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EFFECT OF THE ANODIZATION CURRENT DENSITY AND TIME ON THE CORROSION OF
Al AND Al-Mn ALLOY
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Al and Al Mn alloy were anodized in 1 0 M solution of sulphuric, oxalic, citric and tartaric acids at
various current densities (0.5-2.50 a.dm™. It is found that_ the inhibition property of the anodic films
on both Al and Al-Mn increased with increasing the current density. The effect of current density is
greater in case of citric and tartaric acids. The effect of time was studied in 1.0 M acid solution at 1.0
a.dm™ and time intervals of 10-60 minutes. Increasing the time accompanied with a decrease in reac-
tion number. The results were treated applying both of Mylius equations and the mathematical treat-

ment suggested earlier by us.
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INTRODUCTION

The effect of current density and time on the rate of
corrosion of Al and its alloys Al-Mn, Al-Mg, Al-Zn and
Al-Cu was the subject of many investigations.

The anodization of Al-5.0 % Mg and Al-2.0 % Zn was
studied [1] in 1.5 M H,SO,4 at 20° for one hour at 250
am™> The films formed have thickness up to 50 nm and
incorporated by Mg and Zn to approximately their alloying
proportions. The same behaviour was reported for Al-4.0 %
Cu. Keller and Edwards [2] claimed that CuAl, oxidizes
or dissolves faster than aluminium but Koch [3] consi
dered that CuAl, can be anodized.

The specific resistance of the initial anodic films form-
ed on pure aluminium at 50-6000 a.m™ was studied [4]
in a range of aliphatic and aromatic acids up to 1.0 M
at 25°. The acids were with and without -OH NH, -CH;,
_g—-CI substituents and unsaturated bonds. It is concluded
[4] that depending on the acid type, concentration and
temperature and the filming current density, monocarbonic
and chlorine containing acids yield anodic pitting and
corrosion in very thin initial barrier type layers. Kape [5]
presented voltage-time curves at constant current density
for a range of acids. Strong anodizing acids such as sulphu-
ric and sulfonic work at nearly constant voltage at room
temperature and produce nealry clear films of natural
colour. Weak anodizing acids like tartaric, malonic and
sulfosalicylic tend to have a rising voltage-time curve and
produce dark films.

In the present work, the effect of anodization current
density and time on the corrosion resistance of Al and
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Al-Mn was studied in sulphuric, oxalic, citric and tartaric
acids.
EXPERIMENTAL

The specimens of Al and Al-Mn sheets (100 x 10 mm)
were degreased [6] in a solution of Na,CO;5 and NazPO,
at 85° for 5 minutes. The percentage chemical composi-
tion of Al is Mn; 0.10, Si; 0.10 and Fe, 0.10 and for Al-Mn
is Mn; 2.0, Si; 0.10 and Fe; 0.10. The anodization of
specimens was carried out in a cell of size 200 x 100 mm
in dimensions containing 250 ml of anodizing solution.

The effect of the applied current densities 0.50, 1.00,
1.50 and 2.50 a.dm™ in presence of 1.0 M of anodizing
acids sulphuric, oxalic, citric and tartaric at 30° for 60
minutes was studied.

The effect of anodization time 10, 20, 30, 40, 50 and
60 minutes at acid concentration 1.0 M and current density
1.0 adm™ was also investigated. The anodized specimens
were dipped in 30 ml of 3.0 N HCl at 30° placed in Mylius
apparatus [7]. The rise of temperature with time was
followed using a 100° thermometer. All experiments weie
carried out in adiabatic conditions as the apparatus was
kept in a Dewar flask which is fixed in an air thermostat
at 30°

RESULTS AND DISCUSSION

The effect of the anodization current density (0.5-
2.5 a.dm™) on the corrosion resistance of Al and Al-Mn
alloy was studied in presence of 1.0 M of the anodizing
acid. The anodization time was 60 minutes for sulphuric
and oxalic acids and 5 minutes for citric and tartaric
acids. The values of reaction number and inhibition which
were calculated using Mylius [7] equations are given in
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Table 1. Generally it is obvious that with increasing the
anodization current density, the reaction number decreased
and the corrosion resistance of the formed anodic film
increased. However, the effect of current density is greater

Table 1. (R.N.) and A(in brackets) values for Al and Al-Mn
anodized for one hour in 1.0 M H, SO, and oxalic acids and
for 5.0 minutes in citric and tartaric acids at different
current densities.

Current H,804 Oxalic acid Citric acid Tartaric acid

density

adm? Al Al-Mn Al AlMn Al Al-Mn Al Al:Mn

00 263 BS6 263 756 263 7367 263756

0S5 075 1.74 087 . 123 092 19°°092 19
(71-5) (76°9) (67:1) (83.8) (654) (75.1) (654) (75.1)

1.0 080 171 033 . 1:23. 102 164 102 164
(69.9) (77.4) (72.5) (838) (61.6) (78.2) (61.6) (78.2)

155 076  1:32 068 120 123 1:63 - 1285 163

(71:2) (828) (742) (84.0) (53.7) ( 786) (53.7) (78.6)
2:5 130 064 117 053 1:29 . 0:531 ' 1:29
(82.8) (75.9) (845) (80.1) (82.9) (80.1) (82.9)

in the case of citric and tartar:c acids. The change in corro-
sion resistance with oxalic and sulphuric acids is small.
These observations may be due to the variation in the film
thickness. In oxalic and sulphuric acids, the anodic film
is of porous type, since the voltage drop across the anodi-
zation cell does not vary very much with time. Consequen-
tly, the increase in current density may lead to the forma-
tion of a greater number of pores on unit surface area
together with greater thickness of the film [8]. In citric
and tartaric acids the observed high effect may be attribu-
ted to the film packing, its cohesion and compactness.

The relation log AT — t for the dissolution of anodized
Al and Al-Mn in 1.0 M sulphuric acid at different current
densitities is shown in Fig. 1 as representative results. The
constants a and b of the empirical equation [9] t=a+b
log AT were evaluated from which the relative decrease in
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Fig. 1. Log AT — t curves for (a)= Al Mn: 1,2— 1.5 and 3— 2 50
a.dm? (b) Al 1- 0.25, 2— 0.50, 3— 075, 4— 1.0 and 5— 1.50
a.dm™? anodized in 1.0 M sulphuric acid at 30°.
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the corrosion rate (A) was calculated at different tempera-
tures (Tables 2 and 3). The symbol A; is characteristic for
the initiations of corrosion at AT = 0.5°, AT* is the eleva-
tion in temperature at the inflection point in the straight
line relations log AT — t which indicates the transition of
the dissolving phase from oxide to metal state, A, is the
relative decrease in the corrosion at AT < AT™* and A,
at AT > AT*. A; values of the porous type formed in
sulphuric and oxalic acids are lower than the barrier type
anodic films in citric and tartaric acids. This could be
caused by the very resistive barrier films which does not
dissolve easily as the porous type. The resistance of the
barrier type makes the corrosion start from any defect due
to crack on the surface. Thus, at AT*, the metal surface is
not entirely activated, but may be partially free from the
highly resistive barrier film. Therefore, A3 in citric and
tartaric acids is higher than in sulphuric and oxalic acids.
The effect of anodization time (10-60 min.) was
studied in 1.0 M acid solution at 30° and 1.0 a.dm™
The results of AT — t measurements indicated that the

Table 2. a,bConstants and relative decrease in corrosion rate
A of Aland Al-Mn anodized in 1.0 M H, SO, at different
current densities.

Cd. ay b, OT* b, A% A% A%
a.dm.?

0.0 118 50 - - - - -
0.5 40.0 45.0 360 6.5 70.5 88.9 23.08

Al 1.0 64.5 9.0 385 6.0 81.7 444 16.7
1.5 48.5 28.0 37.8 6.1 17567 82.14 2592

0.0 2.6 20 - - - - -

0.5 19.0 20.0 350 4.5 863 90.0 5556

Al-Mn 10 20.5 17.25 360 42922 8841 52.38
15 220 335 348 3.5 88.1 94.03 42.86

25 30.75 22.75 350 350914 91.21 4286

Table 3. a,b Constants and relative decrease in corrosion rate
A of Al and Al-Mn anodized in 1.0 M oxalic acid at different
current densities.

cd. iy by AOT* b, A% A% As%
a.dm.? .
0.0 11.8 5.0 - - - - -
0.5 37.5 240 355 8.0 6853 79.2 375
Al 1.0 38.5 38.0 370 6.5694 86.8 23.1
1.5 41.5 44.0 35.2 .80 71.57 88.64 37.5
2.5 355 56.5 36.8 8.0 66.76 91.20 37.5
0.0 2.6 2.0 - - - - -
0.5 255 235 36.5 5.5 898 9141 63.64
Al-Mn 1.0 25.0 24.0 390 7.0 89.6 91.67 7143
1S 19.5 32.25 374 5.5:86.1% 93.8 63.64
25 16.25 35.0 37.8 5.5 84.0 94.3 63.64
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increase in anodization time leads to a decreuse in the
reaction number and an increase in the corrosion resis-
tance. Table 4 is taken as a representative data for Al and
Al-Mn anodized in sulphuric and oxalic acids. The results
of t (time intervals at which T = AT /2) are reported in
Table 5 which indicate that ty, increase with increasing the
anodization time in case of sulphuric and oxalic acids, but
with citric and tartaric acids an irregular values of t% were
obtained. These may be due to the difference in the nature
of the film thickness formed.

Table 4. R.N. and A (in brackets) values for Al and Al-Mn

anodized for time intervals in 1.0 M H, SO, and oxalic acids.

Time of H,S04 Oxalic acid
anodization, ;
minutes Al Al-Mn Al Al-Mn
0.0 2.63 7.56 2.63 756
10.0 1i.18; 2.09 0.97 1.79
(57:3) (72.3) (62.4) (76.3)
20.0 1.07 1.84 1.08 1.66
(59.5) (75.7) (59.1) (78.0)
30.0 1.04 78 1.08 1.64
(60.9) (76.5) (59.4) (78.3)
40.0 0.97 1.84 1.30 1.58
(63.4) 755D 51.B (79.1)
50.0 0.88 1.94 0.89 1558
(66.7) (74.3) (66.3) (79.8)
60.0 0.80 1536 0.73 1528
(71:2) (82.8) (72.5) (83.7)

Table 5. tyy, minutes for Al and Al-Mn anodized in 1.0 M of
acid at1.0 a.dm™ for time intervals.

Time of H;S04 Oxalic Citric Tartaric
anodization
minutes Al Al-Mn Al AlMn Al Al-Mn Al Al-Mn
0.00 19.0 6.0 19.0 6.0 190 6.0 19.0 6.0
10.0 52.0 29.5 63.0 340 54.0 28.0 535 330
200 553 340 560 375 64.5 370 740 495
30.0 58.5 355 560 380 700 36.0 58.0 530
40.0 61.5 355 67.5 380 85.0 445 66.5 505
50.0 67.0 - 645 410 68.0 390 70.0 380
60.0 76.0 37.0 545 51.0 905 425 64.5 480

The results were also treated using the equation t = a +
b log AT and the values of A;, A,, A3 and AT* were

obtained as given in Table 6 where the anodization is
carried out in sulphuric acid. The values of A; and A,
were always close to each other but much higher than A;.
This is in accordance with the idea that at AT K T*, the
active metal surface is the phase interacting with the
aggressive medium (3.0 N HCI), below AT* the anodic
film is still existing and thus A; and A, are of considerable
value.

Table 6. a,b Constants and relative decrease in corrosion
rate A of Aland Al-Mn anodized in 1,0 M H,SO,
for time intervals.

Time a By AT Bt A AR Asf
minutes
0.0 LS 50 = = = = =
10.0 350 150 376 50  66.28 66.7 zero
20.0 390 160 376 50  69.74 688 zero
Al 30.0 435 M35t Eze So 7224 63.0 zero
40.0 4657 1255 - 376 50 74.62  60.0 zero
50.0 545 100 380 5.0 78.35 50.0 zero
60.0 64.5 90 385 6.0 81.70 44.4 16.7
0.0 26 2.0 = = i = =
10.0 16.0° * 15125 3521 3055 83:.75:.86.9 33.33
AlMn 200 170 200 340 6.0 8471 90.0 66.67
50.0 17:5 © 1575 356, 30" - 8sii4 - '87.307 3333
60.0 205 17.25 36000 4.2 T 813278%4r" 52138

The dissolution of Al and Al-Mn anodized in citric
and tartaric acids gave A3 of a considerable value. This may
be attributed to the basically different type of the anodic
film formed in these acids. It seems that the dissolution
takes place via a subsurface mechanism, while the anodic
film is extremely stable in the aggressive medium. Thus the
inflection at AT* may be due to the partial and not com-
plete elimination of the anodic film.

CONCLUSION

The inhibition property of anodic oxide films formed
in sulphuric, oxalic, citric and tartaric acids on Al and Al-
Mn alloy increased with increasing current density. The
effect of current density is greater in the case of citric and
tartaric acids. Increasing the anodizing time decreases the
reaction number based on the analysis of Mylius equations
and the mathematical treatment of the present authors.
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