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IMPROVED ADHESION

Silane alternatives for a belter grip. By Dr Marko Soltau and Benjamin Traxel, Straetmans High TAC.

Silane-based inhibitors are currently
popular due to the emergence of wa-
ter-borne metal coatings and one-com-
ponent single-layer systems (direct-to-
metal, DTM). Their supporting effect in

adhesion seems predestined to perfect-
ly complement corrosion protection for
paint systems - for example, to prevent
delamination and corrosion around a
scribe or to improve water resistance.

Figure 1: Sketched network structure and adhesion effect of a silane-based inhibitor.
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The advantages and disadvantages of
this chemistry are examined here, to-
gether with less expensive alternatives
on the market.

ilane-based inhibitors are silanes that

have been optimised and modified for
use in paints and coatings. Using test ex-
amples in water-borne 1K DTM systems, we
compared the improvement in corrosion
protection and show the advantages and dis-
advantages of this type of inhibitor. We con-
centrated on water-borne coatings, as this is
where the most serious differences can be
seen. In general, we tried to make use of the
advantages that such silane chemistry offers
for a good effect in the corrosion test.
The first strength of silanes and their formula-
tions in coatings is an improvement in adhe-
sion. This is seen both in the coating of critical
substrates, such as plastics and glass, or on
metallic substrates, through the reduction of
delamination and corrosion around a scribe
after corrosion exposure according to DIN EN
ISO 4628-8:2005-05 [1]. Another advantage



RESULTS AT A GLANCE

— Silanes are usually the first and easy
choice for improving coating adhesion.

— The adhesive effect can be lost after
storage in the paint.

— Silanes are also becoming increas-
ingly expensive.

— Three alternatives offer better sta-
bility and cost-benefit performance.

— Silanised, functional and liquid poly-
mer-based inhibitors can be combined.

— A comparison test after tempera-
ture storage should provide certainty
for subsequent applications.

is the improvement of the water resistance,
as tested, among other things, during water
storage over a defined time and tempera-
ture in demineralised water. This is tested
and assessed by determining the degree of
blisters according to DIN EN ISO 4628-2 [2]
and a cross-section according to DIN EN ISO
2409:2020-12 [3] after exposure in water.
Silanes form a kind of barrier, while acting at
the same time as a bonding agent or anchor
between the substrate and the coating, Fig-
ure 1. This mechanism provides better water
resistance and can even reduce blistering.
Figure 2 shows this by a comparison with and
without the use of a silane. It is tested with
the “24 h SST wet adhesion test” as shown in
Farbe und Lack 09 2021 and European Coat-
ings Journal 03 2023 [4].

TEMPERATURE STORAGE WITH SILANE IN
WATER-BASED PAINTS

When we talk about silanes in this article or
in the field of paints and coatings, we usually
mean adhesion promoters. There are many
such organofunctional silanes, but numerous
tests show that only a few of them work. Usu-
ally, an organic residue is bonded to the sili-
con via carbon atoms, which is supposed to
provide the hydrophobic effect. Furthermore,
alkoxy groups in the form of methoxy or eth-
oxy groups are usually bonded three times
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Figure 2: Comparison of bubble reduction using silane (right].

24h SST wel adhesion test

Reference 1 9% "TACorrSil CXe”

Figure 3: Chemical structure of GlyMO
([3-(2,3-Epoxupropoxy])propyl]trimeth-
oxysilane).

[3-(2,3-Epoxupropoxy)propyl]
trimethoxysilane
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to the silicon. These provide the adhesion
mediating effect to the inorganic substrate
by hydrolysing to more reactive silanols and
then reacting everywhere or with themselves
to form oligosiloxanes or preferably on the
inorganic substrate.

This is the problem: the silanes should react,
but as targeted as possible. Figure 1 shows
the idealised model. The reality is more di-
verse. Hydrolysis to silanol and then to silox-
ane takes place slowly but inevitably in pure
neutral cold water; this progresses catalyti-
cally faster in the presence of acids, ammonia
or amines [5]. As a result, the adhesion-pro-
moting effect is lost, which can be easily seen
in wet adhesion tests of fresh paint samples
compared to paint samples that have usually
only been stored at a certain temperature for
a few days, Figure 5. This can hardly be pre-
vented by using higher dosages, especially as
the prices of silanes continue to rise.

Figure 4: Chemical structure of AMEO
(3-(Triethoxysilyl)propylamine).

3-(Triethousilyl))-propylamine
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The most effective silanes used in paint are
known by their abbreviations GlyMO and
AMEO. These are described in more detail
below, but they are not free of the disadvan-
tages already mentioned.

ORGANOFUNCTIONAL SILANES

Figure 3 shows the structural formula of
[3-(2,3-Epoxypropoxy)propylltrimethoxysi-
lane  (3-Glycidyloxypropyl)trimethoxysilane,
GlyMO). It is a bifunctional organosilane with
three methoxy groups on one side and an
epoxy ring on the other. The methoxy groups
can hydrolyse and then react well with in-
organic substrates such as metals, but also
with glass. The epoxy group forms another
reactive part for reactions with, for example,
amides, alcohols, or thiols [5].

The 3-(Triethoxysilyl)-propylamine  (Amino-

propyltriethoxysilane, AMEO) is also a bifunc- ©
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Figure 6: Functional filler in comparison
with silane.
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© Figure 5: Effectiveness of a silane before

tional organic compound. The silicon-func-
tional ethoxy groups react with water under
hydrolysis and elimination of ethanol to form
reactive silanols, Figure 4. These can also dock
onto inorganic substrates. The amino group,
on the other hand, can interact with polymers
(e.g. binders). Sometimes, however, this inter-
action poses formulation problems in the for-
mulation or even leads to thickening.

DISADVANTAGES OF SUCH SYSTEMS

The stability of the formulation is a major is-
sue, as is the rapid price increase due to the
current tense situation on the raw materials
market. This lack of stability, especially but
not only in the water-based coatings sector,
can be observed after a short storage time,
as well as at temperatures that prevail in a
warehouse or during transport in summer.

Our test set-up compared a water-borne
1K DTM system equipped with a silane-
based inhibitor to illustrate this. It was also
assessed and compared with the “24 h SST
wet adhesion test” [4] based on infiltration
after corrosion exposure [1]. A freshly addi-
tivated paint sample and a paint sample that
was additivated and stored for three days

at 35°C were squeegeed onto a bare steel
sheet (QD panel / R-35) with a wet film thick-
ness of 400 um (dft 90-100 pm). These were
then stored at room temperature for 24 h
and forcibly dried at 50 °C for 2 h. After dry-
ing, the sheets were scored using a Sikkens
1 mm graver and subjected to the salt spray
test for 24 h in accordance with DIN EN ISO
9227:2017-07 [6]. Finally, the infiltration was
assessed by scratching the scribe with a knife
as described in DIN EN ISO 4628-8:2005-05
[1]. Figure 5 shows how the effect of the si-
lane breaks down after only a short period of
temperature storage.

The following example shows the disadvan-
tages of a silane inhibitor. For a railway ap-
proval according to DBS 918300, Annex B,
Sheet 27 [7], a primer with a silane-based in-
hibitor should pass the required parameters
of the corrosion tests: an alternating test ac-
cording to DIN EN ISO 11997-1:2018-01 [8]
and a climatic test according to DIN EN ISO
6270-1:2018-04 [9]. If the tests are repeated
after the prescribed four-week temperature
storage at 35°C, the silane-based inhibitor
could lead to failure in the latter test, the
silane-based inhibitor often leads to failure in
these repeated corrosion tests.

Figure 7: Silane in comparison with a long-term inhibitor.

24 h SST wel adhesion test (double fest)

1.5 % inhibitor “TACorr G50 Zi”

2 % Silane inhibitor with GlyM0
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ALTERNATIVES

To achieve adhesion on critical substrates
such as plastics or glass, it becomes difficult
to find efficient alternatives to silanes. Some
possibilities have already been found for
metal substrates.

Silanised fillers are fillers where a silane has
been reactively applied to the filler. This is an
indirect way of bringing the positive proper-
ties of silanes into the coating system. How-
ever, these are usually reacted beforehand.
In most cases, it is not enough to replace fill-
ers directly, the coating formulation needs to
be adapted somewhat.

Functional fillers are natural fillers which
have been coated with organic polymer.
This forms an adhesion bridge between the
substrate and the paint layer and the filler,
similar to silanes, Figure 1. Numerous cor-
rosion protection tests have shown that it is
clearly advantageous to coat a solid material
first, because in this way adhesion-promot-
ing properties can be utilised directly and
in a targeted manner. Adhesion mediation
between substrate and filler can be much
more efficient if a polymer has already been
applied to the filler than if only both compo-
nents were formulated separately, Figure 6.
A long-term liquid polymer-based inhibitor
(“TACorr G50 Zi") was specially developed to
improve adhesion and corrosion resistance
on various metallic substrates and can be
used in both aqueous and solvent-based sys-
tems. The application concentration is com-
parable to a silane-based inhibitor, but there
are no reactive groups that lead to a loss of
effect over time or in temperature storage.

NO LOSS OF EFFICIENCY

Since all three presented inhibitor alterna-
tives do not lose their performance like silan-
es do, the efficacy is maintained even after
temperature storage. Figure 7 shows a com-
parative test with the liquid polymer-based
inhibitor before and after temperature stor-
age for three days at 35 °C. After only three
days of storing, the loss of efficiency with
silane-based inhibitors could be seen. Long-
er storage of the novel alternative shows no
loss of performance. Therefore, some alter-
natives are at least similarly effective and
offer clear advantages over silane-based in-
hibitors in terms of shelf life, improvement in
corrosion protection and adhesion, depend-
ing on the application. Applications in the
powder coating sector are now also conceiv-
able with the powder options. Furthermore,
there is even the possibility of combining the
described functionalised fillers and the long-
term inhibitor to achieve even better perfor-
mance. This is possible because the respec-
tive modes of action do not hinder but can

support each other. Coating system trials will
indicate which exact combination is best.

CONCLUSION

Silanes certainly have their “raison d'étre”
in the world of paints and coatings. When it
comes to improving adhesion or water re-
sistance, they usually deliver convincing re-
sults in the laboratory. These properties are
often used to improve or support corrosion
protection. However, due to their hydrolysis
to reactive silanols, silanes are sometimes
associated with undesirable side reactions
and thus a loss of effectiveness, especially
in water-based coatings. For this reason, it
is always worth looking at the alternatives in
addition to an intelligent formulation. These
are usually not inferior to silane-based inhibi-
tors and, in addition to an excellent mode of
action, are also more attractive in terms of
price. @
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