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Introduction 
Due to their excellent corrosion inhibiting properties, both 
red lead and hexavalent chromate based pigments have 
been  used in organic coatings for a long time, In spite of 
their widely recognised toxicity and the legal restrictions 
imposed on their use, they cannot be  entirely elhninated 
from formulations even though there is an increasing trend 
towards reducing their content in anticorrosive paints used 
for industrial maintenance. Regardless of the many efforts 
that have been  made  to replace these toxic pigments, the 
replacment compounds that have been proposed have in 
only a few cases b e c o m e  as effective, as has been  claimed. ~- 

Accordingl~ such use has not generalised. It is perhaps  a 
measure of ff~e efficiency of the traditional pigments that 
they still held approximately 50% of the US market in 19907 

One of the substitutes that has often been  employed in the 
formulation of environmentally acceptable  anticorrosive 
prirrters is zinc phosphate, ~ Its anticorrosive mode  of 
action is not yet fully understood, According to a recent 
review: 6 "the protective action of zinc phosphate  results 
from phosphatization of the metal substrata and the forma- 
tion of complex substances with the binder, These sub- 
stances react with corrosion products to yield a layer that 
adheres strongly to the substrata, More recent studies, have 
shown that the protective action is due to the fbrmation of a 
film of iron o:cjhydroxides on the steel, This involves the 
polarisafion of cathodic areas by the formation of sparingly 
soluble basic salts that adhere to the surface, These salts 
may contain the phosphate anion, The low solubili~; of zinc 
phosphate  and its extremely coarse crystalline structure 
could affect the formation of the protective layer", 

Zinc phosphate  is able to be  used with all bffnes of binders. 
When added to resins it improves both the drying and the 
adhesion to the metal substrata. 7 However, very  different 
experimental  results have been  obtained with this pig- 
ment: accelerated tests gave bad ~esults but long-term out- 
door e~nosure tests were encouraging, s New phosphate-  
based  pigments  have been  developed to ~eplace zinc 
phosphate.  One of these modifications is micronised zinc 
phosphate  which has acquired an increasing significance 
since it disperses better, settles less and the amount used 
in the paint may be reduced. This is probably due to the 
smaller particle size and the surface changes  produced 
during the rnicronisafion process.  

An excellent starting point for appraising ff~e usefulness of 
substitutes for toxic anticorroshre pigments, is to control the 

ratio of the pigment volume concent-ation (PVC) to the criti- 
cal pigment volume concentration (CPVC). The correct 
choice of PVC with respect to the CPVC of the paint system, 
is an essential consideration in designing coatings of all 
!rinds. s Most of the important physical properties, (including 
gloss, hiding power (opacity), permeabilit, L flexibility and 
scrubbabilit%r), most of the mechanical properties, many of 
the optical propert ies (except colour) and rnany of the elec- 
trical propert ies of a paint film are dependent  on the 
PVC/CPVC ratio. This ratio was named by Bierwagen and 
Hay 9 as the reduced pigment volume concentration and is 
represented by the Greek letter lambda (A). 

Electrochemical impedance  spectroscopy (EIS) has proved 
its value in the evaluation of the performance  and degrada-  
tion of coated metals in contact with electrolyte solutions, 
EIS is very useful because  it provides the possibility of 
investigating systems with a high resistance owing to their 
dielectric properties, and, moreover, it is also possible to 
detect, at a very early stage, the onset of the corrosion 
process and to determine the corrosion protective mecha-  
nism of active pigments. ~~ A large number  of impedance 
studies of painted metals under conditions of permanent  
immersion has been  published. According to Feliu and co- 
vr ~ values representative of the impedance  parame-  
ters of the metal/paint system and their changes with time 
provide valuable information of the degradation system. In 
addition a quantitative method of making performance 
comparisons of different paint systems is made  available. 

The pu rpose  of this work was to compare  the protective 
capaci~; of t).,vo series of anticorrosive primers, p igmented 
with different contents of micronised zinc phosphate.  As 
the binder, b~,TO vinyl ~esins were employed: VAGD ~esin, a 
partially hydrolysed vinyl chloride - vinyl acetate copoly- 
mer, which adheres  on a wash primer; and VMCC resin, a 
ca rbo~d  modified terpolymer resin, that can be applied 
directly on steel, The performance  of both paint series was 
assessed by EIS combined with adhesion, salt spray and 
humidity chamber  tests. 

Experimental 
Composition and Paint Preparation. 
~s~s the anticorrosive pigment, micronised zinc phosphate  
was used. Its morphological characteristics were outlined 
in previous p apers.~.~ Paints were p~epa~ed with 8, 16 and 
25% of micronised zinc phosphate  of total pigment content 
by weight, at A ratios of 0.8, 0.9 and 1.1. Although ft fs not 
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usual to employ A = 1,1, in anticorro- 
sive paints, this ratio was included in 
assessments  of the anticorrosive pig- 
rnent peffbrrnance, with a minhnurn 
contribution of the binder barr ier  
effect, Paints we:e  formulated if-ore 
similar pigment  mixtures including 
Fe(III) oxide and barytes, These mate- 
rials do not have anticorroshre proper-  
ties, rather their role was to provide 
hiding power in the case  of the Fe(III) 
oxide, and to act as an inert extender  
in the case  of barytes, The exper imen-  
tal formulations are shown in Table 1, 

Table 1: Composition of paints lesled (g/1 O0 g). 

Component Painls 

1 2 3 4 5 6 7 8 9 

Zinc i)l~osl)hate 5.7 10.9 16.3 6.1 11.7 18.1 6.4 12.4 18.7 
Ferric oxide 33.3 29.0 24.8 35.6 30.9 26.4 37.5 32.8 28.3 
Bariurn sulphate 32.5 28.2 24.3 34.7 30.3 26.0 36.6 32.3 27.7 
Vinyl resin 22.8 25.5 27.7 18.9 21.7 23.6 15.6 18.0 20.2 
Tricresyl plcsl)hate 5.7 6.4 6.9 4.7 5.4 5.9 3.9 4.5 5.1 
Zincl:~l~osphate content, (%) 8.0 16.0 25.0 8.0 16.0 25.0 8.0 16.0 25.0 
PVC/CPVC (L) 0.8 0.8 0.8 0.9 0.9 0.9 1.1 1.1 1.1 

of the painted samples  (9,1 cm z) exposed  to the elec- 

Two homologous series of anticorrosive pr imers  we:e  p:e-  
pared  using the two commercial  g rades  of vinyl resins, The 
first series, identified as 1-9, included VAGD resin, a par- 
tially hydrolysed vinyl chloride - vinyl acetate copolymer, 
The second series, identified as 1V-9V series, was made  
with VMGG resin, a carbo~, l  modified vinyl chloride ter- 
polymer, Vinyl resins most widely used in coatings are 
vinyl chloride -v inyl  acetate copolymers that can be  mod- 
ified, as in this case, with hydroxyl groups to improve the 
compatibility of the copolymer  with other resins such as 
epoxies and allq/ds; or with rnaleic acid to enhance  the 
adhesion to the substrate, ~ By changing the vinyl chloride 
- vinyl acetate ratio and the degree  of polymerisation 
deg ree  various polymers with different propert ies  can be  
obtained, The vinyl acetate concentration influences the 
copolymer  solubility, A high vinyl chloride content pro- 
duces  films of low permeabil i ty and high water and chem- 
ical agents resistance, 

The polymeric film formers were each used a solvent mix- 
ture containing methyl isobutyl ketone, :cflene and butyl 
acetate at a ratio 10/20/70 by weight  Tricresyl phosphate  
was added as plasticizer, being the vinyl resin/plasticizer 
ratio 4/1 by weight  

Paint assernbly was prepared  in a laboratory using a ball 
mill of 8,3 litre jar capacity,: First, the resin solution was 
added and then the p igmen t  Dispersion took place for 24 
]flours, :s 

Preparation of the test panels. 
The 15 • 7,5 x 0,2 crn specimens,  used as the metallic sub- 
strate, we:e  cut from SAE 1010 steel plates, The surface, 
(initial g rade  A), was sandblasted to Swedish Standard SIS 
05 59 00/'67 Sa 2 1/'2 and then vapour degreased  with 
toluene, The paint series 1-9 (with VAGD resin) were brush 
applied over spec imens  previously coated with a wash 
prhner  (8SPG-PT 3-64 specification), Paint series 1V-9V 
were brush applied directly over the bare  steel, The aver- 
age dry film thickness was determined as 60 _+ 5 pm with 
the aid of an electromagnetic gauge,  using a bare sanded 
plate and standards of known thickness as reference, 
Samples, thus prepared,  were kept in the laboratory 
atmosphere for 24 hours befo:e the start of the tests, 

Laboratory Tests 
Electrochemical impedance spectroscopy. 
The impedance  measurements  were carr ied out at ambi-  
ent temperature v~4th a three electrode arrangement  and 
at the rest potential of the coated sample, The surface area 

trolyte, (a 3% NaC1 solution, pH = 7,0), was confined by 
means of a short p iece  of glass tubing attached to the 
coated steel surface using a silicon rubber  adhesive, On 
each specimen,  two cylindrical tubes were fixed, The cell 
contained a graphite electrode, as the counterelectrode 
and a saturated calomel electrode (SCE) as the reference, 
Impedance  spectra were collected in the potentiostatic 
mode, using a Schlumberger  1250 frequency :esponse  
analyser (FP~ 0, opera ted  under microcomputer  control, 
The FP~ was connected to the electrochemical cell 
through a Pb~ 273 potenfiostat, A sinusoidal signal of 10 
mV was applied over a fl-equency range from 100 kHz to 1 
MHz, hnpedance  measurements  were made  for all the 
paints, after different exposure  thnes in the electrolyte of 
up to 576 hr, 

Salt spray testing (ASTM B 117-90). 
Before the test, a cross scratch, penetrating through the 
coating, was made  m all specimer:s, fbllowing ASTM D 
1654-92 standard, in order to evaluate the protection pro- 
vided in the p resence  of a paint film failme, The test was 
carried out in triplicate and determining the mean value of 
data, The oxidation grade  was assessed according to 
~ZTM D 610-85 standard, after 500 hours exposition, 

Humidity chamber (ASTM D 2247-87). 
~ o t h e r  sample  batch similar to that descr ibed  above was 
placed in a humidi~; chamber,  (100% relath;e hurrfidi~; 
and 38 i I~ for 500 hours, The blistering grade  was 
assessed accordingASTM D 714-87 standard, 

Adhesion (ASTM D 4541-89). 
The pull-off test was carr ied out in triplicate using an 
Elcometer 106 portable device, 

Results and Discussion 
Figure 1 shows the impedance  spectra obtained fl-om the 
coated electrodes after 1 hour immersion in the sodium 
chloride solution, Reproducible data were obtained from 
the two cells on each coated  steel specimen,  The Bode 
plots of the 1V-9V paint ser ies  show two characteristic 
segments,  The high-frequency, straight line region, repre-  
senting a capacitive behaviour has a slope close to uni%~, 
indicating that the modulus Z is inversely :elated to co, At 
lower frequencies, the straight line bends  so as to b e c o m e  
a line approximately parallel to the abscissa; the imped-  
ance is independent  of frequency, indicating a I ZI resis- 
five value, 9i( 8i( 7V and 6V paints (except  7V paint, all 
with 25% of zinc phosphate)  showed a gradual transition 
from capacitive to resisthre behaviour and total coating 
resistance values (Rf) at the lowest frequencies around 109 
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Figure l: Electrochemical impedance spectra after I hr immersion in a 3 % NaCl solul[on for sleel electrodes 
coated wilh painls conla[ning micronized zinc phosphale [n VMC( vinyl resin (IV-gV) or in VAGD vinyl resin 
(1-9). 

Figure 2: Example of complex plane plol for painls wilh the highesl Rf values. Painl 
3V after I hr immersion in a 3 % NaCl solution. 

the coating propert ies  and suggests  
that the electrolyte has started to per -  
meate  through the coating, see  Figure 
2. The corresponding electrical 
equivalent circuit is a Randles simple 
c i r cu i t /~  a combination in series of 
the solution resistance with a parallel 
ar rangement  containing the ionic 
resistance (Ri) and the coating capac-  
itance (Cp). Conversely, 4V 8V 5V and 
1V paints showed a relath;ely sharp  
capacitive-resistive transition and Rf 
values which are progressively low, 
be~veen 107 and l0 s ~ cm z, The corn- 
plex plane plots for these paints 
depic ted  a complete  semicircle at 
high frequencies and only a portion of 
a second semicircle at the lowest fre- 
quencies, see  Figure 3. The corre-  
sponding electrical equivalent circuit 
had two time constants l6-19 indicat- 
ing that the electrolyte pe rmea te s  
through the coating and that the oxi- 
dation and ~eduction electrochemical 

processes  have started to happen  in the coating/steel 
interface. Thus, the high frequency time constant is the 
result of the coating capaci tance (Cp) and ionic ~esistance 
(Pd) interaction and the low frequency relaxation time is 
given by the charge transfer resistance (Rt) and the dou- 
ble layer capaci tance (Cd).2~ 

Figure 3: Example of com plex plane plol for painls wilh middle Rf values. Painl 5V 
after 1 hr immersion [n a 3 % NaCI solul[on. 

The value of l0 s t~ cm z provides a distinct zone between 
both paint series. All Rfvalues for the 1-9 series are lower 
than l0 s ~% cm z, ranging from -- 8.9 x 104 to 6.9 x 103 ~% cmz 
fbr 4 and 3 paints, respectively, causing an overlap in the pd. 
values and in the whole spect rum range. These low ~esis- 
tance values indicate that the coatings possessed  inherent 
porosi~; and that a substantial amount of electrolyte had 
penetrated the po~es in the coating. ~s The lack of linearity 
of the high-frequency segment  of some spectra has been  
associated with a continuous state of change of the coated 
steel samples  due to electrolyte uptake. 2~ This paint series 
showed another response model  so long as the coating 
capacitance-~esistance transition was shifted to higher fre- 
quencies (i.e. ~-- 104 Hz). The complex plane plots also 
showed two poorly defined semicircles and much less Z 
imaginary and Z real values, Figure 4, than those measured  
for the 4V- 1V paints. 

o cm z, Throughout the text, PJ ~,~dll indicate the Bode plots 
ext reme values considered as total coating resistance, 
since, eventually, they vr represent the sum of the coating 
~esistance, charge transfer resistance and solution resis- 
tance. The complex plane plots of these four paints depict 
an incomplete semicircle which contains information of 

The impedance  spectra after 576 houB of mtmeBion, are 
shown in Figure 5. In order  to facilitate interpretation, some 
spectra of 1v-gv paint series were omitted. Even so, the 
spectra and Rfvalues of both paint series overlap. Rf values 
range if-ore .- 2.8 x 104 to 1.7 x 103 f2 cm z, for 9V and 7 
paints respectivel:,~ This suggests  that the electrolytes has 
penetrated the coatings and that corrosion of the metallic 
substrata has taken place extensivel:,~ It also indicates that 
the organic coatings were no longer acting as a protective 
layer. The decrease  of resistance, throughout the frequen- 
cy range studied, with increasing time of immersion, sug- 
gests that water ingress was uniform throughout the coat- 
ing and not localised. ~s These assertions were verified by 
inspecting the immersion zones. Highest Rf values paints 
(8~,-~ 6~ 9V), showed less rust, with blisters only in some 
areas of the immersion zone, but none had burst. In the rest 
of the paints, although some had fewer blisters like those of 
paint ,.., ~ blisters were, on the whole. . ~, in the immersion zone_ 
and some of them were burst, with abundant rust around 
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them, This inspection was carr ied out using a low rnagnifi- 
cation stereoscope, 

It can be seen, in Figure 5, that only four paints, including 
the three paints of 1V-9V series which contained 25</o of 
zinc phosphate,  showed the coating capacitive-resistive 

Figure 4: Example of complex plane plol for 1-9 painl series, Iowesl Rf values. 
Paint 4 after 1 hr immersion in a 3 % NaCI solution. 

transition in the ff-equency range of the plot, For the other 
paints, this transition had moved toward even higher fre- 
quencies, 2~ At lower frequencies, all paint responses  bent 
upward showing a linear increase in log I ZI as log f 
decreases,  This additional low fl-equency component  of the 
impedance  spectra has been  identifed as the onset of 
substrata corrosion, However, in this plot it represents the 
Warburg impedance  (diffttsion tail) as a consequence  of a 
diffusion controlled corrosion process  at the paint/steel 
interface, Figure 6 proves the appearance  of this kind of 
impedance  for 1V paint, after 576 hours of immersion, The 
highest Rf w~lues paints (gv, 3V, 6V) showed a poorly 
defined sernicircle followed by the diffusion tail, The 1-9 
paint series depicted the diffusion tail alone, as it was 
already obse rved  after 24 hours, The shape  of the dia- 
grams did not change fi-om this time to the end of the 
immersion time, only the Z imaginary and Z real values 
b e c a m e  progresshrely lower, 

~s~s for the low Rf values showed in Figure 5 for 1V-gV paint 
series after 1 hour immersion, the specimens  with the 
highest RS values decreased  about five orders of magni- 
tude after 576 hours exposure, indicating an increasing 
ionic conductivitTj for the coatings and lower protective 
properties, as a result of electrolyte penetration (Figure 7), 

On the contrar3~, fbr 1-9 paint series, 

Figure 5: Electrochemkal impedance spectra after 576 hr immersion in a 3 % Na(I solulion for sleel eledrodes the decrease was of about one order 
coated wilh painls conla[ning micronized zinc phosphate [n VMMC vinyl resin (1v-gv) or [n VAGD vinyl resin of magnitude or less, The values were 

very low after only 1 hour of irnmer- 
(1-9). sion and stayed at this low range dur- 

ing the whole test period, as can be  
seen in Figure 8, It is worth noting that 
the evolution of the corrosion potential 
(Ecorr) showed a behaviour very  sim- 
ilar to that of the P,f, ie, initially for the 1- 
9 paint series, Ecorr values were 
between - 376 and - 628 mV/SCE, The 
Ecorr values far from -- - 650 mWSCE, 
the known free corrosion potential of 
uncoated steel under equivalent envi- 
ronmental conditions, shifted rapidly 
and continuously in the negathre direc- 
tion, reaching a value near to - 650 
mV/SCE in only 72 hours and 
remained in this range until the 576 
hour test period, On the other hand, 
Ecorr values for 1v-gv paint series, at 
the beginning ranged from 85 to - 358 
mV/SCE, growing slowly to the nega-  
five side, After 576 hours all the Ecorr 
values were equal to the flee corro- 

Figure 6: Appearance of Warburg im pedance for painl 1V after 576 hr immersion in sion potential of the steel, except  that of the 3V paint Ecorr 
a 3 % NaCI s01ul[0n. (- 566 mV/SCE), 

The associated increase in capacitance as a fLmction of 
time, as a consequence  of the electrolyte penetration into 
the coating, is difficult to assess due to the uncertaintTj in 
the calculated capacitance values, This is due to the higher 
degree  of deterioration shown by most of the paints, after 
scarcely 24 hours of immersion (Figures 7 and 8), 
Practically, the paint film capacitance can be  calculated 
only on paint films that have not been  d a m a g e d  too much, 
Several researchers have determined paint capacitance 
ratio after very long exposure  times, on badly d a m a g e d  
films, and/or at lower frequencies, z~,2s so, what they really 
have determined is the double layer capacitance, Actuall3~, 
in order to continue measuring the capacitance of a deteri- 
orated paint, it would be necessary  to use much higher ire- 
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Figure 7: Varialion of Rf values as function of time for painl series 1v-gv. 

Figure 8: Varialion of Rf values as function of time for painl series 1-9 

Figure 9: Coaling resislance vs A ratios for the 1v-gv painl series after 1 and 576 hr im m ersion tesling. 

quencies than those permitted by the 
measur ing equipment used. 2~ 

Sometin:es it is possNole to calculate 
the paint capacitance if, previousl~L the 
ionic resistance has been  determined 
as the length of the chord enclosed by 
the points at which the high f lequency 
semicircle cuts the real axis, in a com- 
plex plane diagram. However, as 
noted earlier, only paints ~.,vith 25.% of 
zinc phosphate  showed this high if-e- 
quency semicircle up to 576 hours. 
The plot of capacitance for the al0ove 
mentioned paints as function of time 
sho~.,ved a trend of continuous increase 
of capacitance after immersion. A 
capacitance stabilisation per iod (con- 
stant value) after some hours It was not 
observed,  indicating a continuous 
electrolyte uptake. This behaviour is 
similar to that given by a coated elec- 
trode with an artificial intentional 
defect} 9 

From the EIS results provided, it is 
apparent that the only mechanism that 
is common in the metallic substrate 
protection is a barr ier  effect, although 
the high porosity of 1-9 paint series 
just at the beginning of the in:mersion 
and the increasing porosi t j  of the 1V- 
9V paint series as f%:nction of time it 
was noticed. Chemical protection by 
build-up of solid compounds  that plug 
the pores  did not occur. The electro- 
chemical mechanism which involves 
the build-up of permanently passive 
conditions at the metal surface was 
hindered by the action of chloride ion 
which formed soluble ion complexes  
of iron which may diffuse away and a:e 
converted to insoluble rust products} ~ 
The exact nature of the po:es  in the 
organic pr imers  is not clear. These 
po:es  could be  macroscopic flaws 
created during the application or cur- 
ing process, or they could be  micro- 
scopic defects with tortuosity associ- 
ated with amorphous polymer  tan- 
gles, or even flaws due to poor  attach- 
ment of pigment particles to the 
resin, ~s 

The damage  to both paint series may 
be  increased by the fact that tricresyl 
phosphate  is a highly hydrolysable 
substance due to its high polarib< 2s As 
a result of this, the film b e c o m e s  very  
p e r m e a b l e  to water, oxygen and ions 
which increased the conductivit~j of 
the solution and facilitated at the inter- 
face the cathodic reaction of o~,rgen 
ionisadon, complementary  to the 
metallic dissolution process. 

With regard to the effect of the A ratio 
on the per formance  of the paints, 
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Figure 1 O: Coating resistance vs A ratios for the 1-9 painl series after a) 1 hr and b) 576 hr immersion testing. deteriorated with respect to paints 
with A < 1,0, So far, it is not known wt V 
this behaviour occurs with A = 1,1, is 
not unknown considering that, when A 
> 1,0, the~e a~e voids in the film with 
part of the pigment particles not m 
contact with the binder? It could be 
due to the small particle size of the 
micronised zinc phosphate and its 
interaction with the mo~e acidic resin 
(~,rI'v~CC), By successively diminishing 
of the particle size, the active area is 
increased m such way that its ant icof  
romve action becomes  more effecth;e, 

As for the importance of the micro- 
nised zinc phosphate, a 25% content 
showed the highest PJ values, beblanc 
et aF claimed that the zinc phosphate 
protective action clearly increases 
with the concentration, being, in some 
cases, better titan that of the zinc chro- 
mate, They obtained the best results 
with a PVC of 40%, although they did 
not ~eport the paint A ratios they used, 
They mention that the damage at the 
paints cuts was much reduced and 
that the paint films showed excellent 
adhesion to the substrate, 

Figure 9 shows Rfvalues plotted against such a ratio after 1 
and 576 hours immersion, for the 1v-gv paint series, It can 
be seen clearly that after 1 hour of immersion, the lines for 
the three contents of zinc phosphate went up as the A ratio 
increased from 0,9 to 1,1, The behaviour for the paints with 
8% ofmnc phosphate shows as a straight line, bffter the 576 
hours test period, the paints with 25% of zinc phosphate 
continued showing the highest P,f values, including 9V 
paint with a A = 1,1, In contrast, the other two paints with 
the same A ratio exhibited the lowest Rf values even 
though these were very similar to the values of the other 
paints, A minimum for 6V paint with a A = 0,9 can be seen 
at both test periods, For the 1-9 paint series, the Pd values 
were already low after 1 hour of immersion and diminished 
ff~rther after 576 hours of hrtmersion, as can be seen in 
Figure 10, 

The good ~esults yielded by the 9V paint, with A = 1,1, are 
in conflict with the ~esults that were expected and with 
those reported by 8kerry et al} 2 In allq,rd primers contain- 
ing either zinc chromate or barium metaborate as 
inhibitors, Skerry et al ~ found that the Rf values sharply 
diminished when the A ratio changed fl-om 0,8 to 1,1 ( -  
from 109 to 104 ~ cm z) and the paints with A = 1,1 quickly 

The results obtained in the salt spr<r 
chamber and in the humidity chamber, 
both after 500 hours of testing, are 
shown m Table 2, In the salt spray test 
none of the paints depicted blistering 
during the test, The anticorrosive pro- 
tection achieved with the VMCC resin 
was more pronounced than that 
obtained with the %{~GD resin, This 
increased with the higher zinc phos- 
phate contents, Again, it can be seen 
that paints with 25% of rmcronised zinc 
phosphate and A ratios of 0,8-0,9, gave 
the smallest oxidation, Thus, 3V and 6V 

paints showed the best antfcorrosive performance, 9V paint 
also showed good anticorrosive performance, but not as 
good as that indicated by the impedance test, A mmilar 
trend was observed with paints numbers 8, 6 and 9 although 
the protection capacity was smaller, 

Table 2: Resulls of salt spray and humidity (hamber tesls bolh afler 508 hours 
exposure. 

Stilt sprcJy test Humidity chamber test 
Oxid atl"on B listerin g 

(ASTM D 610-85) (ASTM D 714-87) 

PAINT 1-9 SERIES lV-9V SERIES 1-9 SERIES 1V-gV SERIES 

1 2 5 8MD 6M 
2 3 5 8MD 6M 
3 4 8 8M 6F 
4 4 5 8M 8D 
5 4 6 8F 8MD 
6 5 8 8F 8F 
7 4 4 8F 8F 
8 4 5 8F 8F 
9 5 7 8F 8F 
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Table 3: Resulls of [nil[al painl adhesion by pull-off method, ASTM D 4541 - 89, in 
MPa. Values are the average of 3 determinal[ons. 

Pent Series 

1 - 9  1V-9V 

1 1.08 1.18 
2 1.08 1.27 
3 1.18 1.27 
4 1.18 1.37 
5 1.27 1.37 
6 1.37 1.47 
7 0.88 0.98 
8 0.98 0.98 
9 1.08 1.18 

1 I,,IP(I = 145 psi = 10.2 Kg/cm2. 

After 500 hours of exposure in the humidity chamber, the 
blister grade for paints 6 to 9, in both paint series, was the 
same: only a few small blisters (8F), For the other paints, 
the amount of blistering per  unit area increased when the 
A ratio diminished, Slightly better behaviour of paints num- 
ber  3, with 25% of micronised zinc phosphate, with respect 
to paints numbers 1 and 2 was observed,  

Results of the adhesion test are shown in Table 3, Adhesion 
is lower for paints fbrmulated with VAGD resin than for 
paints formulated withVMCC resin, The adhesion increased 
when the A ratio increased from 0,8 to 0,9, However, the 
adhesion diminished when the mentioned ratio was 1,1 and 
the zinc phosphate content lower than 25%, 

Conclusions 
All tests employed po in t  to the better behaviour of the 
paints formulated with the acidic resin (VMCC) than with 
the VACD resin, Furthermore, paints containing 25% of 
zinc phosphate by weight and a A value = 0,8-0,9, showed 
the best anticorrosive performance in the EIS, salt spray 
and adhesion tests, Similar paints, but with A = 1,1, showed 
the highest coating resistance w~lues after 576 hours 
immersion in a .3% NaC1 solution, These results were not 
confirmed by the traditional laboratory tests, 

With exception of the increase in Rf values, fbr paims with 
SqVICC ~esin, containing 8% of zinc phosphate by weight after 
1 hours immersion, for both paint series, the conosion pro- 
tective properties were not greatly affected by the A ratios, 

Using parameters derR~ed from impedance data, the total 
coating resistance at the lowest frequencies is easily and 
unambiguously determined, whereas the calculations of 
paint capacitance values must be  done careffflly in order 
not to mistake them for the corresponding values of the 
double layer, 

Again, the m~portant role of the binder m paint formulation 
has been proven, It can be  seen from this work using the 
same inhibitor pigment, that for the same pigment blends 
and even two b'pes of vinyl ~esins, the t:r paint series p~e- 
pared had very diffb_.rent electrochemical responses, at 
least in the beginning of the immersion test, although they 
became very similar later, 
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