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The Effect of Processing Parameters to Manufacture Self-healing
Microcapsules for Composite Materials

YoungKi Yoon*, and HiSeak Yoon**
ABSTRACT

An experimental study to find the effect of processing parameters for self-healing microcapsules is performed. These
microcapsules can be applied to accomplish the healing of delamination damage in woven E-glass/epoxy composites.
This paper introduces the self-healing concept and presents a method for solving the microcapsule size and shape.
Additionally, processing parameters are varied during the formation of microcapsules and these capsules are observed
through optical microscope. To obtain thermogravimetric (TG) curve for the manufactured microcapsules, TGA tests are
executed. From these results, the best processing conditions for the formation of capsules are found as follows: (1)
temperature of solution 50°C, (2) potential of hydrogen (pH) 3.5ppm, and (3) agitation 500~600 rpm.
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(a) Crack front ahead
the

Fig. 1 The self - healing concept.
(b) The
microcapsules and the healing agent move into
the crack plane through capillary action. (c) The
real shape when the crack ruptures a capsule.
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Fig. 2 Idealized microcapsule core/shell structure used in
the mass transport analysis.
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Fig. 3 The effect of temperatufe in microcapsule
manufacture; (a) Soak temperature 55T,
agitation 300 rpm (b) Soak temperature 50C,

agitation 200 rpm.

(b) ©

Fig. The effect of agitati i i 1
Fig. 4 The effect of potential of hydrogen (pH) in ig. e eliect ol agiation rmcroczapsu ©
manufacture at soak temperature 50C; (a)
200 rpm, (b) 450 rpm, (c) 500 rpm, (d) 600

rpm, and (e) 700 rpm.

microcapsule  manufacture  with  soak
temperature 50C, agitation 500 rpm; (a) pH
3.6ppm and (b) pH 3.5ppm.

139



&971 - &34 . A=A

UFstaa] 4188 A 435

513 P& MMof cfst mek Ko JE
Fig. 5 © 27|19 ¥% AT mpme 2
39S e e BYS FE dnF S o] &5
50 W2 o) F RoFa vk uRkr|Y FHs
7} 4 Re A7 FolAE ¥ 4 UMTH

gy, J§ 2 3d4 (600pm o] A5
& AAA P& 4L E ¥ obE a9
He AZA L & F U B 48 2

¥7)9] 3 HFE 500~600pm ©] 7HY A3 S
F Aok ol HoAY uyk £xE
9 A7E dA3NA & ® ofvz HE o
% (roundness)E FA && & & Ah

52 Hofl of3t T &2 dn

Fig. 6 3 7 & A=g AUl & DCPD 9
g ¥ 724 2 Hey g4EE 7% e
8A T2 E (Urea formaldehyde) 2H¢] TGA
A% A2 HAFz Utk TGA A& {6l
AHeE AEL 5 50°C 9 pH 3.5 oA
27& gasd Qe 2717 BE 500pm

700rpm 9] oA AZE vio]AE FPgel] hE -

TGA 2 ¥ AHRE HoFa grh

52.1 ¥ 71dA|e SFHAUL
Fig. 6 2 A|zg P& 4244 900°C 71A]
B3 10°C A Z71 AARE W) TGA 48 ZHE

BoFzn o s BFAL FAHsn o=
8A ZE2adszme dA 2EE 250°0C AEYS
& 4= gt 100°C oA e RAAA HE T ()
Adel EFstm Y FE AHEY F2e
olmstm, 250°C dlAe) FRA HIE ()L 84
zzags|ert dAHE RAE HAgFan Ik
€% Aol DCPD o A$ 150°C oA A

AaEHY, 84 ZELHIE L mlojaz Pue
E5F 550°C o] gollA &d dAEE & & UMtk

E%, DCPD & Ffrsty e AA AEe B+
200~250°C Abololl A FAS T
37217y ALFF@ < ©) 4

% Pagol
ZrelAe & 4 Uk o3 AL e
anzsn #FAE&FE dd g Qg S-S
BoFEn Qo =3, Ped  Irirt E4F

Agsts Aol olA
e WEH g 529 1 A A4z AT o]
] 1

(a) DCPD

(b) Urea Formaldehyde

{c) 500rpm

60—
{d) 700rpm

10—

20 -

.................

Fig. 6 TGA results of DCPD, Urea Formaldehyde, and
microcapsules under the heating at 10 deg/min.
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