550 -539 oy 97 wlime 4 ojleis 5 s

SR 93y el &y s

“H“}”w so9lis 5 rO}.Lc

http://jstc.iust.ac.ir

S0z g (S (pleS dguge p oylos Wi vy Ayl Bl a9 (69 andlae
rwl o9 o)

302 15 oriome dg & Slaisiw w5 losgiue Lo ple
S Gl o olRils dadlsn 5 SlSe  pwiige saSitils (SolSe csdige il -1
Sl led gaio olRadls Ladlgn § SLlSe cwaige 0aSLaily (SLlSe pwaige )| owlid IS sezeiils -2

S s L8l ¢ csdige 008l lge swiige Sy wlye cwdige wliul -3
setoodeh@sutech.ac.ir «71555-313 iy gaio ojlyuds %

R Alio LM
oslizul Blize mlio 5 (ujseels byl Sl ks 5o YU (bt Cuslie 5 (SlSe w3 (ples e ay il s s, 9612120 123k >
o, T oSl 5 SVl Jpto (aal3él (s arky slotine; 4 (5 egl (laonsiSicugi 0,5 adlol Blaal o oo Sl o5 90 327 s oy .
Soeky ey (e 9 SVl Jgoe Gl 50 580 55k & Wl oo (55kate S g o LSl Js 4y (20 S dglsiliail .

2 JeeS5,S Jole Gl o)l wiz (05 Sdldel I cnlie @8 & plis (Gegh (rl 630 Bae e ST Jes ,_;U;le;\-j
)9

Ol ol Gl ol o jsalS 6 (Sojizr (e g (kS Sl Szl Jooe lojen a5 (555 a4 ol ol ity 0n5) | o "
ooz aiz 0,8 dglsil

sy 8,8 s 9oy Cos abg e ladiges 9 ol ale Ligl ;I calise 39 ey g b alecy j5elS il ¢ ol A Jpe
2 a8 sk ar o)l il jerdy (Sl Lolsm n Cude 23U (mly ooy o (S Algleil gogil aS ans e lis s S48 plSoi
Aol (o0 52 sole (Kejiz el ol 10 08 Jol>  SilSe Lolss e o)laz aiz (0,5 dglsil Gjs oo ,s 0.25 S

3 mS Aedsl b pels oy p s 2Eiules] ot al jelate 4 .2l ol doys 14 Sta¥) Jooe g w0 ps 23 asS
Slopille (ninte 9 00 6510 S (F2i5elS Sladiges oSl mhaw I S5 Sl gSg S Al 4 il g cn3, LS,
o jgalS 9l oYl Jgde ity lp cmslio 6598 Joo S L] Cgm Emenld S 15 pw)p g o 05 CuSh
e PR mls 5 gesn 695 bl g Wiz Al cure So g 035 Amlie D920 695 oo b (pRLes] gl
s sl ean] e slao S
Theoretical and experimental study on the effect of multi-walled carbon
nanotubes on improving the tensile properties and toughness of Vinyl ester resin
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Keywords Abstract
Nanocomposites Vinyl ester resins are widely used in structural composites and industry because of their excellent mechanical
Multi-walled carbon nanotub. properties and good chemical resistance. One of the main goals of adding nanofillers to polymer matrix is to

'IYg:sr;lgeSsrt?gr?;tlr?s enhance the Young’s modulus and strength of the original base polymers. Due to the rigid structure of carbon

Toughness nanotube as well as their aspect ratios, they can effectively increase the elastic modulus and stiffness of the
polymer matrix. The main practical target of the present study is to obtain the best distribution of the multi-walled
carbon nanotubes (MWCNTS) with carboxylic group in order to simultaneously improve the elastic modulus,
tensile strength and toughness of the resulted nanocomposite. In this regard, nanocomposites with six different
weight fractions (wt%) of MWCNTSs are made and the specimens are subjected to the tensile test. The results
exhibit that addition of MWCNTSs with low concentration leads to improvement in the mechanical properties of
the vinyl ester polymer such that the optimum mechanical properties are obtained with 0.25wt% of MWCNTSs. In
this case, the fracture toughness, tensile strength and Young’s modulus are respectively enhanced by amount of
52%, 23%, and 14%.In order to validate the experimental results and investigation the role of MWCNTSs on tensile
behavior of vinyl ester resin, the scanning electron microscope (SEM) is used and the most important failure
mechanisms are discussed and studied in details. Also, in order to provide a theoretical model for predicting the
elastic modulus of the nanocomposite, the experimental results are compared with existing theoretical models and
a new correction factor based on the Hirsch’s theory and experimental results is introduced for future industrial
applications.
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Fig. 1 Hydrogen bond between a carboxylic groups of carbon
nanotubes and the vinyl ester
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Table 1 Theoretical and Experimental models for predicting elastic modulus
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Fig. 2 Tensile test specimen
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