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Abstract
T,he corrosion behavior ofbare and chemical conversion coated (through anodizing) aluminum ASA 6061 in stagnant

chromic acid sorutions. sorutions of 2, 6 & t o wi. % crot at 45oC, hwe been investigated using porarization techniq.ue'

The anodizing experiments were condrcted unrder fxei conditions of 35 minute exposure time and 30 volt supplied

voltage. The most importqnt feature achreued iai the great differeice in behavior between the anodic polarization

curves for bare and ,riiu"a"olrminum in dffirent concentrations of chromic acid solutions'

Keywordsz coated aluminum, chromic acid'

lntroduction
Chromate coatings on aluminum alloys have the

advantage that they are easy to apply and that commercial

information are readily available' However, the

environmental and health iisks associated with the use of

chromate ions will restrict the use of such coating in the

future.
The conosion behavior of aluminum and its alloys is

quite good in many aqueous solutions in the pH range of

.i-g ai. to the formaiion of an insoluble and protective

aluminum hydroxide laYer [1].
Nevertheiess, the corrosion resistance decreases

noticeably when the pH value changes away from the

near neutial conditions as a consequence of the Al (OH)3

layer dissolution.
Aluminum alloys are extensively employed as

structural components in the industrial practice, and some

surface treatments like anodizing; chromating and

painting are used to improve their corrosion behavior'

ito*.u-"r, no substantial improvement was obtained in

the most severe conditions'
Anodizing may be used to enhance the corrosion

resistance Jf aluminum and its alloys' An electrolytic

process is used to thicken the surface film and produces a

hard, compact strong and highly adherent layer'

The chromic acid process is employed where a high

resistance to corrosion is required with a minimum loss

of metal section [2]
Sealing has a griat effect on the corrosion resistance of

the oxidJ coatin!. If the coating is not completely sealed'

corrosion u, *.ll as staining may take place very rapidly'

Conversely, properly sealed anodic coatings are being

successfuliy uttA in tttt architectural f,reld' ln general, the

alloys witlr-higher aluminum contents are more resistance

to conosion [3].
This work is aimed to study the electrochemical

behavior of aluminum ASA 6061 surfaces covered by a

chemical conversion coating obtained by anodizing

process in different CrO: acid concentrations and

iompared with that of the same alurninum alloy surface

not anodized.

Experimental Work

Passivation of aluminum ASA 6061 was carried out by

immersion in (2, 6 and 10 wt.%) CrO3 acid solution'

through anodizing process for 35 minute exposure time

anO 5O vott supptieA voltage at 45"C' Usually the

corrosion behavioi of resulting surface layer is tested by

immersion in NaCl solutions of certain normalities (i'e''

0.I or 0.5 N NaCl solution)'
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Fig. I Schernatic diagram for the whole assembly of

open circuit Potential work

Fig.2 Schematic diagram for the uhole assembly of

elecfric circuit for polarization work
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benzene, then dried with paper tissue and kept in a

dissector over a sil ica gel bed.
Open circuit potential (E"o*) was carried out in a cell

d6scribed in Fig. I and polarization was carried out in a

cell with electrical circuit shown in Fig. 2.
The working electrode was (lx3cm) aluminum

A5A606l. It was supponed by means of PVC racks to

hold it stable in the cell. The counter electrode was a

platinum electrode of (l.5x3.5crn), hold by a plastic plate

setted directly opposite to the working elech'ode. The

reference electrode was a saturated calomel electrode

bridged by a Luggin-Haber probe. The distance between

the electrode surface and the Laggin-Haber capillary was

set to 1 mm to minimize the experimental error due to IR

drop. The temperature was maintained within 45*l"C by

a thermometer.

Results and Discussion
The corosion resistance of aluminum ASA 606 I

before anodizing was evaluated, by following its

corrosion potential. Fig. 3 show s the open circuit

potential of bare or not anodized aluminum alloy in 2' 6

and l0 wt. % CrO3 acid solutions at 45oC and duration

time of about 3 hours. lt is clear that:

1. The electrode potential, generally shifts to more

positive direction in all acid solutions studied, and this

shift in potential is more pronounced in the order:

I 0 wt. % CrO3 > 6 wt' %o CrO3 > 2 v,4. o/o CrOt

2. It is believed that this gradual increase in corrosion

potential is most tikely the result of the formation of an

insoluble and protective aluminum hydroxide layer

according to the anodic reactions takes place on the

metal surface.

A l + A l * 3 + 3 e -

Al+3OH- -+ AI(OH),  +3e

( l )

(2)

In this investigation, the conosion behar ior of resulting

coating layer due to anodizing process and of the non-

anodiz.ing aluminum alloy was monitored in solutions of

(2, 6 arrd 10 wt.%) CrO3 and using potential current

relationship recorded through polarization cun'es and

potential as E.o* vs exposure time during the corroslon

test. Aluminum specimens before anodizing and

corrosion tests were abraded in sequence on 220' 320'

400 and 600 grades of emery paper under running tap

water on a Metasern hand grinder tray washed with tap

water followed by distilled water, dried with a clean

tissue, degreased by immersing them in acetone &

The pubtished data reveal a scatter of values for the

open circuit potential of aluminum ranging over several

vblts under identical experimental conditions f4, 5,61'

It can be concluded that the variation of electrode

potential with time depends and affected by material or

iltoy purity, surface treatment of the alloy and oxygen

contact  of  the e lect ro ly te. . .  e tc . ) .
Figures 4-6 show the anodic and cathodic polarizatiotr

curves of unprotected and anodized aluminum ASA 606 I

in (2. 6 & l0wt. %) CrO: acid solutions at 45oC'

ln these figures it seems that:

1. At potentials more positive than E.o,, for unprotecteci

(noi anodized), aluminum alloy in all CrO:

concentrations the current densify rises sharph

indicating the chemical dissolution of natural oxide

fi lm.

i
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2.At potentials more negative than E"oo., the 1$ region of

all iathodic curves of unprotected is almost horizontal'

characterized by a current densiry increasing rapidly

with small variation in the applied potential' This is

followed by an almost vertical region where the current

density is practically independent,on the potential, as

also reported by Dibari and Read "r.
3.1'he cathodic arm of the polarization curves generally

represents the cathodic reaction complicated with mass

trinsfer due to oxygen reduction reaction & its effect on

the rate of dissolution reaction of the aluminum alloy'

4.E"o,, for anodized aluminum ASA 6061 appears a shift

to more noble direction by about 50 mV compared to

E"u,,. of unprotected one due to sharp anodic kinetic

change because of anodized film formation'

5. Suppressing the kinetics of anodic polarization curves

at anodic tlt.t on the surface are more pronounced in

l0 wt. % CrO3 anodized samplgs than (6 8' 2) wt' %

CrO3 anodized samples (i.e., at cetlain potential more

positive than E"o,r., the anodic current density was

ieduced g}-g5 % for anodized compared with the

unprotected one).
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Fig. 5 Polarization curves of anodized & unprotected

alurninum alloy in 6 wt.o/o CrO3 acid solution
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Fig. 6 Polarization curves ofanodized & unprotected
aluminum alloy in 2 wt. oh CrO3 acid solution

Gonclusions
l.The polarization data reveals that the final chemical

conversion coated oxide films formed under the

mentioned operationg conditions is believed to behave

as an insulating layer and has pronounced rectifing
properry.

2.ihe-steady state corrosion potentilal values depend on

the electrolYte concentration.
3.generally, the cathodic branch ofpolarization curves

iho* ou", a wide potential range that indicates of

anodized aluminum alloy, the coated surface is more

catalytic to hydeogen evolution reaction than the

unprotected trifu..' That is the anodized coating has

an electronic resistivity of order CrO3 (anodized)>

unprotected one.
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Fig. 3 Open circuit potential of protected aluminum ASA

O6Ot inOifferent chromic acid concentrations and 45oC

as a function of immersion time'
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