PROGRESS
IN ORGANIC
COATINGS

ELSEVIER Progress in Organic Coatings 33 (1998) 44—54

Evaluation of the surface treatment effect on the corrosion performance
of paint coated carbon steel

D.M. Sanfgata, P.R. SéreC.I. Elsner, A.R. Di Sarli*

Centro de Investigacioy Desarrollo en Tecnoldgide Pinturas (CIC-CONICET), Av. 52, 121 y 122, CP 1900 La Plata, Argentina

Received 5 December 1996; accepted 9 October 1997

Abstract

Electrochemical impedance spectroscopy studies were carried out for plasticized chlorinated rubber coated carbon steel sheets under
corrosion conditions when exposed to artificial seawater. Four different sample types were used (sandblasted, pickled; pickled
phosphatized and sandblastedvash primer). Electrochemical impedance spectroscopy (EIS) data was interpreted considering the value
of the distinct equivalent electrical circuit models, whose components allowed a quantitative evaluation of the long term corrosion behavi
for the different pretreated coated steel specimens. Furthermore, from impedance data, the water content of the paint on the steel subs
was calculated by the Brasher expression and the progress of the coating delamination process was calculated by an empirical expres
relating to the measured/specific double layer capacitance ratio. On the basis of both the electrochemical and the visually monitored t
results it was concluded that the best corrosion performance was provided by pigitexsphated painted steel surfaces followed by the
pickled surfaces. This result was attributed to the fact that such surface treatments might improve the barrier protection and the steel/p:
adhesion properties or reduce the osmotic pressure effect, respediiviéB08 Elsevier Science S.A.
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1. Introduction polymer are being used extensively in the protection and
decoration of chemical plants, refineries, pipelines, bridges,
Surface preparation and/or pretreatment is always impor- power generation and many other (power transmission, har-
tant in obtaining satisfactory coatings performance. It is bor, marine, etc.) facilities. As no paint is indestructible, all
particularly critical for immersion or high humidity condi- the organic coatings will undergo normal deterioration with
tions, which are unforgiving of mistakes in surface prepara- time, however, its rate can be slowed significantly by choos-
tion and coating application. Coatings must be able to form ing a top quality coating and/or using the appropriate sur-
a barrier in order to break the metal—electrolyte connection face preparation and application technique.
for delaying or stopping the metallic substrate corrosion  Water and oxygen can permeate, at least to some extent,
reaction. With these characteristics and others mentionedthrough any organic film although it has no intrinsic struc-
later, based on the film strong properties, it is little wonder tural defects such as cracks and/or pores through the film.
that the chlorinated rubber, which is a compound formed by Water and oxygen travel through the film by jumping from
reacting natural rubber with chlorine, has found so much use one free volume hole to other.
as a maintenance coating vehicle over the years. Thus, coat- As part of a program aimed at defining a lifetime predic-
ings made from chlorinated rubber that have been blendedtion model for steel sheets coated with an organic film, an
with highly chlorinated additives provide toughness, water investigation related to the role played by the surface pre-
impermeability and chemically resistant properties. As a treatment given to the substrate on the global deterioration
consequence, heavy-duty coating systems based on thiof such systems has been started. Therefore, the purpose of
the present paper is to study the differences in the corrosion
protection and coating disbondment provided by a chlori-
* Corresponding author. nated rubber paint applied to previously treated (sandblasted
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(S), pickled (P), pickledr phosphated (PPh) or sandblas- pared according to the ASTM Standard D-1141/94 to a
ted + wash primer (SWP)) carbon steel sheets in artificial depth of 9 cm.

seawater. This steel was chosen because it is a commonly All impedance spectra in the frequency rangé®8 x
used structural material which requires protection against 10° Hz were performed in the potentiostatic mode at the
corrosive environments. Electrochemical impedance spec-corrosion potential as a function of the exposure time to
troscopy (EIS) measurements were carried out to understandhe electrolyte solution, using a 1255 Solartron Frequency
the effect, if any, of the surface preparation method on the Response Analyzer and a 1286 Solartron Electrochemical
corrosion protective properties afforded by a chlor-inated Interface. The amplitude of the applied AC voltage was 10
rubber paint (30 and 8am in thickness), plasticized with mV peak to peak. Data processing was accomplished with a
chlorinated paraffin and pigmented with titanium dioxide. PC and a set of programs developed at CIDEPINT [1] and
Periodical visual inspections were also carried out. by Boukamp [2].

2. Experimental procedure 3. Experimental results

Each sample substrate consisted of aX1100 x 0.3 cm) 3.1. Water uptake
carbon steel test panel, whose chemical composition (%)
was: C (0.16), Mn (0.54), Si (0.05), S (0.01), P (0.01), Water absorption by an organic coating leads to changes
with Fe being the difference. The surface treatment proce-in the film’s mechanical and electrical properties, i.e. a
dures for steel were: (1) sandblasted to ASa 2 1/2—3 (Swed-reduction in the adhesion and/or cohesion forces as well
ish Standard SIS 05 59 00/67) and its roughness, measure@s the electrical resistance. Many authors [3—-5] have studied

with a Hommel Tester Model T 1000, was 2.84).24 um; the water uptake process using impedance measurements
(2) pickled in HCI inhibited with tetrabutyl ammonium iodi-  for evaluating the organic coating capacitance trend when
de + phosphated, using a bath based on a ZnO ayROH- immersed in an aqueous solution. The significance of such

HNO; mixture at 98C for 30 min; (3) pickled in inhibited evaluation arises from the fact that this phenomenon is
HCI and (4) sandblastedl wash primer based on a vinyl related to the corrosion protection properties, which can
resin pigmented with zinc tetroxy chromate. Then, the be determined from EIS data.

steel sheets were cleaned with toluene to ensure surface As the water permeates, the dielectric constant of the
uniformity and coated with a commercially available chlori- polymer changes and, therefore, the coating dielectric capa-
nated rubber prepared by addition of 70% chlorinated rub- citance C;) does too. In this way, the coating capacitance
ber 20cP, plasticized by addition of 30% chlorinated evolution allows the water uptake evaluation using, for
paraffin and pigmented with TiKD Specimens were coated instance, an expression derived by Hartshorn, Megson and
using a Bird applicator which gave uniform coating thick- Rushton [6] and employed by Brasher [7] to obtain the
nesses. The average dry film thicknesses (30 oxr@Cfor following empirical equation:
thin and thick films, respectively) were measured using an

Elcometer Model 300 electromagnetic gauge, Table 1. Two X = W

acrylic tubes used as electrolyte vessels were fixed to the log80
intact coated steel sheet with an epoxy adhesive. The geowhereX is the volume fraction of water absorbe&g(0) and
metrical area for each cell exposed to the electrolyte was Ci(t) are the organic coating dielectric capacitances mea-
15.9 cnf. A Pt—Rh mesh and a saturated calomel electrode sured just after immersion € 0) and at any time, respec-
(SCE) were used as counter- and reference electrodestively and log 80 is the logarithm of the water dielectric
respectively. The cell was filled with artificial seawater pre- constant at 25C.

@)

Table 1

Coatings thickness

Sample Thicknessu(n) Sample Thicknessun) Sample Thicknessun) Sample Thicknessun)
Py 30 S 30 PPh 30 SWR 30
Ps 30 S 30 PPRh 30 SWR 30
Ps 30 S 30 PPR 30 SWR 30
P; 30 S 30 PPR 30 SWR 30
Py 30 PPho 30 SWR 30
P, 80 S 80 PPh 80 SWR 30
Py 80 S 80 PPh 80 SWR 80
Ps 80 S 80 PPR 80 SWR 80
Ps 80 PPh 80 SWR 80

Pio 80 PPl 80 SWR, 80
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Figs. 1f, 2f, 3f and 4f show the water absorption of chlori- thicker paint films remain almost constant and close to
nated rubber coatings deposited on steel sheets subjected t6 £ 0.1 V/SCE. On the other hand, samples coated with a
different surface preparation procedures and exposed to arti-thinner film as well as all the sandblasted (S) samples exhi-
ficial seawater. From these data it was possible to obtain bit values which either remain stable or vary to the normal
values of water uptake saturation ranging between 0.5 andE,,, for unprotected steel under these experimental condi-

3%. tions of —-0.6 £ 0.1 V/SCE. This behavior reflects certain
areas of exposed metal. In essence, the more negative the
3.2. Corrosion potential measured potential becomes, the more susceptible to corro-

sion is the underlying steel surface.
Figs. la, 2a, 3a and 4a illustrate the corrosion potential
(Ecor) changes measured in the coated steel sheets for 703.3. Equivalent circuit models
days of exposure. It is evident that, in general, the potential
of the pickled (P), pickled+ phosphated (PPh) and sand- Impedance spectra provide important information related
blasted+ wash primer (SWP) samples, coated with the to both the organic coating deterioration evolution and the
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Fig. 1. Time dependence of the different parameters characterizing the sandblasted painted steel/artificial seawater system performantélaskite an
symbols indicate experimental results for 30 andu@® thick chlorinated rubber paint, respectively.
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kinetics of the corrosion process occurring on the underly- steel/paint interface, therefore, neither electrochemical dou-
ing steel substrate. The dynamic character of both the paintble layer nor faradaic reaction occur. The information com-
film conductivity and the corrosion products (basically rust) ing from impedance data is associated with the organic
formation as well as the shifts in the disbonded area accountcoating properties. Thufs represents the electrolyte resis-
for changes in the coated steel/electrolyte systems impe-tance between the reference (SCE) and working (coated
dance spectra throughout the immersion time. In order to steel) electrodesR; is the resistance to the ionic flux and
give a physical explanation of such changes and to obtain adescribes paths of lower resistance to the electrolyte solu-
more accurate and less consuming time curve fitting proce-tion penetration short-circuiting the organic coating, its
dure, the equivalent circuit models shown in Table 2 have to value is usually used as a criterion of coating integr@y.

be used. They represent the parallel and/or series connectioris the dielectric capacitance and its value is associated with
of a number of resistors and capacitors, simulating a hetero-the membrane water uptake [8], (circuit A). At longer expo-
geneous arrangement of electrolytically conducting paths. sure times, permeated corrodent species such as water, oxy-
At the beginning of the exposure there is no solution at the gen and ions increase the coating conductivity in such a way
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Fig. 2. Time dependence of the different parameters characterizing the pickled painted steel/artificial seawater system performance. \ithisyardlsia
indicate experimental results for 30 and @@ thick chlorinated rubber paint, respectively.
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that not only theR; andC, but also a diffusional component Sometimes, when the time constants (RC or RQ couples)
Z4 — which was related to the relaxation of a mass transport corresponding to the anodic and cathodic reactions do not
process linked to the oxygen reduction reaction [9] — overlap, these components together with the diffusional one
become measurable. The latter masks completely the initial have to be used in order to get the best data fit, (circuit E).
corrosion attack presumably taking place at a highly loca-  Distortions observed in the resistive—capacitive contribu-
lized steel area, (circuit B). Then, once the permeating spe-tions indicate a deviation from the theoretical models in
cies reach more significant electrochemically active areas of terms of a time constant distribution. This effect is caused
the substrate, the corrosion process becomes measurable doy paint film structural heterogeneities, lateral penetration
that the electrochemical double lay€g and the charge  of the electrolyte at the steel/chlorinated rubber paint inter-
transfer resistanc®, — proper of the faradaic process — face (usually starting at the base of the coating defects),
can be estimated, (circuit C). In turn, this circuit can be underlying steel surface heterogeneities (topology, chemi-
connected with the diffusional compone@t in series cal composition, surface energy) and/or diffusional pro-
with Ry, (circuit D). cesses that can take place along the test [10,11]. These
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factors are taken into consideration during the fitting of the impedance networks shown in Table 2, are summarized in
transfer function associated with the most probable equiva- Figs. 1b—e, 2b—e, 3b—e and 4b—e and Table 3.

lent circuit using the constant phase elem@ntHowever, The loss of the barrier protective properties, particularly

dif-ficulties in providing an accurate physical description of faster in the thinner polymer films, causes either decreasing
the occurring processes are sometimes found. In such casegyr very lowR; values in the case of P, PPh and SWP as well

the standard deviation value of the fitting procedure is used as in almost all the S samples, (Figs. 1b, 2b, 3b and 4b). At

as the final criterion to define the most probable circuit. initial times, most of theR; values for the thicker coatings
are at or above 700 cn?, regardless of the pretreatment
3.4. Impedance results applied. While the corresponding values for the thinner

coatings are highly variable ranging from 31 16 Q
The time dependent values of the equivalent circuit ele- cn?. As the test proceeds, the ionic resistance decreases to
ments corresponding to the steel pretreated/chlorinated rub-a magnitude depending on the steel surface pretreatment,
ber paint/artificial seawater systems modeled by some of theexcept for the thicker coatings applied on PPh samples
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which do not change. Such a result is indicative of an at a value of about Y@ cn?, but in the latter case it drops
increasing coating layer ionic conductivity, and presumably to 010 Q cn? after 25 days of exposure. Fig. 3 also shows
a lower protective capacity caused by the electrolyte pene-that these changes correlate well with Ehg, displacement
tration. For instance, Fig. 3 summarizes the coating resis- towards more active values as well as with the increase in
tanceR; and capacitanc€;, the coated steél,,, the charge the coating capacitance and the amount of water absorbed.
transfer resistanciB and the electrochemical double layer Furthermore, it is interesting to denote that from the
capacitanceCy, as well as the membrane water absorption moment the mentioned changes occurred, Ryeand Cy
percentage and the delaminated area dependence on time foralues become calculable, indicating not only the presence
the pickled+ phosphated painted steel. Whether the metal of a significant corrosion process but also the end of an
substrate is coated with a thick or a thin paint filRa starts effective coating barrier protection at the point from

Table 2
Impedance networks used to fit experimental data

Circuit Samples
S P PPh SWP
A C, 27 45 62 50
—1
—AWN—1
Rs
R¢
B Cs 3 17 1 10
—
— W]
Rs
Ry Z4
C o 22 5 19 15
~ |
— AW Cd|
Rs "“i
Rect
D 7 18 3 10
C¢
— |
—WW—] Cdl
Rs —
Ret Z4
E C¢ 16 7 5 6
i}
-~ Cal
R —
s Ret
'6;"
Ry
R3 Zd

Numbers in columns indicate the times that each network was used throughout the test.
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Evolution of the electrochemical parameters assumed to be associated with the cathodic processes

51

t (Days)

2

9 15 26

35

43

49 55 63

70

Sample S1

Rs x 10° (2 cn?)
Qs x 10° (Flenf)
Zyx 10° (F)
Sample S3

Rs x 10°° (2 cn?)
Q, x 107 (F/en)
Zyx 10° (F)
Sample S4

Rs x 107 (Q cnd)
Qs x 10° (F/en)
Zyx 10° (F)
Sample S5

R; x 10° (Q cnf)
Qs x 107 (Flenf)
Zyx 10° (F)
Sample S6

Rs x 10°* (@ cnf)
Qs x 107 (Flenf)
Zyx 10° (F)
Sample S7

Ry x 107 (2 cn)
Qs x 10° (Flcnr)
Sample P1

Rs x 107° (Q cnmd)
Qs x 10° (F/en)
Zyx 10° (F)
Sample P3

Rs x 10° (Q cn?)
Qs x 10° (F/cn)
Zyx 10° (F)
Sample P5

Rs x 10° (@ cn?)
Qs x 10° (F/en)
Sample P7

Ry x 10°° (Q cnd)
Qs x 10° (F/enr)
Zy x 10° (F)
Sample P9

Ry x 107 (Q cnmd)
Qs x 10 (F/en)
Zy % 10° (F)
Sample PPhl
Ry x 107 (© cnd)
Qs x 10° (F/cn)
Sample PPh3
Rs x 107 (2 cn?)
Qs x 10° (F/en)
Zyx 10° (F)
Sample PPh6
Rs x 107 (2 cn?)
Qs x 10° (F/en)
Zyx 10° (F)
Sample PPh8
Rs x 107 (Q cnd)
Qs x 10° (F/en)
Sample PPh10
Rs x 107* (Q cmd)
Qs x 10° (F/cn)
Zy x 10° (F)

1.90

12.50
5.22

34.50

27.00
0.20

3.19 5.14 13.60
0.74 6.15 3.13
3.46 3.82 6.29
2.07 5.07

31.00
0.34

5.69

20.30
1.35

7.07
15.60

3.13 0.03 0.36
2.51 5.59 5.78

0.70 1.16
3.94 2.66

2.12 4.30
696

8.17
23.8

2.92

7.31

7.25
6.79
8.69

2.92
1.17

8.05

1.93

9.93

3.29
0.79

1.55
13.40

0.72
24.30

23.80
0.16

8.22
3.17

4.08
16.8

0.22

1.43
2.43

3.22
2.72

13.30
5.61

13.70 0.26
2.68 3.22
156

0.10
2.05
7.82

0.40
3.52
8.50

7.29
2.59

7.41
7.55
6.02

9.85 1.20
14.9 9.18

2.82

3.70 1.53
2.83 4.66

462
47.6
7.95

4.51
3.70

3.65 3.10
3.70
2.90

9.15
1.07

0.36
1.30

0.08
17.20
20.70

7.55
4.10

7.68
120

9.06
40.1
2.03

3.92
5.04

1.21
1.58

3.86
2.69
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Table 3

Evolution of the electrochemical parameters assumed to be associated with the cathodic processes

t (Days) 2 9 15 26 35 43 49 55 63 70

Sample SWP1

Zq x 10* (F) 0.31 0.41 930
Sample SWP3

Ry x 10° (Q cnd) 3.49 20.90 0.70

Qs x 10° (F/en) 0.84 1.51 3.62

Zyx 10° (F) 0.03 575
Sample SWP5

Zq x 10° (F) 0.11 0.10 0.16 0.26 3190

Sample SWP7

Rs x 10° (Q cmd) 1.00

Qs x 10 (F/en) 9.37

Z4 x 10¢ (F) 0.11 0.17 0.16 7800
Sample SWP9

Rs x 107° (Q cnmf) 3.78 5.90

Qs x 10” (F/en) 4.08 12.30

Zy x 10° (F) 4.64

which the delaminated corroding areg, (Figs. 19, 29, 39 the film, its reduction reaction and/or the OMdiffusion
and 4g) may be estimated by means of the following empiri- through the interfacial aqueous layer. In order to obtain

cal equation: further insight into the correct physical and electrochemical
interpretation of such a circuit, more investigations are cur-
_Ca(®) - : : ,
Aq= 0 (2) rently in progress so no further explanations will be given
here.
whereA, is the delaminated area (AnCqy(t) is the elec- The experimental results from the differently surface

trochemical double layer capacitance measured at any timetreated steel sheets/&@n chlorinated rubber paint/artificial

t (uF) and 20 is the typical value of the bare steel double seawater systems show that the P and PPh samples remain
layer capacitance, adopted to estimate the underlyingunchanged and display a high corrosion protection level
metallic active surfaceuf/cnt). The Aq cyclic behavior throughout the test, with values &, near to 0+ 0.1 V/

is typical for defective coatings with a permanent change SCE, R; = 10" Q cn?, C; < 10°F/cn?, water absorption

of plugged and free pores [12-16]. <1% and Cy, and R tending toward zero and infinity,
With regard to the electrochemical parametBgsand respectively. However, as can be seen in Figs. 1-4 the S
Cq, and the delaminated area evolution, Figs. 1-4 illustrate samples and to a lesser extent the SWP samples, do not give
that once the barrier protection of the coating is lostEhe a good protective performance. Therefore, under the current
reaches (or remains at) a ‘plateaux’ nearf6 + 0.05 V/ experimental conditions a ranking of the corrosion protec-

SCE andR; stabilizes between f@nd 16 @ cn?. But, the  tion as a function of the different pretreatments leads to the
changes in the electrochemical interface behavior may befollowing results: PPt P> SWP> S for thick chlori-
significant leading, in most cases, to highly delaminated (i.e. nated rubber films and PPh P > S O SWP for thin films.
electrochemically active) areas and, therefore, underlying

steel corrosion. Throughout the exposure test, the kinetics

and magnitude of both the resistive and capacitive changes4. Discussion

associated with the corrosion process taking place at the

steel/chlorinated rubber paint interface show a certain  Tests accomplished under free corrosion conditions show
dependence on the substrate surface treatment. Thus, théhe influence of both the paint coating barrier effect and the
R, and Cy values either fluctuate between 3 and 4 orders surface preparation procedure on the protective ability. A
of magnitude or else stay almost steady, showing well dif- large amount of diverse data has been gathered using an
ferentiated dynamics of the delamination growth. These electrochemical technique, then fitted by means of mathe-
results, together with the sometimes appeaf@gand R; matical algorithms arising from electrical equivalent circuit
components linked in series with the diffusioglcompo- models, and interpreted on the basis of their correlation with
nent — see Tables 2 and 3 — suggest the presence of a mixeghhysicochemical processes occurred in pretreated steel/
diffusion and charge transfer controlled process. It is chlorinated rubber paint/artificial seawater systems.
assumed that such components would be intimately related Thus, examination of the experimental results, coming
with the bad corrosion performance of the coated steel but, from such freely corroding systems and summarized in
particularly, with the kinetics of the reaction(s) occurring Figs. 1-4 and Table 3, show that the extent of protection
at the cathodic areas, mainly the oxygen diffusion through at any stage is much higher and stable when the thick poly-
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mer film is applied on P and PPh than on S and SWP sam-with the underlying steel corrosion rate) a@g contribu-
ples. This is attributed to a good barrier protection provided tions which vary inversely and directly, respectively, with
by the paint film. It reduces the permeation of corrosion the extent of the metallic active area, as can be seen in Figs.
enough to induce chemicals such as water, oxygen andlc, 2c, 3c, 4c, 1le, 2e 3e and 4e.
ions through the film to impede, if not eliminate, a contin- Furthermore, the substrate corrosion is accompanied by
uous cathodic reaction. This is improved by the following an activated transport of species through the organic coating
mechanisms: (a) on surfaces cleaned by acid derusting (i.efilm so that the electroneutrality condition can be per-
P samples), all the rust particles are removed causing notformed. If the ionic current through the film is concentrated
only an enhancement on the metal/coating adhesion but alsat this active area, it may be assumed thatRh&alue is
the absence of a salt water soluble layer on the steel surfacenfluenced by three different factors. First, the amount of
which will undoubtedly retard the formation of an electro- water absorbed (Figs. 1g, 29, 3g, 4g) diminishes the barrier
Iytic layer at the metal/coating interface (due to a reduced, if energy in order that the mass transport process takes place
any, osmotic effect) during immersion, and (b) on PPh sam- easier. Second, the amount of electrical charge developed
ples, the phosphate coating forms complex metallic com- into the non-hydrophilic tested chlorinated rubber films
pounds with the steel substrate having good ability to resist which makes them behave like a semipermeable membrane
corrosion [17]. This last surface pretreatment provides high [19] and third, by the extent of the delaminated area.
surface roughness allowing stronger mechanical adhesion Some uncertainties cause difficulties in interpreting uni-
forces at the phosphated/paint interface and, therefore,vocally the different combination of elements in the impe-
also enhancing the resistance to coating delamination. dance networks describing impedance data changes in
In agreement with these mechanisms, it is assumed thatfreely corroding pretreated coated steel interfaces. How-
the steel surface stays effectively isolated from the electro- ever, the agreement between the experimental evidence
lyte solution throughout the exposure time. Referring to the and the state of the samples determined through periodical
same type of steel sheets coated with thinner more defectivevisual inspections provide some proof of the susceptibility
paint films, the Figs. 1-4 also report: (a) a less significant of the tested samples to corrode and delaminate when
difference among sample behavior, (b) the evolution of all exposed to seawater.
the electrical and electrochemical parameters with the
immersion time account for a more or less severe coating
deterioration and corrosive attack whose kinetics are depen-5. Conclusions
dent on the type of surface preparation used and (c) the lost
of corrosion protective properties through a series of physi- The agreement between electrochemical and periodic
cochemical processes make all these samples unsuitable fovisual inspection results demonstrate that the impedance
exposure conditions similar to the actual experimental ones. measurements are sensitive enough to report changes intro-
It is important to denote that PPh samples exhibited a delay duced on the coated steel corrosion performance when dif-
time for the first 20—25 days of immersion. Neither corro- ferent surface preparation techniques are used. Furthermore,
sion nor disbonding can be detected. Nevertheless, as withit is also shown that the interpretation of experimental data
the rest of the samples, once this process starts it advances ditted using equivalent circuit models turns increasingly
a rate which either increases with time or becomes zero, Fig.complicated as the dynamic changes in the physicochemical
3g. Such a delay time is attributed to the above mentioned processes occurring at the coated metal/electrolyte solution
temporary corrosion resistant properties of the porous interface take place. Therefore, more efforts are being
phosphated layer. The disbonding growth is probably due developed in order to obtain insights related not only with
to the cathodic reaction process, mainly the oxygen reduc-the kinetics parameters characterization but also with the
tion reaction forming hydroxyl ions which has been sug- intrinsic nature of such processes.
gested to destroy the interfacial bond [18]. The corrosion behavior of chlorinated rubber painted
It is interesting to compare the water absorption values steel exposed to artificial seawater correlates well with the
and the corrosion protection properties of the different water absorption percentage, the delaminated area and the
coated steel samples in artificial seawater. Thus, the highermembrane ionic resistance performance. Among the surface
absorption values together with the anomalous polymer preparation techniques tested, the best corrosion protection
capacitance trend, strongly increase as the immersion timelevel is provided by pickled phosphated painted steel sur-
elapses (Figs. 1f, 2f, 3f, 4f, 1d, 2d, 3d and 4d, respectively). faces followed by the pickled surfaces. By comparing these
This can be justified by assuming water penetration into the results with those corresponding to the sandblasted and
paint/treated steel interface. Besides, these results correlatsandblasted- wash primer samples, it was concluded that
quite well with the trend of both the delaminated area (Figs. not only a stable, corrosion resistant and adhesion enhan-
19, 29, 3g and 4g) anf.,,, of the coated steel (Figs. 1a, 2a, cing layer formed on the steel substrate but also a free from
3a and 4a) as well as witR; of the chlorinated rubber film  rust treated steel surface must be obtained in order for its
as a function of the exposure time, (Figs. 1b, 2b, 3b and 4b). useful life to be lengthened. Besides, a permselective
Such a correlation can also be observed Wigh(associated = organic coating film must be also applied, thick enough to
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provide significant barrier protection, at least, under expo-

D.M. Santgata et al. / Progress in Organic Coatings 33 (1998) 44-54

[4] H. Leidheiser, Jr., J. Coat. Technol., 63 (1991) 21.

sure conditions including aqueous solutions containing high [ P-R. SefeD.M. Santgata, C.1. Elsner and A.R. Di Sarli, Surf. Coat.

chloride concentrations.
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