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Deposition of cerium conversion coatings on AA2024-T3
aircraft alloy at fixed potentials

Tamara Pérez Gil, Stephan Kozhukharov, Christian Girginov

Abstract: The present research is devoted on the potential abilities for deposition of Cerium
Conversion Coatings (CeCC) as primer layers on AA2024-T3 aircraft alloy at potentiostatic regime. For this
purpose, three potentials were selected as a driving force of the coating deposition process from
diammonium pentanitrocerate solutions with the optimal concentrations of the cerium provider and
deposition activator, determined in previous works. The correlation between the applied potentials and the
morphological features of the obtained coatings was observed by Optical Metallographic Microscopy (OMM),
Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). The analysis has provided the
conclusion, that the applied potential possesses tremendous impact on the morphology of the obtained
coating layers and probably alters the entire deposition mechanism.
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INTRODUCTION
The specific function of the conversion coatings, in general, is to serve as primer

layers that provide superior adhesion between the metallic substrate (i.e.: the fuselage
material) and the exterior protective paint layers. Following the definition of Arenas et all,
[1], it can be considered that the term “conversion coating” comprises each metal oxide
layer deposited on a metallic surface, via whatever chemical or electrochemical process,
that partially, or completely substitutes the native superficial metal oxide. Obviously, the
performance of the conversion coatings is entirely predetermined by the technology,
employed for their synthesis, and deposition. In the scope of the material science, the term
“technology” includes the combination among all stages, processes and the corresponding
methods that result in complete conversion of given raw or recycled materials and
precursors, to industrial product with desirable features. In this sense, various methods
were employed for CeCC deposition: spray deposition [2], spontaneous deposition by dip-
coating [3 - 6], electrochemical deposition [7 - 9], reactive magnetron sputtering [10], etc.

Recently, Zivkovi¢ [9] reported successful electrochemical deposition at
potentiostatic regime, and described the great importance of the applied potential on the
features and the performance of the corresponding cerium oxide primer layers. These
recent research works have predetermined the objectives of the present study.

The main task of the present work is to assess the influence of the potential applied
as driving force for acceleration of CeCC deposition on AA2024-T3 aircraft alloy.

EXPERIMENTAL

Coating deposition procedures

The coatings were deposited on plates of AA2024-T3 commercial aircraft alloy,
delivered by Southwest Aluminium Group CO.LTD (China). Prior to the depositions, the
metallic substrates underwent alkaline etching in 50g/l. NaOH solution for two minutes at
50 °C, and subsequent immersion in diluted nitric acid — HNO3 — H,O = 1:1 v/v. for 10
minutes at ambient temperature. After cleaning by tap- and distilled water, each plate was
assembled in a standard three-electrode flat cell [11], supplied by Metrohm [12]. The
electric currents during the depositions were registered by Ag/AgCIl-3M KCI reference
electrode. The depositions were performed on circuit zones with 4 cm? geometrical surface
area, exposed to 100 ml of deposition solution. It was prepared considering the optimal
ingredient contents, established in the previous works [7, 8] performed on other alloy with
similar chemical composition. The solution was composed by 0.03 mol/l. of
(NH4)2Ce(NO3)s, in distilled water with 0.70 ml. addition of fresh 30% H»O, as deposition
activator. The deposition procedures were performed at potentiostatic regimes with: -0.5; -
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1.0; -1.5 V, maintained by P/G-stat Autolab 30, product of Ecochemie (the Netherlands),
with simultaneous recording of the currents during the deposition.

Morphological observations and characterizations

The optical metallographic microscopy was performed by commercial microscope
Boeco (Germany), connected with a web-camera, at magnification rate of 40 times. It was
followed by with SEM observation by TESCAN, SEM/FIB LYRA | XMU. The
characterizations were completed by AFM observations, performed by scanning of square
zones of the coatings with linear size of 49.5 pm, in dynamic regime at 170 kHz, with
resolution 256 points per line to 256 lines, and speed of 2 — 5 seconds per line. The
microscope was “Easyscan 2” produced by “Nanosurf’, (Switzerland). It was supported by
cantilever NCLR-10 aluminium coated pointprobe, product of “Nanoworld”
(www.nanoworld.com).

RESULTS AND DISCUSSION
As is mentioned above, the currents were recorded during the depositions. The
acquired curves are represented in Fig. 1.

-0.263x10™
-0.238x10"!
-0.213x10°
-0.188x10!

-0.163x10! 1
<
X -0.138x10"
-0.113x10"
-0.087x10"! 2
-0.062x10™
-0.037x10™ L_/Ef
-1
-0.012x10745 190 390 590 790

t/s
Fig. 1. Chronoamperometric curves acquired during coating depositions
at different potentials: Curve 1: E=-1.5 V; Curve 2: E=-1.0 V; Curve 3: E=-0.5V

Regardless the differences in their shapes, all curves are composed by sharp initial
decays of the absolute current value. Such decays of the measured signal were described
as a result of hydrogen evolution [7, 8], promoted by both acidic character of the solution
and the cathodic polarization, or as a consequence of the electric double layer charging
[13]. Rather probable cause for this decrease might be the OH" ion electrogeneration, due
to oxygen or/and peroxide reduction. After slight reversion, the current becomes decrease
again. These signal alterations can be ascribed to subsequent nucleation and further
coating nuclei growth. All the curves possess almost indistinguishable double minimums
because the nucleation becomes initially at the most active S-phase intermetallics, and
subsequently spreads on the less active inclusions, and the Al-oxide layer defects.

The main differences among the curves are their positions and the slopes of the
second current decays. The highest applied potential corresponds to both the highest
current and the sharpest slope. After the 590" second of deposition, the current across the
coating becomes constant at -8.7 mA. After this moment, the film growth is probably
suspended by diffusion obstructions, or it reaches a critical thickness, followed by partial
coating detachment. On the other hand, almost any slope can not be observed at the
lowest potential (curve 3), revealing almost complete absence of whatever film deposition.
The intermediate potential value (E= -1.0 V) caused a gradual current decrement, from
about -7.5 to -3.7 mA. The conjunction between the gradual slope of curve 2 and its twice
lower final current, compared to this of curve 1 reveals gradual growth of dense and
uniform layer. These facts lead to the assumption that the moderate potential value
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predetermines a gradual growth of denser and more uniform conversion coating. This
inference was confirmed by the morphological observations. Figure 2 represents
photographs of the coatings deposited on AA2024-T3 plates at the respective potentials.

Fig. 2. Photographs of the metallic specimens after the CeCC electrodepositions at E=-
0.5V, position (a), E=- 1.0 V, position (b), and E=- 1.5 V, position (c),

From this figure becomes obvious that almost any deposition does not proceed at
the lowest applied potential. Nevertheless, the excessive acceleration promoted by the
highest potential has led to porous agglomerated CeCC layer with partial detachments,
due probably to intensive hydrogen gas evolution, during the deposition at this potential,
as can be seen from the optical micrographs in Fig. 3.

Magnification x 40 m
Fig. 3. Optical metallographic micrographs of the conversion coatings deposited at
different potentials
E=- 0.5V, position (a), E=- 1.0 V, position (b), and E=- 1.5V, position (c),

Principally, the SEM method enables much higher magnifications than the optical

microscopy. This method was used for obtaining of much more detailed image for the
superficial morphology of the coating, deposited at the moderate potential (Fig. 4).
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Fig. 4. SEM image of the CeCC deposited at E= -1 V
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From the SEM micrograph becomes obvious that the coating deposited at the
intermediate potential possesses uniformly distributed structure, similar to the reported in
the literature [2, 5, 7, 8, 14, and 15].

The AFM observations confirmed the above mentioned statements, remarking that
the densest and the most uniform conversion layer, obtained by potentiostatic
electrochemical deposition at -1V, possesses fine grained structure and uniform

distribution, as is shown in Fig. 5.
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Fig. 5. Topographical and 3D images of CeCC deposited at potentiostatic regime

The observations performed by Atomic Force Microscopy complete the
morphological observations in the present work, undoubtedly confirming all the
assumptions and inferences done above. The images in Figures 2, 3 and 5 for the coating
deposited at -0.5 V reveal almost uncovered metallic surface, identical to the described in
previous works [16, 17]. There is also clear concordance among Figures 3, 4 and 5,
regarding the specimen prepared at moderate conditions. Finally, Figure 5 proofs the
presence of layer detachment areas, observed in Fig. 3, which is caused by the
accelerated film growth, promoted by the relatively high potential (i.e. -1.5 V).

CONCLUSIONS
The comparative morphological assessment executed during the present research
has led to the following general conclusions:

e There is complete concordance among the results of the analytical methods used
during the present research activities.

e Among the potentials selected for cathodic potentiostatic electrochemical deposition
of Cerium Conversion Coatings from peroxide doped diammonium pentanitrocerate
solution, the intermediated voltage (E=-1.0 V) has evinced to be the optimal.

e Almost complete absence of deposits was established when 0.5V potential was used

e The accelerated deposition at -1.5 V resulted in deposition of porous agglomerate
film, accompanied by partial coating detachment.
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