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-This review explores the properties and applications of thermoplastic
Abstract . . .
elastomers (TPEs), focusing specifically on polyurethanes. Thermoplastic
polyurethane elastomers attract significant attention due to their combined plastic and elastic
properties, good processability by conventional methods, favorable thermal and mechanical
properties, high abrasion resistance, low-temperature performance, high flexibility and elastic
recovery. This paper categorizes different types of thermoplastic elastomers, highlighting their
advantages and disadvantages. The microstructure of these materials, which includes soft and
hard segments, significantly affects their mechanical properties and overall performance. Re-
search suggests that carefully controlling the microstructure and phase separation can improve
the mechanical and thermal properties of polyurethanes. The goal of this review is to provide
a comprehensive and up-to-date view of recent research and advancements in thermoplastic
polyurethane elastomers, as well as to examine the challenges and opportunities associated with
using these materials across various industries. Moreover, the application of the microphase
separated in polyurethane shape memory, hydrogen-bonding-based self-assembly technology
in polyurethane-based blends, and Conductive nanocomposites based on polyurethanes are also
discussed in detail.
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Figurel. Schematic diagram of the changes in elongation set

compared to elongation in materials with plastic, elastomeric, and

elastomeric thermoplastic behavior [2].
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5- Elastified Thermoplastics
6- Melt Processable Rubber (MPR)
7- Thermoplastic Polyolefins (TPE-O or TPO)
8- Thermoplastic Dynamically Vcanized (TPE-V or TPV)
9- Styrenic Thermoplastic Elastomers (TPS)
or Styrenic Block Copolymers (TPE-S)
10- Styrene-Butadiene-Styrene
11- Styrene-Ethylene-Butylene-Styrene
12- Urethane Thermoplastic Elastomers (TPE-U or TPU)

13- Polyether-block-polyamide Thermo-
plastic Elastomers (TPA or TPE-A)
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1- Thermoplastic elastomers (TPEs)
2- Processability

3- Creep

4- Elongation set
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6- Microstructure

7- Soft Segments (SS)

8- Hard Segments (HS)

9- Glass transition temperature

10- Flexibility and elasticity

11- Physical cross-links

12- Micro heterogeneous Phase Distribution
13- Domains

14- Macrophase separation

15- Special Microphase-Separated Structure
16- Enthalpic
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Figure2. Comparing the properties of thermoplastic

elastomers [5].
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Figure3. Comparison of hardness and relative price of

thermoplastic elastomers with elastomers and plastics [3].
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1- Tear strength

2- Compression set

3- Recovery properties

4- Continuous use temperature
5- Hardness
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FigureS5. Changes in the microstructure of A-B-A block copolymer

as a function of the content of component A [9].
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Figure4. A schematic model of the microstructure of the

microphase separation of hard and soft phases in TPU [7].
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1- Degree Of Microphase Separation (DMS)
2- Segment
3- Heat Distortion Temperature
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block copolymer SBS and random copolymer SBR [3].

5 sloisloy 5 ol pplef eVl S, SBS
Il (prleys lapegua¥l (dly S lan) o yel)
@l Jlon) e Job 1) iy Sie 2l ony
0Pl 3l ol Do B 93 cal B398 (oo o (6
read (A)JSS o anles s 1) 055 4 basye jerdsen
B S (g 55 len, Sl sz s TEM
03> U5 SBS o pliwl (glaslad dw youlsS™ 3 (6518 olis
Yo Ud om0l o Cous slaojes Joomo job & .l oiis
A ylogil

Siiee pple)S sbayogia¥l (Supsl bl il L
IS b oS (gysb 4 0d)S sl (6 pSaudin (e 4 lole
Sl g 00l dgaoe ol i Ao 4 s s lu g, daayY
otk o8 Cwl oud oamlie Ded o S Pdiwge
Oplusl (Sig oy ¥ gols SBS 65065 ol sla i
g 555 gbylisle S jl gl Yl (Kopsk <l L
3ol 1y dwge 9 "slaY (Slg Jols Jlidlug, ¢ odis asle
lY jlsbog JITEM pgas ()JS5 ) [FAR] yleee
Lol 04 43‘)‘ U)"L‘“’l )9 Mo )d ¥ dgb

S e g dlwgy & Al bl co JB
sl oo (Vo) IS )3 Dgd o oS sl oo S5 0
b Olyie 4 SBS b pple)S (slajegia¥l (iS5 i
ooy slgize Lioldl Ll snd &l oy plin] glgie )

5- soft segment molecular weight

6- Styrene-butadiene-rubber random copolymer
7- Poly(styrene-block-butadiene-block-styrene)
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ous synthetic copolymers based on A and B monomers: (a) random
copolymer, (b) very short block copolymer, (c) very long block
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triblock copolymer [8].
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Figurel3. Tensile test results for modified TPU sample with

different amounts of POSS [12].
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Figurel8. The effect of CNT nanoparticles on the phase separation of PU (a) FTIR spectrum and (b) the degree of phase separation [37].
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