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Abstract: The thermal-reﬂective coating technology can
eﬀectively realize the active cooling of asphalt pavement,
thus delaying the occurrence of pavement rutting. Although
solid ﬁllers are usually used to absorb light and weaken
light dazzle in traditional thermal-reﬂective coatings, this
method makes the ﬁller component complicated and
the coatings more viscous and increases the diﬃculty of
painting the coating material on the pavement surface. On
account of all the aforementioned factors, this experimental study aims to eﬀectively improve the performance
of the thermal-reﬂective coating with liquid silicone
rubber addition in which epoxy resin is the base material
and rutile titanium dioxide is the pigment ﬁller for the
coating ﬁlm. Through lab experiments, the eﬀects of the
proper liquid silicone rubber dosage on the glossiness,
cooling performance, and hardness of the thermal-reﬂective coating are studied and analyzed. The experimental
results show that the liquid silicone is very eﬀective for
coating toughness improvement. The thermal-reﬂective
coating, when the liquid silicone rubber dosage changes
from 10 to 14 wt%, exhibits a matt state, and its glossiness
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can be controlled below 30 GU, which meets the safety and
antiglare requirements of traﬃc vehicles. It demonstrates
that liquid silicone rubber can inﬂuence the viscosity of
the thermal-reﬂective coatings, and when the liquid silicone
dosage reaches 16 wt%, the viscosity of the coating increases
by 7.26 wt% less than that of the solid matting ﬁller. Liquid
silicone rubber can also inﬂuence the cooling eﬀect of the
thermal-reﬂective coatings, with the liquid silicone rubber
dosage of 16 wt%, the asphalt pavement temperature can
reduce 0.5°C. Besides, liquid silicone rubber reduces the
hardness of the coatings, the coating hardness is 6H when
the liquid silicone rubber dosage is 0–10 wt%, and the hardness of the coating reduces to 5H when liquid silicone
dosage is from 12 to 16 wt%, which meets the actual requirements. Therefore, this article recommends a 12 wt% dosage
of the liquid silicone rubber to be used as a matting ﬁller for
the thermal-reﬂective coatings.
Keywords: thermal reﬂective coating, epoxy resin, liquid
silicone rubber, cooling performance, glossiness

1 Introduction
The thermal-reﬂective coating is a potential cooling technology for asphalt pavement. Painting a thin layer of
thermal-reﬂective coating on the asphalt pavement surface can eﬀectively reduce the internal temperature and
sensible heat ﬂux of the pavement structure (1), but the
glaring problem caused by thermal-reﬂective coatings
jeopardizes driving safety seriously. To reduce the glossiness of thermal-reﬂective coatings, the majority of previous researchers (2–5) have used solid ﬁllers such as
diatomite, silica, and matting powder to absorb light.
Generally, the solid matting ﬁller has a small density
and lightweight, so it is not easy to be inﬁltrated by resin
when the coating material is being stirred. At the same
time, the solid matting powder can greatly increase the
viscosity of the coatings, which leads to some diﬃculties
for the coating painting and brushing. The coating
This work is licensed under the Creative Commons Attribution 4.0
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viscosity also inﬂuences the evenness of the property.
High viscosity results in an unevenly coated surface
and poor appearance. Although the addition of the thinner
can reduce the viscosity of the coating material, the volatilization of the thinner not only pollutes the environment but
also harms the worker’s health. In this article, liquid silicone
rubber is used as a ﬁller to lower the glossiness of heatreﬂective coating. However, liquid silicone rubber and resin
have diﬀerent properties, and the addition of liquid silicone
rubber can cause changes in other properties of the coating.
To ensure that the heat-reﬂective coating can meet the
actual application requirements, it is necessary to determine
the eﬀect of the dosage of liquid silicone rubber on the
performance of the heat-reﬂective coating.

2 Experimental preparations for
test coating materials

corrosion resistance, abrasion weight loss value test, hightemperature resistance test, low-temperature resistance
test, and freeze–thaw resistance test. The testing results
of the performance of the ﬁve selected resins are presented
in Table 1. Figures 1–3 show some failure phenomena of
the samples.
By comparing the test results, the EP resin with excellent performance was selected as the base material for the
coating ﬁlm because of its high adhesion and strong
mechanical properties, and the property parameters of
the EP resin are presented in Table 2.
The thermal-reﬂective coating is directly brushed on
asphalt pavement. To meet the needs of being cured at
room temperature, an amine curing agent is selected as a
curing agent for the coating sample preparation since an
amine curing agent can meet this requirement. The main
parameters for the amine curing agent CYDHD-593 provided by Suixin Chemical Co., Ltd in Shenzhen city are
presented in Table 3. Figure 4 shows the curing process of
the amine curing agent and epoxy resin (6).

2.1 Raw material selection
2.1.2 Pigment ﬁllers
2.1.1 Base materials and curing agent for coating ﬁlm
Some high-molecular-weight polymers, such as an unsaturated polyester resin (UPR), polymethyl-methacrylate
(PMMA), epoxy resin (EP), polyurethane resin (PU),
waterborne epoxy resin (waterborne EP), waterborne
polyurethane resin (waterborne-PU), and so on, are the
primary base materials used to prepare coating ﬁlms. In
this article, UPR resin, EP resin, PU resin, waterborne EP
resin, and waterborne PU resin were selected to choose
the base material with the best performance for the
coating ﬁlm according to the self-built performance evaluation system. The performance evaluation experiments
for the coating ﬁlm primarily include pencil hardness
test, adhesive cross-cut force test, water-resistance test,

Pigment ﬁllers are the main materials used for the thermalreﬂective coatings to achieve a cooling eﬀect. On the
basis of their functions, pigment ﬁllers can be categorized
into reﬂective type, heat-insulating type, and radiant
type. According to the research on the cooling mechanism
of thermal-reﬂecting coating, the absorption of visible
light with 400–760 nm wavelength and near-infrared
light with 760–2,500 nm wavelength is the main thermal
source of the pavement. The cooling eﬀect of the coating
can be enhanced by increasing the reﬂectivity of the light
with 400–2,500 nm wavelength. In the meantime, the cooling
eﬀect of the coating can also be eﬀectively enhanced by
increasing the refractive index of pigment ﬁller and EP
resin. Therefore, pigment ﬁller for the coating should be

Table 1: Basic characteristics for the epoxy resin
Base material

Pencil
hardness

Adhesive
cross-cut
force

Water proof Corrosion
resistance

Abrasion
weight loss
value (mg)

Hightemperature
resistance

Lowtemperature
resistance

Freeze–thaw
resistance
(times)

UPR
EP
PU
Waterborne EP
Waterborne PU

5H
5H
3H
5H
3H

Grade
Grade
Grade
Grade
Grade

Good
Good
Good
Good
Blistering

14.3
14.1
13.9
15.0
14.2

Good
Good
Good
Good
Good

Good
Good
Good
Good
Good

8
10
4
1
1

1
1
1
1
1

Good
Good
Good
Good
Blistering

Note: The adhesion cross-cut test results are divided into six grades (from grade 0 to grade 5). The adhesion cross-cut force of grade 0 is
the strongest, and grade 5 is the weakest.
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sample preparation of the thermal-reﬂective coating. Such
type of rutile titanium dioxide can also absorb a certain
amount of ultraviolet light, which can eﬀectively improve
the antiultraviolet aging ability of the cured EP resin.

2.1.3 Adjuvant for the coating ﬁlm preparation

Figure 1: Blistering on waterborne EP sample after one freeze–thaw
cycle.

Figure 2: Fragmentation of waterborne PU paint sample after one
freeze–thaw cycle.

selected with stable performance and high refractive
index, which has a strong reﬂection eﬀect on the light
with 400–2,500 nm wavelength. To achieve the desired
eﬀect of the thermal-reﬂective coatings, the thermalreﬂection type of rutile titanium dioxide is the best choice
(7–11). In this article, rutile titanium dioxide with stable
performance, good coverage, and the highest refractive
index was selected as a reﬂection pigment ﬁller for the

Although the amount of adjuvant for the coating ﬁlm is
relatively small, the adjuvant can eﬀectively improve the
performance of the coatings. Adjuvant for the coating
ﬁlm preparation mainly includes dispersant, diluents,
and anti-aging agent.
The rutile titanium dioxide used as a pigment ﬁller is
easily agglomerated in the epoxy resin during the coating
preparation process. If the titanium dioxide cannot be
uniformly dispersed, it not only aﬀects the appearance
and performance of the coating but also aﬀects the cooling
eﬀect of the coating. In this article, a kind of dispersant
AKN-2276 provided by Foshan Qianyou Chemical Co. Ltd
was used as an adjuvant. The space shielding generated by
the solvated chain of the dispersant is used to reduce the
attractive forces between the titanium dioxide particles,
which can help the titanium dioxide particles to be evenly
dispersed in the epoxy resin.
When EP resin is cured at room temperature, the
internal stress in the coating is large if the curing time
is short, which aﬀects its mechanical properties. The addition of diluent can not only adjust the curing time of the
coating but also prolong its service life. Polypropylene glycol
diglycidyl ether X-632 provided by Shenzhen Hongye
Silicone Technology Co., Ltd was selected as a diluent for
the coating ﬁlm preparation. Both ends of polypropylene
glycol diglycidyl ether contain epoxy groups, which can
increase the toughness of the epoxy resin system.
To delay the aging process of EP resin, a kind of antiaging agent JW-03-HH3010 provided by Golden Micro-

Figure 3: Peeling and blistering of waterborne PU paint sample in the corrosion resistance test.
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Table 2: Main characteristics of the EP resin
Type of resin

Epoxide equivalent (g/eq)

Viscosity (mPa s)

Density (g/mL) at 25℃

Appearance

EP51

186.2

12,460

1.36

Pure and transparent liquid

Table 3: Main characteristics of the amine curing agent
Type of curing agent

Amine equivalent

Viscosity (mPa s)

Appearance

Amine CYDHD-593

47

118

Colorless transparent liquid

Nano New Materials (Hangzhou) Co. Ltd was added to the
coating ﬁlm. Such kind of anti-aging agent has a strong
ultraviolet absorption ability and weather resistance,
which can eﬀectively absorb ultraviolet light with the
wavelength of 270–380 nm, delaying the degradation
and the aging speed of EP resin, and consequently
improve the anti-aging performance.

2.1.4 Ingredient of liquid silicone
The cured EP resin has excellent performance, but the
crosslinking density is high, and the free sliding of the
molecular chain is diﬃcult, so the EP resin ﬁlm is brittle
and easy to fatigue and fracture under the action of
external force. Therefore, when EP resin is used as the
ﬁlm-forming base material for road coatings, it is necessary to toughen and modify EP resin. Liquid silicone
rubber is an eﬀective toughening material for EP resin.
Liquid silicone is one kind of vulcanized rubber under
high-temperature conditions, which is an elastomer after
gelation (12). Liquid silicone is usually of a single-component and/or two-component type. The condensation and

curing of liquid silicone with a single component mainly
depends on the moisture in the air, which is highly dependent on the environmental condition. Therefore, when the
coating is painted thickly, the liquid silicone rubber usually
cannot be condensed completely. The liquid silicone rubber
with a double component can be solidiﬁed by mixing the
two components (A and B) in a predetermined proportion,
which is less aﬀected by the external environment. Therefore, liquid silicone rubber of a two-component type provided by Shenzhen Hongye Silicone Technology Co., Ltd
was selected as a toughening agent to improve the brittleness of EP resin after curing in this article, in which the
ratio of the A:B is 1:1. Performance parameters of the liquid
silicone rubber with A and B components are presented in
Table 4. Figure 5 shows the curing process of the liquid
silicone rubber with A and B components.

2.2 Equipment for laboratory experiments
To prepare thermal-reﬂective coating with liquid silicone
and test its relevant performance, some experimental
equipment such as a low-speed mixer, shearing machine,
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Figure 4: Curing process of epoxy resin with the amine curing agent.
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Table 4: Performance parameters of the two-component (A and B) liquid silicone rubber resin
Mass ratio

Color

Viscosity (cP)

Stretching strength (MPa)

Tearing strength (kN/m)

Breaking elongation (%)

1:1

Semi-transparent

9,000

7±2

13 ± 4

≥300

R
R
Si
R

R

R
O

Si
CH

O

+

Si
H

Si

R
O

R
O

R

Si

Si

O
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R

R
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R

Figure 5: Curing process of the two-component liquid silicone rubber.

portable viscosity cup, gloss-meter with 60° angle, and
self-made laboratory equipment of cooling test were used
for thermal-reﬂective coatings.

2.3 Preparation and production of coatings
There is a molecular chain in the silica molecule, which is
staggered by Si atoms and O atoms, and the bond energy
of the silica molecule is large. At the same time, the side
chain of the silica molecular has inactive groups such as
carbon and hydrogen groups, which almost do not react
with the active hydroxyl group of the EP resin molecules,
and the two groups are not compatible. That is to say, the
epoxy phase of EP resin is incompatible with the silica
phase. The interfacial tension between the incompatible
phases is large, and the adsorption power is low.
Therefore, when liquid silicone rubber is added to EP resin,
such two kinds of materials cannot fuse, which aﬀects the
toughening eﬀect of the liquid silicone rubber. A coupling
agent was selected to improve the compatibility between EP
resin and liquid silicone rubber. As an intermediate medium,
the coupling agent KH560 provided by Nanjing Qiyu
Chemical Technology Co., Ltd can reduce the interfacial tension between the epoxy phase and the silica phase to a
certain extent and strengthen the mutual adsorption. The
parameters of the coupling agent are presented in Table 5.
The basic properties of coating materials vary greatly
with diﬀerent components. Thermal-reﬂective coating for
performance experiment is prepared according to the following procedure:

First, weigh a certain amount of liquid silicone with
components A and B and mix these two components in a
ratio of 1:1 with a glass stirring rod thoroughly. Then, add
a certain amount of epoxy resin into the liquid silicone
mixture and stir evenly with a low-speed mixer. Finally,
add rutile titanium dioxide powder into the mixture and
shear for 15 min with a shearing mixer to ensure that the
titanium dioxide is uniformly dispersed in the silicaepoxy resin system.
Table 6 presents the mixing proportion of the heatreﬂective coating ingredients with liquid silicone rubber.

2.4 Experimental method and evaluating
indexes
There is no standard method to test and evaluate the
thermal reﬂection eﬀect of the coatings in the laboratory.
In this article, performance of the thermal reﬂection coating
was tested and evaluated by self-made equipment.
The dispersion characteristics of solid ﬁllers in thermal
reﬂection coatings usually aﬀect their basic properties.
Scanning electron microscopy (SEM) is a test method
to obtain the surface morphology of samples by using a
Table 5: Main physical properties of the coupling agent
Flashing
point (℃)

Density
(g/cm3)

Refractive
index

Molecular
weight (g/mol)

110

1.069

1.427

236.4
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Table 6: Mixing proportions of the thermal-reﬂective coating ingredients
Sample
number

Epoxy
resin (g)

Curing
agent (g)

Titanium
dioxide (g)

Dispersant (g) Diluent (g) Coupling
agent (g)

Anti-aging
agent (g)

Liquid
silicone (g)

1
2
3
4
5
6
7
8
9

100
100
100
100
100
100
100
100
100

24
24
24
24
24
24
24
24
24

15
15
15
15
15
15
15
15
15

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75

0
2
4
6
8
10
12
14
16

high-energy electron beam to hit the samples and generate
secondary electrons. It can be used to observe the morphology of the thermal-reﬂective coating samples and study
the dispersion characteristics of solid ﬁllers in the coating.
The test instrument used in this article is JSM-IT300 scanning electron microscope, with an acceleration voltage of
0.3–30 kV and a magniﬁcation range of 5–300,000 times.
To study the inﬂuence of the liquid silicone dosage
on the properties of coating materials, some laboratory
experiments on the viscosity, micro-roughness, gloss,
cooling performance, and hardness have been carried out
under diﬀerent silicone dosage from 0 to 16 g with an increment of 2 g. According to the standards of “Determination of
viscosity of coatings” (China GB/T 1723-93) and “Paints and
Varnishes – Determination of gloss value at 20°, 60°, and
85°” (ISO 2813-2014), a viscosity cup no. 4 and a gloss-meter
with a 60° angle are selected to test the viscosity and gloss
indexes of the coating mixture, respectively. To express the
surface roughness of the thermal-reﬂective coating more
intuitively, coating samples are made for the study
according to the coating ratio in Table 4. After the samples
are completely cured, each sample has been photographed
using a digital camera that employs MATLAB software to
perform image gray processing. Then, the gray image of
3D model reconstruction for each sample can be obtained
by extracting the coordinates of the picture. The surface
roughness value index of coating samples can be obtained
by using the coordinate gray matrix of the gray image to
numerally process the roughness.
According to the changing regularity of kinematic viscosity, roughness value, gloss value, temperature decreasing
value, heat conductivity coeﬃcient, hardness value, and
other testing indexes, the optimal dosage of the liquid silicone rubber can be obtained to ensure the good performance
of the thermal-reﬂective coating.
The abrasion resistance of coatings was tested according
to the standard of “Determination of abrasion resistance of

5
5
5
5
5
5
5
5
5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

coatings” (China GB/T 1768-1979). First, the coating is
poured into a round specimen. After curing, it is placed on a
speciﬁc turntable, ﬁxed, and then pressurized. Then, the
surface of the test piece is pretreated by turning the turntable
for 50 turns, and the initial weight of the specimen is
weighed. Finally, in the formal test, 300 abrasion revolutions
are carried out, and the specimen is weighed again after the
turntable stops. The weight diﬀerence between the two times
is the abrasion value of the coating.
The hardness of the coating is tested according to the
standard of “Paints and Varnishes – Determination of
ﬁlm hardness by pencil test” (ISO 15184-2012).
The cooling eﬀect of the thermal-reﬂective coating is
tested by self-made equipment, as shown in Figure 6.
The test conditions and methods are formulated as
follows: room temperature: 25℃, humidity: 55%, irradiation height of iodine tungsten lamp: 42 cm.
Firstly, testing samples need to be prepared. Two
tinplate pieces with a dimension of 100 × 200 mm are
prepared for the experiment, which is sprayed with matte
black paint. After the matte black paint is cured and
dries, the surface of a tinplate piece treated by matte
black paint is brushed with a thermal-reﬂective coating
layer with 0.28 mm thickness, and another black tinplate
piece is used as the standard piece for the test.
Next, the testing piece and the standard piece are
placed in the heat insulation tank and the iodine tungsten lamp is switched on, and let the light source irradiate
on the testing piece directly.
Finally, the temperature of the testing piece and the
standard piece can be recorded after 30 min when the
piece temperature keeps stable, and the temperature difference is used as the cooling value.
For the hardness test of the coatings, a pencil hardness tester was used to determine the hardness of the
coating. First, samples were conditioned in a box with
25°C constant temperature and 50% humidity for 24 h.

Performance of thermal-reﬂective coatings with liquid silicone rubber
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Figure 6: Lab equipment for measuring the cooling value of the thermal-reﬂective coating.

Next, the carbon core of a pencil was ground into a hemispherical shape to make sure that the pencil core has no
tip. Then, we hold the pencil at a 45° angle and push the
pencil to slide on the coating surface ﬁve times with a
distance of more than 1 cm. Finally, a magnifying lens
was used to observe the scratches on the coating surface.
If the coating can withstand more than 10 scratches,
scratch the coating surface continuously with a softer
pencil until four to ﬁve times without scratches on the
coating surface. In this case, the hardness of the pencil is
equal to the hardness of the coating.

system, a strong bonding can be formed in the material,
which can eﬀectively transfer stress and absorb impact
energy. Due to the addition of solid ﬁller, the coating forms
a multiphase system. When the coating is subjected to
thermal stress due to friction, the solid ﬁller can absorb
part of the heat and prevent the interaction of the stress ﬁeld,
which improves the ﬂexibility of epoxy resin and enhances
the wear resistance of the coating.

3.2 Viscosity characteristics of coating with
liquid silicone rubber

3 Results and discussion
3.1 Morphology analysis of thermalreﬂective coating
The thermal-reﬂective coating samples prepared from the
ingredients presented in Table 6 were used for scanning
electron microscopy. The SEM images of sample 7 are
shown in Figure 7.
It can be seen from the images that the titanium
dioxide particles are nearly spherical, and the average
particle size is about 300 nm. The titanium dioxide particles are uniformly monodispersed in the silicone–epoxy
resin system, which ensures the excellent thermal reﬂection eﬀect of the coating.
The surface modiﬁcation of nano-TiO2 by silane coupling agent improves the lipophilicity of nano-TiO2, which
is beneﬁcial to the uniform dispersion in the resin and
reduces the agglomeration of particles. When the solid ingredients are uniformly dispersed in the silicone–epoxy resin

The viscosity of a liquid is the ability to hinder relative
movement between molecules due to its intermolecular
interactions when the liquid is ﬂowing under an external
force. The viscosity of epoxy-based coating can be adjusted
by adding diluent, but the volatile diluent is harmful to
human health. Therefore, the amount of diluent should be
minimized on the premise of meeting the construction viscosity. Solid matting ﬁller has an obvious thickened eﬀect on
epoxy-based coatings. When no diluent is added, pigments
and ﬁllers are severely agglomerated in the coating mixture,
which leads to diﬃcultly in stirring. Cao et al. (13) found that
the viscosity of the coating mixture increased from 156.8 to
217.6 mm2/s with an increasing rate of 38.78% when the
matting powder was increased from 4 to 8 wt% during the
process of preparing epoxy-based heat-reﬂective coatings.
To study the thickening eﬀect of liquid silicone rubber on
epoxy-based coatings, the ﬂow time of nine coating mixture
samples was measured by a viscosity cup no. 4, and the kinematic viscosity is converted by using Eqs. 1 and 2 according to
the ﬂow time of nine coating mixture samples. Table 7 summarizes the kinematic viscosity values of samples 1–9.
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Figure 7: SEM images with diﬀerent magniﬁcation for the thermal reﬂective coating sample: (a) 500 times; (b) 1000 times; (c) 2000 times;
(d) 5000 times.

(t < 23 s),

(1)

(23 s ≤ t < 150 s),

(2)

t = 0.154 V + 11,
t = 0.223 V + 6,

where t is the ﬂow time of the coatings from the viscosity cup
(s) and V is the kinematic viscosity of coatings (mm2/s).
It can be seen from Table 7 that the viscosity of the
coating is increasing with the addition of liquid silicone.
When the liquid silicone dosage changes from 0 to 16 wt%,
the viscosity of the coating increases from 232.7 to
249.6 mm2/s with an increasing rate of 7.26%. Compared
to common matting powders, liquid silicone has a less
thickening eﬀect on coatings. In coating mixture formulation, the thinner dosage can be reduced, so VOC
emissions can be reduced to a certain extent to reduce
environmental pollution.

3.3 Relationship between liquid silicone
rubber dosage and gloss of the coating
The gloss of coating characterizes the ability of the
coating to reﬂect the incident light. The higher the gloss
of the coating, the stronger the ability to reﬂect light.
Thermal-reﬂective coating with high gloss for asphalt
pavement can usually reﬂect more light but may cause
drivers to be in dazzled and thus increase the rate of traﬃc
accidents. Therefore, the coating needs to be matted to
ensure low gloss. Matting the coating means that the surface
smoothness of the coating is destroyed, which can increase
the surface micro-roughness of the coating. The surface
roughness can eﬀectively reduce the reﬂective ability of

Table 7: Viscosity values of the prepared thermal-reﬂective coatings
Sample number

1

2

3

4

5

6

7

8

9

Kinematic viscosity (mm2/s)

232.7

233.2

235.1

236.4

238.2

241.6

244.9

247.3

249.6

Performance of thermal-reﬂective coatings with liquid silicone rubber

the coating material. Samples 1 and 6 are taken as examples
for the roughness evaluation of the coating surface, and the
reconstructed 3D models for samples 1 and 6 are shown in
Figures 8 and 9.
After the 3D models are reconstructed, we use the
coordinate gray matrix Z in the gray image to quantify
the roughness, that is, the maximum value Zmax of all
elements in the matrix Z minus each element in the
matrix Z to obtain the intermediate matrix Z′, the sum
of all elements in the matrix Z′ is denoted as S, which is
divided by the number of elements M in the matrix Z′,
and then, parameter A = S/M can be gained. Parameter A
can indicate the roughness of the coating surface, and the
higher the value of A, the rougher the coating surface.
The coordinate matrices of the gray images extracted
from samples 1–9 are calculated, and the calculation
results of surface roughness of nine samples are presented in Table 8.
At the same time, the gloss of the thermal-reﬂective
coating samples is tested by a gloss meter with a 60° angle.
Table 9 presents testing results of the glossiness values, and
Figure 10 shows the changing curve of coating gloss and
roughness value with the liquid silicone rubber dosage.
According to Table 8 and Figure 10, as the liquid
silicone rubber dosage increases gradually, the surface
roughness of the thermal-reﬂective coating increases ﬁrst
and then decreases. When the liquid silicone rubber gradually increases from 0 to 14 wt%, the surface roughness
of thermal reﬂection coating increases from 2.361 to 3.614
with an increasing rate of 53.1%. However, when the
amount of liquid silicone rubber dosage increases from
14 to 16 wt%, the surface roughness of thermal reﬂection
coating decreases from 3.614 to 3.374 with a decreasing
rate of 6.64%. After the addition of liquid silicone rubber, the
surface roughness of the thermal-reﬂective coating changes
because liquid silicone rubber is a kind of high-molecularweight polymer with both organic and inorganic molecular

Figure 8: 3D model after reconstruction of sample no. 1.
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Figure 9: 3D model after reconstruction of sample no. 6.

chains. The molecular chain is composed of silicon atoms
and oxygen atoms alternately (–Si–O–Si–), and the bonding
energy is relatively large. At the same time, the hydrocarbon
groups on the side chain or the organic groups that replace
the hydrocarbon groups are inactive and they hardly react
with the active groups such as epoxy group and hydroxyl
group on the epoxy resin; therefore, liquid silicone is incompatible with epoxy resin. During the curing process of the
silicone–epoxy resin system, the silicone phase and the
epoxy phase show a separating status, which results in
respective phase regions after curing. The relative ratio of
the epoxy phase to the silicone phase is the main factor to
determine the surface roughness of the coating. When the
liquid silicone rubber dosage does not exceed 14 wt%, the
epoxy phase is the main component, and the cured epoxy
resin surface has a silicone phase. With the increase of liquid
silicone dosage, the more granular silicone particles are
separated from the cured epoxy resin surface, the more
obvious the microstructure of the epoxy resin surface is,
and the larger the roughness value is. When the liquid silicone dosage exceeds 14 wt%, the silicone phase is dominant. On the contrary, too much silicone phase is separated,
which makes the arrangement and the distribution of silicone particles on the epoxy resin surface becoming more
compact, and the roughness value on the epoxy resin surface decreases accordingly.
From Table 9 and Figure 10, it can be seen that the
glossiness value of thermal-reﬂective coating decreases
ﬁrst and then increases with the increase of liquid silicone
dosage. When the liquid silicone rubber dosage is 12–14 wt%,
the coating glossiness reaches the minimum value of 27,
which is 70.3% lower than that of the thermal reﬂection
coating without liquid silicone. When the liquid silicone
rubber increases to 16 wt%, the coating glossiness value is
39 with an increasing rate of 44.4%. Because the apparent
roughness of the coating is inversely proportional to the
gloss of the coating, the greater the surface roughness of the
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Table 8: Surface roughness values of the prepared thermal-reﬂective coatings
Sample number

1

2

3

4

5

6

7

8

9

Roughness A

2.361

2.642

2.896

3.125

3.498

3.602

3.611

3.614

3.374

Table 9: Gloss values of the prepared thermal-reﬂective coatings
Sample number

1

2

3

4

5

6

7

8

9

Gloss values (GU)

91

79

68

59

43

30

28

27

39

4

80
3
60
2
40

Coating glossiness
Coating roughness

20

Coating roughness

Coating glossiness (GU)

100

1

0

0
0

2

4

6

8

10

12

14

16

Liquid silicone rubber dosage (wt%)

Figure 10: Coating roughness and glossiness as of silicone rubber
content.

coating, the stronger the scattering ability of the coating is.
Therefore, enhancing the coating surface roughness can
eﬀectively reduce its gloss. As shown in Figure 10, after the
liquid silicone dosage exceeds 14 wt%, the roughness of
the coating decreases, but its gloss increases. Therefore,
considering both the gloss and roughness of the coating,
the optimal liquid silicone can be controlled at 12–14 wt%.

3.4 Cooling performance of coating with
liquid silicone rubber
The cooling performance of the thermal-reﬂective coating
for pavement directly aﬀects the cooling value of the
internal temperature of the road. A good cooling eﬀect
can alleviate the “rutting” disease caused by the high
temperature of the pavement structure. The refractive
index of the pigment, the thermal conductivity of the
base material, and the gloss of the coating can all aﬀect
the actual cooling eﬀect of the heat reﬂective coating. The
gloss of heat-reﬂective coatings for pavement must meet

the requirements of matt, and rutile TiO2 with the highest
refractive index is used as the pigment. Therefore, this
article only studies the inﬂuence of the thermal conductivity
of the silica–epoxy resin binary mixture on the cooling eﬀect
of the thermal reﬂection coating. The test samples are made
according to the component of the coating material in Table
4. To eliminate the interference caused by the gloss of the
coating, the sample surface needs to paint a thin layer of the
coating material that has the same thickness and component
as the ﬁrst painting of sample 1. Table 10 summarizes the
cooling values of samples 1–9.
Diﬀerent liquid silicone rubber dosage results in different thermal conductivity coeﬃcients of the silicone–
epoxy binary mixture. In this article, a thermal conductivity coeﬃcient calculation model is used to determine
the thermal conductivity of the liquid silicone and epoxy
resin mixture. Wang et al. (14) opined that the “serial” or
“hybrid” ideal model can be used to calculate the thermal
conductivity coeﬃcient of nonaqueous mixtures. The
proposed “serial” calculation model and “hybrid” calculation model are shown in Eqs. 3 and 4, respectively:

λ mid = w1 λ1 + w2 λ2 ,

(3)

λ mid = 2 [w1 λ1 + w2 λ2 + (w1/ λ1 + w2/ λ2 )−1 ],

(4)

1

where λ mid is the thermal conductivity coeﬃcient of nonaqueous mixture; wi is the proportion of component i in
the liquid mixture; and λi is the thermal conductivity
coeﬃcient of component i in the liquid mixture.
The high-precision “serial” model is used to calculate
the thermal conductivity coeﬃcient of the silicone–epoxy
binary mixture. The thermal conductivity coeﬃcients of
the epoxy resin and liquid silicone are 0.2 and 0.27,
respectively, in this experiment. The calculating results
of the thermal conductivity coeﬃcient for the silicone–
epoxy binary mixture of samples 1–9 are presented in
Table 11.

Table 10: Cooling values of road heat-reﬂective coatings
Sample
number

1

2

3

4

5

6

7

8

9

Cooling
value (°C)

12.1 12.2 12.0 12.1 11.9 12.0 11.7 11.6 11.6
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Table 11: Thermal conductivity coeﬃcient of the silicone–epoxy binary mixture
Sample number

1

2

3

4

5

6

7

8

9

Thermal conductivity

0.200

0.201

0.203

0.204

0.205

0.206

0.208

0.209

0.210

As presented in Tables 10 and 11, when the liquid
silicone rubber dosage increases from 0 to 16 wt%, the
cooling values of the thermal-reﬂective coating decrease
to some extent, but on the whole, the addition of liquid
silicone rubber has a little eﬀect on the cooling eﬀect of
coating, the temperature diﬀerence between the thermalreﬂective coating with 16 wt% liquid silicone rubber and
that without silicone rubber is only 0.5°C, and the temperature decrement is only 4.1%. This is because the
thermal conductivity coeﬃcient of the silicone–epoxy
resin binary mixture increases slightly when the liquid silicone dosage changes from 0 to 16 wt%, and the thermal
conductivity coeﬃcient of epoxy resin added with 16%
liquid silicone rubber and that without liquid silicone rubber
diﬀers by 0.01, with 5% increment. Therefore, the thermal
conductivity of the silicone–epoxy binary mixture increases
with the liquid silicone rubber as matting ﬁller, but the
liquid silicone rubber only has a little eﬀect on the cooling
eﬀect of the thermal-reﬂective coating.

3.5 Hardness characteristics of coating with
liquid silicone rubber
The hardness of the coating can characterize the resistance ability of the coating to scratching. The higher the
hardness, the stronger the scratch resistance. Epoxy road

heat-reﬂective coating is directly paved on the surface of
asphalt concrete pavement and withstands the rolling of
vehicles and the impact of external objects. However,
when the epoxy resin is damaged, its saturated water
absorption increases (15), which accelerates the damage
of the coating under the double eﬀects of rainfall and
heavy load.
Pencil hardness is used to characterize the hardness
of coating after curing. The higher the H value, the higher
the coating hardness, and the higher the B value, the
softer the coating hardness. The coating hardness testing
samples processed following the material composition
ratio presented in Table 6 are shown in Figure 11. The
hardness of samples 1–9 can be obtained according to
the result of pencil scratching on the sample surface.
Table 12 summarizes the hardness of samples 1–9.
According to Table 12, the hardness of thermal-reﬂective coating changes in stages with the increase of the
liquid silicone rubber dosage. When the liquid silicone
rubber dosage is 0–10 wt%, the hardness of the coating is
6H. When the liquid silica rubber dosage increases from
12 to 16 wt%, the hardness of the coating is 5H. The
reason why the hardness of the coating decreases is
that the hardness of the silicone rubber after curing
is less than that of the epoxy resin after curing. With
the increase of liquid silicone rubber, the silicone
rubber phase distributed on the surface of the coating
gradually becomes a dominating phase, which leads to
the decrease of the hardness of the thermal-reﬂective
coating for pavement.

4 Conclusion
A certain amount of liquid silicone rubber as a kind of
ﬁller instead of common matting powder is added to

Table 12: Pencil hardness of the prepared road heat-reﬂective
coatings

Figure 11: Pencil hardness test samples for the thermal reﬂective
coating.

Sample number

1

2

3

4

5

6

7

8

9

Hardness

6H

6H

6H

6H

6H

5H

5H

5H

5H
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epoxy resin, and 15% titanium dioxide is used as a pigment to form a new type of thermal reﬂection coating,
which can eﬀectively weaken the glossiness of the
coating and improve the coating viscosity. Liquid silicone rubber has the following eﬀects on the thermalreﬂective coating:
(1) The glossiness of the heat-reﬂective coating decreases
ﬁrst and then increases with the increase of the liquid
silicone rubber dosage. When the liquid silicone rubber
dosage is 10–14%, the coating shows a matt state, and
the glossiness can be controlled below 30 GU, which
meets the antiglare requirements for safe driving of
traﬃc vehicles.
(2) Liquid silicone rubber has a thickening eﬀect on the
viscosity of epoxy thermal-reﬂecting coating. The
coating viscosity increases by 7.26% when the silicone rubber dosage reaches 16%, such a thickening
eﬀect is less than that of solid matting ﬁller and very
beneﬁcial to the painting and brushing work of the
coating for pavement. In the meantime, using liquid
silicone rubber as a matting ﬁller can reduce the
addition of diluent and VOC emission.
(3) Since liquid silicone rubber has a little eﬀect on the
thermal conductivity coeﬃcient of the silicone–epoxy
resin binary mixture, the cooling value of thermalreﬂective coating with 16% liquid silicone rubber is
only 0.5℃ diﬀerence, which is lower than that without
liquid silicone rubber. That is to say, the eﬀect of liquid
silicone rubber on the cooling property of thermalreﬂective coating is not very obvious.
(4) The eﬀect of liquid silicone rubber on the hardness of
the coating changes in stages, and the overall changing trend is decreasing with the silicone rubber
dosage increasing. When the liquid silicone rubber
dosage changes from 0 to 10 wt%, the coating hardness is 6H, and when liquid silicone rubber dosage
changes from 12 to 16 wt%, the coating hardness is
5H, which meets the actual needs of the thermalreﬂective coating for the project application.
(5) Considering the inﬂuence of liquid silicone rubber on
the viscosity, glossiness, cooling eﬀect, and hardness
of the coating, this article recommends that 12 wt%
liquid silicone rubber replacing common matting ﬁller
can be used to prepare the thermal-reﬂective coating for
the pavement to obtain good application eﬀect.
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