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Abstract: POSS-coated wollastonite composite particles
were prepared by the liquid phase mechano-chemical
grinding of wollastonite and POSS powder together in the
high pressure homogenizer [1–4] for the first time. And
then we prepare UV curable coatings of vinyl trimethoxy
silane(VTMS) / butyl acrylate (BA)with different content of
composite particles [5]. Nuclear magnetic resonance spec-
troscopy, scanning electronmicroscopy and infrared spec-
tra were used to investigate the microstructures and mor-
phologies of the composite. The properties of the coatings
are tested by FTIR, SEM, water contact angles and so on.
The results indicate that the POSSwas successfully loaded
on the surface of silica fume to prepare composite particles
and when the addition of the composite particles is 12%,
the water contact angle of the UV curable coating reaches
151.96∘, and the mechanical properties of the coating are
also qualified.

Keywords: Wollastonite; composite particles; superhy-
drophobic; UV coating

1 Introduction
In recent years, the super-hydrophobic material has at-
tracted much interest. Because it has the unique proper-
ties like self-cleaning, super-hydrophobic and other sur-
face properties, and it has potential application value in
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the direction of construction, navigation, automobile and
daily necessities [6–8]. The various methods to prepare
super-hydrophobic surfaces has become a hot spot. And
how to apply the super-hydrophobic surfaces in coatings,
especially UV curable coatings, has become the difficulties
in the field of coatings.

Many studies have shown that wollastonite [9–11],
which has silica properties like mechanical properties on
the surface [12, 13], is prepared by an orderly combina-
tion of silica particles and wollastonite [14], which can
lead to the roughness of the wollastonite particles, elim-
inate the angle, improve the bonding strength of wollas-
tonite to the matrix, and improve the application perfor-
mance of wollastonite. However, the dispersivity of the sil-
ica / wollastonite composite particles prepared by the tra-
ditional solid-phasemechanochemicalmethod [15] is poor
and its performance is limited and unstable. Beaucase of
the dry system, the nuclear particles and the shell parti-
cles are combined only by the intermolecular force like
the Van der Waals’ force and the electrostatic force [16, 17].
Under the condition of liquid medium (mainly water), the
liquid phase mechanochemical method is a new method
of preparing the coated composite particle material by ac-
tivating the solid particles by mechanical grinding and
finally triggering the interfacial reaction of the particles.
This method can solve the problems existing in the solid-
phase mechanochemical method [18, 19].

In high pressure homogenizer, the high pressure re-
ciprocating pump is power transmission and the material
conveying mechanism transfers material to the working
valve part. In the process of passing through the working
valve, the liquid material or solid particles with liquid as
the carrier are refined under a strong shear, impact and
hole action (Figure 1) [20, 21]. The effect of high pressure
homogenizer on material is also a liquid mechanochemi-
cal method [22, 23]. It is rarely reported that the prepara-
tion of composite particles by high pressure homogeniza-
tionmechanism.Highpressure homogenizer canmake the
particle size fine and exposing more hydroxyl groups on
the fracture surface [24], leading the hydroxyl association
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and the binding degree between the core and shell parti-
cles increased. This is a newmethod to prepare composite
particles.

Figure 1:Working principle of high pressure homogenizer

UV curable coatings have the advantages that many
traditional coatings didn’t have [25], such as high effi-
ciency, low consumption, green pollution and so on. The
UVcurable coatingshave achieved rapiddevelopment and
attracted the attention of scientists [26, 27]. The prepara-
tion of organosilicon materials by light curing have both
excellent properties of organosilicone materials [28, 29]
and the characteristics of high efficiency and energy sav-
ing of light curing technology. Moreover, the organic / in-
organic two phase compatibility is good, and the mechan-
ical properties of the materials are excellent, and it has a
broad application prospect [30]. However, the focus of the
present study is to mix nano silica after surface modifica-
tion into the light solidified organosilicon system, in order
to improve the hardness, strength and wear resistance of
the coatings [31, 32], and few studies have been made on
the preparation of superhydrophobic coatings by UV cur-
ing. And the use of wollastonite composite particles to pre-
pare the superhydrophobic surface has not been reported.

In this paper, POSS-triol / wollastonite composite
particles are prepared by liquid phase mechanochemical
method of high pressure homogenizer, and hybrid parti-
cles are added to UV curing coatings in different propor-
tions to prepare hybrid light curing coatings. The proper-
ties of the coatings are tested by FTIR, SEM, water contact
angles and so on. The influence of particle size on the prop-
erties of coatings was studied. A superhydrophobic com-
posite particle light curing hybrid coating with good me-
chanical properties was prepared.

2 Experimental

2.1 Materials

Vinyltrimethoxysilane(VTMS) and phenyltrimethoxysi-
lane were obtained from Jingzhou Jianghan Fine Chem-
ical Co., China. Wollastonite was purchased from Guang-
dong wuling wollastonite co., China. 1-Hydroxycyclohexyl
phenyl ketone(photoinitiator 184) was purchased from
Macklin’s Reagent Company. The solvents such as
tetrahydrofuran (THF), acetic acid glacial, methanol,
butyl acrylate were of chemically pure grade, also ob-
tained from commercial resources. And sodium hydrox-
ide(NaOH)were of chemically pure grade, purchased from
Fuchen(Tianjin) Reagent Co., China.

2.2 Preparation of heptamertic phenyl
silsesquioxane trisilanol(POSS-triol)

195mL tetrahydrofuran, 3.0803 g (0.077mol) sodiumoxide,
4.064 g (0.2258 mol) of distilled water and 35.258 g (0.1781
mol) phenyltrimethoxysilane were added into three flasks
in turn, and then refluxed and heated for 5 hours after mix-
ing. Then the reaction was dropped to the room tempera-
ture to continue to react to 15h. The obtained suspension
waspoured into the suction funnel for filtration, and thefil-
ter cake was dissolved in 115 ml methanol. After dissolved
completely, then the solution neutralized by adding 115ml
glacial acetic acid(3mol/L). The filtrate was removed and
the filter cakewaswashedwith deionizedwater for 3 times.
The obtained white solid was dried in a vacuum oven for
24h, and the target product polysiloxanewasobtained (Fig-
ure 2).

R=phenyl

Figure 2: Synthesis of POSS-triol
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Figure 3: Synthesis of POSS-triol/ wollastonite composite particles

2.3 Preparation of POSS-triol/ wollastonite
composite particles

The preparation process of composite particles is shown in
Figure 3. After weighing wollastonite, polysesquisiloxane
and water according to certain quality, they are put into
plastic bottles and stirred for half an hour under magnetic
stirring to preparemilky white suspensionwith slurry con-
centration of 1%. After mixing and under the liquid phase
mechanochemical action of high pressure homogenizer,
the turbid liquid of POSS-triol/wollastonite composite par-
ticles after treatment is obtained by adjusting the pressure
of high pressure homogenizer and the number of homog-
enization. The filter cake after suspension filtration was
dried in vacuum oven for 24h, and POSS-triol / wollas-
tonite composite particles were obtained. The specific re-
action process is as follows:

2.4 Preparation of UV curable coatings
doped with POSS-triol / wollastonite
composite particles

The postoptimality composite particles(homogenization
pressure:12 MPa, homogenization:4 times, slurry concen-
tration:1%, POSS content:40%.) , vinyl trimethoxy silane,
butyl acrylate and 1- hydroxycyclohexyl benzophenone are
proportioning in a certain proportion, and then it is stirred
by magnetic stirring. After mixing, the hybrid solution is
obtained. It is coated on the clean slide glass by roll coat-
ing and put into the UV curing box (100mw/cm2), and it
is irradiated for a certain time at a distance of 10cm from
the UV lamp. Under the combined action of ultraviolet ra-
diation and ultraviolet photoinitiator, the double bond on
vinyl trimethoxy silane and the double bond on butyl acry-
late were polymerized by free radical polymerization, so-
lidified into a film, and after drying at room temperature
for 24h, the composite particle hybrid superhydrophobic
coating was obtained.
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2.5 Characterizations

2.5.1 Fourier transform infrared spectroscopy (FTIR)

The FTIR measurements were conducted on a VERTEX
70/70v Fourier transform research spectrometer at room
temperature (25∘C). The sample films of UV curable coat-
ingswere preparedbydropping on theKBr tablet. The sam-
ples of POSS-triol/ wollastonite composite particles were
mixed with the powder of KBr and then pressed into the
small flakes.

2.5.2 Nuclear magnetic resonance spectroscopy (NMR)

The 1H 13C and 29Si NMR measurements were carried out
on a Bruker Avance III 400Hz NMR spectrometer. The sam-
pleswere dissolvedwith deuterated chloroformand the so-
lutionsweremeasuredwith tetramethylsilane (TMS) as the
internal reference.

2.5.3 Thermogravimetric analysis (TGA)

An America TA Q5000IR thermal gravimetric analyzer
(TGA- Q5000IR) was used to investigate the thermal stabil-
ity of the hybrids. The samples (about 10 mg) were heated
under nitrogen atmosphere from ambient temperature to
800∘C at the heating rate of 10∘C/min. The temperature of
the extrapolated onset was taken as the thermal degrada-
tion temperature.

2.5.4 X-ray diffraction (XRD)

The XRD analyses were conducted on a PANalytical X’Pert
X-ray powder diffractometer (XRD, Panalytical Corpora-
tion, Holand) operated with Cu Kα radiation at 30 kV and
10 mA and with a scanning speed of 2 (2θ)/min.

2.5.5 Laser Particle Size Analyzer

The particle size of the composite particles was tested in
a Beckman Coulter laser particle size analyzer. The com-
posite particle aqueous solutionwas prepared at a concen-
tration of 2% and dispersed evenly through the ultrasonic
cleaning machine.

2.5.6 Scanning electron microscope

The microstructure and morphologies were investigated
by scanning electron microscope (SEM, NOVA 430, FEI,
Holand).

2.5.7 Contact angle measurements

The flat free surfaces of the UV curable coatings were used
for the measurement of contact angle. The static contact
anglemeasurementswith the probe liquids (i.e., ultra-pure
water) were carried out on a German KRUSS, DSA30 Re-
search Contact Angle Measuring Instrument at room tem-
perature(drop volume is 5µL). The samples were dried at
60∘C in a vacuum oven for 24 h prior to measurement.

2.5.8 High pressure homogenizer

The composite particles were prepared by high-pressure
homogenizer(ATS Engineering Limited AH-500). The opti-
mum parameters of the preparation process were homoge-
nization pressure:12 MPa, homogenization:4 times, slurry
concentration:1%, POSS content:40%.

2.5.9 Hardness test

According toGB/6739-1996:Detennination of filmhardness
by pencil test, the coating is coated on the iron, the size
is 50mm*120mm* (0.2~0.3) mm, the test plate is placed
on the horizontal table, the coating is fixed upwards, and
the handheld pencil is about 45 angles. When the pencil is
not broken, push pressure on the film surface, push about
1cm at a uniform speed of about 1cm/s ahead of the tester,
scratch on the surface of the film, and repeat five repeats
to the pencil of the same hardnessmark. In the five scratch
test, if there are two or more than two items that the film is
not scratched, replace the samepencil hardnessmarkwith
the same test. Select the pencil that has been scratched
two or two times, and record the hardness number of the
pencil after the pencil hardness label number.

2.5.10 Adhesion determination

According to the national standard GB/T9286-1988: Paints
varnishes-Crosscut test, the coating on the base material
(glass) ismade in a lattice, and the sample is 25mm*25mm,
the number of delimit is 25*25, and the length of each lat-
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tice is 1mm. Manual cutting is used for drawing, uniform
force, smooth cutting speed and no chatter. After cutting,
a soft hair brush is used along the two diagonal direction
of the lattice and gently reciprocating several times. (the
angle of the brush action is 45 degrees to the surface of
the coating, and the force keeps consistent). The adhesion
of the coating is characterized by observing the number
of the remaining film squares remaining on the surface of
the leather. The 0 class adhesion force is the best, and the
5 class adhesion force is the worst. 0, 1, 2 three grade can
meet the general purpose.

3 Results and discussion

3.1 Characterization of heptamertic phenyl
silsesquioxane trisilanol(POSS-triol)

3.1.1 FTIR spectra of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol)

Shown in Figure 4 are the FTIR spectra of heptamertic
phenyl silsesquioxane trisilanol(POSS-triol). On the in-
frared spectrum, it shows that the 3426 cm−1 is the char-
acteristic absorption peak of telescopic vibration of O-H,
and the 1431 cm−1 is the characteristic absorption peak of
the flexural vibration of O-H, which indicates that the syn-
thetic POSS-triol has a large number of hydroxyl groups;
The 3062 cm−1 is a telescopic vibration absorption peak
of Ar-H, and the 1596 cm−1 is the characteristic absorp-
tion peak of the benzenering, the 737 and 696 cm−1 is the
characteristic peak of mono substituted benzene, indicat-
ing that POSS-triol has a single substituted phenyl ring on
it; The asymmetric stretching vibration peak at the width

Figure 4: FTIR spectra of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol)

of 1069-1137 cm−1 is Si-O-Si, indicating that the structure of
Si-O-Si in the structure of POSS-triol and the 911.29 cm−1 is
the bending vibration absorption peak of Si-OH. It shows
that the infrared spectra of the compounds are basically
consistent with the structural peaks of POSS-triol [33].

3.1.2 NMR spectra of heptamertic phenyl
silsesquioxane trisilanol(POSS-triol)

Shown in Figure 5 are the 1H NMR spectrogram of hep-
tamertic phenyl silsesquioxane trisilanol(POSS-triol). The
three peaks are corresponding to three different chemical
environments of H on POSS-triol. 1H NMR(ppm,CDCl3):
3.75(s,3.0H,-OH).5.30(dd,7.0H, para- Ar-H).7.26(m,28.0H,
ortho- Ar-H, meta- Ar-H).

Shown inFigure 6 are the 13CNMRspectrogramofhep-
tamertic phenyl silsesquioxane trisilanol(POSS-triol) [34].
The four peaks are corresponding to four different chemi-
cal environments of ConPOSS-triol. 13CNMR(ppm,CDCl3):
127.70(dd,14.0C, ortho- C). 128.80(dd,7.0C, Si- C).
130.50(s,7.0C, para- C). 134.10(s,14.0C, meta- C).

Shown in Figure 7 are the 29Si NMR spec-
trogram of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol). The three peaks are cor-
responding to three different chemical environ-
ments of Si on POSS-triol. 29Si NMR(ppm,CDCl3):
−76.88(s,1.0Si).−77.34(s,3.0Si).−78.20(s,3.0Si).

Figure 5: 1H NMR spectrum of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol)
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Figure 6: 13C NMR spectrum of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol)

Figure 7: 29Si NMR spectrum of heptamertic phenyl silsesquioxane
trisilanol(POSS-triol)

3.2 Characterization of POSS-triol/
wollastonite composite particles

3.2.1 Laser Particle Size Analysis of wollastonite

The comparison of wollastonite particle size before and af-
ter the action of high pressure homogenizer is shown on
the Figure 8. From the comparison of the two diagrams, it
can be seen that the average particle size of wollastonite
decreased from 15.172µm to 10.097µm by the impact and
fragmentation of the homogenizer, so the granularity of
wollastonite decreased to a certain extent, indicating that
the high pressure homogenizer has a certain dispersing
and crushing effect on thewollastonite, thusmakingmore
hydroxyl groups on the broken surface. It can promote

(a)

(b)

Figure 8: The comparison of wollastonite particle size before and
after the action of high pressure homogenizer: a) before the action
b) after the action

the effect of hydroxyl betweenwollastonite and POSS-triol,
and improve its binding degree.

3.2.2 X-ray diffraction of wollastonite

Figure 9 is theXRDdiagramofwollastonite and its compos-
ite particles. The XRD diagram of POSS-triol can be seen in
Figure 9a), which shows the wide diffuse peak of the typi-
cal nanoscale sample, indicating that the prepared POSS-
triol is a nanoscale substance. Figure 9b): the peaks of
wollastonite on XRD diagram are basically matched with
those wollastonite should have, and there are no other het-
ero peaks, so the purity of wollastonite is relatively high.
Figure 8c): the composite particle XRD diagram, there are



Preparation of POSS-triol/wollastonite composite particles and its application | 189

(a)

(b)

(c)

Figure 9: XRD spectra of wollastonite and its composite particles

Figure 10: FTIR spectra of POSS-triol/ wollastonite composite parti-
cles with different POSS-triol content (A) Before the action of high
pressure homogenizer;(B) After the action of high pressure homoge-
nizer;(C) Wollastonite:POSS-triol= 9:1; (D) Wollastonite:POSS-triol=
8:2; (E) Wollastonite:POSS-triol= 7:3; (F) Wollastonite:POSS-triol=
6:4; (G) Wollastonite:POSS-triol= 5:5

both the broad diffuse peaks of the typical nanoscale sam-
ples and the sharp diffraction peaks of wollastonite, in-
dicating that the composite particles contain both POSS-
triol and wollastonite, and the wollastonite in the compos-
ite particles has good crystal integrity. After combination,
only diffraction peaks of the wollastonite and POSS-triol
appear in the XRD pattern of composite pigments and no
new phase occurred, which means that the composite still
kept its original phase composition. These results indicate
that the reaction betweenwollastonite and POSS-triol only
occurs on the interfaces.

3.2.3 FTIR spectra of POSS-triol/ wollastonite composite
particles

Figure 10 is the FTIR spectrum of POSS-triol / wollastonite
composite particles increases with the content of POSS-
triol (POSS-triol :wollastonite). The absorption peak at
3400 cm−1 represents the stretching vibration peak of O-
H, which represents hydroxyl on the surface of hydroxyl
and wollastonite on POSS-triol. It can be seen that the ab-
sorption peak of the position of 3400 cm−1 is strong in the
FTIR spectrum of the composite particles. And with the in-
crease of POSS-triol, the absorption peak of the compos-
ite particles is widening. It shows that the combination of
POSS-triol andwollastonite is a strong connective between
the hydroxyl groups on the surface of the two particles. For
the enhancement of cooperation, it results in widening of
the absorption peaks. It is inferred that this is done by con-
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(a) (b)

(c) (d)

Figure 11: The SEM images of the wollastonite before and after the compound. a)0% (Magnify 1500 times); b) 12% (Magnify 1500 times); c)
0% (Magnify 10000 times); d) 12% (Magnify 10000 times)

densation of POSS-triol and wollastonite through the sur-
face hydroxyl groups of each other, and the combination
of them has a chemical binding nature [35].

3.2.4 The Morphology of POSS-triol/Wollastonite
Composite

Figure 11 is the SEM images of the wollastonite before
and after the compound. Figure 11b): the needle like wol-
lastonite has a smooth surface and no more other parti-
cles, but Figure 11d): the surface of the needle like wol-

lastonite in the composite particles has been attached to
a large number of POSS-triol particles, making the sur-
face of needle like wollastonite rough, which indicates
that POSS-triol has been successfully loaded on thewollas-
tonite, eliminated the angle of the wollastonite and made
the surface of the wollastonite rough, and finally, wollas-
tonite is changed from hydrophilic to hydrophobic.
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Table 1: The film formation of different proportions of UV curable acrylate / vinyl trimethoxy silane coatings

Sample VTMS:BA
1:1 2:1 3:1 4:1 5:1

Coating
condition

wrinkled wrinkled slightly smooth produces a slight
crack

produces cracks
and separations

Figure 12: The thermogravimetric curve of VTMS/BA-m- compos-
ite particle hybrid coating containing different mass fraction of
composite particles. (a) 15%; (b) 12%; (c) 9%; (d) 6%; (e) 3%; (f) 0%

3.3 Testing of UV curable coatings doped
with POSS-triol / wollastonite composite
particles

3.3.1 Preparation and film formation of UV curable
coatings doped with POSS-triol / wollastonite
composite particles

Table 1 is the film formation of different proportions of UV
curable acrylate / vinyl trimethoxy silane coatings with
vinyl trimethoxy silane (VTMS) and butyl acrylate (BA). It
can be seen that when VTMS:BA is 2:1, the coating is wrin-
kled slightly; whenVTMS:BA is 1:1, the coating iswrinkled;
when VTMS:BA is 4:1, the coating produces a slight crack;
whenVTMS:BA is 5:1, the coating produces cracks and sep-
arations; and when VTMS:BA is 3:1, the coating is smooth.
Therefore, we chose the system when VTMS:BA is 3:1 as a
hybrid modification system with composite particles.

3.3.2 Effect of composite particles content on thermal
stability of UV curable Hybrid Coatings

Figure 12 is the thermogravimetric curve of VTMS/BA-
m- composite particle hybrid coating containing different

(a)

(b)

Figure 13: The FTIR spectra of UV curing hybrid super hydrophobic
coatings cured at different times. (A) 0s; (B) 10s; (C) 20s; (D) 30s; (E)
40s

mass fraction of composite particles. The weightlessness
step,which is slightly above 150∘C, is caused by theweight
loss of the molecular short chain in the hybrid coating. In
the high temperature region, the weightlessness step of
400-550∘C is the molecular long chain breaking in the hy-
brid coating. It can be seen from the diagram that the ini-
tial decomposition temperature ofVTMS/BA-m- composite
particle hybrid coatings containing 0%, 3%, 6%, 9%, 12%
and 15% particles in the low temperature region is 152.9∘C,
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(a) (b)

(c)

Figure 14: The SEM images of UV curable Hybrid Coatings. a) 0%; b) 6%; c) 12%

137.5∘C, 126.7∘C, 125.4∘C, 118.8∘C, and 110.5∘C, and the
overall presentation shows an increasing trend. The de-
composition temperature in the high temperature region
is 480.7∘C, 408.4∘C, 480.6∘C, 489.2∘C, 492.5∘C, 502.6∘C,
respectively. The decomposition temperature is reduced
when the 3% composite particles are added, because the
added composite particles are filled in the coating tomake
the molecular chain of the coating be stretched and the
chain [36] is easily broken at high temperature, so the de-
composition temperature will decrease. When the amount

of addition reaches 6%, the composite particles are the
main body of the coating. The thermal stability of the coat-
ing is increased by the high temperature resistant com-
posite particles, and the decomposition temperature is
increased. The final residues in the system were 7.17%,
8.70%, 15.73%, 18.82%, 22.96% and 31.62% respectively,
which basically accorded with the increasing trend of the
composite particles.
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(a) (b)

Figure 15: Nanostructures of UV curable Hybrid Coatings

Figure 16: The influence of composite particles with different mass
fractions on the contact angle of UV curable hybrid coatings

3.3.3 FTIR spectra of UV curable Hybrid Coatings

In order to study the reaction mechanism of VTMS/BA-
m- composite particle hybrid superhydrophobic coating,
the infrared spectra of VTMS/BA-m-composite hybrid su-
perhydrophobic coating before and after curing were com-
pared (Figure 13). Figure a) is an infrared spectrum of a hy-
brid superhydrophobic coating containing 12% VTMS/BA-
m-composite particles cured at different times, and Figure
b) is a partial enlarged view of Figure a).

In Figure a), 2962 cm−1 is a stretching vibration peak
of methyl C-H, 1619-1635 cm−1 is a stretching vibration ab-
sorption peak of C=C, and 1056 cm−1 is a stretching vibra-
tion absorption peak of Si-O-Si;As can be seen from the
partial enlarged view of Figure b),before the curing, there
is obvious stretching vibration absorption peak of carbon-
carbondouble bond c=c at 1619-1635 cm−1,which is caused
by C=C on vinyltrimethoxysilane and butyl acrylate. After
curing, the peak disappeared, indicating that the polymer-
ization occurred in the system under the initiation of ul-
traviolet light. Ultraviolet light induced a radical polymer-
ization reaction in the system, and the double bond disap-
peared after polymerization.

3.3.4 The Morphology of UV curable Hybrid Coatings

In order to observe the surface morphology of UV curable
superhydrophobic hybrid coatings prepared, the hybrid
coatings with different mass fraction of composite parti-
cleswere analyzedby scanning electronmicroscope. It can
be seen that the surface morphology of the coatings has
changed greatly after the doping of the composite parti-
cles, and there is no obvious composite structure on the
coating with no composite particles (Figure 14a)). After
adding 6% composite particles (Figure 14b)), the surface
of the coating formed a number of protruding structures.
The composite particles formed a micro nano structure on
the surface. When the amount of addition reached 12%
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(a) (b) (c) (d)

(e) (f)

Figure 17: The contact angle of UV curable hybrid coatings with different composite particles content: a) 0%; b) 3%; c) 6%; d) 9%; e) 12%; f)
15%

Figure 18: The SA photos of 10ml water-drop on the hybrid coating
with 12wt% composite particles

(Figure 14c)), the surface of the coating formed a similar
porous surface structure. Combined with the unique mi-
cro nano structure (Figure 15) of the composite particles, it
can make the coating become superhydrophobic. This su-
perhydrophobicity can be explained by the Cassie model.
Water droplets are on the surface of this composite coating
and Because of the large amount of air in these holes, the
network structure of thematerial is surrounded by air, and
the water can not be entered into it, thus achieving super-
hydrophobicity.

3.3.5 Analysis of water contact angle of UV curable
Hybrid Coatings

Figure 16 is the influence of composite particles with dif-
ferent mass fractions (0%, 3%, 6%, 9%, 12%, 15%) on the
contact angle of UV curable hybrid coatings. Figure 17 is
the different contact angle of UV curable hybrid coatings
with different composite particles content. Figure 18 is the
SA photos of 10µl water-drop on the hybrid coating with
12wt% composite particles. It can be seen from Figure 16
that the influence of the content of the composite particles
on the contact angle of the hybrid coating can be divided
into two stages. In the first stage, with the mass fraction
of the composite particles in the hybrid system changing
from0%to 12%, the contact angle of thehybrid coatinghas
been gradually increased to 151.96∘ when the contact an-
gle of the hybrid coating has never been added to the com-
posite particles. This is due to the polymerization of vinyl
trimethoxy silane and butyl acrylate when the UV curing
is not added, and the addition of low surface energy active
monomer vinyl trimethoxy can make the coating with a
certain hydrophobicity.When the composite particleswith
different mass fraction were added, the composite parti-
cles formed a micro nano structure that conformed to the
Cassie model on the surface of the coating, thus increas-
ing the contact angle of the coating water. When the addi-
tion amount reached 12%, thewater contact angle reached
151.06∘, the rolling angle reached 8.56∘. And thewater con-
tact angle of the coating was over 150∘, the rolling angle
was below 10∘, so the coating changed from hydrophobic-
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Table 2: The effect of composite particles with different mass fraction on the hardness and adhesion of UV curing coatings

VTMS/BA-m- composite particles UV curable Hybrid Coatings
composite particles /wt% 0 3 6 9 12 15

pencil hardness 4H 5H 6H 7H 9H 9H
adhesion Level 2 Level 2 Level 2 Level 3 Level 3 Level 5

ity to superhydrophobicity. In the second stage, the con-
tact angle of the coated water drops slightly after the ad-
dition of more than 12%, which is due to the excessive ac-
cumulation of composite particles on the coating surface
and the saturation of the surface structure, so that the wa-
ter contact angle of the coating remains to a certain level
or even a little drop. On the whole, when themass fraction
of the composite particles is 12%, the hybrid coating has a
large water contact angle, that is, super hydrophobic.

3.3.6 Analysis of mechanical properties of UV curable
Hybrid Coatings

Table 2 is the effect of composite particles with different
mass fraction on the hardness and adhesion of UV curing
coatings. The experimental results show that the addition
of the composite particles can improve the pencil hardness
of the UV curable Hybrid Coatings, because the compos-
ite particles have a certain rigidity and hardness, and they
are added to the coating to support the coating and give
the coating a good hardness. When the addition amount
reached 6%, the adhesion of the composite particles had
no significant effect on the adhesion of the coating, but the
adhesion of the film was weakened when the amount of
addition was over 6%. This is because the addition of the
composite particles to the coating destroys the order of the
coating, and the adhesion of the coating to the coating is
poor, so it is easily destroyed and the adhesion is reduced.

4 Conclusions
(1) In general, through characterization and perfor-

mance testing, a newmethod of preparation of com-
posite particleswas studied. A hydrophobic compos-
ite particle was prepared by the mechanochemical
effect of high pressure homogenizer on wollastonite
and POSS-triol.

(2) Theoptimized composite particleswere added to the
UV curable coatings with VTMS/BA, and the super
hydrophobic UV curable coatings were prepared.

(3) By studying the effect of different mass fraction of
composite particles on thewater contact angle of the
coating, it is found that when the mass fraction of
the composite particles rises from 0% to 12%, the
contact angle of the hybrid coating increases, the
highest can reach 151.96∘, and the water contact
angle is little changed after more than 12%. When
the addition of composite particles reached 12%, the
mechanical properties of the coating were relatively
high and the adhesion decreased little.

(4) The rawmaterials used in wollastonite are large and
easy to obtain. The coating has certain prospects in
industrial production.
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