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Preparation and properties of room temper ature self-healing polyurethane
elastomer s based on oxime and disulfide bonds
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Abstract: A series of self-healing polyurethane (SSPU) films with multiple dynamic bond synergies were
synthesized using polytetrahydrofuranediol (PTMEG) and isophorone diisocyanate (IPDI) as monomers,
and 1,4-benzenedicarboxaldehyde dioxime (BD) as well as bis(4-hydroxyphenyl) disulfide as chain
extenders, characterized by FTIR and '"HNMR, and analyzed for their thermal properties by DSC and TGA.
The self-healing ability of SSPU films with different molar ratios of BD to SS was evaluated through
scratch and self-healing experiments, while the binding energies of the two types of hydrogen bonds in
SSPU were calculated via quantum chemistry, with the self-healing mechanism further explored. The
results indicated that SSPU was a self-healing polyurethane elastomer containing oxime bonds and aromatic
disulfide bonds. SSPU-3, prepared with n(BD) : n(SS)=6 : 6 (both BD and SS dosage is 6 mmol),
exhibited a glass transition temperature of —16.24 °C and an initial decomposition temperature (7, 5%
mass loss temperature, the same below) of 214.13 °C, and demonstrated the best comprehensive
mechanical and self-healing properties, with an initial tensile strength of 18.15 MPa. After 2 h of
self-healing at room temperature, the scratch disappeared, and after 48 h of self-healing, the tensile strength
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of SSPU-3 recovered to 17.02 MPa, corresponding to a self-healing efficiency of 93.78%. The excellent
self-healing capacity and high mechanical properties of SSPU were attributed to the synergistic action of

multiple dynamic interactions of disulfide bonds, oxime bonds and hydrogen bonds.

Key words: oxime group; disulfide bonds; polyurethane; room-temperature self-healing; functional
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Table 1 Formulation of self-healing polyurethanes
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after 48 h of self-healing

ME 7 ik 2 v LA BEZE SS FH K 0~12 mmol )
FIHE R, SSPU BRAY Jt 4 v Ak B Se 3 KIS /N . iX
R, SS BARHA RGN, A4 BD & TIB
ML, AR REGYN )2V ReE B R
I, fERABFIMALE SS (3~6 mmol ) B, &4k
SEAAN S AR/ [HREfE BD 43 A B nsr i, 2
WA GHR, RECREYN 2R, B
% SS HH (6~12 mmol ) M4k N, Stz AN
2Dk D, BN F S G RCRAS B UM S
Bk, FEEEMEEERD, Hit, B4
Y B 7 A o B ARG o PR T S X % T A D i
THET BN PEIG N, [R5 5 R Ak W AE = R R i

FIac e LA o T AR A S ERE IR & . Y
n(BD) : n(SS)=6 : 6, Bl BD 1 SS fl ¥4 6 mmol
if, €0 SSPU-3 JEAHIHIEE A 18.15 MPa, 1ILT
n(BD) : n(SS)=9 : 3 #l# Y SSPU-2 (21.71 MPa),
TEZE IR T A4S 48 h, SSPU-3 Piffsm BEk & 2 5t i
17.02 MPa, H k%] 93.78%.

& 8 J°% FH Gaussian16 4 F1 Multiwfn 72531
BAL R T R SR ) R S R RS fE

ZHANG %5 B2F 52 7 f5 &0 8 0y w3 ok
BRUTON Z:B3Ifff 55 % B, BD 7E4% RS T K8
TR A . K BD 51 AREE R A YEER
PP AL T = 5 A SR A2 A X X FR 4G R i SR
FE AN AT LR PR 4 22 B B D S ol 3 5 1 2E Bk
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Tl 52 BRI A e (34.06 kI/mol ), Hil5
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Table 2 Mechanical properties and self-healing properties of polyurethane samples with different chain extender proportions

ity 2E e RE B4 48 h J1FrERE
n(BD) : n(SS) SSPU [ H R/ %
$r 58 B /MPa WA /% $r 58 B /MPa WA /%

12:0 SSPU-1 19.30 707.0 12.99 569.8 67.31
9:3 SSPU-2 21.71 754.7 16.97 639.7 78.17
6:6 SSPU-3 18.15 830.7 17.02 810.3 93.78
3:9 SSPU-4 13.07 899.7 12.68 886.3 97.02
0:12 SSPU-5 8.35 974.3 8.26 966.3 98.92
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