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Abstract Silicone rubber has excellent properties such as temperature resistance, corrosion resistance.,
and radiation resistance, and is widely used in electronics, aerospace, automotive industry and many other
fields. In the process of long-term use, silicone rubber will be damaged by various factors, resulting in
material properties degradation, seriously affecting the reliability and service life of the material. Intrinsic
self-healing silicone rubber can be healed through reversible bonds between molecules. Because of the dy-
namic reversibility of the bonds, it can be repeatedly broken and reassembled, so the intrinsic self-healing
silicone rubber does not need to add any repair agent and can achieve multiple repairs. This article briefly
introduces the research progress of intrinsic self-healing silicone rubber from two aspects: preparation con-
ditions and healing conditions. It deeply explores the structural design, repair conditions, repair mecha-
nisms, advantages and disadvantages of silicone rubber with different crosslinking networks, and pros-

pects its future development.
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Fig. 4 (a) Synthesis of PVMS-BET-Zn copolymer® ; (b) the photo-crosslinking process of B-DCSE elastomer™"*!
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Fig. 8 (a) Self-healing via dynamic imine bonds in the SSH-PDMS™*; (b) structure of PDMS/MWCNT elastomer'* ;

(¢) schematic illustration of the HPDMS synthesis and the self-healing process™"!
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Fig. 9 Schematic diagram of self-healing mechanism of (a) SS-PDMS-DH elastomer-"'- and (b) Al-ss elastomer
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Fig. 10 Self-healing mechanism of (a) damage and repair process involving the hydrogen bond in PDMS, -AD, elastomer
[34],

[33]

(b) hydrogen bonds crosslinking structure of MVSR-UPY elastomer-"*'; (c) preparation process

and structure of PDMSPU elastomer'*
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Fig. 11 Crosslinking network structure of (a) SiR-X"® and (b) SiR-SN% elastomers
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Fig. 12 (a) Self-healing mechanism of the DA-PDMS elastomer™ ; (b) the crosslinking network structure of DA-PDMS-PU
elastomer™” ; (c) self-healing mechanism of the PDMS-PU elastomer™” ; (d) transesterification-based dynamic

bonds’ associative exchange reactions in VPDMS elastomer™*]
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Fig. 13 Schematic diagram of self-healing of (a) TA-PDMS-Py-Fe"** and (b) PDMS-IP-SS-UPy™* elastomers
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Fig. 14 (a) Schematic diagram of light-healing process of Zn(abpy),-PDMS elastomer*¥ ; (b) schematic diagram
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Fig. 15 (a) Dynamic bonds and self-healing process in PDMS-SS-IP-BNB elastomer™; (b) three kinds

of hydrogen bonding interactions and interchain hydrogen bonds in A;-B, elastomer™*?
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Table 1 Self-healing time and efficiency of silicone rubber under different heal conditions

Self-healing

Self-healing
Dynamic bonds Matrix Self-healing time
conditions efficiency (%)
PDMS-Pua 100 s 98
Hydrogen bonds
PDMS-MPI-HDI 48 h 85
Co-PDMS@ZIF-8 — 99.9
Coordinate bonds
Py-PDMS-Co 24 h 91
Hydrogen and PDMS-TDI-Al 36 h 90
Room temperature coordinate bonds PDMS-U/PDMS-C, ,/Zn*" 8 h 98
self-healing SSH-PDMS 2h 96
Imine bonds PDMS/MWCNT 1h 94. 3
HPDMS 1h 67.33
Disulfide and SS-PDMS-DH 24 h 91.1
coordinate bonds Al-ss 48 h 97
PDMS,-AD, 8h 90
Hydrogen bonds
MVSR-UPY 12 h 92.5
PDMSPU 10 h 60
Hydrogen and ionic bonds
SiR-X 3h 90
PMS-g-COOH 5h 115
DA bonds
Thermal responsive DA-PDMS — 88
self-healing DA-PDMS-PU 4 h 85
Disulfide bonds
PDMS-PU 3h 97
VPDMS 15 min 84
Transesterification
TA-PDMS-Py-Fe 12 h 91
Disulfide, hydrogen and PDMS-1P-SS-UPy 4 h 92
Photo-responsive Zn(abpy),-PDMS 24 h 90
; Coordinate bonds
self-healing TA-CN/PDMS 3h -
Hydrogen and pH = 0 heal for 24 h 88
Acid and alkali responsive PDMS-SS-1P-BNB
disulfide bonds pH = 14 heal for 24 h 84
self-healing
Hydrogen bonds A,-B, 48 h 85
6 h in water 85.5
Multi-responsive Hydrogen, imine and
PDMS-X 12 h in air at RT 91.6
self-healing boron oxygen bonds

15 min in air at 100 °C

95.1
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