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Abstract

1100 Al specimens were anodically oxidized in different concentrations of
tartaric acid-tartrate solution (pH=7) in 1, 1.75, 3.25 and 4 wt % at temperatures of
30, 37.5, 52.5 and 60°C by applying a range of potentials of 30, 37.5, 52.5 and 60
V at exposure times of 40, 47.5, 62.5 and 70 min.. These four variables are
manipulated through the experimenta work using Box— Wilson experimental
design where second order polynomial model was proposed to correlate the studied
variables with the thickness of anodic film of aluminum aloy (1100) to estimate
the coefficients of the proposed polynomial adopted via statistica software.
Optimum conditions for achieving the maximum film thickness are obtained from
optimizing the above correlation and are found as follows. temp. = 44C, acid conc.
= 2.8 wt %, voltage = 43.6 V, time = 54.6 min.. Stagnate Solutions of 3, 5, 10 and
25 wt % Nacl at 25°C have been invegtigated using polarization technique at
optimum conditions for anodizing. The most important feature achieved was the
great difference in behavior between the anodic polarization curves for bare and
anodized aluminum in different concentrations of Nacl solutions. The corrosion
rates for anodized specimens are lower than those for unanodized ones. The
polarization behavior of anodizing specimens shows that the breakdown potentials
are shifted to more noble direction than bare specimens which is more pronounced
in 25wt % Nacl solution due to anodizing.

Keywords: Aluminum Alloy (1100), Anodizing, Tartrate Solution, Neutra
Conditions, Box-Wilson, Polarization.
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Introduction

It has been known that, when Al is
anodically oxidized in neutrd
solutions in which oxide solubility is
very low, adherent compact films of
athickness of 14 A/V are formed[1].
Tartrate coatings on aluminum alloys
have the advantage that they are easy
to apply and tha commercia
information is readily avalable.
However, the tataric acid is
normally harmful to body due to its
toxicity [2]. The corrosion behavior
of duminum and its aloys is quite
good in many agueous solutions in
the pH range of 4-9 due to the
formation of an insoluble and
protective aluminum hydroxide layer
[1]. Nevertheless, the corrosion
resistance decreases noticeably when
the pH value changes away from the
near neutral conditions as a
consequence of the Al (OH); layer
dissolution.

Aluminum alloys are extensively
employed as structural components
in the industria practice, and some
surface treatments like anodizing are
used to improve their corrosion
behavior. However, no substantid
improvement is obtained in the most
severe conditions [3].

Anodizing may be used to enhance
the corrosion resistance of auminum
and its alloys. An dectrolytic process
is used to thicken the surface film

2K d las il g i€l

And produce a hard, compact
strong and highly adherent layer.
Sedling has a great effect on the
corrosion Resistance of the oxide
coating. If the coating is not
completely sealed, corrosion as well
as staining may take place very
rapidly. Conversely, properly seded
anodic coatings are being
successfully used in the architectural
field [1]. In general, the dloys with
higher auminum contents are more
resistant to corrosion [4]. The
characteristic of the coating layer
obtained by anodizing process is very
important since the aloy is used as
an electric capacitor [1, 3].

After study on research and
publication studies before, not found
on any using of 1100 Al aloy but
treating deal with another types of
aloys. To know an idea of this
research not found before and
connect with scientific and applied
modern subjects which serve the plan
project scheme of development and
from including of scientific and
resecarch  dependent lines in
department.

This work ams to study the
electrochemical behavior of 1100 Al
surfaces covered by a chemica
converson of coating obtained by
anodizing process in a neutral tartaric
acid-tartrate solution of (pH = 7) and
compare the result with that of the
same auminum aloy surface not
anodized a the optimum conditions
obtained experimentally (temp. =
44°C, acid conc. = 2.8 wt %, applied
voltage = 43.6 V, time = 54.6 min.).
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Experimental Work

The working electrodes of (3
cm) auminum 1100 Al in foil
coupons of a tag shape were used as
specimens. They were dipped in a
solution of (20 g/l) HCl — (35 mi/l)
HsPO, a 85°C for 3 min and then
washed thoroughly with distilled
water. The specimens were then
immersed in solutions containing
different concentrations of tartaric
acid with ammonium hydroxide
added to bring the (pH = 7) with
gtirring to temperatures of 30, 37.5,
52.5, and 60°C. In this investigation,
the corrosion behavior of resulting
coating layer because of anodizing
process and of the nonanodizing
auminum dloy is tested by
immersion in stagnate Nacl solution
of concentrations of 3, 5, 10 and 25
wt % Nacl solutions and using
potential / current relaionship
recorded through polarization curves
and potential as Er VS. exposure
time during the corrosion test.

Open circuit potential (Eor) Was
carried out in a cell described in
Figure 1 and measured from off -
circuit potential - time measurements
and polarization was carried out in
electrochemical cell with dectrical
circuit shown in Figure 2 which
consists of three compartments for
the working, counter and reference
electrodes separated by narrow-
porous frits. The counter electrode
was a plainum eectrode of
(1.5x3.5cm), held by plagtic plate set
directly opposite to the working
electrode.

The reference electrode was a
saturated caomel eectrode bridged
by a laggin - 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.

Table 1 presents a summary of the
experimental conditions in terms of
variables and their levels while Table
2 shows the number of experiments
that must be done.

The potentiostate device using in
this article is modern computerize
type. And by this device we got the
red corrosion potential (Ecrr) (Open
circuit potential) with respect to
reference electrode (SCE) that
specified before. And take higher
values and lower from this potential
by automatic form and limitation
restriction confinement control scan
rate on device by rate 10 mV/min..

Reference dectrode cdibration was
carried out by 30 % Kcl solution for
activation.

pH meter cdibration was carried
out by using buffer solutions (4,7,9)
before working start.

Controlling on temperature by
using heater-stirrer magnetic plate
and glass water bath pyrex type and
using ordinary heater-stirrer with
thermostat.

Rotation velocity was adjusted at
very low speed 1 rpm for
homogenous distribution to heat. And
thisvalueisfixed for all experiments.
Resaults and Discussion

The corrosion resistance of 1100
Al (before and after anodizing) was
evaluated by following its corrosion
potential. Figure 3 and Figure 4 show
the open circuit potential of protected
and unprotected aluminum aloy in 3,
5, 10 and 25 wt % Nacl solutions at
25°C and immersion time of about 4
hours. It is clear that
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The effects of immersion time and
concentrations of Nacl solutions on
the electrode potential are illustrated
in Figure 3 and Figure 4. It generally
shifts to more positive direction in al
concentrations of Nacl solutions
studied, and this shift in potentid is
more pronounced in the order:

25 wt % Nacl > 10 wt % Nacl > 5 wt
% Nacl > 3wt % Nacl

Figure 3 shows that the potentia
increasing Eor in open circuit
potential after protection by a little
amount with comparative with Figure
4 open circuit potential before
protection, due to film ALO;
formation was prevented electrolyte
solution from attack basic metd
surface.

Figures 5 and 6 show the anodic
and cathodic polarization curves of
unprotected and anodized 1100 Al in
(10 and 25 wt %) Nacl solutions at
25°C. In these figures it can be seen

that 10* to 10° reduction in the
anodic reaction rate of 1100 Al
electrode for  unprotected (not
anodized) in (10 and 25 wt %) Nacl
solutions.

It can be concluded the figures
demonstrate stable passivity effects,
this behavior is divided to three
regions (active region, passive
region, transpassve region). It is
important to note that during the
transition from the active to the

passive region, a 10%to10° reduction
in corrosion rate is usually observed
[5]. The actua cause for this unusua
active - passive - trangpassive
transition is not completely known
[5]. It’s a specia case of activation
polarization due to the formation of a
surface film or protective barrier
which is stable over a considerable

range of oxidizing power and is
eventualy destroyed in strong
oxidizing solutions [5].

Tafel curve in polarization diagram
indicate to metal behavior, at time Al
oxidize to positive Al ion with
releasng electrons (anodic) and
another time behave reduction
behavior (cathodic) were Al ion take
electrons and shifts to Al element,
equation become
A0 AI®+3e- LLLL (1)

At potentials more positive than
E.r, corrosion rate increases, and
reeches a maximum a the
passivation potential of Epp = -
0.3057 and - 0.497 V.

The sudden drop in corrosion rate
as a result of formation of a
protective film is because the Al
species become more
thersmodynamically stable than the
Al

At passive zone, the current density
is maintained a a low and steady
level until the breakdown of the
protective film begins at B (critica
pitting or breakdown potential) = -
0.2002 and - 0.06312 V.

Uhlig [6] reveals a scatter of vaues
for this parameter E- , it varies
according to both metalurgica and
environment conditions ...etc.

It is believed that this gradual
increase in corrosion potential is
most likely the result of the
formation of an insoluble and
protective duminum hydroxide layer
according to the anodic reactions
which takes place on the meta
surface.

AL® A*+3e- LLLL (2
AL+30H" ® AI(OH), +3e (3

The published data reved a scatter
of values for the open circuit
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potential of aluminum ranging over
severd  volts under  identica
experimental conditions [7, 8,
9.

It can be concluded that the
variation in eectrode potential with
time depends on and is affected by
material or aloy purity, surface
treatment of the aloy and oxygen
contact of the eectrolyte...etc.

Suppressing the kinetic of anodic
polarization curves at anodic sites on
the surface is more pronounced in
Nacl solutions of concentrations (3, 5
and 10 wt %) anodized specimens
than Nacl solution of 25 wt %
anodized specimens.

Figures 7 and 8 show the
polarization curves of unprotected
and anodized 1100 Al in (3 and 5 wt
%) Nacl solutions at 25°C showing
ungtable passivity. In these figures it
can be seen that: The breakdown
potential for 1100 Al in Nacl solution
of concentration 5 wt % in Figure 7
is higher than that in Figure 8 due to
the presence of oxide film on the
anodized surface.

The type of behavior in the above
figures is observed when cathodic
process, Eq is quite noble when the
Al is completely passivated i.e,
exhibition resistance to localized
corrosion because of protection by
the metal passive film.

E.or for anodized duminum 1100
Al shows a shift to more noble
direction compared with bare
specimens due to sharp anodic
kinetic change because of anodized
film formation.

Basheer [10] proved that the E.qn
shifts to a more noble direction when
anodizing process is applied to high
pure a uminum.

Shaymaa [11] proved that the

Ecorr Shifts to a more noble direction
when anodizing process is applied to
7075 Al dloy.
Breakdown of potential of anodized
specimen  shifts to more noble
direction due to the presence of oxide
film on the anodized surface.

At potentials more negative than
Ecorr, the first region of al cathodic
curves of unprotected is amost
horizontal, characterized by a current
density increasing rapidly with small
variaion in the applied potential.
Thisis followed by an amost vertical
region where the current density is
practically independent of the
potential, as also reported by Dibari
and Read [12].

Hydrogen evolution on the cathode
electrode is according to the
following
reactions:

H'+e ® H,, LLLL (4)
Hads.+Hads. ® HZ_ LL (5)

Table 2 shows the thickness of
the oxide film of the 1100 Al
specimens that was obtained in
the experimental work. The
Speci mens were designed
according to the central composite
rotatable design method by using
Box-Wilson experimental design.
Conclusions
1- The potential difference
increases to values (0.035, 0.039,
0.085 and 0.054 V) with decreasing
in the concentration of Nacl solutions
(25, 10, 5 and 3 wt %) respectively.

2- The cathodic branch of
polarization curves is shown over a
wide potential range that in the case
of anodized specimens, the coating
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surface is more cataytic to the B
evolution reaction than on the
unprotected surface, i.e, the
anodized coating has an electronic
resistivity of order:

Tartaric acid-tartrate solution
anodized > Unprotected one.

3- The polarization data reveds

that the find chemical conversion of

coated oxide films formed under the
above mentioned operating
conditions is believed to behave as an
insulating layer and have pronounced
rectifying property.
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Table (1) Layout of experimental conditions

Variables
Temperature
W)
Acid conc.
(wt %)
Voltage
)
Time
(min.)

Film
Voltage (V) | Time(min.) | thickness, (&)

Temperature

Acid conc.
(°C)

(Wt %)

37.5 175 37.5 47.5 10.99
52.5 1.75 37.5 47.5 7.93
37.5 3.25 37.5 47.5 6.99
52.5 3.25 375 47.5 5.93
375 175 52.5 47.5 4.99
52.5 175 52.5 47.5 3.995
375 3.25 52.5 47.5 2.9
52.5 3.25 52.5 47.5 1.99
375 175 375 62.5 2.98
52.5 175 375 62.5 2.9
375 3.25 375 62.5 3.96
52.5 3.25 375 62.5 4.98
375 175 52.5 62.5 5.87
52.5 175 52.5 62.5 6.91
375 3.25 52.5 62.5 8.95
52.5 3.25 52.5 62.5 9.68
30 2.5 45 1.98
60 2.5 45 211
45 1 45 211
45 4 45 3.44
45 2.5 30 4.22
45 2.5 60 5.06
45 2.5 45 6.22
45 2.5 45 8.33
45 2.5 45 9.66
45 2.5 45 9.66
45 2.5 45 9.66
45 2.5 45 9.66

G|8|&|G|S|5|G|q|q & & &
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Figure (1) Schematic diagram for open
circuit potential work
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Figure (2) Schematic diagram for eectric
circuit for polarization work
1 Counter electrode 2 Working electrode
3 SCE reference electr ode 4 Capillary tube
5 Ther mometer 6 Ammeter
7 Voltmeter 8 Potentiostate
9 Corrosion cell 10 Heater-stirrer magnetic plate
11 Ther mostat 12 Stirrer regulator
13 Switch
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Figure (3) Open circuit potential of protected 1100 Al in different
Concentrations of Nacl solutions and 25°C as a function of immersion time
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Figure (4) Open circuit potential of unprotected 1100 Al in different
concentrations of Nacl solutions and 25°C asafunction of immersion time
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Figure (5) Polarization curve of 1100 Al in an Nacl solution 25 wt %
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Figure (6) Polarization curve of 1100 Al in an Nacl solution 10 wt %
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Figure (7) Polarization curve of 1100 Al in an Nacl solution 5wt %
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Figure (8) Polarization curve of 1100 Al in an Nacl solution 3wt %

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com



