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Effect of time on healing behavior of microvascular channels based self-healing
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The occurrence of damage is an unavoidable fact in fiber reinforced polymer composites. Damage modes in
polymer composites are delamination, surface cracking, polymer matrix cracking, etc. The presence of self-healing
systems could extend the service life time of structure via preventing of damage growth. In this study, a self-
healing E-glass fibers/epoxy composite based on micro-vascular channels has been fabricated and focused on the
repair of the structure through the delivery of self -healing agents. The specimens were fabricated by hand lay-up
route, while the fabrication of microvascular channels was conducted through creating solid preforms and then
removing them. Since an important factor for effective healing of these structures after damage creation is high
fluidity and suitable miscibility in the damage area, so in the present work, anhydride resin-hardener system was
used because of the higher fluidity in comparison to the amine resin-hardener systems. The aim of this study is to
investigate the role of healing time for achieve of system optimum healing efficiency. To do so, microvascular
channels with a constant volume fraction (4%) were incorporated in the structure of composites. The flexural and
tensile behaviors of the specimens were assessed during the different time span (0, 4, 7 and 11 days) from the
primary damage creation through bending method. After damage creation and break, healing agents present in the
microvascular channels flowed in the damage area and over a time span local polymerization process and restoring
of structure were completed. The results showed that, the highest flexural and tensile strength recovery was
obtained 59.07% and 68.05% for the specimen with 4% healing agent after 7 days from initial damage creation.
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Fig. 2 The initial damage process through 3- point bending method, 1)
Before damage, 2) While damage creation, 3) Damage creation
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Fig. 5 The bending response of specimens with 4 vol% healing agent
after 4 different healing time

SIS 5l e ey Jole oz w0 )0 b ool diges ctes (L8, 5SS
sl ol 5l gy e Sloj 03l ez

2 A gz 3 cdle oyl e S L5 ASTM D3039M
olis bawgs ladiges Gialejl al S5 adye aw G0l 0 il
(S ogal 5l a el UsS oS5 el TBL Jow Jlyseise
s ol Sy 00 S5 slaaigad 1SS 52 sl alralr —gy yloged

A bl a0 jlasbinl 4 de g b bediges ciuiS plSouiul dule

e g -3

s pnil gl 13

ol gaigei -1-1-3

$5590 9 ] ) e (S iges g5 90wl sladiges b bL3 I o
o> Gl loged B S 0 a5 a8 S 18 9es] Con o] Sl b
Loy 4 UKo Hlogei b Gollae ol suds 00,91 ladiges ol sl Lis,S
ey JKwbKe 200 (ool sl 5l o sdiges 40 5 JKWLKa 360
gy Ja.,.uy A.J5| MT as ‘).> 0dg @.\.Jo Mols r:&zl.»‘ o] u-il el
@85 (ol 5 ol V) VL 5 (Gl saY 90 5 Sl AT D90
3l 0y ol caiily o Jlid g (iS G Lo )3

)
L ==
o= >
- O
:Lﬁ
—
E =
»
2=
- N
s @
-
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Fig. 7 Tensile strength of specimens with 4 vol.% healing agent after 4
different healing time
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Fig. 8 The relation between healing efficiency and healing time.
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