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ABSTRACT: In this article, a series of hybrid organic—inorganic coatings based on silica-epoxy composite resins were prepared with the
sol-gel method by using y-aminopropyl triethoxysilane as a coupling agent. Especially, the research emphasized on the factors that
influenced on the properties of the prepared hybrid coatings. Firstly, epoxy resin was reacted with y-aminopropyl triethoxysilane at a
specific feeding molar ratio; subsequently, the asprepared sol-gel precursor was cohydrolyzed with tetraethoxysilane (TEOS) at various
contents to afford chemical bondings to form silica networks and give a series of organic—inorganic hybrid coatings. They were loaded
and cured on steel panels and characterized for FTIR, TGA, DSC, water contact angles (WCA), pencil hardness, surface &
three-dimensional morphological studies, and potentiodynamic polarization tests. The surfaces of the hybrid coatings showed
Sea-Island or Inverting Sea-Island morphologies at a certain relative content of two components, which made the coatings possess
hydrophobic property. Due to the contribution of organic and inorganic components, the prepared hybrid coatings possess a lot of
properties such as pencil hardness, thermotolerance, and corrosion resistance. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131,

41010.

KEYWORDS: coatings; mechanical properties; morphology; thermal properties

Received 26 December 2013; accepted 12 May 2014
DOI: 10.1002/app.41010

INTRODUCTION

Organic—inorganic hybrid materials have received considerable
attention as new functional materials. It represents a natural
interface between two worlds of chemistry (organic and inor-
ganic), and the main idea of developing hybrid materials is to
take advantage of the best properties of each components (the
polymeric material and the ceramic powder) forming the hybrid
and try decreasing or eliminating their drawbacks and getting in
an ideal way to synergic effect.' The recent reviews by Zhelud-
kevich et al.,> Wang and Bierwagen® gave an exhaustive account
of the research that had been carried out so far on applicability
of sol-gel coatings on metals and alloys for corrosion
protection.

Generally, the hybrid material is formed through the hydrolysis
and condensation of organically modified silicates with tradi-
tional alkoxide precursor.*® For the hybrid materials, silicon
alkoxides are frequently used as sol-gel precursors, which func-
tion as both corrosion inhibitors and adhesion promoters.
Organofunctional group like silane-coupling agent is necessary
for adhesion promoter application between different phases. For
example, Karatas et al.® studied a series of UV-cured organic—
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inorganic hybrid coating materials, in which, methacryloxypro-
pyltrimethoxy silane (MAPTMS) was used as a silane-coupling
agent to improve the compatibility of organic and inorganic
phases. Yeh et al.” studied a series of sol-gel-derived organic—
inorganic hybrid coatings consisting of organic poly(methyl
methacrylate)(PMMA) and inorganic silica(SiO,) by using
3-(trimethoxysilyl) proply methacrylate (MSMA) as a coupling
agent. Trabelsi et al.® studied organic-inorganic coatings which
were synthesized from tetraethoxysilane (TEOS) and vinyltriace-
toxysilane (VTAS) via dual process involving sol-gel reaction
and radical polymerization.

A lot of researchers have concentrated on the influence of
silane-coupling agent on the prepared hybrid coatings. However,
the properties of the hybrid materials are mainly determined by
their major constituents, e.g., organic and inorganic compo-
nents, and they play different role in the system. The result of
Ouissem Trabelsi® confirmed that thermally cured hybrid mate-
rial formed a uniform, homogenous and defect-free thin film
on copper substrates. Thermal stability increased with the con-
tent of silica in the starting precursors of the hybrid system,
and the increase of the amount of organic constituents in the
hybrid network led to an important decrease in the hardness
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Table I. Compositions of the Prepared Hybrid Coating

Organic-inorganic Modified epoxy TEOS
hybrid coatings resin (g/mL) (g/mL)
I((MEp/HSi=9 : 1) 0.454 0.046
IIMEp/HSi=7: 3) 0.359 0.141
I(MEp/HSi=5 : 5) 0.261 0.239
IVIMEp/HSi=3: 7) 0.159 0.341
V(MEp/HSi=1:9) 0.054 0.446

and elastic modulus of the resulting films. As there are a lot of
significant differences between organic part and inorganic part
in the hybrid coatings, which will lead to diverse properties for
the prepared hybrid coatings varied with the relative content of
the two parts. et al’ used hexamethyldisilazane
(HMDS) as an organic modifying agent to prepare nonfluori-
nated hydrophobic silica coatings. Incorporation of low surface
energy organic functional groups helped the surface of the
hybrid coating material possess hydrophobic characteristics and
good corrosion resistance.

Subasri

Besides, microstructure of the coating surface is the other factor
which influences the properties of the hybrid coatings. The self-
cleaning property of lotus leave is provide by the special struc-
ture and low free energy material on the surface where are
micropapillae with diameters ranging from 5 to 9 um and
branch-like nanostructure with average diameters of 124 nm on
both the top of micropapillae and area between micropapillae.'®
Inspired by the lotus leaves phenomenon, many methods have
been developed to construct dual-size rough structure in order
to fabricate self-cleaning surface, such as assembling silica
micro- and nanosphere via electrostatic absorbing and template
directed self-assembly,'" lotus-like aligned carbon nanotube film
via chemical vapor deposition,'™'> nanoflower on metal via wet
chemical etching,"” film with microsphere/nanofiber composite
structure via electronspinning,* porous structure on polymer
surface via microphase separation of polymer in selective sol-
vents,'>™7 organosilicon foams via sol-gel phase separation.'®"'’

In the present study, to evaluate the factors which influence the
properties of the organic—inorganic hybrid coatings systemati-
cally, a series of organic—inorganic hybrid coatings were pre-
pared by means of sol-gel reaction. The microstructure of the
hybrid materials were observed carefully, and the factors which
influence the properties of the prepared hybrid coatings such as
mechanical, hydrophobical, thermal and anticorrosion proper-
ties were investigated carefully.

EXPERIMENTAL

Materials

Tetraethoxysilane (TEOS,Alfa,99%) and y-aminopropyl triethox-
ysilane (Aldrich,96%), diglycidyl ether of biphenol A type epoxy
resin (epoxy equivalent, 500 g/Eq, Jiangsu SanMu Group,
China) were all commercial reagents. All other organic solvents,
such as ethanol, butanol, and xylene, were analytical reagents
and directly used without purity.
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Preparation of the Organic-Inorganic Hybrid Precursor
Material

The hybrid precursor materials were prepared by sol-gel process
in two steps. At first, epoxy resin was blended with y-
aminopropyl triethoxysilane in mixed solution of ethanol/buta-
nol/xylene = 1/1/1(by volume) under continuous stirring at
80°C for 2 h. During this reaction, epoxy group would react
with amino group at molar ratio of 1 : 1. Then, a quantity of
TEOS was added into the product of Step 1 followed by intro-
duction of H,O at molar ratio of H,O : Si=4 : 1. A catalytic
amount of acetic acid was then added into the solution and the
reaction was continued for 72 h at 25°C in acidic conditions.
After completion of reaction, the solution became viscous to
form a gelatinous state.

Coating Procedure

Four sheets of steel panels (one 150 X 70 X 1.0 mm° for
potentiodynamic polarization curves analysis, and three 120 X
50 X 0.5 mm’ for water contact angles of film surfaces, pencil
scratch hardness, and optical microscope observation) were pre-
pared and subjected to pretreatment of the following steps: pol-
ishing using metallographic sand paper, alkaline washing for
removing grease, acid polishing, and drying. For coating, the
pretreated steel panels were dipped into the coating solution at
a speed of 200 mm/min using a specially designed apparatus.
After dipping, the coated samples were dried and cured in an
oven at 80°C for 6 h. The coating procedure was repeated for
many times until the prepared complete coating without a pin-
hole on the surface. The thick of each coatings were controlled
around 80-100 pm, which was detected by Coating Thickness
Gauge (Leeb250, Shanghai Modern Environmental Engineering
Technology). In order to unify the experimental conditions, the
mixed mass concentration of modified epoxy resin and TEOS is
fixed to 0.5 g/mL. In addition, to study the influence of the rel-
atively content of organic—inorganic components on the micro-
morphologies and properties of the prepared hybrid coatings,
the relative mol ratio of epoxy group for modified epoxy resin(-
short for MEp) to Silicone group for hydrolized TEOS(short for
HSi) was varied at the proportion of 9/1(Sample I), 7/3(Sample
II), 5/5(Sample III), 3/7(Sample IV), and 1/9(Sample V),
respectively. Table I summarizes the mass concentration of the
reagents for different hybrid coating samples, and Scheme 1
presents the synthetic route for the organic—inorganic hybrid
coating.

Characterization

FTIR measurements were carried out on BRUKER VECTOR-22
spectrometer at room temperature. The spectra were collected
over the range 400—4000 cm ™' by averaging 128 scans at a max-

. . —1
imum resolution of 2 cm™ .

Pencil scratch hardness of the coatings were measured according
to ASTM D 3363-05. A coated panel was placed on a firm hori-
zontal surface. The pencil was held firmly against the film at a
45° angle (point away from the operator) and pushed away
from the operator in a 6.5-mm (1/4-in.) stroke. The process
was started with the hardest pencil and continued down the
scale of hardness to either of two end points: one, the pencil
that will not cut into or gouge the film (pencil hardness), or
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Scheme 1. Synthetic route for the organic—inorganic hybrid coating.

two, the pencil that would not scratch the film (scratch
hardness).

Water contact angles (WCA) were measured by using a Drop
Shape Analyzer (DSA)(JC2000D, Powereach Corporation, Shang-
hai, China). The volume of water droplet was ~4 uL and the aver-
ages of 10 measurements were reported as the water contact angle.

The surface morphologies of the hybrid organic—inorganic coat-
ings were assessed using 3D measuring laser microscope
(OLS4000, Olympus Corporation).

Thermal degradation behavior of the hybrid organic—inorganic
coatings was investigated with a TA Instruments (TGA Q500)
from room temperature to 1000°C under nitrogen atmosphere at
heating rate of 10°C/min. The measurements were conducted with
10-20 mg samples. During heating period, the weight loss and
temperature difference were recorded as a function of temperature.

DSC measurements were carried out using DSC Q100 (TA
Instruments) over the temperature of 20-200°C at a scan rate
of 10°C/min. All the thermograms were baseline corrected and
calibrated using Indium metal. The experimental specimens
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(8-10 mg) were dried at 60°C under vacuum for 24 h before
being measured. All the samples were first annealed at 120°C
for 3 min, and cooled to 20°C using liquid nitrogen and then
scanned for the measurement.

Corrosion analyses for bare and coated substrates were done
using a dual unit electrochemical workstation (CS2350) (Wuhan
Corrtest Instrument) connected to a corrosion analysis software
program. Prior to the measurement, each sample was immersed
in 3.5 wt % NaCl solution at least 30 min. Coated steel panels
was exposed to a hole of 10 mm in diameter through which the
caustic solution was in contact at room temperature during
polarization tests. Saturated calomel was used as reference elec-
trode (SCE) and a platinum sheet as counter electrode. The
potentiodynamic measurements were taken between —500 mV
and 1500 mV and versus SCE at a rate of 2.5 mV/s.

RESULTS AND DISCUSSION

Chemical Structure
Figure 1(a) shows the FTIR spectra for the prepared organic—
inorganic hybrid coatings. They show similar absorption peaks

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.41010

Applied Polymer -


http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

(a)

~._ sample

> sample IV

» sample Il

b sample Il

sample |

3440cm’’

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm’”

0.8 4

0.6 4

Transmittance

A 2968.42

0.2 4

| 831.31
004 150854793 451

4000 35‘00 30‘00 25‘00 20‘00 ‘ 15‘00 10‘00 5(‘)0
Wavenumber(cm™)

Figure 1. (a) FTIR spectra for the hybrid coatings. (b) FTIR spectrum for

epoxy resin. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

as expected, characteristic absorption peaks at 3440 cm™'

(vsion),?® 2980 cm™ ! (ven), 1610 cm™! (vppgg), 1510 ecm ™!
(Varc-c)s 1080 em™" (vagsiosi)s 791 em™ ' (vgysi0.s)°' can be
seen from them, and the relative strength of absorption peaks
for different functional groups are varied with the relative con-
tent of two components. In addition, the disappearing absorp-
tion peaks in the range from 950 cm™' to 810 cm™' for epoxy
group, as can be seen from Figure 1(b), means that epoxy resin
has reacted with y-aminopropyl triethoxysilane and is joined to
the silica sol by chemical bond.

Surface and Three-Dimensional Morphological Studies

For the organic—inorganic hybrid coatings, it is very important to
explicit how the interaction of two components will impact on
the surface morphology of the coating. A 3D measuring laser
microscope uses laser scanning to perform non-contact 3D mea-
surement of complex surface features of the samples. It guaran-
tees both repeatability and accuracy, while also being capable of
high-resolution observation and highly accurate measurement
over a wider area. In addition, it also features easier operation,
including a function for acquiring 3D images automatically with
a single click. Optical images of the surfaces and three-
dimensional morphologies for the organic—inorganic hybrid
coatings are presented in Figures 2 and 3, respectively. Because
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hydrolysis and condensation of TEOS under acidic condition
favor the formation of small particles in nanometer scale, ordi-
nary TEOS-based inorganic coating tends to crack after it is
cured”’. However, due to the extensibility property of the blend-
ing organic components, no cracks were observed for the pre-
pared hybrid coatings. In addition, it should be noted that with
chemical connection of silane coupling agent(y-aminopropyl trie-
thoxysilane), organic and inorganic components are uniform dis-
tributed in the whole hybrid coatings, and the microstructure of
the coating surfaces vary with the changed relative content of
two components. For samples I and II, when the organic compo-
nent is in the major, inorganic silica aggregate and present as
particles in micrometer scale, which are surrounded by modified
epoxy resin, and the surface present Sea-Island Morphology, the
size and the content of silica particles increase with the content
of inorganic component. However, when the content of the
organic component and inorganic component is in equal, such as
Sample I1I, the modified epoxy resin cannot encapsulate the inor-
ganic component well and silica particles aggregate together to
form as a whole, thanks to the interconnect function of silane
coupling agent, the coating surface presents flat and uniform, it
does not present phase splitting. With the content of inorganic
component continue increases (for the hybrid coatings IV and
V), the coating surfaces present Inverse Sea-Island Morphologies.
In this stage, modified epoxy resin present as particles in micro-
meter scale and surrounded by the inorganic silica phases.

Physical and Static Contact Angle Measurements

Thermal stability of the prepared organic—inorganic hybrid coat-
ings were determined by using TGA analysis. The thermograms
for different hybrid coatings are given in Figure 4, and the weight
losses with the increased temperature for different samples are
summarized in Table II. When the organic components are in
the major amounts, there are two major weight losses for the
coatings beyond 250°C. For the first step, the loss can probably
be owing to the dehydroxylation of water.”> With the temperature
increasing, the loss for the second step is attributed to the
decomposition and disappearance of amino opened epoxy groups
and other organic entities. When the content of inorganic com-
ponent is higher, there are some differences for their mass losses
from room temperature to 200°C, which may probably be attrib-
uted to the dehydration of the sample, such as the release of
bound water, the absorbed water or ethanol from mesopores of
the silica gel hybrids and the by-products of organo alkoxysilane
compounds (i.e., acetic acid which has not been fully removed
after being heated).** For all the samples, when the temperature
exceeds 700°C, the residual inorganic part SiO, can still protect
the metal properly at such high temperature. As epoxy resin is
modified by silane coupling agent(y-aminopropyl triethoxysilane),
which can also convert to SiO, at a high temperature, so the
residual SiO, is larger than the reactant ratio as listed in Table I.

Due to the interaction between organic and inorganic compo-
nents, relative content between them may also impact on the
polymer chains’ movements. As is seen from the results of DSC
(Figure 5 and Table III), there are no crystal-melting peaks for
the prepared organic—inorganic hybrid coatings, which indicate
that all the coatings present amorphous states. In addition,
there is a glass transition temperature around 100°C which is
attributed to the segmental motion of the modified epoxy resin,

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.41010
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Figure 2. Optical images of the surface of hybrid coatings (a) Sample I; (b) Sample II; (c) Sample III; (d) Sample IV; (e) Sample V.

and it is increased with the content of inorganic component. As
we know, there are a lot of silanols in the inorganic component,
they can connect to the modified epoxy resin with covalent
bond by sol-gel reaction; in addition, the unreacted silanols can
also influence the organic component by hydrogen bond. With
the restrict effect of silanols, the value of T, for the modified
epoxy resin will increase with the content of inorganic
components.

For the hybrid coating system, the balance between the relative
content of organic and inorganic components is important to
achieve good barrier property while maintaining desirable

WWW.MATERIALSVIEWS.COM

'nl
M- \l'-iﬁ}

41010 (5 of 8)

mechanical performance. Depending upon its chemical struc-
ture, the organic constituent provides flexibility, hydrophobicity
and reduces defects for the coating matrix. The inorganic part
is responsible for the hardness of the coating, the superior adhe-
sion to the metal surface and the heat resistance of the coat-
ing.”> The samples were characterized by being deposited onto
pretreated steel panels. The behaviors of the WCA and pencil
scratch hardness for the organic—inorganic hybrid coatings are
summarized in Table IV.

Contact angle is an important parameter to evaluate the surface
of hybrid coating. It is well known that roughness enhances

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.41010
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Figure 3. Optical images of three-dimensional shape of prepared hybrid
coatings (a) Sample I; (b) Sample II; (¢) Sample III; (d) Sample IV;
(e) Sample V.

both hydrophobicity and hydrophilicity depending on the
nature of the corresponding flat surface. Conradi et al. had pre-
pared nanosilica-filled epoxy-resin composite coatings, It was
found that a significant increase in the roughness for the epoxy
coating with the embedded silica particles, which will increase
the contact angle from 84.6° to 94.2°.*° It suggests that micro-
rough morphologies on the surface of the hybrid coatings
makes them have hydrophobic property.

As is expected, the hybrid coating (Sample III) shows the lowest
contact angle of a water droplet (98 * 2°) due to its flat surface.
However, it is still higher than the pure silica coating
(74 +3°).%7 In previous studies, it was demonstrated that the
precursors of silica coatings were usually hydrophilic, and
became wet under the conditions of atmospheric moisture and
water.”® The hydroxyl groups present on the hydrophilic silica
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coating surface are the major sources of hydrophilicity as they
promote the adsorption of water. Terminal hydroxyl groups
which can interact with water, lead to deterioration of the silica
network.”” Therefore, with appropriate surface chemical modifi-
cation, e.g., some of the silanol groups on the hybrid coating
surface are replaced by epoxy groups, the surface can be ren-
dered hydrophobic so that the water molecule will be repelled.
The contact angle of a water droplet on the organic—inorganic
hybrid coating increases when the precursor with the hydropho-
bic organic group is added into the hybrid coatings.”® In this
way, hydrophobic surfaces could be achieved.

The wettability of the coating surface is not only dependent on
its chemical composition, but also on its topography.”>** The
surfaces of the hybrid coatings (I, II, IV, V) present Sea-Island
or Inverse Sea-Island Morphologies in um scale (as can be seen
from Figures 2 and 3) and this effect ensure that the contact
area which is available to water is very low and this will prevent
the penetration of water. The net result is that the water contact
angles for these hybrid coatings increases significantly, and the
cured hybrid coatings present superhydrophobicity property.

Mechanical property is another factor to evaluate the prepared
hybrid coating. Table II shows the result of pencil hardness for
the hybrid coatings. From the result, inorganic hydrolyzed silica
component contributes to the hardness of the coatings, and the
scratch hardness for the hybrid coatings increase with its con-
tent. Although the bond length of Si-O is longer than that of
ordinary organic bond (C-C or C-O), the crosslinked structure
after sol-gel reaction will restrain the chain’s movement, in
addition, the effect of hydrogen bonding from the retained sila-
nol can also enhance the hardness of the resultant organic—inor-
ganic hybrid coatings.

Potentiodynamic Polarization Tests

Figure 6 shows the result of the polarization curves of steel pan-
els coated by a serious of hybrid coatings and the bare samples,
and the electrochemical parameters obtained from the potentio-
dynamic polarization curves are listed in Table V.

The potentiodynamic polarization of bare steel panel’s substrate
exhibits no obvious passivation region and the current density

105
100
95
80
85 \ Sample V
& o NS |
E, 70
3 g5
S Sample Il
55
50 Sample Il
45
40 Sample |
35
30

T T T T T T T « T
100 200 300 400 500 600 700 800
Tenperature (°C)

Figure 4. TGA analysis for the hybrid coatings. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Sample
Temperature 100°C 200°C 300°C 400°C 500°C 600°C 700°C 800°C
Sample | 99.5% 98.26% 93.38% 87.39% 47.34% 38.13% 36.52% 36.26%
Sample |l 98.6% 97.55% 91.43% 81.87% 56.12% 47.40% 45.89% 45.50%
Sample IlI 99.8% 98.53% 96.03% 85.92% 69.30% 62% 58.49% 55.80%
Sample IV 96.1% 92.73% 91.84% 89.00% 81.78% 74.89 73.61% 72.99%
Sample V 93.67% 91.64% 90.28% 87.06% 82.87% 82.11% 81.54% 81.00%
Table IV. Physical Properties and Contact Angle Values of the Obtained
Sample | .
~—— Sample || Coatings
——— Sample Il
— Sample V|
Sample V Coating properties

4I0 I SIO I BIO . 160 ‘ 150 I 1:10 I 1é0 I 180
Temperature(°C )

Figure 5. DSC measurements for the hybrid coatings. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

initially increases rapidly above its open circuit potential
because an active electrochemical reaction has occurred on the
surface. However, lower I, values for the organic-inorganic

Organic-inorganic

Pencil scratch

hybrid coatings WCA (°) hardness
| (MEp/HSi=9/1) 120+2 HB

Il (MEp/HSi = 7/3) 1352 H

Il (MEp/HSi = 5/5) 98=+2 2H

IV (MEp/HSi = 3/7) 125+2 5H

V (MEp/HSi =1/9) 1092 6H

property of anticorrosion, it revealed maximum corrosion
potential (E.;) and minimum corrosion current (I.,). For the
hybrid coatings I, II, IV, and V, the Sea-Island morphology on
the surface may weaken the barrier effect of the hybrid coatings.
Besides, it should point out that excess amount of hydrolyzed
TEOS may make the coating structure loose and deteriorate the
anticorrosion properties, resulting in the increase of the corro-
sion current.

hybrid coatings compare to the bare substrate indicates that 08 e
coatings indeed can provide a physical barrier for blocking the | f
electrochemical process. As can be seen from optical micro- 059 | i
scope, the surface of hybrid coating IIT shows flat and uniform. st} ‘.""‘ A
With the properties of good wet-adhesion and barrier effect of ' / ] )
dense structure, the corrosive medium such as water, oxygen Z o3 [/" TR
and salt, cannot pass through the hybrid coating to corrode the = P :
protected metal. The hybrid coating (III) shows the best lfuo-’ 02 ———_ ) ) i
0.1 \"\\ a v "
Table III. The Value of Glass Transition Temperature for Different Hybrid ) “::://\\MJ /—,,H—e
Coatings 004 l\ﬂ. B
) e
Sample Ty (C) VTPt PH P P S Pl P
I 90.81 Logl /A/cm’
Il 92.73 Figure 6. Potentiodynamic polarization curves of samples covered with
1 9577 various coatings: aa’. I(MEpHSi=9/1); bb'. II(MEp/HSi=7/3); cc.
Y, 9834 HI(MEp/HSi = 5/5); dd’. IV. (MEp/HSi=3/7); ee. V(MEp/HSi=1/9);
and ff'. bare sample. [Color figure can be viewed in the online issue,
\Y 111.84

which is available at wileyonlinelibrary.com.]
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Table V. Electrochemical Parameters Obtained from Potentiodynamic
Polarization Curves

o . Coating properties
Organic-inorganic

hybrid coatings E(l=0) (V) leorr (A)

| (MEp/HSi = 9/1) 0.048 1.77 x 10712
Il (MEp/HSi = 7/3) 6.52 x 1078 455 x 1071
Il (MEp/HSi = 5/5) 0.213 9.33 x 10713
IV (MEp/HSi = 3/7) 2.38 x 1078 228 x 10711
V (MEp/HSi =1/9) 1.78 x 1074 1.52 x 10710
Bare sample -1.015 7.44 x 1078

CONCLUSIONS

A series of organic—inorganic hybrid coatings were prepared by
sol-gel method. These hybrid coatings were coated onto the steel
panels to study the properties of water contact angles, heat resist-
ance, pencil scratch hardness and corrosion resistance. From the
observation of 3D measuring laser microscope, no cracks were
present due to chemical bonding connected by the silane-coupling
agent, and it present Sea-Island morphology or Inverting Sea-
Island Morphology on the surface for some hybrid coatings (I, 1I,
IV, V) which can cause the coatings present hydrophobic property.
The properties of hybrid coatings varied with relative content of
the two components. They present good heat resistance and high
pencil scratch hardness because of the inorganic silica component.
In addition, with the component of epoxy resin, the hybrid coat-
ings show excellent anticorrosion properties. All these properties
may provide us with an alternative way to substitute for the con-
ventional chromate conversion coatings.
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