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In this study, thin-shell surface observation, storage capability test, and micro-compressive test were performed for self-
healing microcapsules using a field emission scanning electron microscope (FE-SEM) and a micro-compressive testing
machine. A microcapsule having a melamine-urea-formaldehyde thin-shell and a microcapsule having a melamine-urea-
formaldehyde thin-shell reinforced with carbon nanotubes were used. Two carbon nanotube contents were considered: 0.17
wt% and 0.50 wt%. Thin-wall shell state was relatively smooth when microcapsules were not reinforced with carbon
nanotubes. It was uneven when microcapsules were reinforced with carbon nanotubes. Prepared microcapsules showed
little decreases of weights even when the exposure time was increased regardless of whether they were reinforced with
carbon nanotubes. Thus, their storage capability was good. When carbon nanotube content was the same, the fracture
load was almost constant without being affected by the diameter of the microcapsule. However, fracture displacement
increased with increasing diameter of the microcapsule. When diameters of microcapsules were similar, fracture load and
fracture displacement increased when carbon nanotube content increased. It was found that self-healing microcapsules had
good storage capability and mechanical properties. Thus, they could be applied to repair damage to composite materials if
thin-shell formation mechanism for adding carbon nanotubes is supplemented.
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Fig. 1 Schematic diagram of the manufacturing process

Solution { Solution
fee

DCPD+ENB

2. Dj0|A2 WS FIZ DAY Y
2.1 O|3Z2H= M= i

SAlheRE Fewe S vlelannase A4t
o} olnf] Etaufie B H SRGERS- 0.00, 0.17, 0.50 wi%2] 3 7
E uEsth Az e g REE Hrlele AXE
Aojsha mE FelshA 2 gstgch

Fig. 1o BhaLb B 871 e nlojaziee] Al 7y
o] el Qlth. AA], 100 mle] Z<=<=o] SDS (Sodium Dodecyl
Sulfate, Junsei, Japan)2 Y1l SDS 4888 vt=c} &4, SDS
Fgolof AL ERE Wy 22ul BAF|(VC505, Sonics
and Materials, USA)E o]-&3}o] etAh-%H _SDS &HS Tt
=t} AlA, 100 mle] Z<==of PVA (Polyvinyl Alcohol, Sigma-
Aldrich, USA)S 83[A|A HASA| H8+S sF= PVA $8H
S TkETh YA, 100 mle] Z<44of ekl (Melamine, Sigma-
Aldich, USA)Y} 3(Ed|3]=(Formaldehyde, Sigma-Aldich,
USAYE Egsto] vfat Sg7Ql Wepl-f-goh-25dts| =
TEHS THETE O, SR H-SDS 894, PVA 891,
A7 2AE Zgstal HCl (Hydrochloric Acid, Daejung,
Korea) =8el& o]gdto] holes=E 622 {FAAXIH.
o SR, 80°Coll 4 ik & Fe) WE AP RA A%
vlol 2@ S0l FAHY o) nolARALS BeYslol
AZA7)Y S FEo} B njolaziigo] dojAe

pa24

2.2 np|a==o| viat ArEt
vlolazzige] et AeE Bl Sle AR E6lTAL
ok 2ok AA, o eyl S HIRHAIE Bl ok vhol=2
ERES AT 24, HEdE o858k npo|azfles
A2 kg vlol @4l AHE A 2AE AT AL
A, W38 7] (JP/E-1010, Hitachi Technology, Japan)& ©]-&3}
L8} e AAEY =LA AL B ufo]Z 24 vt

ubg: Pk,



ro
H
0z
e
OH
Jor
o
Ral
=
N
o
rH
=
fob

January 2023 /73

e N

Microcapsule

Fig. 2 Schematic diagram of the storage capability test
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Fig. 3 Schematic diagram of the micro-compressive test
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Table 1. Diameter distributions of three types of microcapsules

Type 100 1004150 150200 <200
MWCNT _0.00 32 285 51.8 16.6
MWCNT 0.17 63 475 343 12.0
MWCNT 0.50 03 53.7 383 7.8
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Fig. 4 Thin-shell surface of microcapsules observed by FE-SEM
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Fig. 5 Measurement of thin-shell thickness of microcapsules

Table 2 Thin-shell thicknesses of microcapsules

Hm >100 >100-150 >150-200
Type
589 607 619
MWENT_0.00 (39.8) (37.1) (28.7)
463 460 477
MWENT_0.17 (21.9) (25.3) (26.8)
376 385 389
MWENT_0.50 (18.5) 17.9) (13.1)
() :standard deviation, unit : nm
——————  MWCNT_0.00
— — —  MWCNT_0.17
w0l o— | mmm——- MWCNT_0.50
\\\\‘\\ -
& oesl \‘t\\\:\~
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Fig. 6 Storage capability test results of microcapsules
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Fig. 7 Typical load-displacement curves conducted by micro-
compressive test
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Fig. 8 Deformation of microcapsules observed in micro-
compressive test
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Fig. 9 Test results obtained by micro-compressive test
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