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Article Info Abstract

Glass fiber/epoxy resin/multi-walled carbon nanotubes (MWCNTSs) were used to
Article history: fabricate the nano materials integrated thermoset composite materials in this
Received 28 Aug 2018 study. Thermoset composites with and without nano materials were fabricated
Revised 13 Oct 2018 using resin transfer molding (RTM) methods. In order to characterize fabricated
Accepted 28 Oct 2018 samples, three-point flexural tests were used. The best improvement of the

flexural modulus and strength with 19% and 7% were obtained by the samples
in the 90° direction and MWCNTSs compared to the samples without MWCNTs.
An increase in interfacial adhesion between glass fibers and epoxy matrix due to
the existing of the carbon nanotubes was the reason of the improvement of the
flexural properties of carbon nanotubes integrated composites.
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1. Introduction

The using of thermoplastics and thermosets polymeric composite materials were
considerably developed in recent years. Nano materials can be used as an assistant factor
for strengthening of the composites. Carbon nanotubes (CNTs) have superior properties
such as, strength and stiffness, with high aspectratio. Because of unique properties of CNTs
(such as Young’s modulus of ca. 1 TPa and tensile strength of ca. 200 GPa), CNTs has
become an ideal candidate for polymer reinforcement [1]. In the literature, some articles
were found addressing the flexural properties of CNT modified laminates [2-10].

Agnihotri et al. [2] studied effect of carbon nanotube grafting on the wettability and
average mechanical properties of carbon fiber/polymer multiscale composites. They found
that CNT grafting leads to a significant improvement in interfacial shear strength as well
as flexural and tensile response of carbon fiber/polymer composites with the epoxy resin.
Prusty et al. [3] studied mechanical, thermomechanical, and creep performance of CNT
embedded epoxy at elevated temperatures. They recorded higher flexural strength and
modulus of carboxylic functionalized CNT (FCNT) embedded epoxy nanocomposites over
pristine CNT (UCNT) embedded epoxy nanocomposites and neat epoxy at room
temperature environment. Avci et al. [4] studied preparation and mechanical properties
of carbon nanotube grafted glass fabric/epoxy multi-scale composites. They reported that
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the multi-scale composite laminates prepared with CNT grafted glass fabric represent
increasing resistance to applied load after primary load fall occurred. Rahaman et al. [5]
studied epoxy-carbon nanotubes as matrix in glass fiber reinforced laminated composites.
They found that flexural strength, flexural modulus and storage modulus of carbon
nanotubes/glass fiber/epoxy composite were considerably improved by the addition of
MWCNTs. Coelho et al. [6] studied glass fiber hybrid composites molded by RTM using a
dispersion of carbon nanotubes/clay in epoxy. They reported that the low clay content
used and, especially, the very low MWCNT content, did not significantly alter the studied
flexural properties. Zhouo et al. [7] studied fabrication and characterization of
carbon/epoxy composites mixed with multi-walled carbon nanotubes. They found that the
glass transition temperature, decomposition temperature, and flexural strengths were
improved by infusing CNTs. Tensile behavior of MWCNT enhanced glass fiber reinforced
polymeric composites at various crosshead speeds was investigated by Mahato et al. [8].
They reported that addition of 0.1% CNT and 0.3% CNT enhanced the tensile strength by
6.11% and 9.28% respectively than control GFRP composite. Panchagnula et al. [9] studied
improvement in the mechanical properties of neat GFRPs with multi-walled CNTs. They
found that the tensile and flexural strengths of MWCNT-GFRPs increased nearly 36.04%
and 39.41% with the addition of 0.3% of MWCNTs. Interface enhancement of glass fiber
fabric/epoxy composites by modifying fibers with functionalized MWCNTs was reported
by Shen et al. [10]. They found that the interlaminar shear, tensile and flexural strengths
of MWCNTs-grafted glass fiber fabric/epoxy composites were enhanced by 24.0%, 24.9%
and 21.1%.

In the literature, it was found some researchers who they coated the surface of the
reinforcements using nano materials. Lagoudas et al. [11] studied effect of carbon
nanotubes on the interfacial shear strength of T650 carbon fiber in an epoxy matrix. They
found that randomly oriented MWCNT and aligned MWCNT coated fibers demonstrated a
71% and 11% increase in interfacial shear strength over untreated, unsized fibers due to
the presence of the nanotubes. Kim et al. [12] studied tensile strength of glass fibers with
carbon nanotube-epoxy nanocomposite coating. They reported that the single fibers
coated with the 0.3 wt% CNT-epoxy nanocomposite exhibited larger strength
improvement than fibers with a neat epoxy coating, compared to fibers without coating.
Epoxy matrix composites with carbon fiber/selectively integrated graphene as multi-scale
reinforcements was investigated by Zanjani et al. [13]. They found about 51%
improvements in the flexural strength in their fabricated composite materials by using
nano materials. Interfacial shear strength of a glass fiber/epoxy bonding in composites
modified with carbon nanotubes was reported by Gorbatikh et al. [14]. They obtained 90%
improvement in interfacial shear strength by using carbon nanotubes in the fiber sizing.
Demircan et al. [15] reported mechanical properties of thermoplastic and thermoset
composites reinforced with 3d biaxial warp-knitted fabrics. They found about 97% and
58% improvements in the flexural modulus and strength of composites by using carbon
nanotubes in the fiber sizing.

It was found little work about the three-point flexural properties of the MWCNTSs integrated
glass fiber epoxy thermoset composites reinforced with the non-crimp fabrics in the
literature. The aim of this research was to study the effect of the MWCNTSs integration on
the three-point flexural properties of the thermoset composites. In this study, the flexural
properties of 0.0 wt% and 0.4 wt% MWCNTSs integrated specimens in the 0° and 90°
directions were investigated. In order to design of the new thermoset composite materials,
the results from our research can be used.
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2. Experimental procedure
2.1. Constituents of Thermoset Composites

In order to fabricate nano materials integrated thermoset composites, the non-crimp
fabrics (NCF) with glass fibers (Metyx Composites Ltd., Turkey), epoxy resin (DTE 1200,
Duratek, Turkey) and hardener (DTS 1155, Duratek, Turkey) were used. The properties of
the NCF are shown in Table 1.

Table 1 Properties of non-crimp fabric (NCF) of composites

Area Fabric weight

E glass Biaxial yarn 0 Bla)élal yarn Areaowelght weightof  (warp, weft
(warp) 90° (weft) of 0° warp o S
samples ) . ! 90° weft and binding
fibers, tex fibers, tex fibers ! .
(ar/m?) fibers fibers)
(gr/m?) (gr/m?)
LT1200E
05B 0/90 2400 1200 566 614 1187

The MWCNTs were supplied from Ege Nanotek Kimya Sanayi Limited Sirketi, Izmir,
TURKEY. The properties of the MWCNTs were: 10-20 nm (the outer diameter), 5-10 nm
(the interiour diameter), 10-30 micro m (length of the MWCNTSs) and >200 m2/g (the
surface area of the MWCNTSs). Figure 1 shows the SEM images of the MWCNTs.

— 100nm KITAM
15.0kV SEI SEM WD 10.1lmm|

Fig. 1 SEM images of MWCNTSs

2.2, Fabrication Method of Thermoset Composites

In order to fabricate the thermoset composites with nanomaterials, the resin transfer
method (RTM) was chosen to manufacture four layers biaxial warp-knitted (BWK)
reinforced composites plates as shown in Figure 2.

At first ethanol and MWCNTSs solutions were prepared to coat each faces of the NCFs.
MWCNTSs were dispersed in ethanol using a magnetic stirrer device. After that the solution
of MWCNTSs and ethanol were stayed in an ultrasonic bath. Later, each faces of the NCFs
were coated using of the solution of MWCNTSs and ethanol. After coating of the NCF with
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the MWCNTSs solution, the specimens were left for two days in the room temperature to
ensure the full evaporation of the ethanol. Then, MWCNTSs coated four layers fabrics were
laid in mold cavity in a symmetrical stacking sequence ([90wa/Owe/90wa/Owe]s) of the RTM
system (Figure 3).

Fig. 2 The RTM apparatus

I 90° direction
I 0° direction

O weft fiber, we
© warp fiber, wa

[90,,/0,,./90,,,/0, ]s

Fig. 3 Schematic drawing of the thermoset composites. Here, l: length, w: width and t:
thickness of the fabricated composite plate

In the fabricated composite plates, the carbon nanotubes weight percentages were 0.4 wt
%. After fabricating of the composites, burn off method in a muffle furnace was performed
in order to determine the percentages of each of the constituents in the thermoset
composites. The burn off process of the composites was conducted according to the ASTM
D3171-99 standards. Table 2 shows the fiber volume fraction and thickness of the
fabricated composites.
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Table 2 Fiber volume fraction and thickness of fabricated composites

Total (warp, weft

. Weft Warp Binding o Thickness
Composites o o o and binding)
Vf (%) Vf (%) Vf (%) VE (%) (mm)
0.0 wt %
MWCNT 17.4 16.1 0.66 34.2 5.4
0.4 wt %
MWCNT 16.8 18.2 0.28 35.3 5.0

2.3. Characterization of Thermoset Composites

The ASTM-D790 test standards were used to prepare the specimens and test conditions
for the the three-point flexural tests. The INSTRON 5982 100KN universal testing machine
type with flexural tests apparatus was used to perform the three-point flexural tests. The
tests speeds and the sample dimensions were 1 mm/min and 110 x 15 x 5.0-5.4 mm?3 for
the three-point flexural tests. The test span lengths were 74 mm and 90 mm. Three
specimens from each type of the composite panels were tested both in the 0° and 90°
directions. The 0° and 90° directions of the specimens were cut after fabricating of the composite
panels. The 0° and 90° directions of the specimens can be seen in Figure 3 (0° direction was
shown by red color and 90° was shown by black color).

The flexural strength, modulus and strain were calculated using following Equations (1-3)
[16].

o= 3PL/bd? (1)
€r=6Dd/L? (2)
Ep= L¥m/4bd? (3)

Where, ot is the flexural strength (MPa); P is the flexural load (N); L is the support span length
(mm); b is the sample width (mm); d is the sample thickness (mm); Eg is the flexural modulus
(GPa); mis the slope of the tangent to the initial straight-line portion of the load-deflection curve;
gt is the flexural strain (%); D is the maximum displacement of the centre of the sample (mm).

3. Results and Discussion

The results of the flexural properties of the specimens are shown in Figure 4. The flexural
modulus and strength of the specimens with 0 wt% and 0.4 wt% MWCNTs were 12.8 GPa,
375.2 MPa, 15.9 GPa and 403.7 MPa in 90° direction and these were 17.2 GPa, 503.3 MPa,
20.1 GPa and 525.5 MPa in 0° direction. CNT integrated specimens showed 19% and 7%
improvement of flexural modulus and strength against specimens without CNTs in 90°
degree direction. That was 14% and 4% in 0° degree direction.

The specimens with 0 wt% MWCNT had a higher flexural modulus and strength in the 0°
direction (17.2 GPa and 503.3 MPa) than those in the 90° direction (12.8 GPa and 375.2
MPa) due to the higher volume fraction of the weft fibers (17.4%) than the warp fibers
(16.1%). Additionally, composite materials reinforced with thin plies showed higher
mechanical properties than that was with thick plies [17-20]. The weft fibers (thin plies)
of the specimens are aligned with the length of specimen in the 0° direction. The warp
fibers (thick plies) of the specimens are aligned with the length of specimen in the 90°
direction. Because of the alignment of thin fibers with the length of specimen in the 0°
direction, the results of flexural modulus and strength were higher in the 0° direction
compared to the 90° direction.
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Since the volume fraction of the warp fibers (18.2%) is higher than the weft fibers (16.8%)
with 0.4 wt% MWCNT, one will expect the specimens had a higher flexural modulus and
strength in the 90° direction than those in the 0° direction. The fact that flexural modulus
and strength in the 0° direction was higher than those in the 90° direction with 0.4 wt%
MWCNT. As mentioned earlier, because of the alignment of thin fibers with the length of
specimen in the 0° direction, the results of flexural modulus and strength were higher in
the 0° direction compared to the 90° direction.

The flexural properties of the thermoset composites were improved by integrating of the
MWCNTSs on the surface of the NCF. The best improvement of the flexural modulus and
strength with 19% and 7% were obtained from the samples in the 90° direction and 0.4
wt% MWCNTs. The interfacial properties between fiber and epoxy matrix could be
improved by coating of the fiber surface with CNTs nano particles and this might be the
possible reason of the enhancement of the flexural properties of composites. Since the
CNTs having superior mechanical properties with large surface area, they improve
mechanical properties of composites.

600 25
525.5

503.3

500

400

300

200

Flexural Strength (MPa)
Flexural Modules (GPa)

NONE 90° CNT 90° NONE 0° CNT 0°

Fig. 4 Results of flexural properties of thermoset composites

Comparing these results with others found in the literature, 11% and 4.7% increase in
flexural strength and modulus for addition of 0.1% pristine CNT (UCNT) in epoxy was
reported by Prusty et al. [3]. About 14% increase in flexural strength for addition of 0.3%
oxidized MWCNTSs in epoxy was reported by Avci et al. [4]. 27% increase in flexural
modulus for carbon nanotubes/glass fiber/epoxy laminates containing 0.5% MWCNT was
reported Rahaman et al. [5]. 11.7% increase in flexural modulus for addition of 0.4%
MWCNT and 28.3% in flexural strength in epoxy was reported by Zhouo et al. [7]. The good
agreement between our results and literature supported our mechanical tests.

4., Conclussions

The addition of the carbon nanotubes on the surface of the reinforcements enhanced the
flexural modulus and strength of the thermoset composites.

From the results of this study, the following conclusions can be drawn:

e The results of flexural properties were higher in the 0° direction compared to the
90° direction.
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e Composite materials reinforced with thin plies showed higher mechanical
properties than that was with thick plies in the same volume fraction.

e The bestimprovement of the flexural modulus and strength with 19% and 7% were
obtained from the specimens in the 90° direction and 0.4 wt% MWCNTSs due to the
superior properties of carbon nanotubes.

e The highest results of flexural modulus and strength were achieved with 0.4 wt%
MWCNTs in 0° direction.

e There was a good agreement of results of flexural tests of nano materials integrated
composites from literature and from us.

In future study, we will try to investigate the impact properties of the nano materials
integrated composite materials with the NCFs reinforcements.

Acknowledgment
The authors thank to the Research Fund of Ondokuz Mayis University (Project Numbers:
(PYO.MUH.1904.16.004 and PYO.MUH.1904.16.005) for funding of this study.

References

[1] Meyyappan M. Carbon Nanotubes Science and Applications, CRC Press, New York, ISBN
9780849321115, 2005

[2] Agnihotri KP, Padhee SS, Bedi SH. Effect of carbon nanotube grafting on the wettability
and average mechanical properties of carbon fiber/ polymer multiscale composites,
Polymer Composites, 2018; 39: 1184-1195. https://doi.org/10.1002/pc.24714

[3] Prusty KR, Ray CB, Tathore KD. Mechanical, thermomechanical, and creep performance
of CNT embedded epoxy at elevated temperatures: An emphasis on the role of carboxyl
functionalization. Journal of Applied Polymer Science, 2017; 134: 44851-44862.

[4] Avci A, Eskizeybek V, Giilce A. Preparation and mechanical properties of carbon
nanotube grafted glass fabric/epoxy multi-scale composites. Advanced Composite
Materials, 2017; 26: 169-180. https://doi.org/10.1080/09243046.2015.1052188

[5] Rahaman A, Imran M. Epoxy-carbon nanotubes as matrix in glass fiber reinforced
laminated composites. Fullerenes, Nanotubes and Carbon Nanostructures, 2017; 25:
559-562. https://doi.org/10.1080/1536383X.2017.1330264

[6] Coelho FAL, Ramirez MA, Becker D, Amico CS, Silva da VL, Sene ST. Glass fiber hybrid
composites molded by rtm using a dispersion of carbon nanotubes/clay in epoxy.
Materials Research, 2013; 16: 1128-1133. https://doi.org/10.1590/S1516-
14392013005000104

[7] Zhou Y, Pervin F, Lewis L, Jeelani S. Fabrication and characterization of carbon/epoxy
composites mixed with multi-walled carbon nanotubes. Materials Science and
Engineering A, 2008; 475: 157-165. https://doi.org/10.1016/j.msea.2007.04.043

[8] Mahato KK, Rathor e DK, Prusty RK, Dutta K and Ray BC. Tensile behavior of MWCNT
enhanced glass fiber reinforced polymeric composites at various crosshead speeds. IOP
Conf. Ser. Mater. Sci. Eng, 2017; 178. https://doi.org/10.1088/1757-
899X/178/1/012006

[9] Panchagnula KK, Kuppan P, Improvement in the mechanical properties of neat GFRPs
with multi-walled CNTs. ] Mater Res Technol., 2018;
https://doi.org/10.1016/j.jmrt.2018.02.009

[10] Zeng S, Duan P, Shen M, Xue Y, Lu F, Lu, Y, Interface enhancement of glass fiber fabric/
epoxy composites by modifying fibers with functionalized MWCNTs. Composite
Interfaces, 2018; https://doi.org/10.1080/09276440.2018.1499354

[11] Sager R], Klein PJ, Lagoudas DC, Zhang Q, Liu ], Dai L, Baur JW. Effect of carbon
nanotubes on the interfacial shear strength of T650 carbon fiber in an epoxy matrix.

97


https://doi.org/10.1002/pc.24714
https://doi.org/10.1080/09243046.2015.1052188
https://doi.org/10.1590/S1516-14392013005000104
https://doi.org/10.1590/S1516-14392013005000104
https://doi.org/10.1088/1757-899X/178/1/012006
https://doi.org/10.1088/1757-899X/178/1/012006
https://doi.org/10.1016/j.jmrt.2018.02.009
https://doi.org/10.1080/09276440.2018.1499354

Demircan et al. / Research on Engineering Structures & Materials 5(2) (2019) 91-98

Composite Science and Technology, 2009; 69: 898-904.
https://doi.org/10.1016/j.compscitech.2008.12.021

[12] Siddiqui NA, Sham ML, Tang BZ, Munir A, Kim JK. Tensile strength of glass fibers with
carbon nanotube-epoxy nanocomposite coating. Composite Part A, 2009; 40: 1606 -
1614. https://doi.org/10.1016/j.compositesa.2009.07.005

[13] Zanjani JSM, Okan BS, Menceloglu YZ, Yildiz M. Nano-engineered design and
manufacturing of high-performance epoxy matrix composites with carbon
fiber/selectively integrated graphene as multi-scale reinforcements. RSC Advances,
2016; 6: 9495-9506. https://doi.org/10.1039/C5RA23665G

[14] Godara A, Gorbatik L, Kalinka G, Warrier A, Rochez, O, Mezzo L, Luizi F, Vuure AWV,
Lomov SV, Verpoest I. Interfacial shear strength of a glass fiber/epoxy bonding in
composites modified with carbon nanotubes. Composite Science and Technology,
2010; 70: 1346-1352. https://doi.org/10.1016/j.compscitech.2010.04.010

[15] Al-darkazali A, Golak P, Kadioglu K, Giinaydin E, Inang I, Demircan O. Mechanical
properties of thermoplastic and thermoset composites reinforced with 3d biaxial
warp-knitted fabrics, Applied Composite Materials, 2018.
https://doi.org/10.1007/s10443-018-9725-x

[16]ASTM D790:2010. Standard test methods for flexural properties of unreinforced and
reinforced plastics and electrical insulating materials.

[17] Tsai SW, Sihn S, Kim RY. Thin-ply composites. In: 46th AIAA/ASME/ASCE/AHS/ASC
structures, structural dynamics & materials conference, Austin, Texas, 18-21 April
2005, pp. 1-5. Sawston, Cambridge: Woodhead Publishing.

[18]Sihn S, Kim RY, Kawabe K, Tsai SW. Experimental studies of thin-ply laminated
composites. Composite Science and Technology, 2007; 67: 996-1008.
https://doi.org/10.1016/j.compscitech.2006.06.008

[19] Guillamet G, Turon A, Costa ], Renart ], Linde P, Mayugo JA. Damage occurrence at
edges of non-crimp-fabric thin-ply laminates under offaxis uniaxial loading. Composite
Science and Technology, 2014; 98:44-50.
https://doi.org/10.1016/j.compscitech.2014.04.014

[20] Yokozeki T, Aoki Y, Ogasawara T. Experimental characterization of strength and
damage resistance properties of thin-ply carbon fiber/toughened epoxy laminates.
Composite Structures, 2008; 82: 382-389.
https://doi.org/10.1016/j.compstruct.2007.01.015

98


https://doi.org/10.1016/j.compscitech.2008.12.021
https://doi.org/10.1016/j.compositesa.2009.07.005
https://doi.org/10.1039/C5RA23665G
https://doi.org/10.1016/j.compscitech.2010.04.010
https://doi.org/10.1007/s10443-018-9725-x
https://doi.org/10.1016/j.compscitech.2006.06.008
https://doi.org/10.1016/j.compscitech.2014.04.014
https://doi.org/10.1016/j.compstruct.2007.01.015

	resm2018.63is0828c
	resm2018.63is0828m

