
Research Article
Boric Acid as an Accelerator of Cerium Surface
Treatment on Aluminum

K. Cruz-Hernández, S. López-Leon, and F. J. Rodríguez-Gómez
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Aluminum pieces are often used in various industrial processes like automotive and aerospace manufacturing, as well as in
ornamental applications, so it is necessary to develop processes to protect these materials, processes that can be industrialized
to protect the aluminum as well or better than chromate treatments. The purpose of this research is to evaluate boric acid as
an accelerator by optimizing its concentration in cerium conversion coatings (CeCC) with 10-minute immersion time with a
concentration of 0.1 g L−1 over aluminum to protect it. The evaluation will be carried out by measuring anticorrosion properties
with electrochemical techniques (polarization resistance,𝑅

𝑝

, polarization curves, PC, and electrochemical impedance spectroscopy,
EIS) in NaCl 3.5% wt. aqueous solution and surface characterization with scanning electron microscopy (SEM).

1. Introduction

Among the most striking characteristics of aluminum is its
versatility, and the range of physical and mechanical proper-
ties that can be developed is remarkable. The properties of
aluminum that make this metal and its alloys the most eco-
nomical and attractive options for a wide variety of uses are
appearance, light weight, manufacturing versatility, physical
properties, mechanical properties, and corrosion resistance
[1]. Aluminum and its alloys are widely used in automotive
and aerospace devices. Sometimes pieces of an aircraft are
submitted to aggressive environments and changes of temper-
ature as well as condensation, resulting in corrosion attack on
them.

For many years, research for alternatives to chromatizing
in order to diminish the damage to the environment has been
carried out. Treatments that led to the development of other
nontoxic coating processes with comparable adhesion prop-
erties and corrosion protection, such as conversion pretreat-
ments formed by immersion in solutions containing phos-
phates, or cerium chloride, or other rare earth metal chlo-
rides such as yttrium and lanthanumhave been studied [2–5].

Approaches to cerium conversion coatings include dif-
ferent salts, variation on immersion temperature, anodizing,
applyingmany layers, variation in concentration, surface acti-
vation, and use of accelerators like hydrogen peroxide [6–19].

The aim of this work is to improve understanding of
accelerators on cerium conversion coatings, by studying the
effect of different concentrations of boric acid as an accelera-
tor added to CeCC at 0.1 g L−1 at 60∘C, and the role played
by the substrate composition. The corrosion performance
of treated aluminum surfaces that immersed 10 minutes
in a cerium solution (0.1 g L−1 CeCl

3

⋅7H
2

O and dissolved
in 0.1M NaCl) was analyzed. The electrochemical measure-
ments were performed in a 3.5% wt NaCl aqueous solution
and their response was correlated to the morphology and
elemental composition.

2. Experimental Process

In this study, aluminum sheets used for testing had an area
of 4.0 cm2 and a 1mm thickness with a nominal composition
shown in Table 1. Before immersion, metallic samples were
cleaned and degreased using acetone.The cerium conversion
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Figure 1: SEM images of aluminum conversion layers in cerium bath (0.1 g L−1) at different concentrations of accelerator (boric acid); (a) 0,
(b) 0.1, (c) 0.5, and (d) 1 g L−1.

Table 1: Aluminum composition % wt.

Mg Mn Fe Si Cr Cu Ti Al
0.0050 0.0109 0.0794 0.3201 0.0010 0.0633 0.0199 Balance

coatings (CeCC) were obtained by dipping the samples into
the cerium bath that was 0.1M NaCl solution containing
0.1 g L−1 CeCl

3

⋅7H
2

O and boric acid as an accelerator (0, 0.1,
0.5, and 1 g L−1) at 60∘C for 10minutes.The coatingswere then
dried in warm air before any further handling or analysis.

Morphological aspects of the substrates and the conver-
sion layers were studied by scanning electron microscopy
(SEM/EDS) JEOL JSM-35C equipped with an EDS Voyager
TracorNorthern Spectrometer. Chemical species distribution
was also evaluated by EDS analysis.

Electrochemical characterization comprising polariza-
tion resistance (𝑅

𝑝

), polarization curves (PC), and AC impe-
dance (EIS) was performed on the specimens treated with
CeCC with and without accelerator. The samples were tested
in a NaCl 3.5% wt aqueous solution at room temperature. A
standard three-electrode setup and an electrochemical cell
designed to work at room temperature were utilized. The cell
consisted of an acrylic rectangular box (60 × 80 × 100mm)
with an exposed sample area of 0.785 cm2. The specimens
were introduced by moderate pressure against an O-ring,
avoiding localized damage on the cerium-based layer.

The counter-electrode was a large-area graphite bar and
the reference electrode was a saturated calomel electrode

SCE. The electrochemical measurements were obtained with
an AC Gill potentiostat-galvanostat instrument connected to
a personal computer.

Electrochemical impedance spectroscopy (EIS) was per-
formed in the frequency range from 104 to 10−1Hz, with ten
measured points per frequency decade with amplitude of
10mVRMS open-circuit potential.

3. Results and Discussion

The SEM pictures of the cleaned and treated specimens are
shown in Figure 1. It can be seen that the conversion coatings
grew without a preferential direction, since they presented
basically the same morphology as the bare substrates.

Figure 1 shows the micrographs for aluminum; before
adding the accelerator to the CeCC the micrographs for
aluminum showed some crystalline aggregates without a
preferential direction (Figure 1(a)). Using boric acid as an
accelerator at 0.1 g L−1, the nucleation of the CeCC increased
the crystalline aggregates (Figure 1(b)); similarly, at 0.5 g L−1
of boric acid, the influence of the substrate, the microstruc-
ture, and the topography on the treatment’s growth are
observed as white points (Figure 1(c)). Finally, the CeCC
obtained at 1 g L−1, shown in Figure 1(d), appeared as smaller
crystals than in 0.5 g L−1, similar to the sample with 0.1 g L−1.
Moreover, observing Figures 1(a) to 1(d) itmay be noticed that
the coating growth was in the form of aggregates that doped
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Table 2: EDS Analysis for the elements and normalized results.

0.5 g/L H3BO3

Element Reaction area Matrix (uncovered area)
Atomic (%)

O 30.74 18.56
Na 1.31 1.21
Al 66.81 79.12
Cl 0.77 1.10
Ce 0.37
Total 100.00 100.00
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Figure 2: EDS spectra of analysis of the elements.

the native oxide of aluminum but did not constitute a contin-
uous film as typically some oxidants do on a film surface.

Table 2 shows the EDS analysis of the aluminum samples
obtained after the conversion treatment while Figure 2 shows
spectra for analysis (where copper was discarded in the
quantification because it was an impurity in the cerium
chloride solution as determined by atomic absorption).These
studies were performed in zones not covered by the CeCC
and in an area where CeCC covered the substrate only for
0.5 g L−1 of the accelerator sample. The table shows that the
composition is quite different for each case, but the aluminum
concentration is hugely diminished evidencing the formation
of other species like Ce(III) oxide and a thicker aluminum
oxide (alumina) layer. Similar behavior was obtained for
the oxygen content that increased following the opposite
trending, which could be related to alumina andCe(III) oxide
layer formation.

This work studied the effect of different concentrations
of boric acid as an accelerator on CeCC baths and the role
played by the substrate composition in this solution at 60∘C.
The results obtained by SEM indicated that the formation and
growth of CeCCon aluminumwere not uniformover the sur-
face; the heterogeneous distribution could be due to increase
in the silicon concentration (Table 3 performed by statistical
treatments of the 220 test of EDS analysis) that brings about
formation of crystalline aggregates and promotes localized
attack. Finally, it appears that the formation of CeCC could
not produce a fully covered surface of specimens at higher
accelerator concentration.
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Figure 3: Polarization resistance values for Al samples treated with
CeCC for different accelerator concentrations.

SEM analysis showed that a very thin film was formed on
these substrates as a result of the cerium treatment and even
obtained a better coat of cerium at the optimum concentra-
tion of accelerator.

Figure 3 summarizes the polarization resistance (𝑅
𝑝

) data
obtained for substrates with and without accelerator at differ-
ent concentrations on the cerium treatment. Comparing the
behavior of the coatings produced at different concentrations
of the accelerator, it will be seen that 0.5 g L−1 samples have
shown the highest 𝑅

𝑝

and showed a better protection against
corrosion (18167Ω × cm2).

Anodic polarization curves for aluminum specimens in
NaCl 3.5% wt are presented in Figure 4. The anodic curves
show that the presence of an accelerator diminishes elec-
trochemical activity, and at 0.5 g L−1 the curve shows lower
current densities than for other concentrations. Although the
electrochemical properties were different, it is demonstrated
that the best behaviorwas obtained for 0.5 g L−1 of accelerator.

This behavior can be attributed to the formation of oxides
of cerium, in which hydrogen peroxide acts as accelerator in
oxide formation, because the standard reaction is produced
by an increase of pH coming from the reduction of oxygen,
favored by oxidation of metal. If hydrogen peroxide is added,
the reaction occurs faster, due to the formation of hydroxyl
ions coming from direct reduction of hydrogen peroxide,
but if hydrogen peroxide decomposes into oxygen, oxygen
reduction could occur [13, 20–22]:

O
2

+ 2H
2

O + 4e− → 4OH− (1)

H
2

O
2

+ 2H+ + 2e− → 2H
2

O (2)

H
2

O
2

+ 2e− → 2OH− (3)

Also it has been proposed [10, 23] that the formation
of oxides of Ce(III) and Ce(IV) occurs using boric acid as
accelerator; this formation could be due to the reduction of
boric acid resulting in local alkalinization. No thermal effect
on boric acid decomposition has been reported, so its effect
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Table 3: Statistical treatments of 220 test of EDS analysis.

Element

0.1 g/L H3BO3 0.5 g/L H3BO3 1 g/L H3BO3

Atomic % Atomic % Atomic %

Minimum Average Maximum Standard
deviation Minimum Average Maximum Standard

deviation Minimum Average Maximum Standard
deviation

O 1.92 12.01 30.25 6.84 3.26 14.46 32.47 7.12 0.09 11.19 26.93 5.97
Na 0.09 0.95 11.32 1.66 0.01 0.68 6.43 0.84 0.06 1.05 10.7 1.88
Al 40.33 84.37 97.54 9.24 19.12 84.94 96.2 10.13 66.53 85.91 99.38 6.38
Si 0.03 1.32 45.74 4.62 0.03 1.86 65.12 6.74 0.01 0.34 2.73 0.31
Cl 0.03 1.14 11.43 1.92 0.03 0.83 7.58 1.00 0.05 1.33 13.09 2.28
Fe 0.03 0.18 1.41 0.15 0.08 0.18 1.4 0.16 0.05 0.18 0.56 0.09
Ce 0.07 0.24 0.28 0.05 0.1 0.4 0.47 0.08 0.07 0.05 0.09 0.03
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Figure 4: Polarization curves (a) and voltammograms (b) for aluminum conversion layers in cerium bath (0.1 g L−1) at different
concentrations of accelerator (boric acid); 0.1, 0.5, and 1 g L−1. Evaluated in NaCl 3.5% wt. aqueous solution.

could be continuous during immersion, even if the solution
is heated.

Results for the electrochemical impedance spectroscopy
obtained for aluminum specimens inNaCl 3.5%wt are shown
in Figures 5(a)–5(c). All plots obtained showed depressed
semicircles. Nyquist plots (Figure 5(a)) show semicircles with
changes in diameter, attaining a maximum value for 0.5 g L−1
of accelerator sample, which is a trend also observed in
the phase impedance modulus versus log𝑓 Bode diagrams
(Figure 5(b)). The phase angle versus log𝑓 Bode diagrams
for the specimens (Figure 5(c)) showed two time constants
and higher phase angles for the samples containing 0.5 g L−1
of accelerator.

AC impedance results indicate that, due to the roughness
of the substrate generated during the CeCC treatment, the
surface can be modified by a localized attack, which may
cause a decrease of the corrosion protection and changes

in the solution’s resistance. The higher impedances for the
treated samples match the results obtained by 𝑅

𝑝

, PC, and
SEM observations and indicate a strong dependence of
the chemical conversion treatments on the substrate. Some
differences can be observed in the resistance solution and
are attributed to the alumina layer formation and indicate a
higher anticorrosive performance at 0.5 g L−1 of boric acid.

4. Conclusions

Theresults indicate that the conversion coatings grewwithout
a preferential direction. The electrochemical test indicated
that an optimum anticorrosive protection for the specimens
evaluated might be achieved at 0.5 g L−1 of boric acid into
the cerium bath. The uniformity and possibly the thickness
of the CeCC seem to increase with the concentration of an
accelerator, but, beyond 0.5 g L−1, it decreases again and this
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Figure 5: Nyquist and zoom of Nyquist (a) and Bode ((b)-(c)) impedance plots for treated and untreated aluminium samples in a 3.5% wt
NaCl aqueous solution.

could modify the surface by localized attack, thus reducing
the anticorrosive protection.
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