








with similar inner and outer surfaces was produced.
There is no debris for both self-healing agents.
Looking at the surface is somewhat rough external
surface and smooth inner wall. The rough outer sur-
face of microcapsules is thought to contribute to
improving the adhesion between the host matrix
and capsules by increasing contact area with the
matrix material. The thicknesses of the shells were
found to be ~880±80 and ~620±60 nm from SEM
images of endo-DCPD- and ENB-microcapsules,
respectively. 

3.4. Fluorescence microscope observations
In this study, the morphology of microcapsules and
the release of the self-healing agent from microcap-
sules were observed after inducing cracks on an
epoxy coating layer dispersed with 5 wt% of endo-
DCPD-microcapsules by means of a fluorescence
microscope. Figure 6 contains fluorescent micro-
scope images (a), (b), and (c) before damaging and
(d), (e), and (f) after damaging taken at different exci-
tation wavelengths of 350, 480, and 546 nm, respec-
tively. The vivid images could be viewed for all
excitation wavelengths in different emission colors;
blue at 350 nm, green at 480 nm, and red at 546 nm.
Note that the image without a fluorescent dye showed
completely black in color. The images showed a
spherical shape of microcapsules as observed by
SEM. It is interesting to notice that the capsule shell
is very bright, indicating the incorporation of fluo-
rescent dye into the shell material. Note that the dye

was mixed with self-healing agent, followed by dis-
persion in water and then in-situ polymerization of
shell materials reaction at higher temperature. This
is presumably due to the migration of dye to shell
forming material during the initial stage of reaction.
The images (d), (e), and (f) in Figure 6 for cracked
coating layer embedded with 5 wt% of Grubbs cat-
alyst and 5 wt% of microcapsules show a bright line
starting from microcapsules. This is considered to
be the trace of transport of self-healing agent
between crack planes released from a microcapsule.
The brightest fluorescence was observed in the
vicinity of the microcapsules where the release of
self-healing agent starts to the cracks because the
larger amount healing agent is spread to the exit of
crack. Also, it is shown that the propagating crack
runs around one of small microcapsule at left-top in
the image. The black spots shown in the images (d),
(e), and (f) are believed to come from the Grubbs
catalyst in the matrix. In this work, the addition of a
fluorescent dye to self-healing agent enables to
observe the track of the self-healing agent release
into cracks from microcapsules at three different
UV wavelengths. This means that the addition of
fluorescent dye to self-healing agent may be useful
in studying the details of cracks which are crucial in
a microcapsule-based self-healing methodology.

4. Conclusions
In this study, microcapsules containing self-healing
agents, endo-DCPD and ENB, and a fluorescent
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Figure 5. Scanning electron microscopic pictures of ENB-microcapsules at rpm = 500 showing the shape of the microcap-
sules (a and b), and fractured microcapslues showing inner (c) and outer surface (d)



dye surrounded by the MUF shell were successfully
synthesized and analyzed to develop a self-healing
coating system. Thermogravimetric analysis showed
that endo-DCPD-microcapsules have a significantly
higher thermal stability than ENB-microcapsules.
From scanning electron microscope observations,
both endo-DCPD- and ENB-microcapules have
similar morphologies in shape and inner/outer sur-
faces but different shell thicknesses. The use of a
fluorescent dye gave rise to the clear visual images
of microcapsules and cracks filled the self-healing
agent from ruptured microcapsules after damage at
different excited wavelengths.
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