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Abstract: The quality of the resulting surface treatment is influenced especially by the pre-treatment of the substrate, the design of the
surface treatment such as the choice of the coating system, the method and the quality of application. From a variety of chemical surface
pre-treatment methods, Bonderite chemical pre-treatment is at the forefront. This chemical pre-treatment is used at ambient temperature,
phosphate-free. It forms a nano-ceramic protective layer on steel, zinc and aluminum surfaces. The use of Bonderite gives the coating a high
quality, which shows good adhesion and excellent corrosion protection. Contribution is devoted to the evaluation of these properties.
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1. Introduction

It is generally known when implementing a quality coating
system, we are not able to reach the optimal results (adhesion,
durability of coating etc.) as well if such coating is not applied for a
suitably pre-modified and cleaned surface. The surface layer is very
important from the whole part strain perspective. The properties on
the surface are from a physical perspective different as inside the
part. They depend on both a chemical composition microgeometry
and a material structure. Technological and functional conditions of
material elaboration affect physical and chemical properties of part
surface. [1, 2]

With the industry development, there is a notable relation with a
technology development such as chemical pre-modifications of
surface. The aim of chemical pre-modifications is:

- to remove extraneous and own impurities by a chemical
disruption of their bonding to the surface by the effect of
appropriate tool,

- to remove possible defects of the surface and the surface
structural deficiencies,

- to enlarge the surface actual area,
- to activate the surface.

The chemical pre-modification of metal surface involves such
means of modifications at which chemical agents react with
impurities which are attached or chemically fixed.

The following processes belong to chemical pre-modifications:
1.  degreasing

2. staining

3. chemical and electrolyte polishing

Oilinesses on the surface of metals worsen adhesiveness of
coatings as well as other properties. Those can cause an appropriate
environment for corrosion creation by the effect of decomposition.
Moreover, other impurities (old coating, corrosion fumes etc.)
affects adhesiveness and visual properties of a respective coating.
From the reasons stated above, it is necessary to dedicate a high
attention to pre-modification of surfaces prior to the coatings
application, as already small impurities on a surface prevent
creating of quality coating. [3, 4]

2. Materials and methods

In the experimental part the steel plate S235JRG1 with
thickness 2 mm was used. The proportions of tasting samples were
100x50%x2 mm. The chemical pre-modification was realized by
degreasing utilizing two methods:

1. with Bonderite NT at the process parameters: concentration 20%,
pressure 0,4 bar, pH 0,09 — 0,12.

2. without Bonderite NT in a degreasing solution Ridoline 1372 at
process parameters: concentration 1%, pressure 0,4 bar, bath
temperature 45-65 °C, pH 6,5. [5]

The surface pre-modification using Bonderite NT is a
modern method for a surface treatment namely a conversion layer
which was developed on a nano-technology basis. Such new
technology provides advantages such as bath warming is not
necessary, application is possible at a room temperature and an
ongoing time needed for the dive of parts is approximately only 20
seconds. During applying the nano-structure layer on the materials
surface is created, by which the passivation occurs as well and the
whole process operation is eliminated what means a cost savings.

Such technology is remarkable also from the ecologic
point of view. Along with a low energy consumption the product is
characterized by the fact it does not contain any organic
components. The conversion layer on a nano-technology basis in
comparison with conventional phosphate also increases the area of
surface and thus provides a bigger bearing surface for anchoring of
subsequently applied coating by which there is its better adhesion,
Fig. 1.
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Fig. 1 The appearance of conversion layer based on nano
technology

Two of types were used as coating:
- Stiga Pulverit 2020/3691
- Chrome silber Interpon MWO031D.

Stiga is a powdery coating substance which basis is
created by the combination of epoxide resin and polyester, mensural
weight 678 g/cm3, a calcining period 15 minutes at 200 °C.

Chrome silber Interpon MWO031D is a powdery coating
substance which basis is created by epoxide resins with a chrome
parts admixture, mensural weight is 1,7 g/cm3, a calcining period
15 minutes at 200 °C.

The coating substances application was realized by
electro-statical powder coating system GEMA PG 2, Fig. 2. The
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coatings hardening was realized in a calcining furnace at
temperatures recommended by the producer — for both coating it
was set for 15 minutes at 200 °C.

Coating powder spraying

Electrostatic spray gun

Oven curing

—

High voltage generator

@ Coating particles
@ Negatively charged coating particles

Fig. 2 The schema of electro-statical powder coating syste

At the experimental samples it was evaluated:

- Thickness of coatings in terms of norm STN EN ISO
2808, magnetically, using a device Elcometer 456. Prior
to the experiment realization in a condensation chamber,
the coatings thicknesses were measured on individual
samples.

- A mirror gloss of coatings using a reflex geometry in
terms of norm STN EN ISO 2813, Fig. 3, using a device
Leskomer Pusch messtechnik, type Gloss 3.
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Fig. 3 The schema a mirror gloss of coating

- The coatings adhesiveness by a grid method in terms of
norm STN EN ISO 2409 by a device Elcometer 1542,
Fig. 4. The result was classified by a degree from0to 5 in
terms of a subject norm. The adhesiveness of individual
powdery coating surfaces was evaluated by a grid method
before and after the exposition in the condensation
chamber.

Fig. 4 The coatings adhesiveness by a grid method

- A corrosion resistance in a condensation chamber
according to a norm STN EN ISO 3231. The samples
exposition period in a condensation chamber was 384
hours. Before the exposition in a condensation chamber,
the samples were cut on one side by a cross cut up to a
basic material to ensure an access of corrosion
environment to the basic material and to confirm the
coatings resistance against under-corroding process.
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3. Results and discussion

On the basis of implemented experiments, the following

results were achieved:

The coatings thickness

At samples with Stiga coating with/without using Bonderite NT,
the average thickness 68,5 = 0,1 um of coating was achieved and at
Chrome silber Interpon MWO031D coating the thickness of 80,5 +
0,1 pm. The achieved thicknesses respond to the minimal
thicknesses which are recommended by the producer.

The mirror gloss of coatings

The average values of mirror sheen of tested coatings are stated
in the Table 1. It is possible to conclude that the lowest value was
achieved by the Stiga coating with Bonderite NT using and the
highest one was achieved by Chrome silber Interpon MWO031D
coating without Bonderite  NT using in both the measured
directions.

Table 1 The gloss values coating

The gloss value at the angle
60°
The coating type A transverse fongi 'ﬁ;dinau
direction ; -
direction
Stiga with Bonderite NT 89,4+0,1 88,3+0,1
using
Stiga without Bonderite NT 90,1+0,1 89,4+0,1
using
Chrome silber Interpon 99,0+0,1 98,3+0,1
MWO031D with Bonderite NT
using
Chrome silber Interpon 101,2+0,1 100,1+0,1
MWO031D without Bonderite
NT using

Coatings adhesiveness

At both types of coatings with Bonderite NT using, the degree 0
was evaluated after the exposition in a condensation chamber. That
means in cut areas there was no adhesiveness damage detected
between the coating and the basis nor at under-corroding of
coatings. At the samples without Bonderite NT using the
adhesiveness was decreased by the exposition in a condensation
chamber, at Stiga coating system, the cohesion damage 2 was
achieved and at a coating system Chrome silber Interpon MWO031D
the cohesion degree of damage 3 was achieved.

Corrosion resistance

The protecting effectiveness of coatings was evaluated by a
simulated test with an artificial disruption of a coating integrity (the
cross cut). Such disruption enables an access of the atmosphere to
the surface of basic substrate. The method was selected by the
reason the pores can be found in the coating. In terms of norm STN
EN ISO 4628 the corrosion in the surroundings of a test cut was
evaluated and moreover the defects intensity and coatings
modifications. The evaluated area of sample was 100 mmZ.

The evaluated results, Fig. 5 confirm the fact the coatings with
Bonderite NT using show the lower corrosion degradation. The Stiga
coating with Bonderite NT showed a degree 2 after the test while
without Bonderite NT using the degree 3 The coating Chrome. The
Chrome silber Interpon MWO031D coating with Bonderite NT
showed a degree 2 after the test, without Bonderite NT using the
degree 3.
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The exposition time in a condensation chamber

48 hours

| 192 hours | 384 hours

area: without manifestations,

cut: degree 1

Stiga coating without Bonderite NT

area: without manifestations, area: without manifestations,
cut: degree 2 cut: degree 3

area: without manifestations,

cut: degree 0

Stiga coating with Bonderite NT

area: without manifestations, area: without manifestations,
cut: degree 1 cut: degree 2

area: without manifestations, area: color shade change, area: color shade change,

cut: degree 1

Chrome silber Interpon MWO031D coating without Bonderite NT

cut: degree 2 cut: degree 3

e i
area: without manifestations, area: color shade change, area: under-corroding in a form of

cut: degree 0

Chrome silber Interpon MWO031D coating with Bonderite NT

i

cut: degree 1 small brown points
cut: degree 2

4. Conclusion

- when evaluating the coatings gloss no proven effect of
conversion layer created on a basis of nanotechnology — Bonderite
NT was detected,

Based on the achieved results of implemented experiments it is - the coatings adhesiveness with Bonderite NT using stays

possible to state:

without any modifications even after the exposition in a
condensation chamber, at coatings without Bonderite NT using the
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exposition in a condensation chamber the adhesiveness was
decreased,

- the protecting coatings effectiveness, evaluated by a simulated
test with an artificial disruption of the integrity by a cross cut,
showed a positive effect of Bonderite NT using on a corrosion
resistance of tested coatings.

The results of implemented experimental works enable to
conclude that Bonderite NT using as a pre-modification method at
the subsequent application of powdery coatings do not cause the
change of gloss values as one of visual coatings properties, however
it positively affects to their adhesiveness, as well as the corrosion
resistance.

The experimental results which were obtained thus showed an
increased quality of powdery coatings using a modern method of
coating chemical pre-modification — a conversion layer Bonderite
NT type.

Acknowledgement: Authors are grateful for the support of
experimental works by projects VEGA No. 1/0154/19 “Research of
the combined technologies of joining dissimilar materials for
automotive industry”.

5. References

1. J. Brezinova J. et al. Kordzia materidlov a Specidlne
technologie povrchovych uprav. TU v KoSiciach, KoSice
(2020)

2. Guzanova, et al. J. Adhes. Sci. Technol. 28, 17 (2014)

3. M. K. Bhadu et al. ISRN Corrosion, Article 1D 4647140
(2013)

4. Yang, Q. et al. Particuology 31 (2017)

5. J. Malatin Hodnotenie vytypovanych vlastnosti povlakov
z praSkovych hmét, TU v Kosiciach, Kosice (2009)

113

YEAR XIV, ISSUE 3, P.P. 110-113 (2020)





