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Enhancement of Coating Features by Supporting Zinc-Based
Coating with Cataphoresis Process: Effect of Acidity and Coating
Thickness on the Coating Quality

Highlights

KD

< The effective coating method was developed by combining the properties of the cataphoresis coating and the
zinc alloy coating.

The acidity and coating thickness effects on the coating quality of casting materials were investigated.
Coatings with optimum performance properties were achieved under acidic conditions.
Graphical Abstrac

The tree diagram of the integration conditions of zinc and cataphoresis coatings and the results of the performance
tests for casting materials were displayed in the graphical abstract.
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Figure. Conditions of Zinc and Cataphoresis Coatings and Characterization Techniques
Aim
In the present study, zinc coatings were applied using various metal additives (nickel or iron) in different

environments (acidic/basic), and then cataphoresis coating was implemented over this coating to increase the
corrosion resistance of the parts frequently utilized in the automobile sector.

Design & Methodology

In the context of the research,, firstly 5-8 um or 12-15 um zinc-coating in an alkaline (Zn, Zn-Fe, Zn-Ni) or an
acidic (Zn, Zn-Ni) environment, followed by 20-25 um cataphoresis-coating were implemented on GGG40 casting
elements and coating qualities were investigated by various characterization methods. In addition, the zinc-coating
thickness and the phosphate-crystal appearance were evaluated in the x-ray diffraction laminography equipment
and the scanning electron microscope.

Originality

In this work, a cast material that is often used in the automobile sector was employed to produce cast elements with
enhanced corrosion performance at low microns by combining two forms of cost-effective coatings (zinc +
cataphoresis).

Findings

According to the characterization data, the tensile strengths were determined by the pull-off adhesion test between
171 and 433 psi. Zinc-coated items’ coating levels in alkaline and acidic conditions were found to be between 5.88
and 7.18 um and 12.10 and 12.96 um, respectively. It was concluded that the corrosion resistances of the cast parts
applied with acid-based zinc and zinc-nickel-cataphoresis coating processes were improved.

Conclusion

An industry-guiding study (supported by TUBITAK-1501 program) was carried out for the coating process of cast
materials with high corrosion resistance and adjustable properties for the automotive industry.

Declaration of Ethical Standards
The authors of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

In this work, a cast material that is often used in the automobile sector was employed to produce cast elements with enhanced
corrosion performance at low microns by combining two forms of cost-effective coatings (zinc + cataphoresis). In the context of
the investigation, firstly 5-8 um or 12-15 um zinc-coating in an alkaline (Zn, Zn-Fe, Zn-Ni) or an acidic (Zn, Zn-Ni) environment,
followed by 20-25 um cataphoresis-coating were performed on GGG40 cast-parts. Ink, hogaboom, shock, pull-off adhesion, water
resistance, salt spray, stone impact, cyclic-corrosion, and scab-corrosion performance tests were implemented for characterization.
In addition, the zinc-coating thickness and the phosphate-crystal appearance were evaluated in the x-ray diffraction laminography
instrument and the scanning electron microscope. The tensile strengths were determined by the pull-off adhesion test between 171
and 433 psi. The coating thicknesses of zinc-coated parts in alkaline and acidic environments were assigned in the range of 5.88-
7.18 um and 12.10-12.96 um. Due to the characterization results; it was deduced that the cataphoresis-coating after all zinc-based-
coatings under alkaline medium did not afford the required quality and corrosion protection, while cast parts coated under acidic
medium before cataphoresis-coating gave appropriate corrosion performance, thus the low-cost coatings could be performed with
the eligible properties.

Keywords: Cast materials, cataphoresis coating, corrosion performance, acidic/alkaline zinc-based coatings.

Cinko-Esasli Kaplamanin Kataforez Prosesi ile
Desteklenerek Kaplama Ozelliklerinin Gelistirilmesi:
Asitlik ve Kaplama Kalinliginin Kaplama Kalitesine

Etkisi

(074

Bu galismada, otomobil sektdriinde siklikla kullanilan dokiim malzeme, uygun maliyetli iki kaplama formunun (¢inko + kataforez)
birlestirilmesiyle diisiik mikronlarda gelistirilmis korozyon performansina sahip dokiim elemani iiretmek i¢in kullanilmustir.
Aragtirma kapsaminda, GGG40 dokiim malzemeleri lizerine dnce alkali (Zn, Zn-Fe, Zn-Ni) veya asidik (Zn, Zn-Ni) ortamda 5-8
um veya 12-15 um g¢inko-kaplama, ardindan 20- 25 pm kataforez-kaplama uygulanmistir. Karakterizasyon i¢in miirekkep,
hogaboom, sok, pull-off adhezyon, su direnci, tuz sisi, tag ¢arpma, ¢evrimsel-korozyon ve scab-korozyonu performans testleri
yapilmistir. Ayrica ¢inko-kaplama kalinlig1 ve fosfat-kristal goriiniimil, x-1511 kirtnim laminografi cihazinda ve taramali elektron
mikroskobunda degerlendirilmistir. Cekme dayanimlari, 171 ve 433 psi arasinda ¢ekme yapigma testi ile belirlenmistir. Alkali ve
asidik ortamlarda c¢inko-kapli pargalarin kaplama kalinliklari 5,88-7,18 um ve 12,10-12,96 pm araliginda olgiilmistir.
Karakterizasyon sonuglarina gore; alkali ortam altinda tiim ¢inko-esasli-kaplamalardan sonra uygulanan kataforez-kaplamanin
gerekli kaliteyi ve korozyon korumasini saglamadigi, buna karsilik kataforez-kaplamadan 6nce asidik ortam altinda kaplanan
dokiim pargalarin uygun korozyon performansi gosterdigi sonucuna varilmis, dolayisiyla istenilen dzelliklere sahip diisiik-maliyetli
kaplamalarin yapilabilecegi belirlenmistir.

Anahtar Kelimeler: Dokiim malzemeler, kataforez kaplama, korozyon performansi, asidik/alkali ¢cinko-esash kaplamalar.

1. INTRODUCTION these processes have positive and negative aspects
In the automotive industry, acidic zinc/zinc-nickel and compared to each other. Therefore, the motivation in the
alkaline  zinc/zinc-iron/zinc-nickel ~ procedures  are realization of these coatings creates a more economical

independent processes. The coatings performed with and new coating process that can be applied to parts of
all shapes and sizes, resulting in coatings with good

*Sorumlu Yazar (Corresponding Author)
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properties. Zinc coatings are frequently used for
corrosion protection of materials in many structural and
broad engineering purposes. These coatings allow for
welding and painting, exhibit excellent mechanical
qualities on the material, and demonstrate strong
corrosion resistance. On the other hand, the usage of zinc
coatings is constrained by the rapid rate of dissolution.
Passivation techniques including phosphating, trivalent
chromium passivation, and silicification can prolong the
useful life of zinc coatings. Alloying transition metals
like Ni, Co, Sn, and Cr can dramatically increase the
qualities of zinc’s corrosion resistance [1]. In addition to
zinc, magnesium and its alloys are widely used in the
automotive and aerospace industries due to their high
specific strength and low densities, but their low wear
and corrosion resistance limits the industrial use of this
material. The corrosion and wear resistance of
magnesium alloys can be improved by surface
modifications. Gill et al. [2] investigated the Al/Zn/Al,03
and Zn/Al;0s coating of WE43 magnesium alloy by cold
spray coating method, and as a result, they reported that
the wear loss of WE43 alloys decreased by 40% with cold
spray coatings compared to the uncoated condition. Due
to their outstanding qualities, such as low density, high
specific strength, and good deformation ability,
aluminum alloys are employed in various industries,
including the construction, automotive, aircraft,
aerospace, and defense sectors. When Karacif and
Candemir [3] examined the corrosion behavior of the
aluminum alloy coated with graphene oxide, they noticed
that when the ambient temperature rose, the rate of
corrosion of the graphene oxide-coated samples
increased and the corrosion resistance declined.

A surface treatment called electrochemical coating
involves submerging the material to be coated as an
electrode in an electrolysis cell, which is used for the
coating process. It is attainable to produce a metal, alloy,
cermet, or composite coating on the material surface
according to the potential difference utilizing materials
transferred from the electrolyte and the counter electrode
[4]. In the main automotive industry, a cataphoresis
coating is applied to the metal surface as the first coat
(primer), as well, the widespread use of cataphoresis
coating increases with the development of automotive
sub-industries, and different volume sizes (1 ton - 500
tons) are processed as contract manufacturing. After the
2000s, cataphoresis coating has been actively used in
industries such as household appliances, furniture,
defense, general industry, and agricultural equipment, as
well as increasing the capacity day by day. This coating
method is the most effective system for protecting metal
parts against corrosion as well as extends the life of the

part. Today, approximately 70% of the cataphoresis
coating volume used in the world is cathodic cataphoresis
coating and this volume is generally used by the
automotive industry. The cathodic cataphoresis coating
technology has increased the life of the parts used in the
automotive industry. There are thousands of patents
related to the various cataphoresis coating compositions,
processes, and goods coated with cataphoresis coating [5,
6].

Investigations were done onthe connections between
cataphoresis coating and solvent-based and water-based
lamellar coatings, also topcoat coatings used over
lamellar coating. Kiling (2019) evaluated the
performance parameters of the coating operation and
assessed visually which coating procedures were best. It
was observed that the water-based zinc lamellar coating
for all the coating tests did not comply with the
cataphoresis coating due to the visual appropriateness
evaluations and the test results. It was reported that the
reason for this performance was the hydrophobic nature
of the cataphoresis coating, and the inability to react with
the zinc lamellar coating, the solvent of which was water,
and could not adhere to the surface covered with
cataphoresis [7].

Solvent-based lamellar coating and top coating
applications have been applied on alkaline zinc, zinc-
iron, and zinc-nickel coated materials. The desired
adhesion (adhesion and tensile adhesion) values of
solvent-based lamellar coating applications with
Deltaprotekt KL 100 on alkaline zinc, zinc-iron, and
zinc-nickel were not achieved. It was determined that this
problem could be overcome by increasing the surface
roughness and by conducting studies on the wetting angle
and contact angle of Deltaprotekt KL 100, which could
be applied on alkali zinc/zinc-iron/zinc-nickel [8].
Today, manufacturing high-micron powder paints
involves a costly coating procedure and takes a lot of
effort during production. The requisite corrosion
performance, however, cannot be attained when the zinc-
lamellar, phosphate, zinc, and cataphoresis coatings are
performed separately. Cataphoresis coating has been
used in various sectors because it can coat extremely
complicated objects. After 2010, the acceleration of
research on the development of a new coating method
that provides high corrosion resistance and high chemical
resistance in parts such as key hinge groups, fasteners,
and battery fasteners in the automotive sector has been
effective for the transfer of this study into the practice.
The superiority of this study compared to other studies in
the literature was that an effective coating method was
developed by combining the properties of the
cataphoresis coating such as high corrosion, adhesion,
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penetration, and the properties of the zinc alloy coating
such as chemical resistance, friction coefficient, thin and
homogeneous coating thickness. As a consequence of
applying cataphoresis coating on acidic Zn/Zn-Ni
coatings, it was found in our earlier work that the F899
and F990 hot-forged casting materials had sufficiently
strong corrosion performance [9]. Hot-forged casting
materials coded F889 and F990 are two distinct materials
that generally have different technical properties and
application areas. The high mechanical strength,
chemical resistance, and electrical characteristics of F889
material are well recognized. In applications requiring
high-temperature resistance  in  the  automotive,
aerospace, and energy sectors, F889 is a material that is
frequently utilized. The F990, on the other hand, draws
attention with its electrical conductivity, thermal
conductivity, and magnetic properties. Thermal
management systems used in electronic circuits and
electrical components frequently include the F990
material. Hot-forged casting and regular casting offer
special advantages over metalworking needs. Hot-forged
casting procedure uses metal that has been heated to a
high temperature before it is poured into a mold. High
temperatures cause the metal to soften without melting it,
allowing forging to shape it. Hot-forged casting often
results in more durable, strong, and dense parts. In the
standard casting process, metal is heated and liquefied
before being poured into molds. Standard casting
produces parts that are typically weaker and less dense.
Large manufacturing quantities and complicated shapes
are better suited for this technology. In the present
research, in contrast to studies in the literature, a zinc and
cataphoresis coating combination was applied to ductile
cast iron type (Spheroidal Graphite Cast Iron), whose
code is GGG in the Turkish Standards. GGG is a special
kind of iron that receives a special treatment (grafting)
with magnesium before casting to give it a particularly
strong structure against impact and long life. The ductile
iron material grade GGG40 is great, having excellent
tensile and yield strength as well as a very high
elongation rate. GGG40 has the highest elongation rate
among all ductile iron grades since a higher grade will
result in a lower elongation. Due to their durability,
products made using GGG40 ductile iron are preferred in
various industries in the global industrial markets. It is
widely utilized in levers, fasteners, brake systems, and
connecting rods. The main purpose of the study was that
coating the casting material (GGG40) used in the
automotive industry with zinc, zinc-iron or zinc-nickel in
different thicknesses (5-8 pm or 12-15 um) under acidic
or alkaline environments, followed by the application of
cataphoresis coating (20-25 um), and finally comparing

the durability and corrosion performance behavior of
coatings.

2. MATERIAL AND METHOD

The zinc and cataphoresis coating processes of the
GGG40 cast material widely used in the automotive
industry and the characterization methods of the
materials were explained in this section. Zinc coatings
applied to the samples were coded as alkaline zinc (BZ),
alkaline zinc-iron (BZF), alkaline zinc-nickel (BZN),
acidic zinc (AZ), and acidic zinc-nickel (AZN).

2.1. Surface Cleaning and Preparation

The degreasing process before the coating was performed
to remove the oil on the parts to be sandblasted and to
allow better sandblasting. Sandblasting, which was a
mechanical cleaning method; was used to make the
surface suitable for coating by removing all chemicals
that may remain on the metal surface, metal burrs, and
rust that may occur before the coating. The samples were
degreased and sandblasted before 5-8 um and 12-15 pm
BZ, BZF, BZN, AZ, and AZN coatings. The theoretical
and measured parameters of these processes were given
in Table 1 [10, 11].

Table 1. Degreasing and sandblasting process parameters

Process Parameters Theoretical Measured
Time (min) 1-30 20

Hot

degreasing Temperature (°C) 50-85 53
Concentration (%mL) 3-10 5

Sandblasted  Time (min) >10 10

2.2. Zinc and Cataphoresis Coating Processes

BZ, BZF, BZN, AZ, and AZN coatings in the range of 5-8
um and 12 -15 um were applied to the parts that were
subjected to degreasing and sandblasting processes. In
the last step, 20-25 pum cataphoresis coating was applied
to the materials that were coated by the zinc-based
processes. The letter -C was added to the codes of the
casting parts on which cataphoresis coating was applied
on zinc-based coatings. The theoretical and measured
values of the parameters to be used for zinc-based coating
and cataphoresis coating processes were shown in Table
2-4 [11-23]. Table 2 gave general parameters of the
preliminary stages of the electrical-ultrasonic-acidic
degreasing and neutralization processes with the
neutralization, blowing air, and drying oven processes of
the zinc based coating process. Table 3 showed the
details of several zinc-based coatings, while Table 4
provided the parameters of the cataphoresis coating. The
theoretical values in these tables represented the
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Table 2. The general parameters for theoretical and measured analysis for zinc coating processes

Process Parameters Theoretical Measured
Time 1-20 min. 10 min.
Electrical Degreasing Temperature 50-80°C 33°C
Concentration %4-6 mL 5mL
Current Density 3-5 A/dm? 4.5 Aldm?
Time 1-20 min. 10 min.
Ultrasonic Degreasing Temperature 50-80 °C 55°C
Concentration %4-6 mL 4mL
. . Time 5-15 min. 8 min.
Acidic Degreasing .
Concentration 10-30 mL 18 mL
o Time 10-30 sec. 30 sec.
Neutralization
pH 4-6 4.7
Zinc-Based Coating Processes  Parameters - -
o Time 5-60 sec. 30 sec.
Neutralization
pH 1-2 2
Blowing Air Time >1 min. 2 min.
Drying Oven Time 3-15 min. 10 min.
Temperature 50-110 °C 98 °C
Table 3. Theoretical and measured analysis of 5-8 um and 12-15 pum coating processes
. Measured
Process Parameters Theoretical 5-8 um 12-15 um
Time >3 min for 1 pm 21 min. 45 min.
Temperature 20-40 °C 28 °C
BZ Coating Zinc 8-15g/L 9g/L
Caustic 110-150 g/L 130 g/L
Current 1-5 A/dm? 4 Aldm?
Time >3 min. for I pm 21 min 45 min.
Temperature 20-30 °C 28 °C
. Zinc 8-12 g/lL 9g/L
BZF Coating Iron 50-150 ppm 90 ppm
Caustic 110-140 g/L 130 g/L
Current 1-5 A/dm? 4 A/ldm?
Time >3 min. for I pm 21 min 45 min.
Temperature 22-30 °C 29 °C
. Zinc 5.5-6.2 g/L 6 g/L
BZN Coating Nickel 0.7-2 glL 19 giL
Caustic 110-140 g/L 138 g/L
Current 1-3 A/dm? 2.5 A/ldm?
Time >3 min. for 1 pm 21 min 45 min.
Temperature 18-32 °C 30°C
pH 4555 5
AZ Coating Total Zinc 30-35g/L 32 g/L
Total Chloride 130-170 g/L 150 g/L
NH,CI 150-200 g/L 190 g/L
Current 4-6 A/ldm? 5 A/dm?
Time >3 min. for I pm 21 min 45 min.
Temperature 18-32 °C 31°C
pH 4555 5.2
. Total Zinc 30-35g/L 31g/L
AZN Coating Total Chloride 130-170 g/L 155 g/L
NH,CI 150-200 g/L 165 g/L
Total Nickel 1-5g/L 49/L
Current 4-6 Aldm? 6 Aldm?

conditions to be followed in the processes, and the
measured values expressed the actual conditions in the

applied process.

1764



ENHANCEMENT OF COATING FEATURES BY SUPPORTING ZINC-BASED COATING WI... Politeknik Dergisi, 2024; 27(5): 1761-1772

Table 4. Theoretical and measured analysis of cataphoresis coating process

Process Parameter Theoretical Measured
Time 5-10 min. 7 min.
Hot Alkaline Degreasing Temperature 50-85 °C 52°C
Concentration 3-10 %mL 4 %mL
Activation Time 30-60 min. 45 min.
pH 8.5-10 9.5
Time 2-5min. 3 min.
Total Acid 17-25 %mL 23 %mL
Free Acid 0.6-1.1 %mL 1 %mL
Accelerator 1.5-3 %mL 2.7 %mL
. Total Fluorine 550-850 ppm 770 ppm
Phosphate Coating Free Fluorine 50-150 ppm 85 ppm
Nickel Rate 0.6-1.1g/L 0.82 g/L
Zinc Rate 0.6-1.2 g/L 1.1g/L
Manganese Rate 0.2-0.5g/L 0.42g/L
Iron Rate Max. 7 ppm 0
Time >15 min. 30 min.
Passivation Titration Point 1.7-6.9 %mL 3.5 %mL
Conductivity Max. 900 uS 700 puS
Time 3-5 min. 3.05 min.
Solid Amount 14-20 % 16 %
Ash Amount 1.2-25% 1.7%
P/L Rate 0.11-0.16 0.14
. Temperature 29-35°C 32°C
Cataphoresis oH Cataphoresis 5.6-6.1 6
DI Water Tank 5.5-75 6.5
Cataphoresis 1000-2000 uS 1300 uS
Conductivity  Anolyte Tank 4000-6000 uS 700 uS
DI Water Tank 10-250 uS 650 uS
Time 1-10 min. 1 min.
Ultrafiltration Conductivity 400-1200 pS 1000 uS
pH 5.6-6 5.8
Curing Oven Time >15 min. 62 min.
Temperature >155°C 200 °C

2.3. Characterization of Coatings

Various characterization processes were carried out to
determine the quality and corrosion resistance of the
coating processes applied to the cast parts. For this
purpose, the results of ink, hogobom, and shock tests
were evaluated visually and remarked about the
suitability of the coating. Also, the measurements
performed by using x-ray diffraction laminography
(Helmut Fischer XDL-B XYmZ), scanning electron
microscope (SEM, Hitachi TM-1000), pull-off adhesion
(DeFelsko), water resistance (Niive BM 402), salt spray
(Voétsch SC1000), cyclic corrosion (Ascott CC1000IP),
and scab corrosion (Angelantoni DCTC 1200P) devices
were examined.

3. RESULTS AND DISCUSSION

Test results of 5-8 pm and 12-15 um BZ, BZF, BZN, AZ,
and AZN coating and cataphoresis coating samples after
surface cleaning were examined in detail in this section.

3.1. Ink Test

The suitability of the degreasing process before zinc-
based coatings was determined by ink test, and test
results were shown in Fig. 1. To confirm that the
degreasing process is performed effectively, the ink
drawn on the part surface must remain in a straight line
at the end of the test [24]. It was determined that the 5
min and 15 min degreasing processes applied to the cast
material were insufficient, but the 20 min degreasing
process passed the test (Fig. 1).

(@) (b)
Figure 1. Ink test results: (a) 5 min., (b) 15 min., and (c) 20
min. degreasing
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3.2. Hogaboom Test

The convenience of the sandblasting process before 5-8
pm or 12-15 um zinc-based coatings was controlled by
the hogaboom test (Fig. 2). In case the copper in the
prepared solution adheres to the metal part surface
homogeneously, the sandblasting process is considered
to have been performed properly [25]. According to the
hogaboom test results, it was specified that while a
homogeneous coating could not be obtained in the 5-min.
blasting process, the copper ions adhered to the metal
surface uniformly due to the smooth surface of the
material that was blasted for 10 min. (Fig. 2).

ol
(@) (b)

Figure 2. Hogaboom test results: (a) 5 min., and (b) 10 min.

blasting process

3.3. Shock Test

With the shock test, the adequacy of the ultrasonic
degreasing process applied before 5-8 um or 12-15 pm
the zinc-based coatings (BZ, BZF, BZN, AZ, and AZN)
was investigated (Fig. 3). The surface of the part should
not be swelled and flaking due to adhesion as a result of

®

the shock test so that the ultrasonic degreasing process
can be accepted [26]. According to the shock test results,
it was found that parts that were not subjected to
ultrasonic degreasing could not pass the test, conversely,
no swelling was observed on the metal surface after 10
minutes of ultrasonic degreasing.

3.4. Coating Thickness Measurement on X-Ray
Diffraction Laminography Device

The images obtained during the determination of the zinc
coating thickness with the x-ray diffraction laminography
device were presented in Fig. 4 and the measurement
results were given in Table 5. The coating thickness
(coded as “CT”) should be between 5-8 pm and 12-15
um as desired for the applied zinc-based coating process
to be accepted [27].

3.5. Phosphate Coating Appearance and Crystal
Measurement with SEM

The hiding capability and crystal sizes of phosphate
coatings on cast materials to be coated with different
thicknesses of BZ, BZF, BZN, AZ, and AZN techniques
were examined by SEM. SEM images were shown in Fig.
5 and measured phosphate crystal sizes were listed in
Table 6. In SEM images, the hiding capability was
evaluated at a magnification of 1000x, and the size of the
phosphate crystals was measured at a magnification of

0] (0)]

Figure 3. Shock test results: for 5-8 pm (a) BZ, (b) BZF, (c) BZN, (d) AZ, (e) AZN, and for 12-15 um (f) BZ, (g) BZF, (h)

BZN, (i) AZ, (j) AZN (Ultrasonic degreasing = 10 min.)

(b)

)

) 0
Figure 4. Coating thickness results in x-ray diffraction laminography device: for 5-8 um (a) BZ, (b) BZF, (c) BZN, (d) AZ, (¢)
AZN, and for 12-15 um (f) BZ, (g) BZF, (h) BZN, (i) AZ, (j) AZN
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3000x. The phosphate must cover the entire surface and
the phosphate crystals must be 3-6 pm in size for a
phosphate coating to be accepted [28]. According to the
SEM images, the whole surface was covered by the
phosphate coatings, and the phosphate crystals were
3.19-5.89 um in size. Therefore, it was concluded that the
phosphate coating process was successfully applied to all
samples.

3.6. Pull-off Adhesion Test

20-25 um cataphoresis coating was performed after zinc-
based coatings were applied to cast materials in five
different mediums and two different thicknesses. For
these samples, the adhesion of the cataphoresis coating to
the zinc coating was examined by pull-off adhesion test
(Fig. 6). The cohesion value should not be below 100 psi

for cataphoresis coatings to adhere to the zinc coating
[29]. According to the pull-off adhesion test results, the
adhesion values were between 171-433 psi proved that
the adhesion was successfully achieved (Table 7).

3.7. Water Resistance Test

After the cataphoresis coating was applied on zinc-based
coatings, a water-resistance test was carried out by
following Fiat’s specification no 50470 (Fig. 7).
According to the water-resistance test, it was specified
that the coatings had different adhesion resistance values
such as AdO, Adl, and Ad2 (Table 8). To approve that
the coating has a good quality, the result of the adhesion
resistance test should be AdO and Adl and the coating
color should not be changed [30]. Hereunder, most of the

Table 5. Coating thickness measurement results (desired coating thickness: 5-8 pm and 12-15 pm, coded as “P” for passed

and “F” for failed)

CT of Zn-based process

Coating Type

Bz BZF BZN AZ AZN
5-8 um 7.18 um /P 6.17 um /P 598 um /P 5.88 um/P 591 um/P
12-15 pm 12.77 um / P 12.51 um /P 12.10 ym/ P 12.73 ym /P 12.96 um /P

Table 6. Phosphate coating crystal size results (desired crystal size: 3-6 um, coded as “P” for passed and “F” for failed)

CT of Zn-based process

Coating type (phosphate coating after zinc-based process)

BZ BZF BZN AZ AZN
5-8 um 3.81 um/P 3.19 um/P 4.90 um /P 4.13 um /P 4.57 ym /P
12-15 pm 5.55 um/P 5.89 um /P 5.10 um /P 5.63 um /P 526 um/P

(@
Figure 5. SEM analysis results for phosphate crystal appearance (phosphate coatings applied after zinc-based coatings): for
5-8 um (a) BZ, (b) BZF, (c) BZN, (d) AZ, (e) AZN, and for 12-15 um (f) BZ, (g) BZF, (h) BZN, (i) AZ, (j) AZN

Table 7. Pull-off adhesion test results (desired adhesion> 100 psi, coded as “P” for passed and “F” for failed)

CT of Zn-based process

Coating Type (20-25 pm cataphoresis coating after zinc-based process)

BzZ-C BZF-C BZN-C AZ-C AZN-C
5-8 um 171 psi/ P 244 psi | P 317 psi/ P 433 psi/ P 429 psi /| P
12-15 pm 171 psi/ P 233 psi/ P 305 psi /P 417 psi / P 419psi/ P
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cast samples passed the test, except materials coated with
12-15 pum thickness in BZ-C and BZF-C techniques.

3.8. Salt Spray Test

After the cataphoresis coating was implemented on zinc-
based coatings, the results of the salt spray test performed
by following the specifications numbered ASTM B117
and DIN EN 1SO 9227 were shown in Fig. 8. Salt spray
test evaluation results were summarized in Table 9. To
accept the coatings, there should be no surface defects
such as staining, deterioration, cracking, breakage,

4

) “ ©

swelling, flaking, delamination, a rupture in paint
adhesion after 500 hours of salt spray test, and also there
should be red rust on a maximum 5% of the material’s
surface [31, 32]. According to the test results, 5-8 um
BZN-C, AZ-C, AZN-C coated cast samples (Fig. 8.c, d,
and e) and 12-15 pm AZ-C, AZN-C coated parts (Fig. 8i
and ) passed the test. Research in the literature
determined that nickel can be utilized as an alternative
instead of cadmium [33, 34]. The investigations found
that zinc-nickel alloy coatings performed better in terms
of quality, and they compared the characteristics of

(d) ®

® @

Figure 6. Pull-off adhesion test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, (e) AZN-C, and for 12-15 pm

(f) BZ-C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C

@)

0] 0)
Figure 7. Water resistance test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, (e) AZN-C, and for 12-15 um
(f) BZ-C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C

Table 8. Water resistance test results (coded as “P” for passed and “F” for failed)

CT of Zn-based process

Coating Type (20-25 pm cataphoresis coating after zinc-based process)

Bz-C BZF-C BZN-C AZ-C AZN-C
5-8 um Adl/P AdO/P Adl/P AdO /P AdO/P
12-15 pm Ad2/F Ad2/F AdO/P AdO/P AdO/P

Table 9. Salt spray test results (coded as “P” for passed and “F” for failed)

CT of Zn-based process Coating Type (20-25 npm cataphoresis coating after zinc-based process)

BZ-C BZF-C BZN-C AZ-C AZN-C
5-8 um F F P P P
12-15 pm F F F P P
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coatings produced using both acidic and basic methods
[35, 36].

3.9. Stone Chip Test

Stone chip test was handled through the specification
numbered SAE J400 on cast materials that were coated
with cataphoresis method on zinc-based coatings (Fig. 9).
According to the stone chip test results given in Table 10,
it was determined that the coatings had various surface
resistance values as 5B, 5C, 6A, 6B, 6C, 7A, and 7B. The
surface resistance must be 6A, 7A, or 7B to pass the stone

® ()

chip test [37]. As a result, 5-8 um AZ-C, AZN-C, and 12-
15 um AZ-C, AZN-C coated cast specimens (Fig. 9d, e, i,
and j) were found to pass the test.

3.10. Cyclic Corrosion Test

Cyclic corrosion test was carried out after cataphoresis
coating following the specification numbered PV1200
and the results were presented in Fig. 10 and Table 11.
After 8 cycles, there should be no surface defects such as
swelling, base metal corrosion, a rupture in paint
adhesion as a result of the cyclic corrosion test, and the

©)
0

0]

Figure 8. Salt spray test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, () AZN-C, and for 12-15 um (f) BZ-

C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C
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Figure 9. Stone chip test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, (e) AZN-C, and for 12-15 um (f) BZ-

C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C

Table 10. Stone chip results (coded as “P” for passed and “F” for failed)

CT of Zn-based process

Coating Type (20-25 pm cataphoresis coating after zinc-based process)

Bz-C BZF-C BZN-C AZ-C AZN-C

5-8 um 6C/F 6C/F 6B/F 6A/P TAP
12-15 pm 5C/F 5C/F 5B/F B/P 6A /P
Table 11. Cyclic corrosion test results (coded as “P” for passed and “F” for failed)

CT of Zn-based process Coating Type (20-25 pm cataphoresis coating after zinc-based process)

BZ-C BZF-C BZN-C AZ-C AZN-C

5-8 um F F P P P
12-15 pm F F F P P
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adhesion loss should be d<1.5 mm [38]. From the test
results, it was determined that 5-8 um BZN-C, AZ-C,
AZN-C coated cast samples (Fig. 10.c, d and e) and 12-
15 um AZ-C, AZN-C coated parts (Fig. 10i and j) passed
the test.

3.11. Scab Corrosion Test

Zinc-based and cataphoresis coated cast materials were
subjected to scab corrosion test according to the
specification numbered 50488/01 (Table 12). To
establish the suitability of the coating, the number of
oxidized points is determined as a result of 500 hours
scab corrosion test, and the magnitude of the spread
corrosion is measured [39]. The test results showed that
5-8 um BZN-C, AZ-C, AZN-C coated cast samples (Fig.
11.c, d and e) and 12-15 um AZ-C, AZN-C coated cast
samples (Fig. 11.i and j) were successfully passed the
test.

.
M ©

®) ©

() M )

4. CONCLUSIONS

The process of protecting the surfaces of metal and metal
alloys against corrosion is of great importance, the
aforementioned protection process is carried out with the
help of coatings. In the first part of this study, the
suitability of degreasing applied to cast parts before
sandblasting was examined by ink test. Accordingly, it
was revealed that cast parts degreased for 5 and 10
minutes failed the test, whereas all elements degreased
for 20 minutes achieved the ink test.The hogaboom test
was used to analyze the convenience of the sandblasting
process and that 10 minutes of sandblasted cast materials
passed the test. The availability of the ultrasonic
degreasing process performed before zinc-based coatings
was analyzed by shock test and 10 minutes was found to
be sufficient. X-ray diffraction laminography device was
used to prove that the zinc-based coating thickness of the
samples was between 5-8 um and 12-15 pm. The cast

4
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Figure 10. Cyclic corrosion test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, (e) AZN-C, and for 12-15 pm

(f) BZ-C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C

® ()

0) i
Figure 11. Scab corrosion test results: for 5-8 um (a) BZ-C, (b) BZF-C, (c) BZN-C, (d) AZ-C, (e) AZN-C, and for 12-15 pm
(f) BZ-C, (g) BZF-C, (h) BZN-C, (i) AZ-C, (j) AZN-C

Table 12. Scab corrosion test results (coded as “P” for passed and “F” for failed)

CT of Zn-based process

Coating Type (20-25 pm cataphoresis coating after zinc-based process)

BZ-C BZF-C BZN-C AZ-C AZN-C
5-8 um F F P P P
12-15 um F F F P P
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parts coated with phosphate on the zinc-based coatings
were analyzed by SEM and it was observed that the
coating had the desired appearance and phosphate crystal
size were 3-6 um. In addition, it was determined that
phosphate crystals, which allowed the zinc coating and
cataphoresis coating to adhere to each other, were
horizontal on BZ-coated surfaces and vertical on AZ-
coated surfaces. In the last stage, cataphoresis coating
was implemented on the phosphate coating. According to
the pull-off adhesion test results, the adhesion of the
cataphoresis coating to the zinc coatings was reasonable
for all parts. It was determined that only 12-15um BZ-C
and BZF-C samples under basic environment coatings
could not pass the water resistance test. In contrast, all
basic environment coatings remained from the stone chip
test; all acidic environment coatings and only 5-8 pm
BZN-C material passed the cyclic/scab corrosion and salt
spray tests. The desired adhesion, impact, and corrosion
resistance could not be achieved due to the roughness of
the surfaces of the casting parts, the inhomogeneity of the
crystals in the alkaline zinc and phosphate coating
deposited on these surfaces, and the crystal coverage not
being at the desired level. On AZ-coated surfaces, it was
observed that performance qualities deteriorated as
coating thickness increased, and the required
performance tests were only successful when 5-8 um of
nickel-added coating were applied in an alkaline
environment. In conclusion, the most practicable
coatings to increase the corrosion resistance of casting
parts were 5-8 pum and 12-15um AZ and AZN-C
processes. Since the AZN process is a more compelling
coating than AZ in terms of cost, cataphoresis coating on
AZ can be preferred for the corrosion resistance of cast
parts.
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