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Abstract: In this paper, acrylonitrile and hydroxypropyl
acrylate are used as the binary polymerization monomers,
and isooctane is used as the foaming agent to prepare high-
temperature thermally expandable microcapsules. Analysis
of the effect of blowing agent and crosslinking agent on the
expansion properties of high-temperature thermally expand-
able microcapsules, the effects of foaming agent azodicarbo-
namide (ADCA) and micro-expansion capsule on the
surface quality and foaming quality of foamed acrylonitrile—
butadiene-styrene (ABS) products were investigated. The
foamed product prepared by the high-temperature micro-
capsule has a good surface quality, the gloss is 52.3, the cell
is not easily deformed, and the volume fraction is 4%; the
foamed ABS/ADCA material has poor cell uniformity, the cell
is easily deformed, the volume fraction is 6.5%, the surface
quality is poor, and the gloss is only 8.7.

Keywords: high-temperature thermally expandable micro-
capsule, foaming, ABS, surface quality, foaming quality

1 Introduction

In the 1970s, the thermally expandable microcapsules were
invented by Dow Chemical Co. It is a hydrocarbon
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compound of micron-sized core shell and thermoplastic
polymer shell (1-5). The preparation method of thermally
expandable microcapsules is generally prepared by suspen-
sion polymerization. The suspension polymerization method
is a radical polymerization method in which an initiator
monomer is suspended in water in the form of droplets,
which is divided into an aqueous phase and an oil phase,
and polymerization occurs in each small droplet (6-10). In
the field of micro-foaming, thermally expandable micro-
capsules can solve the problem of foaming quality and
surface quality of foamed materials (11,12). However, the
foaming temperature of the thermally expandable micro-
capsules required is different for the matrix material. In
order to broaden the application of the foaming material,
the synthesis of the high-temperature thermally expandable
microcapsule is a research field at home and abroad.

At present, most studies focus on the preparation of
normal temperature microspheres. Jeong Gon Kim et al. (13)
prepared the thermally expandable microspheres by sus-
pension polymerization using halloysite nanotubes (HNTSs)
as dispersion stabilizers. It was found that the average size
of microcapsules gradually decreased with the increase in
HNTs concentration. Sun Kyoung Jeoung (14) prepared the
microspheres of different particle sizes by acrylonitrile (AN)
and methacrylonitrile (MAN) as polymerization monomers,
using halloysite nanotubes and polyvinylpyrrolidone (PVP)
as emulsifiers and stabilizers, respectively; the microspheres
of the PVP series were found to have a larger expansion
ratio than the HNTS series. Ji Hyun Bu (15) used
polyacrylonitrile-methyl methacrylate as the outer shell
and n-octane as the blowing agent; the thermally expand-
able microspheres were prepared by suspension polymer-
ization. They found that when adding polyvinyl alcohol as a
stabilizer, the appearance of the microspheres is smooth
and regular. Liu Wei (16) used 2,2’-azobisisobutyronitrile
(AIBN) as an initiator to study the effect of different reaction
temperatures on the swelling properties of thermally
expandable microspheres. It was found that the foaming
temperature gradually increased with an increase in
reaction temperature, but the temperature was 70°C,
foaming microspheres are easily broken. Jahankhanemlou
(17) used triethylene glycol dimethacrylate (TEGDMA) as a
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crosslinking agent and polymethyl methacrylate as a
polymeric shell to synthesize thermally expandable
microspheres by suspension polymerization. They found
that small changes of TEGDMA can affect the performance
of the microspheres, the greater the concentration of the
crosslinking agent, the larger the average particle size of
the microspheres, and the less likely to expand. Li Jun
Wang et al. (18) prepared epoxy foaming material using
expandable microspheres as a blowing agent, they found
that the material has the advantages of low density and
high compressive capacity. Sun Kyung Jeoung (19)
prepared foamed polypropylene material by thermally
expandable microspheres. It was found that the density of
foamed polypropylene (PP) material gradually decreased
with anincrease inthermally expandable microspheres,
foamed PP materials exhibit higher impact resistance.
The above work has been done on the research of
microsphere synthesis and foam composites at room
temperature, and they have achieved some results.
However, there are few studies on high-temperature
microspheres, the effects of thermally expandable micro-
sphere components and processes on microspherical
features are difficult to replicate because of the influence
of synthetic equipment and environment. How to prepare
shape features and grains uniform high-temperature
microspheres will be the key issue in this paper, it
provides guidance and theoretical reference for the
industrial production of thermally expandable
microspheres.

In this paper, acrylonitrile and hydroxypropyl
acrylate are selected as binary polymerization monomers,
and isooctane is used as a blowing agent to prepare high-
temperature thermally expandable microcapsules. We
analyzed the effects of blowing agents and crosslinking
agents on morphology, particle size, and thermal expan-
sion properties of high-temperature thermal expansion
using TG, DSC, SEM, and other techniques. At the same
time, the effects of foaming agent azodicarbonamide
(ADCA) and microspheres on the surface quality and
foaming quality of foamed ABS composites were dis-
cussed, which laid a solid foundation for the lightweight
industrial application of automobiles.

2 Experimental

2.1 Materials

Acrylonitrile (Analytical purity) was purchased from
Tianjin Comomi Chemical Reagent Development Center,
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Tianjin, China. Isooctane (IO, Analytical purity) was gained
from Tianjin Guangfu Fine Chemicals Research Institute,
Tianjin, China. Sodium hydroxide (NaOH, Analytical
purity) was gained from Sinopharm Chemical Reagent
Co., Ltd, Shanghai, China. Sodium chloride (NaCl,
Analytical purity) was gained from Aladdin Reagent
Co., Ltd, Shanghai, China. Hydroxypropyl acrylate (HPA,
analytical purity) was gained from Aladdin Reagent Co.,
Ltd, Shanghai, China. Ethylene glycol dimethacrylate
(EGDMA, 98%) was purchased from Aladdin Reagent
Co., Ltd, Shanghai, China. Azodicarbonamide was
purchased from Wuhan Han Hong Chemical Plant,
Wuhan, China, with a gas generation of 230mLg™.
ABS plastic was gained from Taiwan Chimei Industrial
Co., Ltd, Taiwan, China.

2.2 Preparation of samples

2.2.1 Preparation of high-temperature thermally
expandable microspheres

Stable aqueous phase system is prepared by adding
water, sodium hydroxide, sodium chloride, and other
additives to stir in the beaker. The oil phase system was
prepared by uniform stirring according to the weight
percentage in Table 1 in another beaker; the aqueous
phase and the oil phase were mixed to obtain a stable
dispersion suspension under cooling; and the stirring
process parameters were as follows: homogenization
time of 10-14min and homogenization rate of
7,000-8,250 rpm. The dispersion suspension was added
to the flask, sealed, and stirred at a high speed to form a
uniform emulsion. The reaction temperature was 60°C,
the reaction time was 22h, and the reaction was

Table 1: Formulation of high-temperature thermally expandable
microspheres

Monomer Foaming  Foaming agent  Crosslinking agent
agent content (wt%) content (wt%)
AN HPA 10 11.7 0.58
28.5 0.58
39.9 0.58
48.1 0.58
28.5 0.29
28.5 0.58
28.5 0.87
28.5 1.17
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completed at room temperature, filtered, washed, and
freeze-dried to obtain thermally expanded microspheres.

2.2.2 Preparation of foamed ADCA masterbatch

After the foaming agent, ADCA is dried at 60°C for about
10 h, the ABS resin is uniformly mixed with ADAC at a
ratio of 9:1 on twin-screw extruder (CTE20, Coperon
Koya Nanjing Machinery Co., Ltd, Shanghai, China) to
obtain foamed ADCA masterbatch, and the extrusion
process parameters were as follows: extrusion tempera-
ture of 90-120°C, screw speed of 150 rpm, and the
feeding speed of 10 rpm.

2.2.3 Preparation of high-temperature thermally
expandable microsphere masterbatch

The microspheres were dried in a hot blast dryer
(101-3, Tianjin Taishite Instrument Co., Ltd, Tianjin,
China.) at 40°C for about 10 h. ABS resin is uniformly
mixed with high-temperature expandable micro-
spheres at a ratio of 9:1 on a two-roll mill (SK-100
type, Shanghai Kechuang Rubber & Plastic Machinery
Co., Ltd, Shanghai, China) to obtain masterbatch, and
the extrusion process parameters were as follows: the
front roll temperature of 80°C and the back roll
temperature of 85°C.

2.2.4 Preparation of foaming ABS material

The foamed microsphere masterbatch and ADCA
masterbatch were uniformly mixed with ABS resin at a
ratio of 9:1 on an injection molding machine (EM120-V,
Zhende Plastic Machinery Co., Ltd, Guangdong, China)
to obtain foamed ABS composites, and injection molding
process parameters were as follows: injection tempera-
ture of 190-210°C, injection speed of 95%, and injection
pressure of 45%.

2.3 Testing and characterization
2.3.1 Characterization of cell structure
The morphologies of the foamed samples were shown

using scanning electron microscope (SEM, EM6200,
Beijing Zhongke, China). The samples were freeze
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fractured in liquid nitrogen and sputter-coated with
gold; they were observed with an accelerating voltage of
25.0 kV. The volume fraction of the foamed material (V)
is calculated by Eq. 1 (18).

P
szl__ 1
o

where p; was the foamed material density (g cm ™) and p
was the unfoamed material density (g cm™).

2.3.2 Thermal analysis

Differential scanning calorimetry (DSC) experiment was
performed by a 200F3 instrument (Netzsch, Germany)
under a nitrogen atmosphere. All samples were quickly
heated up to 220°C and held for 5min, followed by
cooling down to 20°C at a rate of 10°C min™".

2.3.3 Optical microscopy characterization

The thermally expandable microspheres were uniformly
dispersed on a glass slide by an optical microscope to
observe the morphology and particle size distribution of
the microspheres, and the thermal expansion process
was observed by heating on a hot stage.

2.3.4 Crosslinking degree testing of microsphere shell

The crosslinking degree of the microsphere shell (Q) was
measured by the swelling method, and microsphere
shell mass was measured with an electronic balance
is m. After the uncrosslinked portion of the microsphere
shell was dissolved by dimethyl sulfoxide, the mass of
the remaining cross-linked microsphere shell is mq by an
electronic balance, and the degree of crosslinking is
calculated according to Eq. 2 (20).

Q= . @)

2.3.5 Characterization of surface quality of foamed
samples

According to the ISO-2813 test standard, the foamed
samples are directly tested by opening the gloss meter
and the glossiness of the foamed samples are obtained
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by averaging. At the same time, Avercap video software
was used to capture and save surface quality pictures.

3 Results and discussion

3.1 Effect of blowing agent on the expansion
properties of high-temperature thermally
expandable microspheres

The DSC curve and expansion temperature of the
expanded microspheres prepared by different content
of foaming agents are shown in Figure 1. It can be seen
from the figure that as the content of the thermal
expansion microsphere foaming agent increases, the
initial foaming temperature and the ending foaming
temperature of the microspheres decrease. This was
because the content of the foaming agent increases in a
certain range, the pressure of microsphere shell was
larger, and the microspheres were more likely to expand
when the melt strength and viscoelasticity of micro-
sphere shell were constant, so that the expansion
temperature was gradually decreased (Figure 2).

Figure 3 shows the effect of different blowing agent
content on the expansion properties of thermally expanded
microspheres. It can be seen from the figure that when the
content of the foaming agent was 11.7 wt%, the expansion
ratio of the thermally expandable microspheres was
small. This may be because the foaming agent content in
Figure 3a was small, and the internal pressure of the
foaming agent was insufficient to cause a small expansion
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Figure 2: Microstructure of the microsphere “core-shell”.

ratio of the microspheres. When the foaming agent content
was 28.5-39.9 wt%, the expansion ratio of microspheres
was moderate and can be foamed generally, and the
expansion stability of microspheres was better. When the
content of the foaming agent was 48.1wt%, although
the microspheres can expand, there was an instantaneous
bursting phenomenon and the expansion stability of the
microspheres was poor. Therefore, when the content of the
foaming agent was too high or low, it was not suitable for
the synthesis of high-temperature microspheres.

3.2 Effect of a crosslinking agent on the
expansion properties of high-temperature
thermally expandable microspheres

Figure 4 was a DSC curve of the thermally expandable
microspheres with different crosslinking agent contents. It
can be seen from the figure that as the content of the
crosslinking agent increases, the expansion temperature of
thermally expandable microspheres increases, which
indicates that increasing of crosslinking agent content
can increase the heat resistance of the microspheres.

[[//] nitial expansion temperature

The ending expansion temperature

204

202

48.1 39.9 28.6 1.7

The percentage of foaming agent in the oil phase (wt%)

(b)

Figure 1: Effect of microsphere expansion temperature under different content of foaming agent: (a) DSC curve and (b) expansion

temperature.
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Figure 3: Effect of different content of foaming agent on the expansion properties of microspheres under the conditions of a certain
expansion temperature and crosslinking agent content (see Table 1). (a—d) The foaming agent content: 11.7 wt%, 28.5 wt%, 39.9 wt%,
48.1wt%. (a;—d;) Pre-expansion sample and (a,—d,) expanded sample.

The main reason was the increase of crosslinking agent
content, which improves the crosslinking degree of micro-
sphere shell (shown in Table 2); the heat resistance of the
microspheres was improved within a certain range.

The effect of different crosslinking agent contents on the
expansion properties of thermally expandable microspheres

was shown in Figure 5. It can be seen from the figure that the
stability of the microspheres was poor after expansion when
the content of the crosslinking agent was 0.29 wt%. This may
be because crosslinking agent content was small, the formed
microsphere shell has a low crosslinking density, and the
rigidity was poor, so the shape of the expanded microsphere
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Figure 4: DSC curves of different crosslinking agent content
microspheres

Table 2: Effect of crosslinking agent content on crosslinking degree
of microspheres

Crosslinking Sample Crosslinking Degree of
agent® content  weight part weight (g) crosslinking
(Wt%) (8 (%)

0.29 0.2452 0.1025 41.8 + 0.27
0.58 0.3260 0.1736 53.3 + 0.21
0.87 0.3245 0.2691 82.9 + 0.31
1.17 0.2467 0.2289 89.9 + 0.42

#The cross-linker is ethylene glycol dimethacrylate.

was difficult to maintain. When the crosslinking agent
content was 0.58 wt% and 0.87 wt%, the microspheres can
generally expand, and the original shape of microspheres
can be stably maintained after expansion. When crosslinking
agent content was 1.17 wt%, the foaming performance of
microspheres was poor. This may be because the micro-
sphere shell was too rigid to result in a small expansion ratio
of microspheres.

3.3 Study on foaming quality and surface
quality of foamed ABS materials

3.3.1 Foaming quality analysis of foamed ABS materials

The cell structure of the foamed ABS material was
observed using the injection visualization device, as
shown in Figure 6. It can be seen from the figure that
foamed ABS material of by adding ADCA have a large
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diameter and uniform size, the cell has a certain degree
of deformation and a small volume fraction, and the
volume fraction is 4%. The foamed ABS material with
microspheres has relatively small cell diameter and
uniform size, the cells are independent and a big volume
fraction, and the volume fraction is 6.5%. Therefore, the
foamed ABS material with microspheres can maintain
the regular spherical shape, and the foaming quality is
ideal.

3.3.2 Analysis of surface quality of foamed ABS
materials

The surface quality of the foamed ABS material was
characterized by a light microscopy system, as shown in
Figure 7. As can be seen from the figure, the surface of
pure ABS material is smooth and excellent in flatness.
The surface quality of foamed ABS material with a
microsphere is relatively smooth and has good flatness,
but it has a small number of grooves, and the surface
quality is not much different from that of pure ABS. The
surface quality of foamed ABS material with ADCA is
rough, and a large number of gas marks appear on the
surface of the sample, which greatly affects the surface
quality of the foamed product, so that its appearance is
poor. The reason is that the ADCA is added to the ABS
material to foam, the gas generated by the decomposi-
tion of ADCA forms a gas mark on the surface of the
foamed product, so that its surface quality is poor. Gas
generated by the expansion of microspheres is sur-
rounded by the microsphere shell, and the gas does not
escape on the surface of the foamed product to leave a
gas mark, so that the surface quality of the foamed
product is good.

Figure 8 is the effect of a foaming agent on the gloss
of foamed ABS material. It can be seen from the figure
that the surface gloss of pure ABS products is better,
which is 58.4; the surface gloss of foamed ABS materials
prepared by using microspheres as a foaming agent is
ideal, which is 52.3. The foamed ABS material prepared
by using ADCA as a foaming agent has a poor gloss,
which is 8.7. It indicates that the surface quality of the
foamed ABS material prepared by the ADCA is poor, and
the surface quality of the foamed ABS material prepared
by using the microsphere as the foaming agent is good.
The microsphere foaming agent can greatly improve the
surface quality of the foamed product. The main reason
is that the foamed ABS material prepared by ADCA as a
foaming agent exhibits a typical “spring surge effect”
during the foaming process (Figure 9a); the center melt
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Figure 5: Effect of different content of crosslinking agents on the expansion properties of microspheres. (a-d) Crosslinking agent content:
0.29 wt%, 0.58 wt%, 0.87 wt%, 1.17 wt%. (a;—d,) Pre-expansion sample. (a,—-d,) Expanded sample.

is continuously updated to the front surface. Under the “core—shell” structure (Figure 9b). When the micro-
influence of the spring flow, the gas is brought to the spheres are raised to a certain temperature, the core of
upper and lower surfaces of the cavity, and the surface the microspheres decomposes to generate gas, which
gas marks are present with the mold cools and solidifies. causes the microsphere shell to expand to form cells; the
Foamed ABS material with microspheres has typical microsphere core generates gas completely to cover by
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Figure 7: Surface quality of foamed ABS material under a light microscope.
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Figure 8: Effect of blowing agent on the gloss of foamed ABS
material.
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Figure 9: Effect of surface quality of micro foamed ABS material: (a)
spring surge effect and (b) “core-shell” structure of microspheres.

the microsphere shell; there is no gas in the ABS melt, so
there is no “spring surge effect,” and the surface quality
of the foamed ABS material prepared by using the
microsphere as the foaming agent is ideal.
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4 Conclusion

When the blowing agent isooctane is added in an
amount of 28.5wt% to 39.9 wt% and the crosslinking
agent is added in an amount of 0.87 wt%, the synthe-
sized microspheres have better thermal expansion
properties and the expansion temperature of the micro-
spheres is higher. The expansion temperature ranges
from 180°C to 209°C.

Foamed ABS material with high-temperature micro-
spheres has good foaming quality. The cells are not
easily deformed, the cell size is relatively uniform, and
the volume fraction is 4%. The foamed ABS material
with ADCA has poor bubble quality, the cell size is not
uniform, the cell deformation is severe, and the volume
fraction is 6.5%. Under the condition of injection
molding, the surface quality of foamed ABS sample
with the microsphere is good, it has no gas marks and
the glossiness is 52.3; the surface quality of ABS-foamed
sample with ADCA is poor, and it has a large number of
gas marks, the glossiness is 8.7.
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