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Micro-vascular channel based self-healing fibrous composites under transverse
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ARTICLE INFORMATION ABSTRACT

The occurrence of damage is considered as an unavoidable fact in fiber reinforced polymers. For this
reason, the self-healing systems could extend the service life time of materials by implementing the
concept of autonomous or induced repair. Herein, a self-healing E-glass fibers/epoxy composite based
on micro-vascular channels has been designed and fabricated. The specimens were fabricated via the
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Keywords: hand !ay—up rqute, while the fabrication of mic_ro—vascul_ar channels was cpnducted thrgugh t_he

Fibrous composites removing of solid preforms. Due to the lack of previous studies about the utilization of anhydride resin-

Self-healing hardener system with lower viscosity and also their controllable miscibility in comparison to the amine

Micro-vascular channels systems, in the present work, these materials were selected as healing agent for repairing the primary

Flexural strength defects created in the structure. For this purpose, micro vascular channels containing two various parts

Healing efficiency of epoxy resin and anhydride hardener (2, 3.2, and 3.7 Vol.% with respect to the matrix part) were
incorporated in the structure of composites. The flexural behavior of the specimens was assessed during
the different time spans (0, 4, 8 and 11 days) from the primary damage creation. After the defect
creation in the structure, the healing agents present in the micro vascular channels flow into the defects
and after combining with catalysis dispersed in the matrix, local polymerization process and restoration
of properties are started. According to the obtained results in this research, the highest flexural strength
recovery of 46% was observed for the specimen with 3.2% healing agent after 8 days.

9 Sleilo (olad (ol ol cwsige loop 5 el yo (e 5 olge doddo -1
2 1S5S0 el placnl Gasl Sgzsa Wighoo 43S S o nl S Gemen ool s & S L sad Cosl slacyjsels
Pl Cél 4 o a5 Wil o piilclis! Wl SO o eelS sl Olereas YU e 4 plSotin] Cod 5 Jaee slos jo S Sleond (5 Ik

Please cite this article using: s lod odliw! i3 & be 5l Ao cpl @ glayl (61
M. R. Babolhavaeji, R. Eslami-Farsani, H. Khosravi, Micro-vascular channel based self-healing fibrous composites under transverse loading, Modares Mechanical Engineering, Vol.
17, No. 5, pp. 63-68, 2017 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.31.9
https://mme.modares.ac.ir/article-15-4259-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1396.17.5.31.9 ]

Obed 9 SRlgols LS )Soxo

08 GIIBT )L x5 (5339T9 )50 AShib 33 Hilao 0339105395 (LI SLon gsolS (SSlSo B ) 1) 1

aiej 50 Do ol e ) aray ole (oo S (051 Sgame
I5] 0,5 oy g (53515, (sloaSis 5l ooliiul Cooms 4y oo 3395

Sl b oelsl JBs slases sladlg) 5l oolinal b (saigly e g,
dete sl » (S5 dw oS gl edliul b g (G lge 3 S5 e
" ol din) Slacu eSSl By, cnl Ly ad (Byme S ST
5 oolizal L [17] (iSan 5 ogs 2007 Jlo o [16] s b 5 i
il a0 (9,500 200 45 L Lo JUIS L a5 gl e a5t
ok s s Gl 5 00)0 70 (cone 3 033k (il 4 392 00
58,5 T Cewd ] ) e

o diges i pladl 1Ko g (oo Lawgi & (gamr Shaghy o
L JUS" cnl 8,5 )18 Gialosl )50 (39,80 200 a8 L la JUI (551>
oolel (slaaigad ik adss ooy ol g Sl nj) b allor psboay
W85 Sygo Giaghy po wd)S 8 SIS S 50 AT (ge5] co ends
A3 e 3l o Mgl CenSD (S ir an p gona LS, (2L
86 e yi 003k awgie e S sl S0 &5 Sl wd S
oS b o [18] coul oog a0y 120 55 o1 jlade pSTas wo )
Sl Sk aie) C30elS 59, 2 [19] (HLSen 5 Msgesl Lo
SN cod ugals cal (cema gt B, il plnil anid SUI
b mslS g cnl 50 285 5 addlhe o)y9e lahali an e
L St (sl o b a5l ait GLII L o Cugls 2l atee)
o oo 033k byl 5 el Slml j5hiie 4 g 9,50 400 L3
Sl S e ol b5 sl Latiad (55, 2 A3l ]
Dy et plSinl 0oy 84

WD e (o0 o9 e 5O (Slindod oad planil Slallhe Ly
oats plosl (LI glacy 5505 jo (s0y,040 olge 51 eoliusl b suigly S
P e ohdy (owyp pal> Gaiod  Bae il (pl el
ot swigly San ASad by B aied O - Spl slacyjomls

Wil oo glalaiian jied ge)]

G (9 9 Sge -2

oolaiw! 090 dlgo-1-2

cilo) HAFLL sl oyl g ML-506 wSal o) 5l L ol 5o
aied Szl 5l g ane; B plye (S (cwiige Slge =550
oz Sy 80 Jgame 400 9/M? rlas il LE g5 asggo
b s yondy G 5l Cpizmen ol oolawl (BLI oaisS o iy 58 lgie 4
sl 5 Ul See bl caz 9,See 700 5 500 glalis
so)le ML-526 Sl 5, Jolds e yi Jalse ol solaiul g jgmelS
55 Jpama) AXALL Jgjlazsa et 555608 5 HABO (5,0
YU ol i3 5 5 oolinl 3,50 b JUlSs Sae 0 (5,Se ssiiigeo Slgo
g2 (soe 5O s 98 (al SN (LY |

Bigos bl gy ~2-2
sl Ul ol g gws g B anY Gig, L Lacajsals col
Oy 9 el aalr sl Sty Bio g, Bob 3l sigly S
Uiged bl gz conlio sbal b add GLI ax b 0¥ gz izl shiie
03ls i i 5051 sl ASTM D790M o jlailisl subo 2 55.0lS
9 P LAY 5 ¢pod 5 Jol oY o ek Gldpew G oS

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie

Calgid 5 oad s e gl oy Lol Iylyd o 5 ol (Sl
ssbitedr Jseme glocuyils plowl [3-1] ol wals &) Cojorels st
- Caisels Galale [4] o5 welss anien 5 poles cal oo At
AL el ll @ e sl oo (e g Cwals sl o
med Oles 53 (97 eyo 5 e el ol e sz ey il
5 S oeiogr BT Soge 93 a4 e iigs Cwols [B] oo
Wghh oo Gl (Dt (goe 095

@loyesh pheaSy b G eogr laable (S
355 Sregge 5 Sl (ISt e o 4 oS oo ol 0 oS aites
I6] wSyls 1) 095 (gpeuds Hlslo 4y daze iS5l ol 5 ool o3
Slodisn (2l S payeuiS n GlagaiSly ol 5l Wlgge S15 (oo 5093
plxl (JoSge S5i b pyle S 5 S @i dagn G0S g9 «Sh9red
O, e i Skl 2l 4y el ateej (I é slaailols ;o [B] 5y
(SIS sgbar ogdie sl pre s Jale alasly 4 (] )0 areiogs oSk
(355 odpeS Joli Ry, a4 lge e (nl )3 (pene S 355
PRd e Dyge ishisly Sae slaaSel sl eslaiul g JLg5 Ayl 5l eolin

—an) (595 (SIS Kb 4 pedy 5 (ienalS Slge )3 JoeeS
Sl b el oy come gt ole b a5 0t 5550 slal o (A,
IS8 4 ey Glod )3 &5 (pee i Jale g 00l 4SS b JgunST SIS
Ol o 29800 ()l SIS S35 4 (Singe 59500 bawgs ool e
oy sl o0 00ST, a3 b 5 45 (655 dbIS & pglme o oole
[7] 455 o oo | IS 5 o

m0 2 S sl ol Sl ceslis ey ole b oS Jlogiate s oyl
Lass 015 1) e 5 Jole g ool Al cdie H0 SIS slowl S )0 wisd
Pl aBISs ooys Jos 5 b parly w8 st )5 008 o SIS
8] 2,5

lgsg, ple Oy @uiglySee (o9, & semeor b,
Joo 4 (oo Jole gy (il Sl (JB g5 ST 5 JgarS 9 S0
T Oy & et 0 S eeld ) bz meey 5 ]
o JU cnl a5 wjls )13 (JBg @l JUS 50 (cone s Jale (saigly Siae
9y 99 O Wgd el Wl oo CajerelS (990 dmr aw B SG 0
Al o ey Jole Ao des Glyx alewsy 4 Gy, onl o LS
wzge ol ol 450418 S92y CujenslS I e Su 0 )bz e B
8] i walys adsl S5 oo 53 gl S5 bl 5l 6 S5l

Oipe ol 4 U Golems Sl (cone 5395 slahg) (orn 50
Jlo 5 [10] JesS 52001 Jlo ;o [9] Lol S g Cgly ansd 4235
S (TS 5 b JgaS'9,S0e 5l ooliinl 55, 2 1, (Slaizs 2003
G o> JuS (gol> JBg sladlg l eolaiul aie; jo aisls ploxl
sk 1996 Jlo o [11] sl oy (Slaid ¢ sorey Jolo 5l glane
2006 JL ;5 [14] S yi 52005 Jlu o [13] 52, 2001 Lo s [12]
b omey ol 5l oslizad 2003 5 2002 sla Sl 5 Cdpdy go
> sl oy G S 5l &S SlaigS e 55 [15] o> by selx &g
pll cijls Jlaisjge sles Jloel b 1) cYlasl sazee sl Sl a5™ vl
O

Sbaghy) 3 3l 3y0e Sl ts) 53 9290 slacudgue 4 axgi L
3 o0 509> Slapian 920 (3,5 p (Bl pas i )5S0 (cone F3g5

64


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.31.9
https://mme.modares.ac.ir/article-15-4259-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1396.17.5.31.9 ]

Obed 9 SRlgols LS )Soxo

)2 BIIBT )L x5 (5339T9 )50 AShib 33 Hilao 0339105395 LI GLo N jgsols (SSuilKo HJUB) ) 22

el 0oy0 2 LSs cozm S L diges dw lail ol Ll ax 0 14
olie b diged s s 5 o5 0o e 0005 Cd s Sz g0
S e 053] Cesddy Gz 00,0 3.7 §3.2 2 avey Jole calisee
B e L cod il ploy S 3 ey ele e
ool lzs "2 S o ewe i Jole 3485 g odel Sgmg ol axis 5

Sl duw e yg03l —4-2

oz 5 il bl I ey Waiged iy 5 oy (0251 oty (6l
Y a8 8 e seil cow (g, 11 58 4 jho) Gl ol
b S ad e dw el e @l (5,18 as gz &5l 53
Lo digad Jlaz) (gome i Jole I (goz puS 50 (gly Aiged £53 D Egaze
B 0sesl o (A Kged) ol W3 diged SO g gl ol
S i cBlo TBL Jow Jloyguig oK bawgs baiges ialesl .oizs 5
e 2 sl bl =95 Jloged s (53] 5 g i ol LsS
L bdiges cdas alouinl dulore s 2ol Canday ouls S8 sladiges
O305) plsl ogs i plosl ASTM D790M ez o Jasliwl 4 axgs
ol 0 o0l Lis "3 S o (sladaks aw jies

e g mli-3
& yS aigei-1-3
@l istad il 55, 2l bl U gy plite & sl
5 e 3% 5 n fo55 (slo S Sam (550) (S g I ol
) 3, yao Gladigel glabiian (ed Ggejl @S b ez S 0
53 Slabiias ad Gsail S8 (oo Sz g Jlasl pas 5 o]
el 00 00ls e "4 IS s a5 a5

Jole o 2oy Gl S8 3l ol 30 85503 50
Qoy0 37 432 51 Jy yielS st pllouinl 0oy0 3.2 442 3l soue 5
Jole sozm dopo Luldl b oS Tz il oo iali8l cies a8

Infusing the
healant

N

I
Fig. 2 The damage generated via charpy impact test and infusing the
healing agent.

wson s Jole B g (Jgail 4,5 (905 Langs ol ol 2 S

Fig. 3 Three-point bending test
Slabaiian i 5031 3 S

65

A 09 Sy Laaly cpl o po eo)],8 cde il ools 1,8 6 lex
339 (Jewb 4,5 (ygel oliws Lawgi o 50 s ol Jlrs (g
315 Lo JUS 5 Koo slomsl gz (5 yoeky Sl Sandse 5 Jome "1 JSS"
5 oy bsle clpo ol 31 g el 00 005 LS g pmelS Lzl
oS Lol Sl (59, aSdg 00l oS S atie Cani L a5 o )le
9 0dd 4By, (sidls jgam bl o 0 sl sl S i a5) adud
ogme o ol lad eols bay (alos & (0, S8 caz B oo
20 Szl gyl gwd o JATAY by )0 Cojeels B 50 len ok
o= Slap 2alS Ty () S 358 S (Sl e I e
s oolaiuwl JolS" oy 3l G S emelST Ul 0 0ns

el S i choe gles o Sujeels adgl Syl e
B9 sl JilgSee 5 oad )5 Cujeals S35l (e lopen)
SMadUls sl (S wiaile (BL LSl 215 )3 mee 509> Slge 32,55 Cox
Jee @le 5ol Sl Koo (Fn g eyl So)le s (Sl o)
oo Slge LSl 5 e Sl 5SSl Gl ey N0 Jgslagenl
bS5 5l om g a8l b S5 o 4 a5y See 50 39290
95 o)l 93 oS g (mdge gemli yerly Slles 550 595 U
Dglite (o> (Sl S b (o 393 Jalye (ol diged £95 A 098 o
alize Hloj Hlez 50 9 wod oolel 1 Jgam b dllas (00,0 3.7 43.2 2)
mdw Ghed Ggail S adyl a5 olml 5l ey Gy 11 5 8 4 (ao)
o7 oS QL 09l odalin &5 sbles s S 1S (slalais
A8 g Sl 4 4z g8 (o> S S 40 g Canl 009 (0,25 NS 90,
el (55978 5yl Lo JUB g S

] Ol l 0 goxs ~3-2
S sl SIT-200B  Jguil as,0 (yg05] 5 ol ool jelaie
a5 8 5 plosl O ygo cnl a4 ol oloul ogmu o solil b cwiige
P89y 5 Sty g Sluee 4z 14wl @B sl b olSws Joaily
S9b Sl (e 4 b Joaib dgly 235 18 a0yl g5 () Cow diges
oads ol slo JUlSg ;S 45wl (o 18 g A cuml b Aiges a5
asly W gl lyr S5 o a5 Jolge 9 annSCs b (990

125 mm

1mm

D=

J

=700 um =700 um

250 mm

Fig. 1 The position of polymeric wires in specimens to create the
microchannels

nigas 515 Ln JulS5 Sem obo] g (5 el sl Sopsiye 1 S

o JUS ,lad g olaws 4 bgy o Sledbol 1 Jgus
Table 1 Information of numbers and diameters of channels

(0r8,5e) JUIS s —la LS slos (1) oo oobo
500-6 2
500-10 32
700-6 37

5 oplaids 17 055 1396 3l yo o0 Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.31.9
https://mme.modares.ac.ir/article-15-4259-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1396.17.5.31.9 ]

Obed 9 SRlgols LS )Soxo

08 GIIBT )L x5 (5339T9 )50 AShib 33 Hilao 0339105395 (LI SLon gsolS (SSlSo B ) 1) 1

@ byiye gl aw Ghes seil almlr —gyd jloged M6 JS" s
a5 o . ewl 0uls 0ols lis cane i Slge caz 0o )0 3.2 (5ol diges
o o Olien 1o ey S35 L ogige sabie JS5 (al 0 5
om0l Jozi )l polie ol onas) 595 8 5l Gy (3923 233 4y 0ad
Lo widbioe (955216 9 143 Ll 35 @ 59) 033k 5 ez <3S
Sl Cillas cone i Slge oz do ) 2 (gol> slrdises gl Wi,

2oy 3.7 syl sladiged 4 byype (ches lajloges M7 JSE" o
3w oad Jasd st Jb ol oal ools lid sens i Slge ez
Sty (95 306 ke @ 59, St Sl ey g (e 143 19, 4 c2SS
i3l ol 55 bisas 5 (odd Jars siad b ,iSTx) Canl ool
b g ol g qul dome )0 (oone i else Slale, Jdo 4y plSoe
et 00 Jazd e o3 Loy 5l g, 11 clldS L el an;
Sladigas @S b 58 @ls (nl ey G395 304 lade 4 5 03,55 Sl
Lyl Cdllas soms i Slge coz> 0030 3.2 92 (g4l

Ol o0 mae 509> sladiges 5 (IS diges m rve e ol
dodige Cwoles Golay Jdoay 155 cged oolaiwl glmls —g,0 Jloges
el 5] eolitul el Sglite diges 53 43 0ddh Jass gy fiSTa> ke
Sl qelie (oD, iged olul 5l ooged JEne jolaieas ol plSocll
gy (phea ool "BUSE 3 0550 jled 4 Lol syl
b & e 509> 5 (JrS ladiges lp (sene i Slge oz S

ol 0 00ls LS Loy T duslie

250 - — 4 days
£ =« = Bdays
200 - ) Y
/ :I ===-11 days
*
@ 150 - el L
E i
(=] 7
100 - :
— ”1,; |
’ I
50 - ,‘,;’-
P I
0 T T T T 1
0 3 6 9 12 15

Displacement (mm)

Fig. 6 The bending response of specimens with 3.2 vol.% healing agent
after different healing time
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after 3 different healing time.
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Fig. 9 The relationship between healing efficiency and healing content
of specimens after three different healing times
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