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1. General

For more than 100 years, zinc has been used as a corrosion protection to protect steel surfaces, either
embedded in a plastic matrix as zinc dust paint, as a coating metal in the melting process or electrolyti-
cally deposited. In this process, the property of zinc as an electrochemically less noble metal compared
to steel is exploited to protect the steel material in the event of mechanical damage. This is known as
cathodic protection, whereby the electrochemical property of zinc forms the anode (sacrificial metal) in
the area of damage, while the more noble area, in this case the steel, is protected as the cathode. This
protection works only, especially in the case of moisture or a water film, as long as this is present bet-
ween the zinc and the steel surface in a covering manner.

Atmospheric effects such as sulfur dioxide, etc., cause the zinc surface to wear away at a rate of about
1 to 2 um per year. Under extreme conditions, the rate of erosion can be higher. In coastal and off-shore
areas with high salt exposure or in industrial zones with aggressive atmospheres, the removal rate can
be as high as 8 um per year. If the zinc coating layer is 50 ym and more in accordance with the standard
specification (DIN EN ISO 1461; see also DIN EN ISO 14713), this corrosion protection effect may no
longer exist in these areas of application after only 10 to 15 years. For this reason, the application of
an organic protective film by coating with powder or liquid coating is considered a sensible measure to
extend the corrosion protection over the required service life.

2. Types of galvanizing

In addition to batch and strip galvanizing, in which the workpiece is immersed in a bath of molten zinc, a
distinction is made between spray galvanizing, in which a zinc wire is liquefied with a type of spray gun
using an acetylene gas flame or an electric arc and sprayed onto the surface, and electro galvanizing, in
which a zinc layer is deposited in an aqueous electrolyte by applying a DC voltage.

3. Description of the batch
galvanizing process

The requirements described below refer exclusively to the batch galvanizing of steel (hot-dip
galvanizing).

3.1 Requirements for the parts to be galvanized (constructive specifications)
The construction of a component to be galvanized has a very significant influence on its subsequent
quality. The most important criteria can be described as follows:

3.1.1 Selecting the right base material

As is generally known, the appropriate phosphorus and silicon admixtures in the steel can lead to an
extremely high rate of layer formation, which also has a negative effect on adhesion and surface quality
later on. Therefore, only steels recommended for such purposes in accordance with DIN EN ISO 1461
should be used for galvanizing.




The following table shows the working ranges defined in nos. 1 and 3, in which a normal layer formation
rate occurs.

contents of Silicon +

Phosphorus in % Zinc coating

Normal iron-zinc reaction, silvery shiny coating,
normal layer thickness

Sandelin range, accelerated iron-zinc reaction,
grey zinc layer, high layer thickness

Sebisty area, normal iron-zinc reaction,
silvery matt appearance, medium layer thickness

Si+P<0,03%

Si+P=003-<0,13%

Si+P>0,13-<0,28%

Si+P>028% Acceler_ated iron-zinc reaction, matt gray, high layer thickness, with
increasing Si content gray appearance

3.1.2 State of the art galvanizing ISO 1461 / DASt-Ri 022

The most important specifications and parameters to be observed during and after the hot-dip galva-
nizing process are regulated in DIN EN ISO 1461. Furthermore, DASt Guideline 022, which also regu-
lates the "hot-dip galvanizing of load-bearing steel components”, exists in Germany since December
2009. In order to be allowed to install load-bearing steel components in Germany, the galvanizing com-
pany carrying out the work must be certified in accordance with this guideline.

4. Challenges in the coating
of galvanized material

To avoid problems later on, the intended use plays an essential role for the selection of a suitable pre-
treatment process, the application of a possibly necessary conversion layer and the selection of the
coating system. Other challenges can be oxide formation, post-treatments, white rust formation, welds,
outgassing and visual appearance. The subsequent intended use must be specified when commis-
sioning the coating company in order to avoid later complaints.

41 Oxide skin - quenching of galvanized components

After the steel is galvanized, it can be quenched and then reacts with oxygen (O,) in the air forming zinc
oxide (ZnO). This then reacts further with carbon dioxide (CO,) present in the atmosphere to form zinc
carbonate (ZnCO,). This process is usually used to provide better corrosion protection. However, this
is only recommended if there is no subsequent post-treatment, such as coating. If the material is to be
coated afterwards, quenching of the material is not recommended as the resulting zinc oxide and zinc
carbonate have a strong effect on the adhesion between the material and the coating, which can lead
to severe delamination.




4.2 Post-treatment after hot-dip galvanizing
It also happens that galvanized components are sealed with a temporary corrosion protection or chemi-
cally passivated. This sealing or passivation can only be detected by the coater with difficulty or hardly
at all and can lead to severe adhesion problems in the subsequent coating. For this reason, hot-dip
galvanized components must always be delivered to the coater without post-treatment; alterna-
tively, the coater must be informed about the passivation used (see DIN 55634-1 and DIN 55633-1).
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Figure 2: left and centre: with post-treatment, massive loss of adhesion
right: without post-treatment

Many problems with the coating of hot-dip galvanized material can be traced back to a lack of commu-
nication between the customer, the galvanizing company and the coating company. In this respect, the
galvanizer must already be informed when the order is placed that a subsequent coating is to be carried
out (see also DIN EN ISO 1461).

In these cases, the abbreviation t Zn k ("do not carry out subsequent treatment”) must also be
used when placing the order for hot-dip galvanizing. (see also QIB Information Sheet 3-2 "Order
correctly”).
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Figure 3: quick test of post-treatment




A quick test enables the coating company to detect any post-treatment carried out on the galvanized
component on receipt of the goods. Lead acetate and copper sulfate are colorless liquids that react
immediately with zinc and turn black. If a reaction occurs only after a delay (more than 30 sec.), there is
much to suggest that the galvanized surface has been post-treated, since a separating layer interferes
with the reaction, at least temporarily. If the reaction occurs only after minutes or not at all, it is not ad-
visable to coat the components.

4.3 Transport / Storage / White rust formation

If no passivation has taken place due to a subsequent coating, care must be taken during transport and
storage of the galvanized component that it does not come into contact with moisture. Since zinc reacts
very quickly with oxygen and moisture in the air and begins to oxidize, a very weak and barely visible
oxidation layer can form already at the beginning, which is also called white rust. This is usually caused
by improper storage or transport. If this is not seen or removed, it can cause adhesion problems between
the galvanized material and the coating after coating. If there is little formation of white rust, it can still be
removed by the coater using appropriate pretreatment procedures. However, if there is a high degree of
white rust formation, the material is only suitable for coating to a limited extent.
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Figure 4 + Figure 5: white rust crust

4.4 Welds

Another problem can be the incorrect preparation of welds. Cut-to-size individual parts almost always
have to be joined by welding and then galvanized. Despite grinding off the weld seam, the zinc layer may
later grow in the area of the weld bead, caused by the already mentioned different silicon content of the
welding wire, which has a higher layer growth than the areas next to it.

However, it is not advisable to grind off these zinc overgrowths, as this also reduces the corrosion pro-
tection in places and there is a risk of grinding through to the base material.

4.5 Outgassing
In connection with the steel types used, during the growth of the zinc coating on the base material,

disturbances occur in the form of small cavities, which can create craters when the powder coating is
burned in.

Outgassing can also result from improper storage (moisture deposits in the zinc layer) of the galvanized
material.
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Figure 6: outgassing appears in the form of pimples and pustules




An improvement is possible, for example, by light blasting (sweeping). Additional improvements are
achieved by so-called low-outgassing powder coatings, which are provided with special additives and
thus allow outgassing of the enclosed air until shortly before the object temperature is reached. By tem-
pering, the outgassing is carried out before the actual coating process. The most effective tempering
method is heat treatment at 20 50°C above the cross-linking temperature for 1.5 — 5 h. In addition, such
outgassing can also be largely reduced by preventing very thick zinc coatings (over 150 um). The so-
called high-temperature galvanizing has proven particularly successful, in which only zinc coating layers
of 60 um on average are achieved.

Figure 7: In principle, the coater can only influence the coating and surface quality to a limited extent in the case of unfavor-
able steel types (see table, section 3.1.1.)

A complete prevention of outgassing, even with the use of all technical possibilities (sweeping, out-
gassing-optimized powder coating), is not possible by the coater and often cannot be predicted.
Customers can only be advised not to dispense with these technical measures for cost reasons,
as otherwise there is a risk of unexpected outgassing.

Figure 8: air-filled outgassing bubbles are also possible




4.6 Optical appearance / "plastering“

When “plastering” according to DIN 1461, care must be taken not to grind through to the substrate. If
special requirements are placed on the surface condition of the galvanized parts, for example fine grin-
ding and the removal of zinc tips and residues from the galvanizing process, this must be specifically ag-
reed with the coater. This fine plastering is very time-consuming and is usually shown as an extra item.

Traces of run-off result from the solidification of the zinc layer as it is being pulled out of the zinc kettle.
These thickenings can be several millimeters thick.

Figure 9: run-off traces

4.7 Defects in the zinc coating
Defects in the zinc coating often occur at neuralgic points (edges, holes, etc.) and are permissible ac-
cording to DIN EN ISO 1461 if they do not exceed a certain size (0.5% of the galvanized area).
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Figure 10: defect, starting from the edge

But how should such flaws be dealt with, especially if a certain corrosion protection is to be achieved?

Since corrosion always starts from the "weakest link", these areas must be treated as if they were ungal-
vanized material, i.e., a coating structure must be selected for these areas which achieves the required
corrosion protection even with bare steel.

Generally, these defects must be ground to create a transition and then partially or fully primed. Only
in this way can the required corrosion protection be achieved. This additional work must always be in-
voiced separately.




5. Possible pre-treatment methods

5.1. Mechanical pretreatment

For large, bulky parts, mechanical pretreatment by sweeping (light blasting, reduced blasting pressure
2 — 4 bar and increased blasting distance approx. 60 — 85 cm with blunt blasting angle 30 — 60° with
iron-free abrasive with angular structure) has proven successful.

Common agents are corundum, stainless steel grit, used to produce a coatable surface by roughening
the surface while removing zinc oxides (white rust).

Substrates with white rust usually have to be freed from white rust mechanically (grinding on all sides,
sweeping).

Figure 11: sandblaster in the free jet house

5.2. Chemical pretreatment

5.2.1 Chemical pickling

The oxide layer can be chemically treated or removed by acid pickling. The concentration and the du-
ration of treatment are to be determined in an experiment. The effectiveness can be evaluated visually,
and the layer removal can be determined by differential measurement. Removal values of 2 — 5 g per
m? are possible.

5.2.2 Iron phosphating

Iron phosphating only leads to degreasing of the surface - due to the pH value of 3.6 - 5.8 no pickling
attack is usually detectable - but not to a conversion layer. A high level of corrosion protection is not
possible with iron phosphating.




5.2.3 Zinc phosphating
Zinc phosphate treatment results in uniformly gray-looking zinc phosphate layers, which provide a very
good adhesion primer for subsequent coating.

5.2.4 Chromating

During chromating, yellowish or yellow/greenish iridescent conversion layers are formed, which repre-
sent a very good adhesion base for the subsequent coating. Due to the REACH regulation, chromate-
free polymer coatings based on titanium and zirconium are increasingly being used. Products containing
chromate (chromium VI) are only possible in the coating industry with special approval until 2024.

5.2.5 Chromate-free conversion layers

Chromate-free conversion layers (titanium, silane, zirconium) now achieve the properties of chemically
produced conversion layers. However, they are not optically visible and therefore require additional
process controls.

More detailed information on the pre-treatment processes and the corrosion protection that can be
achieved can be found in QIB Leaflet 1-1 "The right choice of pre-treatment of metal parts for later use®.

6. Selection of the coating system

Here, too, the correct choice of coating system must be made depending on the application.

6.1 Powder coating

Epoxy powder coatings have excellent adhesion to hot-dip galvanized substrates and very good chemi-
cal and solvent resistance, but not sufficient weathering resistance. Here, the use of polyester powder
coatings, also in a modification as a highly weather-resistant system, has proven successful. From a cor-
rosivity category C3-H according to DIN 55633-1 and DIN 55634 1 (corresponding to QIB stress group
), a primer must be used to ensure corrosion protection. It should be carried out as an epoxy primer
with suitable vapor-tight pigments.

6.2 Liquid coating

In the past, the use of liquid paints has proved its worth for large, very bulky parts. The selection of the
suitable liquid paint system depends on the application (see also DIN EN ISO 12944-5). Air-drying,
one-component liquid paints based on modified alkyd resin are sufficient for parts that are subject to
little corrosion. However, if there are requirements for weather resistance or chemical resistance, two-
component polyurethane paints, for example, make sense. In any case, the later intended use must be
specified when commissioning the coating company in order to avoid subsequent complaints (see also
QIB Leaflet 3-2 "Ordering correctly").







