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Abstract
In this study, UV curing of polysilazane-based coating systems highly filled
with metallic fillers for corrosion protection applications was examined. The
UV curing was carried out using the thiol-ene “click” reaction. Therefore, a
tetra-functional thiol crosslinking agent and a photoinitiator were added to the
polysilazane to accomplish the radical crosslinking reaction. The UV-cured coat-
ing systems were compared to thermally cured samples regarding mechanical
properties and chemical resistance. The mechanical properties were studied by
scratch tests and hardnessmeasurements and the chemical resistance by immer-
sion in toluene and isopropanol. Contact angle measurements were carried out
before and after the chemical resistance tests. Surprisingly, it was found that
despite the high amount of metallic particles, the entire filled coating was cured
by UV irradiation. The mechanical properties of the UV-cured systems were
slightly worse compared to the thermally cured coatings. However, both curing
methods led to a very good chemical resistivity of the coatings against the liquid
polar and nonpolarmedia. Contact anglemeasurements revealed that byUV cur-
ingmore hydrophobic coatings are achieved due to prevention of oxidation of the
metallic fillers. Hence, UV curing is a suitable technique to crosslink also filled
coatings offering interesting properties for corrosion protection applications.
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1 INTRODUCTION

Due to the large economic damage caused by corrosion,1
there is large variety of approaches to protect steel from
corrosion. In salt water environments, zinc-based coatings
are usually used due to their favorable properties. Zinc
has a lower electrochemical potential compared to iron,
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and is therefore sacrificed while protecting the steel sub-
strate. A subgroup of available zinc coatings are zinc-rich
coatings, which contain spherical or lamellar zinc parti-
cles embedded in an organic or inorganic matrix.2,3 These
zinc-rich coatings effectively protect steel and offer some
advantages including an easy application process by spray-
ing or dipping and the absence of a possible hydrogen
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embrittlement of the steel substrate, which can occur in
the common hot-dip galvanizing process.4,5 To function
properly, the zinc particles need to be in an electrically con-
ductive contact with each other and with the substrate.
To ensure this contact and to increase the contact area
between the particles, the usage of lamellar shaped pig-
ments is ameaningful option.6,7 Commonmatrixmaterials
of zinc-rich coatings are epoxy resins,8–10 silicates,11–13 and
titanates.2 An alternative is the application of silazanes.
Silazanes are preceramic polymers, which offer excellent
properties that predestine them for the use in corrosion
protection coatings. They possess a high chemical stabil-
ity in corrosive environments and an excellent adhesion to
metal surfaces because of the formation of covalent bonds
to the substrate.14,15 Coatings based on silazanes can be
applied by easy application methods like spraying or dip-
ping and are adjusted in their properties in a wide range
using active or passive fillers.16,17
Polysilazane coatings are usually cured by a thermal

treatment up to 500◦Cconducted in a furnace. This process
is subjected to some limitations.17 On the one hand, the
properties of thermally sensitive substrates or filler mate-
rials can be impaired by the thermal treatment or they
are not able to withstand the required temperatures lead-
ing to degradation. On the other hand, an economically
viable thermal treatment of large components in a furnace
is not always possible. Hence, alternative curing methods
to crosslink silazane-based coatings are needed. UV cur-
ing was identified as an interesting and promising option.
Several authors demonstrated the feasibility of curing pre-
ceramic polymers by UV irradiation.18–20 A popular appli-
cation of this technique is additive manufacturing,18,21–30
but it was also used in freeze-casting31,32 and for the fabri-
cation of micro-electromechanical systems (MEMS),33 for
example. The rapid reaction kinetics allow the fabrication
of complex structures and shapes, which makes UV cur-
ing attractive for these applications. A brief overview of
the activities on UV curing of silicon-based coatings can
be found in the review of Barroso et al.17
In a recent work of Hoffmann et al.,34 polysilazane

coatings were crosslinked by UV curing using a thiol-ene
“click” reaction. For that purpose, a crosslinking agent
was added to the polysilazane. The crosslinking agent pos-
sesses thiol groups, which form radicals activated by a
UV-triggered photoinitiator leading to a radical crosslink-
ing reaction with vinyl groups of the polysilazane.20,23,31,32
The reaction includes chain propagation, chain transfer
and chain growth reactions.20,32,35
To the best of the authors’ knowledge, only precursor

systems with at most a small amount of fillers or additives
were used for UV curing. By transferring this technique
to coating systems for corrosion protection applications, a
much higher amount of metallic fillers has to be consid-

ered.Metallic fillers such as aluminum are not transparent
but might reflect UV radiation, which complicates the cur-
ing of a highly filled coating system. If the UV radiation is
reflected, curing may not occur sufficiently in the whole
volume of the coating, which could then lead to a loss
of cohesion or an impairment of the chemical and phys-
ical coating properties. Hence, the aim of this work is to
evaluate the feasibility of UV curing for polysilazane-based
coating systems filled to 80 vol.% with metallic fillers.
For this purpose, thermally and UV-cured coatings were
investigated. Both corrosion protection coating systems
were thoroughly analyzed and compared regarding their
microstructure, hardness, scratch resistance, and chemi-
cal resistance to various media. Moreover, to understand
the UV curing mechanisms, UV-Vis measurements were
conducted.

2 MATERIALS ANDMETHODS

The compositions of the used steel substrates are given
in Tables 1 and 2. Sheets of steel 1.7335 (13CrMo4-5, HSM
Stahl- und Metallhandel GmbH, Germany) with a thick-
ness of 2 mmwas used for the characterization of the coat-
ings’ mechanical properties and microstructure due to the
wide industrial engineering application of this steel grade.
On the other hand, the steel grade 1.4310 (X10CrNi18-8,
HSM Stahl- und Metallhandel GmbH, Germany) with a
thickness of 0.2 mm was chosen for chemical resistance
tests due to its chemical inertness resulting from a high
degree of alloying and its availability as thin sheets. Both
materials were cut in dimensions of 70 mm × 30 mm. To
remove the oxide layer, the 1.7335 steel samples were addi-
tionally sandblasted. Afterward all samples were cleaned
in an ultrasonic bath in acetone for 20 min and then dried.
The commercially available precursor Durazane 1800

(Figure 1A, Merck KGaA, Germany) from the group of
organosilazanes was applied as the matrix material for
the coating systems. Crosslinking of the functional groups
was conducted in two different ways. For thermal cur-
ing, 3 wt.% of the radical initiator dicumyl peroxide
(DCP, Sigma Aldrich GmbH, Germany) was added to the
Durazane 1800. DCP acts as an initiator for the crosslink-
ing reaction and reduces its initial temperature and
the volatilization of oligomers.36 Durazane 1800 without
DCP was used for UV crosslinking. Instead, pentaerythri-
tol tetrakis(3-mercaptopropionate) (TT, Figure 1B, Sigma
Aldrich GmbH, Germany) was selected as the reactant
for the thiol-ene “click” reaction. TT was added in differ-
ent molar ratios (mol thiol groups of TT relative to mol
vinyl groups of Durazane 1800) corresponding to 10%, 50%,
and 100% of reacted vinyl groups provided by the precur-
sor. The different TT contents were chosen in order to
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TABLE 1 Composition of the steel 1.7335.

Element C Si Mn P S N Cu Cr Mo Fe
Min (wt.%) 0.08 – 0.40 – – – – 0.70 0.40 Bal.
Max (wt.%) 0.18 0.35 1.00 0.025 0.010 0.012 0.30 1.15 0.60 Bal.

TABLE 2 Composition of the steel 1.4310.

Element C Si Mn P S Cr Mo N Ni Fe
Min (wt.%) 0.05 – – – – 16.00 – – 6.00 Bal.
Max (wt.%) 0.15 2.00 2.00 0.045 0.015 19.00 0.80 0.110 9.50 Bal.

F IGURE 1 Simplified chemical structures of the (A) organosilazane Durazane 1800, (B) crosslinking agent TT, and (C) photoinitiator
TPO-L.

investigate the effect of the amount of the thiol crosslinker
on the properties of the UV-crosslinked coatings. In
addition, a photoinitiator (Ethyl (2,4,6-trimethylbenzoyl)
phenylphosphinate, TPO-L, Figure 1C, Rahn AG, Switzer-
land) was added at a concentration of 5 wt.% based on
the mass of precursor according to the work of Hoffmann
et al.34 Zinc flake pigments (Pro FLAKEZn 1400, ECKART
GmbH, Germany), zinc-magnesium flakes (STAPA R© 15
ZnMg26, ECKART GmbH, Germany) and aluminum
flakes (APS 11 micron, Alfa Aesar GmbH & Co. KG, Ger-
many) were chosen as active corrosion protection fillers.
After curing, the proportions of fillers were about 16 vol.%
zinc flakes, 51 vol.% zinc-magnesium flakes and 13 vol.%
aluminum flakes. This coating composition was investi-
gated in a previous work and showed superior corrosion
protection in saltwater corrosion tests.37
The preparation of the coating slurries started with

dissolving the dispersing agent (DISPERBYK 2151, BYK-
ChemieGmbH,Germany) in di-n-butylether (99+%,Acros
Organics, Belgium), followed by the addition of the metal-
lic fillers and stirring for 48 h. To avoid the premature
activation of the photoinitiator by ambient UV light, the
bottles were fully covered with an aluminum foil before
TT and TPO-L were added to the systems intended for
UV crosslinking. Hereafter, the precursor Durazane 1800
including DCP was added to the slurries for thermal cur-
ing while Durazane 1800 without DCP was added to the

slurries for UV curing, respectively. The slurries were later
applied onto both sides of the steel substrates using a semi-
automatic spraying device equipped with a spray nozzle
(model 780S, Nordson EFD, USA). For all samples, the
same set of spraying parameters was used.
The crosslinking step of the thermally cured sam-

ples was carried out in a chamber furnace (LE 14/11,
Nabertherm GmbH, Germany) at 250◦C for 1 h in air with
a heating rate of 3 K/min. This treatment led to a suffi-
cient crosslinking of the silazane38,39 and avoided thermal
stressing of the substrate material.
Exposure of the filled UV-curable coating systems was

conducted using high-power LEDs with a wavelength of
365 nm. The coated substrateswere irradiated on both sides
for two passes each via theUV conveyor belt (ConVey LED,
Dr. Hönle AG, Germany) with a 100 HP IC 365 LED spot
under ambient conditions. The intensity at the samples
surface was 500 mW/cm2 and the belt speed 0.1 m/min.
In the following, the systems are referred to as “Ther-
mally cured” corresponding to the thermally crosslinked
coating system containing DCP while “10%”, “50%”, and
“100%” according to the used amount of TT described
above correspond to the UV-cured systems containing TT
and TPO-L.
The microstructure of the coatings was characterized

with a scanning electron microscope (SEM, Gemini Sigma
300VP, Carl Zeiss AG, Germany) with an acceleration
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voltage of 10 keV and a working distance of 8.5 mm. The
porosity of the coating systems was determined from
several backscattered SEM images employing the software
ImageJ and a Trainable Weka Segmentation tool.
To gain information about the surface roughness, the

arithmetic mean roughness value Ra and the averaged
roughness depth Rz were determined with a roughness
measuring instrument (MarSurf PS 10, Mahr GmbH, Ger-
many) according to the standard DIN EN ISO 4287.
Microhardness tests were performedwith amicrohardness
tester (Fischerscope HM2000, Helmut Fischer GmbH,
Germany) to investigate mechanical properties of the
coatings. Indentations were conducted using a Vickers
indenter in the cross-sectional area applying a force of
50mN.The loading andunloading time aswell as the dwell
time of the trapezoidal load function were set to 15 s and
5 s, respectively. Additionally, the scratch resistance was
characterized using a scratch hardness tester (Lineartester
Model 249, ERICHSEN GmbH & Co. KG, Germany) with
a moving stylus according to the standard DIN ISO 1518
(Ø 1 mm, scratch speed 35 mm/s) at constant loads. The
scratches were examined with a digital microscope (DSX
1000, EVIDENT Europe GmbH, Germany).
The chemical resistance to toluene (99.85%, ExtraDry,

Acros Organics BVBA, Belgium) and isopropanol (Carl
Roth GmbH + Co. KG, Germany) was determined by
immersing coated samples for 24 h at room temperature.
Toluene and isopropanol represented non-polar and polar
media. Before and after the tests the thickness was mea-
suredwith amicrometer screw and the contact angle of the
coatings to water was analyzed before and after the immer-
sion tests with a contact anglemeasuring device (DSA 25E,
KRÜSS GmbH, Germany). The contact angle was mea-
sured approximately 5 s after the dropwas applied onto the
surface of the samples.
In order to analyze the curingmechanism, both the reac-

tants and the coating system were examined by UV-Vis
measurements. The measurements were conducted with a
modular set up consisting of a light source (AvaLight-DH-
S-BAL) and two detectors (AvaSpec-2048-2 and AvaSpec-
UV/Vis/NIR, all Avantes B.V., The Netherlands). The
results were evaluated using the software AvaSoft 7. For
these measurements the coatings were applied on quartz
glass substrates with a thickness of 2 mm and referenced
to a WS-2 reference tile (Avantes B.V., The Netherlands),
which is a PTFE-based standard for diffuse reflection.
Analyses of the liquid precursor and the photoinitiator
(Durazane 1800 and TPO-L) as well as a solution consist-
ing of Durazane 1800, TT, TPO-L, and di-n-buthylether
were performed in polystyrene and quartz glass cuvettes,
respectively.
All tests and experiments were performed at room

temperature in air.

TABLE 3 Roughness values of UV-cured and thermally cured
coatings on 1.7335 steel.

System 10% 50% 100%
Thermally
cured

Ra (µm) 0.85 ± 0.08 0.94 ± 0.04 1.04 ± 0.06 1.01 ± 0.03
Rz (µm) 5.20 ± 0.58 5.62 ± 0.12 6.31 ± 0.38 6.10 ± 0.19

3 RESULTS AND DISCUSSION

In this section, first both curing methods are compared in
terms of the microstructure, mechanical properties, and
chemical resistance of the resulting coatings. Then the
surface properties are examined by contact anglemeasure-
ments and finally the curing mechanism of the UV-cured
coatings is investigated.

3.1 Microstructure of the coating
systems

The microstructure of the coating systems after spray-
ing was analyzed by SEM. Figure 2 shows cross-sectional
images of the UV-cured coatings (10%, 50%, and 100%) and
the thermally cured coating.
The thickness of the UV-cured coatings was in the range

of 18–22 µm. The thickness of the thermally cured coating
was similar with about 22 µm. In all coatings the metallic
fillers were homogeneously distributed in the polysilazane
matrix and aligned parallel to the substrate. The coatings
possessed a porousmicrostructure caused by the high filler
content of 80 vol.%. The porosity of the UV-cured coating
systems ranged from 30% to 33%, which was again similar
to the thermally cured one with about 31%.37 The surface
roughness values of the coatings are presented in Table 3.
All values were in the same range, so eventually no sig-
nificant differences in the microstructure and the surface
roughness were determined.

3.2 Mechanical characterization of the
coating systems

Microhardness measurements and scratch resistance
tests were carried out to compare the effects of both
crosslinking processes on the mechanical properties. The
results of the microhardness measurements are shown in
Figure 3.
The mean hardness values of the UV-cured coatings

including their standard deviation were 132 ± 10 MPa,
222 ± 17 MPa, and 255 ± 35 MPa for the 10%, 50%, and
100% samples, respectively. Therefore, the hardness of the
UV-cured samples increased with a higher TT content. As
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F IGURE 2 SEM cross-sectional images of UV-cured and thermally cured coatings on 1.7335 steel: (A) 10%, (B) 50%, (C) 100%, and (D)
thermally cured. The percentages refer to the molar ratio of thiol groups of the photoinitiator to vinyl groups of the precursor.

F IGURE 3 Microhardness of UV-cured and thermally cured
coatings on the 1.7335 steel substrate.

the TT content increases, more SH groups are available
for crosslinking the precursor resulting in a more densely
branched polymer network and thus higher hardness val-
ues. The mean hardness with standard deviation of the
thermally cured coating system was 321 ± 32 MPa. Hence,
by thermal curing a slightly higher hardness was achieved
compared to UV curing method. Nevertheless, in general
the measured values were relatively low due to the poly-

meric state of the silazane and the softness of the fillers
themselves.
Images after performing scratch resistance tests at loads

of 2–5 N are presented in Figure 4. At low loads of 2–3 N,
the substrate was visible on all UV-crosslinked coatings
and at 4 N large parts of the substrate were exposed. The
scribe width remained the same for all UV-cured systems
with about 300 µm, regardless of the force applied imply-
ing a plastic deformation behavior with very low resistance
against penetration. In polymers that are crosslinked via
the thiol-ene “click” reaction, flexible thioether bonds
are incorporated within the network structure. These
can reduce the overall mechanical properties and lead to
plastic deformability of the material.40,41 In case of the
thermally cured coating, a scribe mark was also visible at
a force of 2 N, but the substrate was not exposed. How-
ever, the scribemark becamewider at a higher force,which
implies a deeper penetration depth of the stylus. From
a load of 5 N, parts of the substrate were exposed and
the scratch edges became rough indicating a slightly more
brittle behavior that was not observed with the UV-cured
coatings.
Even so, the failure at those loads can mainly be

attributed to the porosity of the coatings,which reduces the
mechanical properties and makes the coatings susceptible
to scratches. These results are consistent with the con-
clusion from the microhardness measurement confirming
slight differences in the mechanical properties as function
of the curing method.

 17447402, 2025, 6, D
ow

nloaded from
 https://ceram

ics.onlinelibrary.w
iley.com

/doi/10.1111/ijac.70034 by U
niversitaet B

ayreuth, W
iley O

nline L
ibrary on [27/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 12 WENDEL et al.

F IGURE 4 Digital microscopy images of scratches on UV-cured and thermally cured coatings on steel 1.7335.

3.3 Chemical resistance of the coating
systems

Asmentioned in the introduction, it was not clear whether
the entire coating can be cured by UV irradiation. Chem-
ical resistance tests in toluene and isopropanol were
therefore carried out. For this purpose, the 10%, 100%, and
thermally cured systems were selected. Samples were pre-
pared on steel 1.4310, immersed in both chemical media
at room temperature and removed after 24 h. Besides the
visual appearance (Figure 5), the chemical resistance was
evaluated by the change in coating thickness (Figure 6) and
mass (Figure 7).
Figure 5 shows the surfaces of the coating samples after

completing the tests in the respective media. The right
side of each sample distinguished by the dashed lines was
immersed.
After the tests in toluene and isopropanol, none of the

coatings showed any change in optical appearance. Nei-
ther surface defects nor signs of detachment were visible.
Even so, Hoffmann et al.34 investigated the chemical resis-
tance of unfilled polysilazane coatings, which were also
crosslinked via the thiol-ene “click” reaction at room tem-

perature, to various common solvents. After 24 h in water
and isopropanol, they observed a slight optical clouding
and streaking.
The measured changes in thickness of the coating sys-

tems during the chemical tests in both media and the
area-related mass change of the samples are given in
Figures 6 and 7, respectively.
After testing in toluene and isopropanol (Figure 6), a

slight increase of coating thickness was measured for the
10% system while no significant deviation from the ini-
tial coating thicknesses were detected for the 100% and the
thermally cured systems. This indicated a good resistance
of the coatings to non-polar and polar solvents. Espe-
cially the good resistance to toluene demonstrated a full
crosslinking of all systems because toluene is a common
solvent for the Durazane 1800 precursor.16,36 An inade-
quate crosslinking would have resulted in a dissolution of
the coating matrix. As shown in Figure 7, very little to no
mass loss occurred during the tests. To validate this result
and to disclose spontaneous crosslinking, a reference sam-
ple with the same composition and preparation procedure
as the UV-cured samples, which was not exposed to UV
irradiation, was also tested in toluene. After less than 4 h
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F IGURE 5 Appearance of the UV-cured and thermally cured coatings on 1.4310 steel after immersion in toluene and isopropanol for
24 h at room temperature.

F IGURE 6 Change of coating thickness of UV-cured and
thermally cured coatings on 1.4310 steel after the immersion in
toluene and isopropanol for 24 h at room temperature.

the entire coating was detached from the substrate. Hence,
the UV irradiation step clearly causes the good resistivity
against toluene.

3.4 Contact angle to water

Contact angle measurements with water were carried
out to evaluate the changes in surface properties of the
coating systems before and after the chemical resistance
tests. Table 4 summarizes the contact angle values and

F IGURE 7 Mass change of UV-cured and thermally cured
coatings on 1.4310 steel during immersion tests in toluene and
isopropanol for 24 h at room temperature.

Figure 8 depicts the contact angles of the samples before
the chemical resistance tests.
As visible in Figure 8A and b and Table 4, bothUV-cured

coating systems showed contact angles of about 124◦, while
the thermally cured system had a lower contact angle of
about 97◦. Thus, the UV-cured coatings were significantly
more hydrophobic, which could be beneficial for corro-
sion protection. Moreover, in case of the thermally cured
system, the droplet was imbibed into the coating with
increasing dwell time, which can be attributed to capil-
lary forces due to the porosity. In general, the contact angle
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F IGURE 8 Contact angle measurements with water on UV-cured and thermally cured coatings in air before the chemical resistance
tests: (A) 10%, (B) 100%, and (C) thermally cured.

TABLE 4 Contact angles to water of UV-cured and thermally
cured coatings on steel 1.4310 before and after immersion in toluene
and isopropanol for 24 h at room temperature.

Coating system
Before
immersion

After immersion in
toluene isopropanol

10% 124◦ ± 2◦ 123◦ ± 1◦ 123◦ ± 2◦

100% 124◦ ± 3◦ 126 ± 1◦ 123◦ ± 2◦

Thermally cured 97◦ 97◦ 95◦

is mainly influenced by the structure of the surface and
the surface energy.42–46 Therefore, the difference between
the behavior of the UV-cured and the thermally cured
coating systems could arise due to a change of the chem-
ical groups on the surface by oxidation during thermal
treatment resulting in a change of surface polarity.
To get a deeper insight into the underlyingmechanisms,

additional measurements were carried out. For this pur-
pose, a sample with the composition of the thermally
cured coating system was applied on steel 1.4310 and dried
in an oxygen-free atmosphere at room temperature. The
aim of the following contact angle measurement was to
exclude changes of the chemical properties of the surface
due to reactions with oxygen during the thermal treatment
at 250◦C. The determined contact angle after drying was
127◦ ± 1◦ and the droplet was not imbibed. After the treat-
ment at 250◦C for 1 h in nitrogen atmosphere, the contact
angle decreased only slightly to 119◦ ± 1◦. Therefore, the
behavior was comparable to that of the UV-crosslinked
systems with approximately 124◦. This test demonstrated
that oxidation happens during thermal treatment at 250◦C
in air resulting in a change of the surface energy of
the coatings. During thermal curing, the metallic fillers
oxidize,47–50 a conversion of Si-H groups and Si-N bonds
of the silazane into the more hydrophilic Si-O-Si net-
works occurs,39,51 and formed groups like Si-OH increase
the polarity of the surface51 thus determining the wetting
behavior.38 This led to a reduced contact angle of 97◦ after
the thermal curing step in air.

Furthermore, in order to gain a better understanding of
the role of the fillers, an unfilled UV-cured coating based
on partially polymerized Durazane 1800 (HTTS)34,52 with-
out the metallic particles was prepared. For this purpose, a
solution of 20 wt.% of HTTS in dimethylformamide (Carl
Roth GmbH, Germany) with a TT content of 100% relative
to the available vinyl groups and 5 wt.% of TPO-L relative
to the mass of the used precursor was prepared. The solu-
tion was dip-coated on steel 1.4310 with a hoisting speed
of 0.3 m/min and an immersion time of 10 s, followed
by the same UV curing process as described above. This
unfilled coating with a Ra value of 0.13 ± 0.02 µm and
a Rz value of 0.85 ± 0.11 µm was considerably smoother
than the filled coatings (Table 3) and revealed a contact
angle of only 93◦ ± 2◦ to water. The hydrophobic charac-
ter mainly resulted from hydrophobic organic groups such
as Si−CH3.53 A similar HTTS-based and UV-cured coating
on brushed stainless steel was investigated by Hoffmann
et al.34 yielding a similar contact angle of about 96◦. Fur-
tat et al.54 determined the contact angle of a thermally
at 130◦C cured HTTS coating on stainless steel at about
97◦. Hence, both results are in accordance with our value.
This additional experiment revealed that the filler parti-
cles were responsible for an increase of the contact angle
to about 124◦ compared to an unfilled UV-cured silazane-
based coating by changing the morphology from a dense
and flat to a porous and rough surface.
The contact angle values after the immersion tests in dif-

ferent liquids are summarized in Table 4. It is obvious that
the contact angles of all coating systems did not change
significantly during the tests in toluene and isopropanol,
which is also a proof for the complete crosslinking of the
UV-cured coatings.

3.5 Investigation of curing mechanisms

As verified in the chemical resistance tests, the coatings
were completely cured byUV-induced radical crosslinking
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F IGURE 9 UV-Vis transmittance spectra of pure
organosilazane Durazane 1800 and pure photoinitiator TPO-L. Both
measurements were conducted in a polystyrene cuvette.

F IGURE 10 UV-Vis transmittance spectra of a solution
consisting of organosilazane Durazane 1800, photoinitiator TPO-L,
and crosslinking agent TT in di-n-butylether according to the
composition of the 100% system at selected time points after
beginning of transmittance measurement.

reaction although the metallic filler particles are not UV
transparent. To understand the crosslinking mechanisms
of particle-filled coatings UV-Vis measurements were con-
ducted. Initially, the transmittance of the organosilazane
Durazane 1800 and the photoinitiator TPO-L was investi-
gated (Figure 9). Afterward, a solution of the main com-
ponents involved in the crosslinking reactions (Durazane
1800, TT, and TPO-L) in di-n-buthylether was measured
(Figure 10). The solution was prepared according to the

F IGURE 11 UV-Vis reflectance of the 100% coating system on
quartz glass using PTFE-based WS-2 standard as reference.

composition of the 100% system and investigated in a
quartz glass cuvette using di-n-buthylether as reference.
The transmittance of the solution was recorded over a
period of several minutes to examine the changes of
the spectrum with increasing irradiation time. Spectra of
selected time points are depicted in Figure 10.
Durazane 1800 showed a high transmittance in the UV

region with a value of about 81% at the curing wave-
length of 365 nm (Figure 9). In contrast, TPO-L possessed
no transmission in the UV region from 300 to 430 nm
due to very strong absorbance of radiation within this
range. Similarly, the solution of Durazane 1800, TT, and
TPO-L did not exhibit any transmission in the range from
310 to 410 nm (Figure 10) for the same reason. However,
a certain transmission at higher wavelengths (> 420 nm)
was detected showing a decreasing trend with increasing
measurement time as illustrated by the depicted spec-
tra. This decrease in transmission can be attributed to
ongoing crosslinking reactions initiated by the absorption
of the low-intensity UV light of the instruments lamp.
The incident light is scattered at crosslinked polysilazane
structures leading to reduced transmittance. These results
demonstrated the high sensitivity and effectivity of the
thiol-ene “click” crosslinking reaction.
For the investigation of the coating system, the 100%

systemwithout anyUV treatment applied on a quartz glass
substrate was used. Since the metallic flakes reflect UV
light, both the reflectance and the transmittance spectra
of the coating system were measured simultaneously. As
expected, a high reflection of about 95% (Figure 11) was
observed, which can be ascribed to the presence of the
metallic fillers, while the transmission was a flat line at
0% in the entire evaluated wavelength range within the
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sensitivity of the detector (not shown). Therefore, only
about 5% of the radiation at 365 nm was absorbed by the
coating, mainly by the photoinitiator TPO-L (Figure 9).
Despite the low absorption, the particle-filled coating

system was fully cured as demonstrated before. There-
fore, crosslinking of the entire coating cannot occur only
from direct UV irradiation at 365 nm alone as no radiation
reached the backside of the coating.
Hence, we propose that curing could be supported by

reflection and scattering of UV radiation at metallic filler
particles, which are not perfectly oriented parallel to the
substrate, acting as mirrors into deeper regions of the coat-
ing. This could be facilitated also by the porosity of the
coatings. Additionally, only a small dose of radiation is
needed to initiate the crosslinking reaction (Figure 10)
as TPO-L has a very strong absorbance and the thiol-ene
“click” reaction is highly effective. Furthermore, the rad-
ical reaction can also crosslink surrounding regions via
radical propagation.

4 CONCLUSION

In the present study, UV curing of a highly filled corro-
sion protection coating composed of a silazane matrix and
metallic fillers was investigated for the first time. TT and
TPO-L were chosen as reactants for the UV initiated thiol-
ene “click” crosslinking reaction. The UV-cured coatings
were compared to thermally cured ones (cured at 250◦C
for 1 h) regarding their microstructure, mechanical prop-
erties and chemical resistance to toluene and isopropanol.
Furthermore, the curing mechanism was investigated by
UV-Vis measurements.
The feasibility of curing the coating system by UV radi-

ation was demonstrated. The complete curing resulted in
a high resistance to toluene showing neither mass loss nor
reduction in coating thickness. As UV-Vis measurements
revealed a high reflectance of 95% and a transmittance of
0% of the coating, curing was not caused by direct irradia-
tion alone. Mirroring of the radiation in to deeper regions
of the coating facilitated by the porous structure was
proposed as one possible mechanism to support curing.
Characterization of the hardness and scratch resistance
revealed that the mechanical properties of the UV-cured
coating systems increased with increasing TT content
reaching a maximum value that was only slightly lower
compared to thermal curing. However, the UV-cured coat-
ings exhibited a significantly higher contact angle to water
compared to the thermally cured system, which can be
beneficial for the corrosion protection properties of the
coating system. The difference can be attributed to a
change of surface polarity due to incorporation of oxygen

in the precursor network and oxidation of the metallic
fillers during the thermal treatment in air.
Hence, UV curing is a suitable alternative to thermal

curing for both filled and unfilled coating systems achiev-
ing comparable properties. It offers particular advantages
if a treatment in a furnace is not feasible or if temperature-
sensitive components are used.
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