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Using TOF-SIM S and EISto Evaluate Green Pretreatment Reagents:
Corrosion Protection of Aluminum Alloy by
Silica/ Zirconium/ Cerium Hybrid Coating

Abstract
The use of chromium (Cr) as an anticorrosion pretreatment ingredient to protect aluminum (Al)

aloys is being restricted because of environmental concerns. Our research is under way to find
environmentally compliant substitutes for Cr [1, 2]. The effect of silicate surface treatments on the
corrosion inhibition characteristics of Al-aloy was studied in 3.5% NaCl. A series of specimens
were prepared at different silicate concentrations using different application methods alone or
combined with a sealing step in cerium or zirconium solutions. The effect of surface etching was
studied. Electrochemical impedance spectroscopy (EIS), scanning electron microscopy (SEM) and
Time of Flight Secondary lon Mass Spectroscopy (TOF-SIMS) were used to evaluate the corrosion
behavior of treated and untreated specimens. Generaly, silical zirconium/ ceria treatments
improved the corrosion resistance due to the formation of protective oxide films which acted as a
barrier for oxygen diffusion to the metal surface. Zirconium and cerium sealing specimens showed
a superior corrosion resistance indicating that zirconium and cerium played the main role in the
passivity mechanism. Based on the EIS and ToF-SIMS results, the performance of silica/
zirconium/ cerium a green pretreatment reagent was successfully evaluated.
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1. Introduction

Chromate conversion coatings are
currently used as a pretreatment for different
Al-alloy substrates. This pretreatment provides
excellent
adhesion properties [1]. However, hexavalent
chromium Cr(V1) is strongly carcinogenic, and
in the future they will be definitely abandoned.
Current environmental regulations require the
development of  environmentally safe
pretreatments. Many attempts have been made
to find alternatives to chromating such as
manganese [2], molybdenum [3], vanadium [4]
and cerium [5]. Among these, sol-gel processes
can be a potentia alternative. Sol-gel processes
were initially developed for the deposition of

corrosion protection and good

inorganic oxide coatings, but in recent years,
the synthesis of organic-inorganic hybrid
coatings acquired great importance. These
hybrid films show interest because they
combine properties of the organic polymeric
materials and properties of the ceramics.
Hybrid coatings can be prepared over a
continuous compositional range from almost
organic to almost inorganic [6].

A coating system’s electrical resistance is
a genera indicator of its corrosion protection
performance. In this paper, we used
electrochemical impedance spectroscopy (EIS)
to evaluate the electrical resistance of the
coating systems. EIS has proven to be a

powerful and convenient technology to



evaluate the performance of coating systems
[7]. Satic time-of-flight secondary ion mass
spectrometry (TOF-SIMYS) is extremely useful
to investigate the composition and chemical
structure of materials surface thanks to its high
surface  sensitivity  (10-20A), analytica
sensitivity, and direct relation between the
chemical composition/structure of surfaces and
the fragmentation patterns of TOFR-SIMS
spectra [8]. In order to examine how well the
hybrid films adhered to the Al alloy surfaces, a
combination of SEM and TOF-SIMS were
conducted in this study.

In this paper, the role of silicate in the
corrosion inhibition process would be studied
in details at different concentrations and
different application. The methods alone or
combined with a sealing step in cerium and
zirconium solution as a non-chromate coating.
The silicalcerialzirconium (Si/Ce/Zr) hybrid
thin films formation process and corrosion
resistance were characterized by EIS, SEM and
TOF-SIMS.

2. Experimental
2.1 Materials

The aluminum alloy specimens were cut
into 10 x 10-mm? square panels and
mechanically polished by 1200 finish SIC grit
paper to a mirror polish ( - . 1pum surface
roughness). They were degreased in NaOH
(1M), cleaned in oxalic acid (0.1M) and dried
in acetone.

The conversion solution contains sodium
silicate at different concentration (4 g/L ~ 8 g/L
and 16 g/L). Zirconium and cerium solution
contains with zirconium tetrachloride and
cerium sulfate hydrate respectively at different
concentration. The solution pH was adjusted to
2 and 9 with HNO3; and NaOH respectively.

After activation and dry, the specimens were
immersed in the mention above solutions for 10
min with agitation. The chemical conversion
films that formed on the Al-alloy were dried
shortly afterwards at 423 K for 5 min.

2.2 EIS Measurement

Electrochemical impedance spectroscopy
(EIS) was used to assess the corrosion
protective properties of the hybrid sol—gel
pretreatments in a 3.5 mass% NaCl solution
which was open to the air during each test and
unstirred. EIS data were obtained using EG& G
Princeton Applied Research Corp., model 378
electrochemical impedance system which
consists of a complete hardware and software
package that measures the response of an
electrochemical system to ac. excitation. A
arrangement  was  used,
consisting of a saturated calomel reference
electrode, a platinum foil as counter electrode
and the exposed sample as working electrode.
The working area was 1.0 cm? All the
measurements were carried out at room
temperature in a Faraday cage. The
measurement conditions were an amplitude
voltage of 10 mV, a frequency range of 0-50 Hz
and a solution temperature of 303 K.

three-electrode

2.3TOF-SIMS analysis

The surfaces of coated films were
observed by SEM and TOF-SIMS. The
TOF-SIMS data were recorded on a TOF-SIMS
IV instrument (ION-TOF GmbH, Germany)
which located in National Tsing-Hua
University, Taiwan. In the TOF-SIMS, a
focused primary ion beam of 25 keV Ga' ions
was used at a current of typically 0.5-1 pA. and
with a 20-100 ns pulse width, oriented 45° to
the sample. The data were recorded by



scanning the primary ion beam over an analysis
area (50x50 pm? t0100x100 ym? ) and storing
the results in a raw data file for retrospective
extraction of selected ion images and of spectra
from the selected areas within the analysis area.
Data of high-resolution mass spectra ("W Am =
2000-5000; lateral resolution, 3-4 ym) and high
lateral resolution images (lateral resolution 0.5
um, m/ Am = 200-1000) was recorded
separately, to ensure that the accumulated ion
dose at the molecular imprint is kept below the
so-called static limit, 1x10™ ions/cm®.

3. Results and discussion

The corrosion protection performance will
be affected by several factors. For example:
concentration of sodium silicate, zirconium
tetrachloride and cerium sulfate hydrate.
Besides, pH value of solution and the structure
of thin film also affect the corrosion protection
performance. According to EIS results (Fig. 1),
the best corrosion resistance was obtained
using the concentrations which are listed in
following: (1) sodium silicate concentration is
8g/L (2) zirconium tetrachloride is added 0.25
g (3) cerium sulfate hydrate concentration is
1000ppm. The more concentrated (16 g/L)
sodium silicate solution affects negatively the
corrosion resistance. This may be due to the
formation of a rigid glassy-like layer of
silicates which can favor the propagation of
cracks through which the localized corrosion
takes place. Moreover, the corrosion protective
layer is considered to be a sequential process
with breakdown of the individual oxide/silicate
and oxide layers by the action of chloride and
initially also hydroxide released from the
silicate seal. Fig. 2 shows that the specimens
passed with zirconium tetrachloride treatment
before cerium sulfate hydrate under pH=9 has a

better corrosion resistance performance. The
results confirm that the sealing effect zirconium
is better than cerium.
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Fig. 1.Concentration effect of sodium silicate,
zirconium tetrachloride and cerium
sulfate hydrate

The surface morphology was studied with SEM

which is showed in Fig. 3. Moreover, the

distribution of zirconium and cerium oxides
over the pitting areas is more uniform and
adequately covered the specimen. Finaly,

TOF-SIM spectrum also showed the surface

chemistry of the specimen which is showed in

Fig. 4 and Fig. 5. Through the TOF-SIMS

spectrum and image could confirm the thin film

composition.
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Fig. 2 sequence process and pH effect of
zirconium tetrachloride and cerium
sulfate hydrate
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Fig. 4 TOF-SIMS static spectrum for three
layers coating specimen
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Fig. 5 TOF-SIM S image spectrum for three
layers coating specimen

4. Conclusions

In the present work a hybrid green
pretreatment reagents Si/Zr/Ce have been
deposited on Al-alloy. The surface chemistry of
the samples was investigated with EIS and
TOF-SIMS. The surface morphology was
studied with SEM. The following conclusions
can be drawn from results presented here;

The present work shows that hybrid
sol-gel Si/Zr/Ce coatings provide corrosion
protection and may be used as aternative
candidates for pretreatments for auminum
alloys. The properties of the hybrid sol-gel
coatings are strongly dependent on the
preparation conditions and sequential process.
During the corrosion protection films formed,
and cerium can incorporate into the pores of
slicate oxide thick film to form a high
corrosion resistant layer. After specimens
immered in silicate solution, treated specimens
in zirconium before cerium have better
corrosion protection performance than cerium
before zirconium.
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ABSTRACT

Recent developments of advanced oxidation processes (AOPs), have led to new improvements
of the oxidative degradation of the organic compounds. While most photocatalytic studies have
used anatase TiOz as photocatalyst for single model compound, numerous studies have been carried
out to evaluate the potentiality of TiO2. Among others, several dyes appear as a model compound at
same time for degradation of dye in aqueous system. In this work, a completive photodegradation
study of the triarylmethane dyes is reported in aqueous TiO2 suspensions. The effect of various
adsorbed dye in TiO2 agueous suspension was studied.

The adsorption and photodegradation have been investigated in illuminated TiO2 suspension
for five dyes, including cationic dyes, Crystal Violet (CV), Ethyl Violet (EV), Maachite Green
(MG), Brilliant Green (BG), and an anionic dye, Sulfan Blue (SB). Our results indicate that factors
such as, UV illumination, pH value of the agueous solution, concentration of TiOz, and salt addition,
al determine the rate of photodegradation. The photocatalytic activities of adsorbed dyes prepared
under different pH values were examined that on the positively charged TiO2 particle surface by a
sulfonate group, anionic dye (SB) has better degradation rate. On the other hand, on the negatively
charged TiOz particle surface, cationic dyes (CV, EV, MG, and BG) have better degradation rate by

adialkylamino group. The cationic dye including di-ethylamino groups have better degradation rate
. Y04



than the cationic dye including dimethylamino groups (EV>CV; BG>MG) at different pH values.
When addition salt under acid aqueous solution, most of the five dyes tends to positive effect, but
under base aqueous solution, they tend to negative effect. For photodegradation of dyes, the

degradation rate were proposed and discussed in this research.
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