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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
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Fig. 2 Schematic diagram of the storage capability test

Laser displacement sensor

| |
|/
Microcapsule | |
|

|

|

Anti-vibration table

Microscope

Linear stage

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

(¢) MWCNT 0.50

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
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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

sefolx|of A& Eo] itk § 4ghAlo] et njolam A& W
8} kR, Figs. BA)E volmmdiao] =Ed Yt

®  <100um
A 100~150um
W >150um

ST

Load (mN)

4+
O:I_

MWCNT_0.00 MWCNT_0.17 MWCNT_0.50

Type

Fig. 9 Test results obtained by micro-compressive test
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