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Abstract - In this paper, the influence of nanoclayClosite 30B on the mechanical properties: Tensile strength, Tensile 
modulus, Fracture strain, flexural strength, flexural modulus and mod and Toughness of 2D woven Glass/Epoxy laminated 
composite is investigated experimentally. The glass/epoxy/nanoclay laminate has 12 layers and 60% fiber volume fraction is 
made by VRTM method. Fibers have a plain-weave configuration with density of 200gr/m2, while the nano-epoxy resin 
system is made of diglycidyl ether of bisphenolA (epon 828) resin with jeffamine D400 as the curing agent and an 
organically modified MMT nanoclayin a platelet form, namely Closite 30B. The nanoclay is dispersed within epoxy with 
0%, 1%, 2%, 3%, 5% and 7% ratio in weight with respect to the nano-matrix. The 3% and 7% nanoclay content have shown 
the most increase in the tensile properties. For 7% nanoclay content, the tensile strength is increased by 13%, failure strain 
higher by 7% and toughness by 27% while the 3% nonoclay has 9% higher. 
 
Keywords - Polymer-matrix, nano composites, Tensile properties, Bending Properties, Mechanical properties, Nanoclay, 
Glass fiber. 
 
I. INTRODUCTION 
 
Having higher specific strength (strength to weight) 
and specific stiffness (stiffness to weight) than 
traditional materials, composite materials are widely 
used in aerospace military applications where weight 
is of special importance. With the development of 
nanotechnology and its use in polymer composites, 
good progress in production of new materials for 
structural applications was obtained. Most of the 
researches on polymer nano composites and polymer 
hybrid nano composites reinforced with fibers are to 
improve their mechanical, thermal and electrical 
properties. Due to the low price and easy application, 
clay nano particles have a good potential to be used in 
polymer composites [1, 2].Furthermore, researchers 
have shown the possibility of surface modification of 
nanoclays for polymer resins compatibility [3, 
4].Gilbert et. al. [5, 6] and Timmerman et. al. [7] 
showed that the fracture toughness will improve by 
addition of metal and clay nano particles. Yasminet. 
al. [8] reported an increase of about 80% in the elastic 
modulus upon addition of 1 to 10 wt% Closite 30B in 
epoxy. Meanwhile, Ho et. al. [9] reported increased 
hardness and toughness when using nano particles. 
Furthermore. Rice et. al. [11] used the organic silicate 
to reinforce epoxy/carbon fiber. They observed 12% 
improvement in hardness in comparison with the pure 
epoxy by adding 2wt% nanofiller. Haque et. al. [12] 
observed that addition of 1 wt% of nanoclay 
increased44%, 24% and 23%in inter laminar shear 
strength, flexural strength and fracture toughness, 
respectively. Chowdhuryet. al. [13] investigated the 
mechanical properties of carbon/epoxy/nanoclay 
hybrid nano composites manufactured bythe vacuum 
assisted resin transfer (VARTM) method with and 

without thermal post curing. They observed that the 
maximum improvement in flexural strength and 
flexural strength are 25% and 14% in without thermal 
post curing case and 14% and 9% in thermal post 
curing case respectively. Brunner et. al. [14] observed 
that the delamination resistance is increased by 
adding nanoclay. Wang et. al. [15] investigated the 
effect of nanocly on the mechanical properties and 
the fracture toughness of epoxy. The results showed 
the maximum improvement in fracture toughness is 
in 2.5 wt% nanoclay. The SEM micrographs of the 
fracture surface showed the formation of a large 
number of micro cracks and the increase in the 
fracture surface area due to crack deflection are the 
major toughening mechanisms.  
Siddiqui et. al. [16] investigated the effect of 
nanoclay on mechanical properties and fracture 
resistance of carbon/epoxy/nanoclay hybrid nano 
composites. The results showed the plane strain 
fracture toughness increase about50% with the 
addition of 3wt% nanoclay. On the other hand, the 
results of  Izod impact test showed a reduction of 
45% in impact fracture toughness with the addition of 
1 wt% nanoclay. Ngo et. al. [17] investigated the 
effect of nanoclay on the mechanical properties of 
two types of epoxy resin, one rubbery and one glassy. 
In both resins,Epon828 was used as the prepolymer, 
but the two hardeners were Jeffamine D2000 and 
Jeffamine D230 in the rubbery and the glassy epoxy 
resin types respectively. The results showed that 
tensile strength, modulus and toughness of the 
rubbery epoxy sample had improved considerably. 
Miyagawa et. al.. [18] studied the effect of nanoclay 
on the properties of the carbon/epoxy fiber 
composites. They observed no significant change in 
flexural strength and flexural modulus while the in-
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plane shear strength increased. Subramaniyan et. al.. 
[19] observed that the addition of 5 wt% nanoclay 
increased elastic modulus of the epoxy venyl-ester 
resin by 20%. Moreover, for the glass/epoxy 
composites made using the wet lay-up procedure, an 
increase of 20-25% in the compressive strength was 
observed due to the addition of nanoclay, while for 
the specimen made using VRTM procedure, a 
reduction in compressive strength was observed. Pol 
et. al.  
In this study, the effect of adding nanoclay (closite 
30B) on the tensile and flexural properties of 
glass/epoxy laminate composite made using VRTM 
procedure is studied experimentally. 

 
II. EXPERIMENT PROCEDURE  
 
2.1. Materials 
Reinforced glass-epoxy is the nano-matrix used in 
this research. The resine includes two parts: First The 
epoxy base is diglycidylether of bisphenol type A: 
DGEBA, commercial name:epon 828 produced by 
shell company. Second the hardener is poly oxy 
propylene diamine with 400 gr/mole molecular 
weight, commercial name: Jefamin D400 from 
honsman company. The hardener is mixed with the 
epoxy base with 55:100 weight fraction. The 
nonoclayis a mineral modified nanoclay MMT in 
platelet form, namely: Closite 30B,from rock wood 
company. The fiber is the 2D texture glass fibers with 
200 GSM. 
The distribution of nanoclay within epoxy matrix is 
evaluated by measurement of base displacement d by 
X-ray diffraction method. The graphs of X-ray 
diffraction of epoxy nanoclay are plotted in fig. 2 for 
variety of nanoclay percentage. As shown, the 
nanoclay has a pick at separation angle of 2θ = 4.75 ̊ 
respect to d = 18.61  Å. 

 

 
Fig. 1.  X-ray diffraction verses nanoclay percentage 

 
Table 1. separation angle and distance d measured by X-ray 

diffraction of epoxy nanoclay 

 

2.2.   Sample Manufacturing 
At first 0,1,2,3,5 and 7 weight percent is 
mechanically mixed with the hardnerJef Amin D400. 
The mixture is sunicated for 20 minutes at 40C̊   in 
ultrasonic machine, 150 kw/cm2 power and 5 m 
amplitude. Then, the resulted mixture is combined 
with Epon 828 in mixing chamber at 1800 rpm, 40  C̊ 
for 10 minutes. The 12 layer glass epoxy nanoclay 
hybrid composite samples are made from the resin by 
VARTM method. The nano composite materials have 
60 percent weight fraction fibers and 2.6 mm average 
thickness. 
The 12 layered glass fibers is arranged inside the 
500*500 mm2 mold and the epoxy resin is extruded 
into the mold in vacuum condition. The minimum 
viscosity of epoxy nanoclay is at 60  C̊ temperature 
but it can not be extruded after 10 minutes because of 
noticeable increase in viscosity. Therefore the mold 
and nano resin should be maintained at 40  C̊ 
temperature as the optimum condition. Then, the 
hybrid nanoclay composite is cured at 80  C̊  and 
120  C̊, each for 150 minutes. Finally samples are 
produced by water jet cutting 
 
2.2. Tensile Experiments 
The mechanical properties of glass/epoxy/nanoclay 
hybrid nanocomposites were measured in the tensile 
and three point bend flexure  tests. The tests were 
performed using a universal testing machine (Instron 
5500R). The tensile and flexural tests were carried 
out at a crosshead speed of 2mm/min, according to 
the specification, standard ISO 527 and ISO 178, 
respectively. The test specimens for tensile and three 
point bending test were 250mm long × 25mm wide 
×2.6mm thick and 100mm long × 25mm wide 
×2.6mm thick, respectively. For each group, at least 
five specimens were determined instruments and 
specimens used in this research are shown in the 
figures 2 and 3. 
 

 
Fig. 2. Tesnsile test instrument and specimens 

 

 
Fig. 3. Bending test instrument 
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III. RESULTS AND DISCUSSION 
 
Fig. 4 illustrates the stress-strain graph for the hybrid 
nano composite at different weight fractions of 
nanoclay in tensile test. The changes in ultimate 
strength fracture strain, modulus of elasticity and 
toughness for different weight fractions of nanoclay 
are shown in Table 2. 

 

 
Fig 4. stress-strain for hybrid nano composite at different 

weight fractions of nanoclay 
 
As illustrated, the most improvement in tensile 
properties are obtained for 3 and 7 percent of 
nanoclay. The 3 percent nanoclay has the most 
increase in ultimate strength, fracture strain and 
toughness. Lower fracture strain and higher module 
represent better bounding between matrix and fiber in 
3% of nanoclay. 
 

Table 2 Tensile prpoperties of composite 

 
 
The flexural strength and the flexural modulus of the 
hybrid nanocompositeareshown in Fig.4. The flexural 
strength and the flexural modulus calculated by [23]: 
 

 
whereS, E, l, b, h, P, and m are the flexural strength, 
the flexural modulus, the support span, specimen 
width, specimen thickness, the maximum force and 
the slope of force-displacement diagram. As can be 

seen in Fig. 5, the maximum improvement in flexural 
strength and flexural modulus is obtained by 3 wt% 
and 5 wt% of nanoclay, respectively. 

 

 
Fig 5. flexural bending and modulus for hybrid nano composite 

at different weight fractions of nano clay 
 
The changes in mechanical properties of the 
composite and particularly in 3 and 7 percent of 
nanoclay are due to some factors: First is the 
toughness of the epoxy resin. The processed closite B 
planer nanoclay changes the curie conditions during 
ultrasonic process which is along with energy transfer 
and local heating of nano resin. This also cusses 
improvement of epoxy resin toughness during 
polymerization. Second, interconnected nanoclay 
particles act as a solid mass particle inside the resin 
which prevents propagation of macro crack along 
straight path. This can be observed from SEM images 
of fracture surface of 3% nanoclay in the resin. Third, 
groups of nanoclay particles, which are smaller many 
orders than fiber, reinforced partially matrix and layer 
interface. The planer nanoclay improves both the 
interlayer and inner layer bounding between fibers in 
the composite. The SEM image of multilayer 
composite without nano particle clearly shows that 
matrix is completely debounded from weak bounding 
glass fiber and the matrix, see fig. 4. On the other 
hand for 3 and 7 percent of nanoclay samples, the 
nano resin is still attached completely to the fracture 
surface and, intern, stronger bounding between 
nanoresin and the fibers will be obtained. 
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Fig. 6. SEM micrograph of the fractured surface of hybrid 

composite 
 
Fourth, plane nanoclays can improve cohesion 
between the interlayer and the adjacent composite 
layers. As shown in the SEM image of Fig. 8, for a 
laminated composite material without any nano 
particles, matrix completely separates from the failure 
surface that shows the weak bonding between the 
glass fiber and matrix. In contrast, in 3 and especially 
7% nanoclay samples, matrix is completely stacked to 
the fibers at the failure surface, which represents an 
improvement of adhesion between the matrix and 
fibers at presence of the nano particles. The issue can 
increase the toughness and strength of fiber-
reinforced resin. However, the brittle nature of the 
resin can reduce themobility and increase the 
modulus, strength. Fifth, clay nano particles and their 
bundle scan act like the rigid fillers in matrix and the 
rigid connectors between fiber and matrix. Better 
adhesion of fiber/epoxy/nanoclay and presence of the 
rigid connections can cause the better stress transfer 
in the system and in result, an increasing in the 
fracture surface area. Increase in the fracture surface 
area can increase the energy dissipation in the 
fracture compared to composites prepared without 
any nanoclay. As a result, the increased amount of 
fracture surface area and the energy dissipation can 
increase toughness system. Moreover, rigid fillers in 
matrix, with higher modulus respect to matrix, and 
better adhesion of fiber/epoxy/nanoclay can increase 
modulus, strength and toughness despite the reducing 
the mobility. 

 
CONCLUSIONS 
 
Nanoclays were used as nano particles fillers in 
glass/epoxy laminate composite. Overall this work 
showed that nanoclays could be easily used to modify 
traditional fiber reinforced composite materials. The 

following are the summery of the above 
investigation: 
The nanoclay addition to the hybrid nano composites 
represented a maximum improvement in the tensile 
strength, the failure strain and toughness, i.e. 13%, 
7% and 27% respectively, in 7% nanoclay. The 
maximum improvement in the modulus was9% in 3% 
at nanoclay presence. 
The results of three bending flexural test have shown 
that the maximum improvement in the flexural 
strength and flexural modulus are 11% in 3% 
nanoclay and 48% in 5% nanoclayrespectively. 
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