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Abstract

Polysilazane coatings have a broad need in real-life applications, which require

low processing or working temperature. In this work, five commercially available

polysilazanes have been spin-coated on polycarbonate substrates and cured in

ambient environment and temperature to obtain transparent, crack-free, and

dense films. The degree of crosslinking is found to have a significant impact on

the hardness and Young's modulus of the polysilazane films but has a minor

influence on the film thickness and hydrophobicity. Among all five polysilazane

coatings, the inorganic perhydropolysilazane-based coating exhibits the largest

hardness (2.05 ± 0.01 GPa) and Young's modulus (10.76 ± 0.03 GPa) after 7 days

of curing, while the polyorganosilazane-derived films exhibit higher hydropho-

bicity. The molecular structure of polysilazanes plays a key role in mechanical

properties and hydrophobicity of the associated films, as well as the adhesion of

coatings to substrates, providing an intuitive and reliable way for selecting a suit-

able polysilazane coating material for a specific application.

KEYWORD S

coatings, crosslinking, mechanical properties, structure-property relationships, surfaces and

interfaces

1 | INTRODUCTION

Polysilazanes are polymers with a Si N Si backbone con-
sisting of various substituted reactive or inert side groups at
the Si and N atom sites. A wide product portfolio of
polysilazanes is commercially available on the market and
has been reported to be ideal precursors to ternary SiCN
ceramics,1 ceramic matrix composites,2 ceramic fibers,3,4

and ceramic or SiOx rich polymeric coatings.5,6

Due to its liquid nature, most of the economic and
simple coating methods are applicable to polysilazane
systems, such as, spray coating, dip coating, and spin
coating. Additionally, the well-known good adhesion of
polysilazane to a variety of substrate materials, such as,

metals, glasses, ceramics, and plastics makes it a favor-
able material for the coating industry.6

Polysilazane coatings can be transformed into SiCO,
SiCN, or Si3N4 ceramic coatings by pyrolyzing at high tem-
peratures in air, N2, or Ar atmosphere.7–9 They are promis-
ing candidates for inter-layer dielectrics,10 oxidation, or
wear protection coatings11,12 for high-temperature applica-
tions because of their good thermal shock resistance and
thermal stability. However, the high-temperature applica-
tions require processing temperatures beyond 800�C,
which is impracticable for certain applications owing to the
limitation of the substrate or manufacturing process.

In recent years, low temperature curing of
polysilazane-based coatings has been studied for
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applications, such as, gas barrier,13 marine anti-fouling
coating,14 anti-graffiti coating for public transportation,15

and anti-adherent coating for demolding.16 Polysilazane
coatings can be cured and converted into thermoset poly-
meric coatings by several types of treatment, such as,
thermal crosslinking,17 UV radiation,18 O2 plasma
treatment,19 and moisture curing by hydrolysis and con-
densation reactions.20 Studies have been undertaken to
explore in detail the low-temperature curing behavior
and mechanism of polysilazane coatings.21–25 When
exposing polysilazanes to moist air, it was reported by
Müller et al.22 that the hydrolysis and condensation reac-
tions are predominant even at elevated temperature dur-
ing the curing process. In this context, the room
temperature (RT) moisture curable polysilazane coatings
prepared by simple methods draw attention to some
researchers.14,21,26,27 Nevertheless, from the best of our
knowledge, the curing behavior and the corresponding
properties of polysilazane coatings under long-term
ambient conditions have not been reported yet.

In this work, comprehensive characterizations of
the curing behavior, film thickness, surface morphol-
ogy, as well as the mechanical properties and hydro-
phobicity of five commercially available polysilazane-
derived films cured under ambient atmosphere and
temperature for 30 days were performed. The curing

rate and the degree of crosslinking of the coatings were
investigated by monitoring the changes of hardness,
Young's modulus, and contact angle with increasing
curing time for 30 days, by means of nanoindentation
and contact angle measurement. Moreover, the
moisture-curing behavior of a bulk polysilazane was
investigated by elemental analysis and Fourier-transform
infrared spectroscopy (FTIR). In addition, the adhesion of
polysilazane coatings to the polycarbonate substrates was
assessed by standard cross-cut tests (DIN EN ISO 2409) in
a 7-day curing period. Finally, based on the results of this
study, a benchmark evaluation of the mechanical proper-
ties and hydrophobicity of different polysilazane-derived
coatings is proposed.

2 | MATERIALS AND METHODS

Five commercially available polysilazanes were provided
by Merck KGaA, Darmstadt, Germany, and used as
received without further purification. Figure 1 depicts the
simplified linear molecular structure of different
polysilazanes employed in this work. To specify, Durazane
1500 rapid cure (D1500-rc), Durazane 1500 slow cure
(D1500-sc), and Durazane 1800 (D1800) are denoted as
polyorganosilazanes. The perhydropolysilazane (PHPS)-

FIGURE 1 Molecular structures of

Durazane polysilazanes. (a) Durazane

1500 (incl. rapid cure and slow cure).

Durazane 1500 rapid cure has a higher

fraction of 3-aminopropyltriethoxysilane

than Durazane 1500 slow cure.

(b) Durazane 1800. (c) Durazane 2250

(20 wt% solution of PHPS in dibutyl

ether). Durazane 2850 is produced by

further adding 0.5 wt% of

diethylethanolamine as a catalyst [Color

figure can be viewed at

wileyonlinelibrary.com]
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based polysilazanes Durazane 2250 (D2250) and Durazane
2850 (D2850) are denoted as inorganic polysilazanes.

To investigate the curing behavior of the polysilazane
at RT (23�C), two flasks with 50 ml of D1500-rc liquid
were bubbled with ambient air (with 40% to 55% relative
humidity) and synthetic air (water content less than
2 ppmv) for 7 days, respectively. The chemical composi-
tions of the cured samples were determined using ele-
mental analysis (performed by Mikroanalytisches Labor
Pascher, Germany) under an inert atmosphere for the
nitrogen and oxygen contents. The changes of the organic
groups in the cured samples were recorded by FTIR rang-
ing from 550 to 4000 cm−1 on a Varian IR-670 spectrome-
ter (Agilent) in the attenuated total reflection
(ATR) mode.

All five polysilazanes were spin-coated on polycar-
bonate (PC) plates (Makrolon®, Bayer AG, Germany)
and cured at RT in ambient atmosphere for 30 days to
prepare the polysilazane films. The spin speed was tuned
between 500 and 1500 rpm to achieve the industrially
favorable thickness of ca. 6 μm. The thickness of the
polysilazane films was measured using a stylus pro-
filometer (DektakXT®, Bruker Corporation, Germany).
The corresponding surface morphology was observed
under a Philips XL30 FEG high-resolution scanning elec-
tron microscope (SEM, FEI Company).

In addition to profilometry and SEM, nanoindentation,
and contact angle measurement were performed to access
the variation of mechanical properties and hydrophobicity
of the resultant polysilazane films during curing. The adhe-
sion of the polysilazane coatings to the PC substrates was
investigated by standard cross-cut test (DIN EN ISO 2409),
using a Cross Hatch Cutter test kit (Model 295, ERICHSEN
GmbH & Co. KG, Germany). The tested areas were
observed and evaluated by optical microscopy (VHX-6000,
KEYENCE DEUTSCHLAND GmbH, Germany). It is
worth noting that the aforementioned characterization
methods were only applied after the polysilazane films
were dry to touch. All dried films were transparent, color-
less, and adherent to the PC substrates.

The hardness and Young's modulus of the films and
PC substrate were measured using a G200 nanoindenter
(Keysight Technologies), equipped with a Berkovich dia-
mond indenter tip. A continuous stiffness measurement
method and a strain rate of 0.05 s−1 were applied in all
nanoindentation experiments. On each sample, nine
indentations were performed with an indentation depth
up to 2000 nm (depending on the corresponding film
thickness). The displayed data were chosen from an
indentation depth of approximately 10% of the film thick-
ness to avoid possible substrate effects. The hardness and
Young's modulus were subsequently calculated via
Oliver-Pharr method.28

The hydrophobicity of the polysilazane films was
characterized by static contact angle measurement using
an OCA-20 goniometer (DataPhysics Instruments GmbH,
Germany). At least three areas of each film and PC sub-
strate were tested using the sessile drop method. The
equilibrium shape of the water drop was described by the
Young-Laplace equation and the water contact angle was
estimated by fitting the contour of the drop as a function
of interfacial and gravity forces.

3 | RESULTS AND DISCUSSION

3.1 | Curing behavior of bulk Durazane
1500 rapid cure

In this work, Durazane 1500-rc was applied as a reference
for the investigation of the curing behavior of polysilazanes
in ambient and dry air at RT. Figure 2 depicts the theoreti-
cal crosslinking reaction paths based on the following sim-
plifying assumptions: (a) The polymethyl(hydro)/
polydimethylsilazane and 3-aminopropyltriethoxysilane
(AMEO) are physically mixed in D1500-rc polysilazane
solution. (b) With the presence of water, all of the Si H,
Si NH, and Si OC2H5 groups are consumed and trans-
formed to Si O groups via hydrolysis and condensation
reactions. The oxygen and nitrogen contents in D1500-rc
before and after complete curing were calculated. Before
curing, D1500-rc contains 16.8 wt% nitrogen and 7.2 wt%
oxygen (from AMEO). After complete crosslinking, the
nitrogen content decreases to 2.3 wt%, while the oxygen
content increases to 29.1 wt%.

Elemental analysis of oxygen and nitrogen contents
in bulk D1500-rc cross-linked for 1, 24, 72, and 168 h
were carried out, respectively. As shown in Figure 3(a),
without moisture, D1500-rc remains unchanged after
168 h of exposure to dry air. While in the case of curing
under ambient atmosphere (with 40% to 55% relative
humidity), the nitrogen content of cured D1500-rc
decreases and the oxygen content increases with curing
time. Within the first 24 h, the N and O contents
were almost halved. After 72 h of curing, the oxygen
content tends to be saturated, while the nitrogen con-
tent keeps declining at a relatively low rate. After
168 h, the nitrogen content decreases from
15.0 ± 0.1 wt% to 4.7 ± 0.1 wt%, and the oxygen content
increases from 7.4 to 28.2 wt% ± 0.3 wt% as compared
with the pristine D1500-rc polysilazane. The experi-
mentally obtained oxygen content is in good agreement
with the theoretical calculation. In this context, the
crosslinking degree of D1500-rc is calculated and
depicted in Figure 3b. It is obvious that 90.2% ± 0.7% of
the crosslinking reactions have been completed after
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72 h of curing in ambient environment and tempera-
ture. Further hydrolysis and condensation reactions
occur slowly and 95.0% ± 1.4% of the reactions have
been completed after 168 h of curing.

The ATR-FTIR spectra shown in Figure 4 correlate
well with the elemental analysis result. During curing in
ambient environment at RT, hydrolysis, and condensa-
tion reactions2 occur. The hydrolysis reaction leads to the
loss of nitrogen by releasing NH3 with the consumption
of the N H groups (at 1168 cm−1). In the meanwhile, the
Si H groups (at ca. 2125 cm−1) are consumed, and H2 is
released. The Si O R units (at 1077 and 1105 cm−1)
from the 3-aminopropyltriethoxysilane are gradually
transformed into Si O Si (at ca. 1022 cm−1) with the
releasing of C2H5OH.21,29 In addition, Si O Si units are
formed via condensation reaction increasing the oxygen
content. In the first 24 h of curing, there are residual
Si H and N H groups in considerable quantities. After

72 h of curing, most of the hydrolyzable groups in
D1500-rc are consumed and the hydrolysis and condensa-
tion reactions slow down. After 168 h of curing, almost
all of the Si H and N H groups in D1500-rc disappear
and the curing of D1500-rc reaches a plateau state. Thus,
it can be concluded that the existence of water in the
atmosphere is the crucial factor for the curing process of
polysilazane, while the polysilazane is stable against oxi-
dation in air at room temperature.

3.2 | Thickness of spin-coated
polysilazane films

The polysilazanes were spin-coated on PC substrates and
dry to touch in ambient environment at RT. The inor-
ganic polysilazane D2250 and D2850 coatings exhibit the
shortest dry to touch time, which is around 30 s (for

FIGURE 2 Theoretical crosslinking reaction paths of Durazane 1500-rc containing additions of 3-aminopropyltriethoxysilane

FIGURE 3 (a) Variation of elemental oxygen and nitrogen contents in the Durazane 1500-rc cured in synthetic air and ambient

environment at RT for 168 h, respectively. (b) Crosslinking degree of D1500-rc as a function of curing time (based on the calculation of

theoretical oxygen content) [Color figure can be viewed at wileyonlinelibrary.com]
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D2850) to 5 min (for D2250) under the same conditions.
The D1500-rc film is dry to touch in about 30 min, while
the D1500-sc film requires 1 to 2 h. The D1800 film
requires about 32 h to reach the dry to touch condition.

The thickness of the dry polymer films can be con-
trolled by the spin speed (angular velocity) and the con-
centration of the polymer solution. The generalized
correlation is empirically derived according to the follow-
ing Equation30,31:

hf = kω−α ð1Þ

where hf is the film thickness (μm), ω is the spin speed
(rpm), while k and α are empirical constants. A set of

factors influence the value of constants k and α, including
the intrinsic properties of the polymer, type of solvent,
concentration and viscosity of the polymer solution, and
interaction between the solution and the substrate.

Among these five investigated polysilazanes,
Durazane 1800 possesses the highest viscosity in the
range of 20 to 50 mPa�s, followed by Durazane 1500-sc
(20 to 30 mPa�s) and Durazane 1500-rc (12 to 20 mPa�s).
Durazane 2250 and Durazane 2850 exhibit the lowest vis-
cosity of less than 5 mPa�s at 20�C because of the pres-
ence of 80% of solvent. The influence of solution viscosity
on the resulting film thickness is indicated in Figure 5(a).
At the same spin speed, the higher the solution viscosity,
the thicker the resulting spin-coated film.

On the other hand, the film thickness of all five poly-
silazane coatings decreases with the increase of the spin
speed. The experimental data points are statistically fitted
with Equation (1) to obtain the constants k and α.
Regarding the pure polyorganosilazanes D1500-rc,
D1500-sc, and D1800, the values of k are 710, 2107,
697, while α amounts 0.76, 0.88, and 0.7, respectively. As
the polysilazanes D2250 and D2850 have relatively low
viscosities, they have lower α values of 0.59 and 0.41, and
the k value amounts 41 and 18, respectively. This phe-
nomenon may be explained by the effect of fluid
inertia.32

In order to further characterize the polysilazane coat-
ings without considering the effect of film thickness on
the curing process, specific spin speed was selected for
each polysilazane to achieve an industrially favorable
film with a thickness of 5 to 7 μm. Regarding the spin
parameter, that means 500 rpm for D1500-rc with a
6.12 ± 0.21 μm film, 700 rpm for D1500-sc with a
6.11 ± 0.07 μm film, and 1500 rpm for D1800 with a

FIGURE 4 ATR-FTIR spectra of Durazane 1500-rc after 0, 24,

72, and 168 h of curing in ambient environment [Color figure can

be viewed at wileyonlinelibrary.com]

FIGURE 5 Film thickness of polysilazane coatings as a function of (a) spin speed and (b) curing time [Color figure can be viewed at

wileyonlinelibrary.com]
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6.25 ± 0.32 μm film. However, due to the low viscosity,
the thickest D2250 and D2850 films that can be obtained
without sacrificing the homogeneity have thicknesses of
1.53 ± 0.01 μm and 1.39 ± 0.01 μm. The applied spin
speed is limited to 500 rpm in both cases.

The as-obtained polysilazane coatings were cured in
ambient environment at RT for 30 days. The develop-
ment of the film thickness is recorded and shown in
Figure 5(b). Although there are marginal variations dur-
ing the 30 days of curing, the eventual film thickness of
all five coatings is within the same range as the initial
state, which indicates a minor impact of the crosslinking
degree on the coating thickness. Therefore, the influence
of the film thickness on subsequent characterizations can
be eliminated.

3.3 | Surface morphology of polysilazane
coatings

The surface morphology and cross-section of the as-
obtained polysilazane coatings were further studied by
scanning electron microscopy. Figure 6 shows SEM
micrographs of the surface and cross-section of a
Durazane 1500-rc coating after 30 days of crosslinking in
ambient environment and temperature. The SEM images
of D1500-sc, D1800, D2250, and D2850 coatings are
shown in Figure S1 (supporting information) accordingly.
The resultant films are dense, crack-free, and with a
smooth surface.

3.4 | Mechanical properties of
polysilazane coatings

Nanoindentation was employed to characterize the
mechanical properties of the polyorganosilazane coatings
with thicknesses of about 6 μm and inorganic poly-
silazane coatings with thicknesses of about 1.5 μm. The
progression of the hardness and Young's modulus of the
mentioned polysilazane coatings during the 30 days of

curing in ambient environment at RT were investigated
and are shown in Figure 7.

As illustrated, the inorganic polysilazane (D2250 and
D2850) films exhibit higher hardness and Young's modulus
values as compared to the group of polyorganosilazane
films (D1500-rc, D1500-sc, and D1800). After curing for
7 days, the D2850 coating reaches the highest value of
hardness (2.05 ± 0.01 GPa) and Young's modulus
(10.76 ± 0.03 GPa) among all investigated films. The subse-
quent slight decrease in hardness and Young's modulus is
discussed in terms of microcracks formed in the coating
during the indentation.33

In the case of the D2250-derived coating, the hardness
and Young's modulus reach values of 0.64 and 3.59 ±
0.01 GPa, respectively, after 15 days of curing. Compared
with polyorganosilazanes, the inorganic polysilazanes have
a considerably higher amount of hydrolyzable Si H groups,
that react with water to form Si OH groups, which in turn
condensate to form a highly cross-linked Si O Si network.

Among the three polyorganosilazane coatings cured
for 30 days, the D1500-rc coating shows the highest hard-
ness and Young's modulus of 0.29 and 2.9 GPa, respec-
tively. Durazane 1500-sc coating, which contains less
hydrolyzable 3-aminopropyltriethoxysilane substituted
groups if compared with D1500-rc and thus exhibits
lower hardness and Young's modulus of 0.11 and
1.4 GPa, respectively. Durazane 1800 coating possesses
the lowest hardness and modulus of 0.05 and 0.4 GPa,
respectively, since it has the least number of hydrolyzable
groups, which leads to the lowest degree of crosslinking
among all the investigated polysilazanes. Moreover, the
additional vinyl groups in D1800 may sterically hinder
the crosslinking reactions.

For all coatings, the hardness and Young's modulus
increase rapidly during the first three days of curing.
Then, the corresponding growth rate slows down because
of the reduced number of hydrolysis and condensation
reactions owing to the insufficient hydrolyzable groups
after a certain period. Besides, the hardened surface of
the coating prevents the diffusion of atmospheric H2O
into the polysilazane and further slows down the

FIGURE 6 SEM images of

(a) the surface and (b) cross-

section of Durazane 1500-rc

coating cured in ambient

environment and RT for 30 days
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hardness/Young's modulus growth. After 7 or 15 days of
curing, the above values of D2250, D2850, and D1800 coat-
ings reach plateaus gradually, which to a certain extent
indicates the limits of the crosslinking degree for the spe-
cific polysilazane coatings cured in ambient environment
at RT. However, the hardness and Young's modulus of
D1500-rc and D1500-sc coatings grow further slowly but
continuously after 30 days of curing. Taking into account
the results shown in Figure 3 and 4, it is interesting to see
that even though the hydrolysis and condensation reac-
tions seem to reach plateaus after 3 days of curing, the
3D-network of D1500-rc obviously further crosslinks, indi-
cating possible physical crosslinking processes through
hydrophobic interaction and chain entanglement34 in addi-
tion to chemical crosslinking reactions.

The hardness and Young's modulus of the used poly-
carbonate substrate are measured as 0.19 and 2.9 GPa,
respectively. The relatively higher values of D1500-rc,
D2250, and D2850 films imply potential applications of the
polysilazanes as protective coatings on PC-based materials.

3.5 | Hydrophobicity of polysilazane
coatings

Hydrophobicity is considered to be a crucial factor for
anti-fouling and anti-graffiti coatings. Figure 8(a) shows
the water contact angle of polysilazane coatings during
curing under ambient conditions at RT for 30 days. A
similar tendency describing the change in contact angle
with curing time for all coatings can be observed. Con-
sider the D1500-rc coating as an example, the hydropho-
bic groups, such as, Si H16 and Si CH3

23 result in a
hydrophobic surface with a contact angle of 94.6� ± 0.5�.

During the crosslinking reactions, the formation of
hydrophilic Si OH and Si NH2 groups as well as the
consumption of hydrophobic Si H groups lead to the
reduction of the water contact angle to 90.4� ± 0.8�.35

Subsequently, a hydrophobic recovery36,37 appears, which
could be explained by the combined effect of condensa-
tion reaction, diffusion, and reorientation of polar groups.
On the one hand, the number of hydrophilic Si OH and
Si NH2 groups is reduced due to condensation reactions.
On the other hand, the molecular mobility is hindered by
the highly cross-linked Si-O-Si network and thus the
reorientation of polar Si O bonds38 toward the polar
water droplet becomes difficult. In the end, a contact
angle of 95.4� ± 0.7� is obtained for the D1500-rc coating
after curing under ambient conditions for 30 days.

From Figure 8b, the D1800 coating exhibits the
highest contact angle of 103.3� ± 0.5� because of the exis-
tence of a large number of hydrophobic groups, such as,
Si CH3 and Si CH CH2 groups which cannot be
involved in the crosslinking reactions at RT. Compara-
tively, D1500-rc and D1500-sc coatings are less hydropho-
bic with contact angles of 95.4� ± 0.7� and 98.4� ± 2.4�,
respectively. Furthermore, the PHPS-based D2250 and
D2850 coatings present less hydrophobicity with contact
angles of 83.9� ± 0.8� and 85.9� ± 0.8�, respectively.
Moreover, the contact angle of the uncoated PC substrate
is measured as 97.3� ± 1.3�.

3.6 | Adhesion of polysilazane coatings
to polycarbonate substrate

The adhesion of polysilazane to most surfaces is known
to be good due to the chemical reactions of Si H, Si NH

FIGURE 7 (a) Hardness and (b) Young's modulus of polysilazane coatings on PC as a function of the curing time [Color figure can be

viewed at wileyonlinelibrary.com]
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groups with the OH groups and the adsorbed water
molecules on surface, which form subsequently oxygen
bridges between the polysilazane coating and the sub-
strate.16,39,40 Figure 9 shows the optical microscopy
images of five polysilazane coatings cured after 1, 3, and
7 days and with the standard cross-cut tape test being
performed. According to the DIN EN ISO 2409, coatings
are classified from Gt 0 (best adhesion, without any
detachment of the coating after the test) to Gt 5 (worst
adhesion, detachment of the coating >65% of the tested
area). Among all five polysilazane coatings, D1500-sc

(Figure 9(b)) and D1800 (Figure 9(c)) coatings exhibit
excellent adhesion to polycarbonate substrates, showing
no coating spalling once they are dry to touch. Due to the
higher fraction of 3-aminopropyltriethoxysilane in
D1500-rc, the adhesion of the coating to the PC substrate
is not enough to withstand the pull-off strength of the
tape and the entire coating has been peeled off
(Figure 9(a)).

Unlike the aforementioned polyorganosilazane coat-
ings, the adhesion of the inorganic polysilazane coatings
to the PC substrates improved along with the curing time.

FIGURE 8 (a) Water contact angle of polysilazane coatings on PC as a function of curing time. (b) Sessile water droplets on

polysilazane coatings after 30 days of curing and PC [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 9 Optical microscopy images of polysilazane coatings on polycarbonate substrates after standard DIN EN ISO 2409 cross-cut

tape test: (a) D1500-rc, (b) D1500-sc, (c) D1800, (d) D2250, (e) D2850 coatings after 1, 3, and 7 days of curing in ambient environment,

respectively [Color figure can be viewed at wileyonlinelibrary.com]
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After one day of crosslinking, D2250 (Figure 9(d)) and
D2850 (Figure 9(e)) coatings display poor adhesion to the
substrates, which is attributed to the lower amount of
oxygen bridge between the diluted polysilazane (contains
dibutyl ether as solvent) and substrate surface. As curing
time increased, due to the much thinner thickness
(ca. 1.5 μm), water molecules from the atmosphere reach
the interface of the coating and substrate to further form
oxygen bridges. Hence, the adhesion of D2250 and D2850
coatings to the PC substrates is improved from Gt 5 and
Gt 4 to Gt 1, respectively.

4 | CONCLUSIONS

This work reports on a comprehensive investigation of the
mechanical properties and hydrophobicity of five commer-
cially available Durazane polysilazane films that are
moisture-curable at room temperature and provides a
guideline on the coating material selection. It can be con-
firmed that water is indispensable for the crosslinking of
the polysilazane. In wet air, hydrolysis and condensation
reactions result in the crosslinking of the polysilazanes and
formation of a 3-dimensional polymeric network, while, the
polysilazanes are stable against oxidation in dry air at RT.

Spin coating was proved to be an effective technique
for the preparation of dense and crack-free polysilazane
coatings. The relation between the film thickness and
spin speed was empirically derived and can be applied for
future research to adjust the coating thickness by
selecting appropriate spin parameters. Moreover, it is
found that the coating thickness is independent of the
curing time.

The hardness and Young's modulus of the poly-
silazane coatings were determined by nanoindentation.
PHPS-based polysilazane coatings have higher values
than that of the polyorganosilazane coatings and the used
PC substrate. This feature makes PHPS a candidate mate-
rial as protective coatings for PC-based materials. Unlike
the other polysilazane coatings with hardness and
Young's modulus reaching plateaus after 7 or 15 days of
curing, D1500-rc and D1500-sc coatings continue to
harden even after 30 days of curing, indicating that in
addition to chemical crosslinking reactions, physical
crosslinking occurs as well during the curing process.

The water contact angle measurements show that the
polyorganosilazane coatings are more hydrophobic than
that of the PHPS-derived coatings. Different from the
continuous increase of hardness and Young's modulus,
the water contact angles of the polysilazane films firstly
decrease at the early stage of curing, then, go through a
recovery process and finally reach similar values as mea-
sured at the early stage.

Finally, the analyzed properties of the different poly-
silazane coatings cured in ambient atmosphere at room
temperature can be roughly ranked as follows:

1. Curing rate: D2850 > D2250 > D1500-rc >
D1500-sc > D1800

2. Hardness and Young's modulus: D2850 >
D2250 > D1500-rc > D1500-sc > D1800

3. Hydrophobicity: D1800 > D1500-sc > D1500-rc >
D2250 > D2850.

4. Adhesion to polycarbonate: D1500-sc = D1800 >
D2250 = D2850 > D1500-rc
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