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Extended Abstract

Introduction

Zinc phosphate coatings on metal surfaces
are often the first layer of a multi-layer
corrosion protection coating and are
expected to uniformly cover the base metal
surface and thereby protect the base metal
from the effects of corrosion if the corrosion
protection coating is damaged [1, 2 ]. This
layer on phosphate is also considered to
ensure the proper adhesion of the applied
paint layer [3, 4, 5]. On the other hand, zinc
phosphate coatings on surfaces, for example,
on hot-dip galvanized or electro-galvanized
surfaces on the car body, should not only
provide excellent corrosion resistance, but
also ensure good paintability and good
adhesion of the paint layer. [6, 7, 8]. During
protection by  phosphating,
depending on the composition of the
phosphating solution, a phosphate layer
consisting of crystals and/or mixed crystals
containing iron, zinc and manganese is
formed on the metal surface [9, 10]. The
quality of the base metal, the surface
pretreatment method, and the technical and
operational conditions of the phosphating
process (composition of baths, addition of
metals to the modified phosphating bath,
temperature, treatment time, pH,
accelerator, etc.) affect the formation and
structure of the phosphate layer. have. [11-
17]. The main components of zinc phosphate
baths are water, phosphoric acid, zinc
dihydrogen phosphate and metal salts
(nickel, manganese salts),
(accelerators) and agents to improve
corrosion resistance and adhesion [12, 13].

surface

oxidizers

One of the important developments of zinc-
phosphate baths was the modern three-
cation bath (containing Zn2+, Mn2+ and
Ni2+), which is suitable for depositing an
excellent phosphate coating on steel
structures and with superior alkaline
resistance of the phosphate coating [14, 15].
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For low-zinc baths, manganese is usually
added to the bath to improve the coating's
resistance to external influences, due to the
modified crystal structure [16].

Materials and Methods

The aim of this research is to compare the
properties of mono-cationic zinc and bi-
cationic zinc/nickel phosphate coatings with
the optimal tri-cationic
zinc/nickel/manganese coating. The
samples were phosphated wunder the
conditions of temperature of 55 degrees
Celsius, time of 8 minutes and pH = 3.
Measuring the thickness and weight of the
surface unit, determining the amount of total
and free acid, studying the morphology and
microstructure of the coating; Corrosion
resistance tests including resistance to alkali
solubility, salt spray test were performed.
Also, after staining the phosphated samples,
paint layer thickness test, scratch and
bending test, impact test and paint layer
hardness were performed.

Measuring the thickness and weight of the
surface unit, determining the amount of total
and free acid, studying the morphology and
microstructure of the coating; Corrosion
resistance tests including resistance to alkali
solubility, salt spray test were performed.
Also, after painting the phosphated samples,
paint layer thickness test, scratch and
bending test, impact test and paint layer
hardness were performed.

Results and Discussion

The comparison of phosphating baths
showed that the weight of the coating
decreased with the introduction of nickel
and manganese ions. The low zinc phosphate
coating has a cluster structure, while the
zinc-nickel phosphate coating crystals are
clustered and sheet-like, and the tri-cationic
phosphate coating has a mixture of cubic and
sheet-shaped structures. The difference in
height and height in zinc-nickel-manganese
phosphate coating; It has the lowest Ra and
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Rz values compared to single-cationic and
double-cationic phosphate coatings. Also,
the optimal three-cation coating has the
highest corrosion resistance, which is due to
greater uniformity, less porosity, fine crystal
structure, and a high percentage of
corrosion-resistant phases in the coating
composition. The coating color studies
indicate that the best adhesion of the paint
layer is related to the tri-cationic coating.
According to the researches, the zinc-nickel-
manganese three-cation coating provided
better results than the zinc-nickel and zinc-
nickel two-cation coatings.

Conclusion

1- The comparison of zinc, zinc-manganese,
zinc-manganese-nickel phosphating baths
shows that the weight of the coating has
decreased with the introduction of nickel
and manganese ions in the phosphating
bath. The role of nickel and manganese ions
is to increase the germination centers of the
crystals on the surface and cause a uniform
and thin coating to be formed. With the entry
of nickel and manganese ions in the coating
bath, the dimensions of the crystals also
decrease. The low zinc phosphate coating
has a cluster structure, while the zinc-nickel
phosphate coating crystals are clustered and
sheet-like, and the tri-cationic phosphate
coating has a mixture of cubic and sheet-
shaped structures.

2- The difference in height and height in
zinc-nickel-manganese phosphate coating; It
has the lowest Ra and Rz values compared to
single-cationic and
phosphate coatings. The lower the surface

double-cationic

roughness and the average height and height
of the surface resulting from the phosphate
coating, the corrosion resistance increases
due to the removal of cavities and cathode
areas (surface of the base metal) and due to
the better connection of the paint with the
three-cation zinc-nickel phosphate coating. -
Manganese, adhesion is 5B. The zinc-nickel-
manganese coatings formed on the surface
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of 41Cr4 steel have reduced the amount of
holes and porosity resulting from the
coating, which is clearly evident in the
roughness test of the coating surface.

3- The results of the salt spray and alkaline
solubility tests show that the optimal three-
cation coating has the highest corrosion
resistance. The reason for this is greater
uniformity, less porosity, fine crystal
structure and high percentage of corrosion-
resistant phases in the composition of the
coating, and it has prevented the re-
hydration of the coating. Therefore, paint
separation does not occur in the scratched
area, and the paint coating is free of blisters
and rust.

4- Coating color studies show that the best
adhesion of the paint layer is related to the
three-cation coating. According to the
researches, zinc-nickel-manganese three-
cation coating has provided better results
than zinc-mono-cation and zinc-nickel two-
cation coating.
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1- scanning electron microscope (SEM)
2- energy dispersive spectroscopy (EDX)
3- atomic force microscope (AFM)
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