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ABSTRACT

A new method is suggested for studying the rates of dissolution of oxide film on aluminium and its alloys. The method is
based on measuring the conductance between two aluminium (or its alloys) electrodes immersed in 3.0 M HCI solution at
30.0°C. the oxide layer is activated and dissolved, which means an increase in the electric conductance (aluminium oxide is
dielectric). The thicker oxide and films of the barrier type will take longer time to activate. It is known that aluminium and its
alloys are usually covered with an air borne oxide film. Also the application of alternating current (AC) leads to the formation of
anodic films. This newly suggested method based on conductance measurements was utilized for studying the different
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conditions of formation of the anodic films. This method was also used to control the sealing effect of air borne oxide films.
From this study it could be concluded that the AC voltage and time of anodization clearly affect the corrosion resistance of the
oxide film in HCI solution. Sealing with boiling distilled water enhances the corrosion resistance of aluminium distinctly while

its effect on the Al-Mn alloy is rather insignificant.

The suggested conductance method was used to study the effect of some organic inhibitors on the rate of dissolution of the

oxide film on the Al and Al-Mn surface.
INTRODUCTION

The anodic oxidation of Al is useful for the improvement
of corrosion resistance, abrasion resistance, hardness and
decorativeness. Anodic films are those layers produced by
anodically polarizing metals and alloys at high fields where
the films nucleate and grow directly at the anode surface [1-7].
The conditions under which different types of films are formed
at the anode are discussed in earlier papers and reviews [8-15].

Impedance measurements identified four regions through
the thickness of the barrier type anodic films proceeding from
the metal outwards [16]:

a- An n-type region containing excess metal ions and trapped
electrons.

b- A less defective n-type region.

c- A region where OH ions have replace some O ions, and
finally.

d- An outer oxygen rich region.

The films formed in H,SO; yield an outer layer containing
a mixture of crystalline v-ALO; and boehmite a-AlO (OH),
whereas the inner layer is amorphous Al,O; [17]. Water
incorporated into the film slowly converts the amorphous
oxide into monohydrate.

AC as well as DC can be applied for anodization of Al and
its alloys. The success of AC anodizing depends on [18]:

a- Simple conventional oxidative reactions on the anode half-
cycle, and

b- No reversion of the anodic reaction during the cathodic
half-cycle.

The possible reactions are:

a) Anodic Reactions

- Dissolution : Al > AP+ 3e

- Film format : 2Al + 6 (OH")

> 2A1203 + 3H20 +3e

- Oxygen evolution : 4OH" >2H,0 + O, + 4e

-‘Oxidation of sulphate: 28042'

>4 S20%5 + 2e

b) Cathodic Reactions
- Hydrogen evolution : 2H" + 2¢ >H,
- Reduction of sulphate:
SO,” + 8H" + 6e > S +4H,0
or
SO4” + 10H" + 8¢ >H,S +4H,0
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- Alumina reduction : ALO; + 6H" + 66 ——> 2Al + 3H,0

- Aluminium deposition : A’ + 3e > Al

The presence of CI ions promotes active stages in the
anodic process (dissolution), while sulphate ions promote
passivity (film formation).

‘The main cathodic reaction in an acid solution is inevitably
hydrogen evolution and as such as widely accepted.

Generally, Al and its alloys are known to have an air borne
passive film which is mainly composed of oxides and hydrated
oxides of Al These air borne films and films formed by
anodization (DC or AC) are very poor conductors. Wood [19
& 20] considered that some of the water in porous films is
absorbed at room temperature. He used the presence of such
water on the pore walls to explain the electrical properties of
the films. We made use of the poor conductance of the oxide
films on Al and its alloys, and their ability to dissolve in acid
solutions (HCI), and suggested a new experimental technique
based on conductance measurements. This technique is
applied here for investigating corrosion, AC anodization and
inhibition of Al and Al-Mn Alloy.

EXPERIMENTAL

Sealing of Al and Al-Mn specimens was conducted in
boiling distilled water for 20.0 minutes. AC Anodization was
carried out in the special cell where two identical electrodes
3.0 cm apart were immersed in anodizing solution. The effect
of different parameters of anodization was studied using three
different methods. Mylius temperature, Hydrogen evolution,
as well as the conductance method suggested in the present
work.

The inhibition of Al and Al-Mn corrosion caused by four
organic compounds was investigated using the newly
suggested conductance method. these compounds are:

~ .
2-picoline @ 3-picoline = C H3
‘ X

N C H3 NN
H
4-hydroxypyridine = | and
AN N 7~
2- aminopyridine l

The advantage of AC anodization in its best version
includes the ability to anodize two electrodes simultaneously.
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Conductance measurements during the dissolution of the
specimens (untreated, sealed or anodized Al and Al-Mn alloy)
was carried out in a special conductivity cell. In this cell, two
identical electrodes (Al or Al-Mn) exactly of the same
dimension (1.0 x 2.0 cm?®) are immersed in 20.0 ml of 3.00 M
HCI solution. The electrodes are kept parallel and 2.0 cm
apart. The temperature was kept at 30.0°C by an
ultrathermostat. A highly precision laboratory instrument (YSI
model 35) was used to measure the conductance on a digital
display. The rate of dissolution and depassivation (activation)
is evaluated from the regression analysis of k-t relationship
(k-conductance and t-time). The results of each experiment
were correlated in the following manner:

(i) Linear regression

X=A+By,ort=A+Bk )
(ii) Logarithmic regression
X=A+Blogort=A+Blogk )
(iii) Power repression
X=AyPort=AKE 3)
and (iv) Exponential Regression:
X=A10%ort=A 105 @

where A and B are the constants in the regression equations, k-
the conductance and 1-the time.

RESULTS AND DISCUSSION
(i) The effect of Sealing:

The behaviour of the sealed Al in the conductance cell is
illustrated in Fig. 1. In this figure, data obtained from the
Mylius temperature and the hydrogen evolution methods are
also illustrated for comparison. The rate by which K is
distinctly slower in case of the sealed than the untreated A.
The correlation of data yielded satisfactory values of r-the
correlation coefficient and t-the student criterion for both the
linear and logarithmic regressions.

r=@Exy-IxZy)/[{nZx-Ex))0Iy*-Ey)?}"
.............................. (5
t=[r* n-2) / -A)}" (6)

Values of r and t were rather low for the power -and
exponential regressions. The correlation through linear
regression is restricted to the portion of the k-t curve far
enough from the first stage. On the other hand, the three other
regression relations are concerned with the first portion of the
curve (Fig. 1).

It is worthy to note that the excellent correlation (r=1.0) in
a linear regression between k and 7 is most probably related to
the continuous activation and thinning in the anodic film
(Sealed or untreated Al) on one hand and depletion in the
concentration of HCl on the other hand. The lack of a
reasonable correlation for power and exponential regressions
can not be simply attributed to a single reason. Most probably,
the complex behaviour of k with T is due to changes in the
surface nature and the formation of AI** jons in solution
together with the local microscopic high deficiency in HCl
concentration inside the surface pores. These factors together
give rise to poor correlation in both power and exponential
regressions.
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Fig. 1: Effect of sealing of aluminium by boiling ( 1.0 x 5.0 x
2 cm?) on a) t-T, b) Vy-t and ¢) k-t [MCT1]curves in 3.00
M HCl at initial temperature t, = 30.0°C.

1- Untreated aluminium.
2- Sealed aluminium (by boiling).
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It is interesting to mention that the first look at the k-1
curves shows a distinct nonlinear behaviour at the beginning
passing into a linear one after a certain time interval. The
transition of the nonlinear. into a linear character is mainly
attributed to the leveling interaction of the different factors
and the resulted compensating effect on the K values. These
factors are, the Hcl concentration, the formation and
accumulation of AI’* ions, the state of the metal surface
(nature and thickness of the anodic film) and the local
temperature. As the anodic film becomes very thin, the HCI
concentration factor predominates and the linear growth of K
with T passes through a maximum.

(ii) The effect of AC anodizing:

The effect of AC anodization voltage on the k-t behaviour
of anodized Al and Al-Mn in 3.00 M HCl at 30.0°C is
displayed in Figure 2. This figure obviously demonstrates the
increase in the dissolution resistance of anodized Al and Al-
Mn alloys upon increasing the applied AC voltage during
anodization from 10 to 100V. In the mean time the use of
1.0V for anodization gives rise to more readily dissolving Al
and Al-Mn alloys than the untreated specimens.
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Fig. 2: k-t [MCT2]curves for a) Al and b) Al-Mn (1.0 x 5.0x 2
cm®) anodized in 0.100 M oxalic acid at different AC voltage
for 20.0 minutes at 30.0°C, in 20.0 ml 3.00 M HC] at 30.0°C.

1- Untreated.

2- Sealed.

3- Anodization using 1V AC.
4~ Anodization using 5 V AC.
5- Anodization using 10 V AC.

6- Anodization using 20 V AC.
7- Anodization using 50 V AC.
8- Anodization using 100 V AC.
9- Anodization using 150 V AC.
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Sealing of Al by boiling leads to an improvement in the
dissolution resistance which is not as high as that caused by
anodization at 20.0V. On the other hand, sealing of Al-Mn
alloys gives rise to a less resistant surface towards dissolution
in HCI than the untreated alloy. It seems that the existence of
Mn in the alloy prevents the sealing effect i.e. the closing of
the pores in the air borne film by hydration and hydroxylation.
Moreover, boiling in distilled water brought about more active
surface of Al-Mn alloy.

In Figure 3, the k-t behaviour is displayed for Al and Al-
Mn alloy anodized for different time intervals. It is evident
that the anodic film thickness and in turn its protecting
properties is directly proportional to the anodization time. The
K-t dependence obtained for the dissolution of the formed
anodic films after anodization in different concentration of the
acid shows the proportionality between the protecting
properties and the acid concentration.
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Fig. 3: k-t [MCT3]curves for a) Al and b) Al-Mn (1.0 x 2.0 x 2
cmz) anodized in 0.100 M oxalic acid at 50 V AC for
different times at 30.0°C, in 20.0 ml 3.00 M HCI at
30.0°C.

1- 1 minute.
2- 5 minutes.
3- 10 minutes.
4- 20 minutes.
5- 50 minutes.

(iii) The effect of Organic Additives:

The influence of the four studied organic additives on the
dissolution behaviour (k-t curves) of Al and Al-Mn alloy is
illustrated in Figure 4. All the organic additives exhibit
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qualitatively the same behaviour. They were found to retard
the dissolution of Al and Al-Mn presumably by their
adsorption on the metal surface. The extent of retardation
(inhibition) obviously depends on the degree of surface
coverage. Thus k-t curves may serve as a measure of
differentiating the weak and the strong adsorption. In other
words, the K-t curves provide a quantitative estimation of the
inhibition caused by organic inhibitors (additions).
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Fig. 4: k-t [MCT4]curves for a) untreated Al and b) untreated
Al-Mn (1.0 x 2.0 x 2 cm®) anodized in 20.0 ml 3.00 M
HCI (in presence and absence of 0.100 M of different
inhibitors) at 30.0°C.

1- Free

2- 2-picoline.

3- 3-picoline.

4- 4-hydroxypyridine.
S- 2-aminopyridine.

It is obvious that the efficiency of inhibition varies with the
type of the additive. The order by which the efficiency of
inhibition decreased is as; 2-aminopyridine > 4-
hydroxypyridine > 3-picoline > 2-picoline. The observed high
efficiency of the studied compounds [21] in acid medium may
be attributed to the cationic nature of the additive in the
medium on one hand and the highly negative potential of
dissolution of Al relative to its own zero-charge point on the
other hand [22]. This makes the adsorption of the cationic
substances more effective than the nonionic or the anionic
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species. Moreover, all the studied compounds have N atom as
the key atom for adsorption process in addition to the
delocalized -electrons on the ring which makes the molecule
more plane and a new center of adsorption is introduced.

REFERENCES

breakdown and
on aluminium.

[1] Tajima, S., 1977. Luminescence,
coloring . of anodic oxide films
Electrochim. Acta, 22: 995-1011.

(2] Ikonopisov, S., N. Elenkov, E. Klein and L. Andreeva,

1978. Galvanoluminescence of aluminium during

anodization in nondissolving electrolytes. Electrochim.

Acta, 23: 1209-1214.

[3] Nagayama, M., H. Takahash and M. Koda, 1979. J.

Metal Finish. Soc. Japan, 30: 438.

[4] Thompson, G.E., R.C. Furneaux and G.C. Wood,

1979. Inst. Metal Finish., 57: 123.

[S] Taylor, C.S., CM. Tucker and J.D. Edwards, 1945.

Trans. Electrochem. Soc., 88: 325.

[6] XKobayashi K. and K. Shimizu, 1988. Japan Institute of

Light Metals, 38: 91.

[7] Thompson, G.E., Y. Xu, P. Sheldon, K. Shimizu, S.H.

Han and G.C. Wood, 1987. Philos. Mag. B(GB), 55:

651.

(8] Hoar, T.P., 1959. In Modern Aspects of

Electrochemistry (J.O.M.Bockris, ed.), Vol. 2, pp. 262-

342, Butterworth, London.

[9] Vermilyea, D.A., 1963. In advances in Electrochemistry

and Electrochemical Engineering (P. Delahy and C.

Tobias, eds.) Vol. 3 P. 211, Interscience, New York.

[10] Tajima, S., 1970. Advances in Corrosion Science and

Technology (M.G. Fantana and R.W. Staehle, eds.), Vol.

1, P. 229. Plenum, New York.

[11] Hoar, LP., 1967. Corros. Sci.; 7, 341.
[12] Tajima, S., 1964. Metall., 18: 581.

[13] Tajima, S., N. Baba and T. Morsi, 1964. Electrochim.
Acta, 9: 1509.

[14] Tajima, S., N. Baba, T. Morsi and M. Shimura, 1967.
Electrochim. Acta, 12: 955.

[15] Wood, G.C. and G.W. Patrick, 1967.
Metal Finishing. 45: 174.

Trans. Inst.

[16] Heins, M.A. and M.J. Proyor, 1963. J. Electrochem.
Soc., 110: 1205.

[17] Trillant, J.J. and B. Tertian, 1949. Rev. Aluminium,
20: 315.

[18] Gabe, D.R., 1987. Trans. LM.F,, 65: 152.

[19] Jason, A.C. and J.L. Wood, 1955. Proc. Phys. Soc. B,
68: 1105.




Conductance measurements in corrosion studies of Al:

[20] Booker, C.J.L. and J.L. Wood, 1960. Proc. Phys. Soc. aluminium-manganese alloy in HC1 and NaOH solution.
B, 76: 721. Bull. Fac. Sci. Assiut, Univ., 18, (B-2), pp. 9-20.

[21] Abou-El-Wafa, M.H. Moustafa, 1989. Effect of some [22] Vish, A.K., 1968. J. Phys. Chem., 72: 1148.
heterocyclic compounds on corrosion behavior of

50




