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Abstract: 
In this article, the types, market overview, industrialization progress, and the latest research and development directions 
of chemically synthesized and blended thermoplastic elastomers were reviewed. Several new types of thermoplastic elas-
tomers with market application prospects were introduced, such as silicone TPE, polyolefin TPE, bio-based TPE, degrada-
ble TPE. Their performance and market development were discussed, and the application field and industrialization direc-
tion were reviewed and prospected. 
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China's industrialized production of TPE began in the 1990s 
and China has been the world's largest TPE consumer after 
more than 20 years of rapid development. 

1. Supply and demand of TPE in the global market: 
 
The application fields of TPE are very extensive. It is the po-
tential replacement products of most rubber products and it 
can also be used for polymer modification. TPE can be blend-
ed with various polymers such as polypropylene (PP), polyeth-
ylene (PE), polystyrene (PS). The blend shows excellent impact 
resistance, flexibility, and flexural properties, which is widely 
used in many fields like automotive, construction, electrical 
appliances. With the fast development of China's auto indus-
try and home appliance industry, the amount of TPE used in 
polymer modification will grow rapidly. According to American 
Freedonia Group data, the global TPE market exceeded $ 24 
billion and market demand reached 6.7 million tons in 2019, 
which will grow at a rate of 5.2% each year in the future. Chi-
na’s TPE market consumption accounts for about 36% of the 
global total consumption and it is one of the fastest growing 
countries in the world. The average growth rate of the global 
TPE market is tending to moderate, the report said: This is 
because the TPE market is gradually maturing. Asia and the 
Pacific will be the markets with the greatest demand for TPE 
and demand for TPE in these two regions will grow at an 
above-average rate. In 2019, demand in these two-regions 
accounted for about 50% of global demand. Among them, 
China will be the world's largest consumer of TPE products, 
and the annual market demand growth rate is close to 8% 
while the growth rate in the European and North American 
markets is slowing down and the growth rate in other parts of 
the world is more moderate. 

Introduction 

Thermoplastic elastomer (TPE) is a polymer material with 

the characteristics of thermoset vulcanized rubber and 

thermoplastic, which exhibits high elasticity of thermoset 

vulcanized rubber at room temperature and good pro-

cessability of thermoplastic at high temperature. Due to 

this special property, TPE is also called "third-generation 

rubber" [1]. Because the vulcanization is not required and 

the molding process is simple, the industrial production 

process of TPE is shortened by 25%, the energy consump-

tion is saved by 25% to 40% and the efficiency is increased 

by 10 to 20 times compared with traditional thermoset 

vulcanized rubber, which can be called another technolog-

ical revolution in the rubber industry. What’s more, TPE 

can be processed and recycled for many times, saving the 

petroleum resources required for synthetic polymer mate-

rials and reducing environmental pollution [2,3]. At pre-

sent, TPE is widely used in many industries such as auto-

motive, construction, household equipment, wire and 

cable, electronic products, food packaging, medical equip-

ment. Under the background of increasingly scarce petro-

leum resources and serious environmental pollution, TPE 

has extremely important commercial value and environ-

mental protection significance, and it has become a re-

search hotspot in the field of polymer materials. In recent 

years, continuous product innovation by TPE manufactur-

ers has promoted the development of the downstream 

application market. They have replaced traditional syn-

thetic rubber in different application fields, and their ap-

plications have grown significantly.  
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2. Development status of various thermoplastic elasto-

mers  

After years of development, TPE has formed more than 30 
varieties in 10 categories. The main varieties of TPE are ther-
moplastic styrene elastomer (SBC or TPS), thermoplastic poly-
olefin elastomer (TPO), thermoplastic  polyurethane elasto-
mer (TPU), thermoplastic polyester elastomer (TPEE), thermo-
plastic polyamide elastomer (TPAE), thermoplastic vulcanizate 
(TPV), organo-fluorine elastomer (TPF), organic silicones, etc., 
covering almost all fields of synthetic rubber and synthetic 
resin. In recent years, many new varieties of TPE have been 
developed by researchers to meet some special needs of us-
ers, such as high temperature resistance, heat oil resistance, 
high barrier properties, high insulation. 

2.1 Styrenic block copolymer TPE (SBC)  

Styrene-based thermoplastic elastomers are ABA-type 

triblock copolymers. The remarkable structural features are 

that some chemically different plastic segments (hard seg-

ments) and rubber segments (soft segments) are connected 

or grafted in series between polymer chains to form a mi-

crophase separation structure and the hard segments are 

dispersed in the soft elastic matrix, which enhances the creep 

resistance, while the soft rubber matrix provides elasticity so 

that the temperature range of TPEs can be from the low Tg of 

the soft segment to the high Tg of the hard segment [4,5 ]. At 

present, the SBC is the largest production of thermoplastic 

elastomer with the closest performance to rubber. SBC series 

products include styrene-butadiene block copolymer (SBS), 

styrene-isoprene block copolymer (SIS) and styrene-isoprene-

butadiene block copolymer (SIBS), and the corresponding 

hydrogenated copolymers are SEBS, SEPS, SEEPS. SEBS is the 

most common type of hydrogenated styrene block copoly-

mer. Compared with SEBS, SEEPS have higher tensile 

strength, better oil filling performance, smoother surface and 

better low temperature performance [4,5]. SBS has the larg-

est output, accounting for more than 70% of SBC consump-

tion; SIS roughly accounts for 20% of SBC consumption, and 

SEBS-based hydrogenation products account for about 7% of 

SBC consumption. 

2.1.1 Development of market application of SBC prod-

ucts  

The application of SBC series products and its market capaci-

ty: In 2017, the global production capacity of SBC was 2793kt, 

of which China was 1230kt, accounting for 44% of the world. 

In 2018, SBC production capacity increased to 1395kt, and the 

output reached 1081kt in China [6]. Since SBC entered com-

mercialization in the 1960s, SBS has been one of the most 

successful commercial products in history [7]. The total pro-

duction capacity of SBS in the world accounts for 80% of the 

total production capacity of SBC. Shoemaking is still the larg-

est consumer market for SBS, accounting for about 34% of 

the total consumption; followed by the asphalt modifier and 

polymer modifier market, accounting for about 19%;  

The third-ranked waterproof membrane accounts for about 
15 %; The adhesive market accounts for about 13% of total 
consumption. It is expected that SBS consumption will grow 
at an average annual rate of 3.5% in the future. The SBC con-
sumption of developed countries such as the United States, 
Western Europe and Japan will grow more slowly in the fu-
ture due to the relatively mature markets, and the Asia-
Pacific region will become a new round of development cen-
ter for SBS. In recent years, the demand for the SBS market 
has shrunk, and the proportion of consumption has de-
creased year by year. The development direction is SEBS, SIS 
and high-end SBS products. At present, the proportion of SBS 
in SBC product consumption structure is as high as 95% while 
SEBS and SIS only account for 5% in China, far lower than 
developed countries such as the United States and Japan. 
This is because Chinese SBC mainly focuses on low-end prod-
ucts, while many high-end products such as SEBS and SEPS 
mainly rely on imports compared with countries besides Chi-
na. 

    Figure 1. The proportion of global SBC consumer markets 

2.1.2 The development trends of SBC  

SEBS is a widely studied thermoplastic triblock copolymer 
[8,9]. SEBS was firstly industrialized by the US Shell company 
in 1972, and the equipment and technology were inherited 
by the US Kraton company. Due to the excellent perfor-
mance and a wide range of applications of SEBS, there are 
currently many companies engaged in the production and R 
& D of SEBS, like Kraton Company of the United States, Asahi 
Kasei Corp. of Japan, Kuraray and JSR, Eni Chem of Italy, 
Repsol of Spain, TSRC Corporation, Formosa Plastics Corpora-
tion, LCY Chemical Corp., and Baling Petrochemical, Sinopec 
Group, TSRC (Nantong) Company, Zhejiang KEYUAN Petro-
chemicals Company. At present, the total production capaci-
ty of SEBS in the world is close to 500,000 tons / year and in 
China is about 150,000 tons / year, and there are also manu-
facturers who are actively planning to build devices. The 
range of application SEBS is very wide, such as auto parts, 
children's toys. [10]. SEPS is industrialized by American Kra-
ton and Japan Kuraray Corporation while China Baling Petro-
chemical realized industrialization in August 2017, and SEEPS 
is only produced by Japan Kuraray Corporation.  

Shoe material 34%

Asphalt modification

        19%

Polymer modification

       19%
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           15%
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2.1.2.1 Research progress of hydrogenated SBC 

The SEEPS has high added value and wide application fields, 
because it combines the performance of SEBS and SEPS, and 
has unique structure, excellent performance and product 
monopoly. In addition to the same use as SEBS and SEPS, it 
can also be used on the occasions with special requirements 
for flexibility, strength, shock absorption and comprehensive 
performances. 

2.1.2.2 Polarization modification 

The SBS / SIS block copolymer has limited molecular polarity, 
poor oil resistance and solvent resistance, which limits its 
compatibility and adhesion with polar materials. At present, 
the chemical modification of SBS is mainly to introduce polar 
groups through unsaturated double bonds, such as epoxida-
tion, grafting, sulfonation. Introducing polar groups into the 
molecular structure of styrene-butadiene-styrene (SBS) as a 
compatibilizer can improve the compatibility of non-polar 
and polar materials [11]. A systematic study on the polarized 
modification of SBC was conducted by Baling Petrochemical, 
Sinopec Group, using n-butyl lithium as an initiator and in-
troducing polar groups at the end of the synthesized active 
SBS to prepare polar SBS. Epoxy SBS was prepared by modi-
fying epoxidation of SBS with peroxyformic acid generated in 
situ from formic acid and hydrogen peroxide at South China 
University of Technology. Polar functionalized styrene-
butadiene-styrene block copolymer was synthesized through 
the coupling method by LI Jingjing, etc [12]. 

For SBS graft modification, Yang grafted hydroxyethyl meth-
acrylate (HEMA) and N, N-dimethyl aminoethyl methacrylate 
(DMAEMA) to SBS by radiation grafting [13]. Li applied a 2% 
mass fraction of SEBS toluene solution to the silicon wafer 
with a clean surface at high speed, and successfully grafted 
the polyethylene glycol monomer onto the SEBS film using a 
combination of oxygen plasma pre-treatment and ultraviolet 
radiation. [14]. Nithin Chandran found that SEBS-g-MAH can 
significantly improve the impact property when studying a 
new type of natural rubber / polypropylene thermoplastic 
vulcanization formulation [15]. SBS in-situ polymerization 
modification: In the synthesis process, a blocking agent can 
be added to directly prepare SBS containing certain special 
functional groups when the SBS polymerization is terminat-
ed. In this way, not only the polarity of SBS is strengthened, 
but also the adhesion of SBS to other polar substances is 
improved. Common blocking agents include C02, S02, Schiff 
base, chlorinated polyols, cyclic anhydrides and cyclic amine 
compounds [16]. 

2.1.2.3 Research of flame retardant SBC 

The SEBS / PP composites have excellent mechanical proper-
ties, processing properties and aging resistance, which are 
widely used in industries such as automotive, electrical ca-
bles and toys. However, its application is greatly limited be-
cause of the poor flame retardant performance of SEBS / PP 
with a large amount of heat generated when the polymer is 
burned and the droplet phenomenon caused by the fast 
flame propagation speed [17-19]. Therefore, the necessity of 
its flame retardant research is very obvious.  

Mishra et al. [20] showed that a large amount of inorganic 
flame retardant needs to be added to improve the flame 
retardant performance of the SEBS / PP system, which seri-
ously affects its processing performance. 

Japan's Aaron Chemical Co., Ltd. has used magnesium hy-
droxide as a non-halogen flame retardant, and successfully 
developed AR-NF0 series non-halogen flame retardant TPE 
with low hardness. 

Zhang et al. [21] selected phosphate esters (such as RXDP 
and triphenyl phosphate) as the flame retardant of SEBS 
elastomer blending system. When the content of phosphate 
ester was 19.7%, the flame retardant performance of the 
elastomer reached UL-94 V-0. 

2.2 Olefinic thermoplastic elastomers (TPO) 

Polyolefin thermoplastic elastomer can be processed but by 
blending ethylene-propylene-diene rubber and nitrile rubber 
(NBR) with polypropylene or polyethylene, or by synthesiz-
ing block-structured elastomers. At present, the consump-
tion of TPO in developed countries such as Europe, America 
and Japan are large while the market share of TPO in China is 
still relatively small. TPO is mainly used in the fields of auto-
motive, wires and cables, electronic appliances, building ma-
terials and sports equipment. 

TPO mainly has two kinds of production processes: one is 
blending compound type, and the other is reactor type. 
Blending compound type includes dynamic vulcanization 
(TPV) and mechanical blending (CTPO). TPO products mainly 
include ethylene-octene copolymer (POE) which is synthe-
sized using metallocene catalysts, TPV and ethylene-octene 
block copolymer (OBC), POP and other types [22-26]. 

2.2.1 Market application development of TPO products 

In 2019, TPO's global production capacity is approximately 
1.08 million tons, and the demand of TPO still maintains rap-
id growth. The main consumption areas of TPO are North 
America, Western Europe and Japan. Among them, Japan 
has the largest consumption, about 33%, followed by North 
America about 32%, then Western Europe 25%, China 5%, 
and other regions 5%. China's demand increases rapidly, but 
the required products are mainly dependent on imports be-
cause Chinese petrochemical companies have failed to 
achieve the commercialization of TPO. Different from the 
global consumption structure, the largest consumption of 
TPO in China is for the automotive industry, accounting for 
68%; polymer modification accounts for 19%, wire and cable 
accounts for 9%, and other uses account for 4%. The major 
global TPO producers are Dow Chemical, Mitsui Chemicals, 
ExxonMobil and SK Korea. Dow Chemical can produce more 
than 30 brands with a total production capacity of 455,000 
tons, accounting for 42% of global production capacity; In 
addition, ExxonMobil accounted for 19%, Mitsui Chemicals 
accounted for 16%. SK put into 200,000 tons production of 
POE and polyolefin plastomer (POP) in 2014, accounting for 
19% of global production capacity.  
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In recent years LG has also developed POE technology and 
achieved commercial production. 

          Figure 2 Major global TPO manufacturers 

TPV is a milestone in the development of TPO and the fast-
est growing variety in the TPE field, the average annual com-
pound growth rate of which in the world from 2019 to 2024 
is about 6%. TPV is replacing traditional thermosetting vul-
canized rubber in more and more applications, becoming 
one of the most promising polymer material varieties [27-
30]. The main manufacturers of TPV include Exxon Mobil, 
Tenor Eppers, Shandong Dawn Polymer Co., Ltd., and Mitsui 
of Japan. Its main varieties are EPDM / PP type TPV, ac-
counting for more than 90% of the output of all TPV varie-
ties. ExxonMobil is the leader in the global TPV market with 
a relatively high global market share. China Shandong Dawn 
Polymer Co., Ltd. is the leader in the Chinese market of TPV 
whose products are widely used in automotive, industrial 
products and end consumer products. 

Up to now, there are more than 20 TPV manufacturers in 
China, but most of them have relatively small production 
capacity. China's first 10,000-ton TPV production line was 
completed in Shandong Dawn Polymer Co., Ltd in early 2012. 
In 2018, Dawn ’s TPV capacity expanded to 33,000 tons, 
ranking third in the world and first in China. TPV consump-
tion is increasing rapidly around the world. In 2017, the glob-
al TPV market demand was about 600,000 tons and North 
America was the main TPV consumer market, accounting for 
more than 40% of the world. The Asia-Pacific region has the 
fastest growth rate with a forecast annual compound growth 
rate of 7.4%. Thanks to the rapid development of China's 
auto industry and the advancement of automotive light-
weight, domestic TPV demand in 2019 increased to about 
50,000 tons, of which more than 60% is used in the automo-
tive industry. 

2.2.2 Development Trend of TPO R & D  

2.2.2.1 Synthetic polyolefin elastomer 

The synthetic polyolefin elastomer was successfully devel-
oped by US DOW Chemical Company in 1993 with the trade 
name Engage [31].  
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The current research in the field of synthetic thermoplastic 
polyolefin elastomers is mainly focused on the development 
of post-metallocene palladium (II) and nickel (II) diimine 
complexes. The application of various complexes enables the 
synthesis of new polymers to be compounded with precise 
control of the polymer microstructure [32-35]. Such TPOs 
include branched and hyperbranched polyolefin and olefin 
segment polymers. The block copolymer has semi-crystalline 
and amorphous regions, which give TPO mechanical stability 
and flexibility, respectively. ExxonMobil uses Exxpol patent-
ed technology to produce random copolymers of ethylene, 
propylene, and α-olefins with bridged metallocene catalysts 
whose products are mainly plastomers under the trademark 
ExactTM and special elastomers under the trademark Vis-
tamaxxTM [36]. Lyondellbasell has developed a unique C4 
copolymer with thermoplastic elastomer properties and 
commercialized it in 2009, and its product trademark is 
KoattroTM. 

China has no POE production capacity and can only rely on 
imports to meet market demand. At present, metallocene 
catalysts and non-metallocene organometallic catalysts with 
high copolymerization performance were developed and the 
research on copolymerization technology of ethylene and α-
olefin was carried out by many scientific research institutes 
and universities including Zhejiang University, Institute of 
Chemistry Chinese Academy of Sciences, Sinopec Beijing 
Research Institute of Chemical Industry, etc., providing tech-
nical support for the industrialization of China's POE produc-
tion. 

DOW has successfully developed a new olefin block copoly-
mer (OBC) with the trade name” Infuse” by Insite catalyst 
technology [37,38]. Insite catalytic technology is realized by 
using two kinds of catalysts, and the polymer segments are 
transferred back and forth between the two catalysts to 
grow, and finally form polyolefin elastomers with unique 
block structures. Therefore, compared with POE, OBC's heat 
resistance and mechanical properties are significantly im-
proved, and it also has excellent processing properties and 
wear resistance [39]. 

Many properties of OBC surpass traditional TPO. Compared 
with styrene TPE, OBC shows excellent compression set, ag-
ing resistance, chemical resistance, and processing perfor-
mance. In addition, OBC's products have slippery appear-
ance and silky feel, especially suitable for soft handles and 
surfaces. The potential market of OBC includes the applica-
tion areas previously dominated by TPV and TPE, especially 
in the application of automotive soft materials, such as re-
frigerator gaskets, flexible extruded materials. OBC has ex-
cellent elastic recovery performance, which is taken ad-
vantage by elastic films, diaper materials and other products. 
The gasket of the beverage bottle made by OBC has the ad-
vantages of small compression deformation, light weight, 
and better sealing. 
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2.2.2.2 Thermoplastic vulcanized rubber 

In recent years, with the needs of the market, some new 
TPVs have emerged. Such TPVs mainly include silicone rub-
ber TPV (TPSiV), acrylate rubber TPV (ACM), TPV based on 
NR or ENR, polyolefin elastomer (EOC) / PP TPV, TPV with 
excellent barrier properties [40,41]. 

TPSiV is developed by Dow Corning of the United States and 
produced and sold by its subsidiary Multibase. This type of 
TPV has features of good sealing properties, good oil and 
chemical resistance, stain resistance and excellent adhesion 
to many engineering plastics [such as polycarbonate, nylon 
(PA), ABS, etc.] , which have received increasing attention in 
recent years [42,43]. At present, Dow Corning's silicone elas-
tomer products have three series: nylon matrix, TPU matrix 
and polyolefin matrix. This type of TPV is used in automotive 
hoses and industrial hoses, automotive engine cabin struc-
tural parts and so on. 

ACM / PA type TPV with excellent heat resistance and oil 
resistance is the strong competitor of ACM in the automotive 
field, especially for the components used under the working 
condition of engine cabin temperature reaching 150 ℃ [44-
46]. The current ACM or ethylene acrylate rubber (AEM) oil 
seals all use a metal skeleton, and the metal skeleton needs 
to be coated with an adhesive or the like for surface treat-
ment. Using this type of TPV, it can be directly overmolded 
and the oil seal production process is simplified. In addition, 
it is also used in automotive high-temperature intake pipes, 
turbine exhaust pipes and diesel oil line sensors. 

Natural rubber is a renewable green material with excellent 
elasticity and good dynamic mechanical properties, so it is 
widely used in industrial field [47,48]. Natural rubber / poly-
propylene thermoplastic elastomer is a very important ther-
moplastic elastomer, which is widely used in the automotive 
industry [49,50]. In addition, among various types of PE, 
HDPE is most commonly used to produce NR / HDPE TPV [51, 
52]. 

EOC is a non-polar a-olefin copolymer prepared from metal-
locene. Compared with EPDM rubber, crystalline EOC blend-
ed with PP shows higher rigidity and impact resistance [53-
55]. EOC has a lower molecular weight than EPDM and has 
better processing performance. In addition, EOC has a cost 
advantage and is expected to replace EPDM / PP TPV, which 
is currently receiving more attention in the automotive field 
[56-59]. 

IIR has excellent gas barrier property, which can be used with 
PP, PA and other material to prepare TPV with excellent gas 
barrier properties for medical stoppers, tire innerliners and 
other fields [60-62]. Exxon and Yokohama Rubber have re-
cently developed dynamic vulcanized alloys (DVA) of bromin-
ated poly (isobutylene-co-p- methylstyrene) (BIMSM) and 
PA, which is suitable for the production of flexible, durable, 
high barrier tire air dense layer and hose. DVA replaces ther-
mosetting vulcanized butyl rubber to prepare the tubeless 
tire gas barrier layer, which not only reduces the weight of 
the tire gas barrier layer by 60%,  
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but also improves the air tightness by more than 10 times 
than that of the original [63]. Therefore, this type of TPV 
material is of great significance for improving the fuel econo-
my, form safety of automobiles, saving automobile manufac-
turing costs and reducing energy consumption. Beijing Uni-
versity of Chemical Technology and China Shandong Dawn 
Polymer Co., Ltd. began basic research on the technology in 
2008, and are currently cooperating with Chinese tire plants 
in the application testing research phase. 

The research and development of bio-based TPV is also re-
ceiving more and more attention because polylactic acid has 
high strength, rigidity and transparency, good biocompatibil-
ity, biodegradability, reproducibility, and easy processing, 
and it is often used as TPV Plastic phase. However, its appli-
cation is limited by its inherent brittleness, low crystallinity, 
and low heat distortion temperature [64,65]. 

2.3 Thermoplastic polyurethane elastomer 

Thermoplastic polyurethane (TPU) was first started by Otto 
Bayer and his colleagues in the I.G. Farben (predecessor of 
Bayer) laboratory in Leverkusen, Germany in 1937 [66]. They 
used liquid isocyanate and liquid polyether or glycol polyes-
ter to synthesize polyurethane elastomer for the first time. In 
the 1950s, the United States took the lead in synthesizing 
polyurethane flexible foam composed of propylene oxide 
and ethylene oxide copolyether and toluene diisocyanate 
(TDI), which was a major milestone in the development of 
the polyurethane industry. 

2.3.1 Development of market application of TPU products 

In 2018, the output of the global TPU industry was 1.167 
million tons, and the demand was 1.142 million tons. Driven 
by increasing market demand, the construction of new glob-
al TPU projects will continue to increase, and the production 
capacity and output of TPU will continue to increase. It is 
expected that the global output of TPU products will reach 
1.314 million tons in 2020, an increase of 6.0% year-on-year. 
The market concentration is very high: The TPU market is 
very concentrated, BASF, Covestro, Lubrizol, Huntsman occu-
py 40% of the global market share; Europe, Asia-Pacific and 
the United States dominate the polyurethane elastomer 
market, of which Asia-Pacific is also the world's leading and 
fastest-growing regional market. New products are emerging 
one after another: For example, Adanc 3 D Materials has 
developed a new type of TPU-Ad Sint TPU80sh A with excel-
lent elasticity which is available for selective laser sintering 
process and can be used in most printers with printing tem-
perature <100 ℃ .  It has excellent chemical resistance and 
wear resistance, elongation at break up to 600%, which can 
be used in shoe soles, orthopedic models, hoses, pipes, seals 
and wheels, etc. [67]. DuPont has launched 2 kinds of 3D 
printing materials with different hardness, which has high 
flexibility, high heat resistance and chemical resistance,  and 
has both high strength and durability.  

 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/


39 

       Figure 3. Global output and forecast of TPU products 

China's TPU industry started late, but it has developed rapid-
ly with a total production capacity of more than 750,000 
tons in 2019. So far, China's TPU production and consump-
tion have been in the forefront of the world. In 2018, China's 
TPU consumption has reached 436,000 tons, surpassing Eu-
rope and the United States to become the world's first TPU 
consumer market, and the average annual consumption 
maintains a rapid growth of about 15%, much higher than 
the 3%-4% annual average growth rate of the European and 
American markets. However, due to the relatively late start 
of China's TPU research and market development, there are 
obvious gaps with BASF, Covestro, Huntsman, Lubrizol and 
other multinational companies in terms of product formula-
tion technology, production process, product application 
technology, etc., so TPU products are mainly used in the low-
end consumer field. TPU in high-end fields (resource explora-
tion, military, medical, automotive, high-end sports equip-
ment), high-end products (oil resistance, high temperature 
resistance, environmentally friendly flame retardant, func-
tional products) is still in the early development stage, and 
there is still a big gap between technology and multinational 
companies. 

The market concentration of the thermoplastic polyurethane 
industry is relatively high. In recent years, manufacturers of 
upstream polyurethane raw materials represented by Wan-
hua and Huafeng have begun to extend the industrial chain 
to the production of downstream TPU. These enterprises 
that have the advantages of supporting raw materials can 
well balance the risks caused by raw material price fluctua-
tions and gradually occupy an active position in the market 
competition while small enterprises are greatly affected by 
raw material prices and supply volume, lack of technology, 
pressure on environmental protection, and relatively lack of 
competitiveness. Lubrizol, BASF, Covestro, Huntsman and 
other multinational companies have invested in factories in 
China, established sales channels, and been in fiercely com-
petition with local companies in terms of talents and mar-
kets. Judging from the perspective of the development expe-
rience of global giants, the integration of upstream and 
downstream is also the trend of future TPU industry devel-
opment. The current status of the global TPU production 
industry has the characteristics of high vertical integration. 
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2.3.2 Development Trend of TPU R & D 

In recent years, the development of TPU products has devel-
oped towards high-end and personalization. The products 
developed are: 

(1)TPU inner tube: Due to TPU’s excellent mechanical prop-
erties, the wall thickness of the inner tube processed by TPU 
can be greatly reduced while maintaining excellent perfor-
mance. (2) TPU smart film (TSPU): By adjusting the type of 
soft segment phase, bonds length, and ratio of hard and soft 
segments, TSPU materials with different switching tempera-
tures can be produced. The voids’ size of the film made from 
this material will change with temperature, which is used in 
the fields of smart fabrics, leather, membrane separation 
materials and drug sustained release [68]. (3) TPU-coated 
fabric products: TPU-coated fabric products are a kind of 
products designed and molded by coating TPU on the fabric 
skeleton material through hot melt method, which has a 
wide application value. (4) TPU for 3D printing: In 2020, DSM 
has established partnerships with chromatic 3D Materials 
and German RepRap for working together to promote the 
production of 3D printed polyurethane parts; Raffles of Ger-
many has successfully 3D printed Commercialized with TPU, 
and cooperated with Adidas and American footwear brand 
Underarmor. Product sales are concentrated in European and 
American countries, which does not exclude large-scale sales 
in China in the future [69]. (5) TPU foam particles: The TPU 
foam particles first developed by BASF are widely used in 
sports shoe midsoles, which reduces the weight of the sole 
and has good rebound & shock absorption to reduce the 
impact on the ankle and better protect for the safety of the 
wearer. The popcorn sole shoes produced with TPU foam 
particles in Adidas detonated the market and perforated 
artificial leather based on flexible thermoplastic polyure-
thane (TPU) foam has also been reported to successfully 
used for external negative pressure wound therapy for lower 
extremity venous ulcers [70,71]. (6) Flame-retardant modi-
fied TPU: TPU itself is a flammable material and it will release 
heat violently, toxic gas, and produce smoke accompanied by 
melt dripping once burned. There are more and more re-
searches on TPU halogen-free flame retardants. The flame 
retardants with better flame retardant effects include phos-
phine flame retardants, nitrogen flame retardants and nano 
inorganic flame retardants. Environmentally friendly bio-
based intumescent flame retardants are also one of the re-
search hotspots of TPU flame retardants [72-74]. (7) Biode-
gradable TPU: The traditional preparation method of ther-
moplastic polyurethane relies on fossil resources, which ex-
acerbates the depletion of fossil resources. What’s more, 
most TPUs are not biodegradable and the utilization rate is 
low, therefore improving the biodegradability of TPU and 
reducing nonrenewable resources has become a trend [75-
78]. It is very necessary to modify the flame retardant of TPU 
with its currently wide application, increasing society's de-
mand higher requirements put forward under many occa-
sions such as cable coating materials, automotive industry. 
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In addition, it has become a general trend for TPU to replace 
PVC in many fields. With the sharp decline in the price of the 
TPU raw material market, the price of the TPU mainstream 
market has also gradually declined. The price difference be-
tween the TPU and PVC markets has gradually reduced, 
providing a basis for TPU to replace PVC and promoting the 
process of replacement. PVC is a non-environmentally 
friendly material (has toxic and harmful substances to the 
environment) with poor overall performance, which opens 
up more space for TPU to replace PVC. Medical TPU cathe-
ters will completely replace PVC hoses. 

2.4 Thermoplastic polyester elastomers 

Thermoplastic polyester elastomers (TPEEs) are a type of 
block linear copolymers containing a hard crystalline seg-
ment [poly (butylene terephthalate) (PBT)] and a soft amor-
phous segment [poly (tetramethylene oxide) glycol (PTMO)]. 
PBT polyester hard segment (crystalline phase, providing 
strength) and polyether soft segments (continuous seg-
ment). The rigidity, polarity and crystallinity of the TPEEs 
hard segment make them have outstanding strength and 
excellent high temperature resistance, creep resistance, sol-
vent resistance and impact resistance; the low glass transi-
tion temperature and saturation of the soft segment poly-
ether make it have excellent low temperature resistance and 
aging resistance. It combines the excellent elasticity of rub-
ber and the processability of thermoplastics [79-81]. 

2.4.1 Market application development of TPEEs products 

TPEEs were first developed by DuPont in the United States 
and Toyobo in Japan. In 2019, the total global TPEEs produc-
tion capacity has exceeded 150,000 tons / year, and the mar-
ket demand has reached more than 120,000 tons. There are 
more than 10 major manufacturers in the world including Du 
Pont, GE, Hoechst-celanese and Eastman chemical. TPEEs 
have developed for application in areas such as automotive, 
hydraulic hoses, cables and wires, electronic, sporting goods, 
biological materials. Among them, the most widely used is in 
the automotive industry, accounting for more than 70% 
[82,83]. Ford Motor Company has used Arnitel's TPEEs resin 
on many vehicles such as Mondeo, S-Max, Galaxy and Focus, 
and recently adopted Arnitel's TPEEs as the vacuum brake 
tube material for Fiesta cars. The Royal Dutch DSM Group 
has developed a new Arnitel Foaming TPEEs foam material 
for the preparation of running shoes, which considers the 
four characteristics of softness, rebound, lightness and dura-
bility, greatly enhancing the runner's sports experience. Chi-
na's research and development of TPEEs was late. Until 
2003, China Blue Star Chemical Research Institute took the 
lead in realizing the industrialization of TPEEs production in 
China.  

2.4.2 Development Trend of TPEE R & D 

Poly (glycerol sebacate) (PGS) is a tough polyester elastomer 
with good flexibility (like vulcanized rubber) and has the 
attributes of biocompatibility and biodegradability.  
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Most importantly, the monomer used for the preparation 
of PGS, namely, glycerol and sebacic acid (SA), is bio-derived 
and renewable [84- 86]. Runcy W [87] et al. prepared bio-
based semi-interpenetrating polymer network blend elasto-
mers of PGS-b-PTMO and TPEE, and the elongation of the 
interpenetrating network elastomer is up to 2574%. At pre-
sent, compared with traditional petroleum-based TPEEs, 
people are more willing to introduce sustainable monomers 
in TPEEs to develop bio-based TPEEs with excellent proper-
ties [88-90]. Dequan Chi et al. Combined neopentyl glycol 
(NPG) and bio-based 2,5-furandicarboxylic acid (FDCA) to 
produce Poly (neopentyl glycol 2,5-furandicarboxylate) (PNF) 
with both high melting temperature and crystallization abil-
ity, which was used for developing the hard segment of the 
new bio-based TPEEs. Compared with the TPEEs that have 
been commercialized and petroleum-based preparation, 
they possess excellent properties [91].    

Jian xiang C et al. studied the effects of nano-silica on the 
hard segment crystallization performance in TPEEs. The crys-
tallization temperature of TPEE is more sensitive to the sur-
face treatment of silica, while its crystallization rate shows a 
higher dependence on the particle size of silica. Different 
types of silica have evident nucleating effects on the crystal-
lization of TPEE, leading to a remarkable increased crystalli-
zation temperature and overall rates without changes in the 
crystallite size and crystal structure. [92]. 

At present, many new TPEEs have been developed 
abroad. Japan Sekisui Chemical Co., Ltd. uses three mono-
mers include dihydroxytetraphenyl, dimethyl adipate and 
ethylene glycol, to melt polymerize into a multi-block copol-
ymer at a high temperature of 200 to 300 ℃; Gagon used 
microbial fermentation to produce β-hydroxyoctanoate-
containing poly (β-hydroxycaprylate, PHO for short) biode-
gradable TPEE. In addition, 2-hydroxypropionic acid and ca-
prolactone are used as raw materials to convert 2-
hydroxypropionic acid Lactide, then copolymerized with lac-
tide and caprolactone (75/25) to obtain degradable TPEE; Air 
Productsandchem Company researched on the method of 
reacting CO2 with ethylene oxide to produce polyethylene 
carbonate (PEC) copolymer of polypropylene carbonate 
(PPC) (PEC-PPC). 

The DuPont Company of the United States and the 
Mitsubishi Company of Japan have prepared a flexible TPEE 
that combines heat resistance and oil resistance by adopting 
the method of dispersing the cross-linked rubber particles 
during dynamic cross-linking when TPEE and rubber are 
mixed. Japan Toyobo Textile Co., Ltd. used random copoly-
merization of PBT and aliphatic polycarbonate butanediol to 
prepare high heat resistance TPEE with the trade name Pe-
rupuren C. DuPont used polytrimethylene ether butanediol 
extracted from corn as a soft segment to develop bio-based 
TPEE. 
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2.5 Thermoplastic polyamide elastomer 

Thermoplastic polyamide elastomers (TPAE) is a newly de-
veloped class of alternating block copolymer elastomers. 
This type of copolymer has many advantages of polyamide, 
polyether and polyester at the same time, such as good pro-
cessability, high temperature resistance, good solvent re-
sistance, creep dimensional stability, wear resistance, good 
low temperature flexibility, impact resistance and elastic 
recovery. TPAE was first developed successfully by the Ger-
man company Huls in 1979 and achieved commercial pro-
duction. Later, Upjohn Company in the United States, Emas-
ter Company in Switzerland, Arkema Company in France, 
Japan Ink Company and Japan Amide Company successively 
launched TPAE products of different brands [93-95]. 

The long carbon chain nylon elastomer derived by polyam-
ide elastomer that uses long carbon chain polyamide (LCPA) 
as the hard segment has the dual advantages of long carbon 
chain nylon and elastomer, like good flexibility, high impact 
resistance at low temperature, high elastic recovery rate and 
good wear resistance. It is a high value-added and high-
performance material, which has a wide range of uses in 
medical devices, electrical components, mechanical parts, 
high-end sports shoes, and clothing. 

At the present stage, the long carbon chain polyamide elas-
tomer market is mainly occupied by four multinational com-
panies. Arkema of France and Evonik of Germany are leaders 
in this field, supplying Pebax XX33 series and Vestamid E 
series products to the market, respectively. In addition, 
Swiss EMS companies and Japanese UBE companies also 
have corresponding products. Since the monomer required 
for PA12 is monopolized by Evonik in Germany and the mon-
omer required for PA11 is monopolized by Arkema in France, 
domestic manufacturers have not yet been able to mass-
produce the monomers and corresponding elastomers re-
quired for PA11 and PA12. In recent years, China has adopt-
ed the method of microbial fermentation to convert n-
alkanes in petroleum by-products into long-carbon chain 
dibasic acids, and has successfully synthesized even-even 
long-chain polyamide varieties with independent intellectual 
property rights and realized industrial production,such as 
PA1010, PA1012, PA1212.The hydrophilic polyether segment 
amide (PEBA) developed in recent years is composed of a 
polyamide rigid segment (PA12) and a soft hydrophilic poly-
ether. In addition to being hydrophilic, the main advantages 
of this material are its flexibility, portability, ease of pro-
cessing and good compatibility with traditional medical poly-
mers, which commonly is used in surgical gowns, medical 
sheets, wound dressings, and bandages [96]. 

2.6 Other types of thermoplastic elastomer 

2.6.1 Bio-based thermoplastic elastomer 

In order to reduce dependence on non-renewable resources 
such as petroleum and achieve sustainable development of 
the polymer materials industry, bio-based polymer materials 
are favored by more and more people.  
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Bio-based thermoplastic elastomers are a type of thermo-
plastic elastomer materials prepared from biomass mono-
mers, whose resources are very sustainable because their 
monomers are derived from organisms in nature. For exam-
ple, the bio-based thermoplastic elastomer Hytrel developed 
by DuPont is a kind of bio-based thermoplastic elastomer 
material prepared by copolymerizing the bio-propylene gly-
col (Bio-PDO) intermediate obtained from corn sugar during 
fermentation of corn sugar with polyester, which contains 
40% to 60% (mass fraction) Bio-PBO and possesses very ex-
cellent elasticity and biodegradability [97]. 

The TPUs sold by Lubrizol under the trade name Pearlthane 
ECO were developed based on various plant resources and 
have been widely accepted by the market, which have simi-
lar properties to conventional TPUs [98]. 

The bio-type EPDM produced by using organically derived 
raw materials, under the trade name Keltan ECO, is used for 
the synthesis of ethylene produced from sugar cane. De-
pending on the composition, it contains up to 30-40% of bio-
based components with the same performance as standard 
products when processed to be thermoplastic elastomer,
[99]. 

Because of its biodegradability, PLA is widely used in packag-
ing, biomedicine, and other fields [100,101]. Bio-based elas-
tomer is an important direction of its development. Accord-
ing to different preparation methods, polylactic acid TPE 
mainly includes block copolymer type TPE and blend type. 
Polylactic acid TPE is mainly produced by copolymerization, 
introducing a certain number of flexible segments with low 
glass transition temperature into rigid polylactic acid (PLA) 
molecular segments [102,103]. Due to the thermodynamic 
incompatibility of the soft and hard blocks, micro-phase sep-
aration and self-assembly into ordered domains of different 
morphologies can occur, thus exhibiting the performance of 
TPE. At present, it mainly includes three types of ABA 
triblock copolymer, multi-block copolymer and star block 
copolymer. Compared with physically cross-linked TPE pre-
pared by complex synthesis steps, TPV has the advantages of 
wide performance range, simple preparation process and 
economic feasibility. To improve the toughness of PLA, SIS 
and SEPS were added to PLA and blended to prepare a 
blended bio-based elastomer [104]. 

2.6.2 Silicone thermoplastic elastomer 

Silicone materials have high and low temperature resistance, 
low glass transition temperature, surface tension and viscos-
ity temperature coefficient, excellent electrical properties, 
breathability, and biocompatibility, which are incomparable 
and alternative to other organic polymer materials, thus 
aroused widespread concern. Silicone thermoplastic elasto-
mers mainly include chemically synthesized and mechanical 
blending silicone thermoplastic elastomers. Wang Y et al.  
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[105,106] used the UPy structure with self-identifying, four-
fold hydrogen bond as the hard segment and polydime-
thylsiloxane as the soft segment for block copolymerization 
to prepare silicone thermoplastic elastomer with the struc-
ture based on multiple hydrogen bonds. Dow Corning uses 
ionic interactions to produce silicone thermoplastic elasto-
mers. This high modulus ionic silicone thermoplastic elasto-
mer has high tensile strength at room temperature [107]. 
Amanda S. F et al. introduced coumarin groups on the linear 
polysiloxane backbone to create a physical cross-linking net-
work and showed the performance of thermoplastic elasto-
mers [108]. At present, the research and development of 
silicone thermoplastic elastomers mainly focus on the design 
and synthesis of supramolecular elastomers and the re-
search of elastomer processing technology. In the study of 
processing technology, the processing method of thermo-
plastic elastomer is changing from simple mechanical blend-
ing to dynamic vulcanization. Dynamic vulcanization not only 
improves the compatibility between resin and rubber, but 
also improves the mechanical properties of the elastomer. 
Based on the advantages of silicone thermoplastic elasto-
mer, silicone thermoplastic elastomer will have great appli-
cation prospects in future production. At present, most of 
the technology of silicone thermoplastic elastomer products 
is mastered by foreign companies. Therefore, the develop-
ment of new silicone thermoplastic elastomers will be a hot 
spot for the future development of China's silicone industry. 

Conclusion 

Due to the recyclability and simple processing characteris-
tics, thermoplastic elastomer materials make the global 
growth rate of TPE much higher than traditional rubber. In 
recent years, research on the high-performance and func-
tional type of TPE materials has been very active, and many 
new types of thermoplastic elastomers have been emerging. 
It can be predicted that with the development of polymer 
synthesis technology and dynamic vulcanization technology, 
the development of thermoplastic elastomer materials and 
their industrialization will become brighter. In addition, with 
China's increased awareness of environmental protection, 
environmentally friendly materials such as TPE are bound to 
receive widespread attention and long-term development. 

References: 

[1] Holden, G.; Legge, N. R.; Quirk, R.; Schroeder, H. E. Ther-
moplastic Elastomers, 2nd ed.; Hanser Publishers: Mu-
nich, 1996. 

[2] Geoffrey, H. Applied Plastics Engineering Handbook; Wil-
liam Andrew: 2011. 

[3] Craver, C.; Carraher, C. Applied Polymer Science: 21st 
Century; Elsevier Science: Oxford, 2000. 

[4] Brobny, J. G. Handbook of Thermoplastic Elastomers; 
William Andrew: New York, 2007.  

[5] Guan-Wen Y, Guang-Peng W. High-Efficiency Construc-
tion of CO2-Based Healable Thermoplastic Elastomers via 
a Tandem Synthetic Strategy ACS Sustainable Chem. Eng. 
2019, 7, 1372−1380. 

SVOA Materials Science and Technology 

[6] Thermoplastic Elastomer Branch of China Synthetic Rub-

ber Industry Association：2018 China Synthetic Rubber 

Production Capacity Report 

[7] Spontak, R. J.; Patel, N. P. Thermoplastic elastomers: fun-
damentals and applications. Curr. Opin. Colloid Interface 
Sci. 2000, 5, 333−340. 

[8] Won, J.; Park, H. H.; Kim, Y. J.; Choi, S. W.; Ha, H. Y.; Oh, I.
-H.; Kim, H. S.; Kang, Y. S.; Ihn, K. J. Fixation of Nanosized 
Proton Transport Channels in Membranes Macromole-
cules 2003, 36, 3228– 3234 DOI: 10.1021/ma034014b. 

[9] Ela mathi, S.; Nithyakalyani, G.; Sangeetha, D.; Ravichan-
dran, S. Preparation and Evaluation of Ionomeric Mem-
branes based on Sulfonated-poly 
(styrene_isobutylene_styrene) Membranes for Proton 
Exchange Membrane Fuel Cells (PEMFC) Ionics 2008, 14, 
377– 385 DOI: 10.1007/s11581-007-0163-2. 

[10] D. Orazio, L. Mancarella, C. Martuscelli, E. Sti-cotti, G. Ghisellini, R. 
Thermoplastic elastomers from iPP/EPR blends: Crystallization and 
phase structure development J Appl Polym Sci. 71:701.  

[11] Xie H,Chen Y,GuanJ,et al. Novel method for preparation 
of quaternary ammonium ionomer from epoxidized sty-
rene-butadiene-styrene triblock copolymer and its use as 
compatibilizer for blending of styrene-butadiene-styrene 
and chlorosulfonated polyethylene[J].Journal of Applied 
Polymer Science, 2006,99(4):1975-1980. 

[12] LI Jingjing, NI Chun-xia, LIANG Zhi-bin, XU Jin-guo, LIANG 
Sheng-biao, ZHONG Xiang-hong , Synthesis of polar 
groap functionalized styrene-butadienestyrene block 

copolymers by coupling reaction，China Synthetic Rub-

ber Industry，2019, 42(1) :2～5. 

[13] Yang J.M, Jong Y.J ,Hsu K Y, et.al．Preparation and char-

acterization of  heparin-containing SBS-g-DMAEMA co-
polymer membrane. Journal of Biomedical Materials 

Research Part B Applied Biomaterials，1998.39(1) ：86. 

[14] LI Xiaomeng，LUAN Shifang，YANG Huawei，et al．

Improved biocompatibility of poly(styrene-b-(ethylene-
co-butylene)–b-styrene)elastomer by a surface graft 

polymerization of hyaluronic acid．Colloids and Surfaces 

B: Biointerfaces，2013，102:210-217． 

[15] Nithin Chandran, Runcy Wilson, Sabu Thomas, 
Kottayam, Kerala. Natural Rubber/Poly-propylene Ther-
moplastic Vulcanizate Formulations for High Impact Per-
formance. India, KGK rubberpoint. 2013, 66(6):18-22 ·   

 

[16] Roos S G, Muller A H E, And K.M. Copolymerization of n-
Butyl Acrylate with Methyl Methacrylate and PMMA 
Macromonomers by Conventional and Atom Transfer 
Radical Copolymerization [M],2000. 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/
https://www.sogou.com/link?url=DSOYnZeCC_orOCecstjRvFh-h8gOyXEM0-AkOl_eXeuFd63H7Nr4Gq4to0wa_Tif
https://www.sogou.com/link?url=DSOYnZeCC_orOCecstjRvFh-h8gOyXEM0-AkOl_eXeuFd63H7Nr4Gq4to0wa_Tif


43 

[17] KIMJ, KIMC, PA RKM. Effects of multiple recycling on the 
structure and morphology of SEBS/PP composites. 
Buletin of the Korean Chemical Society. 2016, 37(6) :820 

-825． 

[18] OGLSSON B，TOＲNELL B. Melt Miscibility in bends of 

polypropylene, polystyrene-block-poly ( ethylenestat-
butylene ) -block-polystyrene, and processing oil from 
melting point depression. Polymer Engineering and Sci-

ence. 1996, 36( 11) :1547-1556． 

[19] OHLSSON B, HASSANDEＲ H, TOMELL B. Blends and 

thermoplastic interpenetrating polymer networks of pol-
ypropylene and polystyreneblock-poly(ethylenestat-
butylene) -block-polystyrene triblock copolymer. 1: mor-
phology and structurerelated properties. Polymer Engi-

neering and Science. 1996, 36(4) :501-510．  

[20] MISHＲA S, SONAWANE S H, SINGH P Ｒ, et al． Effect 

of nano Mg (OH) 2 on the mechanical and flame retard-
ing properties of polypropylene composites. Journal of 
Applied Polymer Science. 2004, 94(1) :116-122. 

[21] Zhang X Q，LIM J G，Jiang B N.  Flame Retardant Syndi-

otactic Polystyrene Resin Composition[P]. 
WO/2002/068532, 2002. 

[22] Chum, P. S.; Swogger, K. W. Prog. Polym. Olefin polymer 
technologies—History and recent progress at The Dow 
Chemical Company Sci. 2008, 33, 797−819. 

[23] Walton, K. L. Rubber Chem. Technol. Metallocene Cata-
lyzed Ethylene/Alpha Olefin Copolymers Used in Elasto-
mers. 2004, 77, 552−568. 

[24] Thermoplastic 6] Müller, G.; Rieger, B. Prog. Propene 
based thermoplastic elastomers by early and late transi-
tion metal catalysis. Polym. Sci. 2002, 27, 815−853. 

[25] LOVISI H，TAVARES M B I，DA SILVA N M，et al. Influ-

ence of comonomer content and short branch length on 
the physical properties of metallocene propylene copoly-

mers. Polymer，2001，42（24）:9791-9799. 

[26] Naskar K, Gohs U, Heinrich G. Influence of molecular 
structure of blend components on the performance of 
thermoplastic vulcanisates prepared byelectron induced 
reactive processing.  Polymer 2016; 91:203–210. 

[27] Van Duin M. Recent developments for EPDM-based 
thermoplasticvulcanisates. Macromol Symp 2006; 233:11
–6. 

[28] Naskar K. Thermoplastic elastomers based on PP/EPDM 
blends by dynamicvulcanization. Rubber Chem Technol 
2007; 80:504–19. 

[29] Babu RR, Naskar K. Recent developments on thermo-
plastic elastomers bydynamic vulcanization. Adv Polym 
Sci 2011; 239:219–48. 

SVOA Materials Science and Technology 

[30] Naskar K, Gohs U, Wagenknecht U, Heinrich G. PP-EPDM 
thermoplasticvulcanisates (TPVs) by electron induced reac-
tive processing. Express PolymLett 2009; 3:677–83. 

[31] KAO C I，CAMP G A，COMBS R B，et al. Olefin solution 

polymerization：WO9736942A1 [P]. 1997-10-09. 

[32] Leone, G.; Losio, S.; Piovani, D.; Sommazzi, A.; Ricci, G. 
Living copolymerization of ethylene with 4-methyl-1-
pentene by an α-diimine Ni(ii)/Et2AlCl catalyst: synthesis of 
diblock copolymersvia sequential monomer addition Polym. 
Chem. 2012, 3, 1987−1990.  

[33] Rose, J. M.; Deplace, F.; Lynd, N. A.; Wang, Z.; Hotta, A.; 
Lobkovsky, E. B.; Kramer, E. J.; Coates, G.W. C2-Symmetric Ni
(II) α-Diimines Featuring Cumyl-Derived Ligands: Synthesis of 
Improved Elastomeric Regioblock Polypropylenes . Macro-
molecules 2008, 41, 9548−9555. 

[34] Gates, D. P.; Svejda, S.A.; Onate, E.; Killian, C. M.; John-
son, L. K.; White, P. S.; Brookhart, M. Synthesis of Branched 
Polyethylene Using (α-Diimine)nickel(II) Catalysts:  Influence 
of Temperature, Ethylene Pressure, and Ligand Structure on 
Polymer Properties Macromolecules 2000, 33, 2320−2334. 

[35] Giuseppe L, Massimiliano M, Fabio B, Maurizio C, Danie-
le P, Giovanni R. Ni (II) α‑Diimine-Catalyzed α‑Olefins 
Polymerization: Thermoplastic Elastomers of Block Copoly-
mers Macromolecules 2015, 48, 5, 1304-1312. 

[36] FLOYD S, LYNN H E. Process for producing elastomers 

with an indenyl metallocene catalyst system：WO9516716 

[P]. 1995-06-22. 

[37] ARRIOLA D J, CARNAHAN E M, CHEUNG Y W, et al. Cata-
lystcomposition comprising shuttling agent for ethylene mul-

ti-blockcopolymer formation：US8198374 [P]. 2012-06-12. 

[38] ARRIOLA D J, CARNAHAN E M, HUSTAD P D, et al. Cata-
lyticproduction of olefin block copolymers via chain shuttling 

polymerization. Science, 2006, 312（5774）:714-719. 

[39] CHUM P S, SWOGGER K W. Olefin polymer technolo-
gies—historyand recent progress at The Dow Chemical Com-

pany. Prog. Polym.Sci., 2008, 33（8）:797-819. 

[40] Babu RR, Singha NK, Naskar K. Effects of mixing se-
quence on peroxide cured polypropylene (PP)/ethylene oc-
tene copolymer (EOC) thermoplasticvulcanizates (TPVs). 
Part. II. Viscoelastic characteristics. J Polym Res2011; 18:31–
39. 

[41] Tortorella N, Beatty CL. Morphology and mechanical 
properties of impact modified polypropylene blends. Polym 
Eng Sci 2008; 48:2098–2110. 

[42] Mani S, Cassagnau P, Bousmina M, Chaumont P. Mor-
phology development in novel composition of thermoplastic 
vulcanizates based on PA12/PDMS reactive blends. Macro-
mol Mater Eng 2011; 296:909–20. 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/


44 

[43] Mani S, Cassagnau P, Bousmina M, Chaumont P. Cross-
linking control of PDMS rubber at high temperatures 
using TEMPO nitroxide. Macromolecules 2009; 42:8460–
7. 

[44] Babu RR, Naskar K. Recent developments on thermo-
plastic elastomers by dynamic vulcanization. Adv Polym 
Sci 2011; 239:219–48. 

[45] Soares B, Santos D, Sirqueira A. A novel thermoplastic 
elastomer based ondynamically vulcanized polypropyl-
ene/acrylic rubber blends. Express Polym Lett 2008; 
2:602–13. 

[46] Jha A, Bhowmick AK. Mechanical and dynamic mechani-
cal thermal properties of heat-and oil-resistant thermo-
plastic elastomeric blends of poly (butylene tereph-
thalate) and acrylate rubber. J Appl Polym Sci 2000; 
78:1001–8. 

[47] Barrera CS, Cornish K. High performance waste-derived 
filler/carbon black reinforced guayule natural rubber 
composites. Ind Crop Prod2016; 86:132–42. 

[48] Sookyung U, Nakason C, Venneman N, Thaijaroend W. 
Influence concentration of modifying agent on properties 
of natural rubber/organoclay nanocomposites. Polym 
Test 2016; 54:223–32. 

[49] Varghese S, Alex R, Kuriakose B. Natural rubber–
isotactic polypropylene thermoplastic blends. J Appl 
Polym Sci 2004; 92:2063–8. 

[50] Joseph A, Lüftl S, Seidler S, Thomas S, Joseph K. Noniso-
thermal thermophysical evaluation of polypropylene/
natural rubber based TPEs:effect of blend ratio and dy-
namic vulcanization. Polym Eng Sci2009; 49:1332–9. 

[51] Nakason C, Nuansomsri K, Kaesaman A, Kiatkamjorn-
wong S. Dynamicvulcanization of natural rubber/high-
density polyethylene blends: effect ofcompatibilization, 
blend ratio and curing system. Polym test2006; 25:782–96. 

[52] Ibrahim A, Dahlan M. Thermoplastic natural rubber 
blends. Prog Polym Sci1998; 23:665–706. 

[53] Babu RR, Singha NK, Naskar K. Effects of mixing se-
quence on peroxide cured polypropylene (PP)/ethylene oc-
tene copolymer (EOC) thermoplasticvulcanizates (TPVs). 
Part. II. Viscoelastic characteristics. J Polym Res 2011; 18:31–
9.  

[54] Babu RR, Singha NK, Naskar K. Studies on the influence 
of structurallydifferent peroxides in polypropylene/ethylene 
alpha olefin thermoplastic vulcanizates (TPVs). Express 
Polym Lett 2008; 2:226–36.  

[55] Walton KL. Metallocene catalyzed ethylene/alpha olefin 
copolymers used inthermoplastic elastomers. Rubber Chem 
Technol 2004; 77:552–68. 

[56] Tortorella N, Beatty CL. Morphology and mechanical 
properties of impact modified polypropylene blends. Polym 
Eng Sci 2008; 48:2098–110. 

 

SVOA Materials Science and Technology 

[57] Babu RR, Singha NK, Naskar K. Melt viscoelastic proper-
ties of peroxide cured polypropylene-ethylene octene copol-
ymer thermoplastic vulcanizates.Polym Eng Sci 2010;50:455–
67. 

[58] Rajeshbabu R, Gohs U, Naskar K, Mondal M, 
Wagenknecht U, Heinrich G.Electron-induced reactive pro-
cessing of poly(propylene)/ethylene–octene copolymer 
blends: a novel route to prepare thermoplastic vulcaniza-
tes.Macromol Mater Eng 2012;297:659–69. 

[59] Babu RR, Singha NK, Naskar K. Interrelationships of mor-
phology, thermaland mechanical properties in uncrosslinked 
and dynamically crosslinked PP/EOC and PP/EPDM blends. 
Express Polym Lett 2010; 4:197–209. 

[60] Yao P, Wu H, Ning N, Zhang L, Tian H, Wu Y, et al. Prop-
erties and uniquemorphological evolution of dynamically 
vulcanizedbromo-isobutylene-isoprene rubber/
polypropylene thermoplasticelastomer. RSC Adv 2016; 
6:11151–60. 

[61] Ning N, Hu L, Yao P, Wu H, Han J, Zhang L, et al. Study 
on the microstructureand properties of bromobutyl rubber 
(BIIR)/polyamide-12 (PA12) thermoplastic vulcanizates 
(TPVs). J Appl Polym Sci 2016;133(43043):1–8. 

[62] Yao P, Tian M, Zhang L, Tian H, Wu Y, Ning N. Phase 
morphologies ofvulcanized chlorobutyl rubber/polyamide 12 
blends: the breakup ofpre-crosslinked CIIR phase. J Appl 
Polym Sci 2014;131(40765):1–7. 

[63] Yokohama Rubber Co.，Ltd，ExxonMobil Chemical 

Patents Inc. Low Permeability Thermoplastic Elastomer Com-
position Having Excellent Low Temperature Property[P]. 

WO：WO 111584，2007-10-04. 

[64] John RP, Nampoothiri KM, Pandey A. Fermentative pro-
duction of lactic acid from biomass: an overview on process 
developments and future perspectives. Appl Microbiol Biot 
2007; 74:524–34. 

[65] Kang H, Hu X, Li M, Zhang L, Wu Y, Ning N, et al. Novel 
biobased thermoplastic elastomer consisting of synthetic 
polyester elastomer and polylactide by in situdynamical 
crosslinking method. RSC Adv 2015; 5:23498–507 

[66] Holden G, Bishop E T, Legge N R. Thermoplastic Elasto-
mer. Applied plastics engineering handbook, 2007, 26(6):91-
107. 

[67] Urethanes Technology Group. Advanced launches elas-

tic, printable TPU. Urethane Technology, 2017,34（2）:20. 

[68] Wang Zhaoshan,Yan Jieqiong,Wang Tongyao,et al. Fabri-
cation and Properties of a Bio-Based Biodegradable Thermo-
plastic Polyurethane Elastomer. Polymers, 2019,11(7). 

[69] DSM: Cooperation with Chromatic and German RepRap, 
focusing on 3D printed polyurethane parts [J. High Tech Fi-
ber & Applications, 2020,45 (01): 64-65. 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/


45 

[70] Li, Huan, Sinha, et al. Soft and Flexible Bilayer Thermo-
plastic Polyurethane Foam for Development of Bioin-
spired Artificial Skin[J]. Acs Applied Materials & Interfac-
es, 2018.   

[71] Morimoto, N.; Kuro, A.; Yamauchi, T.; Horiuchi, A.; 
Kakudo, N.; Sakamoto, M.; Kusumoto K. Combined Use 
of Fenestrated‐type Artificial Dermis and Topical Nega-
tive Pressure Wound Therapy for the Venous Leg Ulcer of 
a Rheumatoid Arthritis Patient. Int. Wound J. 2016, 13, 
137-140. 

[72] Cai W, Zhan J, Feng X , et al. Facile Construction of 
Flame-Retardant-Wrapped Molybdenum Disulfide 
Nanosheets for Properties Enhancement of Thermo-
plastic Polyurethane. Industrial & Engineering Chemistry 
Research, 2017: acs. iecr.7b01202. 

[73] Xiaodong Liu, Xiaoyu Gu, Jun Sun, Sheng Zhang. Prepa-
ration and characterization of chitosan derivatives and 
their application as flame retardants in thermoplastic 
polyurethane. Carbohydrate Polymers,2017. 

[74] Yu Bin, Tawiah Benjamin, Wang Lin-Qiang, et al. Inter-
face decoration of exfoliated MXene ultra-thin 
nanosheets for fire and smoke suppressions of thermo-
plastic polyurethane elastomer. Journal of hazardous 
materials,2019,374. 

[75] Zhaoshan Wang, Jieqiong Yan, Tongyao Wang, et al. 
Fabrication and Properties of a Bio-Based Biodegradable 
Thermoplastic Polyurethane Elastomer[J]. Poly-
mers,2019,11(7). 

[76] Cregut, M.; Bedas, M.; Durand, M.J.; Thouand, G. New 
insights into polyurethane biodegradation and realistic 
prospects for the development of a sustainable waste 
recycling process. Biotechnol. Adv. 2013, 31, 1634–1647. 

[77] Ng, W.S.; Lee, C.S.; Chuah, C.H.; Cheng, S.F. Preparation 
and modification of water-blown porous biodegradable 
polyurethane foams with palm oil-based polyester poly-
ol. Ind. Crop. Prod. 2017, 97, 65–78. 

[78] Acik, G.; Kamaci, M.; Altinkok, C.; Karabulut, H.F.; 
Tasdelen, M.A. Synthesis and properties of soybean oil-
based biodegradable polyurethane films. Prog. Org. Coat. 
2018, 123, 261–266. 

[79] Copolymers of Pivalolactone. II. ABA and ABA-g-A Copol-
ymers with Dienes. Macromolecules 1976, 9 (2), 
373−374.]  

[80] [ Foss, R. P.; Jacobson, H. W.; Cripps, H. N.; Sharkey, W. 
H. Block and Graft Copolymers of Pivalolactone. 4. 
Triblock and Block-Graft Copolymers from Pivalolactone 
and Isoprene. Macromolecules1979, 12 (6), 1210−1216. 

[81] [Holden, G.; Legge, N. R.; Quirk, R. P.; Schroeder, H. E. 
Thermoplastic Elastomers, 2nd ed; Gardner: Cincinnati, 
OH, 1993. 

[82] Spontak, R. J.; Patel, N. P. Thermoplastic elastomers: 
fundamentals and applications. Curr. Opin. Colloid Inter-
face Sci. 2000, 5, 333−340. 

SVOA Materials Science and Technology 

[83] Kane, R. P. New Developments in Copolyester Ether 
Elastomers. J. Elastomers Plast. 1977, 9, 416−438. 

[84] Wang, Y.; Kim, Y. M.; Langer, R. In vivo degradationchar-
acteristics of poly (glycerol sebacate). J. Biomed. Mater. Res., 
Part A 2003, 66, 192−197.  

[85] Rai, R.; Tallawi, M.; Grigore, A.; Boccaccini, A. R. Synthe-
sis,properties and biomedical applications of poly(glycerol 
sebacate)(PGS): A review. Prog. Polym. Sci. 2012, 37, 
1051−1078. 

[86] Harris, J. J.; Lu, S.; Gabriele, P. Commercial challenges 
indeveloping biomaterials for medical device development. 
Polym. Int.2018, 67, 969−974. 

[87] Runcy W, Anumon V. Divakaran,K S, Anuraj V,A K, 
Swaminathan S, Lakshminarayanan R. Poly(glycerol seba-
cate)-Based Polyester−Polyether Copolymers and Their Semi
-Interpenetrated Networks with Thermoplastic Poly
(ester−ether) Elastomers: Preparation and Properties. ACS 
Omega 2018, 3, 12, 18714-18723. 

[88] Konyukhova, E. V.; Neverov, V. M.; Godovsky, Y. K.; 
Chvalun,S. N.; Soliman, M. Deformation of Polyether-
Polyester Thermoelastoplastics:Mechanothermal and Struc-
tural Characterisation.Macromol. Mater. Eng. 2002, 287 (4), 
250−265. 

[89] Shin, J.; Lee, Y.; Tolman, W. B.; Hillmyer, M. A. Thermo-
plastic Elastomers Derived from Menthide and Tulipalin A. 
Biomacromolecules 2012, 13 (11), 3833−3840. 

[90] Piesowicz, E.; Paszkiewicz, S.; Szymczyk, A. Phase Sepa-
ration and Elastic Properties of Poly(Trimethylene Tereph-
thalate)-blockpoly(Ethylene Oxide) Copolymers. Polymers 
2016, 8 (7), 237. 

[91] Dequan C, Fei L, Haining N, Jing C, Chuncheng H, Jin Z. 
Poly(neopentyl glycol 2,5-furandicarboxylate): A Promising 
Hard Segment for the Development of Bio-based Thermo-
plastic Poly(ether-ester) Elastomer with High Perfor-
manceACS Sustainable Chem. Eng. 2018, 6, 8, 9893-9902 . 

[92] Jianxiang C， Qiaolian L，Defeng W，Xin Y，Jun W， 

Zhaoshun L. Nucleation of a Thermoplastic Polyester Elasto-
mer Controlled by Silica Nanoparticles.  Ind. Eng. Chem. 
Res. 2016, 55, 18, 5279-5286. 

[93] Goldbach G, Kital M，Mgreyer K, Richter K P. Progr Col-

loid Polym Sci, 1986,72,83~96.  

[94] Mumcu S. US．Patent; 4345064. 1982. 

[95] Chen A T, Nell R G, Onder K B. US. Patent, 
4328331.1982. 

[96 Berdin L.Hydrophilic PEBA for healthcare applications. 
Paper 18 at the Thermoplastic elastomers 2013 Conference, 
October 15e16, Duselldorf (Germany). 

 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/


46 

[98] Riba MJ, Bio TPU: same performance, just greener.In: 
Paper 7 at the 14th international conference on thermo-
plastic elastomers. Brussels (Belgium): iSmithers Rapra; 
November 18-19, 2011. 

[99] Talor D. Bio-based EPDM for thermoplastic vulcanizate 
applications. In: Paper16 at the 15th international con-
ference on thermoplastic elastomers; 2012. Berlin 
(Germany). 

[100] Coolen, A.-L.; Lacroix, C.; Mercier-Gouy, P.; Delaune, 
E.;Monge, C.; Exposito, J.-Y.; Verrier, B. Poly(lactic acid) 
Nanoparticles and Cell-Penetrating Peptide Potentiate 
MRNA-Based Vaccine Expression in Dendritic Cells Trig-
gering Their Activation. Biomaterials 2019, 195, 23−37. 

[101] Hyun, H.; Park, J.; Willis, K.; Park, J. E.; Lyle, L. T.; Lee, 
W.; Yeo, Y. Surface Modification of Polymer Nanoparti-
cles with Native Albumin for Enhancing Drug Delivery to 
Solid Tumors. Biomaterials 2018, 180, 206−224. 

[102] Shin J, Martello M T, Shrestha M, Wissinger J E, Tolman 
W B, Hillmyer M A. Pressure-sensitive adhesives from 
renewable triblock copolymers Macromolecules,2011,44
(1):87~94.  

[103] Martello M T, Hillmyer M A. Polylactide–Poly(6-methyl-
ε-caprolactone)–Polylactide Thermoplastic Elastomers 
Macromolecules,2011,44(21):8537~8545. 

[104] Jiaqi Yan, Richard J. Spontak. Toughening Poly (lactic 
acid) with Thermoplastic Elastomers Modified by Thi-
ol−ene Click Chemistry. ACS Sustainable Chemistry & 
Engineering,2019,7(12):10830~10839. 

[105] WANG Y. A thermosensitive supramolecular aggregate-
on from linear telechelic polydimethylsiloxane with self -

assembly units［J］. J Polym Ｒes， 2011, 18（6) ：

1635 － 1643. 

[106] BRUNSVELDL，FOLMER B J B，MEIJEＲ E W, et al. 

Supramolecular polymers［J. Chem Rev, 2001, 101 (12): 

4071-4098.] 

[107] DOW CORNING Co. Ionomeric silicone thermoplastic 
elastomers: US, 8808680 B2[P].2014-08-19. 

[108] Amanda S. F; Michael A. B. Thermoplastic Silicone Elas-
tomers through Self-Association of Pendant Coumarin 
Groups. Macromolecules, 2014,47(5):1656-1663. 

 

SVOA Materials Science and Technology 

Citation: Tian Hongchi. et al. “The Research and Develop-
ment of Thermoplastic Elastomers”. SVOA Materials Science 
and Technology 2:2(2020) 34-46. 

Copyright: © 2020 All rights reserved by Tian Hongchi et al. 
This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 

“The Research and Development of Thermoplastic Elastomers” 

https://sciencevolks.com/materials-science/

