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a  b  s  t  r  a  c  t

The  effect  of the  addition  of  the  zinc  molybdenum  phosphate  pigment,  on the  corrosion  resistance
properties  of powder  coating  on steel,  has  been  investigated  by  means  of different  electrochemical  meth-
ods:  electrochemical  impedance  spectroscopy  (EIS) and  the  accelerated  cyclic  electrochemical  technique
(ACET).  Anticorrosive  properties  obtained  from  both  techniques  showed  similar  results.  Powder  coatings
eywords:
inc molybdenum phosphate
IS
CET
nticorrosive pigment

incorporating  this  pigment  have  shown  better performance  which  is attributed  to  both  barrier  prop-
erties  enhancement  and  inhibition  action  of  the  pigment.  This  behavior  can  be  correlated  to the  results
obtained  in  the  pigment  extract  study  (polarization  test  and  EIS).  Finally,  salt  fog  spray  test  was  performed
to  confirm  the electrochemical  tests  results.

© 2016  Elsevier  B.V.  All  rights  reserved.
owder coatings

. Introduction

Using coatings and paints is the most widely used method to
rotect metals from corrosion. The protection mechanism of each
oating is determined by several factors but can be summarized
n three effects that act combined: physical barrier (hindering dif-
usion pathways of water and oxygen to the substrate), chemical
nhibition and electric resistance [1,2].

Pigments are one of the principal components of a coating
ormulation and part of their function is to strengthen the phys-
cal and chemical properties of the coating acting as corrosion
nhibitors [3]. Zinc molybdenum phosphate seems to have become
nto an excellent alternative to toxic inhibiting pigments due to
ts similar anticorrosive behaviour to chromates and better than
on-modified zinc phosphates. This pigment belongs to the sec-
nd generation of zinc phosphates that are obtained by applying
n organic surface treatment to the particles, designed to enhance
he continuity between the inorganic pigment and the surrounding
rganic binder [4,5].

Zinc molybdenum phosphate pigment produces a molybdate
nion (MoO4

−2) that acts as an effective anodic inhibitor [6,7]

hose capacity to passivate is only slightly lower than the one of

he chromate anion [8]. Among all the molybdate-based pigments,
inc molybdenum phosphate is one of the highest reported due

∗ Corresponding author.
E-mail address: javymolina22@gmail.com (J. Molina).

ttp://dx.doi.org/10.1016/j.porgcoat.2016.04.029
300-9440/© 2016 Elsevier B.V. All rights reserved.
to a synergistic effect between the phosphate and the molybdate
ions [9,10]. According to the literature [11], this dual metal pigment
provides higher degree of passivation than zinc chromate under
acidic conditions but inferior under alkaline conditions. Although
there have been several studies to investigate the anti-corrosion
efficiency of pigments, most of them are comparative studies of
extracts for different types of pigments [12–14] or comparative
studies for coatings formulated with such inhibitors [15]. Only few
studies are focused on a complete electrochemical investigation to
establish the mechanism of action of a specific pigment [16].

In despite the fact that the application of electrochemical
impedance spectroscopy (EIS) to coated metals has been shown
to be a useful technique in the study of the performance of pig-
ments and coatings [17–23], there is still a great interest in creating
rapid assessment methods for practical applications in order to pro-
vide faster indications of corrosion processes in the surface and the
interface of coated metallic substrates. Hollaender et al. [24–26]
developed a rapid method for testing coated metals in food pack-
aging which consists on a combination of cathodic polarization (DC)
and EIS measurements (AC). The accelerated cyclic electrochemical
technique (ACET) [27–32] is based on the Hollaender method but
uses a new potential relaxation step following each cathodic polar-
ization, which is used to evaluate the adhesion of the coating to the
substrate. This technique has been used in previous works to study

the effect of corrosion inhibitors and other additives that promotes
adherence in epoxy, alkyd and polyester powder coatings.

The aim of this paper is to investigate the inhibition mecha-
nism of zinc molybdenum phosphate using electrochemical tests

dx.doi.org/10.1016/j.porgcoat.2016.04.029
http://www.sciencedirect.com/science/journal/03009440
http://www.elsevier.com/locate/porgcoat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.porgcoat.2016.04.029&domain=pdf
mailto:javymolina22@gmail.com
dx.doi.org/10.1016/j.porgcoat.2016.04.029
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Fig. 1. Equivalent circuits used to model EIS and ACET impedance data where passive parameters (Rs = electrolyte resistance, Rpo = pore resistance, CPEc = constant phase
element  of the coating capacitance, Rp = polarization resistance, CPEdl = constant phase element of the double layer capacitance, Rox = resistance of corrosion products,
CPEox = constant phase element of corrosion layer) can be defined.

Table 1
Composition for Nubirox 106.

Compound % (Weight)

% Trizinc bis(ortophosphate) 87–97
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Fig. 2. Scheme of the ACET test versus time.

Table 2
Coatings formulation.

Material A B

Resin 46.2 46.2
Crosslinker 2.6 2.6
TiO2 30 30
Barium sulphate 16.9 1.9
Degassing agent 3.0 3.0
Levelling agent 0.5 0.5
Benzoin 0.3 0.3
Polyamide wax 0.3 0.3
TFPE wax 0.2 0.2
Zinc molybdenum phosphate – 15.0
PVC  19 20
Zinc Oxide 1–10
Organic titanate 1–5
Molybdenum and zinc tetraoxide 0.5–5

or both bare steel samples in the pigment extracts in 3.5 wt.% NaCl
olution and for pigmented polyester powder coatings.

. Experimental

.1. Anticorrosive pigment

Pigment was obtained from Nubiola® (Nubirox 106) and it is
ased on a mixture of zinc phosphate and zinc molybdate con-
itioned with an organic titanate in the surface. The chemical
omposition of the pigment is described in Table 1.

.2. Pigment extract preparation

5 g of zinc molybdenum phosphate pigment in 250 g of distilled
ater were used. The solution was stirred for 24 h at 800 rpm and

hen filtered to obtain the pigment extract. The solubility of the pig-
ent was 32 mg/100 mL,  determined from the measurement of the
eight of the dried residue of the pigment extract. Finally, 3.5 wt.%
aCl was added to the total pigment extract and then used as a test

olution.

.3. Powder coating formulations/Sample preparation

The coatings were developed from a saturated carboxylate
olyester resin of low molecular weight (Reafree 8585 from
ray Valley Iberica, S.A.) to combine with a hydroxyalkylamide
rosslinker (Primid-XL 552 from EMS-GRILTECH). Other inorganic
llers and additives used were titanium dioxide (Kronos 1171),
arite (R-2 from Miber Minerales Roset), a flow agent (Additol from
ytec-Liquid Coatings Resins & Additives), a levelling agent (Cray-
allac-PC from Cray-Valley Ibérica), a degassing agent (benzoin

rom DSM Special Products), a surface hardener (Licowax PE520)
nd a Teflon wax (Ceridust 9610F from Clariant).

The components of coatings A and B (Table 2) were pre-mixed
nd shaken by hand until a good premixing was  obtained. Sub-
equently, the mixture was extruded in a double screw extruder
Werner & Pfleiderer ZSK25) and the temperature profile was set
t 40, 120, 120 and 70 ◦C (rear to front along the extruder). The

aterial produced was ground in an ultracentrifugal mill ZM 100

nd sieved at 140 nm;  thus, obtaining the different powder coatings
eady for study. Coating A is used as a control sample and Coating

 replaces barium sulphate with the anticorrosive pigment.
PVC/CPVC 50 47
�  0.38 0.43

The carbon steel panels (100 mm × 150 mm × 1 mm)  were pro-
vided by Espancolor S.L. having an average surface roughness below
0.50 microns according to the supplier. The formulations were
deposited on the metallic substrates, previously degreased with
acetone, by means of an electrostatic gun. All the coated samples
were cured at 180 ◦C for 15 min  and the thicknesses obtained were
90 ± 10 �m.

2.4. Testing methods and equipment

2.4.1. Linear polarization
Potentiostatic polarization measurements were performed on

an Autolab PGSTAT30 potentiostat with a three electrode system.

The electrochemical cell was obtained by sticking a glass cylinder
on the sample sheet and filling it with the test solution. The exposed
surface area was 9.62 cm2. A three-electrode system was used, in
which the sample without coating acts as working electrode, a car-
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Fig. 3. Tafel plots for control (A) and pigment extract (B) at 0 h ( ), 4 h ( ) and 24 h ( 

referred  to the web  version of this article.).
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Fig. 4. a–b Bode diagrams of control (a) and pigment extract (b) after 0 h ( ), 4 h (
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reported that CPE parameter Y0 could be converted into a capaci-
 and 24 h ( ) in contact with the electrolyte (For interpretation of the references to
olour in this figure legend, the reader is referred to the web  version of this article.).

on sheet acted as counter electrode and an Ag/AgCl electrode was
sed as reference electrode. This is the most common electrochem-

cal cell setup used in electrochemistry, although other electrode
ystems are developed to minimize perturbation of signals at high

requency domain when using Ag/AgCl electrode [33].

In this technique, an external potential is applied to the working
nd counter electrodes by the potentiostat to polarize the metal.
) (For interpretation of the references to colour in this figure legend, the reader is

Then, the release of metal ions occurs toward the counter elec-
trode where the cathodic reaction takes place. The voltammogram
obtained determines the current density and corrosion potential
which is directly related to the corrosion rate.

Linear polarization tests were carried out on the pigment extract
using a potentiodynamic scan of −300/+300 mV around the open
circuit potential at a scan rate of 1 mV/s. Tafel analysis of the polar-
ization curves are performed using NOVA software, developed by
Autolab.

2.4.2. EIS
EIS tests were carried out on the coated samples exposed to

3.5 wt.% NaCl in deionized water. This technique was  also per-
formed on an Autolab PGSTAT30 potentiostat employing the same
cell described above. The impedance tests were carried out inside
a Faraday cage over a frequency range from 100 kHz to 10 mHz
using a sinusoidal voltage of 10 mV amplitude in order to minimize
external interferences on the system.

The experimental electrochemical data were collected, analyzed
by using NOVA software, and modeled with the equivalent circuits
described in Fig. 1, depending on the electrochemical behavior. The
circuit 1a consists of an electrolyte resistance RS, coating pore resis-
tance Rpo, coating capacitance Cc, polarization resistance Rp and
double layer capacitance Cdl. On the other hand, 1b incorporates
an oxide layer resistance Rox and capacitance Cox. Fitting the EIS
data to the corresponding equivalent circuit by means of Z-view
software determined the values of its passive elements, which are
generally assumed to be related to the corrosion properties of the
system [34]. Rpo can be related to porosity and the deterioration
of the coating, Cc to the water absorption by the coating, Rp to the
polarization resistance of the interface between the coating and the
metal substrate, and Cdl to the disbonding of the coating and onset
of corrosion at the interface [35–37]. Finally, Cox and Rox describe
the evolution of corrosion products at the interface.

To obtain more precise fitting results, constant phase elements
(CPE) replaced capacitive elements in the equivalent circuit, pro-
viding the software values of Y0 in units of sn/� together with
a parameter known as “n” instead of s/� units. Mansfeld [34]
tance C by using the following equation:

C = Y0(w
′′

max)
n-1
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Fig. 5. Steel micrograph (5000×) after 24 h in contact with (a) zinc molybdenum phosphate extract and (b) electrolyte. EDX analysis of the formed films after (c) zinc
molybdenum phosphate extract and (d) electrolyte.
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Fig. 6. Bode plots of coating A applied on steel after 1176 h exposu

here w′′
max is the angular frequency at which the imaginary part

f the impedance (Z′′) has a maximum in the Nyquist plot repre-
entations. In this study, the effective Cdl was calculated using the
bove equation because n varies in a wide range. The values used in
c were those given by the fitting because the n values were always
ery close to 1, so no differences were detected. The chi-squared
arameter of the fit was  always less than 0.01.

.4.3. ACET
The ACET procedure comprises a combination of cathodic polar-
zation (DC), potential relaxation and EIS measurements (AC). First,
n EIS test is applied to the sample under the conditions described
bove. This measurement allows the present state of the test sam-
le to be determined. Following the initial EIS measurement, the
he electrolyte (deionized water with 3.5 wt.% NaCl) from EIS tests.

test sample is treated for a short time with a constant cathodic volt-
age (−4 V) for 20 min  (DC) and subsequently, the relaxation time of
the sample until it reaches a new steady state and the stabilized
potential is registered. In this case, the relaxation time was 3 h.
Finally, a new EIS measurement (AC) is applied to the sample in
order to evaluate the new state. This test sequence is repeated at
least six times, which means that almost 24 h are required to com-
plete the whole procedure (a schematic representation of the ACET
procedure is shown in Fig. 2)

The ACET test is completely automated on the potentiostat.

Experimental results obtained by EIS measurements are modeled
using the equivalent circuits shown in Fig. 1 and using the same
procedure described above.
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Fig. 7. Bode plots of coating B applied on steel after 1176 h exposure to the electrolyte (deionized water with 3.5 wt.% NaCl) from EIS tests.

Fig. 8. EIS simulation result for coating A after 4 weeks of exposure with electrolyte.
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.4.4. Salt spray fog
The accelerated salt spray frog test was performed in accordance

o the ISO 9227:2012. In this test a scribe is performed along the
oating until the bare metal is reached. The samples are then intro-
uced in a salt fog spray chamber where a brine fog is created with

 wt.% NaCl water solution. The samples are collected at different
eriods of time and evaluated until a failure is reached (rusting
enetration greater than 2 mm).

.4.5. Scanning electron microscopy (SEM)
SEM (JEOL 7001F SEM) was employed to study the morphology

f the film formed on the surface of the bare substrate after 24 h
n contact with the pigment extract. The composition of the layers
eposition was also evaluated by energy dispersive X-ray analysis
EDX).

. Results and discussion

.1. Pigment extract study

Fig. 3 shows Evans diagrams for control and pigment extracts
fter 0, 4 and 24 h in contact with the bare steel substrate. The
ontrol sample (Fig. 3a) hardly shows any significant differences

etween the curves at different contact times.

On the other hand, the polarization curves of the pigment extract
Fig. 3b) present more significant differences at different times of
xposure. After 4 h not only a shift can be seen (reflected by the
dl

xposure to the electrolyte (deionized water with 3.5 wt.% NaCl) from EIS tests (For
e web version of this article.).

lower corrosion densities), but also a modification on the anodic
branch is observed. This is probably due to the active species reach-
ing the interface and partially blocking the process of corrosion.
After 24 h of contact with the pigment extract this behavior is
accentuated and the anodic branch of the curve confirms the pas-
sivation of the steel. This can be ascribed to the formation of a
protective layer derived from the reorganization and reaction of
pigment ions at the interface.

Fig. 4a–b shows EIS results for the pigment extract and the con-
trol after different times of exposure with the bare steel substrate.
In the Bode diagram of the control sample (Fig. 4a) a significant
decrease of the impedance modulus with time is observed. In addi-
tion, it should be noted that the impedance modulus values are one
order of magnitude lower compared to the pigment extract.

On the other hand, the behaviour of the pigment extract with
time is quite different. As can be seen in Fig. 4b the impedances
values do not significantly change between 0 and 4 h, which can be
associated to the process of moving ions and anti-corrosive species
to the system interface. After 24 ha slight increase is observed in
the impedance that could be due to the reorganization or reaction
of these species generating a passivating layer.

In order to analyze and determine the mechanism of action of
the corrosion inhibiting pigment, a morphological analysis of the

substrate surface after 24 h in contact with the pigment extract was
performed. Fig. 5a shows the micrograph of the surface at 5000x
magnification obtained by SEM in backscattered electron mode.
The analyzed surface shows a layer of products with different mor-
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Fig. 10. Bode plots of coating A applied on steel 

hology than what is typical observed in iron oxides in corrosion
rocesses [35,36], as can be seen in Fig. 5b where the substrate
urface has been in contact with the electrolyte. The EDX analysis
f the metallic substrate after the exposure to the pigment extract
Fig. 5c)reveals a significant presence of Zn, P and Mo,  which could
ndicate the formation of an insoluble passivating complex with
ifferent composition than the one formed after the exposure to
he electrolyte (Fig. 5d).

According to the literature [36,37], a passivating film on the sur-
ace of the steel could be formed due to the reaction between the
orrosion products of the steel and the inhibiting pigment present
n the extract solution by the following mechanisms of action:

xidationFe0 → Fe+2 + 2e−

e+2 → Fe+3 + e−

eductionO2 + 2H2O + 4e− → 4OH−

recipitationFe+3 + 3OH− → Fe(OH)3

Fe(OH)3 + Zn3(PO4)2 → 2FePO4 + 3Zn(OH)2

Molybdate ions are classified as anodic oxidizing inhibitors.
he mechanism by which molybdate inhibits corrosion of steel
ubstrates is typically ascribed to the transformation of the ferrous-
olybdate complex (non-protective form) into a ferric-molybdate

omplex (insoluble and protective in neutral and alkaline water) as
 consequence of the presence of dissolved oxygen in water [38].

.2. Incorporation of zinc molybdenum phosphate on polyester
owder coating

The zinc molybdenum phosphate pigment was  introduced into
he coating B according to the formulation described in Table 1.
oating A is used as a control sample without the incorporation of
he anticorrosive pigment.

Fig. 6 shows Bode plot obtained from the EIS test for the coating

 applied on steel after different times along 1176 h of exposure

o the electrolyte. It can be observed how the impedance values
ecrease with time, especially at shorter times. Three time con-
tants on the phase curve can be distinguished after 48 h, revealing
 cycles of cathodic polarizations from ACET test.

the formation of corrosion products. This leads to model the spectra
with the equivalent circuit of Fig. 1b.

Fig. 7 shows Bode plots obtained from the EIS test for the coating
B applied on steel at different times along 1176 h of exposure to the
electrolyte. Higher impedances compared to coating A at shorter
times of exposure can be observed. In this case only two  phenomena
can be identified (one attributed to the coating at high frequencies
and the other to the interface at low frequencies) in the phase curve,
indicating the presence of two  times constants. This means that no
corrosion products are formed, confirming the improvement of the
coating due to the incorporation of zinc molybdenum phosphate
pigment.

Impedance spectra presented in Figs. 6 and 7 are modeled
according to the equivalent circuits shown in Fig. 1 (Coating A with
circuit 1b and coating B with circuit 1a). EIS simulation results are
presented in Fig. 8.

Since coating A and coating B are modeled with different equiv-
alent circuits, a quality differentiation between samples is implicit:
anticorrosive behavior of coating B is better than coating A. It can
be seen that Rpo decreases rapidly at short times and then seems
to stabilize after 360 h for both coating A and coating B (Fig. 9a).
However, coating A generally presents lower pore resistance, pre-
sumably since it is easier that the electrolyte reaches the interface
through the channels forms due to the coating porosity. Anticor-
rosive pigment addition seems to reduce the permeability of the
coating. Coating B presents a stable coating capacitance (Cc) unlike
coating A which exhibits a significant increase with time (Fig. 9b).
This behavior is attributed to the high absorption of electrolyte
within the matrix of the coating A. Coating B shows greater val-
ues of polarization resistance (Rp) than coating A but both seem to
have the same trend at long exposures times (Fig. 9c). This might be
due to two  different reasons: for coating A the unstable formation
of corrosion products and for coating B, the passive action of the
incorporated pigment. Coating A suggests a more active interface
than coating B as can be seen in Fig. 9d due to the formation of
corrosion products that lowers the double layer capacitance area.
Finally, the graphs of the oxide layer capacitance and resistance
(Cox and Rox) for coating A (Fig. 9e–f) describe the evolution of cor-
rosion products formed in the interface. The increase of Cox with

time can be related to a thickness increase of the oxide layer.

Figs. 10–11 show the impedance results of the ACET test for
coatings A and B. Low impedances and the presence of a third time
constant after the first cycle can be observed in coating A (from the
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Fig. 11. Bode plots of coating B applied on steel after 6 cycles of cathodic polarizations from ACET test.
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ig. 12. Evolution of: (a) Coating capacitance, (b) Pore resistance, (c) Double layer c
oatings A (�) and B (X) applied on steel after 6 cycles of cathodic polarizations fro

ourth cycle the plateaus are clearer). These results lead to the need
o model the data using a different equivalent circuit from coating

 as it occurred in the EIS tests.
Fig. 12 shows the evolution of the modeled parameters for the

CET test. It can be seen that Rpo decreases gradually due to the

ncrease of porosity after the polarizations for both coatings A and
. Coating A presents lower pore resistance than coating B after all
athodic polarizations, which can be related to the different perme-
ance, (d) Polarization resistance, (e) Oxide layer capacitance and (f) Oxide layer, for
T test.

ability of the coatings (Coating A > Coating B, see Fig. 12a). Coating
B presents a stable coating capacitance (Cc) in contrast with coating
A that shows unstable values. This behavior is attributed to an ini-
tial high absorption of electrolyte, a later saturation of the coating
and finally the formation of corrosion products blocking the pores

of absorption (Fig. 12b). The polarization resistance (Rp) showed in
Fig. 12c are quite similar for both coatings as EIS results indicate
the formation of corrosion products (coating A) or a passivating
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Fig. 13. Evolution of the open circuit potential (EOC) versus the relaxation time after
exposure to six cathodic polarizations for coating A from ACET test.
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A powder coating formulation incorporating zinc molybdenum
phosphate pigment was  applied on steel. The anticorrosive prop-
ig. 14. Evolution of the open circuit potential (EOC) versus relaxation time after
xposure to six cathodic polarizations for coating B. ACET test.

ayer (coating B). The Cdl evolution (Fig. 12d) suggests a very active
nterface for coating A with the subsequent formation of corrosion
roducts. On the other hand, Cdl for coating B drastically decreases
fter the fourth cycle attributed to the stabilization of the formed
assivating layer. The graphs of the oxide layer capacitance and
esistance (Cox and Rox) for coating A describe the evolution of cor-
osion products formed at the interface (Fig. 12e–f). In this case, the
roduced corrosion products are more unstable than in the EIS test
s can be seen in Rox. This might be due to the polarization cycles
hat induce delamination processes at the interface.

Figs. 13 and 14 show the potential relaxation versus time after
ach cathodic polarization for coating A and B. A significant dif-
erence between the relaxation spectra of these coatings can be
bserved. During the polarization step, the penetration of the
lectrolyte through the coating is forced. This promotes water
lectrolysis forming H2(g), which tends to be released generating
elamination processes. This behavior can be observed in relax-
tion plots when the potential reaches values close to −1 V. For
oating A (Fig. 13), the first relaxation around −1 V at short times
an be seen, which is related to the stop of hydrogen production due
o cathodic polarization. The following relaxations can be related
o the formation of double layer and/or the release of hydrogen
rom the coating. As it can be observed, there is a hydrolysis phe-
omenon since the first cycle showing high permeability of the

oating and low adherence because the electrolyte is able to reach
etal interface from the first moment.
Fig. 15. Coating A (A) and B (B) on steel after100 h of salt spray fog.

On the other hand, coating B presents relaxation curves quite
different to coating A (Fig. 12) showing higher potential values. In
this case the potential values reached are close to −0.4 V in the
first three cycles that can be ascribed to the release of ions and
electrolyte from the coating. However, as more polarizations are
taking place, smaller delamination processes due to hydrolysis are
observed, because the potential values decay around −1 V. Despite
this, the interface does not show the formation of an oxide layer
unlike coating A (Fig. 10). This action can be attributed to the fact
that the zinc molybdenum phosphate incorporated in the coating,
reaches the interface preventing the corrosion process.

Electrochemcial results have shown that coating B has better
anti-corrosive performance than coating A. They have also indi-
cated the possibility of the formation of a passivating layer and this
can be correlated with the pigment extract study (Section 3.1)

Finally, salt spray fog test was performed. Coating A achieved
100 hon chamber until the failure by delamination occurred. This
is compared to the 264 h achieved by coating B until failure by the
same phenomena. This test was  carried out following the standard
UNE-EN ISO 4628-8 where the samples are evaluated immediately
after the exposure time. First, the residues are eliminated and then
an adhesive tape is placed and removed at an angle and force
set. Using a precision instrument the total width of the area of
delamination is measured in a minimum of six points uniformly
distributed along the incision. Using the mathematical expressions
described below, a degree of delamination is obtained. If this value
exceeds 1 mm  (according to the ISO 12944), the test is considered
as unsatisfactory. The result must be reproduced in at least two of
the three samples for deemed representative.

Average value of delamination width (d1)

= M1 + M2 + M3 + M4 + M5 + M6

6

Delamination grade (d) = d1 − originalincisionwidth

2

Fig. 15 shows the differences between samples after 100 h of
exposure (time at coating A failure). This result confirms the elec-
trochemical tests outcome and concludes the important role of zinc
molybdenum phosphate when incorporated in the coating.

5. Conclusions
erties were studied by means of electrochemical methods (EIS and
ACET) and salt spray fog. Results concerning the quality of powder
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[34] F. Mansfeld, J. Appl. Electrochem. 25 (3) (1995) 187–202.
[35] L. Cáceres, T. Vargas, L. Herrera, Corros. Sci. 51 (5) (2009) 971–978.
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oating formulations obtained with the two electrochemical tech-
iques were quite similar, although the ACET test offered results

n significantly shorter times. The different results showed that the
nticorrosive properties were enhanced when zinc molybdenum
hosphate was added due to the barrier properties improvement
nd the inhibiting action of the pigment. Salt spray fog confirmed
hese results obtaining and improvement of 164 h in chamber.
his was correlated with the isolated study of zinc molybdenum
hosphate by electrochemical means and showed that the anti-
orrosive properties were associated with the process of moving
ons and active species to the system interface preventing the cor-
osion process.
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