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The article describes the possibilities of pre-treatment of hot-dip galvanized parts and their influence on the adhe-
sion of organic coating. The main objective of this work was to compare the current possibilities of pre-treatment 
of hot-dip galvanized parts, this means phosphating, chromating and mechanical pre-treatment by light blasting 
and compare these technologies with today's alternative pre-treatment technologies based on chemical substances 
containing fluorozirconates. The basic function of these pre-treatments is to increase the adhesion of the organic 
coatings and to increase the lifetime of the entire corrosion protection. Another objective is to reduce the environ-
mental impact of these pre-treatments, reduce energy for the technological process of pre-treatment and many 
other aspects. Last but no least to compare the different types of organic coating systems with using these pre-
treatments on the hot-dip galvanized surface.  
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 Introduction 

Pre-treatment of hot-dip galvanized parts is very im-
portant for the subsequent application of organic coating, 
because the adhesion of organic coating is one of the main 
factors that show the lifetime of the entire corrosion pro-
tection. It is well known that if we do not perform a per-
fect pre-treatment of the zinc surface, delamination, crac-
king and other organic coating defects occur. Thus, the 
surface protection life is lost. It’s problematic for duplex 
systems. Duplex system is one type of surface treatment 
of material, where the total protection is guaranteed pro-
tection by zinc coating and organic coating. These sys-
tems are frequent technology corrosion protection. With 
the highest life it is useful for protection of steel structu-
res, especially in aggressive atmospheric conditions. 
Combination of the coating system and the zinc coating 
to prolong the lifetime of the system up to 50 years, but it 
depends on the aggressive corrosive environment, and 
many other factors [1]. The conversion layers are very 
fine grain layers that provide us the perfect base for the 
subsequent application of organic coating [2]. A lot of 
companies are currently solving the problem with pre-tre-
atment of hot-dip galvanized parts for suitable base for 
organic coating. A big problem is the number of baths for 
pre-treatment, temperatures, times, automation of the pro-
cess etc. Therefore, we are trying to ensure the right con-
ditions for successful pre-treatment. 

The main objectives of the scientific research was cre-
ating appropriate conditions for increasing the adhesion 
of organic coatings during creation of duplex systems. 
Another objective of the research was to compare the 
most frequent mechanical pre-treatment of the surface, ie 
light blasting with contemporary modern passivation of 
the surface. Last but no least was testing the impact of 
alternative methods on the adhesion of coating systems. 
Alternative methods are intended for applications, which 
are based on substances with fluorozirconates. The effort 
is to ensure the right conditions for successful pre-treat-
ment.  

 Used pre-treatments of hot-dip galvanized 
material 

2.1 Phosphating 

It is the most chemical pre-treatment of steel in which 
are formed on the surface the tercial phosphates of zinc, 
calcium and manganese. Other capabilities of these layers 
are binding certain organic substances on their surface. 
These include petrolatum, impregnating oils, but espe-
cially paints. Phosphate coatings are also used to form the 
insulating properties at the surface of transformer sheets 
to reduce friction of the moving parts [3]. Using phospha-
tes under organic coatings increases the corrosion re-
sistance of the whole system. Phosphate layer prevents 
corrosion of paint systems and increases the adhesion to 
the metal surface. To increase adhesion is required fine 
grained layers (10-60 mg.dm-2), see in Fig. 1, because 
thick layers of phosphate leads to the release of the indi-
vidual crystals. 

 
Fig. 1 SEM image hopeit crystals of zinc phosphate [4] 

2.2 Chromating 

It is a widely used method of passivation is used to 
improve the corrosion resistance and adhesion of organic 
coatings especially for non-ferrous metals, for example: 
zinc, aluminium and cadmium coatings. Electrolytic gal-
vanizing and subsequent pre-treatment of the zinc surface 
with chromate conversion layers is now very widespread, 
but it is an effort to replace these conversion layers with 
new alternative chemical pre-treatments due the toxicity 
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with using of hexavalent chromium passivation. Chro-
mate coatings provide us improved corrosion resistance 
of zinc coatings mainly due passivation effect of chro-
mium compounds present in the coating [3].   

2.3 Alternative technologies for the ferrous phospha-
ting and chromating 

In the year 2000, the European Union Decree was 
adopted which restricts the use of hexavalent chromium 
to a minimum. In the case of the automotive industry, it's 
5 grams per car. In this context, new methods are being 
developed as alternative technologies for phosphating 
and chromating based on substances contain fluorozirco-
nates. These methods are environmentally friendly, 
energy saving etc. Traditional surface pre-treatment be-
fore application of organic paints are now turn into those 
more environmentally friendly. However, it was proved 
that some alternative conversion layers are not able to 
have a corrosion resistance, such as is the case of con-
version layers based on Cr(III) [5], although certain 
sources describe an almost identical or even higher corro-
sion resistance of these alternative chemical surface pre-
treatment of low carbon steel, particularly TiO2 and ZrO2 
[6, 16]. 

Conversion layer based on Ti or Zr in recent years be-
come a major alternative to the chemical pre-treatment 
based on chromium. Pre-treatment Ti / Zr have not been 
studied as extensively as chromium pre-treatment and 
their effects are less well known. For these applications, 
the most commonly used coatings based on zirconium 
and titanium secreted from solutions containing fluorozir-
conate (Bonderite NT 1 TecTalis) but also coatings hyd-
rolysed organosilicate (Dynasilan Degussa ff.) [8]. In re-
cent decades, proved another perspective technology that 
can well to replace phosphate. In particular, the use of zir-
conium oxide on the surface using the sol - gel method, 
or immersion in acid H2ZrF6. It was found that coatings 
ZrO2, thicknesses of 18 to 30 nm provide a higher corro-
sion resistance compared to conventional phosphates [9-
11]. These methods are also commonly used for chemical 
pre-treatment of hot-dip galvanized coating. Zircon ab-
sorbed in surface layers most often occurs as a zirconia 
(ZrO2). It was found that zirconium oxide layers 50 nm or 
less, has comparable resistance to conventional chromate 
and phosphate. Today new TecTalis® surface pre-tre-
atment, which is commercially available, is based on acid 
H2ZrF6 and fully replaces the phosphating process. This 
product can be applied by spraying or by immersion at 
room temperature does not require sealed with chromic 
acid and can be used on a variety of metal surfaces (steel, 
aluminium, zinc). The bath is based on dilute H2ZrF6 (Zr 
˂ 200 mg.l-1) with a small amount of Si and Cu for im-
proved long-term performance bath. TecTalis reaction 
during layer formation: pH = 3.8 – 4.8, T = 10 – 50 °C, 
Time = 30 – 180 s. These are very fine grain layers that 
provide the perfect base for the subsequent application of 
organic coating. Using these products leads to shorter 
times, lower temperatures etc. [6, 7, 14, 15]. 

 Experiment 

In the experimental part were used paints ZINOREX 

(S2211) and AXAPUR (U2218) which were applied to 
the pre-treated surfaces of the zinc. Another objective of 
the experimental part was to verify the physical - mecha-
nical properties of coating systems. For experimental 
section was created seven variants of the pre-treatment of 
hot-dip galvanized samples, six chemical and one mecha-
nical surface pre-treatment: 

1. SurTec 678, 2. Pragokor BP, 3. Nanotech cs-one, 4. 
Interlox 5705, 5. Activation with HNO3,  
6. Light blasting, 7. Degrease of hot-dipped galvanized 
samples 

SurTec678 is trivalent passivation for zinc and alloys 
of zinc/nickel, is a highly concentrated product, contai-
ning Cr (III) and cobalt salts [13].  

Pragokor BP is a composition that do not contain 
chromate ions, chromium or other environmentally harm-
ful substances. Effect bath passivate surfaces microscopic 
pores or other inhomogeneities in the phosphate coating, 
so it is possible to increase the corrosion resistance [13].  

The passivation effect of this product is higher than 
the range of compositions based on chromate ion. 
Furthermore, it can be used to passivate the active sur-
faces of non-phosphated steel, aluminum and magnesium 
alloys, zinc and tin coatings, zinc castings after degrea-
sing or other activated surface [13].  

Nanotech cs-one product is supplied from a Turkish 
company CHEMSOLL - chemical laboratories solution, 
it is an alternative method of phosphating iron and zinc. 
Eliminates the disadvantages of the use of phosphate ba-
ths and according to the manufacturer should provide 
effective adhesion and long life of the coating versus 
phosphate. On the surface material are formed transparent 
nano-ceramic surface [8].  

Interlox 5705 contains a two-component bath free of 
chromium, which creates a conversion layer on alumi-
num, aluminum alloys, magnesium, zinc and steel. This 
is a composition which enhances the corrosion protection 
of parts of a cast and wrought aluminum alloys. It provi-
des a basic layer on aluminum, zinc and steel before wet 
and powder coating and it’s Qualicoat approved pre-tre-
atment (A-65). This product is not recommended for steel 
passivation without subsequent painting [13]. 

Activation with HNO3, the chemical pre-treatment of 
the surface of the zinc was the activation of the zinc coa-
ting with an alkaline degreasing and nitric acid (HNO3). 
With this chemical pre-treatment to achieve clarification 
of the surface, without the thin oxide layers [13]. 

Light blasting was used for comparison mechanical 
and chemical pre-treatments. Light blasting technology in 
the pre-treatment of zinc coatings still very popular and 
effective pre-treatment prior to application of organic 
coating systems. The main objective of this pre-treatment 
is to achieve a perfectly clean surface, free from corrosion 
products of zinc, and a rough surface for the subsequent 
application of other finishes. The experimental part was 
chosen abrasive resource (brown artificial corundum). 
Light blast zinc coating should ensure a minimum con-
sumption of zinc layer, mostly in terms of removing the 
surface layer up to 10 microns. Samples were blasted by 
a pneumatic blasting equipment PTZ 100 I by S.A.F. 
setting the nozzle pressure of 0.5 MPa. 
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The degreased hot-dipped galvanized samples were 
used for comparison of the various pre-treatments of the 
hot-dip galvanization samples were prepared only alkali-
degreased using a degreasing product Simple Green in a 
concentration of 1:30 [13]. 

3.1 Determination of the adhesion 

To compare the pre-treatment of the hot-dip galvani-
zed surface in terms of the adhesion of the organic coa-
ting, the following method was used: 

• Determination of adhesion of organic coating by 

pull-off test according to DIN EN ISO 4624 

The purpose of this test is to measure the mechanical 

adhesive strength of a coating. The sample will be sub-
jected to increasing tensile stresses until the weakest path 
through the material fractures.  The weakest path could 
be along the interface between two coatings, a cohesive 
fracture within one coating. 

 Comparison of various pre-treatments  

For each pre-treatment three samples was created, 
then three measurements were performed on each 
samples. Tab. 1 shows the averages of measurements on 
individual samples. The measurements were made on two 
coating systems.

Tab. 1 Summary of test results for individual adhesion of surface preparation the hot-galvanization zinc 

Pre-treatment + Coating system Zinorex(S2211) The average adhesive strength [MPa] 

Surtec 678 0.34 

Pragokor BP 0.59 

Nanotech cs-one 0.15 

Interlox 5705 2.13 

HNO3 4.63 

Light blasting 3.27 

Degreased samples 2.69 

Pre-treatment + Coating system AXAPUR(U2218) The average adhesive strength [MPa] 

Surtec 678 12.46 

Pragokor BP 7.37 

Nanotech cs-one 7.42 

Interlox 5705 15.63 

HNO3 18.13 

Light blasting 18.53 

Degreased samples 14.12 

Tab. 1 shows the results that good adhesive strength 
reached with use a coating system AXAPUR (U2218), 
which was formed by the paint itself AXAPUR and har-
dener C 7002. These are polyurethane coatings which 
were applied with a ruler. In the case of an acrylate coa-
ting system ZINOREX (S2211) in many applications was 
achieved low values of adhesive strength and coating was 
non-quality. Reasons for the poor quality of the coating 
can be different, it could be an unsatisfactory application 
temperature or temperature curing paint shop also ina-
dequate moisture for the application of paints or poor mi-
xing of the individual components of the coating system. 
Finally, it could be a chemical reaction of the zinc surface 
pre-treatment with the ZINOREX (S2211).  

 Conclusion 

As apparent from the Graph. 1 that some alternative 
method of passivating the surface of of hot-dip galvani-
zed parts can compete with today trivalent passivation in 
the adhesion of paint systems. Particularly in comparison 
product SurTec 678, which is a trivalent transparent pas-
sivation to zinc and alloys of Zn/Ni achieved tension 

using coating system AXAPUR (U2218) values of adhe-
sive strength on average 12.46 MPa, whereas the alterna-
tive methods Interlox 5705, which constitute a two-com-
ponent spa containing chromium, which produces the 
conversion coating on aluminium, aluminium alloys, 
magnesium, zinc and steel, reached values adhesive stren-
gth of coating system AXAPUR (U2218) on average 
15.63 MPa. When using other alternative methods of sur-
face passivation of hot-dip galvanized components Pra-
gokor BP, which is free chromate passivating agent based 
hexafluorozirconate ammonium and ammonium hydro-
gendifluoride, made a adhesive strength when using NS. 
AXAPUR (U2218) values. Adhesive strength on average 
7.37 MPa. It should be noted that this is still an adhesive 
strength, which is corresponds with according of the in-
ternal regulations for the protection of hot-dip galvanized 
structures, more than 5 MPa. Another alternative method 
was investigated by Nanotech cs-one, which is a new ge-
neration of nano - ceramic coatings. In this application 
using the coating system AXAPUR (U2218) were achie-
ved adhesive strength on average 7.42 MPa, the main ad-
vantage of this product is low temperature applications 
without necessarily degreasing.  
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Graph. 1 Comparison of trivalent passivation SurTec 678, light blasting with brown corundum and alternative passiva-

tion (Ti, Zr)

The best results in terms of adhesion of the chemical 
pre-treatment the zinc were reached with using degrea-
sing and subsequent activation of the surface using HNO3 
with coating system AXAPUR (U2218), but unfortuna-
tely, it’s toxic substance and the Europen Unien bans 
these technologies for use in surface finishing. The adhe-
sive strength average on 18.13 MPa. This chemical pre-
treatment is from an economic point of view very interes-
ting, but the problem is the high toxicity and the dangers 
of handling this acid, there is a problem with many Euro-
pean regulations. Under regulation European directive 
no.1272/2008 the substance is classified as dangerous. 
When activating the surface using HNO3 is achieved 
comparable adhesive strength, as when using a mechani-
cal pre-treatment light blasting, adhesive strength in 
average 18.53 MPa was achieved. It should be noted that 
duplex systems in this work have been tested only on ve-
rifying the adhesion of individual methods of pre-tre-
atment with the zinc surface.  

The results of the experimental part are obvious that 
some alternative chemical pre-treatment of the surface of 
the zinc are comparable with today trivalent passivations 
and many of them can compete even the most commonly 
used mechani-cal pre-treatment of the surface of the zinc, 
it’s a light blasting. From the results is evident that for the 
pre-treatment methods used to compare the adhesive 
strengths above 5 MPa were achieved. 
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