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GREATER EFFICIENCY WITH

QUICK CORROSION TESTS

A useful tool to supplement and reduce salf spray and humidity tests. By Dr Marko Soltau and Benjamin Traxel,

Straetmans High Tac.

Corrosion protection is a time-consuming endeavour in the paints and coatings sector. New types of binders, functional fillers,
anti-corrosion pigments, corrosion inhibitors and much more present a variety of ways to optimise corrosion protection when
developing new coatings. In this article we discuss alternatives to usefully supplement and reduce a long series of tests and

permit an initial interim conclusion.

I t usually takes several months to develop or optimise coatings for
corrosion protection as they must undergo a wide variety of long-
term tests due to specified test parameters and/or standards. A quick
assessment of the corrosion protection effect, which can deviate from
the optimum conditions due to component geometry or environmen-
tal conditions, is also difficult to obtain quickly via long-term tests.
Let's look at this using a practical example. An aqueous industrial
coating is to be tested according to DIN EN 129644-6 [1]. As Table
1 shows, in this standard, corrosion protection tests are divided into
five different C categories according to ISO 12944-2 [2], each with four
subcategories according to ISO 12944-1 [3].

In accordance with DIN EN ISO 129466-6 [1], a customer aims to
achieve at least class “C5 medium” with their water-borne coating sys-
tem. This means passing a salt spray test [4] after 720 h and a con-
densation climate test [5] after 480 h. In deviation from the standard,
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infiltration also needs to be less than 2 mm on bare steel according
to DIN EN ISO 4628-8 [6]. Since the paint system is used, for example,
to coat cabs for harbour cranes and these dry slowly due to poor air
circulation, the customer would like an assessment of the flash rust
protection under these conditions.

CONVENTIONAL METHOD UNSUITABLE FOR RAPID SCREENING

The company commissioned with finding a suitable inhibitor receives
a paint sample. After compatibility tests with suitable inhibitors, there
were five promising inhibitors or combinations. To determine the op-
timum inhibitor concentration, these five favourites are tested again
at three different concentrations. Together with the control sample
(paint without inhibition), this makes a total of 16 variants to prepare
for testing according to DIN EN 129644-6 [1] and to test the flash



RESULTS AT A GLANCE

— Corrosion testing is a lengthy process, which makes im-
provement time consuming. Preliminary quick tests reduce
large test series to a minimum.

— The developed quick tests help identify clear tendencies for
many coating systems.

— Short test times save time and make larger test series pos-
sible with less effort.

— Test parameters can be changed more flexibly to customer
conditions.

— The presented tests can be used as tools to improve the
corrosion protection of water-borne and, to some extent, sol-
vent-based paints and coatings.

rust protection under poor drying conditions.Sample application by
means of a spray gun requires at least 100 g of each sample and
therefore a total of 1.6 kg paint for a first test series. Since the objec-
tive is to achieve the class “C5 medium”, the corrosion protection tests
according to DIN EN 129644-6 [1] take seven weeks, with a drying
time of three weeks after application (unless otherwise agreed). After
this period, the best-performing variants are selected, which may then
have to be reapplied and tested for optimisation trials.

Due to the material consumption of at least 1.6 kg and a 3-week dry-
ing test duration, the long-term tests are only suitable to a limited
extent for rapid pre-screening.

QUICK TESTS TO MINIMISE LONGER, EXTENSIVE TESTING

For this reason, we describe preliminary tests based on various paint
systems, which, in comparison to the tests in the example described
above, allow developers to draw an initial and, above all, rapid interim
conclusion. For these tests, some of which are common and some of
which are highly individual, we have determined fixed parameters that
enable us to evaluate a wide variety of systems in terms of corrosion
protection performance.

Before we go into these tests in more detail, it is important to briefly
classify which types of corrosion we distinguish. These types are often
interrelated but are essential to find the right raw materials and pre-
testing in the given application or standard. We distinguish between
flash rust protection and long-term corrosion protection. As already
mentioned, the presented results refer to test series and experiences
of various paint systems with specific inhibitors.

Quick tests cannot completely replace the extensive long-time tests
completely, but they are a useful addition. They help to reduce large
test series to a minimum and to draw an initial interim conclusion at
an early stage.
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Figure 1: Flash rust on a steel sheel applied with water-based
paint.

Figure 2: Extreme long-term corrosion on a steel sheel applied
with water-based paint after salt spray test.

CRITICAL TESTING TO AVOID FLASH RUST

According to DIN 50 900 [7], flash rust is defined as incipient corrosion
of iron or steel. In the paints and coatings sector, flash rust mainly
occurs during the application of water-borne paints. If this paint is
applied without sufficient corrosion protection to substrates of iron
or steel, it corrodes and usually forms small rust spots as shown in
Figure 1.

Long-term corrosion in the paint and coating sector is any kind of cor-
rosion, delamination and blistering that occurs after testing or loading
of coated parts. It describes the performance of the paint system and

in contrast to flash rust corrosion, it is not visible immediately after ©
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© Figure 3: Test of the dosage limil of a selected flash rust inhibitor ~ Figure 4: Running bucket test. Test setup with camera documen-
in an aqueous clearcoal on steel sheels in the walch glass test. fation for a time-lapse evalualion.

Table 1: Corrosivity categories and test durations according to DIN EN ISO 12944-2:2018-04 and DIN EN ISO 12944-6:2018-06.

Condensalion climate test

Category according to I1SO Proteclion period according to . Sall spray test according to . . .
i ) according to i y Appendix(Cyclic ageing test)
12944-2 1S0 12944-2 DIN EN IS0 6270-1:2018-04 DIN EN IS0 9227:2017-07
low 48 - -
medium 48 - -
ce
high 120 - -
very high 240 480 -
low 48 120 -
medium 120 240 -
c3
high 240 480 -
very high 480 720 -
low 120 240 -
medium 240 480 -
c4
high 480 720 -
very high 720 1440 1680
low 240 480 -
medium 480 720 -
c5
high 720 1440 1680
very high - - 2688
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application and requires time-intensive tests such as salt spray test,
condensation climate test or water storage. The long-term corrosion
test is one of the most important tests in the paint sector and is part
of most test specifications or standards about corrosion protection.
Figure 2 shows the extremes that can occur in these tests: A high de-
gree of rust, strong infiltration or delamination and strong blistering.
To check both types of corrosion in a quick pre-screening, we use the
following pre-tests (internal company designations):

> Watch glass test

> Bucket test

> 24 h SST wet adhesion test

THE “WATCH GLASS TEST”

We use this to assess the flash rust protection of an aqueous paint.
The paint film to be tested is applied onto a bare steel sheet (e.g.
Q-Panel R-Type) with a film thickness specified in the technical data
sheet. A watch glass is then placed on the fresh film. To be able to
evaluate and classify this test, a reference should definitely be tested
as well. In our case, we compare different inhibitor concentrations in
a clearcoat system on Figure 3. Blocking with a watch glass creates
conditions comparable to drying at high humidity. These conditions
are often found on angled or semi-enclosed parts, where optimal air
circulation is not possible.

THE “BUCKET TEST”

This is used to obtain initial tendencies of the rust protection effect
in the system at hand. This is assessed in long-term tests such as salt
spray [4] and condensation tests [5] as the degree of rust according
to DIN EN ISO 4628-3:2016-07 [8]. The layer thickness is specified in
the technical data sheet; we applied half to a previously agreed sub-
strate. Figure 4 shows a test series with bare steel sheets with the
test being filmed in a time lapse for subsequent evaluation. One third
of these sheets are placed with the uncoated surface in a sealable
container filled with water (hence the name bucket) and sealed. After
24 h, researchers open the container and visually compare and as-
sess any rusting. A reference should also be tested. Due to the high

Figure 5: Inhibitor comparison test evaluation of 8 waler-borne,
1K DTM acrylate/styrene coating white on bare steel after 24 h
SST wel adhesion test.
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humidity in the sealed container, the applied film dries more slowly
and is therefore more susceptible to rust formation.

THE “24 H SST WET ADHESION TEST”

A test method to pre-test the expected results in a long-term salt
spray test [4] is the 24 h SST wet adhesion test. This pre-test is primar-
ily aimed to determine the expected undercreep. However, it is also
possible in some cases to demonstrate under-rusting [6] and blister-
ing according to DIN EN ISO 4628-2 [9]. For this purpose, the tested
systems are again applied according to the technical data sheet. For

Figure 6: Zinc phosphate exchange Test evaluation of a
solvent-borne, 2K high solid acrylate coating black on bare steel
after 24 h SST wel adhesion ftest.

Figure 7: Water-borne 1K DTM acrylate/styrene coaling whifte
and solvent-borne, 2K high solid acrulalte coaling black on bare
steel after 500 h salf spray test.
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© an initial assessment, it is sufficient to apply them with a squeegee,

they do not necessarily have to be painted. After application, the
sheets are dried for twelve hours at room temperature and placed
in the pre-heated oven at 50 °C for 2 h. After cooling, the sheets are
scratched (as a salt spray test according to DIN EN ISO 9227:2017-
07 [4]) and placed in a salt spray chamber for 24 h. You can then di-
rectly test the undercreep [6] by using a knife to scratch across the
scribe in order to determine the infiltration. Furthermore, the coating
is checked for rust spots according to DIN EN ISO 4628-3:2016-07 [8]
and blisters according to DIN EN ISO 4628-2 [9]. This test method is
suitable for both water-borne and solvent-borne coating systems and
saves a considerable amount of time in pre-screening.

The coating tested in Figure 5 is a water-borne 1K DTM acrylate/sty-
rene coating, which was tested for inhibitor effect regarding wet ad-
hesion and undercreep improvement. Figure 6 shows a solvent-borne
2K HS system in which we replaced zinc phosphate with our inhibitor
“Tacorr G50Z1".

To compare the results of the pre-test with those of a long-term test,
we tested the systems from Figure 5 and Figure 6 using the described
24.h SST wet adhesion test and a salt spray test according to DIN EN
ISO 9227:2017-07 [4] and compared the results with Figure 7.

QUICK TEST LIMITATIONS AND SUGGESTED USE

The quick tests presented in this article can be a good tool to optimise
and minimise large test series, as they sometimes occur in inhibitor
comparisons or also concentration experiments. However, there are
limits because not all systems are suitable for the tests described.
Therefore, for new developments or unknown systems, tests should
always be carried out first according to the prescribed test param-
eters. It is then easy to compare the results with those of the quick
tests and show whether they are suitable for the optimisation tests.
We have compared the watch glass test, bucket test and the 24 h SST
wet adhesion test for inhibitor testing and so they must be tested for
effectiveness for tests with functional fillers, new binders or similar.
Here, too, as already mentioned, comparative tests should be carried
out beforehand.

In summary, the tests presented can be used as tools to improve
the corrosion protection of water-borne and, in some cases, solvent-
based paints and coatings. Our recommendations:

Find out wore!

Corrosion tests

254 scaich results for cOfrasion tests!

Find out more: www.european-coatings.com/360
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> The watch glass test is useful as a flash rust indicator for water-
borne paints under unfavourable application conditions.

> The bucket test can be used to establish initial tendencies on the
effect of flash rust protection and to estimate the degree of rust to
be expected in the subsequent salt spray test and condensation
climate test.

> The 24 h SST wet adhesion test as a fast salt spray test with focus
on adhesion and undercreep.

In particular, the 24 h SST wet adhesion test enabled us to select three

favourites from an inhibitor screening with 20 development products

within one week. @
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