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Self-Healing lonic Elastomers that Exhibit Good Mechanical Properties
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Combination of the strength and self-healing speed is the critical issue for
self-healing elastomers. In this work, effects of the molecular structure of the ionically
crosslinked cis-polyisoprene (Pl) elastomer on the morphology, mechanical properties, and the
self-healing behavior have been studied. In this elastomer, ionic groups attached to the polymer
chains form ionic aggregates, and these ionic aggregates act as the physical crosslinks. In this
elastomer, the ionic groups are hopping between 1onic aggregates at room temperature. Namely, the
ionic network dynamically rearranges. We found that the increases in the ionic group content and the
molecular weight enhance the mechanical properties but reduce the self-healing rate of the
elastomer. On the other hand, we also found that strong mechanical properties and autonomous
self-healing capability at room temperature are combined via coexistence of ionic crosslinks and
crystalline components provided via blending with trans-PI.



10 MPa

CPI

TPI

CPI

1 MPa

85 90%

CPI

100

CPI

BL-6A

CPI



SAXS

27 +1 64
COOH 7/ mol% /%
PI1 12 400 1.05 N/A N/A
PI1(2.5)86Na 2.5 86
P(12)8Na 2 85 ...
PI2 96 900 1.04 N/A N/A
PI2(2.7)90Na 2.7 90
PR2AABSNa LA 8
PI3 500 000 122 N/A N/A
PI3(1.6)90Na 16 90
5
99% (TPD) 331000
8.16 1.6 mol% 90%
TP1-90Na 80% CPI
91800 1.07 1.6 mol%
90% CPI1-90Na
Blend-n n  TPI-90Na
CPI 4
CPI PI1 PI2 PI3
CPI1 85 90%
CPI
CPI SAXS
Cooper
6
CPI
109 T T T
s b —pr2 (A
= —— PI2(1.4)85Na
CPI =10 —— PI2(2.7)90N4]|
O] | il i
CPI
CPI
25
S o o Exp.
G 2 Sim.
E\%/\ PI2(2.7)90Na '
2 S 2 ]
Q PI2 = L ]
E m‘ 1 T 1 1 ) 1 1
2 3 4 5 966 0 100
g/ nm T/
2 SAXS 4 3 A)
CPI G' (8 ¢" C
tand 4
Cooper

CPI



CPI1 _
100 mm min*

PI2(1.4)85Na PI13(1.6)90Na PI3(2.7)90Na

27 £1 64
CP1
CPI
A
( )20 ‘ :
o PI2(2.7)90Na;
< /PI2(1.4)85Na
= PI3(1.6)90Na ,/
w10— I ok i
w 4 /
g
7]
' ' % 1000 2000
20L& ' ! PI2(2.7)90Na 1 Strain / %
5 %01 [, PI2(0.4)88Na ] (B) .
= |0 s PI2(1.4)85Na PI2(1.4)85Na =
810‘ Strain / % i
= PI3(1.6)90Na PI2(2.7)90Na [H
2 PI13(0.7)88Nal
PI3(1.6)90Na [N
% 500 1000 1500 0 20 40 60 80 100
Strain / % Healing Efficiency / %
4 5 (A
_— 4 _—
4 27 =1 64
(B)
5
CPI-90Na  TPI-90Na
DSC X XRD DSC TPI1-90Na
56 XRD TPI1-90Na
CP1-90Na DSC
DSC XRD
Xc
TP1-90Na
TPI1-90Na 50 . - ; ’9
XRD DSC 4oL O DSC
® WAXD
© 30F A
DSC =, 20 L7 7 J
P | ,,® P ]
XRD 10} ,fQ 1
2 e
G860 50 00
) ) TPI-90Na / wt%
6 DSC XRD
5
TPI-90Na €

CP1-90Na



28 Blend-20  CPI-90Na 7

27 +1 48
TP1-90Na TP1-90Na
20wt% CP1-90Na
CP1-90Na
‘ " TP1-90Na
20wt% « ”
TPI  30wt%
CPI
DFED
DEBKAE BROBE | |
= K b = F '*.U;’
TPI-90Na |
Blend-30 FFH 1
Blend-20 I F—3— 97 2 =8 BT |
Blend-10 BH ekl
Blend-5 B ‘ - _
CP|-90Na—-—I 1 St
0 20 40 60 80 100
Healing Efficiency / %

Q) 2020.
(2) Yang,Y.; Urban, M. W. Chem. Soc. Rev. 2013, 32, 7446.

(3) Miwa, Y.; Kurachi, J.; Kohbara, Y.; Kutsumizu, S. Commun. Chem. 2018, 1, 5.

(4) Miwa, Y.; Kurachi, J.; Sugino, Y.; Udagawa, T.; Kutsumizu, S. Soft Matter 2020, 16, 3384.
(5) Miwa, Y.; Yamada, M.; ShinkeY.; Kutsumizu, S. Polym. Chem. 2020, 11, 6549.

(6) Yarusso, D. J.; Cooper, S. L. Polymer 1985, 26, 371.



5 5 0 1

Miwa Yohei Yamada Mayu Shinke Yu Kutsumizu Shoichi 11

Autonomous self-healing polyisoprene elastomers with high modulus and good toughness based on 2020

the synergy of dynamic ionic crosslinks and highly disordered crystals

Polymer Chemistry 6549 6558
DOl

10.1039/d0py01034k

Hayashi Mikihiro Obara Haruna Miwa Yohei 6

Design and basic properties of polyester vitrimers combined with an ionomer concept 2021

Molecular Systems Design & Engineering 234 241
DOl

10.1039/D1ME00002K

Miwa Yohei Taira Kenjiro Kurachi Junosuke Udagawa Taro Kutsumizu Shoichi 10

A gas-plastic elastomer that quickly self-heals damage with the aid of C02 gas 2019

Nature Communications 1828-1 6
DOl

10.1038/s41467-019-09826-2

Miwa Yohei Kurachi Junosuke Sugino Yusuke Udagawa Taro Kutsumizu Shoichi 16

Toward strong self-healing polyisoprene elastomers with dynamic ionic crosslinks 2020

Soft Matter 3384 3394

DOl
10.1039/d0sm00058b




Miwa Yohei Koike Manato Kohbara Yu Kutsumizu Shoichi

197

Effects of fatty acids having different alkyl tail lengths on rigidness of the shell region
surrounding an ionic core and mechanical properties of poly(ethylene-co-methacrylic acid)
ionomer/fatty acid blends

2020

Polymer

122495 122495

DOl
10.1016/j . polymer 2020122495

41 13 1
2020
2020
2020
2020
2020

2020




2020

2020

69

2020

69

2020

69

2020




69

2020

69

2020

69

2020

2020




co2

10 CSJ 2020

2020
Co2

2020
2020

28
2020
Part 3

2020




31

2020

31

2020

31

2020

2020




FAMCO

R&D

2021

92

2021

68

2019

68

2019




68

2019

68

2019

68

2019

68

2019




68

2019

co2

68

2019

68

2019

399

2019




Yohei Miwa, Kenjiro Taira, Taro Udagawa, Shoichi Kutsumizu

An lonic Silicone Elastomer that Quickly Self-Heals Damage with the Aid of C02 Gas

2019 Malaysia Polymer International Conference

2019

50

2019

32 in

2019

32 in

2019




co2

32

2019

32

2019

co2

28

2019

29

MRS

2019




co2

13

2019

2019 2

2019

2020




