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It is well knowrT that the grovih of the barier oxidelayer
on alumnum during low-current anodic plarizationin
nearly reutral buffered agueaosisolution acurs in
accordace with thehigh-field Cabrera-Mtt growth bw?
Informaion aboutle dissolutn kineticsis scarce,
indicating an appasntly chemeal® and mas-transfer
controlled* processMost studés of oxidegrowth on
aluminum are basedn electrehemical wlarizationand
gravimetic method, which nmay introdue complicatons
in termsof correctobn for the lekage curent and the
contribtion from he growth & a poroushydrated lger,
regectively. Thiswork intendsto combire
electrotiemical andn situ multi-wavelergth visual
spectrogopic ellipometry (VISSE) for investigating
barrier ocide growh and dissaltion on pre aluminum in
responseo step chages in theapplied ptential in aetate
buffer sdution.

Experimerts were coducted in aonventimal
three eletrode eleatbochemicalkell equigoed with opical
windows for shinirg visual inédent lighton the
aluminum specimea and colleting the licht reflected
from thesample sufiace for ellpsometricanalysis. he
electrohemical me¢hod consited of stabiking the
specima at a predected potatial, at which the thikness
of the barier film developed vas measure by
electrodiemical inpedance sproscopy EIS). A
predetemined potetial step vas then apled in the
positiveor negativedirection and the resuing opticd and
electrohemical trasient respose of the srface wee
recorded The procdure was epeated foseveral
potentialsteps on th same gaple. The ES
measurments weregerformedfor the pupose of
calibrating the barrr film thickness at stely state
attainedefter each ptential ste.

The ellipsanetric datavere analzed by usef a
two laye model fora composg barrier ad hydrated
film, asdiscussedri Ref. 5. Inthis modelthe thicknes of
the hydeted oxide éyer, measred at stedy-state
correspading to the previouspotential stp, was assmed
to reman constanturing the wariation ofthe barrier
oxide thtkness in esponse tohe new pagntial step,
since thetime consant for barier oxide reponse isnuch
smaller han that othe hydratd oxide. The refractie
indexesof the oxidelayers, m&al and saltion were
assumedonstant. Br oxide gowth, calalation of the
film thickness wasttempted Eso from tle current-time
data byuse of the riationship

A50) =[G 1)t (1)

whereAdt) is the wariation infilm thickness,i(t) is the
measurd current @nsity, i is the steadystate curren
density,F is farad®'s constantp is the nimber of

electrors transferre per moleof Al ,O; formed, andvi

andp are the moleclar weightand densit of the barier
oxide, respectively.

The growh data werenalyzed i use of tie
integratel form of he CabreraMott law, according ®
Ghez® giving the vell-known inverse logrithmic growth
law, as bown in Fg. 1. Barrie layer thikness calcated
both from the ellipometry andcurrent desity data fited
the Ghe equationwell for oxide growth.
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Figure 1 Inverse tickness, caulated fran current
transiens accordig to Eqg. 1, orrelated acording tothe
Ghez equation for nverse-logrithmic growth law,

correspading to secessive ptential step (VHg/Hg . ),
ooty

specifia in the legnd, in 13mM acetateébuffer at g1 =
6.

The currendensity dta were nbuseful for
studyingoxide disslution be@use of thecomplexity of
the curent responsto a negatie potentihstep, as
discussd by Greefand Norman.® The shet-time
ellipsorretry data imicated Carera-Motttype of hidh-
field controlled disslution. However, thisbehavior
shifted giickly, after a few seonds, to anass-transfe
controlled dissoluton rate, whth could I analyzedoy
use of Fek's 2nd lav. The bowmdary condtion at the
surfaceassumed tdoe constahand equato the solbility
of the barier oxide,was detemined by tte applied
potential as wouldbe expectd from themodynamic
considesations. Thediffusion mefficient clculated fom
this typeof analysigesulted invalues wihin the corect

order ofmagnitude about 5-16 cnf/s for Al%*.”
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