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Abstract: The Scanning Electron Microscope (SEM) has been used to study the adhesion of red
oxide primer on selected substrates. The substrates are stainless steel, mild steel, galvanized steel
and aluminium. Twenty (20 No) specimens were prepared from the four different substrate metals
and examined metallographically, after coating them with red oxide primer using different methods
of application. Results showed varying degrees of adherence. The red oxide primer was able to
form bonds with the different substrate metals, especially with the well cleaned, primed and
subsequently painted stainless steel specimen.

Introduction

Maintenance coatings are film-forming products used in industry to give continual protection and
decoration to capital assets [I]. The idea of substrate protection becomes essential due to a number
of reasons: Corrosion protection of metals and alloys, corrosion protection of concrete and masonry,
erosion protection of steel and concrete, heat reflection, fire endurance and maintenance of
aesthetics.

Coatings serve several general functions. As architectural coatings, they usually provide a balance
of protection and decoration, mostly in mild environments. Of all environmental influences that
may impact negatively on substrates, the most common and destructive is corrosion. Corrosion is
one of the most damaging mechanisms in many engineering structures [2], Corrosion entails
catastrophic attack on a substrate either chemically or electrochemically, through exposure to the
prevailing environment. Over the years, researchers have observed that metallic corrosion
represents a tremendous annual loss, which has been very detrimental to industrial equipment as a
whole. The findings of Liang [3] showed that the most detrimental pollution is sulphur dioxide and
chloride ion for corrosion of carbon steels and low alloy weathering steels. Likewise, metal dusting,
a form of corrosion, is a major issue in plants used in the production of hydrogen-and methanol-
reformer systems, and syngas (H2CO mixtures) systems that are pertinent to the chemical and
petrochemical industries [4]. Nevertheless, frantic efforts have been in progress continuously to find
effective ways of minimizing the effects of atmospheric conditions on substrates. For instance,
maintenance coating has been explained as a means of protection against corrosion [5, 6, 7, 8 and
9]. In addition, Ashby [10] explained maintenance coating as a means of protecting iron and steel.
Moreover, Higgins [11] and Vlack [12] both emphasized on maintenance coating as a way of
preventing the oxidation of metal alloys. In order to protect substrates, a continuous barrier can be
interposed between substrate’s-surface and corrodent. For example, Prasad [13] indicated that
environmental degradation behaviour of metals and alloys can be improved by modification of their
surfaces using high energy beams. Also, the laser cladding technique is increasingly being used in
the industry as a pro-active technology for corrosion and wear protection and as a reactive
technology for repair of worn components [14],
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In this study, the protection (coating) is based on the fundamental principle that substrates (metals)
will not be exposed to adverse chemical reactions unless they are made to react with the
environment. Therefore, the objective of this study is to carry out metallographic study by
evaluating the degree of the adherence of some selected substrate metals; aluminium, mild steel,
stainless steel and galvanized steel with the given surface maintenance coating applied, in order to
determine the one with the best bonding characteristics.

Materials and Methods

Twenty specimens were prepared from 4 different substrate metals sourced from the African
Regional Centre for Engineering Design and Manufacturing, ARCEDEM (lbadan). These metals
included: aluminium, mild steel, stainless steel and galvanized steel. They were sub-divided into 5
groups of 4 specimens per group to evaluate their adhesion degree by coating with red-oxide
primer. The variations were as follow:

(@) Cleaned and primed only.

(b) Cleaned, primed and subsequently painted.

(c) Primed without any prior surface cleaning or preparation.

(d) Cleaned, primed and thereafter thrown with sand.

(e) As-received states to serve as control specimens.

On exposure of these specimens to the atmosphere for a period of eight (8) months, they were
prepared metallographically and examined using the Scanning Electron Microscope (SEM) at the
Central Science Laboratory of Obafemi Awolowo University, lie- Ife. Table 1 shows the various
coatings given to the substrate metals.

Table 1 Various coatings given to the Substrate metals

Treatment A B C D E
Cleaned Cleaned, Primed Cleaned, As
and Primed and without Primed received
Primed Subsequently  prior and state
only painted cleaning/ manually

Specimen preparation  sand

blasted
1 Stainless A, B, Ci D, E,
steel
2 a? b2 C2 d2 e2
Aluminium
3 a3 b3 C3 d3 NE3
Mild steel
4 A b4 C4 d4 ed
Galvanised
steel

Results and Discussion

The micrographs obtained from the SEM micro examination are as given in Figures 1to 4.

Figures la, b, ¢, d and e: Respectively show stainless steel specimens: cleaned and primed only;
cleaned, primed and subsequently painted; primed without any prior surface cleaning or
preparation; cleaned, primed and thereafter thrown with sand and as-received states to serve as
control specimen.
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(d) (€)
Figure 1 Stainless Steel, (a) cleaned and primed only (b) cleaned, primed and subsequently
painted (c) primed without any surface cleaning (d) cleaned, primed and sand blasted () in
the as - received state. Magnification 200x.

Figures 2a, b, ¢, d and e: Respectively show aluminium specimens: cleaned and primed only;
cleaned, primed and subsequently painted; primed without any prior surface cleaning or
preparation; cleaned, primed and thereafter thrown with sand and as-received states to serve as
control specimen.

Figure 2: Aluminium, (a) cleaned and primed only (b) cleaned, primed and subsequently
painted (c) primed without any surface cleaning (d) cleaned, primed and sand blasted (e) in
the as - received state. Magnification 200x
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Figures 3a, b, ¢ d and e: Respectively show the mild steel specimens: Cleaned and primed only;
cleaned, primed and subsequently painted; primed without any prior surface cleaning or
preparation; cleaned, primed and thereafter thrown with sand and as-received states to serve as
control specimen

(© (d) Q)
Figure 3: Mild steel, (a) cleaned and primed only (b) cleaned, primed and subsequently
painted (c) primed without any surface cleaning (d) cleaned, primed and sand blasted (e) in
the as - received state. Magnification 200x

Figures 4a, b, ¢, d and e: Respectively show aluminium specimens: Cleaned and primed only;
cleaned, primed and subsequently painted; primed without any prior surface cleaning or
preparation; cleaned, primed and thereafter thrown with sand and as-received states to serve as
control specimen.

(d) (€
Figure 4 Galvanized Steel, (a) cleaned and primed only (b) cleaned, primed and subsequently
painted (c) primed without any surface cleaning (d) cleaned, primed and sand blasted (e) in
the as - received state. Magnification 200x
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The results obtained indicate that on using the same primer throughout, all the specimens of
stainless steel, mild steel, galvanized steel and aluminium could retain the primer on their various
surfaces, although with varying degrees. From observations recorded during the etching process, all
the stainless steel specimens took longer time to etch, so that etching was repeated for several times
in each case before any microanalysis could be made. This was also observed in the case of
aluminium. However, it did not take so long a time during etching compared to that taken by the
stainless steel specimens. The last two sets of specimens, that is, galvanized steel and mild steel
specimens were easily etched.

This in essence indicates that the adherence was highest in stainless steel specimens, with the
applied coating, followed by aluminium.

An interesting observation was made at this junction. From the theoretical knowledge of
galvanized steel, that is, steel that had been initially coated on manufacture; one would expect it to
display outstanding thickness and sharpness. By comparing it with the last set of mild steel
specimens, the reverse however happened to be the case. The plates revealed that mild steel
specimens have strong adherence for red-oxide primer and were thus able to show sharper and
thicker interfacial boundaries better than those obtainable from the galvanized steel specimens.
Thus, with the use of red - oxide primer, the interfacial contact became more pronounced in the
mild-steel specimens and therefore resulted in better interfacial boundaries as observed in them.
Table 2 shows the summary of the results of the 20 specimens being analyzed.

Conclusion

The metallography of the bonding (adhesion) of red-oxide primer on stainless steel, aluminium,
galvanized steel and mild steel have been assessed. With varying degrees of contact, hence,
adherence, the red - oxide primer bonded with the four (4) metal substrates selected. The stainless
steel specimen properly cleaned, primed and painted will have the best protection against corrosion
and oxidation of all the substrate samples, followed by the aluminium specimen that was also
properly cleaned, primed and painted. The mild steel specimens examined showed stronger
adherence for red - oxide primer than the galvanized steel specimens, hence will be better protected
than galvanized steel specimens. Red - oxide primer is durable because of its ability to give good
adhesion when surface has been cleaned or prepared according to specifications, thus its general
and almost all-round universal acceptance in the painting industry.
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Table 2 Results of the 20 specimens under analysis in descending order
Specimen Position  Remarks

Bl 1st Thickest interfacial boundary with distinct and unique
sharpness.

D1 2nd Fine interfacial boundary with distinct sharpness.

Al 3rd Fine interfacial boundary and sharpness.

B2 4th Reduced thickness and sharpness, unlike specimen Al
above.

D2 5th Reduced thickness and sharpness.

A2 6th Reduced thickness and sharpness.

B3 7th The mild steel specimen exhibiting better interfacial contact,
hence interfacial boundaries than its galvanized steel
counterpart.

D3 8th Mild steel exhibiting reduced interfacial contact and
interfacial boundaries.

A3 9th Mild steel exhibiting reduced interfacial contact and
interfacial boundaries than D3 above.

B4 10th Galvanized steel exhibiting reduced interfacial contact and
interfacial boundaries.

D4 11th Galvanized steel exhibiting reduced interfacial contact and
interfacial boundaries than B4 above.

A4 12th Galvanized steel exhibiting reduced interfacial contact and
interfacial boundaries than D4 above.

Cl 13th Lack of intimate contact, hence formation of thin interfacial
boundaries.

c2 14th Lack of intimate contact, hence formation of thin interfacial
boundaries.

C3 15th Lack of intimate contact, hence formation of thin interfacial
boundaries.

C4 16th Lack of intimate contact, hence formation of thin interfacial
boundaries.

El 17th Lacked contact formation.

E2 18th Lacked contact formation.

E4 19th No contact is observed.

E3 20th No contact is observed.
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