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Abstract: Hydrogenated styrene-butadiene-styrene block copolymer (SEBS)/polypropylene (PP)
blended thermoplastic elastomer (TPE) is suitable for preparing the automotive interiors because
of its excellent elasticity, softness, weather resistance, low odor, low VOC and other environmental-
friendly properties. The skin of the automobile instrument panel is an appearance part, which
requires excellent friction loss resistance of surface. In this paper, the high-flow SEBS/PP blended
thermoplastic elastomer (TPE) suitable for the preparation of injection molding skins for automobile
instrument panel was studied. By comparing the Taber abrasion and cross-scratch properties, the
effects of SEBS’s molecular weight, styrene content in the molecule, molecular structure and types of
lubricating agents on the friction loss properties of the material were investigated. The results show
that under the same SEBS molecular structure, the higher the molecular weight within a certain range,
the better the wear resistance of high-flow SEBS/PP type TPE, but the ultra-high molecular weight
exhibits lower wear resistance than high molecular weight; The high-flow SEBS/PP blended TPE
prepared by medium styrene content SEBS has better abrasion resistance; TPE prepared by star SEBS
is better than linear SEBS; Adding silane-based lubricating agents is beneficial to improve the friction
loss resistance of the material, especially combined use of high and low molecular weight silicone.

Keywords: automotive interior; injection molding soft skin; abrasion resistance; high-flow thermo-
plastic elastomer; hydrogenated styrene-butadiene-styrene block copolymer

1. Introduction

As a component used in a relatively closed interior space, the soft skin of the automo-
bile instrument panel requires not only excellent appearance quality and comfortable touch,
but also low emission such as low odor, low VOC, and low fogging [1-3]. Additionally,
as an automotive material for outdoor application, it is required to exhibit excellent aging
resistance and weather resistance. Because of covering the blasting part of the airbag, the
skin should have excellent high and low temperature resistance, and excellent toughness
in the using environment to ensure personal safety at the moment of airbag explosion.
The traditional automobile interior skin of automobile instrument panel mainly is divided
into two categories: polyvinyl chloride (PVC) slush skin and thermoplastic polyolefin
(TPO) vacuum-molded skin [4]. PVC cannot meet the requirements of people’s increasing
demands on life quality, health and low emission because of its poor aging resistance, poor
high and low temperature resistance, high level emission such as high odor, high VOC and
high fogging level, unfriendly driving health, and difficulties to be recycled [5-8]. Other
disadvantages of PVC slush skin also include the long processing period, high energy
consumption and high mold cost for regular replacement of sub-mold [9]. The vacuum
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molded TPO skins exhibit the advantages of low odor and low VOC, but it requires multi-
ple processes such as extrusion calender, vacuum molding and spray coating, which means
complex processing technology and a long processing period.

With excellent elasticity, aging resistance, weather resistance, high and low tempera-
ture resistance and recyclability, hydrogenated styrene-butadiene-styrene block copolymer
(SEBS)/polypropylene (PP)-blended thermoplastic elastomer (TPE) can meet the extremely
high requirements of automotive interiors for excellent touch and low emission of auto-
motive products [10-15]. What is more, the hardness and fluidity of the product can be
designed in a wide range, and the touch feeling is excellent, so it is gradually favored
in the application of automotive interiors [16,17]. Nonpolar characteristics of SEBS and
PP provide 10'°~10'® Volume resistivity, meaning excellent insulation resistivity, which
protects the driver and passenger from leakage of electricity at extreme conditions such as
serious traffic accidents.

When injection molding process was used to form the soft skin of the automobile
instrument panel, low wall thickness (0.9~1.2 mm) and large area of interior skin require
extremely high melt flow rate. At the same time, the interior skin inevitably comes into
contact with sharp objects such as nails and keys, so the product is required to perform good
wear resistance and scratch resistance. Non-polar characteristics of SEBS and PP lead to low
cohesion force between molecules. For ultra-high flow rate required for thin-wall injection
molding, traditional methods are realized by using low-molecular-weight SEBS or filling a
large amount of low-viscosity paraffin oil into high-molecular-weight SEBS [18]. However
low molecular weight or a large amount of paraffin oil is filled between molecular chains,
causes lower cohesion force between SEBS molecules, and leads to poor wear resistance,
and failure is prone to occur during friction and wear. The elastomer material is soft, and
the contact area is prone to large deformation under compression force, so it is easy to form
a “wrapping” effect on the object applying friction. That is, it is in closer contact between
TPE skin and object applying friction, which cause the friction coefficient to increase and
the significant frictional heat to generate and Accelerate wear failure. At present, when
traditional TPE interior skin prepared by injection molding was applied in some Japanese
cars, paint-spray was required on the surface of the skin to meet the requirements of wear
resistance. Studies have also shown that the addition of TPEE or TPU can improve the
wear resistance of the material [19], but meanwhile the emission of odor and VOC will also
increase significantly. As mentioned above, low odor and VOC emission are required for
automotive interior materials, so this method is not suitable.

Previous studies have shown that SEBS with higher molecular weight means stronger
molecular chain entanglement especially for SEBS with star molecular structure, which
results in higher surface wear resistance of TPEs prepared with them. SEBS with higher
styrene content in the molecular chains has stronger conjugation force between chains, and
TPEs prepared by them also exhibit better wear resistance [20-22]. However, all of those
studies were only for TPEs with common fluidity. No studies about the influence factors
on abrasion resistance of TPEs with ultra-high flow rate exceeding 50 g/10 min (tested
at 190 °C x 2.16 kg) can be found. In this paper, PP with higher flow rate was prepared
and applied to TPE formula to ensure the high flow rate, and the effects of the molecular
weight of SEBS, content of styrene in the molecular chain, molecular structure and the
lubricating agents and masterbatches on the friction loss resistance of the material were
mainly studied. For composite materials, the wear mechanisms are mainly abrasive wear,
adhesive wear, and fatigue wear. In practical applications, the wear of materials is usually
in a composite form of two or even three kinds of abrasion at the same time, aiming at the
practical application of automobile interior skin. In this paper, Taber abrasion test and cross
scratch test was used to study abrasion resistance of injection molded skins.
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2. Experimental Materials and Methods
2.1. Main Raw Materials and Equipment

SEBS G1650, G1654, G1651, G1633: American Kraton, commercially available; SEBS
YH-511: China Petroleum & Chemical Corporation (Yueyang, China), commercially avail-
able; PP 225 (powder): Zhejiang Hongji Petrochemical Co., Ltd. (Jiaxing, China), com-
mercially available; Di-tert-butyl peroxide DTBP: AkzoNobel Chemicals (Tianjin, China)
Co., Ltd., commercially available; PP CB5290: Korea Petrochemical IND, Co., Ltd. (Ul-
san Metropolitan City, Korea), commercially available; Paraffin oil KP6030: PetroChina
Karamay Petrochemical Co., Ltd. (Karamay, China), commercially available; Lithium
dodecyl stearate 18K: Katsuta, Japan, commercially available; Silicone L5-4 (Extra high
molecular weight, Mw is about 700,000, Hereinafter refer to as HWSi): Wacker Chemical
Group Co., Ltd. (Berghausen, Germany), commercially available; Silicone oil PMX-200
(Low Molecular weight, Mw is about 10,000, Hereinafter refer to as LWSi): Dow Corn-
ing (Zhangjiagang, China) Co., Ltd., commercially available; POE 8180: DOW Chemical,
commercially available; Silicone masterbatch HG-650: Zhejiang Java Speciality Chemi-
cals Co., Ltd. (Shaoxing, China), commercially available; Polytetrafluoroethylene JTC-308:
Zhejiang Juhua Co., Ltd. (Quzhou, China), commercially available.

High-speed mixer: SHR-10A, Guangdong Xieda Machinery Co., Ltd. (Dongguan,
China); Twin-screw extruder: SHJ-35, Nanjing Juli Chemical Machinery Co., Ltd. (Nan-
ning, China); Injection molding machine: UN120SK, Yizhimi Precision Machinery Co., Ltd.
(Foshan, China); Shore A hardness tester: ZWICK ARMATUREN GMBH (Ulm, Germany);
Melt index meter: MF30, CEAST, Italy; Universal tensile testing machine: 3366, Instron
Engineering Corporation (Boston, MA, USA); Taber Abrasion Tester: 1755, Taber Indus-
trie (New York, NY, USA); Cross scraping instrument: 430P-1, ERICHSEN INC. (Ann
Arbor, Germany); Two-position imager: SV4030, Dongguan Tiangin Instrument Co., Ltd.
(Dongguan, China).

2.2. Preparation of Samples
2.2.1. Preparation of Ultra-High Flow Rate PP (Hereinafter Refer to as PP-UHMEFR)

PP 225 power and DTBP were mixed in a high-speed mixer at middle speed for
4 min according to 1000:3 weight ratio, and then blended and extruded by a twin-screw
extruder at a temperature 230~270 °C, followed by being granulated into pellets with a
plastic granulator. Additionally, an Ultra high melt flow rate up to about 1500 g/10 min
(230 °C x 2.16 kg) PP was prepared.

2.2.2. Preparation of Masterbatch Contains HWSi and LWSi

POE 8180, Silicone L5-4 and Silicone oil PMX-200 were mixed in a high-speed mixer
at a high speed for about 8 min according to 50:45:5 weight ratio, and then blended
and extruded by a twin-screw extruder at a temperature 150~200 °C, followed by being
granulated into pellets with a plastic granulator. Additionally, a silicone masterbatch
containing HWSi and LWSi was prepared (Hereinafter refered to as M-H/LSi).

2.2.3. Preparation of SEBS/PP TPEs and Samples

The paraffin oil KP6030 and SEBS were mixed in a high-speed mixer at a high speed
for 5 min according to a certain weight ratio, and then left to stand for 30 min to ensure the
full absorption of the KP6030 oil to obtain oil-extended SEBS (O-SEBS); the O-SEBS, PP and
additives were weighed in proportion and mixed thoroughly; the mixture were granulated
by a twin-screw extruder, injected injection machine and mold into specific samples.

2.3. Testing and Characteristics

The hardness was tested according to the ISO 868:2003 standard, and the recording
time was 15 s; The melt flow rate (MFR) which was used to characterize the fluidity
of materials was tested according to the ISO 1133-1:2011 standard at 190 °C x 2.16 kg;
Higher MFR means better fluidity; The tensile performances were tested according to the
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ISO 37:2017 standard, and the tensile speed was 500 mm/min, the test results in this paper
are the average values after 5 tests, and standard deviation o was used to characterized
variances of tensile strength and elongation at break of those 5 tests; The tear strength was
tested according to ISO 34-1:2015 standard; The Taber abrasion was tested according to
ISO 5470-1-2016 standard, the load was 0.5 kg, 1000 r. Appearance Rating was evaluated
according to GMW 3208-2017, Rating 10 is the best and Rating 2 is the worst; The cross
scratch was tested according to the GB/T 9286-2015 standard, the load was 10N, and the
speed was 1000 mm /min.

3. Result and Discussion
3.1. Influence of SEBS Molecular Weight on Mechanical Properties and Wear Resistance of
High-Flow SEBS/PP TPE

The formulas of linear SEBS with similar styrene content and molecular chain structure,
and various molecular weights were applied to prepare high-flow SEBS/PP TPE suitable
for injection molding skin are listed on Table 1.

Table 1. Formulas of TPE prepared by SEBS with similar structure and various molecular weights.

Content of Structural Type SEBS MW

Sample Styrene (%)  of the Molecule  Description TPE-LW TPE-MW TPE-HW TPE-URW
G1654 30 Line Low 40
G1650 31 Line medium 40
Gl1651 31 Line High 40
G1633 30 Line Ultra-high 40
PP-UHMFR 20 20 20 20
PP CB5290 10 10 10 10
KP6030 30 30 30 30
Black
masterbatch 2 2 2 2
Other additives 0.3 0.3 0.3 0.3
Table 2 shows the mechanical properties of high-flow TPEs prepared by SEBS with
similar styrene content and molecular chain structure but various molecular weights. As
shown in Table 2, the hardness of high-flow TPEs prepared by SEBS with similar styrene
content and molecular chain structure but various molecular weights are equivalent. When
the molecular weight of SEBS is low, the mechanical properties of the obtained high-flow
TPE are low because the intermolecular cohesive force of SEBS is so weak that the molecular
chain slippage occurs easily. Higher molecular weight of SEBS lead to higher mechanical
properties of high-flow TPE prepared. However, the increase in molecular weight followed
by the increase in intermolecular cohesion and the increase of the entanglement point
between molecular chains, therefore the fluidity of the prepared high-flow TPE decreases.
Table 2. Mechanical properties of TPE prepared by SEBS with similar structure and various
molecular weights.
Sample Shore MFR Tensile Strength Stress at 100% Elongation at Tear Strength
Hardness (A) (g/10 min) (MPa)/o Strain (MPa) Break (%)/o (KN/m)
TPE-LW 75 140 6.7/0.37 24 530/11.9 25.2
TPE-MW 75 123 7.9/0.27 25 560/12.7 274
TPE-HW 76 91 8.2/0.61 2.7 751/17.04 34.2
TPE-UHW 77 59 10.2/0.63 2.7 732/10.28 37.5

Table 3 is the cross-scratch value corresponding to Table 1. Figures 1 and 2 are
respectively the Taber abrasion test photos before and after the test corresponding to
Table 1. Although there is a slight difference in AE after cross-scratching, as shown in
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Figure 1, it can be seen from the test-piece that the high-flow TPEs made of SEBS with
various molecular weights have similar scratch resistance. There is only slight scratch
without whitening phenomenon and visible differences between various samples.

Table 3. Abrasion resistance of TPE prepared by SEBS with similar structure and different
molecular weights.

Taber Abrasion Cross Scratch
Sample
Mass Loss (mg) Appearance Rating AE
TPE-LW 0.35 3.0 0.75
TPE-MW 0.23 3.5 0.71
TPE-HW 0.08 4.5 0.61
TPE-UHW 0.10 4.0 0.60

TPELW

TPE-UHW

(c) (d)

Figure 1. Samples after cross-scratch test of TPE prepared by SEBS with similar structure and various
molecular weights. (a) TPE-LW; (b) TPE-MW; (c) TPE-HW; (d) TPE-UHW.

(a) (b)

Figure 2. Cont.
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() (d)

Figure 2. TPE samples after Taber abrasion test of TPE prepared by SEBS with similar structures and
various molecular weight. (a) TPE-LW; (b) TPE-MW; (c) TPE-HW; (d) TPE-UHW.

Table 3 shows the abrasion resistance of TPE prepared by SEBS with similar structure
and various molecular weights. It shows that TPE-HW exhibits the least mass loss of
materials after Taber-abrasion, with Rating 4.5. However, the difference of AE value after
cross-scratch was not obvious.

Figure 2 shows photos of the test samples after Taber abrasion of TPE prepared
by SEBS with various molecular weights. It can be seen from Figure 2 that the Taber
abrasion resistance is as follows: TPE-LW < TPE-MW < TPE-UHW < TPE-HW, namely
SEBS G1654 < G1650 < G1651 < G1633. Using a two-position imager to magnify the wear
scratch by 40 times (as shown in Figure 3):

Figure 3 is a magnified view of the abrasion scratch of the sample in Figure 2 after
the Taber abrasion test, and the bottom left one (e) is the magnified view before Taber
abrasion test. As shown in Figure 3, compared with the samples before Taber abrasion
test, the convex part of the grain of the TPE-MW wear test sample has been completely
damaged, and stuck to the next convex part of the grain, and the interface of the convex
and concave part has been unclear; Although the convex part of the grain of TPE-HW
is slightly damaged, the interface between the convex and concave part of grain is clear;
Slight damage in the convex of grain can be observed and the interface between convex
and concave part is slightly blurred in TPE-UHW sample after Taber abrasion test. It can
be inferred that TPE-HW exhibits the best abrasion resistance, that is, the high flow TPE
made by G1651 has the best abrasion resistance.

Figure 3. Cont.
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TPE-Before

Figure 3. 40 times magnification of the wear scratch of samples with similar structures and various
molecular weight SEBS after Taber test. (a) TPE-LW; (b) TPE-MW; (c) TPE-HW; (d) TPE-UHW; (e) the
magnified view before Taber abrasion test.

According to Figure 3, it can be inferred that SEBS has similar molecular chain
structure and styrene content, because of more entanglement points between molecular
chains in SEBS with high molecular weight than SEBS with low molecular weight, and
cohesion force between molecular chain is stronger than SEBS with low molecular weight,
which causes higher abrasion resistance of surface. In addition, for SEBS with various
molecular weight, mechanical performances reduce faster while temperature increases
for SEBS with low molecular weight than with high molecular weight, therefore, the
surface of the sample is more easily damaged due to temperature increase by heat
generation during Taber abrasion test. The abrasion resistance is G1654 < G1650 < G1651
and increases sequentially with the increase in the molecular weight. When the molecular
weight is low, the thermal resistance of the material is poor. During the abrasion test, as
the temperature of the sample increases because of abrasion heat generation, the material
softens and becomes sticky, and fragments come from the sample during abrasion test is
therefore easy to adhere on the surface of the grinding wheel of Taber abrasion tester to
form a transfer film on the surface of the wheel, which reduces the roughness and friction
coefficient of the grinding wheel surface and reduces wear. The ultra-high molecular
weight SEBS (TPE-G1633 in Figure 3) exhibits high thermal stability, and the temperature
increase from abrasion heat generation is not enough to make the fragment from abrasion
fully adhere to the surface of the grinding wheel to form a relatively dense “transfer
film”. The surface of the test sample is always rubbed directly by the rough grinding
wheel surface, so exhibits weaker abrasion resistance than TPE with high molecular
weight SEBS. Therefore, G1651 showed the best abrasion resistance in the above test,
better than G1633 with the highest molecular weight.
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As discussed above, cross scratch is a test method of one-time scratch test which is
completed instantly, and abrasion heat generation is not enough to obviously influence
on wear level, so TPEs with similar hardness exhibit wear level in cross scratching test.
However, Taber abrasion test is a relatively long-lasting continuous abrasion. The abrasion
heat generation is an obvious influence on the wear level of the material during long-time
continuous abrasion test. Abrasion heat generation accelerates wear damage, especially
during long-time continuous abrasion.

3.2. Effect of Styrene Content on Mechanical Properties and Abrasion Resistance of High-Flow TPE

Table 4 shows the formulas for preparing high-flow TPE from SEBS with various
styrene contents. In the high-flow TPE made of SEBS with similar molecular weight, similar
molecular chain structure and various styrene content, SEBS with high styrene content
has a higher content of hard segments in the molecular chain. Therefore, under the same
proportion in the formula, the high-flow TPE prepared by SEBS with high styrene content
exhibits higher hardness than with low styrene content. To obtain high flow TPE prepared
by high styrene SEBS with the same hardness, it is necessary to reduce the proportion of
PP in the formula. For example, when G1535 is used in Table 4, the addition amount of
CB5290 is reduced from 10% to 8%. For high styrene content SEBS with low molecular
weight such as YH-511, the hardness of high flow TPE made by them does not increase
much. Therefore, to obtain high-flow TPE with similar hardness, the ratios in the formulas
can be kept unchanged.

Table 4. Formulas of TPE prepared by SEBS with various styrene contents.

Content of Structural Type of SEBS MW

Sample Styrene (%) the Molecule Description TPE-Ms/Hw TPE-Hs/Hw TPE-Hs/Lw

G1651 31 Line High 40

G1535 51 Line High 42

YH-511 51 Line Low 40
PP-UHMFR 20 20 20
PP CB5290 10 8 10

KP6030 30 30 30

Black
masterbatch 2 2 2
Other additives 0.3 0.3 0.3

Table 5 shows the mechanical properties of high-flow TPE prepared by SEBS with
various styrene content. In theory, SEBS with higher styrene content can form a stronger
conjugated structure because it contains more benzene rings, which enhance cohesion
between molecular chains, and exhibits higher mechanical properties and wear resistance.
However, as shown in Table 5, in fact, the mechanical properties of high-flow TPE
prepared by high styrene content SEBS are lower and MFR is higher than those by
medium styrene SEBS. Although the strength of high-flow TPE prepared by SEBS with
medium and high molecular weight with high styrene content is low, the fluidity is
higher. When the molecular weight is similar, the content of ethylene-butene structural
units that can form entanglements between molecular chains in SEBS with high styrene
content is low, and the degree of molecular entanglement decreases, resulting in a
decrease in the melt viscosity of the material and an increase in fluidity. The molecular
weight decreases followed by and increase in fluidity. As the content of styrene increases,
the content of ethylene-butene in SEBS that has good compatibility with polypropylene
decreases, and the compatibility of SEBS with polypropylene becomes poor, and the
interface bonding force between SEBS and PP decreases. The interface between SEBS
and PP is more easily damaged under external force, which results in poor mechanical
properties of the obtained high-flow TPE.
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Table 5. Mechanical properties of TPE prepared by SEBS with various styrene content.

Sample Shore MEFR Tensile Strength Stress at 100% Elongation at Tear Strength
P Hardness (A) (g/10 min) (MPa)/o Strain (MPa) Break (%)/o (KN/m)
TPE-Ms/Hw 76 91 8.2/0.61 2.7 751/17.04 34.2
TPE-Hs/Hw 76 125 5.6/0.22 2.8 504/13.08 274
TPE-Hs/Lw 76 125 5.7/0.28 2.7 489/11.9 27.2

Table 6 shows the abrasion resistance of TPE prepared by SEBS with various styrene
content. It shows that TPE-Ms/Hw prepared by SEBS with middle Styrene content and
high molecular weights exhibits the least mass loss of materials after Taber-abrasion, with
Appearance rating 4.5, while that of the other two are both 3.5. However, the AE value after
cross-scratch did not show obvious difference.

Table 6. Abrasion resistance of TPE prepared by SEBS with various styrene content.

Taber Abrasion Cross Scratch

Sample
Mass Loss (mg) Appearance Rating AE
TPE-Ms/Hw 0.04 4.5 0.61
TPE-Hs/Hw 0.32 3.5 0.58
TPE-Hs/Lw 0.26 3.5 0.57

Figures 4 and 5 show the high-flow TPE samples prepared by SEBS with various
styrene content after the cross-scratch and Taber test, respectively. As shown in Figures 4 and 5,
the high-flow TPEs prepared with high styrene content SEBS exhibit poor abrasion resis-
tance in Taber and cross-scratch test. The abrasion resistance of TPE made by high styrene
content such as G1535 with high molecular weight or YH-511 with medium molecular
weight is not as good as that of G1651 with medium styrene content and high molecular
weight. High styrene content SEBS and PP are poor in compatibility, and the interfa-
cial bonding force between SEBS and PP is low. Interface of PP and SEBS are prone to
delamination during abrasion test.

TPE-Ms/Hw

TPE-Hs/Hw

(b)

TPEHS/Lw, |

(©)
Figure 4. Comparison of TPE cross-scratched samples prepared from SEBS with various styrene
contents. (a) TPE-Ms/Hw; (b) TPE-Hs/Hw; (¢) TPE-Hs/Lw.
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(b)

(c)

Figure 5. TPE samples prepared by SEBS with various styrene content after Taber abrasion.
(a) TPE-Ms/Hw; (b) TPE-Hs/Hw; (c¢) TPE-Hs/Lw.

The samples of high-flow TPE prepared by SEBS 1535 and SEBS YH-511 after Taber
abrasion were observed by magnifying 40 times, as shown in Figure 6a,b, the dermato-
glyphic epidermis of both are partially displaced. From the cross-sectional inspection of
the displacement position in Figure 6, as shown in Figure 6¢,d, some floating skins can
be observed on the left side of the two figures, and the material has been delaminated. It
can be speculated that the compatibility of the material is poor, and there are large-sized
dispersed phases in the TPE, which result in the strength reduction in the material surface
and the deterioration of the abrasion resistance (consistent with Figure 5, that is, the wear
resistance of G1535 and YH-511 are not good).

'TPE—HS/LW .

Figure 6. Cont.
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¢

(d)

Figure 6. Comparison of abrasion scars of TPE with high styrene content. (a,b) are the pictures

of TPE-Hs/Hw and TPE-Hs/Lw magnified 40 times respectively, (c,d) are partial magnifications
of (a,b) with a magnification of 200 times).

3.3. Influence of SEBS Molecular Chain Structure on the Properties of High-Flow TPE

There are two types of morphological structures of SEBS molecule: linear and star. In
the case of a certain molecular weight, Star-SEBS exhibits better abrasion resistance and
elasticity than linear SEBS. Because types of star-SEBS which can be obtained in the market
is limited, only two types of star-SEBS with different molecular weight for research are
used in this paper.

Larger mean square end-to-end distance between molecular chains exists in linear
SEBS with the similar molecular weight, which easily forms more physical entanglement
points. The physical cross-linking network is better than the star-SEBS, and mechanical
properties are higher. Therefore, the mechanical properties of the high-flow TPE prepared
by the linear G1651 are the best overall. The star-shaped SEBS contains more diblock SEBs,
which can be regarded as plasticizers. Therefore, the fluidity of high-flow TPE prepared by
star-SEBS of the same molecular weight grade is slightly improved, so the melt flow rate of
TPE prepared by YH-602T in Table 7 is slightly higher than that of G1651. However, for
ultra-high molecular weight star-SEBS, such as YH-604T, it shows a much higher physical
entanglement network than that of ordinary linear SEBS, poor fluidity and poor processing
performance because of its high molecular weight. When melt blends with high fluidity PP,
the compatibility is poor, resulting in poor fluidity and mechanical properties of product.
In this paper, two types of star-SEBS with different molecular weights specifications were
used for research. The formulas of TPE are shown in Table 8.

Table 7. Mechanical properties of TPE prepared by SEBS with various molecular chain structures.

Sample Shore MFR Tensile Strength Stress at 100% Elongation at Tear Strength
P Hardness (A) (g/10 min) (MPa)/o Strain (MPa) Break (%)/o (KN/m)
TPE-HWL 76 91 8.2/0.61 2.7 751/17.04 342
TPE-HWS 78 56 4.6/0.20 2.8 650/17.2 30.2
TPE-LWS 76 106 5.6/0.27 2.7 512/14.64 28.4
Table 8. Formula design of TPE prepared by SEBS with various molecular chain structures.
Content of Structural Type of SEBS MW
Sample Styrene (%) the Molecule Description TPE-HWL TPE-HWS TPE-LWS
G1651 31 Line High 40
YH-604T 33 Star Ultra-high 40
YH-602T 35 Star High 40
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Table 8. Cont.
Content of Structural Type of SEBS MW

Sample Styrene (%) the Molecule Description TPE-HWL TPE-HWS TPE-IWS
PP-UHMFR 20 20 20
PP CB5290 10 10 10
KP6030 30 30 30

Black
masterbatch 2 2 2

Other additives 0.3 0.3 0.3

Table 9 shows the comparison of the abrasion resistance of TPE prepared by SEBS with
various molecular structures. Figures 7 and 8 are the corresponding test pieces after cross

scratch and Taber abrasion.

Table 9. Abrasion resistance of TPE prepared by SEBS with various molecular structures.

Taber Abrasion Cross Scratch
Sample
Mass Loss (mg) Appearance Rating AE
TPE-HWL 0.04 45 0.61
TPE-HWS 0.06 4.0 0.55
TPE-LWS 0.31 5.0 0.56

TPE-HWL

TPE:LWS

(c)

TPE-HWS

Figure 7. Cross scratching sample of TPE prepared by SEBS with various molecular structures.
(a)TPE-HWL; (b) TPE-HWS; (c) TPE-LWS.
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(b)

(c)

Figure 8. TPE samples prepared by SEBS with various molecular structures after Taber abrasion.
(a) TPE-HWL; (b) TPE-HWS; (c) TPE-LWS.

Figure 9 is a photo magnified 40 times of the samples after Taber-abrasion test in
Figure 8 magnified 40 times. Although the AE of the cross-scratch is low (as showed
in Table 9), it can be seen from the samples after cross-scratch test that a certain degree
of burr can be observed on TPE-HWS surface, which does not occur in the TPE-LWS
sample (as shown in Figure 7). As shown in Figures 8 and 9, TPE-LWS has the best
wear resistance and scratch resistance, followed by TPE-HWL, and TPE-HWS is the
worst. The speculated reason for the unclear grain interface of TPE-HWS is that the
molecular weight of YH-604T is so high that it is difficult to be plasticized, which results
in poor compatibility of PP and SEBS during shot time processing by twin-screw extruder,
therefore the interface force between PP and high molecular weight star-SEBS is wealk,
and the surface strength of the material is poor. At the same time, the molecular weight
is too high, and the fragments from abrasion are not enough sticky enough to form a
dense transfer film on the surface of the grinding wheel, resulting in poor Taber abrasion
performance and high wear degree. Compared with SEBS YH-604T, the molecular weight
of YH-602T is slightly lower, and the compatibility is better, the physical cross-linking
network of star structure is stronger than linear, therefore high flow TPE prepared by
YH-602T exhibits the best abrasion resistance.
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TPE-HWL," Sy

(b)

Figure 9. 40 times magnified photos of samples prepared by SEBS with various molecular structures
after Taber-abrasion test. (a) TPE-HWL; (b) TPE-HWS; (c) TPE-LWS.

3.4. Influence of Lubricating Agents and Masterbatches on the Properties of High-Flow TPE

By adding different lubricating agents in the formula, the friction coefficient of the
material can be effectively reduced, the frictional force and the abrasion heat generation can
be reduced, followed by abrasion resistance of the material which can be improved signifi-
cantly [23]. Common lubricants include siloxanes, polytetrafluoroethylene, polyethylene
wax, stearate, amides, etc. [24]. Among them, amide lubricants such as erucic acid amide
and oleic acid amide can quickly migrate to the surface and form a smooth layer to reduce
the friction coefficient and abrasion heat generation, which help to reduce wear damage of
material. However excessive addition would cause poor appearance such as whitening and
poor adhesive with PU sponge in the automobile instrument panel because of excessive
migration. The addition of macromolecular organic additives containing fluorine or silicon
can improve the abrasion resistance of the material and avoid surface sticky and whitening,.
Polytetrafluoroethylene (PTFE) can improve the abrasion resistance of materials to a certain
extent due to its low friction coefficient [25]. PTFE is a kind of self-lubricating materials
and exhibits low film coefficient. The addition of PTFE reduces friction of sample surface.
so as to achieve the effect of increasing wear resistance. Liu Xiaoyan et al. [26] found that
the friction coefficient of the material can be reduced by the addition of antistatic agents
when they studied glass fiber. In this paper, the effects of silicone masterbatch, PTFE and
lithium dodecyl stearate 18K on the wear resistance of high-flow TPE were studied.

For the study of the lubricating agents and masterbatches, only the lubricating agents
and masterbatches is variable, and the formulas of other components remain unchanged,
formula details can be seen in Table 10. The various lubricating agents or masterbatches
are added.
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Table 10. Basic formulas of different lubricating agents and masterbatches.
Black Lubricating Agents Other
SEBS G1651 PP-UHMER PP CB5290 KP6030 Masterbatch and Masterbatches Additives
40 20 10 30 2 2 0.3
Table 11 shows the formulas of TPE adding various lubricating agents or masterbatches.
Which are based on the formulas in Table 10 with only differences in lubricating agents or
masterbatches.
Table 11. Formulas of various lubricating agents and masterbatches.
Sample TPE-HG650 TPE-SR100B TPE-18K TPE-H/LSi TPE-PTFE
Silicone masterbatch HG-650 2 \ \ \ \
Silicone masterbatch SR-100B \ 2 \ \ \
Lithium dodecyl stearate 18K \ \ 2 \ \
M-H/LSi \ \ \ 2 \
PTFE JTC-308 \ \ \ \ 2

Figures 10 and 11 respectively show the abrasion scratch of the samples with various
lubricating agents and masterbatches after Taber abrasion and cross scratching. As shown
in Figures 10 and 11, the Taber wear can reach grade 8 by adding SR-100B, 18K and M-
H/LSi. However, it can be seen from the pictures that obvious migration and whitening
occurs on the surface of TPE-18K sample, and the surface is greasy, which cannot meet the
requirements for practical interior applications. Antistatic agent has the effect of increasing
wear resistance and self-lubricating, but low molecule and incompatibility with TPE of
18K cause easy migration to the surface of material easily. SR-100B and M-H/LSi are both
silicone masterbatches which significantly exhibit the effect of improving friction loss of
materials. By forming a lubricating layer on the surface of the TPE material, silicone can
obviously reduce the friction coefficient and improve wear resistance of TPE. The M-H/LSi
exhibits higher smoothness, more significant abrasion resistance improvement, and the
actual feel is better than SR-100B, because M-H/LSi masterbatch contains both silicone
with ultra-high molecular weight which exhibits excellent abrasion resistance and silicone
oil with low molecular weight which exhibits low friction coefficient and heat generation.
The research on the above lubricants shows that the addition of silicone masterbatch can
significantly improve the anti-scratch wear performance of the material, especially the
combined use of high and low molecular weight silicone, and the Taber abrasion can reach
grade 8.

(a) (b)

Figure 10. Cont.
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(d)

TP&-PTFE

i3

(e)

Figure 10. TPE samples prepared by various lubrication agents and masterbatches after Taber
Abrasion. (a) TPE-HG650; (b) TPE-SR100B; (c) TPE-18K; (d) TPE-H/LSi; (e) TPE-PTFE.

TPE-SR100B

®)

TPE-H/LSI 2/ i

(d)

Figure 11. Cont.
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TPE-PTEE -

(e)

Figure 11. Cross scratch samples of TPE prepared by various lubricating agents and masterbatches.
(a) TPE-HG650; (b) TPE-SR100B; (c) TPE-18K; (d) TPE-H/LSi; (e) TPE-PTFE.

Table 12 shows the wear resistance of TPE prepared by various lubricating agents and
masterbatches. As can be seen from Table 12, there is not obvious difference in the mass loss
of materials after Taber Abrasion by adding various lubricating agents, but the appearance
rating is mostly between level 6.0 and level 8.0, while only level 4.5 without lubricant. It also
can be observed that Taber-abrasion can be significantly improved by adding lubricating
agents and masterbatches. In addition, cross-scratch was significantly improved by adding
lubricating agents or masterbatches, and the AE value could be reduced from 0.61 to 0.21.
The TPE-SR100B and TPE-H/LSi perform better.

Table 12. Wear resistance of TPE prepared by various lubricating agents and masterbatches.

Taber Abrasion Cross Scratch

Sample
Mass Loss/mg Appearance Rating AE
TPE-no slip 0.04 45 0.61
TPE-HG650 0.03 6.0 0.32
TPE-SR100B 0.02 8.0 0.21
TPE-18K 0.03 6.0 0.25
TPE-(H/LSi) 0.03 8.0 0.23
TPE-PTFE 0.03 6.0 0.21

4. Conclusions

In this paper, when preparing high-flow SEBS/PP type TPE suitable for injection
molding elastomer skin of automobile instrument panel, the characteristics of SEBS and the
influence of lubricating agents and masterbatches on wear resistance were mainly studied.
By comparing Taber abrasion and cross scratch properties, the following conclusions can
be drawn:

(1) Inthe case of similar molecular structure and styrene content of SEBS, high flow TPE
prepared by higher molecular weight within a certain range can impove the abrasion
resistance (such as G1651), but TPE with the ultra-high molecular weight SEBS (such
as G1633) also exhibits worse wear resistance.

(2) The wear resistance of high-flow TPE prepared by medium styrene content SEBS
is better.

(3) The high-flow TPE made of star-shaped SEBS has the most excellent wear resistance.

(4) Adding siloxane-based lubricating agents and masterbatches is beneficial to improve
the wear resistance of the material, especially with the combined addition of high and
low molecular weight silicone, which was pre-dispersed into POE elastomer.

(5) Mechanical performance and abrasion resistance is less affected by frictional heat
generation for TPE prepared by SEBS with higher heat resistance. Large distance
between the ends of molecules is benefit to abrasion resistance.

(6) Good compatibility between SEBS and PP is benefit to coefficient reducing and abra-
sion resistance.



Polymers 2022, 14, 1795 18 of 19

Author Contributions: S.L., conceptualization and methodology, extrusion processing, writing—review
and editing and organization of the submission; J.Q., extrusion processing and writing—original
draft preparation; L.H., methodology and extrusion processing; X.M., visualization and injection
molding; W.C., writing—review and editing, supervision and organization of the submission. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Yang, CJ,; Yang, T.C,; Chen, P.T.; Huang, K.D. An Innovative Design of Regional Air Conditioning to Increase Automobile Cabin
Energy Efficiency. Energies 2019, 12, 2352. [CrossRef]

2. Soutis, C. Carbon fiber reinforced plastics in aircraft construction. Mater. Sci. Eng. A 2005, 412, 171-176. [CrossRef]

3. Kristanto, D.; Leephakpreeda, T. Sensitivity analysis of energy conversion for effective energy consumption, thermal comfort,
and air quality within car cabin. Energy Procedia 2017, 138, 552-557. [CrossRef]

4. Franco-Urquiza, E.A.; Alcantara Llanas, PI; Renteria-Rodriguez, V.; Saleme, R.S.; Ramirez Aguilar, R.; Zarate Pérez, C.; Torres-
Arellano, M.; Piedra, S. Innovation in Aircraft Cabin Interior Panels. Part II: Technical Assessment on Replacing Glass Fiber with
Thermoplastic Polymers and Panels Fabricated Using Vacuum Forming Process. Polymers 2021, 13, 3258. [CrossRef] [PubMed]

5. Tejasvi, R.; Sharma, M.; Upadhyay, K. Passive photo-catalytic destruction of air-borne VOCs in high traffic areas using TiO,-coated
flexible PVC sheet. Chem. Eng. |. 2015, 262, 875-881. [CrossRef]

6. Kim, J.; Kim, H,; Lim, D.; Lee, Y.-K; Kim, J.H. Effects of Indoor Air Pollutants on Atopic Dermatitis. Int. . Environ. Res. Public
Health 2016, 13, 1220. [CrossRef]

7. Shaikh, M.M.; Mohd Hanafiah, M.; Basheer, A.O. Leaching of Organic Toxic Compounds from PVC Water Pipes in Medina
Al-Munawarah, Kingdom of Saudi Arabia. Processes 2019, 7, 641. [CrossRef]

8. Csanyi, G.M.; Bal, S.; Tamus, Z.A. Dielectric Measurement Based Deducted Quantities to Track Repetitive, Short-Term Thermal
Aging of Polyvinyl Chloride (PVC) Cable Insulation. Polymers 2020, 12, 2809. [CrossRef]

9.  Patel, S,; Kakarala, N.; Ellis, T. Development of a slush molded TPO Instrument Panel Skin. SAE Tech. Pap. Ser. 2005, 114, 588-591.
Available online: https://www.doc88.com/p-3899068752164.htmlI?r=1 (accessed on 21 May 2021).

10. Vuluga, Z.; Sanporean, C.-G.; Panaitescu, D.M.; Teodorescu, G.M.; Corobea, M.C.; Nicolae, C.A.; Gabor, A.R.; Raditoiu, V. The Ef-
fect of SEBS/Halloysite Masterbatch Obtained in Different Extrusion Conditions on the Properties of Hybrid Polypropylene/Glass
Fiber Composites for Auto Parts. Polymers 2021, 13, 3560. [CrossRef]

11.  Zhang, P; Wang, X.; Yang, J.; Zhang, Y. Effect of Acetylated SEBS/PP for Potential HVAC Cable Insulation. Materials 2021,
14, 1811. [CrossRef] [PubMed]

12.  Sengupta, P.; Noordermeer, ].W. Effects of composition and processing conditions on morphology and properties of thermoplastic
elastomer blends of SEBS-PP-oil and dynamically vulcanized EPDM-PP-oil. . Elastomers Plast. 2004, 36, 307-331. [CrossRef]

13.  Ning, N.; Li, S.; Wu, H.; Tian, H.; Yao, P; Hu, G.-H.; Tian, M.; Zhang, L. Preparation, microstructure, and microstructure-properties
relationship of thermoplastic vulcanizates (TPVs): A review. Prog. Polym. Sci. 2018, 79, 61-97. [CrossRef]

14. Ohlsson, B.; Tornell, B. Melt miscibility in blends of polypropylene, polystyrene-block-poly (ethylene-statbutylene)-
blockpolystyrene, and processing oil from meltingpoint depression. Polym. Eng. Sci. 1996, 36, 1547-1556. [CrossRef]

15. Allen, N.S.; Edge, M.; Mourelatou, D.; Wilkinson, A.; Liauw, C.M.; Parellada, M.D.; Barrio, J.A.; Quiterio, R.S. Influence of ozone
on styrene—ethylene-butylene-styrene (SEBS) copolymer. Polym. Degrad. Stab. 2003, 79, 297-307. [CrossRef]

16. Zhang, P; Zhang, Y.; Wang, X.; Yang, J.; Han, W. Effect of Acetylated SEBS/PP for Potential HVDC Cable Insulation. Materials
2021, 14, 1596. [CrossRef] [PubMed]

17. Monti, M.; Scrivani, M.T.; Gianotti, V. Effect of SEBS and OBC on the Impact Strength of Recycled Polypropylene/Talc Composites.
Recycling 2020, 5, 9. [CrossRef]

18. Silva, A.N.; Tavares, M.1.B.; Politano, D.P.; Coutinho, EM.B.; Rocha, M. Polymer Blends Based on Polyolefin Elastomer and
Polypropylene. J. Appl. Polym. Sci. 1997, 66, 2005-2014. [CrossRef]

19. Xu, T,; Shen, W,; Lin, X.; Xie, Y.M. Mechanical Properties of Additively Manufactured Thermoplastic Polyurethane (TPU) Material
Affected by Various Processing Parameters. Polymers 2020, 12, 3010. [CrossRef]

20. Rickert, R.; Klein, R.; Schonberger, F. Form-Stable Phase Change Materials Based on SEBS and Paraffin: Influence of Molecular

Parameters of Styrene-b-(Ethylene-co-Butylene)-b-Styrene on Shape Stability and Retention Behavior. Materials 2020, 13, 3285.
[CrossRef]


http://doi.org/10.3390/en12122352
http://doi.org/10.1016/j.msea.2005.08.064
http://doi.org/10.1016/j.egypro.2017.10.158
http://doi.org/10.3390/polym13193258
http://www.ncbi.nlm.nih.gov/pubmed/34641074
http://doi.org/10.1016/j.cej.2014.10.040
http://doi.org/10.3390/ijerph13121220
http://doi.org/10.3390/pr7100641
http://doi.org/10.3390/polym12122809
https://www.doc88.com/p-3899068752164.html?r=1
http://doi.org/10.3390/polym13203560
http://doi.org/10.3390/ma14081811
http://www.ncbi.nlm.nih.gov/pubmed/33916884
http://doi.org/10.1177/0095244304042668
http://doi.org/10.1016/j.progpolymsci.2017.11.003
http://doi.org/10.1002/pen.10550
http://doi.org/10.1016/S0141-3910(02)00293-8
http://doi.org/10.3390/ma14071596
http://www.ncbi.nlm.nih.gov/pubmed/33805877
http://doi.org/10.3390/recycling5020009
http://doi.org/10.1002/(SICI)1097-4628(19971205)66:10&lt;2005::AID-APP17&gt;3.0.CO;2-2
http://doi.org/10.3390/polym12123010
http://doi.org/10.3390/ma13153285

Polymers 2022, 14, 1795 19 of 19

21.

22.

23.

24.

25.

26.

Zhang, ].G.; Deng, J. The Effect of Maleic Anhydride Grafted Styrene-Ethylene-Butylene-Styrene on the Friction and Wear
Properties of Polyamide6/Carbon Nanotube Composites. |. Macromol. Sci. Part D Rev. Polym. Process. 2011, 50, 1533-1536.
[CrossRef]

Samsudin, S.A.; Hassan, A.; Mokhtar, M.; Jamaluddin, S.M.S. Effect of SEBS on the mechanical properties and miscibility of
polystyrene rich polystyrene/polypropylene blends. Prog. Rubber Plast. Recycl. Technol. 2005, 21, 261-276. [CrossRef]

Cortes, V.; Rodriguez Betancourth, C.A.; Ortega, J.A.; Huq, H. Multidirectional Pin-on-Disk Testing Device to Evaluate the
Cross-shear Effect on the Wear of Biocompatible Materials. Instruments 2019, 3, 35. [CrossRef]

Blaker, C.; Heib, S.; Pasel, C.; Atakan, B.; Bathen, D. Investigation of Mechanical, Chemical and Adsorptive Properties of Novel
Silicon-Based Adsorbents with Activated Carbon Structure. C 2017, 3, 27. [CrossRef]

Vesel, A.; Lojen, D.; Zaplotnik, R.; Primc, G.; Mozeti¢, M.; Ekar, J.; Kovag, J.; Gorjanc, M.; Kureci¢, M.; Stana-Kleinschek, K.
Defluorination of Polytetrafluoroethylene Surface by Hydrogen Plasma. Polymers 2020, 12, 2855. [CrossRef] [PubMed]

Liu, X.Y; Chen, M.Y. Research on Friction Coefficient of High Performance Fibers. China Fiber Insp. 2002, 6, 42—44.


http://doi.org/10.1080/03602559.2011.603778
http://doi.org/10.1177/147776060502100402
http://doi.org/10.3390/instruments3030035
http://doi.org/10.3390/c3030027
http://doi.org/10.3390/polym12122855
http://www.ncbi.nlm.nih.gov/pubmed/33260483

	Introduction 
	Experimental Materials and Methods 
	Main Raw Materials and Equipment 
	Preparation of Samples 
	Preparation of Ultra-High Flow Rate PP (Hereinafter Refer to as PP-UHMFR) 
	Preparation of Masterbatch Contains HWSi and LWSi 
	Preparation of SEBS/PP TPEs and Samples 

	Testing and Characteristics 

	Result and Discussion 
	Influence of SEBS Molecular Weight on Mechanical Properties and Wear Resistance of High-Flow SEBS/PP TPE 
	Effect of Styrene Content on Mechanical Properties and Abrasion Resistance of High-Flow TPE 
	Influence of SEBS Molecular Chain Structure on the Properties of High-Flow TPE 
	Influence of Lubricating Agents and Masterbatches on the Properties of High-Flow TPE 

	Conclusions 
	References

