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INTRODUCTION

Experts estimate that one-third of all iron and steel products manufactured worldwide per year
are used to replace corroded structural components. The economic damage, therefore, is enor-
mous. The term “resource efficiency” is used widely in the paints and coatings market. The aim is
to offer customers the products they need to produce resource-efficient paints and coatings. In
this market, “resource efficiency” characterizes the bundling of the environmental and economic

pillars of sustainability.

More than any other sector, the corrosion protection market illustrates the impact the use of
perfectly tailored pigments and binder systems can have on the function of the coating as a
whole and furthermore on the protection/durability of valuable objects.

CAUSES AND MECHANISMS OF CORROSION

The metallic state is defined as a property of solid materials in which the atoms are localized,
closely packed, on the lattice sites of a crystal structure while the bonding electrons are free and
distributed over the entire crystal.2 Because of the free availability of electrons, even on the
external surfaces of the crystal, all metals are fundamentally subject to corrosion processes.

The driving force for corrosion is determined by how easily the electrons are liberated and how
easily the metal is oxidized. This depends on the type of metal and is characterized by its electro-
chemical potential. The chemical reactions that occur during the atmospheric corrosion of iron
can be described by the following redox reactions (equations 1-4).

Corrosion requires an anode where iron is oxidized to Fe**. Oxygen is reduced to hydroxide ions
at the cathode that is located elsewhere. Between the anode and cathode, a potential difference
exists (see equations 1 and 2).

Equation 1: Anodic partial reaction
Fe ————» Fe*+2e EC=-0.44V

Equation 2: CatH;d|c partial reaction
HZO+‘I/2 O0,+2e ——» 20H EC=0.87V

Equation 3: Sum of the reactions
Fe+H,0 + 1/2 o, —— Fe(OH)2

Equation 4: Subsequent oxidation with formation of rust

2 Fe(OH), +1/20, ——» 2FeO(OH) + H,0

In addition, an electrolytic connection allowing transport of ions between anode and cathode
and an electric connection for the flow of electrons is required. The latter is usually provided
by the corroding piece. A thin liquid film, a water droplet, or even human sweat may serve as
an electrolyte. Dissolved ions such as chlorides and sulfates accelerate the corrosion process.3
Fe* ions are further oxidized to the more stable Fe** ions and form insoluble Fe(lll)-oxide
hydroxide, better known as rust, on the surface.
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In this case, the anode and cathode are of the same metal, but when the oxygen concentration
differs, a potential difference is established.3 Usually the oxygen-deprived location becomes
anodic. Another reason for a potential difference on one and the same metal is the inhomogene-
ity of its surface. Edges, steps, kink sites, or voids in the crystal lattice and contaminants all lead
to local potential differences, sufficient to initiate corrosion.#

In some cases, like aluminium, corrosion results in a passivating layer of the corresponding oxide.
In case of iron however, the oxide does not adhere to the metal surface as its specific volume is
much larger. The rust platelets that form flake off constantly, so air, oxygen, and water will
continue to reach the metal surface, until the metal has rusted through.

Corrosion proceeds more slowly in the absence of:
* water
+ oxygen

- ions

This is usually achieved by the application of an organic coating.>¢ However, coatings inevitably
have weak points, allowing water, oxygen, or ions to diffuse to the metal surface. Therefore,
protective coatings usually consist of at least three different layers, each with a specific function:
a zinc-rich primer, a thick epoxide base-coat, and a polyurethane top coat providing weathering
resistance. However, to save costs it is desirable to reduce the number of layers. In addition,
increasing environmental awareness and legislative restrictions, which require low-VOC systems,
are also a factor. In this work we present a two-layer system that is exceptionally low-VOC and
provides full protection against corrosion.

PRIMER BASED ON A WATERBORNE SILANE - TOP COAT
BASED ON A SILICONE HYBRID RESIN, A 100 % LIQUID RESIN

The novel waterborne silane system was specially developed for use in two-pack zinc dust paints,
which are the coating of choice for long-term corrosion protection. Zinc is usually added as the
second component to the aqueous binder. Upon addition, formulations based on the waterborne
silane binder cure at ambient temperatures. Such formulations can be applied with a different
film thickness on the substrate. The curing time depends on the formulation (type and amount
of fillers and additives used) and the applied wet film thickness. As water has to evaporate, the
curing time of zinc dust paints containing the water-based silane binder is impacted by the wet
film thickness. Additional factors impacting the curing time are temperature and humidity.

The waterborne silane binder is exceptionally safe for the environment yet easy to process and
was designed for a better compatibility with additives and fillers. The system contains special
organofunctional groups which can interact with the filler and stabilize the formulation.

The advantages of the waterborne silane binder can be summarized as follows:
« almost zero-VOC

« low-temperature curing

+ low or higher film thicknesses are possible

« improved heat resistance compared to organic binders.
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Reducing VOCs is a main requirement from the coatings industry and in many countries there are

legislations restricting the use of VOCs in coatings. Formulations based on the waterborne silane

binder can be used to formulate nearly VOC-free zinc dust paints (Table 1).

SILICONE HYBRID RESIN FOR CORROSION PROTECTION

APPLICATIONS

Silicone hybrid resins can be used for corrosion protection applications.” In these applications,

the coating must meet different requirements to fulfill the needed corrosion resistance. It has

to protect the underlying layer by adhering well, while simultaneously preventing harmful

substances from migrating to the substrate. It must also be weather resistant. This means not only

resistant to rain, snow, and ice but also to the high-energy UV component of sunlight. However,

Table 1. Guiding formulation based on
waterborne silane-based binder

FORMULATION

COMPONENT PARTS BY WEIGHT
Dynasylan® SIVO 140 15.0
Deionized water 4.0
TEGO® Wet 270 1.0
TEGO® Twin 4100 0.5
AEROSIL® 200 0.6
Zinc oxide 3.0
(Red Seal, Ever Zinc) ; ’
Mica MKT 7.9
Zinc dust powder

(4P16, Ever Zinc) 63.0
Total 100.0
COATING PROPERTIES

theoretical solids content ~88%
density coating 2,8 g/cm®
cup efflux time (DIN 4) 20-30's
VOC (calculated) ~1g/l
PVC ~81%
DRYING CONDITIONS

recommended drying 20-30°C
temperature

recommended rel. Humidity 40-80%
drying time — touch dry — 10 min
60 um

drying time - overcoatable - 1 hour

60 um

active protection of the steel,
with for example a zinc primer,
is additionally gained by this
second layer, working as a
barrier.®

Conventional coating systems
for heavy corrosion protection
are based on a three-layer appli-
cation system, built to reach

the aforementioned require-
ments, specified in ISO 12944
(C5, high). The market standard
is based on a zinc-rich primer, an
epoxy intermediate layer, and a
PU top coat.®

Silicone hybrid resins can be used
as solvent-free, ultra-high solids
binders for resource-conserving
in many different industrial top
coat applications. This technology
allows formulation of coating
systems with significantly less
than 250 g/L VOC (sometimes
even less than 100 g/L) and
moreover permits isocyanate-free

crosslinking.?

The silicone hybrid resin technol-
ogy combines the positive effects
of an aliphatic epoxy resin, like

corrosion protection and chemical
resistance, with the UV resistance
and low yellowing characteristics

of an alkoxy silicone resin.
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Figure 1. Advantages of silicone hybrid

resins
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Table 2. Guiding formulation based on
the silicone hybrid resin

FORMULATION

COMPONENT PARTS BY WEIGHT
SILIKOPON® EF 55.0
TEGO® Foamex 840 0.7
TEGO® Wet 260 0.6
AEROSIL® R 972 1.0
BENTONE® SD-2 0.5
FINNTALC® M40 8.0

Blanc Fixe ZB 20.0

Black FW 200 1.5

butyl acetate 10.7

butyl glycol acetate 2.0

Total 100.0
COATING PROPERTIES

theoretical solids content ~87%
density coating 1.27 g/em®
cup efflux time (DIN 6) 15-18s

VOC (calculated) ~170g/I
MIXING RATIO

hardener Dynasylan® AMEO

coating: hardener =100:12.8

Together with an amino alkoxy
silane hardener, the abilities of
the intermediate epoxy layer and
the PU top coat can be combined
(Fig. 1).8 This allows to reduce
three to two coating layers, using
a combination of water-borne zinc
dust primer based on special low-
VOC: silane binder and a top coat
based on a silicone hybrid resin.

This two-layer system spares
costs and time in many ways:
- material cost

« labour cost

- production time.

Thus, new two-layer corrosion
protection systems with lower
total film thicknesses and better
corrosion protection abilities can
be achieved. By reducing the film
thickness, fewer coating materials
are needed.® Labour costs are
reduced significantly by skipping
the second primer coating layer.
Moreover, the working time is
considerably reduced due to low-
ering the total drying time for the
coating,’® which leads to a faster
throughput in the production.

ECO-FRIENDLINESS
(VOC-REGULATIONS)

Zinc dust paints that are formu-
lated with this innovative binder
and ultra-high solid top coat
based on the silicone hybrid resin
enable the formulator to develop
low-VOC coatings systems with-
out compromising properties
(versus traditional systems with
a higher VOC content)."® The
VOC emission can be reduced
from 120 g/m” to 20 g/m’
compared to a common solvent-
borne coating system.
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This reduction not only protects the substrate, it also protects the environment. The eco-friend-
liness is obvious, because of the reduced coating thickness and hence less material using fewer
solvents. The silicone hybrid resin based top coat is produced according to the guiding formula-
tion shown in table 2.

The recommended additive and filler package, used in the guiding formulation, ensures a good
performance in the corrosion tests.

TEST RESULTS

The corrosion protection performance was investigated with coatings on blasted steel (surface
preparation degree Sa 2.5), according to DIN EN ISO 12944-6 (CS5 high, test program 1). A
standard three-layer coating, a commercial 2-pack zinc dust epoxy-primer, a 2-pack epoxy-
intermediate layer, and a 2-pack polyurethane top coat (in total: 280 pm dry film thickness)
were compared to the two-layer combination of the waterborne silane-primer with the 2-pack
silicone hybrid top coat (in total: 185 um dry film thickness).

The results after 1440 hours of neutral salt spray test, according to ISO 9227 have shown in
figures 2 and 3.

In the humidity chamber test, carried out according to ISO 6270-1, no difference could be
detected. Both coating systems showed no blistering after 720 hours exposure. However the
adhesion on the two-layer system was better (GT 0-1 versus GT 2). Another advantage, which
is achieved by using top coats based on silicone hybrids, is the higher chemical resistance,
because of their higher crosslinking density. The coating was exposed at room temperature to
10% solutions of sodium hydroxide and of sulfuric acid; no damage was evident on the paint
surface. Surfaces based on silicone hybrids also show a good performance in terms of easy-to-
clean-properties and good abrasion resistance.

Figure 2. Three-layer standard coating system: 2-pack zinc dust epoxy-primer,
DFT: 80 um + 2-pack epoxy-intermediate layer,
DFT: 120 um + 2-pack polyurethane top coat, DFT: 80 pm
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Figure 3. Two-layer combination of zinc dust primer based on waterborne
silane, DFT: 60 pm + 2-pack silicone hybrid top coat, DFT: 125 pm
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SUMMARY

The high crosslinking of coatings based on a silicone hybrid resin qualifies this binder-technology
for highly durable coatings — extraordinary gloss, colour retention and weather resistance.
Compared with a conventional three-layer system, this two-layer system has better corrosion
protection, even though the dry film thickness is 95 um less. In combination with the waterborne
zinc dust primer, formulated with the innovative silane-based product, we can achieve an
eco-friendly coatings system, which offers a brilliant solution for the reduction of solvents and
material and thus the reduction of costs and additionally provides a long-lasting protection
against the formation of micro-channels.

page 7



WHITE PAPER:

PERFECT TEAM FOR
ECO-FRIENDLY CORROSION
PROTECTION SYSTEMS

REFERENCES

1)
2)

3)
4)

5)
6)

7)
8)

9)

10)

Evonik Industries AG, The Big TEGO, 2013, pp 14-17
Farbe und Lack, Vincentz Network, Issue 10/2012

Guido Kickelbick, Chemie fiir Ingenieure, 2008, Pearson Studium, an Imprint of Pearson
Education (Miinchen « Boston « San Francisco « Harlow, England, Don Mills, Ontario «
Sydney « Mexico City Madrid « Amsterdam), pp 248

McCafferty, E., Introduction to Corrosion Science, Online-Aufl., Springer Science + Busi-
ness Media, LLC, New York, NY 2010, pp 17

Barrow, G.M., Physikalische Chemie, Bd3, 3. Aufl., Bohmann-Vieweg, Wien 1977, pp 203

Korrosionsschutz von Stahlbauten durch Beschichtungen, Bundesverband Korrosionsschutz
e.V., Kdln, aktualisierte Ausgabe 2010

www.coating-additives.com, Technical Data Sheet ,SILIKOPON® EF”

B. Broskamp, F. Bdss, S. Herrwerth, Ch. Cova-Hdg, Ressource Efficient Corrosion
Protection, ECJ 03/2015

D. Hinzmann, T. Klotzbach, S. Herrwerth, Silcone-epoxy hybrid binders — A Strong
Network Against Rust, PAINTINDIA, Vol. 62, No. 11; pp 83-91

M. Hallack, Flyer, Perfect Team for Eco-friendly Corrosion Protection Systems, ECS,
03/2019

AUTHORS

Dennis Bringmann, Markus Hallack, Marion Siemens

page 8



This information and any
recommendations, technical

or otherwise, are presented in
good faith and believed to be
correct as of the date prepared.
Recipients of this information
and recommendations must
make their own determination
as to its suitability for their pur-
poses. In no event shall Evonik
assume liability for damages

or losses of any kind or nature
that result from the use of or
reliance upon this information
and recommendations.

EVONIK EXPRESSLY
DISCLAIMS ANY REPRESEN-
TATIONS AND WARRANTIES
OF ANY KIND, WHETHER
EXPRESS OR IMPLIED, AS

TO THE ACCURACY, COM-
PLETENESS, NONINFRINGE-
MENT, MERCHANTABILITY
AND/OR FITNESS FOR A PAR-
TICULAR PURPOSE (EVEN IF
EVONIK IS AWARE OF SUCH
PURPOSE) WITH RESPECT
TO ANY INFORMATION AND
RECOMMENDATIONS PRO-
VIDED. Reference to any trade
names used by other companies
is neither a recommendation
nor an endorsement of the cor-
responding product, and does

not imply that similar products
could not be used. Evonik
reserves the right to make any
changes to the information
and/or recommendations at
any time, without prior or
subsequent notice.

ACEMATT®, ADDID®,
AERODISP®, AEROSIL?®,
AEROXIDE®, AIRASE®,
ALBIDUR®, CARBOWET?®,
NANOCRYL?, NANOPOL®,
NANOPOX®, SILIKOFTAL®,
SILIKOPHEN?®, SILIKOPON®,
SILIKOPUR®, SILIKOTOP®,
SIPERNAT®, SPHERILEX®,
TEGO®, TEGOMER?®,
ZEOFREE®, ZEOLEX®, and
ZETASPERSE® are registered
trademarks of Evonik Industries
or its subsidiaries.

Evonik supports you in selecting
the best suited product and
optimizing current formulations
through our Application
Technology Group.

Evonik Operations GmbH
GoldschmidtstraRe 100
45127 Essen

Germany

Phone +49 201 173-2222

Fax +49 201 173-1939
coating-additives@evonik.com

EVOnNIK

Leading Beyond Chemistry



