29592968 oy 1 opleis 13 s

——

LS SRR sele ag pis

H}”ﬁw $5ls 5 pole

! http://jstc.iust.ac.ir

oyl

0D g (S (565185 )b cxd U590

2 ool8 15T Lo 6 IS 315 padl pl s L Oy i g g

Ol el oSl ¢ pwdige 0aSiils lge ple g wdige 09,8 wd )] wlid IS (gemeiils -1
Sl oy oSS ¢ ki oSS lsn ol 5 osigen 09,5 o olnl -2
ghadi@znu.ac.ir .ebrahimnezhad@znu.ac.ir 45371-38791 ey Ggoio (ol #

ol

"

o wledb!

O D (oo p e SUI (oaS ol S jonals’ (Sl (015 2 U ya sy 00 (gm0 iU BT (09331 36 (c2gsy SIS cnl 5o
lagledsz b o me Ojp0 & ated SLTaY 4 55 53 2.0 0) Jb)nh SUI Gl GlaaY g5l slaca ol «slase
(S A5,k o 28,5 15 sl 0550 )T (SlSe (ol sted g S (Glais NSl Cot s ind xSl i
SL Y S o938l a5 Il jo g Sl g 5 oiiiS alSouial g yiiag gl oad pwn 59 xSI BLI ey o jeelS
A 00l (e 9 2SI L g0y CujenelS i Cons pls (pl (s00 )0 324 545 el cel s i A (b e b odd e 9 2SI
D 839x10° &y 4.61x10° kI/m® 51 coadodz (55,5 (oo, 82 (iuli8l Crge oal (g9, BLIT @Y S 0580 ( blde jo
& o 45 o] sy 00 9 SI SL Y 5 gol> CojeelS 50 0.051 mm/mm b ply oSl (35S o oy Opeiored
Aloiul o s (oo (5,105 )L o als lis (o138 s 55 96.2 ol pua 59 iUl BLIL g0y o jeelS j0 0.026 mm/mm lade
CajeeelS 50 150 MPa jlade b dslio j0 a5 wls Jol> 262 MPa jlade b ool gug 55 53S0 BLI Y 2 (gol> o jauslS [0 (cdeo>
Gl o ey 50 G sloa Sl il b tees Jgoko epmiomod il (ialiil 0o ys 747 w0 (st 9,250 GLII g0
Bao )0 673 ]38l Kl oS sy Y 5 (gl diges 10 18.72 GPa a4 00l (o 59,58 BLII 50y 2o j900lS ;0 11,18 GPa 5l g 2l

o

1405/04/21 sl
1405/06/22 : s 53y

OB lganls’

0 (95U LI
(G yd g jgpalS
LTI

Sl olss

Assessing the mechanical behaviour of hybrid electrospun polyurethane-glass

fibers/epoxy composite under the tensile and flexural loadings

Sepehr Shariati Rad', Hossein Ebrahimnezhad-Khaljiri'", Aliakbar Ghadi'*

1- Department of Materials Science and Engineering, Faculty of Engineering, University of Zanjan, Zanjan, Iran.
* P.0.B. 45371-38791, Zanjan, Iran, ebrahimnezhad@znu.ac.ir, ghadi@znu.ac.ir

Keywords Abstract

Electrospun fibers,
Hybrid composite,
Polyurethane,
Mechanical properties.

In this research work, the effect of adding electrospun polyurethane fibers on the mechanical properties of
epoxy/glass fiber composites was investigated. For this purpose, composites containing different layers of
polyurethane fibers (0, 1, 2, 3, and 5) and 4 layers of glass fibers were fabricated in a hybrid manner with
symmetric layups. Then, their mechanical properties were evaluated under tensile and flexural loadings.

Under tensile loading, the composite without electrospun fibers exhibited the highest tensile strength and
elastic modulus, while the addition of one layer of electrospun polyurethane fibers resulted in 4.5% and
32.4% reductions in these properties, respectively, compared with the composite without electrospun fibers.
In contrast, the addition of one layer of electrospun fibers resulted in an 82% increase in absorbed energy,
from 4.61 x 10° kJ/m? to 8.39 x 10° kJ/m®. Moreover, the highest fracture strain, equal to 0.051 mm/mm,
was obtained in the composite containing 5 layers of electrospun fibers, which showed a 96.2% increase
compared with the value of 0.026 mm/mm for the composite without electrospun fibers. Under flexural
loading, the highest flexural strength was obtained in the composite containing 2 layers of electrospun fibers,
with a value of 262 MPa, which represented a 74.7% increase compared with the value of 150 MPa for the
composite without electrospun fibers. Furthermore, the flexural modulus increased with increasing number
of electrospun fiber layers, from 11.19 GPa in the composite without electrospun fibers to 18.72 GPa in the

specimen containing 5 layers, representing a 67.3% increase.
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Fig. 1. The Fabrication process of composites: a) electrospinning
process of thermoplastic polyurethane; b) designed different stacking
sequences in hybrid glass fibers-TPU fibers/epoxy composites; c¢)
prepared samples
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Fig. 2. The stress-strain curve of hybrid glass fibers-electrospun
polyurethan fibers composites under the tensile loading
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Fig. 3. The effect of different layers of electrospun polyurethan fibers
on the fracture strength of hybrid glass fibers-electrospun
polyurethan fibers composites under the tensile loading
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Fig. 5. The effect of different layers of electrospun polyurethan fibers
on the fracture strain of hybrid glass fibers-electrospun polyurethan
fibers composites under the tensile loading
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Fig. 4. The effect of different layers of electrospun polyurethan fibers
on the elastic modulus of hybrid glass fibers-electrospun polyurethan
fibers composites
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Fig. 7. The stress-strain curve of hybrid glass fibers-electrospun

polyurethan fibers composites under the flexural loading
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Table 2 The summary results obtained from stress-strain curve of hybrid
glass fibers-electrospun polyurethan fibers composites under the flexural
loading
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Fig. 6. The effect of different layers of electrospun polyurethan fibers
on the absorbed energy of hybrid glass fibers-electrospun
polyurethan fibers composites under the tensile loading
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Fig. 8. The effect of different layers of electrospun polyurethan fibers
on the flexural strength of hybrid glass fibers-electrospun polyurethan
fibers composites
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Fig. 11. The FESEM analysis from electrospun polyurethan fibers for
using in hybrid glass fibers-electrospun polyurethan fibers
composites
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Fig. 9. The effect of different layers of electrospun polyurethan fibers
on the flexural modulus of hybrid glass fibers-electrospun
polyurethan fibers composites
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Fig. 10. The effect of different layers of electrospun polyurethan
fibers on the flexural strain of hybrid glass fibers-electrospun
polyurethan fibers composites
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