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ABSTRACT

Purpose: A development of methodology of adhesive force measuring, and at the same time an estimation of
its value change in the specifically designated group of materials that are used in technical objects’ construction,
requires defining the fatigue strength value changes. The one of the elements influencing adhesive force is electrode
potential estimation in the relation to the function of adhesive force considering variable layers of the coatings.

Design/methodology/approach: This paper describes an issue of electrode potential shift influence on
metals’ fatigue strength. The issue was presented based on the literature and conducted tests.

Findings: The results of the examinations concern electrode potential shift influence on adhesion forces’ increase
in the materials covered with various coatings in relation to a defined coating thickness.

Research limitations/implications: After earlier made tests, when it was forecast that electrode potential
influences an increase in fatigue strength. It was formulated for verification of the assumed hypothesis. The tests
were conducted on samples of selected metals coated with various configurations of layers. The methodology was
limited to the measurement of the research results with a single kind of demonstration (standard) electrode.

Practical implications: The results of the tests, in shape of charts representing the shift of electrode potential
in relation to time, will allow the authors to resolve next research problem to describe a mechanism of hydrogen
absorption by a metal base. This will allow to develop methodology of moist (damp) angle measure. The angle
influences adhesion force that is responsible for an increase in fatigue strength.

Originality/value: The value of attained results will help to develop general assumptions for methodology of
moist (damp) angle measure.
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PROPERTIE

1. Introduction Particularly, it is true in relation to construction of mine and
fragmentation projectiles protective vehicles. This kind of technical
objects are under irregular stress. They are characterized by being in

Recently, a tremendous development in material engineerin S : . . -
Y, P 9 g operation in constant or varying magnetic and electrical field. The

has taken place. It is mainly connected to military technology.
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materials of increased fatigue strength are used to construct such
objects. The current requirements for used technology are a big
challenge for the constructors (designers). Increased fatigue strength
is required from a construction, which further results in its constant
optimisation and search for new metals (metals and its alloys) and
various ways to increase its fatigue strength, especially dynamically
stressed. Apart from the known engineer’s practical activity in this
area, such as: thermo-chemical processing, surface cogging,
covering metal surfaces with layers of various metals, there is also a
method of covering metals with plastic coating. The conducted
analysis of literature [1-10], and tests proved that plastic coats
increase the fatigue strength regardless of a type of stress, metal
(alloy) or material used for plastic coat.

Plastic coats covering metal samples that create Electric
Double Layer (EDL), show a positive electrode potential shift.
They are showing an increase in adhesion force to metal base, and
an increase in fatigue strength. There is a common view that
attraction of electric charges of opposing poles brings an
additional strength to adhesive attraction caused by inter-particle
forces [5]. Based on that view, this is the reason of increase in
fatigue strength of plastic coated metals of various polarities EDL.

In this paper, the authors have focused on describing electrode
potential shift mechanism in metals coated with selected plastics. It
is a continuation of scientific description of electric double layer
phenomenon influence on the increase of this adhesion force [11].

2. Problem formulation

The covering metals with plastic coatings, as mentioned in
previous works [12-14], affects fatigue strength regardless of
metal, plastic or stress. Many researchers [15-21] prove the
increase in fatigue strength of plastic covered metals of different
characteristics such as: construction, physical, chemical, electrical
characteristics, and chemical composition.

The characteristic factor of these plastics is its construction —
partly crystal with crystalloid factor a with value between 30%
and 90%. Simultaneously, it is evident that they create EDL at the
border with metal. The polarization of EDL varies and depends on
a kind of the used plastic. The increase in fatigue strength does
not depend on EDL polarization, but it is connected with the fact
of its existence. In Fig. 1, a sample with EDL polarized negatively
(Fe-PCW-Fe composition), and with EDL polarized positively
(Fe-Epidiam 5-Fe composition) is presented.
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Fig. 1. Samples with EDL of negative (left) and positive
polarization (right)
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Until now, there has been no reference to the viewpoint
claiming that adhesion-to-metal force does not influence changes
of fatigue strength. Plastic coatings that cover metal samples
indicate an electrode potential shift in the positive direction, and,
at the same time, indicate an increase in adhesion-to-surface force
and an increase in fatigue strength. The adhesive connections are
created thanks to attraction forces between particles of adjoined
parts (phases), which may have different origins, i.e. van der
Vaals, dipole, ion, or metallic forces. The chemical connections
may be created also in adhesive layer [5].

A part of adhesion force occurs because of the existence of
EDL at the metal-plastic border. An attraction of surface charges
of opposite poles brings additional factor into adhesion attraction
caused by inter-element forces [5]. An indicator of adhesion is Fx
force or work, and necessary for disengaging adjoining elements
is calculated on a surface of contact unit [5].

3. Selected results of tests

3.1. Test object

The test objects were samples made of steel 45 and brass M63
based on technological drawing (Fig. 2). The samples were
covered with plastic of various thickness (Fig. 3) of the following
materials:

e Epoxide resin (Epidian 5),
e Paraffin,
e PVC type plastic.
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Fig. 2. Dimensions of sample for an electrode potential test

3.2. The tests and results

An electrode potential value has been registered for five
hours, with use of the calomel electrode as a standard. The tests
(Fig. 4) were conducted on non-coated metal samples (pure
metals and alloys) and samples covered with various layers of
various thickness.

Registered charts of electrode potential U in relation to time t
are presented below (Figs. 5-11).
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Fig. 3. Samples for tests: 1-brass M63, 2-brass M63 with coating, 3-steel 45, 4-steel 45 with coating

Fig. 4. View of research station: 1-Investigated sample, 2-electrolytic cell with 3% NaCl, 3-solution electrolytic bridge, 4-calomel
electrode, 5-electrolytic cell with KCI saturated solution, 6-voltmeter
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Fig. 5. Chart of measure of electrode potential of steel 45
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Fig. 6. Chart of measure of electrode potential of brass M63
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Fig. 8. Chart of measure of electrode potential of steel 45 covered with PVC with selected layer thickness
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Fig. 9. Chart of measure of electrode potential of brass M63 covered with PVC with selected layer thickness
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Fig. 10. Chart of measure of electrode potential of steel 45 covered with paraffin layer of 0.4 mm thickness
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Fig. 11. Chart of electrode potential measure for brass M63 covered with paraffin layer 0.4 mm thick

Volume 41 Issue 1 January 2010


http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org

The results of the tests for the electrode potential of metal
samples covered with non-metallic coatings prove an existence of
an electrode potential shift in the positive direction in comparison
to non-coated metals. Selected coatings give various shift of the
potential. The coatings have canals and blowholes, which are not
so tight. During electrode potential measurement, the electrolyte
ions are flowing through them. The smaller area of blowholes and
canals, the harder flow of electrolyte ions, and stronger electrode
potential shift in the positive direction, hence coating tighter.

Among all analyzed coatings, in laboratory conditions, only
paraffin coating provided a complete tightness - an electrical
current did not flow through a circuit (Figs. 10-11). It is important
to mention that paraffin coatings are not used to increase fatigue
strength. It was observed that the thicker coating (Figs. 7-9), the
stronger electrode potential shift in the positive direction, because
of the length of canals and blowholes that connect metal with
electrolyte increases. Previous preliminary activities related to
electrode potential researches conducted on steel samples were
limited only to defining the direction of the shift of the potential.
The results of conducted experiments unequivocally prove an
influence of implemented coating, which is shown in Fig.5. Based
on analysis (Fig. 6) it is evident that the kind of used coating does
not limit its influence on this phenomenon. In this case, it can be
observed that also the kind of covered material in some ways
influences a shift of electrode potential.

The steel samples show, as presented on Figs. 5-6, two times
smaller electrode potential shift in the positive direction. There is
some deviation from the rule in case of PVC coating, which is
three times smaller (thinner) for steel sample than for brass
sample (coated with the same material). Another visible
advantage of electrode potential shift is an influence of time on
stabilization of electrode potential shift in the positive direction.
Therefore, regardless of the kind of sample or thickness of plastic
coating, the PVC coats shows much earlier (faster) stabilization,
hence further measurements of potential do not indicate critical
changes (Figs. 8-9). The measurement of electrode potential shift
values of samples coated with Epidian 5 require more time to
estimate them. Therefore, they are more time-consuming (Fig. 7).
Additionally, as mentioned before, obtained results (potential
values) are much worse (not precise). It could be assumed that
adhesive forces are weaker (worse) in steel samples, than in brass
samples, regardless of used kind of coating. However, this
assumption requires further investigation and series of tests,
where one of criteria should be the influence of sample surface
and the coating technique.

4. Conclusions

Summarizing, it is necessary to stress that an electrode
potential shift may be an indicator of usefulness of non-metal
coating covering metal surface, because the connection was
observed between the shift and an adhesion force of the layer to
metal and fatigue strength. These are a far-reaching
generalization, which requires a confirmation by thorough
experimental research. At this stage, it is necessary to say that
thicker coatings create stronger electrode potential shift in
positive direction in contrast to thinner coatings.

Therefore, the following conclusions are formulated:

K. Jamroziak, W. Jargulinski

Metals covered with plastic coatings cause an electrode
potential shift in positive direction.

The stronger electrode potential shift, the stronger adhesion
force of coating to metal, and bigger fatigue strength of plastic
coated metals.

Spontaneously created a natural and irremovable EDL exists
at the border of metal and plastic coating.

An EDL increases adhesion force of coating to metal.

An electrode potential shift depends on a thickness of non-
metallic coating.

An electrode potential shift may be a factor considered in
choosing a material for coating of metal.
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