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Abstract: Multiple hydrogen bonds are a kind of supramolecular interactions with high bonding strength and dynamic re-
versibility, which can form physical cross-linking networks in linear polymers to improve the mechanical strength of materials
and endow them with good self-healing ability. Polyurethane with multiple hydrogen bond physical crosslinking structure was
synthesized from polytetrahydrofuran, hexamethylene diisocyanate and 2, 4-diamino-6-hydroxypyrimidine. When the molar
ratios of polytetrahydrofuran and chain extender 2,4-diamino-6-hydroxypyrimidine were 7:3 and 5:5, supramolecular polyu-
rethane elastomers with mechanical strength and self-healing ability were obtained. The chemical structure and basic proper-
lies were characterized by '"H-NMR, IR, gel permeation chromatography, differential scanning calorimetry and rheological
test. Comparison of the mechanical and self-healing properties of two groups of elastomers revealed that the different compo-

sition altered the physical crosslinking density of multiple

N hydrogen bonds and the mobility of the molecular chain.
KRB 2021-12-30 fEE B 2022-02-23 When the mole ratio of polytetrahydrofuran and chain ex-
E2WA: EEXARFAREIH (52173117) ; L#gh A AR tender was 7: 3, material had higher elongation at break

4T H (20ZR1402500) (1280% ) ; when the molar ratio was 5:5, the material had
w5, B, 1996 454, Wi-EHFEE better deformation recovery ability during cyclic stretching,
BITUES. W, B 1978 4F4E . %5, Mk S0 and the stress relaxation was slower; both groups of elasto-

mers showed definite self-healing ability at 60 °C.
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Table 1 Materials ratio of SPU synthesis

Sample name Molar ratio m/g my/g
SPU-S3 3:7 3.0000 0.8828
SPU-S5 515 5.0000 0. 6306
SPU-S7 7:3 7.0000 0.3784
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Fig. 1 Reaction equation of SPU synthesis
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Table 2 Molecular weight and polydispersity index of SPU

M,/ (g/mol) PDI

Sample name

SPU-S3 1.01x10° 2.48

SPU-S5 1.72x10°

SPU-S7 2.58x10°
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Fig. 2 Basic structure and performance characterization; (a)H-NMR spectrum, (b)DSC calorimetry, (c)FT-IR spectra, (d)Rheology test
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Fig. 3  Stress-strain curves of SPU: (a)simple tensile test, (b)cyclic tensile test of SPU-S5, (c¢)cyclic tensile test of SPU-S7
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Table 3 The relaxation time of SPU under different strains

Sample Relaxation time Relaxation time
name 7/5(25% strain) 7/5(100% strain)
SPU-S5 509. 6 605.5
SPU-S7 163.3 279.5
16} [b]
=" ’
PPad )
o 12F L.-" Y/
o e )
> g '1'
‘\,2 Pad ) 71/
8 08f Z/ )
) / / I
, y 7
04} )/ S
, 9
" / Origin
e A, /'/, z - = Recovery|

0.0 b L 1 L
0 20 40 60 80 100

Strain/%

El5 955 IE fe I N J-RAE 2k . (a) SPU-S5, (b)SPU-S7
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3.3 BHTREEEETNAEEY

22 F SR I 45 11 s 25 58 et S T A R IT A B Y
fit )1, SPU-S5 Jz SPU-S7 7E 60 °C HLAH rhm#in & 48 h 5
BRI 2L 45 H B 7R, SPU-S5 5 SPU-S7 Ay 2 K

RIYBIRE R T IR 45. 1% +3. 2% F 60. 3%+4. 1%, $i
MR 3 K 2 BN W IR 1Y 84. 0% +2. 0% F 52. 9% +2. 4%,
WIS T —2 i A A HE 1 (& 6a 1 6b)

1.2

| [— Original
- — -~ Healing 48h

0.8r

\

Stress/MPa

04}

SPU-S5 a

0.0 A A L |
0 50 100 150 200
Strain/%

SPU-S7

healing point

SPU-S5

SPU-S7 b

|— Original
- - -Healing 48h

Stress/MPa
N

0 300 600 900 1200

Strain/%
break point
1cm

Ko SPUBIEAEEYE: (a, b) WIMHERGMASREANLIMWTRN -0 B M, (o) Ba (L8 S HL TR B ART

Fig. 6 Self-healing ability of SPU under the heat: (a, b)stress-strain curves of origin sample and sample after healing; ( c)healing

point and break point during tensile test



552

5 RAE, T ZHAMMN ABE I T RAN LA 141

NT B2 AR RS AT e, FEAE S T
AT THARIC (Il 6¢) o SPU-S5 AL BRIR ¢ A= 78 Z T ) A
AL, RIS, SPU-ST Bl
IR KA ORI @ a AL, o & A AE Je Bk, A]
RESE 1 TR BB e T 1l 55 1 0 B A2 B B9 S ~E e RE, T
JUIBTTET SR LA BB B A, X T SPU-ST i9BE B
Refkizghfe e, T RISCEBUE A ARG,

4% %

AW T — LA 2, 4- G - 6- Y2 JL R 1 Sy i 4%
5 DU U | 7S R 3 R AR A R A5
ST RAEAFEG, LT 48,

(1)l 2,4- 8 FE-6-F2 FLma g 4 4 A A5 51 2 IR
FLBEWERR (UPy ) £5 44 1 SR A B L M4, UPy [H] ) 2 8 &
HEAE R R i Y B S sC B M 4, kR B R
GF 1 RE K A B M

(2) MRHE BB 3K 25 S 36 W OR [ 9 6 771 5 o 2 X 4
BRI FI2E R AR ™ A — a5, ] Ry A e AL R
WIS

SEXHE  References

[1] WHITE S R, SOTTOS N R, GEUBELLE P H, et al. Nature[J].
2001, 409 (6822) : 794-797.

[2] WU Y B, WANG L, ZHAO X, et al. Biomaterials[J], 2016, 104.
18-31.

[3] ZHANG L Z, LIANG J H, JIANG C Y, et al. National Science Re-
view[J], 2021, 8(5) : nwaal54.

[4] ZHANG L Z, LIU Z H, WU X L, et al. Advanced Materials[J],
2019, 31(23): 1901402.

[5] PEPELS M, FILOT I, KLUMPERMAN B, et al. Polymer Chemistry
[J], 2013, 4(18) ; 4955-4965.

(6] FIwiE, 25 fLAidR(J], 2004(2) : 124-131.
BAI B L, LI M. Chemistry Bulletin[J], 2004(2) ; 124-131.

[7] SONG Y, LIUY, QI'T, et al. Angewandte Chemie International Edi-
tion[J], 2018, 57(42) ; 13838-13842.

[8] RONG J C, ZHONG J, YAN W L, et al. Polymer[J], 2021,
221; 123625.

[9] WANGF F, YANG Z J, L1 J, et al. ACS Macro Letters[J], 2021,
10; 510-517.

[10] CHEN X, ZAWASKI C E, SPIERING G A, et al. ACS Applied Mate-
rials & Interfaces[ J], 2020, 12(28) ; 32006-32016.

[11] BEIJER F H, SIJBESMA R P, KOOIJMAN H, et al. Journal of the
American Chemical Society[J], 1998, 120(27) ; 6761-6769.

[12] CHENG C C, CHANG F C, CHEN J K, et al. RSC Advances[]],
2015, 5(122) ; 101148-101154.

[13] YAN X Z, LIU Z Y, ZHANG Q H, et al. Journal of the American
Chemical Society[J], 2018, 140(15) ; 5280-5289.

[14] CHENS, SUN L J, ZHOU X J, et al. Nature Communications[J],
2020, 11(1); 1107

[15] FAN C J, HUANG Z C, LI B, et al. Science China-Materials[J],
2019, 62 (8); 1188-1198.

(%% k@)



