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Optimizing the self- healing behavior of hollow glass fibers reinforced epoxy
matrix composite
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ARTICLE INFORMATION ABSTRACT

In this research work, the self-healing behavior of epoxy matrix composite reinforced by hollow glass
fibers as self-healing container was investigated. To do this, in the first step, the hollow glass fibers
were filled with the epoxy resin and hardener by creating a partial vacuum. Then, the filled hollow glass
fibers with different percentage of 1, 3 and 5 vol.% were embedded in the epoxy matrix. In the next
step, by applying press, the destruction was created in these composites. Then, these destructed
composites were healed at ambient temperature at different times of 2, 4, 7 and 14 days. Next, or
accessing the optimum healing time and percentage of hollow fibers in composite, the flexural test was
applied in these composites. In the final step, the mechanical properties of composite with the optimum
healing time and percentage of reinforcement were evaluated via tensile, flexural and impact exams.
The obtained results show that the optimum percentage of hollow fibers and time for healing process are
3 vol.% and 7 days. Also, the healing efficiency of composite in optimum conditions (3 vol.% hollow
fibers and 7 days healing time) at tensile, flexural and impact exams was approximately 77, 54 and
92 % respectively.
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different healing time
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Fig. 13 Self-healing sample, a) before destruction, b) after destruction,
c) 4 days after destruction, d) 7 days after destruction
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Fig 14 Destruction and healing process of the self-healing samples: a-c)
collision between crack and filled fibers, d) healing after 7 days
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Table 4 Comparing flexural strength between 3F-WD-14 sample and
other samples at different time of healing
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Fig. 12 Comparing the self-healing behavior between 3F-WD-14
sample and other samples at different time of healing

590 sladiges g BF-WD-14 aigel (S Vgdmeiogs> L8, awslis 12 JSCo
Sslite (Swgdpea S sagle; 5
BLI o35 5l am w0gd oo cdalin polal jo asliz oo e lis
50 oole g0 cpl LMW 5l Gy 5 00l 4SS o, g (), (ol Al
IS 50 etzmen el 8T Sjno 00y 55055 Jes ol e
Al g 59, 7 54 cndS 5l am a5 0,5 odalie gl e "13-d 5 13-C
ool load pe i (LjealS Saiged 5 4B Dy (sere g
LS )5 olo 55 cnll) (o 3395 g, Ol on oud ploxl slagow 2
5 S5 ol oS L S spise byl axkd 5 S 5wy Jlac!
A S JL:.” )‘ AW L(l:) 3..&....5‘@-.4)4 d‘s.o 0D » dul b Lbui °)5>.ﬁ
WS o w0l g GSslr S Axg g GiieS S5 008 n 1, Sy
3 el odmlie BB 14 K" 0 asiie Oyge a4 Jolhe onl [13]
29 o..\..,SM); .)‘9.4 Ja.w}; J).: uu\m).\ U‘?SQSA M4-c b 14-a J.i&"
2,5 ssalin |y 59,7 5l dm oy '14-d 2"

sl ;o a5 5,5 svalie g 0 "14 5 13 lo S @ 4z L
Jele @o> o)l 8 by See J2Is )3 ceme i bole je o B
Abbge oy 4 dtuly Hlws oy ole o Sl b 4 o)
i e B3le (e 99d Jiien ey loj 98 4z Galple
Sy & "13d S s g, nl a5 353 e gyl Lealgls S 31

188



Ol 9 (5 )Lrisl ausley

Fgs iy BLIIL 03uh agdli (S 9l ddae) 35920l (Foue )3 393 HUD) (S)lw disyg

03ileBls o 55 e 9 76.74% (5o, 7 5| g 00 puo i g A LI
el s 23.26% o gl yo

55 5 53.52%0 « jies ialesl 1o a0 j5aelS diged mueyi 003k .5
el s 46.48% g j9ualS o oailesdly

5 9LBA% wppo hlojl ,o any (Saisels dgad ;0 ey 033k 6
Sl Cawdy 8.36% m..bl.a.._‘)l.: w)zj u|)...n

5 a0 Gialosl (6l paey 005l o iy el oy @l 4 axg5 L7
D5 e Giolesl gl pae 003l (o eS

&&lw-5

[1] H. Ebrahimnezhad-Khaljiri, R. Eslami-Farsani, H. Khorsand, K. Abbas Banaie,
Hybridization effect of fibers reinforcement on tensile properties of epoxy
composites, Journal of Science and Technology of Composite, Vol. 1, No. 2,
pp. 21-28, 2015. (in Persian ... s )

[2] S. Weiner, H. D. Wagner, The material bone: structure-mechanical function
relations, Annual Review of Materials Science, Vol. 28, pp. 271-298, 1998.

[3] B. L. Zhou, Some progress in the biomimetic study of composite materials,
Materials Chemistry and Physics, Vol. 45, No. 2, pp. 114-119, 1996.

[4] M. R. Kessler, Self-healing: A new paradigm in materials design, Proceedings
of the Institution of Mechanical Engineers, Part G: Journal of Aerospace
Engineering, Vol. 221, No. 4, pp. 479-495, 2007.

[5] 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 .. ls)

[6] Y. C. Yuan, T. Yin, M. Z. Rong, M. Q. Zhang, Self-healing in polymers and
polymer composites. concepts, realization and outlook: A review, Express
Polymer Letters, Vol. 2, No. 4, pp. 238-250, 2008.

[7] U. S. Chung, J. H. Min, P. C. Lee, W. G. Koh, Polyurethane matrix
incorporating  Pdms-based  self-healing microcapsules with enhanced
mechanical and thermal stability, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, Vol. 518, pp. 173-180, 2017.

[8] D. G. Bekas, D. Baltzis, A. S. Paipetis, Nano-reinforced polymeric healing
agents for vascular self-repairing composites, Materials & Design, Vol. 116,
pp. 538-544, 2017.

[9] R. S. Trask, I. P. Bond, Biomimetic self-healing of advanced composite
structures using hollow glass fibres, Smart Materials and Structures, Vol. 15,
No. 3, pp. 704-710, 2006.

[10] H. Williams, R. Trask, I. P. Bond, Vascula-healing composite sandwich
structures, Congress of Theoretical and Applied Mechanics, Vol. 23, pp. 25-31,
2006.

[11] S. K. Ghosh, Self-Healing Materials Fundamentals, Design Strategies, and
Applications, First Edition, pp. 4-8, Weinheim: Wiley-VCH Verlag GmbH &
Co. KGaA, 2009.

[12] M. Hucker, | Bond, Influence of manufacturing parameters on the tensile
strengths of hollow and solid glass fibres, Journal of Materials Science, Vol.
37, No. 2, pp. 309-315, 2002.

[13] S. Van der Zwaag, Self-Healing Materials, an Alternative Approach to 20
Centuries of Materials Science, First Edition, pp. 118-122, Dordrecht:
Springer Series in Materials Science, 2007.

[14] C. M. Dry, Adhesive liquid core optical fibers for crack detection and repairs
in polymer and concrete matrices, Smart Structures and Materials, Vol. 2444,
pp. 410-413, 1995.

[15] C. Dry, W. McMillan, Three part methylmethacrylate adhesion system as an
internal delivery system for smart responsive concretes, Smart Materials and
Structures, Vol. 5, No. 3, pp. 297-300, 1996.

[16] M. Motuku, U. K. Vaidya, G. M. Janowski,Parametric studies on self-
repairing approaches for resin infusion composites subjected to low velocity
impact, Smart Materials and Structures, Vol. 8, No. 5, pp. 623-638, 1999.

[17] S. M. Bleay, C. B. Loader, V. J. Hawyes, L. Humberstone, P. T. Curtis, A
smart repair system for polymer matrix composites, Composites-Part A:
Applied Science and Manufacturing, Vol. 32, No. 12, pp. 1767-1776, 2001.

[18] M. Hucker, I. Bond, A. Foreman, J. Hudd, Optimization of hollow glass fibers
and their composites, Advanced Composites Letters, Vol. 8, No. 4, pp. 181-
189, 1999.

[19] D. Y. Wu, S. Meure, D. Solomon, Self-healing polymeric materials: a review
of recent developments, Progress in Polymer Science, Vol. 33, No. 5, pp. 479-
522, 2008.

[20] N. Fikru, Self-healing of Fiber Reinforced Polymer Composites, MSc Thesis,
Addis ababa University, Ethiopia, 2003.

[21] R. Eslami-Farsani, A. Sari, H. Khosravi, Mechanical properties of carbon
fibers/epoxy composite containing anhydride self-healing material under
transverse loading, Journal of Science and Technology of Composites, Vol. 3,
No. 3, pp. 285-290, 2016. (in Persian ..,

[22] A. Sari, R. Eslami Farsani, M. R. Zamani, An experimental investigation on
the tensile behavior of epoxy/carbon fibers composites containing anhydride
self-healing material, Modares Mechanical Engineering, Vol. 17, No. 3, pp.
336-342, 2017. (in Persian .5

189

boodd Cogll (g endy Al CujgmelS A Conl g ol ol adl o
Iy 055 polez 76.74% ] oy 5 S5 ol 5l any JBg5 ais S
ol 5 oailogdly 5 e by o288 ol 2lS liee g ol ailijl
Cewdy S 4 4z b adl o0 23.26% oigd me 3395 CujeelS Sl g5
P15 59y T ubdS lam o5 05 Gl ol shes GialejT (sl eaal
Sy @l .l ools s Iy 0 Lies ple 5l 46.48% s>
50 CajealS cpl 40 pre i 003l a5 am o i e ialesT (sl suel
b ols> 8.36% ks 4y Slalojl yo 5 abloe 91.64% 4,0 olys
el il 20l 55 ol )

4B e &S S OlFe edd Ol @S 9 5 Jgur w2 L
FE 5 ated SUI coz> 00,0 3 L odig e 5395 Aiged 13 oS Sl
o ol el oads ol w8 Gialojl o mee s 0oy 595 751 g
38 Ui Gialejl 50 edigdaue 5095 CajemalS (pl o5 085L 45T
O oy WS ol cde il o5 ay0 g 2dS laiabey] b avslie
Iy e g oiiS Glagiolel 4 cas Lied Galejl j0 pesy o35l
Jale ol it SBUII pes iolej] 50 a5 8,5 olo 65 ) olgs e
RTLIEE WO . APV ) RV VRPN VEL JUNPY g NS K P
o AL cov cum o] e Sl SaiSeasi olys L
128] sl o Lrals

S 5 4o -4

o0l Cupll (oSl dne) CujerslS (comeog> 1S, (Slikdos I cnl o

oo ole g5l Bl Sglicte oz slaao s b I g ases SLIL

@S 2D e p S ol T 6 Sslite ey slagle;

D8l ce od 7 b dr odel ooy

b oodds Cogil CojemelS a0 5 93l ez sbhas,s alie U1
ole gl I g adeds BLI oz doys O dinge o s SLI

9 Seigeals e 5l o 59y 14 5 Tl 2 e Slaple) anlie 122
ey CaiorslS (sornont Oloj (i (e osE Sl
590 1 50 00l ey Cajeals o JB g aded SU gol> Sl
el ey

i Sl 97.9% 59, T )0 00l ey diged gieed alSoxinl .3
3595 14 5l (00l e 3 g

o7 3% (sl Wiged) Al ged sl GRAS Galejl 50 meey 003l 4

iged 3 (Sl (sloialesl sl ca B woyd 5 prey 003k Arlone 5 Jgur

aied JBg BLas,0 3 ol
Table 5 Calculating healing efficiency and damage percentage for
mechanical tests for samples with 3% hollow glass fibers

wro Gl hed pliial LS el
(KJ/m?3) (MPa) (MPa)
148.90 76.87 21.24 3F-ND-00
122.22 44.47 15.91 3F-WD-00
146.67 61.81 20.00 3F-WD-07
91.64 53.52 76.74 (1) oy 033k
8.36 46.48 23.26 a5 oy

8 o pless 17 ©)93 1396 LT ()3 SHlse Swdie



Ol 9 (5 )Lrisl ausley

Fgs iy BLIIL 03uh agdli (S 9l ddae) 35920l (Foue )3 393 HUD) (S)lw disyg

[27]
[28]

[29]

Notched Specimens of Plastics, ASTM Standard, D6110 — 10, 2010.

C. Dry, Procedures developed for self-repair of polymeric matrix composite
materials, Composite Structures, Vol. 35, No. 3, pp. 263-269, 1996.

R. M. Jones, Mechanics of Composite Materials, Second Edition, pp. 166-168,
Philadelphia: Taylor and Francis, 1999.

B. J. Blaiszik, S. L. B. Kramer, S. C. Olugebefola, J. S. Moore, N. R. Sottos, S.
R. White, Self-healing polymers and composites, Annual Review of Materials
Research, Vol. 40, No. 1, pp. 179-211, 2010.

8 o)laibs 17 0931396 oLT (Hurde Suilfo wite

[23]

[24]

[25]

[26]

S. Kling, T. Czigany, Damage detection and self-repair in hollow glass fiber
fabric-reinforced epoxy composites via fiber filling, Composites Science and
Technology, Vol. 99, pp. 82-88, 2014.

Standard Test Method for Tensile Properties of Polymer Matrix Composite
Materials, ASTM Standard, D3039/D3039M — 14, 2014.

Standard Test Methods for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials, ASTM Standard,
D790 - 10, 2010.

Standard Test Method for Determining the Charpy Impact Resistance of

190



