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ABSTRACT

The development of environmentally friendly anticorrosive systems
providing the same performance than those already existing has been the
great challengefor researchersworking in the surface treatment field. In this
work the corrosion behavior of two electrogal vani zed-steel/nanoparticul ate
pretreatment/organic coating systems exposed to salt spray, controlled
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humidity and temperature, Prohesion or weathering chambers was studied.
The global analysis of the obtained results allowed concluding that the
protective behavior of both duplex systems was satisfactory, and that the
nanoparticulate pretreatments based on trivalent chromium (Cr®*) and
Zirconium could be considered as a valid aternative to substitute those
based on hexavalent chromium (Cr®*). © 2016 Trade SciencelInc. - INDIA

INTRODUCTION

Clean technologies are features of the new mil-
lennium and involve the development of technolo-
giesthat protect the environment throughout the pro-
duction chain to eliminate the generation of pollut-
ants“from raw material to finished product packag-
ing and transportation”. For this, the technological
sector has made huge efforts to increase productiv-
ity and reduce costsin businessthrough: 1) effluents
treatment; 2) useof asupport system for the replace-

ment of raw materials; 3) improvement inthe produc-
tion process, seeking minimization of pollutant genera-
tion; 4) reduction of thegenerated rgjects; 5) recycling,
involving theindustrid design of eco-friendly products,
and 6) join-effortsto transformtheindustrial areasinto
environmentally favorableones.

Crf*-based compounds have been widely used in
metal finishing and to provide corros on protection to
themetal surface of electronic equipmentsintheair-
craft, food and automotive industries. In theseindus-
tries, sted sheetsaretreated with chromate-based con-
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verson coatingsto providegood adherenceto thepaint
system applied for protection and aesthetic purposes.
However, Cré*-based compounds are classified ascar-
cinogeni ¢ substances, moreover, as highly acid solu-
tionsthat generate hazardous gasesand havehighly oxi-
dizing characterigticsareused during theproduction pro-
cess, the effluentstrestment process becomes economi-
cdly unviableduetoincreasingly stringent limitations
imposed by environmental legidationg™4. Currently,
import restrictions on products containing hexavalent
chromium have beenimposed by the EE.UU and the
EU, reason by whichincreasinginternationd effortsare
being madeto devel op religbledternativesto thistype
of compounds.

Despite the use of Cré* in the chromatation bath
isstill allowed® thereisatendency, especially evi-
dent in Europe, Japan and USA, who are always
closely following ecological aspects, to restrict the
use of Cré*-based compounds. The devel opment of
novel eco- friendly surface treatments providing the
same performanceto those currently used represents
amagjor chalenge for those who investigate in the
surfacetreatment field. In this sense, alternativesto
the use of Cr® is of mgjor importance®®, particu-
larly considering the use of Cr®* sdlts as the most
viable alternative®*d. It has been shown that Cr3*-
based passivation coatings produce less-toxic ma-
terials compared to the Cré* ones, however, the cor-
rosion resistance of those has not been comparable
to the Cr® coatingg?® 17, Attempts have been car-
ried out to improve the corrosion resistance of the
Cr®* passivation coating. According to Fonte et al,
the addition of transition metal ions such as Co*,
Ni2*, Fe** in the bath showed higher corrosion re-
sistance than those formed in abath without transi-
tion metal iong**9. Aswell, someof the new chemi-
cal conversion treatments products based on silica,
titanium and zirconium have shown promising re-
sultswhen applied to aluminum alloys or galvanized
steel, even though their corrosion behavior isnot as
good as the obtained with traditional chromate sur-
facetreatments.

The aim of this work is the study of the corro-
sion behavior of electrogalvanized steel/
nanoparti cul ate pretreatment/organi c coating systems
subjected to accelerated exposure tests in Weather-
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ing, Salt Spray, Controlled Humidity and Tempera-
ture, or Prohesion Chambers. Electrochemical Im-
pedance Spectroscopy (EIS) measurements, comple-
mented with visual inspections and assessments of
the coatings deterioration level (blistering, corro-
sion, loss of adhesion, loss of gloss and color, etc.)
accomplished according to international standards
were periodically used for checking the protective
systems performance.

EXPERIMENTAL DETAILS

Materials

The test panelswere AlS| 1010 stedl plates (15
X 7x 0.1 cm) industrially electrogal vanized using a
cyanide-free akaline bath containing Zn# (12.5 ¢/
L), KOH (170 g/L), K,CO, (50 g/L), additive (10
mL/L), brightening agents (1 mL/L), and conditioner
(20 mL/L). Thefollowing conditionswere used: tem-
perature (23+3 °C) and cathodic current density of
2A/dm?for 45 min.

Prior to zinc coating, al the steel plates were
degreased in a sodium silicate-based akaline solu-
tion at room temperature, by applying acurrent den-
sity of 4 A/dm? for 3 min for improving the surface
wettability. The samples were rinsed in deionized
water, activated in an ammoniabifluoride 5% solu-
tionfor 30 s, and rinsed again with deionized water.

Immediately after theelectrogal vanising step, the
sample surface was activated in a0.5% HNO, solu-
tion (pH 1) for 10 s, and then, rinsed with deionized
water. Subsequently, the surface was passivated us-
ing thefollowing treatment:

Conversion coating preparation

The applied nanoparticul ate pretreatment based
on Cr¥ and Zr* was prepared using chromium triva-
lent salt, zirconium complexes (fluorzirconato de
potassium) and potassium borate-fluoride, pH 4.2
(adjusted with 1% NaOH or 5% H,SO, solutions),
immersion timefor 30 sat room temperature (23+3
°C) with mechanical stirring.

Paintsapplication on pretreated el ectr ogalvanised
stedl samples

The pretreated (GSP) sampleswere then coated

Au Tudian Yourual



MSAIJ, 14(7) 2016

A.R.Di Sarli etal.

257

—= Fyl] Paper

TABLE 1: Main characteristics of the formulated paints

Paint Resin/Hardener (relationship) Solvent Pigment PVC (%)
fgg‘“etha”ew'v Polyester/Aliphatic Isocyanate (4/1)  Xylene/methyl isobutyl ketone  TiO, (Rutile) 10
mél;rahmeaq Polyester/Aliphatic Isocyanate (4/1)  Water Red Ferrite 10

TABLE 2 : Thickness of the tested paint films (um)
Sample System Color SSC HC wcC PC
GSP-SB GSP/solvent-base paint white 168+10 165410 163+10 176+10
GSP-wB GSP/waterborne paint ochre 176+10 160+10 152+10 179+10

with paintsdesigned, formul ated, prepared and gpplied
inthe CIDEPINT laboratory, TABLE 1. For this, and
leaving a24 h drying period in between, two succes-
svelayersof awhitesolvent-based pol yurethane paint
pigmented with TiO, (GSP-SB samples), or an ochre
waterborne polyurethane paint pigmented with red fer-
rite (GSP-WB samples) weregpplied by manud brush-
ing. Inthe case of the WB paint, the“flash-rusting” ef-
fect wasavoided by incorporating initsformulationa
NaNO, solution (0.1% NaNO, ontotal paint). Both
paintswere formul ated according to pigment volume
concentration (PVC) = 10, partides zedigtributionfrom
0.1t0 10 um checked by the ASTM D1210-05 stan-
dard, and a Pigment Volume Balance (A = PVC/
CPVC(criticd pigment volume concentretion)) =0.55).
The painting systemswere alowed to curefor 7 days
at room temperature before starting thetests.

Dry filmthicknesswas measured by an Elcometer
mod. 300, using abare € ectrogal vanized steel sheet
asreferenceand pattern filmswith known thickness,
TABLE 2.

Painted panels, prior to exposure, had alongitu-
dinal scratch manually scribed through the tested
coating using a carbide tip scribe making sure that
the coating was scribed all theway through and into
the substrate.

Perfor mance tests
Accelerated tests

Corrosion behavior of the systems exposed in
sat spray SSC (ASTM B117), Prohesion PC (ASTM
G85-A5), weathering WC (ASTM G155-05a) or
controlled humidity and temperature HC (ASTM
D2247) chambers was periodically assessed by vi-
sual inspectionsand dso asfollows:

Physicochemical tests
Adhesion

Adhesion measurementswere carried out by the
Tape Test method according to the ASTM D3359-
09e2 standard (Test Method B).

Glossand color

Were respectively determined according to the
ASTM D523-08, and the ASTM D2244-09b stan-
dards by using the BYK Gardner Spectro-Guide
Sphere Gloss with 60 °C of incidence angle.

Blistering and whiterusting degrees

The size and frequency of blistersaswell asthe
white rusting degree were evaluated according to
the ASTM D-714-02 and ASTM D-610/08 stan-
dards, respectively.

Electr ochemical tests

The shielding performance of each coating ap-
plied on the steel sheets and subjected to continuous
immersioninopentoair 0.5 mol/L NaCl (pH 6+0.3)
solution or distilled water was periodically evalu-
ated by EIS measurements. These were carried out
using a conventional electrochemical cell with the
three-el ectrode arrangement: aPt-Nb mesh with neg-
ligible impedance acting as counter electrode (CE),
a Saturated Calomel Electrode (SCE) as reference
electrode (RE), and was the coated steel sample,
placed horizontally looking upwards at the bottom
in a flat-cell configuration, as working electrode
(WE). The electrolyteswere confined in acylindri-
cal clamp-on acrylic (polymethyl methacrylate) cell
positioned on the WE by an O-ring defining anomi-
nal testing area= 15.9 cm?. All the measurementswere
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performed at room temperature (22+3 °C).

Impedance spectrain the frequency range 102 <
f (Hz) < 10° were obtained, in the potenti ostatic mode
at the free corrosion potential (E_, ), as afunction
of the immersion time in the electrolyte solutions
using a Solartron 1255 FRA® coupled to an Imped-
ance Potentiostat-Galvanostat EI® Solartron 1286
and both controlled by the ZPlot® program. Therms
width of the sinusoidal voltage signal applied tothe
system was 8 mV and 10 points per decade were
registered. The experimental spectrawere fitted to
model equivalent electrical circuits by using the
Boukamp software€?”, and the circuit components
were associated to physicochemical process occur-
ringinthesystem. All impedance measurementswere
performed with the electrochemical cell inside a
Faraday cage to reduce external interferences as
much aspossible. The samplesintegrity was checked
by measuring the corrosion potential after all thetests
to confirm that the change from theinitial valuewas
no higher than+ 5 mV.

Taking into account that the corrosion behavior
of passivated, painted and/or multi coated materials
strictly depends on the production procedure; al the
tests were carried out on three replicates of each
sample type. The experimental results reported in
the following Tables and Figures are the average of
those obtained in each case.

RESULTSAND DISCUSSION

As a genera hypothesis, it is assumed that the
application of apretreatment on the coated steel sur-
face improves the metal/paint adhesion as well as
the compl etely anticorrosive performance. In addi-
tion, if the applied painting system is the appropri-
ate one, the formed duplex protective system will
have a synergistic effect. All these concepts have
been the obj ective of several exhaustivestudiesand
have generated the development of highly satisfac-
tory anticorrosive systems based on solvent-based
paints. However, strict regul ations designed to pro-
tect the environment and the public health increas-
ingly prohibit the use of these products. Therefore,
the need to replacethem by others providing the same
or even better performance requires new and accel-
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erated studies. For thisreason, the aim of this study
IS to assess the corrosion behavior of two
electrogal vanized stedl/paint film systems exposed
to the action of severa environmentswith different
aggressiveness levels. A significant amount of ex-
perimental datagathered from standardized testsand
electrochemical techniques are shown and analyzed
with the purpose of determining a correlation with
the physicochemical processesthat are supposed to
occur at an interface that is as complex as impos-
sibleto visualize by non-destructive means.

| mpedancedata deconvolution

One of the most important difficulties for ana-
lyzing the el ectrochemical impedance datafrom the
impedance spectra deconvolution is, in genera, to
find an electrical equivalent circuit model and/or
the parameters needed to explain the corrosion be-
havior of each analyzed system.

The electrochemical response of the GSP-SB or
GSP-WB samplesto an applied small AC potential
perturbation could be modeled with the “most prob-
able’1 equivalent circuits - (a) whether the diffu-
sional paths from the electrolyte to the zinc were
aligned through the paint + pretreatment films, or
(b) if, asis much more likely, these paths are not -
showninFigurel.

Inthis, thefirst time constant (R,C,) appeared at
the highest frequenciesand representstheresistance
to theionic flux in the pores (R,) and the dielectric
capacitance (C)) of the paint film. Asthe frequency
values diminished, and taking into account that the
permeating and corrosion-inducing chemicals (wa-
ter, oxygen and ionic species) reach the
nanoparticul ate pretreatment, the second time con-
stant (R,C,) represents the resistance to the ionic
flux inthe pores (R,) and the di€l ectric capacitance
(C,) of the conversion layer. If the exposure time
goeson, at lower frequencies can occur that the per-
meating reactants attain the e ectrochemically active
zinc layer through the coating pores characterized
by R,, therefore, it is reasonable to assume that the
corrosion process developing at the zinc surface
should be placed in series with R,. The R, and C,
parameters account for the charge transfer resistance
and thed ectrochemica doublelayer capacitanceof the
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Figure 1 : a) and b) equivalent circuits used to model the GSP-SB or GSP-WB samples exposed to HC or SSC for
42 days,; and c¢) example of Bode plot displaying the measured and simulated (using the equivalent circuit shown in

Figure 1 (b)) impedance data

COrrosion process, respectively?2,

All thetime constants exhibited some Cole-Cole
type dispersion which had the corresponding n. pa-
rameter, being 0 <n, d” 1. Furthermore, distortions
observed in those resistive-capacitive contributions
indicate a deviation from the theoretical modelsin
terms of a time constant distribution. Such devia-
tions could betheresult of either lateral penetration
of the electrolyte at the substrate/coating interface
(usually started at the base of intrinsic or artificial
coating defects), underlying metallic surface hetero-
geneities (topological, chemical composition, sur-
faceenergy), and/or diffusion processesfeasibleof oc-

curring along thetest. Sinceall thesefactorscausethe
impedance/frequency relaionship to benon-linear, they
aretakeninto consideration by replacing one or more
capacitive components (Ci) of theequivalent circuit
transfer function by the corresponding constant phase
element (CPE), for which theimpedance may be ex-
pressed ag?>l;

L _(jo)"
Yo

Where; Z(w) = impedance of theCPE (Z=2Z" +

JZ')(Q); ] = imaginary number (j>=-1); o =

angular frequency (rad)
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n = CPE power: (n = o/(n/2); oo = constant
phase angle of the CPE (rad); Y ,= part of the
CPE independent of the frequency (%)

Difficulties are sometimes found in providing
an accurate physical description of theoccurred pro-
cesses. In such cases, a standard deviation (%) <
5.10*wasused asfina criterion by considering that
the smaller this value, the closer the fit to the ex-
perimental data?!. In the present work, the fitting
process was mainly performed using the phase con-
stant element (CPEI) instead of the dielectric ca
pacitance Ci. However, thislast parameter was used
in the following plots in order to facilitate the re-
sultsvisualization and interpretation.

Exposurein salt spray chamber

The SSC test is widespread in industrial prac-
tice and is certainly interesting, but this data could
be quiterough and greatly affected if they are evalu-
ated by different operators. On the other hand, EIS
has been proposed as a useful tool for assessing the
corrosion resistance.

Electrogal vanized steel sheets, which were pre-
treated and coated with the devel oped solvent-based
or waterborne paints, were exposed in a salt spray
chamber by duplicate for 42 days, performing peri-
odic sampling to assess the coatings protective abil-
ity as well astheir deterioration level.

Figure 2 shows the samples fina state. In gen-
eral, no blistering and/or corrosion were observed
in the intact area of the samples while close to the

GSP-WB

(a
Figure 2 : Final condition of the samples after the exposure in the SSC; (a) global view and (b) detail of the incision
area
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exposuretime.

TABLES 3, 4 and 5 exhibit a summary of the
obtained results. TABLE 3 illustrates that, in both
systems, the dry adhesion was highly satisfactory,
but also that a dight decrease (from 5B to 3B) of
this property with the exposure time took place in
the GSP-SB system; as well, an important detach-
ment from the scratch was observed in both systems
after 42 d of exposure, TABLE 4. Furthermore,
TABLE 5 showsthe color and gloss results obtained
usingaBY K Gardner reflectance photometer in ac-
cordancewiththeASTM D 2244 and ASTM D 523
standards; also the following parameters. L: lumi-
nosity (white= 100 and black = 0); aand b: hueand
saturation, mixing primary colors; and G: gloss. As
can be seen, the organi ¢ coating did not display gloss
or color variationsin any of the exposed systems.

All the measured corrosion potentias (E_, ) val-
ues (Figure 3) showed a fluctuating behavior rang-
ing from -0.75 to -1.02 V(ECS) indicating that, at
initial stages of exposure, the zinc was poorly reac-
tive dueto the organic coating protection. However,
as the exposure to the medium went on, the corro-
sion-inducing speciessuch aswater, oxygen and ClI-
ions permeated the paint film, reached the underly-
ing zinc layer and, as aresult, increased its el ectro-
chemical activity displacingtheE_ valuestowards
more negative ones. Then, asthe amount of zinc cor-
rosion products was enough for sealing the paint
defects, the increase of the coating barrier effect
caused adiminishing of the zinc dissol ution process
and, consequently, theE_ values became more posi-

(b)
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TABLE 3 : Adhesion in the intact area before and after
exposure in SSC
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TABLE 4 : Detachment from the scratch as a function of
the exposure time in SSC

Sample od 42d Sample 15d 29d 42d
AGP-SB 5B 3B GSP-SB 0mm 6 mm 25mm
AGP-WB 5B 5B GSP-WB 0mm 5mm 23 mm

TABLE 5 : Color and gloss evaluation as a function of the exposure time in SSC
Exposuretime
Sample 0d 1d 42d
L a b G L a b G L a b G
GSP-SB 971 061 249 280 971 061 249 280 971 061 249 280
GSP-WB 592 163 466 769 592 163 466 769 59.2 163 466  76.9

L: luminosity (white= 100; black = 0); aand b: chromaticity coordinates (hue and saturation mixing the primary colors); G: gloss

tive. Thisisaprocessthat iscyclically repeated until
trid completion.

Theimpedance measurementsperformed in both
systems showed a slow deterioration of the protec-
tion system, as seen in the evolution of the module
of impedance (|Z|) and the phase angle (theta), Fig-
ure 3. In generd, terms, both systems presented at
least three time constants, thefirst onerelated to the
organic film, while the other two were associated
to the complex processes occurring at the zinc/paint
interface.

In the GSP-SB system, theionic resistance (R,)
of the organic film, related to the offered barrier
effect, showed increasing values (10° -10° Qcm?)
during the first 20 days of exposure with a subse-
guent decreasing trend, reaching val ues of approxi-
mately 10° Qcm? towardsthe end of thetest. In gen-
eral, thistype of evolution isinterpreted by attribut-
ing theincrease of the system impedanceto the seal -
ing effect given by the corrosion products gathered
at the bottom and/or within the coating defects. How-
ever, this positive effect is overcome by the dete-
rioration level of the protective coating, that is, blis-
tering and/or swelling and/or delamination and/or
generation of new defects due to the growing pres-
sure exerted by the above mentioned products whose
volume increases with hydration. In such circum-
stances, adecreasein |Z| valuesindicates the reduc-
tion of the barrier effect provided by the paint and
the subsequent deterioration of its protective abil-
ity.

In the GSP-WB system, the ionic resistance of
the paint showed adecreasing trend with the exposure

time, fluctuatingitsvaluefrom 10°to 10° Qcm? Inthis
case, gpart fromthestructural and crossinking differ-
ences between both formul ations, the above mentioned
influenceof the corrosion productswhichwasinitialy
positive, could not be observed dueto thefact that the
mechanical resistance of the waterborne paint to the
deformation ishighly lower than that exhibited by the
sol vent-based paint. For thisreason, the deterioration
rate acted much morerapidly.

Regardlesstheevolution of thesystemtotal imped-
ancevalues, when theimpedance deconvol ution was
done, and the resi stive and capacitive components of
thetransfer function derived from the“more probable
eguivaent circuit” were ca culated, animportant con-
clusion could be drawn. Even thoughin both systems
an incipient corrosion process was detected from the
first sampling, itsevolution might be estimated asvery
dow sincethe chargetrandfer resistancevaues, which
areinversaly proportiond tothecorrosonrate, werein
the order of 10® Qcm?.

Exposurein controlled humidity and temperature
chamber

Replicates of the panels mentioned in the previ-
ous section were exposed in HC for 42 days. Sam-
pling conditions and eval uation methodology were
equivalent to that previously reported. Figure 4
shows the samples final state, while Figure 5 and
TABLES 6-8 display the el ectrochemical and stan-
dardized tests results, respectively.

In general, the intact area of each sample (Fig-
ure4) showed dight signsof blistering, whichwasclas-
sfiedaccordingtotheASTM D 714 stlandard, TABLE
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Figure 3 : Evolution of |Z| and (theta) as a function of the exposure time in the SSC

6. Thezoneclosetotheincisionlinedid not show blis-
tering but dight sgnsof corrosion wereobservedinthe
GSP-SB system.

The adhesion loss at the paint/zinc interface
(TABLE 7) may be attributed to the breaking of the
physical, mechanical and/or chemical bonds between
the paint layer and the zinc surface. This effect,
known as “wet adhesion”, has been related to the
reordering in the polymeric film structure dueto the
pressure?! and strongly dielectric character of the
absorbed water. This character makesthat the water
actsasaplasticizer ableto modify the intermol ecu-
lar cohesion forces. In addition, theincreasing pres-
sure exerted by the corrosion products gathered
withinand/or a the bottom of the coatings defectscould
contributeto further bresk adhes on bonds.

Exposure conditionsin the HC generated signifi-
cant color and gloss changesin the waterborne paint
coating. Itsorigina ochre col oration becamewhiteand
lost much of itsinitia gloss. The color and glossare
associ ated with the roughness and pigmentation of the
paint film; therefore, changes observed mainly inthe
GSP-WB system (TABLE 8) havebeenrelated to the
dterationsundergoneby thefilmtextureand coloration
because of thewater absorbed over thefirst 7 days of
exposure. After thisperiod, no significant changewas
observed reason by which the values of these param-
etersarenot showninthetable.

Figure5indicatesthat dl themeasured E__vaues
reved ed afluctuating behavior ranging from-0.8to -
0.95V(SCE), that is, similar but not equal than those
obtainedin SSC.
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GSP-SB (a)
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(b)

Figure 4 : Final condition of the samples after 42 days
exposure in HC. (a) global view and (b) detail of the
incision area

Exposed tothe HC, and for thefirst 4 daysof test-
ing, both samplesexhibited arapid shift of theE_, val-
uestowardsmore negative values(greater zinc reectiv-
ity) indicating premature water and oxygen permesgtion
through theorganicfilm. Thisprocessalowed thefor-
mation of zinc corroson products, which could accept-
ably sedling the coating defects. Asaresult, theanodic/
cathodic areasrel ationship and, asaconsequence, the
E.,, vauesof both systemsremained rel aively stable
until finishingthetest.

Figure 5 also showstheresults of theimpedance
measurements. Theandyssof thesedatareved ed that
under these exposure conditionsno significant varia-

TABLE 6 : Blistering degree as a function of the
exposure time in HC

—=== PFy/| Papasr

tionsoccurredinthe GSP-SB system, whileinthe GSP-
WB system agradual deterioration of the protective
system was observed.

Asinthe previous section, both systems showed
al least three-time constants under the above men-
tioned exposure conditions. For both types of
samples, theionic resistance of the organic filmre-
mained amost invariant, about 1.10° Qcm?, through-
out the test. This result indicates that under these
exposure conditions, the barrier effect afforded by
the organic coating is lower than the corresponding
to the previous case. This situation is probably due
to osmotic reasons because the paint film is more
permeable to distilled water vapor than to the salt
solution. Taking into account the developed corro-
sion processes, both systems also showed similar
behavior, with a charge transfer resistance of ap-
proximately 1.10° Qcm? in the initia stages. This
value kept constant throughout the exposure period
for the GSP-SB system but exhibited a decreasing
trend for the GSP-WB system, reaching values of
approximately of 1.10° Qcm? towardstheend of the
test.

Exposurein prohesion chamber

To complement the assessment of the behavior
of both systems in a less aggressive contaminated
atmosphere, the samples were exposed in the
Prohesion Chamber for 1100 h. Theaging took place
intwo cyclesof 550 h each with thefollowing program:
1 hfogat 25 °C, 0.05% NaCl solution and 0.35%
(NH,),SO,, and 1 hdrying at 35 °C; pH = 5 and 15
pSi pressure.

TABLE 7 : Adhesion in the intact area before and after
exposure in HC

Sample 0d 14d 42d Sample od 42d
GSP-SB 10 10 4F GSP-SB 5B 2B
GSP-WB 10 10 6F GSP-wWB 5B 1B
TABLE 8 : Color and gloss evaluation as a function of the exposure timein HC
Exposuretime
Sample od 1d 7d
L a b G L a b G L a b G
GSP-SB 97.1 0.6 25 280 969 0.6 3.3 300 96.7 0.5 35 30.9
GSP-WB 592 163 466 769 625 159 425 469 686 146 443 9.4
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Figure 5 : Evolution of |Z| and (theta) as a function of the exposure time in HC

R Figure 6 showsthesamples condition at theend of
4 thetest. Asseen, the organi c coatingsdid not exhibit
any significant deterioration nor the occurrence of cor-
rosion signalsand/or adhesionlossintheareaof the
incison doneinthemiddlezoneof thesample. Novaria-
tionsin thepaints col or and/or glosswere detected.

Exposuretotheaccelerated weathering test

In order to assessthe effect of the UV radiation,
replicates of the samples were subjected to the ac-
- celerated weathering test for 550 h; the used cycle
was 102 min of Xenonlight at 63 °C, 18 min of Xenon
: light and water spray at room temperature. Earlier stud-
“ed jesconducted at CIDEPINT reported that the expo-

GSP-SB . ideredinthi K ual .
Figure 6 : Final condition of the samples after 1100 h suretimeconsideredint ISWOI’_ waseq tc_>aopr0>_<|-
exposure in the PC mately 20 months of exposurein the urban-industrial
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GSP-WB
Figure 7 : Final condition of the samples after 550 h
exposure in WC

GSP-SB

aimosphereof LaPlatacity.

Figure 7 shows the samples final condition. As
mentioned in the previous section, no significant
deterioration of the organic films, occurrence of cor-
rosion signals and/or adhesion loss, and/or changes
of color or gloss were perceived.

CONCLUSIONS

Results derived from the comparative study al-
lowed to conclude that the corrosion protection af-
forded by both painting systems applied on pretreated
galvanized steel sheets was satisfactory. However,
inthe GSP-SB and GSP-WB systemsthe zinc/paint
adhesion strongly depended on the environmental
conditionsto which the systemswere exposed. Thus,
the worst behavior was observed in the controlled
humidity and temperature chamber, followed by the
salt spray chamber, while the samples exposed in
the Prohesion or weathering chambers showed op-
timum performance.

The global analysis of the experimental results
coming from the rest of the standardized physico-
chemical tests allowed to infer that the
nanoparticul ate pretreatment based on Cr*3 and Zir-
conium used under certain exposure conditions may
act as inhibitor of the zinc corrosion and also as a
good adhesion promoter for solvent-based or water-
borne paints. Consequently, in these cases it could
be considered as a valid alternative to replace the
Cr*®-based conversion treatment.
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