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Abstract: In order to improve the utilization value of
recycled materials, the study considers recycled materials
such as polyester/nylon/spandex as raw materials. Using
polyester/polyamide/spandex as raw materials, the recycled
polyester/polyamide/spandex mixed materials were first
pretreated to obtain the pretreated mixed materials. Then,
the pretreated mixed materials were evenly mixed with
hydrogenated petroleum resin. The composite materials
were prepared through extrusion and injection molding.
By comparing the mechanical properties, the effects of dif-
ferent hydrogenated petroleum resins and their additives
on the tensile strength, bending strength, impact strength,
elongation at break, and bending modulus of the composites
were investigated. And the microstructure of the fracture
surface was characterized by scanning electron microscopy.
The results showed that: (a) when the addition amount of
hydrogenated C5 petroleum resin was 4.5%, the maximum
impact strength and fracture elongation were 18.03 kj/m*
and 15.92%, respectively. (b) The maximum tensile strength,
bending strength, and bending modulus could reach 22.9,
38.72, and 2217.9 MPa, when the addition amount of hydroge-
nated C9 petroleum resin was 4.5, 29.5, and 39.5%, respectively.
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1 Introduction

Polyester has the advantages of high strength and high
modulus in mechanical properties [1,2]. As a general mate-
rial, polyamide/spandex are similar to polyester. In recent
years, the use and recycling of polyamide/spandex have
been increasing. Polyester/nylon/spandex recycling usually
comes in the form of a mixture; therefore, it is of great
practical significance to study the recycling of mixed mate-
rials such as polyester/polyamide/spandex. On the issue of
recycling polyester materials, need to add some additives
to solve the compatibility problem between polyester and
other materials. For example, by adding compatibilizer
[3,4], the compatibility between polyester and high density
polyethylene [5] and polypropylene (PP) [6-8] could be
solved, which provides ideas for the comprehensive utili-
zation of polyester/polyamide/spandex mixed materials.

In previous studies, our research group studied the
process of mixed polyester/polyamide/spandex to modify
PP by adding different compatibles [9] and using different
pretreatment processes [10]. In the process of research, it is
also found that the “bonding” between polyester/nylon/
spandex and the modified matrix material was not obvious
due to the differences in compatibility and bonding of the
mixture material of polyester/nylon/spandex. Therefore,
the microstructure of the fracture surface of the composite
material was defective, and the mechanical properties
were also affected to some extent. Hydrogenated petro-
leum resin has good advantages in compatibility, viscosity
enhancement, and thermal stability [11]. Similarly, hydro-
genated petroleum resins were widely used in the coatings,
paints, adhesives, rubber, and other fields. It plays a sig-
nificant role in improving the microstructure and mechan-
ical properties of materials [12,13].

In this study, hydrogenated C9 petroleum resin and
hydrogenated C5 petroleum resin were used to modify
polyester/nylon/spandex mixtures to prepare composite
materials with better mechanical properties, and the mechan-
ical properties and fracture surface microstructure of
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the prepared composite materials were characterized.
They found that with the change in the amount of hydro-
genated C5 petroleum resin and hydrogenated C9 petro-
leum resin, the mechanical properties of the composite
material such as tensile strength, bending strength, impact
strength, fracture elongation, and bending modulus also
changed, and the optimal mechanical properties of the com-
posite material were obtained. The research results of this
article can provide theoretical basis and data support for the
recycling of polyester/nylon/spandex materials.

2 Experimental method

2.1 Main experimental materials

Starting materials such as maleic anhydride grafted poly-
propylene (PP-g-MAH) and hydroglyceryl methacrylate
grafted with ethylene-octene copolymer (POE-g-GMA) were
purchased from Ningbo Nengzhiguang New Material Technology
Co., Ltd. Hydrogenated C5 petroleum resin (Model: H5-1000,
Softening point: 101.3°C, Gardner color number: #0-1) and
hydrogenated C9 petroleum resin (Model: HM-1000, Softening
point: 100.7°C, Gardner color number: #0-1) were purchased
from Zhejiang Henghe Petrochemical Co., Ltd. Polyester/nylon/
spandex and other short fiber materials were provided by
market sorting and recycling companies (tensile strength:
1517 MPa, bending strength: 24.34 MPa, impact strength:
10.275k]J/m? fracture elongation: 3.72%, and bending mod-
ulus: 1427.84 MPa). All other reagents and solvents were of
reagent grade and used without further purification.

2.2 Pretreatment of experimental materials

The polyester/nylon/polyurethane were evenly mixed
according to the molar ratio of 1:1:1, and the pellet pretreat-
ment method was carried out according to literature [10].
Similarly, the pretreated material was placed in an oven at

DE GRUYTER

120°C for 4 h, and cooled for later use. The hydrogenated C5
petroleum resin, hydrogenated C9 petroleum resin, compa-
tibilizer, and other materials were put into the oven at 100°C
for 4 h, then removed and cooled for later use. The pretreat-
ment materials, hydrogenated C5 petroleum resin, hydroge-
nated C9 petroleum resin, compatibilizer, antioxidant, and
other materials were mixed according to Tables 1 and 2.

2.3 Sample preparation

The materials in Tables 1 and 2 were extruded and pelleted
by twin screw extruder (WLG10A, Shanghai Xinshuo Pre-
cision Machinery Co. Ltd), respectively. The extrusion con-
ditions of the extruder were set as follows: the temperature
of the upper cavity plate was 200°C, the temperature of the
lower cavity plate was 200°C, the working time was 16.5s,
and the screw speed was 74 rpm. The pellet was injected by
the injection molding machine. The injection molding con-
ditions were set as follows: the mold temperature was 43°C,
the cylinder temperature was 200°C, and the pressure
holding time was 6s. The detailed schematic diagrams
for sample preparation can be seen from Figure 1.

2.4 Performance test

Tensile performance test: according to GB/T 10400.1-2018
standard test, using type Il spline (CMT6104, Shenzhen New
Think Material Testing Co., Ltd), test speed was 5 mm/min.
Bending performance test: according to GB/T 9341-2000 stan-
dard test, the test speed was 5mm/min. Notched impact
strength performance test: according to GB/T 1843-2008 stan-
dard test, the impact energy was 2.75]. Using V-shaped
splines in pendulum testing experiments, pendulum speed
was 9 m/s. Scanning electron microscopy (SEM) analysis: the
plastic profile sample was taken and fixed on the conductive
tape, and treated with gold spraying. The appearance of the
cutting surface was observed. And the accelerated voltage

Table 1: Material composition in the modification experiment of hydrogenated carbon 9 petroleum resin (%)

Number Pretreatment material Antioxidant 225 PP-g-MAH POE-g-GMA Hydrogenated C9 petroleum resin
1 54 0.5 4 2 39.5

2 64 0.5 4 2 29.5

3 74 0.5 4 2 19.5

4 84 0.5 4 2 9.5

5 89 0.5 4 2 4.5
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Table 2: Material composition in the modification experiment of hydrogenated carbon 5 petroleum resin (%)

Number Pretreatment material Antioxidant 225 PP-g-MAH POE-g-GMA Hydrogenated C5 petroleum resin
6 54 0.5 4 2 39.5

7 64 0.5 4 2 29.5

8 74 0.5 4 2 19.5

9 84 0.5 4 2 9.5

10 89 0.5 4 2 45

Recycled polyester/nylon/

polyurethane, pellet pretreatment

i

PP-g-MAH, POE-g-GMA Hydrogenated C5 petroleum resin, or Pellet pretreatment
and other material hydrogenated C9 petroleum material
\ )
| v
Dryat 100°C for4 h Dryat 120°C for4 h

|

Weighed according to Table 1 and

Table 2, uniform mixture

l

Extrusion granulation

l

Injection molding performance

test spline

l

Material performance

testing

Figure 1: Schematic diagrams for sample preparation.
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was 20 kV. Cold field emission scanning electron microscope
(SEM): Quanta-600FEG, FEI Company, the Netherlands.

3 Results and discussion

3.1 Influence of petroleum resin content on
mechanical properties of composites

3.1.1 Tensile strength

As can be seen from Figure 2, with the increase in hydro-
genated C5 petroleum resin and hydrogenated C9 petro-
leum resin, the tensile strength of the composite showed
a law of obvious decrease. When the additive content of
petroleum resin was less it may be because of the high
strength of chemical fiber material acting as skeleton [14].
The bonding property of petroleum resin strengthens the
skeleton action of chemical fiber material, so the tensile
strength of the composite material was larger. First, as the
additive content of petroleum resin increased, petroleum
resin has obvious dilution effect on the whole composite
system [15]. On the other hand, the composition of the
high-strength chemical fiber material decreases, while the
matrix viscosity gradually increases, the regularity of the
chemical fiber material decreases, and the skeleton cannot
be evenly dispersed, so the tensile strength of the composite
material decreases significantly.

When the content of petroleum resin was 4.5%, the
mechanical properties of the composites prepared by hydro-
genated C9 petroleum resin were slightly stronger than
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Figure 2: Effect of hydrogenated petroleum resin content on tensile
strength.
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Figure 3: (a) Effect of hydrogenated petroleum resin content on bending
strength and (b) effect of hydrogenated petroleum resin content on
bending modulus.

those prepared by hydrogenated C5 petroleum resin. This
may be due to the fact that hydrogenated C5 petroleum resin
mainly has aliphatic hydrocarbon structure, and hydroge-
nated C9 petroleum resin molecule contains benzene ring
and other structures. So, hydrogenated C9 petroleum resin
has better compatibility with chemical fiber materials under
the action of compatibilant, resulting in better mechanical
properties of tensile strength.

3.1.2 Bending strength and bending modulus

As can be seen from Figure 3(a), with the increase in pet-
roleum resin content, the bending strength of composite
materials decreased first and then increased. When the con-
tent of hydrogenated C9 petroleum resin was 29.5%, the
bending strength of the composite reached the maximum.
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When the content of hydrogenated C5 petroleum resin was
4.5%, the bending strength of the composite reached the
maximum. The bending strength of the composites prepared
by hydrogenated C9 petroleum resin was stronger than that
of the composites prepared by hydrogenated C5 petroleum
resin.

When the amount of hydrogenated petroleum resin
was 4.5%, the chemical fiber material has a high strength
to act as a skeleton [14], which was strengthened by the
adhesive property of hydrogenated petroleum resin. With
the increase in hydrogenated petroleum resin content, this
skeleton effect was weakened, so the mechanical proper-
ties of bending strength showed a decreasing trend. When
the amount of hydrogenated petroleum resin was between
9.5 and 29.5%, the bending strength of the composite was
significantly improved. When the amount of hydrogenated
petroleum resin was 29.5%, the bending strength reaches
its maximum. Hydrogenated petroleum resin may have the
most obvious effect on the stiffness enhancement of the
composite skeleton [15].

When the content of hydrogenated petroleum resin
continued to increase, the mechanical properties of hydro-
genated petroleum resin materials had more obvious influ-
ence on the mechanical properties of composite materials
because the skeleton effect of chemical fiber materials
continues to weaken. With the increase in hydrogenated
petroleum resin, hydrogenated petroleum resin made mate-
rials become brittle [16]. Therefore, material properties
were significantly reduced. On the other hand, with the
increase in hydrogenated petroleum resin components,
due to the bonding effect of hydrogenated petroleum resin,
the molecular structure regularity of chemical fiber mate-
rials decreased, and the framework of chemical fiber mate-
rials could not be evenly dispersed. These two factors lead
to a significant decrease in the mechanical properties of
the composite bending strength.

It can also be seen from Figure 3(a) that hydrogenated
C9 petroleum resin is superior to hydrogenated C5 petro-
leum resin in terms of mechanical properties of composite
bending strength. It may be that the molecular structure
polarity of hydrogenated C9 petroleum resin was greater
than that of hydrogenated C5 petroleum resin and it had
better compatibility with chemical fiber materials.

As can be seen from Figure 3(b), with the increase in
hydrogenated petroleum resin content, the bending mod-
ulus of the composite decreased first and then increased
significantly. The maximum bending modulus of hydroge-
nated C9 petroleum resin composite was 2217.9 MPa, the
maximum bending modulus of hydrogenated C5 petroleum
resin composite was 1654.2 MPa, and the maximum bending
modulus of reference product was 1427.84 MPa.

Study on properties of recycled mixed polyester/nylon/spandex
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When the hydrogenated petroleum resin content was
low, the chemical fiber material skeleton effect had a large
effect on the composite material. Therefore, the bending
modulus of composite materials decreased gradually. With
the increase in hydrogenated petroleum resin content, the
hydrogenated petroleum resin had the strength of the
frame, and the performance of the composite material
was gradually improved.

The bending modulus and mechanical properties of
the composites prepared by hydrogenated C9 petroleum
resin were obviously better than those of hydrogenated
C5 petroleum resin. This was due to the structural differ-
ences between the two hydrogenated petroleum resins.
Because the molecular structure of hydrogenated C5 pet-
roleum resin was less polar, it had poor compatibility with
the framework of chemical fiber materials. Hydrogenated
C9 petroleum resin molecules contained rigid groups such
as benzene ring and other structures, the material rigidity
was strong, and hydrogenated C9 petroleum resin mole-
cules had greater polarity and better compatibility with
chemical fiber materials.

3.1.3 Impact strength

It can be seen from Figure 4 that the impact strength of the
composite prepared by hydrogenated C5 petroleum resin
decreased first and then increased. The impact strength
reached the maximum (18.03 k]/mz) when the addition
amount of hydrogenated C5 petroleum resin was 4.5%.
The impact strength of the composites prepared by hydro-
genated C9 petroleum resin increased first and then
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Figure 4: Effect of hydrogenated petroleum resin content on impact
strength.
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decreased. When the addition of hydrogenated C9 petro-
leum resin was 29.5%, the impact strength reached the
maximum (15.878 kj/m?).

For the composite prepared by hydrogenated C5 pet-
roleum resin, when the hydrogenated C5 petroleum resin
increased from 4.5 to 29.5%, it may act as a skeleton due to the
high strength of chemical fiber materials [14]. With the increase
in hydrogenated C5 petroleum resin content, the effect of this
framework was weakened, so the mechanical properties of
impact strength showed a decreasing trend. While the content
of hydrogenated C5 petroleum resin continues to increase,
which may be due to the stiffening effect of hydrogenated
petroleum resin [15], the mechanical properties of hydroge-
nated C5 petroleum resin material itself play a major role.

However, the impact strength of the composite pre-
pared by hydrogenated C9 petroleum resin increased sig-
nificantly when the addition amount was 4.5-29.5%. On the
one hand, the hydrogenated C9 petroleum resin molecule
had greater polarity and better compatibility with chemical
fiber materials. On the other hand, the hydrogenated C9 pet-
roleum resin molecule contained benzene ring and other
rigid groups. When the addition amount was greater than
29.5%, the impact strength of the composite had a downward
trend, which was due to the bonding effect of hydrogenated
C9 petroleum resin, which reduced the regularity of the che-
mical fiber material and made it unable to disperse evenly.

3.1.4 Elongation at break

As can be seen from Figure 5, the fracture elongation of
hydrogenated C5 petroleum resin composite decreased
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Figure 5: Effect of hydrogenated petroleum resin content on elongation
at break.
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with the increase in hydrogenated petroleum resin con-
tent, and the maximum fracture elongation was 15.92%.
The fracture elongation of hydrogenated C9 petroleum
resin composite increased weakly and then decreased
sharply, and then increased slowly, and the maximum
fracture elongation was 14.59%. First, it was possible that
the elongation of composite materials was mainly deter-
mined by chemical fiber materials. With the increase in
hydrogenated petroleum resin, the hydrogenated petro-
leum resin made the materials brittle [16] and had an
obvious dilution effect on the entire composite system
[17]. Second, due to the bonding effect of hydrogenated
petroleum resin, the regularity of chemical fiber materials
was reduced and could not be evenly dispersed. Therefore,
it had great influence on fracture elongation of composites.

3.2 Microstructure of fracture surface of
composite material

Figure 6(a) and (b) shows the scanning electron micro-
graph of fracture surface of composite material experi-
ment No. 2 in Table 1 and experiment No. 7 in Table 2.
The addition amount of hydrogenated petroleum resin,
chemical fiber aggregate, PP-g-MAH, POE-g-GMA, and anti-
oxidant were 29.5, 64, 4, 2, and 0.5%, respectively. As can be
seen from Figure 6(a), most of the fiber materials could be
evenly dispersed with hydrogenated C5 petroleum resin,
and there were “small pits” on the fracture surface. This
was where some of the fibers were pulled out of the
matrix. As can be seen from Figure 6(b), most of the fiber
materials could be evenly dispersed with hydrogenated C9
petroleum resin. Similarly, there were “small pits” on the
fracture surface.

By comparing Figure 6(a) and (b), it can be seen that by
using hydrogenated C5 petroleum resin, the fracture sur-
face “small pit” was relatively obvious, and many fibers were
pulled out from the matrix of composite materials. By using
hydrogenated C9 petroleum resin, the bond between fiber
and composite matrix was more firm, and the force was
obviously strengthened. This verifies that hydrogenated C9
petroleum resin had better compatibility with chemical fiber
materials because of its larger molecular polarity.

In the fracture surface structure, it was also found that
the chemical fiber material was relatively less, and the
matrix material seemed to be mainly petroleum resin.
The main reason may be that with the increase in the
content of petroleum resin, stickiness increased, so that
chemical fiber materials bond in hydrogenated petroleum
resin, resulting in uneven dispersion of chemical fiber
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Figure 6: (a) SEM of fracture surface of hydrogenated C5 petroleum resin composite and (b) SEM of fracture surface of hydrogenated C9 petroleum

resin composite.

materials and hydrogenated petroleum resin. During the
experiment, it was also found that the content of hydro-
genated petroleum resin was greater than 39.5%, the visc-
osity of hydrogenated petroleum resin and chemical fiber
material melt body was large, and the operation of extru-
sion and injection molding was more and more difficult.
Therefore, in the process of using hydrogenated petroleum
resin to modify chemical fiber materials, it was necessary
to consider the mechanical property index and processing
difficulty, and select the appropriate addition ratio, which
can also provide reference for the optimization of the pro-
cess of using hydrogenated petroleum resin to modify
other materials.

4 Results and prospects

The aim of this study was to improve the utilization value of
recycled materials such as polyester/nylon/spandex. Polyester/
polyamide/spandex composite were prepared by hydroge-
nated petroleum resin blending modified polyester/polya-
mide/spandex by hydrogenated C5 petroleum resin and
hydrogenated C9 petroleum resin. It was found that the
mechanical properties of the composite prepared by hydro-
genated C5 petroleum resin are better in impact strength
and fracture elongation. The mechanical properties of the
composites prepared by hydrogenated C9 petroleum resin
were better in tensile strength, bending strength, and bending
modulus. The results showed that the maximum impact
strength and fracture elongation were 18.03kJ/m? and
15.92%, respectively, when the addition amount of hydroge-
nated C5 petroleum resin was 4.5%. The maximum tensile

strength of hydrogenated C9 petroleum resin was 22.9 MPa
when the addition amount was 4.5%, the maximum bending
strength was 38.72 MPa when the addition amount is 29.5%,
and the maximum bending modulus was 2217.9 MPa when
the addition amount is 39.5%. In the future, when hydroge-
nated C5 petroleum resin and hydrogenated C9 petroleum
resin are used to modify other chemical fiber materials to
prepare composite materials, the appropriate addition ratio
can be selected according to the comprehensive consideration
of the mechanical property index and the difficulty of the
processing process, and even further, other engineering plas-
tics can be modified by blending hydrogenated C5 petroleum
resin or hydrogenated C9 petroleum resin and chemical fiber
materials.
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