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Fig. 1 Schematic illustration of the synergistic advantages of rigid-flexible interaction.
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Fig. 2 Synthetic route to PUU-DA-SPH,.
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Table 1 Feed ratios for synthesizing PUU-DA-SPH, elastomers.

Elastomer n(HMDI) (mmol) n(PTMEG) (mmol) n(SPH) (mmol) n(DABA) (mmol)
PUU-DA-SPH, 2.0 1.0 0.5 0.5
PUU-DA-SPH, 1.8 1.0 0.4 0.4
PUU-DA-SPH; 1.6 1.0 0.3 0.3
PUU-DA-SPH, 1.4 1.0 0.2 0.2

PUU-DA 1.6 1.0 0 0.6

PUU-SPH 1.6 1.0 0.6 0
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Fig. 3 FTIR spectra (a), UV spectra (b), XRD patterns (c) and DSC thermograms (d) of PUU-DA-SPH,.
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Fig. 4 Two-dimensional infrared curves of PUU-DA-SPH;: (a) synchronous map; (b) asynchronous map (in the two-dimensional

correlated FTIR spectrum, red, white, and blue regions represent positive correlation intensity, zero correlation intensity, and

negative correlation intensity, respectively).

Table 2 Classification of different types of hydrogen bonds in PUU-DA-SPH,.

Type of hydrogen bond Hydrogen bond donor groups Hydrogen bond acceptor groups ~ Hydrogen bond type
Strong hydrogen bonds Urea (N—H) Urea (C=0) N—H---0=C
Urea (N—H) ASCZ (C=0) N—H---0=C
ASCZ N—H) ASCZ (C=0) N—H---0=C
ASCZ N—H) Urea (C=0) N—H--0=C
SPH N—H) ASCZ (C=0) N—H---0=C
SPH (N—H) Urea (C=0) N—H--0=C
Weak hydrogen bonds
ASCZ (N—H) PTMEG (O) N—H-0
Urea (N—H) PTMEG (O) N—H--0
SPH (N—H) PTMEG (O) N—H:-0
ASCZ (C=0) DABA (N—H) C=0--H—N
SPH N—H) SPH (C=0) N—H---0=C
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Fig. 5 FTIR spectra of (a) PUU-DA-SPH,, (b) PUU-DA-
SPH;, and (c) PUU-DA-SPH, in the C=O stretching

vibration region.
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Table 3 Summary of C=0 peak area ratios in different environments.

Wavenumber (cm™") Area (%)
Assignment PUU-DA- PUU-DA- PUU-DA- PUU-DA- PUU-DA- PUU-DA-
SPH, SPH, SPH, SPH, SPH, SPH,
Vic-o) Free 1717 1714 1716 257 2.97 1.70
urethane amide ~ H-bonded (Ordered) 1707 1708 1708 5.97 9.47 7.75
Free 1699 1700 1698 32.49 22.93 30.73
V(c-0) H-bonded (Disordered) 1678 1687 1676 17.64 25.31 20.80
urea amide ~ H-bonded (Disordered) 1646 1649 1641 3243 18.56 30.43
H-bonded (Ordered) 1633 1633 1632 7.04 17.83 7.12
V(c—0) amide H-bonded 1612 1611 1613 1.86 2.92 1.47
Total number of hydrogen bonding 64.94 74.10 67.57
70
(a) “ 1.4 ()
60 it
= | —— PUU-DA-SPH, S 121 PUU-DA-SPH, ‘%
S 50l PUU-DA-SPH, ;i - PUU-DA-SPH, ;
2 ---- PUU-DA-SPH, Jo & 107~~~ PUU-DA-SPH, !
5407 PUU-DA-SPH, S 208 PUU-DA-SPH, /
£ 30 C 5 i
g : o 0.6f i
g i = ¥
5 20f ; o4t i
s ! T
0 460 860 12b0 16.00 20.00 0 0..5 I_.LO~ - VIJ.S 2.0 2,.5 3.‘0 3.5
Engineering strain (%) Ture strain (In(mm/mm))
70
350 | (c) I (d)
300 - ~ 07— PUU-DA-sPH,
o & o |- PUU-DA
i 50
£ 250+ § ------ PUU-SPH
— [}
2 200/ g 40r '
: 150 i I £30f | .
'§D E 20 /:
= 100 =z gl) / 1
)
50 10 + /
0 n 1 1 1 1
‘ P K P ‘ o y PV 0 400 800 1200 1600 2000
?\B\BDP\ SY\S\;DP‘ z\B\BDP\ S?\}\BDP‘ S Engineering strain (%)
500 ——————————————
14+ () ® | Comparison with \
|~ PUU-DA-SPH, 4007 literature-reported elastomers | 4
P e PUU-DA ~350¢ .
£ 1.0 |- PUU-SPH £ 300
<} = n e
2 0.8 2 250 sopet
= 2 S
206} A £ 200 &
Z i 2 150 &
04} i e >
100 | " .
0.2+ sob  *
" e emp I I A 4 n n n
0 05 10 15 20 25 3.0 35 0 20 40 60 80
Ture strain (In(mm/mm)) Stress (MPa)

Fig. 6 (a) Engineering stress-strain curves, (b) true stress-strain curves and (c) toughness histograms of PUU-DA-SPH,;
(d) Engineering stress-strain curves and (e) true stress-strain curves of PUU-DA-SPH;, PUU-DA and PUU-SPH; (f) Comparison

chart of tensile strength and toughness between PUU-DA-SPH; and common elastomers.
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Fig. 7 (a) Photographs of PUU-DA-SPH; lifting a 6-kg dumbbell; (b) Photographs showing the performance of PUU-DA-SPH;
film in the puncture test; (c) Schematic diagram of the puncture test for PUU-DA-SPHj;; (d) Cyclic tensile curves of PUU-DA-SPH;.
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Research Article

Rigid-flexible Synergy for Constructing High-strength, Tough, and
Recyclable Poly(urea-urethane) Elastomers

Jian-ye Lu, Qing-chuang Lu, Zhen-yang Luo, Yan-long Luo”
(College of Science, Nanjing Forestry University, Nanjing 210037)

Abstract To address the challenge of cyclic reprocessing of high-strength and tough polyurethane (PU), this
study introduces supramolecular segments into PU to construct a rigid-flexible synergistic multilevel dynamic
network. The rigid segment 4,4’-diaminobenzamide (DABA) induces the formation of a strong hydrogen bond
system via its aromatic ring structure to provide structural support and enhance material strength, whereas the
flexible segment sebacoyl hydrazide (SPH) establishes a weak hydrogen bond system through its long-chain
aliphatic structure, alleviating stress concentration and dissipating energy owing to its segment migration capability.
Additionally, the acylsemicarbazide (ASCZ) groups introduced by both segments endowed the hydrogen-bond
network with dynamic reversibility. The prepared PUU-DA-SPH; elastomer exhibited excellent comprehensive
properties, with a tensile strength of 64.55 MPa and toughness of 336.14 MJ-m~3. Moreover, it maintained a
stable performance after multiple cycles of hot-press reprocessing (tensile strength retention rate of 91% and
toughness retention rate of 98%). This study provides a novel approach for designing polyurethanes that integrate
high strength, toughness, and cyclic reprocessability.
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