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Abstracts: This study aims to investigate the effect of a new hollow microsphere (RiM01) as a reinforcing filler for
natural rubber (NR) instead of carbon black (CB) on rubber composites. The differences in vulcanization characteristics
and mechanical properties of the natural rubber composites are being investigated by carbon black and hollow
microsphere ratios. The results show that the addition of hollow microspheres decreases the tensile strength, abrasion
resistance, and hardness of the rubber composites. However, when the hollow microspheres completely replace carbon
black, the compression set is reduced from the initial 33% to 15%. In addition, the tensile and tear strengths of the rubber
composites with 50 phr hollow microspheres are only reduced by 7.04% and 1.68% compared with those before aging;
with 40 phr hollow microspheres, the 300% constant tensile stresses after aging are enhanced by 45% compared with

those before aging. The aging resistance is improved.

Keywords: hollow microspheres, natural rubber, mechanical properties, compression set, aging resistance.

Introduction

With the continuous updating of science and technology, mate-
rial science has become an important research object in the
field of modern engineering. In practical applications, rubber
material, as a common material, is widely used in various fields,
making important contributions to the development and prog-
ress of modern society. Rubber has excellent properties such as
high elasticity, excellent abrasion resistance, weather resis-
tance, and chemical stability, which make it widely used in the
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automotive industry, electronic equipment, construction mate-
rials, medical devices, and other fields.'* There is a close rela-
tionship between rubber filler and rubber, and the filler plays
an important role in rubber, which has a significant impact on
the performance and properties of rubber. Different fillers have
different effects on the properties of rubber such as strength,
hardness, abrasion resistance, oxidation resistance, and heat
resistance.>® Common fillers include carbon black, silica, and
fibers. Among them, carbon black is the most commonly used
rubber filler, which increases the abrasion and crack resistance
of rubber by increasing its hardness and strength.”® And silica,
as a hydrophilic filler, can improve the temperature and ozone
resistance of rubber.”"° The selection of suitable fillers is essen-
tial for the optimization of rubber properties. The type of filler
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also has an important effect on the properties of rubber, and
based on the morphology and nature of the filler, it can be clas-
sified into three main categories: granular fillers, fibrous fillers,
and flaky fillers." Granular fillers such as carbon black and sil-
ica increase the volume of rubber through the filling effect and
improve the hardness and strength of rubber. Whereas fibrous
fillers such as aramid fibers and carbon fibers increase the
toughness and tensile resistance of rubber. Sheet fillers such as
graphene and montmorillonite hinder the activity of the rubber
molecular chains through a barrier effect, thus improving the
rubber properties. Different types of fillers can form different
interactions with the rubber matrix, thus affecting the rubber
properties.'? A study prepares rubber composites with different
fillers by mixing spherical silica (Si0O,), rod-shaped halloysite
nanotubes (HNTs), and layered montmorillonite (MMT) with
styrene-butadiene rubber (SBR), respectively, and the results
show that the interfacial strength and mechanical properties of
SBR/SiO, composites are stronger than those of the HNTs or
MMT-filled SBR composites.

With increasing environmental awareness and sustainable
development requirements, carbon black is gradually being ques-
tioned as a common filler for rubber. The production of carbon
black requires large amounts of energy consumption and high-
priced raw materials and also generates large amounts of car-
bon dioxide emissions. In addition, the use of carbon black is
associated with health hazards for operating workers and poten-
tial environmental pollution."* Therefore, finding an alternative
with similar or better properties becomes an urgent need in the
rubber industry. Among different natural fillers, natural fibers,
crystalline cellulose, bone meal, biochar, and calcium biocar-
bonate are successfully used in rubber compounding, both in
raw and modified forms."

Hollow microspheres (RiM01) provided by Beijing Huaqi
Eco Technology Co., Ltd. are a special kind of functional granular
material, which is made from various silicates through a spe-
cial processing technique. Silicates are one of the most abun-
dant compounds in the earth's crust, easily available, and very
abundant.'” This hollow microsphere is a hollow structure
material made of sintering silicate powder, and the hollow
structure gives it the characteristics of light weight, low thermal
conductivity, good sound insulation, and good thermal stability.
The hollow microsphere preparation process used in this paper,
through the use of common industrial by-products such as fly
ash, marble powder, or gangue and waste glass powder mix-
ing, and after sintering prepared, with the method of energy-
saving, green, low production costs. From the structural point
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of view the traditional hollow microsphere hollow structure
for the internal dense together with the tiny holes, while the
hollow microsphere prepared in this paper for the middle of
a single large hole structure, which also reduces the use of
raw materials to improve its economic value.'® In rubber
materials, the incorporation of fillers with a hollow micro-
sphere structure can simultaneously achieve the purpose of
reducing density and increasing the modulus of elasticity, thus
optimizing the mechanical properties of rubber materials to a
certain extent. Ma, ef al. developed a rubber-based lightweight
composite by incorporating hollow glass microspheres (HGMs)
into rubber and using polydopamine (PDA) and Ag nanopar-
ticles for copper plating on the surface of HGMs in order to
improve the compatibility of HGMs with the rubber matrix."”
In addition, the hollow microspheres can be used to enhance
the thermal aging resistance of the materials and provide the
rubber materials with more excellent durability properties.'®"
It is shown that the hollow structure of hollow microspheres
can also confer good acoustic and thermal insulation properties
on rubber materials. Hollow microspheres can increase the
length of the heat conduction path of the rubber material and
reduce the heat conduction coefficient, which effectively reduces
the heat transfer performance of the rubber material. At the same
time, hollow microspheres can also form composite materials
with different acoustic impedance, thus achieving sound absorp-
tion and reflection control, and making rubber materials have
more excellent sound insulation performance. Therefore, the
application of hollow microspheres in rubber materials has
important practical application value.

In this experiment, a new type of hollow microspheres (RiM01,
hereinafter referred to as M01) are used as a reinforcing filler
to replace the traditional carbon black (CB) to study their effect
on natural rubber composites. NR/CB/M01 composites are
prepared by filling MO1 and CB with a certain ratio in the rub-
ber matrix.The study focuses on the differences in vulcani-
zation characteristics, mechanical properties, aging resistance,
and compression set of different rubber composites. The hollow
microspheres are characterized using Fourier infrared spec-
troscopy (FTIR), X-ray fluorescence spectrometry (XRF), and
X-ray powder diffraction (XRD), and the cross-sections of the
MO1 and different rubber composites are observed by scanning
electron microscopy (SEM). This study demonstrates that the
hollow microspheres can be uniformly distributed in the rubber
matrix without large-scale agglomeration. The added M01 reduces
the mechanical properties of the rubber composites such as tensile
strength, tear strength, abrasion resistance, and hardness. How-
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ever, the rubber composites have better compression recovery
and better aging resistance after the addition of MO1.

Experimental

Materials. Hollow microspheres (RiMO01) are provided by
Beijing Huaqi Eco Technology Co., Ltd; natural rubber (NR)
is produced by Qingdao Jinruina Rubber Science and Tech-
nology Co., Ltd, product model RN-10. Carbon black N330,
Cabot Corporation, USA. Rubber oil, stearic acid, zinc oxide,
sulphur, antioxidant 4020, and accelerator CZ are commercially
available products and are used as specified.

Preparation of NR/CB/M01 Composites. Basic formulation
of the composite material (phr): NR 100, total amount of filler
50 (the amount of M0O1 and CB N330 is variable), stearic acid
2, antioxidant 4020 2.5, zinc oxide 4, rubber oil 5, accelerator
CZ 1.3, sulfur 1.5.

Processing method: add the weighed NR, zinc oxide, stea-
ric acid, antioxidant 4020, and rubber oil into the internal mixer
(RM-200C, Harbin Harper Electric Technology Co., Ltd.), set
the temperature at 90 C, the rotor speed of 80 r/min. All mate-
rials are mixed in the internal mixer for 5 min, and the tem-
perature of the rubber is 110 C in general, take out the product
and store it at room temperature for 8h; then add it into the
double-roll mill (Double Roller Mill), which is the first one in
the world. Double-roll mill (XK-160-A, China Fujian Yongchun
Light Industry Machinery Factory), add S, CZ, press out 10-15
times. At this time, the roller pitch is gradually reduced to make
the mixture uniform. Then the rubber is kept at room tem-
perature for 8 h. The rheological properties of the rubber are
tested by a rotorless vulcanizing machine. Finally, the rubber is
vulcanized in a flat plate vulcanizing machine (XLB, 25t,
Jiangdu Pearl Experimental Machinery Factory, China) with a
set temperature of 150 C, a pressure of 10 MPa, and a vul-
canization time of 1.3 x TC90.

Analyses and Tests. Scanning electron microscope (SEM)
(ZEISS GeminiSEM 500) is used to study the morphology of
the samples and the cross-section of the composites; Fourier
infrared (FTIR) spectra are recorded by a TENSOR II infrared
spectrophotometer; X-ray fluorescence spectroscopy (XRF)
(ZSX Primus IV) is used to determine the chemical com-
position of the raw materials; the crystal structure of the samples
is studied with an X-ray powder diffraction (XRD) machine
(XRD, D8-Advance, Bruker-AXS); a rotorless vulcanising
machine (M2000FAN, High-Speed Rail Technology Co., Ltd.,
China) is used to vulcanise the samples in accordance with

GB/T 16584-1996 at a test temperature of 150 C and a rotation
angle of 0.5, investigating the rheological properties of com-
pound rubber; DIN wear test by ISO 4649:2010 in wear tester
(GT 7012-D, Gotech Testing Machines Inc., Taiwan); Gotech-
AI-7000-MGD tester according to ISO 37-2005 standard is
used to carry out the mechanical properties according to ISO
37-2005; the rubber thermo-oxidative aging test is based on
ISO 188, and the mechanical properties are tested after aging
at 100 C for 48 h in a blast circulation drying oven (101-2B,
Zhejiang Lichen Instrument Science and Technology Co., Ltd.);
the compression set test is carried out according to ISO 815,
and the specimen is compressed and placed in a blast cir-
culation drying oven (101-2B, Zhejiang Lichen Instrument Sci-
ence and Technology Co. Ltd.) at 55 ‘C for 24 h, and then removed
for a period of time for measurement.

Results and Discussion

Characteristics of Hollow Microspheres M01. According
to the results of the X-ray fluorescence spectroscopy analysis
of MO1 in Table 1, from the measured values of each oxide
content, it was found that the composition of MO1 was relatively
complex, which consisted of a variety of silicates, of which CaO
and SiO, were the main components, accounting for 38.29 wt%
and 29.05 wt% of the weight of hollow microspheres, respec-
tively. This indicated that the hollow microspheres were enriched

Table 1. Chemical Composition of M01

Oxide content (%) MO1
CaO 38.29
SiO, 29.05
P,O;s 14.40
AL Os 13.35
K,O 2.45
Fe,0; 0.592
MgO 0.559
Na,O 0.495
Tio, 0.169
SrO 0.164
BaO 0.097
Rb,0 0.037

S 0.029
Ag,0 0.027
MnO 0.018
Others 0.26
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with large amounts of calcium carbonate and silicate. In rubber
products, silica and calcium carbonate were widely used as fill-
ers to improve the hardness, abrasion resistance, anti-aging,
and anti-oxidation properties of rubber due to their excellent
properties. Therefore, based on the compositional analysis of
the large amount of calcium carbonate and silicate in M01, there
was a theoretical potential for the use of these MO1 hollow
microspheres as fillers for rubber.

Based on the SEM photos and physical photos of M01 in
Figure 1, it was observed that Figure 1(a) showed that the par-
ticle size distribution of M0O1 was not uniform, and the particle
size ranged from 10 um to 90 um. This non-uniform particle
size distribution might have had an effect on the properties of
the natural rubber composites after filling with MO1. Through
the observation of Figure 1(b), it was clearly seen that the hol-
low structure of hollow microspheres M01 was evident. This
hollow structure effectively reduced the density of MO1 and
improved its adsorption capacity and thermal insulation prop-
erties. This was a valuable function that brought more pos-
sibilities for the application of filling materials. Meanwhile,
through the observation of Figure 1(c), it was found that the sur-
face of MO1 was very rough and densely distributed with holes.
These rough surfaces and holes theoretically increased the
bonding area between M01 and rubber materials and improved
the bonding and adhesion between MO1 and rubber materials.
Finally, from the photograph in Figure 1(d), it was clearly seen
that MO1 was a red granular substance which was also related
to the composition of MO01, and the silicate and other com-
ponents affected the physical properties and color of the hollow
microspheres to a certain extent.

X-ray diffraction was a material characterization technique

Figure 1. (a)-(c) SEM of MO1; (d) Physical image of the MO1.
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that could be used to determine the composition and structure
of a substance by quantitatively analyzing the scattering signals
from the atomic lattice in the substance. In this experiment, the
samples of hollow microspheres used in the experiment were
analyzed for their compositions using an X-ray diffractometer,
and the results are shown in Figure 2(a). The results showed
that the main raw materials used in the production of the hol-
low microspheres were quartz, calcite, alumina, zeolite, and
hematite, which was also consistent with the XRF results. These
raw materials were treated by a special process to form hollow
microspheres. In the analyzed results, the content of quartz and
calcite occupied the main proportion, which meant that they
occupied an important position in the composition of the hol-
low microspheres.

In the FTIR spectra of hollow microspheres in Figure 2(b),
several characteristic peaks appeared, and each peak represented
a chemical bond, functional group, or molecular structure. At
the peak at 3450 cm™, a broad vibration band appeared, which
was due to the stretching and asymmetric stretching vibration
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Figure 2. (a) X-ray powder diffraction at M01; (b) FTIR spectra of
MO1.
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of O-H bonds caused by water molecules and hydroxyl groups,
and at the absorption band at 1640 cm™, which indicated that
the H-OH bending vibration of water molecules existed in the
hollow microspheres.”® These water molecules existed not only
in the adsorption layer on the surface of the microspheres but
also in the hollow structure of the microspheres. In addition,
the peak near 870 cm™ may have been related to carbonate,
which was caused by the carbonation of phosphor alumina.’!
This was in agreement with the results of compositional anal-
yses in the text. The peaks near 1000 cm™ and 420 cm™ could
be attributed to the asymmetric vibrational bands of Si-O-Si/
Si-O-Al compounds and the stretching vibrations of Al-O.” This
was further evidence of the presence of quartz, calcite, and
phosphorite in the hollow microspheres and also hinted at the
possibility of a complex structure and chemical bonding com-
position in the microspheres. These findings provided an import-
ant analytical basis for an in-depth understanding of the structure
and composition of hollow microspheres.

Rheological Properties of NR/CB/M01 Composites. Accord-
ing to the experimental results in Table 2, the researchers fixed
the total amount of CB and MO01 at 50 parts and investigated
the effect on the vulcanization characteristics of natural rubber
(NR) at 150 C by varying their ratio. This included maximum
torque (MH), minimum torque (ML), vulcanization time (TC90),
and scorch time (TC10). Based on the analysis of the results,
the torque difference (MH-ML) showed a decreasing trend with
the increase in the number of copies of MOI replacing CB.
This suggested that MO1 was not as effective as CB in rein-
forcing the rubber as compared to CB, which was usually used
as an excellent reinforcing agent in rubber to effectively improve
the hardness and strength of rubber. While MO1 may not have
provided the same degree of reinforcing effect. This was attributed
to the fact that the particle size of CB was much smaller than
the minimum particle size of M01; the smaller the particle size
of the filler, the larger the specific surface area, and the more
active sites existed on the surface, which could play a better

Table 2. Rheological Properties of NR/CB/M01 Composites

CB/MO1/ MH/ ML/ MH-ML/ TC10/  TC90/
(phr) (dN'm) (dN'm) (dN'm) min min

50/0 18.035 1.095 16.940 3.137 8.652
40/10 16.442 0.743 15.699 3.647 7.763
30/20 14.320 0.544 13.776 4.345 8.502
20/30 13.283 0.485 12.798 4.925 9.232
10/40 12.234 0.297 11.937 5.725  10.062
0/50 10.863 0.290 10.573 6.933 11.36

role in the chemical reaction and physical adsorption with the
rubber. Another reason was that the main component of CB
was C, while M01 could also be observed through XRF anal-
ysis; the composition was more complex, mainly composed of
Si0, and CaO. Rubber belongs to the organic matter, mainly
composed of C atoms and H atoms; according to the principle
of similarity and compatibility, CB could be better combined.
In addition, a decrease in ML (minimum torque) indicated bet-
ter fluidity of the rubber. This may have meant that MO1 could
be used to some extent to make the rubber easier to flow and
mold. The vulcanization time (TC90) showed a trend of decreas-
ing and then increasing, where MO1 at 10 parts had the best
processing efficiency. This indicated that the addition of MOl
in a certain proportion could improve the processing efficiency
of the rubber to achieve the desired degree of vulcanization
within a certain time. However, when the proportion of M01
exceeded a certain range, TC90 began to rise, which may have
led to a decrease in processing efficiency. Scorch time (TC10)
showed an increasing trend, which indicated that the processing
safety gradually increased as the amount of MO1 increased.
Higher TC10 values meant that the processing of rubber became
more stable and safe.

Mechanical Properties of NR/CB/M01 Composites. It
could be observed from Figure 3(a) that the tensile strength of
the rubber composites showed a gradual decrease as the per-
centage of MO1 replaced by carbon black (CB) gradually
increased. This was due to the fact that carbon black had a smaller
particle size, larger specific surface area, and higher surface
activity compared to MO1. These properties allowed the car-
bon black to form a closer bond with the rubber composite,
providing a stronger reinforcement effect to the composite, which
in turn exhibited a higher tensile strength.

From Figure 3(b), it could be observed that the abrasion
resistance of the rubber composites showed a decreasing trend
with the increase of M01 replacing carbon black (CB). From
the previous analysis of the rheological properties of the com-
posites, the addition of hollow microspheres decreased the
MH-ML of the composites, which indicated that the interfacial
bond between M01 and the rubber matrix was not very strong.
Under friction, this weaker interfacial bond resulted in the eas-
ier detachment of MO1 from the rubber surface, making the
composites unable to effectively resist the forces generated by
friction, which led to the reduction of wear resistant.

Figure 3(c) shows that the hardness of the rubber composite
decreased as more CB was replaced by MO1. The trend was
consistent with the change in tensile strength and abrasion

Polym. Korea, Vol. 48, No. 4, 2024
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Figure 3. Mechanical properties of NR/CB/M01 composites: (a) tensile strength; (b) DIN abrasion loss; (¢) shore hardness; (d) compression set.

resistance with an increasing percentage of substitution, which
was also related to the particle size of the two fillers and the
interfacial bonding with the rubber, indicating a decrease in
material strength.

From Figure 3(d), it could be seen that MO1 could reduce
the compression set of rubber. This was because the structure
of hollow microspheres and the larger particle size could slow
down or hinder the slip and deformation of rubber molecular
chains, which improved the compression deformation resis-
tance of the material. This indicated that the hollow spherical
powder could improve the compression performance and ser-
vice life of the composite material, reduce the plastic defor-
mation during compression, and enable it to better maintain
its initial shape and properties.

Dynamic Mechanical Properties of NR/CB/MO01 Composites.
The energy storage modulus-stress curves of the rubber com-
posites were obtained from the tests performed by RPA
(Dynamic Mechanical Analyser), which showed a specific
behavior in the range of strains from 0-40%. During this
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period, the storage modulus (G') showed a gradual decrease
which mainly originated from the destruction of the filling
network structure. This phenomenon was often referred to as
the Payne effect and was a typical behavior of rubber com-
posites during strain loading. In the curves, the difference
was called modulus difference (AG"), which was obtained by
performing a difference operation on the maximum and min-
imum values of G’ for each curve. AG' was an important indi-
cator of the magnitude of the Payne effect, the degree of filler
dispersion, and the network structure. Generally speaking, the
smaller value of AG' represented the better dispersion degree
of the material.” It could be observed through Figure 4 that
AG' decreased continuously as the proportion of M01 in the
filler increased. This phenomenon could be attributed to the
properties of MO1 particles. Compared to carbon black, M01
particles had a larger particle size and therefore a lower spe-
cific surface area. In addition, compared to carbon black, MO1
particles had fewer active sites on them and weaker inter-
action forces with the rubber. As a result, MO1 particles were
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Figure 4. RPA curve of NR/CB/M01 composites.

more likely to achieve good dispersion in the rubber matrix,
leading to a reduction in AG'*

SEM of NR/CB/M01 Composites. The SEM of the NR/
CB/MO01 composite was shown in Figure 5. According to the
observation in Figure 5(a), we could see that CB was uniformly
dispersed in the rubber and the section was relatively flat. This
indicated that carbon black had good dispersion in the rubber
and formed a tight bond with the rubber. However, from the
observations in Figure 5(b)-(f), we could find that as the num-
ber of MO1 portions increased, hollow spherical particles began
to appear on the section, and the number of hollow spherical
particles on the section tended to increase with the increase of
the content of the hollow spherical powder. It had also been
observed that the hollow microspheres did not break in the rub-
ber, due to the fact that rubber is an elastomer with good flow-
ability and soft texture before vulcanization, whereas the hollow
microspheres were formed by high-temperature sintering of
silicates and therefore had a harder texture. During the mixing
process between the rubber and the hollow microspheres, the
hollow microspheres rolled in the rubber in the direction of the
force. In addition, the roller pitch of the double-roller mill used
in the mixing process was set at 3 mm, which was much larger
than the diameter of the hollow microspheres, providing suf-
ficient space for them to roll freely in the rubber, and the pro-
tection of the structure of the hollow microspheres by this method
was confirmed by Figure 5. At the same time, we found that
the MO1 hollow spherical powder was uniformly dispersed in
the rubber without large-scale agglomeration, which was con-
ducive to better encapsulation of the hollow spherical powder

Figure 5. SEM of composites with different filler ratios: (a) CB/M01
=50/0; (b) CB/MO1 = 40/10; (c) CB/M01 = 30/20; (a) CB/MO1 = 50/0;
(d) CB/M01 =20/30; (e) CB/MO1 = 10/40; (f) CB/M01 = 0/50.

in the rubber. However, we could also observe the holes left
behind by M01 shedding in the section (e.g., at the red circle
in Figure 5), and these holes increased with the increase of
MO1. This indicated that the interfacial bond between M01 and
rubber still needed to be improved. Therefore, it was necessary
to further optimize the interfacial interaction between M01 and
rubber and improve the interfacial bonding force, to further
improve the mechanical properties of rubber composites. This
needed to be paid attention to in subsequent research and
design.

Aging Resistance of NR/ICB/M01 Composites. The rate
of change in aging properties was the percentage of the difference
between the properties of a rubber specimen after aging and
before aging compared to the value of the properties before
aging. After 48 hours of thermal oxidation air aging at 100 C,
we observed the following results in the Table 3. According to
the data in Table 3, the rate of change of tensile and tear strength
of the rubber composites reached the minimum values when
the number of parts of MO1 was 50, which had decreased only
by 7.04% and 1.68%. This meant that in this formulation, M01
had a better retention effect on the tensile and tear properties
of the rubber composites. This may have been due to the fact
that the presence of M01 had increased the flexibility of the
rubber composites and reduced the loss of strength upon aging.

Polym. Korea, Vol. 48, No. 4, 2024
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Table 3. Rate of Change in Mechanical Properties of NR/CB/M01 Composites After Aging

Performance 50/0 40/10 30/20 20/30 10/40 0/50

Tensile strength (%) -15.2 -13.07 -12.9 -10.8 -9.63 -7.04

Tear strength (%) -26.4 -24.4 -20.8 -10.4 -4.00 -1.68

Elongation at break (%) -20.6 -18.6 -14.0 -14.6 -18.1 -16.9
300% constant tensile stress (%) +27.9 +35.8 +22.1 +34.5 +45 +34
ShoreA hardness +1 +1 +2 +1 +0 +0

In addition, the rate of change in the elongation at break of the
rubber composites had been the lowest at 20 parts of MO1,
which had been reduced by 14.02% compared to that before
aging. This indicated that MO1 had a better retention effect on
the elongation at break of the rubber composites. The introduction
of M01 may have enhanced the deformability of the materials,
enabling them to maintain a certain amount of elongation
properties after aging. In addition, by observing the 300% con-
stant tensile stress, we found that the 300% constant tensile stress
of the aged rubber composites had shown an elevated phe-
nomenon compared to that before aging. In particular, the highest
rate of change in 300% constant tensile stress had been observed
when the number of M01 had been 40, which had been 45%
higher than that before aging. The addition of M01 was able to
improve the strength and elastic recovery properties of the
composites so that the composites were able to maintain a cer-
tain amount of stress-strain capacity after aging. In addition, it
should be noted that no significant hardness changes had been
observed before and after aging. This suggested that MO1 under
hot air aging conditions had a small effect on the hardness of
the rubber composites.

Conclusions

Based on the results of the above studies, we can conclude
that hollow microspheres M01 are mainly composed of silicate-
like substances with a hollow particle structure with diameters
between 10 pm and 90 um formed by special processing. When
the proportion of hollow microspheres MO1 replaces CB, the
rubber composites show better fluidity and processing safety.
Due to the larger particle size of the hollow microspheres M01
compared to CB, the interfacial interaction with rubber is weaker,
resulting in reduced mechanical properties of rubber composites
such as tensile strength, abrasion resistance, and hardness to
varying degrees. Cross-section SEM observations show that
MO1 can be uniformly distributed in rubber without agglomer-
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ation, but there is a phenomenon of M01 detachment. Although
MO1 has a negative impact on the mechanical properties of
rubber composites, the addition of MOl improves the com-
pression recovery ability. When M0O1 completely replaces CB,
the compression set is reduced from the initial 33% to 15%. In
addition, the addition of hollow microspheres improves the
aging resistance of the rubber composites. When the number
of hollow microspheres is 50 phr, the tensile and tear strengths
of the rubber composites decrease by only 7.04% and 1.68%
after aging compared with those before aging, which is almost
unchanged. The 300% constant tensile stress after aging is
improved compared with that before aging, and the most obvi-
ous improvement is 45% when the number of hollow micro-
spheres is 40 phr.
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