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Abstract

The present study investigates the effecacetic acid on corrosion behavior andptsentia of hydrothermally
sealed anodized AA2319-Al-alloyAnodizing treatment was performedstagnanphosphori acid electrolyte with or
without addition of acetic acidHydrothermal sealing was carried out in boilingter for each anodized specimThe
open circuit potential of the unsealed and sealeddized sampleswas examined using open circuit poten
measurement for the purpose of starting in scanpwigrization diagramsThe potentiostatic polarizatiotechnique
measurements weperformed to assewcorrosion behavior and sealing qualite., degree osealing) of the unsealed
and sealed anodized aluminuth.was shown thatthe potentiostatic anodic and cathodic polarizatdranodizec
aluminum was sensitive to degree of , which was more efficient in the caseasfodized aluminurformed in acetic-
phosphoricacid electrolyte mainly due to thehigher corrosion potential arldwer corrosion curre, generally passes
lower anodic and cathodic currewntstainec at sealing exposure time 60 miirhis suggests a specific role of the spe
on the sealed anodized aluminsnrface coating, which contributes to the increasofgthe performance in terms
corrosion improvementThe present study clearly validates the benéfigée of acetic acidin phosphoric acid

anodizing baths for the corrosipnotection of AA231-Al-alloys.
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1. Introduction

Aluminum-Copper (Al€u) alloys have a lo
density and high electrical and therr
conductivity [1]. AA2319 (~ 6% Cu), compose
of an ALCu phase and Aich areas, i
particularlypromising due to its high strength
thus it is currently used in aerospace applicat
[1, 2. Unfortunately, these alloys suffer frc
poor corrosion resistance, due to their high
content, and are highly susceptible to w-
initiated pitting corrom®n, potentially leading t
fatigue failure [2].

The widely using ofChromic acid (rOs)
anodizing in the aeronautic indus is to improve
corrosion resistance of aluminum alloy3]. The
incorporation of Cr (VI) and Cr (lll) into th
oxide gives higher corrosion resistance than
produced by other anodizing processes. Sinci
beginning of the 1990s, theses oiCr (VI) have

been restrictedn industrial applicationsdue to
their high toxicity As a consequence, numer:
attempts have been made to find less t
alternatives, but with limited succes4, 5].
During the last decadénteresting to phosphoric
acid (HPQ,) anodizing andacetic-phosphoric
acid (CHCOOH-HPQ,) anodiing as alternatives
to replace Cr@anodizing has increase6, 7, 8].
Anodizing withphosphori acid (HPQ,) has been
introduced to obtain thin anodic filn
approximately (1-5.4um) that increase fatigue
resistance for specific structural materia9].
Even though the fatigueresistance of the
specimens anodized irphosphoric acid is
increased, the corrosion resistance is lower
that of specimens anodizedCrOs. Nazree, et al.
[10] have proposed a new anodizing proced
involving the addition of acetic acid in phosphc
acid electrolyte, called ace-phosphoric acid
(CH;COOH-HPQ,) anodizing Acetic acid is
sometimes used as anodizing electrolyte



Khalid H. Rashid

Al-Khwarizmi Engineering Journal, Vol. 11, No. 4, P.P. 1- 7 (2015)

aluminum alloys due to its ability to form anodic
films [11, 12]. However, the use of acetic -
phosphoric acid mixtures as anodizing electrolytes
is poorly reported in the literature. Ma Song-Jiang
et al. [13] has been reported that mixed acid
solution as anodizing electrolytes can decrease the
film dissolution rate, then increase the film
formation efficiency and improve the film
properties. Wahab and Derman [14] have
investigated the influence of the addition of aceti
acid to phosphoric acid electrolyte on anodizing
of pure aluminum (99%). Yaro and Al-Asadi [18]
have investigated the effect of hydrothermal
sealing time on the anodic polarization of
anodized aluminum alloy AA5052 in different
conditions. Theauthors showed that the addition
of acetic acid reduced by ~20% the steady-state
current during film growth at constant voltage.
Neither of the research groups attempted to
investigate corrosion behavior of the anodic films
formed in the two solutions [10, 14]. The role of
acetic acid in the anodizing bath still remains
unclear.

The present study aimed for a better
understanding of the effect of acetic acid on the
corrosion behavior and its potential of
hydrothermally sealed anodized AA2319-Al-
alloys.

2. Experimental Work
2.1. Materials and Conditions

The substance used was a 2319 T3 aluminum
alloys. The average chemical composition of the
alloy is given in Table (1). The dimensions of
samples are 125 x 8 x 1.6 mm plates machined
from an AA2319 T3 rolled plate. Aluminum
samples 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 & benzene, then dried with paper tissue
and kept in a dissector over a silica gel bed. The
treatment of anodizing was performed in a 40 g
L™ (0.41 M) phosphoric acid gRO,) solution in
the presence or absence of 80 g (1.33 M)
acetic acid (CHCOOH). Experiments of
anodizing were carried out at a constant cell
voltage of 15 V for 30 min. The operating
temperature was maintained within 35+ 1 °C by a

thermometer. Sealing was carried out in (DI)
water at a temperature of 100 °C.

Table 1,

Chemical Composition of 2319 T3 Aluminum
Alloy (% wt).

Si Fe Cu Mn Mg Zn Ti Al

2.63
‘?nin

0.20 0.30 6.3 0.30 0.02 0.10 01

2.2.Polarization Measurements

The polarization measurements were carried
out in a corrosion cell (three-electrode
electrochemical cell) which is contain the
auxiliary electrode, reference electrode and
working electrode. It contained a platinum foil
type (Tacussel Pt-FO5/30) as auxiliary electrode
(area of ~ 30 cAf), a saturated calomel reference
electrode (SCE) type (Tacussel type C4) bridged
by a laggin-Haber probe. The reference electrode,
which was bridged by a luggin Haber capillary
was set at about the optimum value of 1 mm to
minimize the experimental error. The AA2319 T3
samples as working electrode (exposed area of 10
cn? and other side and thickness of the samples
were coated with the epoxy to prevent exposure to
the solution), held by aluminum jigs in order to
hold the samples, it was coated with rubber tube
to hold it stable in the cell and prevent the short
circuit contact. Open circuit potential (OCP)
measurments were carried out and measured from
off-circuit potential-immersion time measurments
[17]. The corrosion cell parts were joined to each
other, and then connected to potentiostat, ammeter
and voltmeter as described in Figure 1 and
polarization was carried out in electrochemical
cell with electrical circuit shown in Figure 2. The
auxiliary electrode was a platinum electrode of
(2.7x11 cm), held by plastic plate set directly
opposite to the working electrode. The
potentiostat device using in this article is modern
computerize type Wenking M Lab device of Bank
Electronic, Germany. The scan rate is 10 mV/min.

Reference electrode calibration was carried
out by 30 % KCI solution for activation. The
polarization figures were plotted under
potentiostatic conditions at the actual corrosion
potential. The electrochemical cell was
maintained at 25 °C and open to surrounding. The
open circuit potential (OCP) of the unsealed and
sealed anodized aluminum samples were
measured after 1.5 h of immersion at room
temperature in a 0.5 M NaQy, solution and 3.5 M
NaCl solution respectively. Sodium sulfate was
chosen toward aluminum and aluminum alloys
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due to its property (low corrosiveness). The
polarization behavior of sealed and unsealed
anodized samples was investigated in 3.5 M NaCl
solution, at different sealing times. Anodizing
treatment was performed in stagnant phosphoric
acid electrolyte with acetic - phosphoric acid or
without (HPQ,) addition of acetic acid.
Hydrothermal sealing was carried out in boiling
deionized (DIl) water for each anodized sample.
The corrosion behavior of the hydrothermally
sealed and unsealed anodic films was carried out
using potentiostatic polarization technique. The
sensitivity of potentiostatic polarization makes it
successful technique for assessing the sealing
quality and corrosion parameters of the anodic
films from polarization curves [7, 15 and 16].
Stagnate solutions of chloride containing solutions
at 25°C have been investigated using polarization
technique was carried out to characterize the
properties of the unsealed and sealed anodic films.
The electrochemical parameters obtained from a
fitting procedure of the polarization diagrams
allowed the corrosion behavior difference of the
two samples to be shown and discussed. The
corrosion potential results were correlated with
the open circuit potential (OCP).

Potentiost

£

A.E: Auxiliary Electrode
R.E: Reference Electrode
SCE
.E: Working Electrod

Hot Plat¢

Thermometer

Fig. 2. Schematic diagram of corrosion cell used in
polarization.

3. Results and Discussion

The corrosion potential diagrams obtained
after different sealing times (5, 15, 30, 45 and 60
min.) for the hydrothermally sealed anodized
samples formed in phosphoric acid have the
different shape as those obtained for the samples
formed in acetic-phosphoric acid. Figure 3
compares the corrosion potentiat{f values for
both systems. It appears that for the anodic films
formed in acetic-phosphoric acid, the variation is
linear, whereas for the films in phosphoric acid it
is not, and the g values always remain lower
than those obtained with acetic-phosphoric acid.
For the shortest sealing timegfEwas < - 850
mV, which reveal the low level of the anodic film
sealing. Sealing times of > 30 min. are necessary
to obtain acceptable sealing of the anodic film.
These results show that the lower part of the
porous structure of the anodic film formed in
phosphoric acid was not perfectly sealed after 30
min. of reaction, corroborating the trends deduced
from electrochemical potential results. The
corrosion potential results stress that film seplin
differs, depending on the initial anodic film. A
better sealing efficiency (higher &) was
obtained for the anodic films formed in the
presence of acetic acid. Then, to investigate the
influence of sealing quality on the corrosion
behavior of unsealed and sealed anodized
AA2319 samples, the open circuit potential of the
unsealed and sealed anodic films formed in
phosphoric acid and acetic-phosphoric acid was
investigated by plotting the open circuit potential
diagrams versus exposure time (from 0 to 1.5 h) in
0.5 M NaSO, and 3.5 M NaCl solutions
respectively is presented in Figures 4,5 & 7.
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Fig. 3. Corrosion potential values vs. sealing time
for the sealed anodized aluminum AA2319 in
phosphoric acid and acetic-phosphoric acid
solutions in 3.5 M NacCl solution at 25 °C.
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Fig. 4. Open circuit potential of unsealed anodized
aluminum AA2319 in phosphoric acid and acetic-
phosphoric acid solutions in 0.5 M NgSO, solution
at 25 °C as a function of immersion time.
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Fig. 5. Open circuit potential of sealed anodized
aluminum AA2319 in phosphoric acid solution after
different sealing times in 3.5 M NaCl solution at 3
°C as a function of immersion time.
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Fig. 6. Potentiostatic polarization curves of unsdad
and sealed anodized aluminum AA2319 in
phosphoric acid solution after different sealing
times in 3.5 M NacCl solution at 25 °C.
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Fig. 7. Open circuit potential of sealed anodized
aluminum AA2319 in acetic-phosphoric acid
solution after different sealing times in 3.5 M NaC

solution at 25 °C as a function of immersion time.
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Fig. 8. Potentiostatic polarization curves of unsdad
and sealed anodized aluminum AA2319 in acetic-
phosphoric acid solution after different sealing
times in 3.5 M NaCl solution at 25 °C.

3.1. Potentiostatic Polarization
Measurements

The potentiostatic polarization behavior of
unsealed and hydrothermally sealed aluminum
AA2319 anodized in phosphoric acid and acetic-
phosphoric acid in 3.5 M NaCl solution at 25 °C is
presented in Figure 6 and Figure 8 respectively.

Figures 6 and 8 show the effect of acetic acid
on corrosion behavior of sealed AA2319 anodized
in phosphoric acid electrolyte and acetic-
phosphoric acid electrolyte after different sealing
times in 3.5 M NaCl solution at 25 °C, on the
relationship between current density and potential
of aluminum alloy AA2319. In these figures it can
be seen that:

1. The obtained corrosion potential 4B values
for sealed anodized aluminum alloy 2319 are
quite sensitive to the sealing of the anodized
aluminum after different sealing exposure
times shift to more positive (more noble)
direction compared with unsealed samples due
to sharp anodic and cathodic kinetic change
accompanied reduction of corrosion current
densities (L) because the initial principle
purpose of sealing is to further improve the
corrosion resistance of anodized aluminum.
This is also in close agreement with the
research done by Yaro and Al-Asadi [18].

2. The cathodic reactions behavior of the
polarization curves shows over a wide
potential range that in the case of sealed

anodized samples, in phosphoric acid the
sealed anodized surface is more diffusion
(mass transfer) to the predominant oxygen
reduction reaction (as the principle rate
limiting reaction) than the unsealed surface and
in acetic-phosphoric acid the sealed anodized
surface is more activation to the predominant
hydrogen evolution reaction than the unsealed
surface, i.e., the sealed anodized surface has an
electronic resistivity of order [19]:
H3PO4 sealed anodized > Unsealed one
CH3COOH-H3PO4 sealed anodized >
Unsealed one
CH3COOH-H3P0O4 sealed anodized > H3PO4
sealed anodized

3. At anodic and cathodic sites on the sealed
anodized surface, suppressing the kinetic of
anodic and cathodic polarization curves is
more pronounced aluminum alloy 2319
anodized in acetic-phosphoric acids electrolyte
and the anodic and cathodic current densities
for sealed anodized samples reduced high
value particularly at sealing exposure time 60
min than unsealed anodized samples.

4. Conclusions

The sealing quality (i.e., degree of sealing) and
the corrosion protection of AA2319 T3 anodized
in phosphoric acid in absence and presence of
acetic acid were investigated by potentiostatic
polarization technique. The following conclusions
might be withdrown from this investigation:

1. Electrochemical polarization measurements are
sensitive to the presence of anodized aluminum
surface films.

2. Anodizing of AA2319 T3 in presence of acetic
acid led to the formation of anodic films with
higher corrosion potential (i.e., improvement
of the corrosion resistance of anodized
aluminum surface) and lower corrosion current
density than those obtained in phosphoric acid.

3. The sealing quality was better for the anodized
samples formed in acetic-phosphoric acid than
in phosphoric acid in agreement with the
higher corrosion potential with reduction of
anodic and cathodic currents of the anodized
samples formed in acetic-phosphoric acid.

4. The sealed anodized samples formed in acetic-
phosphoric acid are significantly more
potential to corrosion than the sealed anodized
samples formed in phosphoric acid.

5. The corrosion current densities for unsealed
samples are found to be higher than
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hydrothermally sealed anodized samples for
both systems and the corrosion potential for
hydrothermally sealed anodized samples are
shifted more positive than unsealed samples
for both systems
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