NSG Found. Mat. Sci. Eng. Rep.

8% - BN T RN % M S L7z A SR
Nl a— MERORS

HOERY: KRB aEME Y 27 20 %88 & H
Self-healing Hard Coatings Based on Organic-inorganic Hybrid Nanoparticles

Hideharu Mori
Graduate School of Organic Materials Science, Yamagata University

VARG X AR - AN T Y kTR WA BOBERIN— Fa— M
BERB Lz, SEEOT VIV EAT AL I —IVER Y IVE RS+ 39 Uk 1
(SQ-NPs) # A L. BRALEINAGHR SREHATERIC X 0 HEBEIINA 7Y v FIEZIER L
720 HFIZ, FATNENEEZETENA T v FIZBOWTIREIF2 B OBEEE 2R L
72e AITI=NELET ) L= MNERET DIV R AT 4 FH R & 7B
RINA T FEOTEBIZ S KT L7,

In this study, we developed self-healable hard coatings based on organic-inorganic
silsesquioxane nanoparticles (SQ-NPs) hybrids. Three SQ-NPs having imidazole and
different alkyl groups were synthesized, which were used for the site selective complexation
with zinc species to afford self-hearable hybrid films. In particular, the zinc/imidazole-based
hybrid prepared from the methylimidazole/thioether-containing SQ-NP exhibited good self-
healing properties. Photocurable hybrid films were successfully prepared from the
methylimidazole/acrylate-containing SQ-NP.
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Fig.1 Strategy to fabricate self-healing hybrids using imidazole-containing dual-functionalized
silsesquioxane nanoparticles (SQ-NPs): (a) synthesis of SQ-NPs having various alkyl chains and
metal complexation, and (b) synthesis of UV-curable SQ-NPs and SQ based hard coating.
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Fig. 2 Synthesis of imidazole-containing dual-functionalized silsesquioxane nanoparticles (SQ-NPs) and
fabrication of self-healing hybrids by complexation with ZnCl,.
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Fig. 3 Formation of zinc-complexed hybrid film and observation of self-healing behavior
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Fig.4 (a) Preparation of photocured self-healing hybrids using imidazole/acrylate-containing silsesquioxane
nanoparticles (SQ-NPs). (b) FT-IR spectra and (c) AFM image of the photocured hybrid.
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Fig. 5 Time-dependent change in AFM height images (z-range = 1,2 nm) of the zinc incorporated
photocured hybrid film in the vicinity of the scratch. The sample was heated at 100C for (a) 0 min
and (b) 4 h.

4. HEER

4 3 &V =)V Mo ERLZ R L7z HOBEREREZ V2 25+ 39 ki1
(SQ-NPs) IZHE AT 5 Z & THHE L MRRO M Z 52292583 5 HOBER N~ Fa
— MBI EZBRE L, COREZHHL T, UMSNTHRAF0CTEETAHI LT
SEEEAHS 80% FEEEINIIE 9 5 HCABERI AR - AR A 7)) v FME ORI ERML T
570, RIFFETHIESNANA 7Y v HEHZ, TIVXVEME TENVT 7 X SQ B &EA
KOFENFIRME (RN AT AR ) . BAF 2 B 2 55 5 M0 IS B A 25T BE. JLilifb 7 o
202D BB AR, LAY 2 72 EUR & F B R S F T CRE A A RE 2 & O %F
MAEFO, IO EZRKBICHEHN LILHEOBWHCBERI N, 7Y v N E o
FHEst Ot L FEHLE HIE L T <,

5

ﬁ!l

. it
ABFZEIE PR 30 4FFE H AN A8 2B & OM ek 2 217 TIT 2 728 DT H
%o AP0 X D EHEL 9

6. SEM

1) A. Campanella, D. Doehler and W. H. Binder, Macromolecular Rapid Communications
39, 1700739 (2018).

- 187 —



2)
3)

4)

5)
6)

7)

() HARBRS AR T8R4, 39 (2021)

Y. Yang and M. W. Urban, Advanced Materials in Interfaces 5, 1800384 (2018).

S. Shibasaki, Y. Sasaki, K. Nakabayashi and H. Mori, Reactive & Functional Polymers
107, 11-19 (2016).

Y. Sasaki, S. Shibasaki, C.-T. Lo, K. Nakabayashi and H. Mori, Colloid and Polymer
Science 296 (6), 1017-1028 (2019).

D. B. Cordes, P. D. Lickiss and F. Rataboul, Chemical Reviews 110, 2081-2173 (2010).
P. P. Pescarmona and T. Maschmeyer, Australian Journal of Chemistry 54, 583-596
(2001).

Y. Sasaki and H. Mori, Materials Chemistry Frontiers 4, 2655-2664 (2020).

- 188 —



