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Tab.1 Raw materials feeding ratios, chemical compositions and molecular weight of four PUI samples

Sample Mole ratio of HMDI, Content of hard

Content of imine

name PTMEG andID segments/% bonds/(mmol- g") M10% M,10° FDI
PUL.5 1.5:1:0.5 33.8 0.6 1.4696 2.5865 1.76
PU2 2:1:1 43.1 1.1 1.8127 2.9769 1.64
PU2.5 2.5:1:1.5 50.2 1.5 2.1501 4.2352 1.97
PU3 3:1:2 55.7 1.7 2.1864 4.4002 2.01
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Fig.1 Synthetic routes of DIFFA,ID and PU samples

RN 10 C/min, I #4542 800 C o
134  H & E &% 5 47 (GPC) : 1E Waters1515 (3£
B VR AR5 1 A WD B 2 & s A BT . AR
75 AE DU Z R IR (CTHF, €838 2 A, 0.45 wm f L 3E
I 3o, W M 79097 B 1.0 mL/min, B 205 NFREE .
1.3.5 % 7% #4349 47 (DSC) : £ DSC-Q10 Y %
R R AACCERE TA A 3 A 7D ETERAAE
HHEAT AT . AR NEIRTEE] 160 C, R JE A H
£-65 C, f&FF 10 min, ff A —65 CTF £ 160 'C. Jt
TEL T ¥4 H1 33 14 20 °C/min .
1.3.6  F A9 £ A8 3K BRVEFE R AR 4 GB/T 1040.3—
2006 1 %, K~} 9 150 mmx15 mmx1 mm , $ {85 %
A 50 mm/min, 7E =R BT o BERRFE LMK 3 K, 4
RECFHME. BEEE N

=l 7, (1)
Ko, VIR R RN SR B oo —— 12 5 )5
FE IR Ao 98 5
137 XIR B 8RR QR B 5 T 1A e O LR
s (POM) bW 8. F J) A A6 3 E k 2% T &I
TN A O, AR N Ek = R B WS KR &

.

2 HR5HIE
21 ZWERBERBRIEEMEERNEHK

DIFFA, ID 1 & & g # v & 19 & p 2 3R W
Fig.1, % 0 B BT 43 W) 1 45 14 B 20 41 o6 3% A1 'H-NMR
T %€ (W Fig.2 M Fig.3) . Fig.2 Ay DIFFA Al 4% 7 ID
(2041 6 1 B, 3367 em! &b Dy B 11 4R AiF IR AL U
2933 cm! A1 1021 cm™ &b 43 Gl & PRI IR E=C—H 5
C—O—C MM %P5 1& . Fig.3 (a) , BRI 3K _E &
AL 2L RS 17 65.4~5.8,61.5 VA J& T —CH, {4k 22 47
¥ BENGYUE A5, 1643 cm 4b HY BILHT Y C=N 3R 3 W,
U 3306 cm A 1281 cm! 43 1) 6f o7 A7 B | 1) ) ¥4
FERN TS IR ) A, RN BRI Tl S A L T
KRAET B RA KB . Fig.3(b) 4 ID 19868.3 A ¥ [l i
AW AR, 9.8 X BN K IR E [ —OH, #f —
B UE T R B R AT

!

[}

1281

2000 1000
o/cm’
Fig.2 FT-IR spectra of DIFFA and ID

4000 3000



3 9
1 i
2
3|4 5|6
JJ L..JVL\__‘_J\Q\L
9 7 5 3
1)

Fig.3 'H-NMR spectra of (a)DIFFA and (b)ID
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Tab.2 Thermal properties of all the PU samples

Sample Ts/C T/C T./C Residue/ %

PU-1.5 304 360 422 1.2
PU-2 279 350 425 54

PU-2.5 274 338 419 6.2
PU-3 239 337 422 6.5
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Fig.4 (a) FT-IR spectra of four kinds of PU samples; (b) enlarged FT-IR absorption region
between 1760 cm™'and 1640 cm™; (c) calculated H-bonding indexes of the PU samples
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Tab.3 Mechanical properties and healing efficiencies of

PU2 sample at different healing temperature

Tensile strength/ Elongation at

Temperature/ 'C MPa 7:1% broak/% 7. %
30 0.51 43.6 880 52.7
50 1.06 90.6 1351 80.8
80 0.93 79.4 1451 86.7

Tab.4 Mechanical properties and healing efficiencies of
PU2.5 sample at different healing temperature

Tensile strength/ Elongation at

Temperature/ 'C Mpa) 7./% break/% 7. %
30 0.54 41.5 506 40.4
50 0.7 53.8 709 56.7
80 1.27 97.5 810 65.7
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Tab.5 Mechanical properties and healing efficiencies of

PU3 sample at different healing temperature

Tensile strength/ Elongation at

Temperature/ 'C 7:/% 7.1%

MPa break/%
30 0.44 13.7 191 38
80 2.08 64.7 325.7 65.1
120 2.8 87.2 436 87.2
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Preparation and Properties of Bio-Based Self-Healing and Recyclable Polyurethane
Elastomer Based on Dynamic Iimine Bonds

Zheng Pan, Qi Zhao, Yijiao Xue, Caiying Bo, Meng Zhang, Yonghong Zhou
(Institute of Chemical Industry of Forestry Products, Chinese Academy of Forestry,Nanjing 210047,China)

ABSTRACT: The preparation of self-healing polyurethane materials from renewable resources can not only meet the
needs of practical applications, but also match the green sustainable development strategies. Bio-based furandiamine
was synthesized from furfurylamine, and further reacted with vanillin through Mannich reaction to obtain Schiff base
containing dynamic imine bonds. The synthesized Schiff base was employed as chain extender and mixed with
polyurethane prepolymers, a polyurethane with self-healing and recyclability was prepared. The mechanical properties
and self-healing properties of polyurethane can be controlled by simply adjusting the ratio of soft and hard segment.
The formation of Schiff bases was demonstrated by NMR and IR. Then, the self-healing and recyclable properties of
the elastomers were systematically investigated by differential scanning calorimetry (DSC), polarized light resonance
microscopy (POM) and tensile testing. When the mole ratio of hard segment, soft segment and chain extender is 3:1:
2, and the elastomer is heated at 80 °C for 2 h, the self-healing efficiency can reach 97.5%. At the same time, the
existence of dynamic imine bonds enables the material to be recycled again at room temperature. All the results show
that the above-mentioned polyurethane elastomers have excellent self-healing efficiency and recyclable properties,
providing potential applications as promising bio- based Schiff bases in repairing the cracks quickly generated in
composites that require recyclability as well as sustainability.

Keywords: self-healing; recyclable; polyurethane; imine bond; bio-based



