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Preparation and Performance of Self-healing Polyurethane with
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Abstract: A series of double-crosslinked polyurethane elastomers were prepared by physically crosslinking a single-
crosslinked network of reversible disulfide-bonded polymers and a single-crosslinked network of reversible Fe''-
coordination-bonded polymers. Through this, reversible double-crosslinked network interlocked self-repairing
polyurethane materials were obtained and named as FSN. This kind of material utilized the disulfide bonds in the
reversible double bond network and the metal coordination bonds in the Fe''-coordination-bonded network to
interpenetrate and interlock, thus forming a reversible double crosslinked network self-repairing elastomer material with
the synergistic action of the two single crosslinked networks. The self-healing ability and mechanical properties of the
double crosslinked networks were investigated, and the experimental results showed that the mechanical stress of the FSN
network reached 3.5 MPa, and the self-healing efficiency of the polymer was more than 80%. This result demonstrates
that there is a synergistic effect between the two single-crosslinked networks, which results in a significant increase in the
mechanical properties and self-healing ability of FSN over a single reversible polymer network.
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Tab. 2 Proportion of HB-FN molar quantity and crosslink
density of FSN before and after acid hydrolysis
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/% B2 /%
FSN-1 1 0.2 16.7 19.2
FSN-2 1 0.4 28.6 23.4
FSN-3 1 0.6 37.5 427
FSN-4 1 0.8 445 35.6
FSN-5 1 1.0 50.0 35.7

19



SE 35% 41 PR S T R (

(a) 5

—s— HB-SN
—s— HB-FN
ar —a— FSN-1
& —v— FSN-2
S 3t —+— FSN-3
= «— FSN-4
E
E 27
:{’a
1 L
O v 1 1 1 1 1 1
0 100 200 300 400 500 600 700
e
(b) ;¢ 110
I 7 A J
o | I )T 125
<
a .
= E
I >
= =
N R

HB-FNFSN1 FSN2 FSN3 FSN4 FSN5SHB-SN

—s— HB-SN
—e— HB-FN
4r —4— FSN-1
—v— FSN-2
—+— FSN-3
—«— FSN-4
—»— FSN-5

Ff1; F1/MPa

0 100 200 300 400
P AR AR /%

& 4 (a) HB-SN.HB-FN #1 FSN-1/2/3/4/5 B & #1#Y Rz

N-RE i %%; (b) REWAIEEREFFME; () HB-SN,

HB-FN #1 FSN-1/2/3/4/5 ZTE L fx KL% (0-400%) T#I
LR fin - ED K b 2%

Fig.4 (a) Stress-strain curves of HB-SN, HB-FN and FSN-
1/2/3/4/5 polymers; (b) Elastic modulus and toughness of
the polymers; (c)Tensile loading-unloading curves of
HB-SN, HB-FN and FSN-1/2/3/4/5 at their
maximum strain (0-400%)

B J7. Mo, LA FSN-3 il FSN-4 1Y J1 2 fif b %8
i, HRAR5E B 3.5 MPa, =T P B B I 45 iy
T3 BN, GEB A 2% ) A7 AR — R BRI A, PRk
458 7 FSN By pERE. il 4(b) Bz, FSN-3 #Y
B 5 BEIA 3.66 MPa, 3P 5 1.12 MPa, )4
21 MI-m 74 VA5 15 3K 420%, TIE 91 R LA
T FSN (4 J1 22 VERE T SE BRI, AR HRRIZCR . 2R

20

R

i, LA 8% HB-FN i 225 S8 0 48 R 58 % |
N5 ARANES . R IS, B AR g o R,
1k FSN JJ 271 BRRS~F- 7 5 1~ X1 25 LE 191

Kl 4(c) on Hh R AW n 8- 4 ih 28, A E A
By B Je o0, RUIFTERBRAFERL. L, FSN-3 &
P28 1] LAAE 0~400% 114 1 2% 5 BBl A A fir fh, BLAT
e KA i R g 58U, 1T FSN-1, FSN-2 il FSN-
5 B IS IR 3K TR FSN-3 A4 4%
FLA e s, T AETE B 22 10 55, 5 B Fe® i fiz
HERIREL, B E AR, BT R— R
T B, AH A FSN ARG Hir Rl Ze iy T AR N |
28 S, AN PR SZ B W) 4% ()7 7E — E 1Y )
YEH .
24 BEEMEESH

& 5(a)~(c) 7" T HB-SN., FSN-3 il FSN-4 &
W T AR LR, £ 80 C R, WFRAF
A EFEN(2, 6 F1 12 h) B EIENL . IR Es R R,
15 80 °C 414 T, HB-SN [ RIJEFE 12 h I %A W
BRI, K2, FSN-3 Fil FSN-4 ({74
JE 12 h RSPl — B2 1 A, U] i S Fe™
BCAL S AAS 2 T U RIFEH], fif FSN APRLZ 15 fig
Ml AR, KA A, MIRAFRST FSN ik
R AR BE T, B MEESIRAE S 143 5, 76 80 C T
fifi U] Bk R A (81 5(d)) . WA 12h
J, B A R B A IR PR RS B, BE AR Z HL AR,
FFRVEB N R IR 500 g ALY

B ROk, B A G R A D T h A g ml i
HABE R Wk 3 Fiow, B B i W 24 AR &
2R FAg LA 1 1 3 I GRS A 60%. L,
FSN-3 Fll FSN-4 H{& 52 2408185 80% LA b . XA
HX 2% FSN B R 1 OL T3 — I 2%, PR RE S5 14
TP RN B R, S WRSORN 3 1A T, DT 2R3
WA A R FME S e 1. FSN R 51 A i B
ZA AR 2R L 4%, X B AE FSN PN ERA7TE
ZR A BRI FEAER . S E, 8 X
FSN M) 2%  SBR G5 | J12- Pk Re A H A s PEne
(53T, I BA 5 1 B SR B ) 246 38 ) A 3] T el g
MR W4 B R &R, v oI kst AR
FERRIZMEHR IS

3 Hig

3 3o Bl ) A DI 4 e B T N 245 R
ZRRH L AR, AT — T A S I I 265 SR 45 1)



E 55, A5 n] OSSR R 4 A SR R R A i A5 PR RERT ST

(b)

(¢)

(d)

& 5 iR E RS E R (aQ)HB-SN. (b)FSN-3. (c)FSN-4. (d) #F FSN-3 g5 51581t i2

Fig.5 Self-healing photos of elastomer samples: (a) HB-SN; (b) FSN-3; (c) FSN-4;
(d) damage and healing process based on FSN-3

& 3 AAHEERINFIERE
Tab. 3 Mechanical properties of samples before
and after healing
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JL7E/ %o [ Jj/MPa
HB-SN  418+42 273433 3.39+0.24  2.51+0.28
HB-FN  614+34 553429 0.61+£0.07  0.41+0.06
FSN-1 244+37 190+13 1.67+0.25 1.06+018
FSN-2 132412 118+14 1.40+0.14 1.16+0.15
FSN-3 410£10 324424 3.47+0.33 2.75+0.37
FSN-4 207+13 167+6 2.46+0.26 1.76+0.19
FSN-5 233429 69+7 1.05+£0.12  0.77+0.09
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