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Development of self-healing thermoelastic polymers having disulfide bonds
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Self-healing is one of the most attractive functions of living bodies and
endowing industrial materials with a self-healing function increases their durability, safety, and
reliability. In this study, hard-soft multiblock copolymers containin? disulfide bonds were
synthesized as novel thermoplastic elastomers having self-healing ability. The healing ability of
the polymer films were evaluated by tensile tests and microscopic observations. Over 90% of the
elongation at break of damaged samples was recovered by UV irradiation at the damaged cite. The
healing ability was strongly dependent on the disulfide content in the multiblock copolymers. Both
disulfide exchange and crosslinking reactions occurred during the healing process. This study gives
a new concept to design the self-healing thermoplastic elastomers.
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Fig. 1 'H NMR spectrum of poly (ether
sulfone) -poly (alkylthioether) multiblock copolymer.
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Fig. 2 GPC curves of thiol-terminated poly(ether
poly (ether

sulfone) oligomer and

sulfone) —poly (alkylthioether) multiblock copolymer.
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Fig. 3 AFM phase image of poly (ether

sulfone) —poly (alkylthioether) multiblock copolymer.

Endotherm
e .
]
!
!
i
i
i
i
i
H
I
i
1
i
H
H
i
I
H
H
'
i
i
1
i
i
i
i
\
'
\

-100 -50 0 50 100 150 200
Temperature [°C]

Fig. 4 DSC curves of thiol-terminated soft segment and
poly (ether sulfone)-poly(alkylthioether) multiblock

copolymer.
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Fig. 5
sulfone) -poly (alkylthioether) multiblock copolymer.

Stress—strain curves of poly (ether
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Fig. 6 Effect of UV irradiation time on recoverty and

healing efficiency.
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Fig. 7 C NMR spectrum of poly (ether sulfone)-poly(alkyl
disulfide) multiblock copolymer.
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microscopic images of poly(ether

sulfone)—poly(alkyl disulfide) multiblock copolymer.
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Fig. 9 Relationship between UV irradiation energy and
poly (ether

recovery of elongation at break of

sulfone)—poly (alkyl disulfide) multiblock copolymer.
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TABLE 1 Tensile and healing properties of PES-(PDODT-PHDT) multiblock copolymer films.

Types Tensile Elongation
of Damage Condition Strength [MPa] at Break [%]
Original 0.121 (+ 0.016) 437 (£32)
Notch Notched 0.065 (+ 0.004) 251 (£ 14)
UV irrad. 0.110 (+ 0.015) 409 (£ 24)
Cut Contact 0.045 (+ 0.005) 52 (£18)
UV irrad. 0.105 (+ 0.010) 407 (£ 4)

# Calculated by dividing the elongation at break of “Notched”, *Contact” or *UV irrad.”
by “Original *

Young's Recovery” Healing
Modulus [MPa] [%6] Efficiency” [%)]
0.474 (+ 0.060) -

0.474 (+ 0.058) 57.4 -

0.305 (+ 0.049) 93.6 36.2

0.491 (£ 0.044) 1.9 -

0.359 (+ 0.020) 93.1 81.2

b Calculated by subtracting "Recovery” of “Contact’ from “Recovery” of "UV irrad.”
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