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Abstract Regulation of the microphase-separated structure is critical for high-performance thermoplastic polyurethanes (TPUs). To address the
limitations of poor heat resistance and reliance on petrochemical resources in traditional TPUs, bio-based TPUs were engineered using rigid 1,4-
phenylene diisocyanate and bio-based poly(trimethylene ether) glycol. The results demonstrate that microstructural evolution, hydrogen bond-
ing network formation, and tailoring of macroscopic properties in TPUs can be realized by varying the hard segment content. Increasing the hard
segment content enhanced microstructural ordering, boosting the tensile strength from 6.1 MPa to 22.6 MPa while maintaining an elongation at
break above 600%. Crucially, the robust crystalline network enhanced thermal stability of the TPUs, resulting in a maximum 5% thermal deforma-
tion temperature of 230.2 °C for TPUs. This work elucidates the structure-property relationships governing microphase separation, empowering
the rational design of bio-based materials with exceptional toughness and thermal resistance.
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INTRODUCTION

Thermoplastic polyurethanes (TPUs) are linear block copoly-
mers consisting of alternating flexible polyol soft segments and
rigid hard segments composed of isocyanates and chain exten-
ders.l'"Z Combining the high elasticity of vulcanized rubber with
the melt processability of thermoplastics, TPUs can be efficient-
ly formed via injection molding and extrusion, leading to their
widespread application in the automotive, medical, electronic,
and sports equipment fields.”! Microstructurally, the soft seg-
ments endow the material with flexibility and low-temperature
elasticity, whereas the hard segments aggregate driven by
strong intermolecular hydrogen bonding to form hard domains
that act as physical crosslinks, providing mechanical strength
and thermal stability.l*”! Based on this unique two-phase mi-
crostructure, the properties of TPUs can be precisely tailored by
regulating the chemical composition, ratio, and molecular
weight of the soft and hard segments.[!

The macroscopic properties of TPUs are intrinsically gov-
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erned by their microscopic microphase separation
structure.l’-121 Prior research emphasizes that promoting
phase separation and establishing well-defined, uniform hard
domains is pivotal for reconciling high strength with superior
elasticity in TPUs.'3-16 For instance, recent studies have
demonstrated that introducing fluorine-hydrogen bonds can
induce a self-confined effect, driving the in situ formation of
ultra-small and dense hard nanodomains. This tailored mi-
crophase separation structure successfully achieved simulta-
neous enhancement of mechanical robustness, self-healing,
and ionic conductivity in elastomers.['7.781 Among the various
isocyanates, 1,4-phenylene diisocyanate (PPDI) possesses a
distinct rigid planar benzene skeleton and high molecular
symmetry.['¥] This unique architecture facilitates the dense
packing of hard segments through intense intermolecular hy-
drogen bonding, which promotes robust crystallization. Con-
sequently, the resulting microdomain rigidity and thermal
stability of PPDI surpass those of conventional isocyanates
such as toluene diisocyanate and methylene diphenyl diiso-
cyanate. Owing to its superior structural symmetry, PPDI is an
ideal candidate for effectively modulating microphase sepa-
ration behavior to engineer high-performance TPUs.[20
Notably, the heavy reliance of conventional commercial
TPUs on non-renewable petrochemical resources has exacer-
bated resource depletion and environmental burdens, cat-
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alyzing a strategic transition in both academia and industry
toward sustainable, bio-based alternatives. Bio-based
poly(trimethylene ether) glycol (PO3G), derived from bio-
based 1,3-propanediol or glycerol, is an emerging soft seg-
ment with a significantly lower carbon footprint, aligning well
with the urgent demand for sustainable polymeric
materials.l2'! From a molecular perspective, the critical fea-
ture of PO3G is its repeating unit containing three methylene
groups. Owing to the odd-even effect, this odd-numbered
carbon structure induces polymer chains to adopt an asym-
metric twisted conformation. This conformation significantly
hinders regular chain packing and crystallization, maintain-
ing a highly amorphous state at room temperature. This low-
crystallinity soft segment not only endows the TPU with ex-
cellent elastic recovery and low hysteresis, but also provides a
flexible environment for the independent crystallization of
hard segments, thereby thermodynamically driving the re-
finement of the microphase-separated structure.l2?]

In this study, a series of bio-based TPU elastomers with sys-
tematically graded hard segment content were prepared by
molecularly designing bio-based PO3G soft segments with
highly symmetrical PPDI and 1,4-butanediol (BDO) hard seg-
ments. Utilizing thermal analysis, mechanical testing, dynam-
ic mechanical analysis, and micro-morphological characteri-
zation, this study aims to systematically reveal the intrinsic
driving mechanism of hard segment content on microphase
separation behavior and to analyze the regulation laws gov-
erning the evolution of the aggregation structure and crystal-
lization behavior. In addition to verifying the potential of bio-
based materials in high-performance applications, this study
also provides critical theoretical guidance and structural reg-
ulation strategies for the design of novel TPUs with high me-
chanical strength, superior heat resistance, and environmen-
tal friendliness.

EXPERIMENTAL

Materials

PPDI (purity 298%) was purchased from Zhejiang Lishui
Youbang New Material Co., Ltd. (Lishui, China). BDO (purity =
99.7%) was obtained from Shanghai Macklin Biochemical Co.,
Ltd. (Shanghai, China). Bio-based PO3G (M,=1000 g/mol) was
supplied by Guangzhou Haoyi New Material Technology Co.,
Ltd. (Guangzhou, China). All the chemicals were used as re-
ceived without further purification.

Synthesis and Sample Preparation

The bio-based TPUs were synthesized using a two-step prepoly-
mer method. Compared to one-shot random polymerization,
this specific stepwise feeding sequence was strategically em-
ployed to precisely regulate the sequence structure of the poly-
mer chains, ensuring the formation of well-defined alternating
soft and hard blocks. As highlighted in recent studies, such pre-
cise sequence control serves as a thermodynamic foundation
for driving robust microphase separation and enhancing
macroscopic properties.”* First, the bio-based polyol PO3G was
degassed at 110 °C under vacuum (<0.095 MPa) for 1.5 h to re-
move moisture. After cooling to 75 °C, the calculated amount of
PPDI was added under a dry nitrogen atmosphere. The mixture
was mechanically stirred at 300 r/min for 1.5 h to obtain an iso-

cyanate-terminated prepolymer. Subsequently, chain extender
BDO was added, followed by rapid stirring for 10 min to facili-
tate chain extension. The reaction mixture was then poured in-
to a Teflon mold and post-cured in an air-circulating oven at 90
°C for 24 h to ensure complete reaction. The final specimens
were prepared via compression molding: the cured TPU was
preheated at 190 °C for 3 min, hot-pressed at 15 MPa for 5 min,
and then cold-pressed before demolding. The specific synthesis
route is shown in Fig. S1 (in the electronic supplementary infor-
mation, ESI). Table S1 (in ESI) lists the detailed formulations. Cor-
responding to the increasing hard segment content, the sam-
ples were designated TPU18, TPU22, TPU26, TPU29, and TPU32.

Characterizations

Nuclear magnetic resonance ('H-NMR)

"H-NMR spectra were recorded on a Bruker AVANCE 600 MHz
spectrometer using deuterated dimethyl sulfoxide as the sol-
vent.

Gel permeation chromatography (GPC)

The number-average molecular weight and polydispersity in-
dex were determined using a Shimadzu LC-20AT system. N,N-
Dimethylacetamide was used as the eluent at a flow rate of 1.0
mL/min. The results were calibrated against polystyrene stan-
dards.

Fourier transform infrared (FTIR) spectroscopy

FTIR spectra were obtained using a Bruker Tensor 27 spectrom-
eter in the wavenumber range of 4000-600 cm~' with a resolu-
tion of 4 cm™" and 32 scans.

X-ray diffraction (XRD)

XRD patterns were recorded on a Rigaku D/max 2500 diffrac-
tometer with Cu Ka radiation at room temperature. The scan-
ning range (26) was 5°-90° at a scanning rate of 5 (°)/min.

Small-angle X-ray scattering (SAXS)

SAXS measurements were performed using a Xenocs system
equipped with a GenixCuKa source and DectrisMarCCD 345 de-
tector. The sample-to-detector distance was set to 1300 mm,
with an exposure time of 600 s.

Atom force microscope (AFM)

The phase morphology of the samples was observed using AFM
(Bruker multimode8, Germany) under a quantitative nanome-
chanical mapping mode with a scanning frequency of 0.9 Hz.

Thermomechanical analysis (TMA)

The TMA was conducted on a TA Instruments Q400 analyzer us-
ing a cylindrical probe under a constant force of 1 N. The sam-
ples were heated from room temperature to 260 °C at a rate of 5
°C/min.

Dynamic mechanical analysis (DMA)

DMA was performed using a Mettler Toledo DMA 1 instrument
in the tension mode. Rectangular specimens (30 mm x 4 mm x
1 mm) were tested at a frequency of 10 Hz and dynamic strain
of 0.1%. The temperature was ramped from -100 °C to 100 °C at
arate of 3 °C/min.

Mechanical properties

Tensile tests were performed on a Zwick/Roell universal testing
machine at a crosshead speed of 500 mm/min. Dumbbell-
shaped specimens (30 mm x 4 mm X 1 mm) were used, and at
least five specimens were tested for each sample.
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Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) was performed using a Met-
tler Toledo TGA/DSC 3+ system. Samples (about 5 mg) were
heated from 100 °C to 600 °C at a rate of 10 °C/min under a ni-
trogen atmosphere.

RESULTS AND DISCUSSION

Structural Characterization
The molecular weights and distributions of the synthesized
TPUs were analyzed using GPC. As shown in Fig. 1(a), all the
samples exhibited sharp and symmetrical unimodal elution
curves, indicating the absence of bimodal distributions or
shoulder peaks. The number-average molecular weight M,, of all
samples exceeded 6.6x10* g/mol, with the polydispersity index
(D) maintained within a narrow range of 1.44-2.06. These re-
sults not only confirm the high molecular weight of the materi-
als, but also suggest that side reactions were effectively sup-
pressed, resulting in linear polymers with a uniform distribution.
FTIR spectroscopy was employed to confirm the formation
of the chemical structure (Figs. 1b-1d).2 The complete dis-
appearance of the characteristic isocyanate (—NCO) band at
2275 cm-', accompanied by the emergence of N—H stretch-
ing vibrations around 3320 cm~" and distinct C=0 stretching
vibrations in the range of 1660-1770 cm-!, conclusively
proves the exhaustion of the —NCO groups and successful
formation of urethane bonds. Furthermore, the characteristic
peaks for each component were clearly identifiable, and the
benzene skeleton stretching at 1600 cm~! and out-of-plane
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bending at 900-800 cm~' confirmed the incorporation of PP-
DI hard segments, while the ether linkage (C—0O—C) stretch-
ing at 1100 cm~! was attributed to the PO3G soft segments.
Notably, the absence of peaks characteristic of crosslinking
byproducts, such as allophanates or biurets, further substanti-
ates the linear, noncrosslinked structure of the synthesized
TPUs.[2!

The chemical composition was further verified using 'H-
NMR spectroscopy (Fig. S2 in ESI). The aromatic protons of the
PPDI hard segments appear at 7.3-7.4 ppm. The methylene
protons adjacent to oxygen atoms (O—CH,—) exhibit sig-
nals at 3.4 and 4.1 ppm, corresponding to PO3G and BDO
units, respectively. The central methylene protons of PO3G
resonate at 1.8 ppm, while those of BDO appear at 1.7 and 1.4
ppm.2¢) These distinct signals confirmed that both the soft
and hard segments were successfully incorporated into the
polymer chain. Moreover, the actual hard segment content,
calculated from the integrated peak areas using Eq. S(1) (in
ESI), is consistent with the theoretical feed values, demon-
strating precise control over the TPU composition during syn-
thesis.

Analysis of the Evolution of Hydrogen Bond
Interactions

Hydrogen bonding interactions act as the primary driving force
for the physical crosslinking network in polyurethanes, pro-
foundly influencing the microphase separation behavior and
macroscopic properties. In the FTIR spectra, the carbonyl (C=0)
stretching frequency was highly sensitive to the local microen-
vironment. The signal for free carbonyls was predominantly
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(a) GPC curves of TPUs; (b) FTIR spectra (3600-600 cm™") of TPUs; (c) FTIR spectra (1780-1680 cm™") of TPUs; (d) FTIR spectra (3400-3200
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centered at approximately 1730 cm™. In contrast, carbonyls
within the ordered hard microdomains are integrated into a ro-
bust hydrogen-bonding network; this strong interaction dimin-
ishes the C=0 bond order, driving a characteristic red-shift of
the stretching vibration to 1700 cm™.

Fig. 2 presents the curve-fitting results and quantitative
analysis of the carbonyl region (1660-1760 cm-'). As shown in
Figs. 2(a)-2(e), the broad carbonyl peaks were resolved into
three peaks using Gaussian functions: ordered hydrogen-
bonded carbonyls (about 1700 cm-'), disordered hydrogen-
bonded carbonyls (about 1716 cm~'), and free carbonyls
(about 1730 cm").127-331 The high consistency between the
fitted curves and the original spectra validates the reliability
of this deconvolution model. The quantitative statistics (Fig.
2f and Table S2 in ESI) revealed a distinct dependence of the
hydrogen bonding assembly on the hard segment content.
As the hard segment content increased, the fraction of hydro-
gen-bonded carbonyls increased monotonically from 59.1%
to 85.8%, accompanied by a corresponding decrease in the
free carbonyl intensity. First, a higher hard segment content
provides a greater population of donor (N—H) and acceptor
(C=0) sites. Second, the rigid planar benzene skeleton and
high polarity of the PPDI molecules endowed the hard seg-
ments with a high cohesive energy density. With increasing
hard segment content, these strong intermolecular forces
drive the hard segments to overcome steric hindrance and
pack into long-range ordered structures via hydrogen-bond-
ing bridges.’4 These highly ordered hard domains not only
establish a robust physical crosslinking network but also ex-
acerbate the thermodynamic incompatibility between the
soft and hard segments, thereby effectively driving the refine-
ment of microphase separation.

2751

Evolution of Microphase-separated Structure

SAXS was employed to quantify the long period (L) of the mi-
crophase-separated structure in the reciprocal space. According
to Bragg's law, domain spacing L is inversely proportional to
scattering vector g (L=2T11/g). As shown in the 2D SAXS patterns
(Figs. 3a-3e), all the samples exhibited isotropic scattering rings,
indicating the formation of periodic microphase-separated
structures. The 1D integrated profiles (Fig. 3f) clearly show that
the scattering peak position (g, shifted toward a lower angle
(smaller g value) as the hard segment content increased. Conse-
quently, the calculated long period L increases from 14.2 nm to
15.2 nm (detailed in Table S3 in ESI). This significant expansion is
attributed to the dual effects of the hard segment volume frac-
tion and thermodynamic driving forces. A higher hard segment
content increases the volume fraction of the hard domains and
exacerbates the thermodynamic incompatibility between the
soft and hard segments, thereby deepening the degree of
phase separation. Furthermore, highly symmetrical PPDI hard
segments, driven by strong hydrogen bonding, tend to form
larger and more ordered domains. The coarsening and growth
of these ordered domains further increases the domain
spacing.’” To provide direct evidence in real space, AFM was
used to visualize the surface morphology and provide direct ev-
idence in real space. The 2D modulus images (Figs. 3a-3e, bot-
tom) clearly distinguish the phase distribution, where bright, el-
evated regions correspond to high-modulus hard domains, and
dark regions represent the low-modulus soft matrix. As the hard
segment content increases, the phase contrast becomes in-
creasingly distinct, as evidenced by the significant widening of
the LogDMTModulus scale range in Figs. 3(a)-3(e).>®! The hard
domains not only grow in size but also become more densely
packed and interconnected, suggesting a clear morphological
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Fig. 2 (a-e) Deconvoluted C=0 stretching vibration spectra of TPUs: (a) TPU18, (b) TPU22, (c) TPU26, (d) TPU29, (e) TPU32; (f) Distribution of

hydrogen-bonded carbonyls as a function of hard segment content.
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transition from a weakly phase-separated sea island to a highly
robust bicontinuous structure. Statistical analysis of the 2D AFM
images in Fig. S3 (in ESI) further confirms this trend, showing
that the average diameter of the hard domains increased signif-
icantly from 0.027 um in TPU18 to 0.639 pym in TPU29, while
TPU32 is excluded from this quantification because its domains
have completely merged into an extensively interconnected
continuous network that precludes the measurement of indi-
vidual sizes. These observations align perfectly with the SAXS
results, confirming that increasing the PPDI hard segment con-
tent promotes the formation of a more robust and well-defined
microphase-separated structure.

Fig. 4(a) illustrates the evolution of the XRD patterns with
varying hard segment content. TPU18 exhibited a relatively
smooth and broad diffraction peak without any distinct char-
acteristic crystalline peaks. With increasing hard segment
content, the intensity of the crystallization peaks near 19° and
24° gradually increased. These peaks corresponded to the or-
dered lattice packing of the PPDI hard segments, signifying
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(a—e) 2D SAXS patterns (top) and AFM modulus images (bottom) of TPUs; (f) 1D SAXS profiles of TPUs.

their segregation from the disordered phase to form regular
crystal structures. Quantitative analysis (Fig. 4b) revealed that
the degree of crystallinity increased from 0.7% to 5.7% as the
hard segment content increased from 18% to 32%. This en-
hancement was primarily attributed to an increase in the av-
erage hard segment sequence length. A higher hard seg-
ment content results in longer and more regular hard seg-
ment sequences. Driven by strong hydrogen bonding and -7
resonance in the PPDI hard segment region, these long-chain
sequences can effectively overcome entropic losses caused
by chain folding, resulting in dense physical crosslinking and
crystalline domains.3¢! The crystallization trend revealed by
XRD was highly consistent with the evolution of ordered hy-
drogen-bonded carbonyls observed by FTIR. The additional
PPDI hard segments introduced at higher hard segments
were not randomly distributed; instead, they were driven by
strong hydrogen bonding to align and pack into stable crys-
talline structures.3”1 This synergistic interaction between hy-
drogen-bond-induced crystallization and microphase separa-
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tion forms the structural basis for the excellent mechanical
properties of this material.

Thermomechanical Properties

Fig. 5(a) proposes a molecular-level model to visually interpret
the mechanism by which the hard segment content regulates
the microstructural evolution, hydrogen bonding networks, and
crystallization behavior. The orange segments represent soft
segments, purple short chains represent hard segments, red
dots denote hydrogen bonds, and circled purple area corre-
sponds to the crystalline region. At low hard segment contents,
the hard segments are sparsely dispersed with weak hydrogen
bonding, forming only isolated aggregates without long-range
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order. As the hard segment content increased, the density of
hydrogen bonds increased, driving aggregation and inducing
local crystallization. At higher concentrations, the PPDI hard
segments self-assembled to form a dense and interconnected
physical network owing to their inherent structural symmetry
and strong hydrogen bonding capabilities. These highly crys-
talline domains acted as a robust supporting skeleton through-
out the soft matrix, marking a transition from isolated domains
to a percolated network structure >®!

This microstructural evolution governs the macroscopic
thermomechanical properties. TMA analysis (Fig. 5b and
Table S4 in ESI) reveals a substantial enhancement in thermal
resistance, with the softening temperature at 5% strain (T¢_so,)
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increasing from 104.9 °C for TPU18 to 230.2 °C for TPU32. The
key mechanism behind this significant enhancement lies in
the qualitative change in the physical crosslinking efficiency,
where the high content of hard segments assembles into
highly stable rigid crystalline regions through strong hydro-
gen bonding, thus constructing a robust three-dimensional
network framework that acts as a thermal anchoring point.3
A denser network requires higher energy for dissociation,
thereby enabling the material to resist macroscopic deforma-
tion at elevated temperatures.

The TGA and DTG curves (Figs. 5c and 5d) reveal a typical
two-stage thermal degradation behavior for all samples (data
in Table S5 in ESI). The first stage corresponds to the scission
of urethane bonds in the hard segments, whereas the second
stage involves the degradation of polyol soft chains.*% No-
tably, the decomposition temperature of the first stage shift-
ed significantly higher with increasing hard segment content.
This suggests that the highly ordered and crystalline hard do-
mains provide a protective effect, restricting the chain mobili-
ty and delaying the onset of urethane bond dissociation. This
aligns perfectly with the XRD and FTIR findings, confirming
that a higher hard segment content promotes a denser hy-
drogen bond network and more ordered aggregation struc-
ture.

Mechanical Properties and Dynamic
Thermomechanical Analysis

The static tensile behavior of the TPUs is presented in Figs. 6(a)
and 6(b), with the detailed data listed in Table S6 (in ESI). The re-
sults clearly demonstrate that, at a constant soft-segment
molecular weight, the hard segment content plays a decisive

24
a —TPU18
—TPU22
18l —TPU26
—TPU29
g
=
o 12 H
4
A
6/
O 1 1 1 1 1
0 300 600 900 1200 1500 1800
Strain (%)
C —TPU18
g
5
=l
o
o)
€
(%]
[o)]
o
o)
&

-50 0
Temperature (°C)

-100 50 100

Fig. 6
versus temperature of TPUs.

Yin, D. X. et al./ Chinese J. Polym. Sci. 2026, 44, 2748-2757

role in reinforcing the mechanical strength. As hard segment
content increases, the tensile strength increases from 6.1 MPa to
22.6 MPa, the modulus at 100% strain rises from 1.8 MPa to 14.1
MPa, and the Shore A hardness escalates from 65 to 95. This sig-
nificant reinforcement effect is attributed to the microstructural
evolution: a higher hard segment content promotes the forma-
tion of highly crystalline, high-modulus hard domains via or-
dered hydrogen bonding. These domains acted as rigid physi-
cal crosslinks within the soft matrix, effectively bearing the ap-
plied load. The proliferation of rigid domains inevitably restricts
the conformational freedom of the PO3G soft segments, reduc-
ing the elongation at break from 1747% to 640%. It is notewor-
thy that TPU32 retained an elongation exceeding 600%. This
highlights the intrinsic high elasticity and flexibility of the soft
segment, endowing the TPU samples with an excellent balance
between high strength and deformability.

DMA further elucidated the viscoelastic behavior over a
wide temperature range (Figs. 6¢ and 6d and Table S7 in ESI).
In the glassy region, all samples exhibited similar stiffness
with storage modulus (E) magnitudes of approximately 10°
Pa. Upon heating through the glass transition into the rub-
bery plateau, E' drops by orders of magnitude, but the extent
of this drop decreases significantly with increasing hard seg-
ment content. Specifically, at 100 °C, the E' of TPU18 de-
creased to 107 Pa, whereas TPU32 maintained a robust £' of
108 Pa. This indicates that the dense physical crosslinking net-
work formed by the high hard segment content significantly
enhances the cohesive force between hard segments, impart-
ing superior high-temperature dimensional stability and
creep resistance. tandy,,, exhibited a clear declining trend
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(from 0.65 to 0.35) with increasing hard segment content. The
dense crystalline domains at high hard segment contents im-
pose strong constraints on the motion of the surrounding
soft segments. The cooperative motion of the soft segments
during relaxation was suppressed, and the energy dissipation
was reduced, resulting in a lower damping peak. This result
further corroborates the effective regulation of the hard seg-
ment content in the microphase-separated structure and in-
terfacial interactions.

CONCLUSIONS

In this study, a series of bio-based TPUs based on PPDI and
PO3G were successfully synthesized via a two-step prepolymer
method. The regulatory mechanisms of the hard segment con-
tent on the microphase separation behavior, aggregation struc-
ture, and macroscopic properties were systematically elucidat-
ed. As the hard segment content increased from 18% to 32%,
the high structural symmetry of the PPDI hard segments facili-
tated the construction of a hydrogen-bonding network (the
fraction of hydrogen-bonded carbonyls increased significantly
from 59.1% to 85.8%) and refinement of the crystallization be-
havior (crystallinity increased from 0.7% to 5.7%). These en-
hanced physical interactions exacerbated the thermodynamic
incompatibility between segments, leading to an increase in the
microphase separation long period from 14.2 nm to 15.2 nm.
Moreover, the high hard segment content significantly
strengthened the rigidity and stability of the physically
crosslinked network. Consequently, TPU32 exhibited a tensile
strength of 22.6 MPa, a Shore A hardness of 95, and an excellent
Te—s0, Of 230.2 °C, representing a substantial improvement over
the low hard segment content TPU18 (T,_50,=104.9 °C). This
demonstrates that by controlling the hard segment content, the
material properties can be precisely tailored across a wide
range, from excellent elasticity to high strength and heat resis-
tance. These findings provide a critical structural regulation
blueprint for the rational design of novel elastomers that inte-
grate superior mechanical strength, thermal resistance, and
ecological sustainability.
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Regulation of Microphase Separation in Bio-based Thermoplastic Polyurethanes Driven by Hard

Segment Content
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Regulating hard segment content in bio-based 1,4-phenylene diisocyanate (PPDI) polyurethanes optimizes microphase
separation and induces ordered crystallization. This significantly enhances the 5% thermal deformation temperature to
230.2 °C and tensile strength to 22.6 MPa, providing a robust strategy for sustainable, high-performance elastomers.

Regulation of microphase separation in bio-based TPUs

v Bio-based TPUs were synthesized with varying hard segments.
v’ The 5% deformation of the TPU reaches a remarkable 230.2 °C.
v TPUs achieve 22.6 MPa strength while retaining >600% elongation.
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