initial time moment
the growth of corrosion rate subsequently
may give place to a decrease.

Table 1

The Hurst exponent for the time series

of polarization and electrical resistance
Solution

Na,SO,

Time series
H SO

2 4

NaOH

Polarization

resistance 0.42+0.21| 0.27£0.13 | 0.27 £ 0.08

Electrical
resistance

0.29+0.02 | 0.29 £0.05 | 0.33 £ 0.04

2. On the basis of the obtained time
dependencies of the instantaneous cor-
rosion rate it was confirmed that the
process of corrosion on the surface of

R, Om 1
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Fig. 4. The electric resistance
of the aluminum sample:
1 - in sulfuric acid; 2 - in alkali medium
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the aluminum sample develops non-
monotonically: oscillations presented on
graphs suggest the stochastic character of
the process.

3. When processing time series of po-
larization and electrical resistance it was
revealed that the corrosion process on
the aluminum surface has anti-persistent
character regardless of the presence of the
passive film.

The results of the measurement of the
polarization resistance data have con-
firmed known data on aluminum corro-
sion resistance in media with different pH,
more specifically:

- destruction of the passive film and
intensive dissolution in alkaline solution;

- passivation of the oxide film in a neu-
tral solution;

- reduction by the present in the solu-
tion oxygen of the oxide film dissolving
upon contact with an acidic solution.

5. The analysis of experimental data
has revealed that the corrosion rate deter-
mination by the electric resistance is pos-
sible in case of active dissolution of the
metal in a corrosive medium, for example
aluminum in an alkaline medium. In the
presence of the growing passive film this
method is not applicable.
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investment and economics. M., Internet Trading, 2004. 304 pp.

221



VIK: 544.653.22: 544.6.018.42-143

O. B. Kpinocosa, A. b. Vin6ynguna,
0. B. fIpocnaBuesa

Ypanvckuii pedepanvrbiii yHusepcumem
620002, Examepunbype, yn. Mupa, 28.
E-mail: o. v.yaroslavceva@urfu.ru

UccnepoBaHne MrHOBEHHOW CKOPOCTU afilOMUHUA
B CpeAax € pa3sHON KUCNOTHOCTbIO

MeToA0M NoNSPY3aLMOHHOI0 U 3NIEKTPUYECKOrO CONPOTUBAEHUS UCCef0Ba-
Ha MFHOBEHHasl CKOPOCTb KOPPO3UK aNlOMUHWSA B Cpefax C pasfMuHoON KMCIOTHO-
CTbt0. MonyyeHHble BpeMeHHbIe psifbl MFHOBEHHOW CKOPOCTY KOPPO3WM NpoaHa-
JIU3MPOBaHbI METOAOM HOPMWPOBAHHOMO pa3Mmaxa. B pesynbrtate ycTaHoBneHO,
4TO BO BCEX MCCIEA0BAHHBIX CPeAax NpoLecc KOppo3un UMeeT CTOXacTU4ecKuii
XapakTtep, npuyem BpeMeHHble psifibl MTHOBEHHOM CKOPOCTW aHTUNEPCUCTEHTHBI.
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Beepenue

C TOuKM 3peHVs] HaOMIOeHNs
3a pasBUTVEM KOPPO3MOHHOTO MIPOLIeCca,
6onpinit MHTepeC npencTasseT sudde-
peHIManIbHas XapaKTePUCTUKA CKOPOCTHI
KOppO31M, TAK Ha3blBaeMasi MTHOBEHHas
CKOpOCTb Kopposun [1].

ITocKkOMbKY KOPPO3MOHHBIN IIPOLiece
Ha MeTa/lIN4IeCcKOl IOBEPXHOCTH, CKOpee
BCETO, Pa3BMBAETCs KpailHe HepaBHOMEp-
HO, TO QUKCUPYsI MTHOBEHHbIE 3HAUEHNS
CKOPOCTM KOPPO3MH, MOXXHO IIpOCie-
IUTb YepefoBaHIe ero aKTUBALNM C I10-

JKcnepuMeHTaNbHasa YacTb

B xauecTBe 00BEKTA UCCHAENOBAHMA
MCIIO/Ib30BA/IN TIIOMJHIEBYIO IIPOBOJTIO-
Ky (Al He menee 99,6-99,7 %(macc.)).
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CTeNyIOIIMM BPEMEHHBIM 3aTyXaHUeM,
KOTOpPO€ BHOBb MOXKET CMEHATHCS peak-
tuBanyert. Habnonenns 3a nogo6HbIMI
U3MeHeHIeM MTHOBEHHOI CKOPOCTM Ha
HayaJIbHOM 9Talle pasBUTUA KOPPO3U-
OHHOTO IIPOIecca MOTYT OBITb MOTOXKEHO
B OCHOBY IIpI paspaboTKe JOIr0CPOIHOI
IIPOTHO3HOI Mofen Kopposun. Iloa-
TOMY aKTya/JbHbIM SIB/SIETCS BBIOOp Me-
TOMONIOTMM WCC/IEOBAHUs MTHOBEHHOI
CKOPOCTH KOPPO3UIL.

MrHOBEHHYI0 CKOPOCTb KOpPpO3UM
aJIIOMUHUA U3y4Yaldy B TPEX pacTBOPaAX:
H2S0,, Na2SO, n NaOH, pH kortopsix
cocraBngna 0,78, 5,71 u 11,11 cooTBert-
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CTBEHHO. MTIHOBEHHYI0 CKOPOCTb KOp-
posuM OLEeHMBaIM [ByMS MeETONAMU:
MOJIAPU3ALIMOHHOTO U 37IEKTPUYECKOTO
conpoTusienuit. Vsmepenue mnonsapu-
3alJIOHHOTO CONPOTUB/IEHUA M CHATHE
MO/IAPU3ALIMOHHBIX KPMBBIX OCYILIECTB-
JANM B CTaHAPTHON 3/EKTPOXMMMYeE-
CKOJ1 AA4eliKe C pa3fie/IeHHbIMM KaTOJHBIM
U QHOJITHBIM IIPOCTPAaHCTBAaMI IIPU IIOMO-
M U3MEPUTENbHON CTaHIuy Solartron
1280C. Cxema u3aMepeHMs IpefcTaBlIeHa
Ha puc. 1.

IIporpaMMa usMepeHMs IONApU3aA-
LIIOHHOTO CONPOTUBJIEHMA BK/IIOYaja
300 UMKIOB, KOTOPbIE COCTOAIN U3 U3Me-
peHrsi 6eCTOKOBOTO IOTEHIMAIa B Tede-
Hue 10 ¢, ¢ mocegymoieil pasBepTKo I10-
TeHIMana ot —15 7o +15 MB oTHOCUTETEHO
CTAallYIOHAPHOTO TIOTEHIMaNa, CKOPOCTh
pasBeptku 3 MB/c. IlomspusanuoHHbIe
KpMBBbIe 1A ompepeneHns koadduien-
toB Tadens cHumanu monspusaiyert us
KaTOfHOI 007acTy B QHOGHYIO IIPU JIN-
HelTHOI pasBepTKe MOoTeHIMana 3 MB/c.

Vsmepenue s1eKTPUYECKOTO COIPO-
TUBJIEHMA OCYWECTBIANM TP IIOMO-
M BBICOKOOMHOTO BoOnbTMeTpa. Cxema
YCTAaHOBKM IIpuBefieHa Ha puc. 2. Bpe-
MEHHOJ MHTEPBaI MEXJY U3MEPEHUAMM
cocrapnAn 30 ¢, B KaXK/JJOM pacTBOpe OCY-
mecTsrAny 1no 300 usmepeHu.

Pe3synbTtathbl u ux 06cyxaeHne

TunmyHasa KpuBasg BPEeMEHHOl 3aBU-
CUMOCTM 3KCIIePUMEHTAIbHOTO MOMAPU-
3alIMOHHOTO CONPOTHUB/IEHNA ATIOMUHU-
eBoro obpasiia IpuBeJieHa Ha puc. 3.

Ilo 9KcHepMMEHTAaNbHBIM JaHHBIM
NO/APU3ALMOHHOTO conpoTysienns (R )
ObIIV pacCIMTAHBI 3HAYEHVISI MTHOBEHHOTT

Solatron
1280C
cp p BCA 3
P,

e

L

Puc. 1. CxeMa yCcTaHOBKM LA
MIO/IAPU3aLMIOHHbIX U3MePEeHMIL:
1 - KoMIIbIOTED; 2 — NMEKTPOXMMIIECKAs
CcTaHUMA; 3-3-X0I0BOM KPAHUK;

4 - xyopupcepeOpsIHBII IMEKTPOS,
cpaBHeHMs; 5 — HachleHHbI pactBop KCl;
6 — paboumnit a7eKTpoy; 7 — pabounii pacTBop;
8 — IUIaTMHOBDIN BCIIOMOTraTe/IbHbII
anekTpop; 9 — Kamwsip Tebepa — JIyrruna;
10 — mopcTaBKa IOf, AYENKY;

11 — 37eKTPONUTUYIECKUI KITI0Y

Pric. 2. Cxema usMepeHus 9MeKTPIIeCKOro
CONPOTUB/IEHNA: 1 — CTaKaH C UCCTIeAyeMbIM
pacTBOpPOM, 2 — UCCTIeyeMblit o6paselr
(B BMJE CIMpany U3 IPOBONIOKM), 3 —
TepMoIapa, 4 — BLICOKOOMHBIE BOIBTMETPbI

CKOPOCT) KOpPPO3WM B TOKOBBIX €NUHN-
uax (i, , A/cm®) o ypasHenuo IlltepHa —
Tupu [2]:

b,-b,

. — R 1
Liorr 2’3'(ba +bk)RP ( )
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rne b u b - TadeneBcKmMe HAKTOHBI
AHOJJHOTO ¥ KaTOJHOTO MPOIECCOB.

Bo Bcex mccrenyeMbIx pacTBOpax Ha
BPEMEHHOI 3aBUCUMOCTV MTHOBEHHOII
CKOPOCTM KOPPO3UM IIPUCYTCTBOBATIN
konebannsa. Hanuume xomebanmit cBupe-
TE/IbCTBYET O TOM, YTO KOPPO3VOHHBII
[POIIECC MMEET CTOXACTUYECKMIT Xapak-
Tep. AMIUIMTYAa KonmebGaHumit M o6t
TPeHJ M3MEHEeHUs TOJSIPU3AIMIOHHOTO
COIPOTUBIIEHNsI TIO3BOJISIOT IIPEMIIONO-
JKUTD CTIeRyIole 0COOEHHOCTH KOppo-
3MOHHOTO IpOIlecca:

- B HeWTPaIbHOM PACTBOpPE COMMU pac-
TBOpEHIE aTFOMUHMS POUCXOAUT B TI0-
pax MMEIOIIENCcsl Ha MOBEPXHOCTI OKCUJI-
HOI TIJIEHKU;

- B PacTBOpe CEpHOI KUCTIOTHI TIEPBO-
HadasibHOe 6oJee UM MeHee aKTUBHOE
pacTBOpeHMe CMeHSeTCs BOCCTAHOBIIe-
HYEeM OKCHU/HOJ IUIeHKM, U MPOLeCC pac-
TBOPEHMsI 3aMeM/IeTCS U JIOKA/IU3YeTCs
B IIOPaX OKCU/IHO IUIEHKI;

- B IeNoYM HabIIofjaeTcsi pacTBope-
HUe aJIOMVHMS B TpelMHaX ObICTpopa-
CTYLIelt IIEHKY a/IIOMVHATA.

IKCrepuMeHTaIbHbIE KPUBBIE H3Me-
HEHVsI BO BPEMEHM JNIEKTPUIECKOTO CO-
NPOTUBJIEHNS ATIOMUHNEBOTO 06pasia
TaK)Ke VMMeNN XapaKTepHble KOMeGaHms
BO BCEX UCCTIEOBAHHBIX cpefax (puc. 4).

R, Om-cm?
P

16 000 T
14 000 +

12000 -

tc

10 000

0 2000 4000 6000 8000

Puc. 3. IlonApusannoHHOE COIPOTUBIIEHME
QIIOMUHIEBOTO 06pasija B pacTBope
cynbdara HaTpus
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MrHoBeHHast cKOpocTb Kopposuu (V,
MKM/C) MOXeT OBITh paccYMTaHa MCXO-
IS U3 3aBUCHUMOCTHU 37IEKTPUUYECKOTO CO-
IPOTUBJIEHNS OT Pajiyca IIPOBOIOYHOTO
obpasia [3]:
or (p-l " R

V=—— “R(t)" ~a—,

2
ot \|4rn ot @

Ifie r — pajMycC aJOMMHIEBOI IIPOBOJIO-
KI; p — YHEIbHOE 3NIEKTPUYECKOE COIpPO-
TUBJIEHME ATIOMUHMS; | — [jIuHa asmo-
MUHUEBON MPOBOMOKY; R(t) — 3HaueHue
COIIPOTMBIIEHNS B MOMEHT BPEMEHN L.

ITony4eHHblE BpeMeHHBIE
MOCTU CKOPOCTM KOPPO3UM MMEKT KO-
neGaHMsI BHe 3aBMCHMOCTM OT COCTaBa
KOPPO3MOHHOTO pacTBopa. ITO CBUfe-
TEILCTBYET O TOM, YTO, HECMOTPS Ha 3Ha-
YUTENbHO  OTAMYAIOIMECA  3HAYEHUA
3JIEKTPUYECKOTO CONPOTUBIIEHUSA M aM-
IUIUTYABl KOMeOaHMil, B PasHBIX PacTBO-
pax CTOXAaCTMYECKMII XapaKTep pacTBO-
peHuA COXpaHAeTCA.

C 1enbio BbIABNIEHUA XapakTepa (cy-
YaifHbI YN (ppaKTanbHbIN) BpeMeHHbIE
psngsl Opimu 06pabOTaHBL 10 METORVKE
Xepcra. Meroy npepnonaraeT HOPMU-
poOBaHle JaHHBIX K HYJIEBOMY, CPEIHEMY
U CTaH/IapTHOMY OTK/IOHeHMI0. Paccum-
TaHHblE 3HAYeHMA IIOKasaTend XepcTa
U1 BPEMEHHBIX PpAJOB IIOIAPU3ALUOH-

3aBUCHU-

R, Om 1
0,40 'W
0,30 +
0,20 +

' mﬂw
0,10 +
t, C
0,00 } } } ;
0 2000 4000 6000 8000

Puc. 4. OnexkTpudeckoe COnpoTUBIEHNE
QIIOMIHMEBOTO 00pasia: 1 — B cepHOI
KUCTIOTe; 2 — B 1LIE/IOuN
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HOTO U 3/IeKTPUUECKOTO CONPOTUBIECHMUIA
B MICCIefyeMbIX cpemax (tabm. 1) mexxar
B uHTepBasie oT 0 o 0,5. COOTBeTCTBeH-
HO, BCe IIpOaHa/NINM3MPOBAHHbIE 9SKCIIe-
PUMeHTa/IbHble BpeMeHHbIe Psfibl aHTHU-
MEPCUCTEHTHBI, TO €CTh HAOMIOIaeMblil
B HAYaJIbHBII MOMEHT BpPEMEHU POCT
CKOPOCTM KOPpO3UM B JlaJIbHENIIeM MO-
JKET CMEHUTbCA YMEHDIIEHUEM.

BoiBoab!

1. TIpoBemeHBI MCCTIETOBAHUA OTIeK-
TPOXVMMMYECKOTO TIOBETEHVS aMOMUHIS
MeTOfAMI STeKTPUIECKOTO U HOJLIpu3a-
LJIOHHOTO COIIPOTHB/IEHNS B PacTBOpax
¢ pasHbiM pH.

2. Ha ocHOBaHMM IOTyYeHHBIX Bpe-
MEHHBIX  3aBMCUMOCTE}l MTHOBEHHOII
CKOPOCTM  KOPpPO3UM  IIOATBEP>KAEHO,
YTO MPOLIeCC KOPPO3UM Ha MIOBEPXHOCTH
QIIOMJHIEBOTO ob6pasua pas3BUBaeTcs
HEMOHOTOHHO: MMeIolMecst Ha rpadukax
KOMebaHMsl CBUAETEIbCTBYIOT O CTOXa-
CTUMYECKOM XapakTepe mpolecca.

3. IIpu 06paboTKe BpeMEHHBIX PSI/IOB
HO/IPU3ALMIOHHOTO U 37IEKTPUYECKOTO
CONPOTUBJIEHMII BBLABIEHO, YTO KOP-
PO3MOHHBII TIPOLleCC HAa IIOBEPXHOCTHU
QIIOMVHIS MMeeT aHTUIIePCHUCTEHTHBIN
XapakTep BHE 3aBUCUMOCTY OT HaM4Ms
[IaCCUBHOJ TITIEHK.

PesynpraTamMy M3MepeHMsI HOJIpu3a-
LIVIOHHOTO COIPOTHUBIICHVS IIOATBEPKIe-

Tabmuna 1
[Toxasarenb XepcTa BpeMeHHbBIX PAOB
TIO/IAPU3ALMIOHHOTO U 3/IeKTPUYECKOTr0

COIIPOTUBJIEHNUA
Bpemennoii Solution
pAn H,80, | NaSO, | NaOH
[Nonapusanu-

oHHOe conpo- (0,42 +0,21{0,27 + 0,13|0,27 + 0,08

TUBJICHUE

AneKkTpuye-
CKOe Compo-
TUBICHNE

0,29 +0,02(0,29 + 0,05|0,33 + 0,04

HBI U3BECTHBIE TaHHbIE O KOPPO3MOHHOI
CTOMKOCTM aNIOMUHUA B Cpefax C pas-
munbpIM pH, a nMenHo:

- paspylleHMe ITACCMBHOW IIJIEHKNU
U MHTEHCUBHOE DPAaCTBOPEHME B IIENT0Y-
HOM PacTBOpE;

- TacCUBaLMA OKCUIHON IUIEHKOM
B HEIITpaZIbHOM pacTBOPE;

— BOCCTAHOBJIEHVE TIPUCYTCTBYIOLUIUM
B PacTBOpe KICIOPOJOM, OKCHUJJHOI
IIJIEHKY, PAaCTBOPAIOLIENICA IPY KOHTaKTe
C KJCTIBIM PaCTBOPOM.

5. B xome anammsa SKCIlepMMEHTalb-
HBIX JJaHHBIX YCTAHOBJIEHO, YTO OIpe-
JeJIeHNe CKOPOCTM KOPPO3UM METOJ0M
9JIEKTPUYECKOTO  CONPOTUBJIEHUA BO3-
MOXXHO B Cy4ae aKTMBHOIO pPacTBOpe-
HIA MeTaJUIa B KOPPO3MOHHOM Cpefie, KaKk
HaIpYMep a/JIIOMUHUIA B 1L[€/IOYHOI Cpefie.
ITpy Hammumm pacTymieil IacCUBHOM
IIJIEHKOJ 9TOT METOJL, HE IPUMEHVIM.
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