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ABSTRACT
To study the influence of the microstructure of cast iron on the adhesion of an epoxy coating, 
ferritic, pearlitic and austempered samples were prepared in as-received, polished and oxidised 
states. A pull-off test (dry adhesion) was performed before immersing in water while the cross- 
cut test was made after 24 days of exposition in distilled water (wet adhesion). X-rays were 
combined with optical microscopy (LOM) and scanning electron microscopy (SEM) for surface 
analysis. The adhesion of the epoxy coating on the cast iron surface firstly depends on the 
roughness of the surface; polished samples showed high adherence by comparison with as- 
received samples. On the oxidised samples, the surface oxide significantly improves the 
adhesion of the coating in both dry and wet states for all three sample microstructure. The 
presence of carbide in the structure was observed to decrease adherence.
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Introduction

Usual unalloyed cast irons have the same corrosion 
resistance or are more resistant than usual steels in 
many applications [1]. Amongst the several possible 
coatings for improving long-lasting corrosion resis
tance of cast iron components, epoxies appear as 
highly versatile ones and give a scratch-resistant finish 
[1]. In most conditions, graphite shape (lamellar vs. 
nodular) was reported to have little effect on corrosion 
resistance of cast irons [2]. In recent literature, a few 
works have been devoted to corrosion experiments in 
NaCl solutions [3–7] but only one was dealing with 
polymer protection of cast iron [8]. The present work 
was thus intended to investigate the possible effect of 
surface preparation and cast-iron microstructure on 
adherence of an epoxy protective layer. The investiga
tion used both pull-off and adherence testing.

Materials and experimental details

Experiments were performed on an industrial nodular 
cast iron that has been processed to give ferritic, pear
litic and austempered grades. The material was received 
as three plates 2 · 80 · 80 mm3 of each grade. Three 
types of surface treatment were studied in this work: 1) 
as received; 2) polished with SiC papers from 80 to 1200 
grades; 3) thermal treated at 600°C for 3 hours.

Micrographs of the material in the as-received state are 
presented in Figure 1 for the ferritic and pearlitic grades. It 
is seen that the so-called ferritic alloy contains some 
pearlite while the pearlitic one shows some ferrite. The 
heat-treatment at 600°C did not lead to any noticeable 
change of the microstructure of the ferritic and pearlitic 

grades. In the case of the austempered material, the heat 
treatment led to limited evolution as can be seen in Figure 
2 where are compared the microstructures before (a) and 
after (b) treatment.

Before coating, all surfaces were initially alkaline 
degreased at 80°C for 15 min and washed with distilled 
water and then ethanol, and finally properly dried. The 
selected coating was a solvent-free epoxy resin, i.e. 
without solvent or water as diluent. The epoxy resin 
was diglycidylbisphenol-A (Epon 828, from Hexion) 
with an equivalent weight of about 185–192 g/eq. 
The hardener was a low viscosity modified cycloalipha
tic polyamine (Ancamine 2735, from Air Products and 
Chemicals) with an equivalent weight per active H of 
95 g/eq. The deposition of the epoxy coating was 
performed on the whole samples and processed so 
that its final thickness was about 60 µm which was 
afterwards controlled with a Minitest FN2 600 from 
Erichsen. The variation in coating thickness from 
place to place on any of the samples was found to 
be ±1 µm.

The obtained coating is characterised by high den
sity and adherence that make it highly suitable as 
a primer for subsequent protective or finish surface 
treatments. For checking the quality of the coating, 
the conventional adhesion pull-off test was first per
formed on one of the large surfaces of the samples. 
This was carried out using Positest Automatic 
Adhesion Tester following ASTM D-4541 standard. 
Though only one test was performed on each sample 
in the present study, the standard deviation of indivi
dual measurement may be set at 0.3 MPa on the basis 
of more extended results obtained on steels [9].
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For all matrix microstructures, Table 1 showed also 
that polishing improved adherence and that oxidation 
did improve it further. It may mean that the surface 
roughness was too large in the as-received state and 
that polishing and oxidation did decrease it. The sug
gested change in surface roughness is illustrated with 
the micrographs in Figure 3.

After exposure to water during 24 days, adherence 
results listed in Table 2 showed again a significant 
effect of surface treatment for the as-received and 
polished states. It is noteworthy that the as-received 
material had better properties than the polished one, 
and also that the ferritic material showed an excellent 
adherence in both states while the ausferritized one 
showed deteriorated properties. However, an excellent 
adherence was obtained for all substrates after pre- 
oxidation of the material. Though it is generally 

admitted that roughness may improve adhesion [10], 
it is also known that stresses are generated at surface 
protrusions which may be decreased with a thin and 
regular oxide layer.

It appeared of interest to observe more specifically 
the ferritic samples as all of them are reported as 
having no loss (Table 2). Figure 4 shows LOM images 
of the ferritic samples after the adhesive loss test using 
dark-field conditions to image differently the substrate, 
the epoxy layer and the mounting. It is seen that only 
the oxidised sample showed that all of the epoxy 

Table 2. Adhesive loss (%) after 24 days of exposure in distilled 
water.

Sample As-received Polished Oxidised

Ferritic 0 0 0
Pearlitic 0 26 0
Austempered 46 100 0

a

b

c

d

Figure 3. Micrographs showing the surface of ferritic (a and b) and ausferritized (c and d) materials in as received condition (a and 
c) and after polishing (b and d). The dark area at the bottom of each micrograph is the mounting; the epoxy layer in between the 
mounting and the material surface can hardly be noticed.







Analysis of the X-rays records in Figure 7 allowed iden
tifying only iron oxides on the oxidised samples. All three 
oxides, haematite Fe2O3 (rhombohedral, a = 5.04 Å, 
c = 13.75 Å), magnetite Fe3O4 (cubic, a = 8.39 Å) and 
wustite FeO (cubic, a = 4.29 Å), could be observed depend
ing on the samples as listed in Table 3. Haematite and 
magnetite could be identified in all oxidised samples, 
while a small amount of wustite was only observed on 
the ferritic sample (see the insert to the left in Figure 7).

Conclusion

Decreasing initial surface roughness improves the adherence 
strength of the primer as measured with the pull-off test, and 
this improvement is enhanced after limited oxidation of the 
surface. On the contrary, increasing the amount of carbides 
in the microstructure decreases this strength, and this may 
well be related with the low polarity of carbides. After 
exposure to water, excellent adherence of the primer may 
be ensured by a limited pre-oxidation of the surface.
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Table 3. Phases detected by X-rays. Only the oxides are 
reported for the oxidised samples for which only the ferrite 
peak of the matrix was identified.

Sample As-received Polished Oxidised

Ferritic F + C F FeO + Fe2O3 + Fe3O4

Pearlitic F + C F + C Fe2O3 + Fe3O4

Austempered F F + A + H Fe2O3 + Fe3O4




