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In this article, an organosilicon antisticking coating was synthesized from vinyl silicone oil, hydrogen-containing silicone oil, and
platinum catalyst. Firstly, the methyl vinyl MQ (mono and quad) silicone resin was added.When the silicone content was 30wt.%,
the shore hardness and tensile strength increased to about 27.4% and 115.9%, respectively. Furthermore, nano-SiO2 powder was
added to further improve its antisticking property. *is was due to the change of the surface roughness, which could greatly
improve the antisticking performance. When the nano-SiO2 powder content was 2wt.%, the surface free energy and antisticking
force were the lowest and the antisticking effect was the best as well and the mechanical properties of silicone rubber had
been improved.

1. Introduction

Organosilicon materials belong to a kind of chemical
compounds containing Si-C bonds and have more than one
organic group connected with a silicon atom. It includes four
major categories: silicone oil, silicone rubber, silicone resin,
and silane coupling agent. Silicone rubber is used in exterior
materials because its main chain is composed of Si-O-Si
bonds, which means it has good thermal oxidation stability,
weather resistance, and electrical properties. *e hydro-
phobic nature of silicone rubber surface resists the pollutants
and droplets to adhere on its surface, so it can be used as an
antisticking coating [1–8]. *erefore, silicone rubber has a
wide range of applications in national defense, industry,
construction, health care, and daily life. However, its me-
chanical properties such as tensile strength, hardness, and
tear strength are poor and cannot meet the requirements of
process production.

MQ silicone resin is a kind of polysiloxane resin, which is
composed of monofunctional chain and tetrafunctional
chain, wherein the monofunctional chain is R3SiO1/2 (M)
and the tetrafunctional chain is SiO2 (Q) [9–13]. As shown in

Figure 1, when two of the R groups are substituted by a vinyl
group and the other R group is substituted by a methyl
group, it is called methyl vinyl MQ silicone resin. Methyl
vinyl MQ silicone resins form a type of silicone resin with a
core-shell double-layered spherical structure by hydrolytic
condensation. Its inner core contains cage-like silica dioxide,
and the spherical shell contains an organic group (vinyl).*e
properties of vinyl MQ silicone resin are between ordinary
inorganic polymer compounds and organic polymer com-
pounds, and it has the properties of thermal resistance
[14, 15], hydrophobicity [16, 17], and antisticking. Com-
pared with traditional reinforcing fillers, such as carbon
black and silica [18–20], it has the reinforcing function of
remarkably improving the mechanical strength of silicone
rubber, because of its fine compatibility and mutual solu-
bility. Recently, much attention has been paid to employing
composite fillers to improve antisticking performance of
polymer composites [21–23]. Based on the addition of the
reinforcing agent methyl vinyl MQ resin, the research added
the nano-SiO2 powder for further modification [24]. *e
extra nano-SiO2 powder can lead to physical adsorption,
physical entanglements, and so on which can greatly
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increase the degree of crosslinking of the silicone rubber and
the tensile strength of the silicone rubber. In addition, nano-
SiO2 powder can be finely dispersed in silicone rubber.

In this work, different contents of methyl vinyl MQ resin
were incorporated into the silicone-based matrix to prepare
hybrids. And then, we studied the effect of methyl vinyl MQ
resin on the shore hardness, tensile strength, and rheological
properties. *ereafter, we studied the effect of nano-SiO2 on
the morphology, surface free energy, and antisticking
properties of the resulting hybrid coatings.

2. Materials and Methods

2.1. Materials. Vinyl silicone oil (viscosity: 300 cp; 25°C,
component A) and hydrogen silicone oil (viscosity: 114 cp;
25°C, component B) were purchased from Dongguan
Hongfeng Silicone Material Co., Ltd. (China). Pt catalyst
(component C) was obtained from Dongguan Hongfeng
Silicone Material Co., Ltd. (China), and methyl vinyl MQ
silicone resin (viscosity: 11165 cp; 25°C) was provided by
Shandong Da Yi Chemical Co., Ltd (China). Hydrophobic
nano-SiO2 powder (AEROSIL R202, average particle size:
14 nm, specific surface area of 100± 20m2·g− 1) was pur-
chased from EVONIK-DEGUSSA.

2.2. Preparation Process of Silicone Rubber Coating. Al molds
are widely used in modern industrial production, so Al
sheets are selected as the base for coatings. *e entire
preparation process for preparing the silicone coating is
shown in Figure 2. First, the Al film was put into an ul-
trasonic cleaning machine, was cleaned with acetone and
ethanol, and was dried. *en, the reaction solution con-
taining vinyl silicone oil, hydrogen silicone oil, methyl vinyl
MQ silicone resin and Pt catalyst were poured into the
beaker according to the proportion given in Table 1
(Figure 2(c)). After mixing, the hybrid material was
poured into the high-pressure nozzle and sprayed to the
surface of the Al sheet (Figure 2(d)). Finally, it was dried at
80°C for 7∼8min. *e reason why we add methyl vinyl MQ
silicone resin was that the hydrogen silicon oil and vinyl
silicone oil in the raw material produce a hydrogenated

reaction. *e molecular structure of methyl vinyl MQ sili-
cone resin contained vinyl bonds, which can react with Si-H
bond of silicone oil. *e reaction process is shown in
Figure 3. Vinyl silicone oil, hydrogen silicone oil, and methyl
vinyl MQ silicone resin were added to produce silicone
coating under the action of platinum catalyst. *erefore, the
mechanical properties of the coatings will be improved. In
addition, methyl groups will distribute on the surface of the
coatings after curing. So it can improve the antisticking
performance of the coating surface.

2.3. Measurement and Techniques

2.3.1. Fourier Transform Infrared Spectroscopy (FT-IR).
*e infrared measurements were carried out on a Bruker’s
TENSOR-27 FT-IR spectrometer at room temperature
(25°C). *e infrared spectra of all samples were measured
with Attenuated Total Reflection (ATR) accessories. In all
cases, 128 scans at a resolution of 4 cm− 1 were used to record
the spectra.

2.3.2. Contact Angle Measurement. *e static contact angle
(CA) was carried out on a droplet shape analyzer (DSA10-
MK2, KRUSS, Germany) at room temperature (25°C). *e
contact angles on the surfaces of all the specimens were
measured with 5–8 μl of water and ethylene glycol. Each of
the reported CAs represents the average value of five
measurements.

2.3.3. Scanning Electron Microscopy (SEM). Surface mor-
phology was analyzed by scanning electron microscopy
(ZEISSEVO18) with an acceleration voltage of 30 kV at
room temperature (25°C).

2.3.4. Atomic Force Microscopy (AFM). Surface roughness
analysis was carried out on an atomic force microscope (FM-
Nanoview 1000, China). Each of the reported surface
roughness values represented the average value of five
measurements.

2.3.5. Rotational Rheometer. *e rheological properties
were tested on a rotary rheometer (ARES-G2 type of TA
Company, USA). A 25mm parallel plate clamp was used,
and the frequency was set to 10 rad/s. Scanning strain and
frequency range of oscillation frequency were set at 1% and
0.1–500 rad/s, respectively. *e steady-state shear frequency
ranged from 10− 3 to 103 s− 1, the time scanning frequency was
1%, and the strain was 1%.

3. Results and Discussion

*e shore hardness value of the samples increased when the
content of MQ silicone resin increased from 0wt.% to
30wt.% as shown in Figure 4(a). However, further addition
of MQ silicone resin leads a bit slope of shore hardness. *e
tensile strength can reach 175.0 kPa when the content of MQ
was 5wt.%. More MQ to 10wt.% was added, and the tensile
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Figure 1: Structure of methyl vinyl MQ silicone resin.
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strength decreased to 165.2 kPa, because the hydroxyl in the
reactant reacted with the water vapor in the air to generate
hydrogen. In Figure 4(b), when MQ was not added, the

tensile strength was 104.7 kPa. However, when the content
of MQ reached 30wt.%, the tensile strength of MQ was
226.6 kPa, increasing by 115.9%. *erefore, when the
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Figure 3: Reaction of the process of coating preparation.

Table 1: Mass ratio of methyl vinyl MQ silicone resin samples.

Samples no. Vinyl silicone oil (g) Hydrogen containing silicone oil (g) Pt catalyst (g) Methyl vinyl MQ silicone resin (g)
1 5.00 0.175 0.04 0.00
2 4.75 0.175 0.04 0.25
3 4.50 0.175 0.04 0.50
4 4.00 0.175 0.04 1.00
5 3.50 0.175 0.04 1.50
6 2.50 0.175 0.04 2.50
*e mass percentage of methyl vinyl MQ silicone resin is based on the total mass of methyl vinyl MQ silicone resin and vinyl silicone oil.

Vinyl silicone
hydrogen silicone oil

methyl vinyl MQ
silicone resin

Pt catalysis

Agitator blade

Ultrasonic cleaner

Rotate for 5min
at 1200r/min

Dry at 80°C for 7-8min

Spray on A1 sheet

Dry at 80°C

Clean with acetone

A1 sheet

(a) (b)

(c) (d)

(e)

Figure 2: Preparation process of antisticking silicone rubber: (a, b) the cleaning and drying process for the Al sheet, (c, d) mixing of
components, and (e) the curing process of coating sprayed on Al sheet.
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content of methyl vinyl MQ silicone resin was 30wt.%, the
mechanical modification effect of silicone rubber was the
most significant.

*e reaction temperature and time have been the two
key factors affecting the chemical reaction, among which the
reaction temperature has significant influence on the tgel
(gelation time). In general, the higher the reaction tem-
perature, the shorter the tgel. To explain the rationality of
curing silicone coatings at 80°C, the rheological tests of
samples with MQ content of 30Wt.% were carried out. At
the different temperatures, the G′ and G″ changed with the
reaction time as shown in Figure 5(a). At the initial stage of
the reaction, G′ and G″ slowly increased with time. As the
reaction increased rapidly and G′ was greater than G″.
Finally, G″ increased slowly and tended to smooth. At the
beginning of the reaction, G″ was greater than G′ and the
material was mainly in sticky state, so it was liquid. With the
progress of the reaction, at a certain timeG″�G′, and the tgel
appeared. *is point was a special dispersion system, which
was a spatial network structure formed by colloidal particles
or polymers in solution or sol connected under certain
conditions. After a period of time, G″ was less than G′, and
the material was mainly in elastic deformation state, so the
material becomes solid. It can be seen that the tgel gradually
decreased with the increase of temperature, and the curve
was parabolic as shown in Figure 5(b). We would also like to
measure the tgel at 100°C, but the time was very close to the
loading time of the rheometer. *erefore, the tgel at 100°C
was obtained by theoretical deduction. *e total activation
energy of crosslinking reaction can be obtained from the tgel.
It was assumed that the curing reaction can be described by
using a differential equation, which included an apparent
activation energy, as follows [25]:

dα
dt

� A exp −
E

RT
 f(α). (1)

In the formula: α is the degree of reaction, A is a co-
efficient, E is the apparent activation energy of the total
reaction, R is a gas constant, T is the isothermal curing

temperature, and f(α) is a function of α and has nothing to
do with the curing temperature.

According to Flory’s gelation theory [25], the reaction
degree at a gelation point should remain constant at different
reaction temperatures. From α� 0 to α� αgel, the following
formula was obtained for the equation integration [25, 26]:

ln
αgel

0

dα
f(α)

� lnA + ln tgel + −
E

RT
 . (2)

*e left side of the equation was independent of the
reaction temperature, so there was

ln tgel � C +
E

RT
. (3)

From this equation, we can see that ln tgel was propor-
tional to 1/T. *e relationship between the tgel and tem-
perature at 40, 60, and 80°C was converted into Figure 5(c).
*e relation of the diagram approximated a straight line,
which indirectly illustrated the accuracy of the experimental
data. *rough the expansion of the equation, we can get that
tgel was 37 s at 373 k. *ese data were combined with pre-
vious experimental data (Figure 5(b)) to obtain Figure 5(d).
It can be seen from Figure 5(d) that with the increase of
temperature, the rate of the tgel dropped slowly. In the
process of increasing from 80°C to 100°C, tgel only reduced
by about 40 s, but the energy of heating loss was greater. So
the optimize curing temperature was 80°C.

In the results of previous shore hardness and tensile tests,
it was found that the silicone rubber containing 30wt.%
methyl vinyl MQ silicone resin has the best performance. So
on this basis, we tried to add 1wt.%, 2 wt.%, 3 wt.%, and
4wt.% nano-SiO2 powder for one step modification and
improvement.

In order to understand the reaction degree of each re-
actant, infrared spectral measurement was carried out. As
can be seen from Figure 6, the strong absorption peak at
2960 cm− 1 was the stretching vibration absorption peak of
C-H in CH3, and the more obvious absorption peak appears
at 1257, 864, and 785 cm− 1, which was the extension of
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Figure 4: (a) Shore hardness and (b) tensile strength with different contents of methyl vinyl MQ silicone.
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silicon methyl (Si-CH3) vibration peak. A broad and
strong double-peak absorption peak appeared within
1000–1100 cm− 1, which was the stretching vibration ab-
sorption peak of Si-O-Si. *ere was almost no absorption
peak at 3500–3700 cm− 1, indicating that almost no hy-
droxyl groups were present, which results in a decrease in
the hydrophilicity of the silicon coating.

In order to know the relationship between surface
morphology and surface free energy, the surface mor-
phology of the coating was observed by using SEM, the
roughness indicated by the coating was obtained by AFM,
and the surface free energy was obtained by the contact
angle.

*e average value of the contact angle was used to
calculate the surface free energy.*e calculationmethod was
as follows:

According to the Young equation,

cLV(1 + cos θ) � 2
������

cd
SVcd

LV



+ 2
������

c
p
SVc

p
LV



,

cSV � c
p
SV + c

d
SV,

(4)

where cSV and cLV are the surface free energy of solid and
liquid, c

p
SV and c

p
LV are the polar parts of the surface free

energy of solid and liquid, and cd
SV and cd

LV are the dispersive
parts of the surface free energy of solid and liquid.

As can be seen from Figure 7(a), the surface of sample
was very smooth, which has no phenomenon of convex-
concave structures. It can be seen that there are some
white block-like raised substances from its surface in
Figure 7(b), which may be caused by the agglomeration
of SiO2 inside the silicone rubber and made some convex
and concave structures appear on its surface. In
Figure 7(c), we could clearly see the existence of some
white highlights, which may be due to the transfer of SiO2
from inside to outside, making the surface more rough.
From the surface morphology of the sample shown in
Figures 7(d) and 7(e), it could be clearly seen that the
distribution of convex and concave structures on the
coating surface tends to be uniform. Roughness begins to
decrease.

*e change of coating surface roughness also brought
about the change of contact angle between glycol and
deionized water. With the increase of the content of nano-
SiO2 powder, the contact angle of ethylene glycol tended to
rise first and then decreased. *e contact angle of ethylene
glycol will increase with the increase of surface roughness, so
its change tendency was the same as that of roughness.
However, the trend of the contact angle of deionized water
was slightly different. It was mainly at the stage where the
content of nano-SiO2 powder increased from 1wt.% to
2wt.%. *is may be due to the large agglomeration of nano-
SiO2 powder, which causes the surface roughness to be too
large, which causes the contact angle not only to increase but
to decrease. *is may be due to a large number of ag-
glomerations of nano-SiO2 powder, resulting in excessive
surface roughness, which made the contact angle not in-
crease but decrease.

In order to further study the effect of surface roughness
on surface antisticking properties, we used the probe
scanning method on the surface of the sample to observe the
3Dmorphology of the silicone rubber surface. As can be seen
from Figures 8(a)–8(c), within a certain range, the number
of convex and concave structures on the coating surface
increases gradually. When the content of SiO2 is 2 wt.%, the
distribution of convex and concave structures is more
uniform and the surface roughness is larger. When the
content of SiO2 was less than 2wt.%, the surface roughness
gradually increased. When the content of SiO2 was larger
than 2wt.%, the surface roughness decreased. With the
increase of SiO2 content, the number of dispersed aggregated
powders on the coating surface decreases, which led to the
decrease of surface roughness to a certain extent.

From Figure 9, it can be seen that the change of surface
free energy was completely opposite to that of surface
roughness, showing a trend of decreasing first and then
increasing. When the content of SiO2 was less than 2wt.%,
the surface free energy decreased gradually. When the
content of SiO2 was 2wt.%, the contact angle of ethylene
glycol and deionized water on the coating surface was not
very large, but it had the lowest surface free energy. Low
surface energy is the best manifestation of excellent anti-
adhesion performance, and the value of contact angle can
only reflect the affinity for a single liquid. When the content
of SiO2 was more than 2wt.%, the surface free energy in-
creases gradually, but with the increase of the content, the
increasing speed slowed down.

In order to study more intuitively the antisticking
property of the coating surface, we had also carried out a
more direct and obvious test method for antisticking per-
formance which was called the peeling force test.

First, the polyurethane foam tape with 3.5 cm width of
1.8 cmwas intercepted andmarked at 2.5 cm. After placing it
on the surface of the coating, 750 g weight was applied to the
surface of the tape for 5 minutes. After holding the
remaining 1 cm part of the tape with a tension gauge, it was
moved vertically upward, and the value was recorded when
the tape is completely stripped from the coating surface.

It can be seen from Figure 10 that the antisticking force
was 18 g/25mm without nano-SiO2 powder. With the in-
crease of nano-SiO2 power content, the antisticking force
decreased first and then increased.When the content of nano-
SiO2 powder was 2Wt.%, theminimum antisticking force was
12 g/25mm. At this time, the antisticking force of the coating
was the lowest and the antisticking property was the best.

4. Conclusions

In conclusion, we had successfully developed a new anti-
sticking organosilicon coating.Methyl vinylMQ silicone resin
was introduced into the original coating. When methyl vinyl
MQ silicone resin content reached 30wt.%, the mechanical
properties of the coating were the best because it reacted with
excess Si-H bonds in hydrogen silicone oil to form a denser
network structure. But its antisticking performance was not
ideal. *e addition of nano-SiO2 powder would change the
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Figure 7: SEM images of organosilicon antisticking coatings. (a) 30wt.%methyl vinyl MQ silicone resin. (b–e) Coating with 1wt.%, 2wt.%,
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surface roughness of the coating and improve the antisticking
performance of the coating. When the content of nano-SiO2
reached 2wt.%, the tensile strength and antisticking property
of the coating were the best:

(1) Adding nano-SiO2 powder on the basis of MQ
30wt.% helped to improve the antisticking perfor-
mance of the coating.

(2) When the nano-SiO2 powder content reached
2wt.%, the surface free energy was the lowest and the
antisticking performance was also the best.

(3) *e antisticking performance of the coating surface
is mainly determined by its surface roughness and
surface free energy. *e greater the surface
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Figure 8: AFM images of organosilicon antisticking coatings. (a) 30wt.%methyl vinyl MQ silicone resin. (b–e) Coating with 1wt.%, 2wt.%,
3wt.%, and 4wt.% nano-SiO2 powder on the basis of (a), respectively.

12
14
16
18
20
22
24
26
28
30

Su
rfa

ce
 ro

ug
hn

es
s (

nm
)

1 2 430
Content of nano-SiO2 powder (wt.%)

16
18
20
22

Su
rfa

ce
 fr

ee
 en

er
gy

 (m
J·m

–2
)

24
26
28
30
32
34

Surface free energy
Surface roughness

Figure 9: Surface roughness and surface free energy of silicone
antisticking coatings.

0

4

8

12

16

20

A
nt

ist
ic

ki
ng

 fo
rc

e (
g/

25
m

m
)

1 4320
Content of nano-SiO2 powder (wt.%)

Figure 10: Antisticking force with different contents of nano-SiO2
power.

8 Advances in Materials Science and Engineering



roughness, the lower the surface free energy and the
better the antisticking property of the coating
surface.
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