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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 ºC 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 experimental 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 alloy (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. = 44ºC, acid conc.
= 2.8 wt %, voltage = 43.6 V, time = 54.6 min.. Stagnate Solutions of 3, 5, 10 and
25 wt % Nacl at 25ºC have been investigated 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 25 wt % Nacl solution due to anodizing.
Keywords: Aluminum Alloy (1100), Anodizing, Tartrate Solution, Neutral
Conditions, Box-Wilson, Polarization.

 ﻓﻲ ﻤﺤﻠﻭل1100 ﺍﻟﺘﺼﺭﻑ ﺍﻟﻜﻬﺭﻭﻜﻴﻤﻴﺎﻭﻱ ﺍﻟﻨﺎﺘﺞ ﻋﻥ ﺃﻨﻭﺩﺓ ﺴﺒﻴﻜﺔﺍﻟﻤﻨﻴﻭﻡ
ﺍﻟﺘﺭﺘﺭﺍﺕ ﺍﻟﻤﺘﻌﺎﺩل
اﻟﺨﻼﺻﺔ

 ﻓﻲ ﺗﺮاﻛﯿﺰ ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﻤﺤﻠﻮل اﻟﻤﺘﻌﺎدل ﻟﺤﺎﻣﺾ1100 ﺗﻢ أﻧﻮدة ﻧﻤﺎذج ﻣﻦ ﺳﺒﯿﻜﺔ اﻷﻟﻤﻨﯿﻮم
, 30)  وزﻧﺎ ﻋﻨﺪ درﺟ ﺎت ﺣ ﺮارة%(4 , 3.25 , 1.75 ,1) اﻟﺘﺮﺗﺮﯾﻚ و ﻣﻠﺢ ﺗﺮﺗﺮات اﻷﻣﻮﻧﯿﻮم ﻓﻲ
( ﻓﻮﻟﺖ ﻋﻨ ﺪ60 , 52.5 ، 37.5 ، 30) م و ﺟﮭﻮد ﻣﺴﻠﻄﺔ ﺑﻤﺪى ﯾﺘﺮاوح ﺑﯿﻦº (60 , 52.5 , 37.5
 اﻷرﺑﻊ اﻟﻤﺘﻐﯿﺮات ﺗﻢ ﻣﻌﺎﻟﺠﺘﮭﺎ. ( دﻗﯿﻘﺔ70 , 62.5 ، 47.5 ، 40) ﻓﺘﺮات زﻣﻦ ﺗﻌﺮض ﯾﺘﺮاوح ﺑﯿﻦ
 ( ﻟ ﺮﺑﻂ اﻟﻤﺘﻐﯿ ﺮات أﻋ ﻼهBox- Wilson) ﻣ ﻦ ﺧ ﻼل ﺗﺼ ﻤﯿﻢ اﻟﺘﺠ ﺎرب اﻟﻌﻤﻠﯿ ﺔ ﺑﺄﺳ ﺘﺨﺪام ﻃﺮﯾﻘ ﺔ
ﺑﻤﻌﺎدﻟﺔ ﻣﻦ اﻟﺪرﺟﺔ اﻟﺜﺎﻧﯿ ﺔ ﺗﺸ ﯿﺮ اﻟ ﻰ اﻟﻌﻼﻗ ﺔ ﺑ ﯿﻦ اﻟﻤﺘﻐﯿ ﺮات اﻷرﺑﻌ ﺔ وﺳ ﻤﻚ ﻃﺒﻘ ﺔ اﻻﻧ ﻮدة ﻟﺴ ﺒﯿﻜﺔ
 ﻣﻦ ﺧﻼل أﯾﺠ ﺎد ﻣﻌ ﺎﻣﻼت اﻟﻤﻌﺎدﻟ ﺔ اﻟﻤﺘﻌ ﺪدة اﻟﺤ ﺪود اﻟﻤﻘﺘﺮﺣ ﺔ و اﻟﻤﻌﺘﻤ ﺪة ﻓ ﻲ.(1100) اﻷﻟﻤﻨﯿﻮم
 ﺗ ﻢ ﺗﺤﺪﯾ ﺪ اﻟﻈ ﺮوف اﻟﻤﺜﺎﻟﯿ ﺔ ﻟﻠﺤﺼ ﻮل ﻋﻠ ﻰ أﻋﻠ ﻰ. ( Statistica analysis) اﻟﺒﺮﻧﺎﻣﺞ اﻹﺣﺼﺎﺋﻲ
مº44 ﻗﯿﻤﺔ ﻟﺴﻤﻚ اﻟﻄﺒﻘﺔ ﺑﻮاﺳﻄﺔ أﺧﺘﯿﺎر اﻷﻓﻀﻞ ﻟﻠﻤﻌﺎدﻟﺔ اﻟﻤﺘﻌﺪدة اﻟﺤﺪود ﻣﻦ اﻟﺪرﺟﺔ اﻟﺜﺎﻧﯿﺔ وﻛﺎﻧﺖ
 دﻗﯿﻘ ﺔ زﻣ ﻦ54.6  ﻓﻮﻟ ﺖ ﺟﮭ ﺪ ﻣﺴ ﻠﻂ و43.6  وزﻧ ﺎ ﺗﺮﻛﯿ ﺰ اﻟﺤ ﺎﻣﺾ و% 2.8 درﺟ ﺔ اﻟﺤ ﺮارة و
 وزﻧ ﺎ ﻋﻨ ﺪ% (25 ,10 , 5 , 3 ) أﺳ ﺘﺨﺪﻣﺖ ﻣﺤﺎﻟﯿ ﻞ ﻛﻠﻮرﯾ ﺪ اﻟﺼ ﻮدﯾﻮم اﻟﺴ ﺎﻛﻨﺔ ﺑﺘﺮاﻛﯿ ﺰ. ﺗﻌ ﺮض
.م اﻟﺘﻲ درﺳﺖ ﺑﺄﺳﺘﺨﺪام ﺗﻘﻨﯿﺔ اﻷﺳﺘﻘﻄﺎب ﻋﻨﺪ اﻟﻈﺮوف اﻟﻤﺜﻠﻰ ﻟﻸﻧﻮدةº 25 درﺟﺔ ﺣﺮارة
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اﻟﻤﯿﺰة اﻷﻛﺜﺮ أھﻤﯿﺔ اﻟﺘﻲ أﻧﺠﺰت ﻛﺎﻧﺖ اﻷﺧﺘﻼف اﻟﻜﺒﯿﺮ ﻓﻲ اﻟﺴﻠﻮك ﺑﯿﻦ ﻣﻨﺤﻨﯿﺎت اﻷﺳﺘﻘﻄﺎب اﻷﻧﻮدﯾﺔ ﻟﻨﻤﺎذج
 ﻓﻲ اﻟﻌﻤﻮم ﻟﻮﺣﻆ ﺑﺄن. اﻷﻟﻤﻨﯿﻮم اﻟﻤﺤﻤﯿﺔ وﻏﯿﺮ اﻟﻤﺤﻤﯿﺔ ﻓﻲ ﻣﺤﺎﻟﯿﻞ ﻛﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم ذات اﻟﺘﺮاﻛﯿﺰ اﻟﻤﺨﺘﻠﻔﺔ
 وﯾﺸﯿﺮ ﺳﻠﻮك اﻷﺳﺘﻘﻄﺎب ﻟﻠﻨﻤﺎذج اﻟﻤﺤﻤﯿﺔ ﺑ ﺄن.ﻣﻌﺪﻻت اﻟﺘﺎﻛﻞ ﻟﻠﻨﻤﺎذج اﻟﻤﺤﻤﯿﺔ أﻗﻞ ﻣﻦ اﻟﻨﻤﺎذج ﻏﯿﺮ اﻟﻤﺤﻤﯿﺔ
ﺟﮭﻮد اﻷﻧﻜﺴﺎر )اﻟﺘﻨﻘﺮ( أزﯾﺤﺖ ﺑﺄﺗﺠﺎه اﻷﻛﺜﺮ ﻧﺒﻼ )اﻷﺗﺠﺎه اﻟﻤﻮﺟﺐ( ﻣﻘﺎرﻧﺔ ﻣﻊ اﻟﻤﻌﺪن اﻷﺻﻠﻲ ﻧﺘﯿﺠﺔ اﻷﻧﻮدة
. وزﻧ ﺎ% 25 وأﻛﺜ ﺮ وﺿ ﻮﺣﺎ ﻓ ﻲ ﻣﺤﻠ ﻮل ﻛﻠﻮرﯾ ﺪ اﻟﺼ ﻮدﯾﻮم ذات اﻟﺘﺮﻛﯿ ﺰ
And produce a hard, compact
strong and highly adherent layer.
Introduction
Sealing has a great effect on the
corrosion Resistance of the oxide
It has been known that, when Al is
coating. If the coating is not
anodically oxidized in neutral
completely sealed, corrosion as well
solutions in which oxide solubility is
as staining may take place very
very low, adherent compact films of
rapidly. Conversely, properly sealed
a thickness of 14 Å/V are formed [1].
anodic
coatings
are
being
Tartrate coatings on aluminum alloys
successfully used in the architectural
have the advantage that they are easy
field [1]. In general, the alloys with
to apply and that commercial
higher aluminum contents are more
information is readily available.
resistant to corrosion [4]. The
However, the tartaric acid is
characteristic of the coating layer
normally harmful to body due to its
obtained by anodizing process is very
toxicity [2]. The corrosion behavior
important since the alloy is used as
of aluminum and its alloys is quite
an electric capacitor [1, 3].
good in many aqueous solutions in
After study on research and
the pH range of 4-9 due to the
publication
studies before, not found
formation of an insoluble and
on
any
using
of 1100 Al alloy but
protective aluminum hydroxide layer
treating
deal
with
another types of
[1]. Nevertheless, the corrosion
alloys.
To
know
an idea of this
resistance decreases noticeably when
research
not
found
before and
the pH value changes away from the
connect
with
scientific
and applied
near neutral conditions as a
modern
subjects
which
serve
the plan
consequence of the Al (OH) 3 layer
project scheme of development and
dissolution.
from including of scientific and
Aluminum alloys are extensively
research
dependent
lines
in
employed as structural components
department.
in the industrial practice, and some
This work aims to study the
surface treatments like anodizing are
electrochemical behavior of 1100 Al
used to improve their corrosion
surfaces covered by a chemical
behavior. However, no substantial
conversion of coating obtained by
improvement is obtained in the most
anodizing process in a neutral tartaric
severe conditions [3].
acid-tartrate solution of (pH = 7) and
Anodizing may be used to enhance
compare the result with that of the
the corrosion resistance of aluminum
same aluminum alloy surface not
and its alloys. An electrolytic process
anodized at the optimum conditions
is used to thicken the surface film
obtained experimentally (temp. =
44ºC, acid conc. = 2.8 wt %, applied
voltage = 43.6 V, time = 54.6 min.).
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Experimental Work
The working electrodes of (2×3
cm) aluminum 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 ml/l)
H3PO4 at 85ºC 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
stirring to temperatures of 30, 37.5,
52.5, and 60ºC. In this investigation,
the corrosion behavior of resulting
coating layer because of anodizing
process and of the nonanodizing
aluminum alloy is tested by
immersion in stagnate Nacl solution
of concentrations of 3, 5, 10 and 25
wt % Nacl solutions and using
potential / current relationship
recorded through polarization curves
and potential as Ecorr vs. exposure
time during the corrosion test.
Open circuit potential (Ecorr) 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 electrical
circuit shown in Figure 2 which
consists of three compartments for
the working, counter and reference
electrodes separated by narrowporous frits. The counter electrode
was a platinum electrode of
(1.5×3.5cm), held by plastic plate set
directly opposite to the working
electrode.
The reference electrode was a
saturated calomel electrode bridged
by a laggin - Haber probe. The
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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
real corrosion potential (E corr) (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 electrode calibration was
carried out by 30 % Kcl solution for
activation.
pH meter calibration 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
this value is fixed for all experiments.
Results 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 alloy in 3,
5, 10 and 25 wt % Nacl solutions at
25ºC 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 all
concentrations of Nacl solutions
studied, and this shift in potential is
more pronounced in the order:
25 wt % Nacl > 10 wt % Nacl > 5 wt
% Nacl > 3 wt % Nacl
Figure 3 shows that the potential
increasing Ecorr in open circuit
potential after protection by a little
amount with comparative with Figure
4 open circuit potential before
protection, due to film Al2O3
formation was prevented electrolyte
solution from attack basic metal
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
25ºC. In these figures it can be seen
that 10 4 to 10 5 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, transpassive region). It is
important to note that during the
transition from the active to the
passive region, a 10 3 to 10 6 reduction
in corrosion rate is usually observed
[5]. The actual cause for this unusual
active - passive - transpassive
transition is not completely known
[5]. It’s a special case of activation
polarization due to the formation of a
surface film or protective barrier
which is stable over a considerable
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range of oxidizing power and is
eventually destroyed in strong
oxidizing solutions [5].
Tafel curve in polarization diagram
indicate to metal behavior, at time Al
oxidize to positive Al ion with
releasing electrons (anodic) and
another time behave reduction
behavior (cathodic) were Al ion take
electrons and shifts to Al element,
equation become

Al ⇔ Al +3 + 3 e _

LLLL

(1)

At potentials more positive than
Ecorr, corrosion rate increases, and
reaches
a maximum at
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
thermodynamically stable than the
Al+3.
At passive zone, the current density
is maintained at a low and steady
level until the breakdown of the
protective film begins at EC (critical
pitting or breakdown potential) = 0.2002 and - 0.06312 V.
Uhlig [6] reveals a scatter of values
for this parameter EC , it varies
according to both metallurgical 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 aluminum hydroxide layer
according to the anodic reactions
which takes place on the metal
surface.

A1 → A1+3 + 3 e _

LLLL (2 )

A1 + 3OH → A1(OH )3 + 3 e − (3)
−

The published data reveal a scatter
of values for the open circuit
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potential of aluminum ranging over
several
volts
under
identical
experimental
conditions [7, 8,
9].
It can be concluded that the
variation in electrode potential with
time depends on and is affected by
material or alloy purity, surface
treatment of the alloy and oxygen
contact of the electrolyte…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 25ºC showing
unstable 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, Ecorr is quite noble when the
Al is completely passivated i.e.,
exhibition resistance to localized
corrosion because of protection by
the metal passive film.
Ecorr for anodized aluminum 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 Ecorr
shifts to a more noble direction when
anodizing process is applied to high
pure aluminum.
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Shaymaa [11] proved that the
Ecorr shifts to a more noble direction
when anodizing process is applied to
7075 Al alloy.
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 all cathodic
curves of unprotected is almost
horizontal, characterized by a current
density increasing rapidly with small
variation in the applied potential.
This is followed by an almost 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 ads. LLLL
H ads . + H ads. → H 2 ↑ LL

(4)
(5)

Table 2 shows the thickness of
the oxide film of the 1100 Al
specimens that was obtained in
the experimental work. The
specimens
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 catalytic to the H2
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.
3The polarization data reveals
that the final 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
(ºC)
Acid conc.
(wt %)
Voltage
(V)
Time
(min.)

Levels
30

37.5

45

52.5

60

1

1.75

2.5

3.25

4

30

37.5

45

52.5

60

40

47.5

55

62.5

70

Table (2) Sequence of experiments according to control composite design.
Exp.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Temperature
(ºC)
37.5
52.5
37.5
52.5
37.5
52.5
37.5
52.5
37.5
52.5
37.5
52.5
37.5
52.5
37.5
52.5
30
60
45
45
45
45
45
45
45
45
45
45

Acid conc.
(wt %)

Voltage (V)

Time (min.)

Film
thickness, (Å)

1.75
1.75
3.25
3.25
1.75
1.75
3.25
3.25
1.75
1.75
3.25
3.25
1.75
1.75
3.25
3.25
2.5
2.5
1
4
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

37.5
37.5
37.5
37.5
52.5
52.5
52.5
52.5
37.5
37.5
37.5
37.5
52.5
52.5
52.5
52.5
45
45
45
45
30
60
45
45
45
45
45
45

47.5
47.5
47.5
47.5
47.5
47.5
47.5
47.5
62.5
62.5
62.5
62.5
62.5
62.5
62.5
62.5
55
55
55
55
55
55
40
70
55
55
55
55

10.99
7.93
6.99
5.93
4.99
3.995
2.99
1.99
2.98
2.99
3.96
4.98
5.87
6.91
8.95
9.68
1.98
2.11
2.11
3.44
4.22
5.06
6.22
8.33
9.66
9.66
9.66
9.66
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Figure (1) Schematic diagram for open
circuit potential work
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Fig
Figure (2) Schematic diagram for electric
circuit for polarization work
1 Counter electrode
3 SCE reference electrode
5 Thermometer
7 Voltmeter
9 Corrosion cell
11 Thermostat

2 Working electrode
4 Capillary tube
6 Ammeter
8 Potentiostate
10 Heater-stirrer magnetic plate
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 25ºC 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 25ºC as a function 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 5 wt %
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Figure (8) Polarization curve of 1100 Al in an Nacl solution 3 wt %
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