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Abstract— An adhesive bonding can be ranged among technologies
of materials bonding which are used in all industrial branches
Adding particles to the adhesive layer in adhesively bonded joints
can increase adhesive toughness and improve stress distribution in
the adhesive layer. In this investigation, the influence of clay
nanoparticles on the adhesion between epoxy adhesive and composite
substrates was primarily investigated. Shearing characteristics of
modified epoxy were studied by single lap joints. The adhesives were
produced from different amounts of Nano clay particles incorporated
into epoxy. Glass fiber composite plates were chosen as adherends.
The results of shear tests indicated that clay nanoparticles had great
influence on adhesion strength. Compared to neat epoxy, it was found
that the adhesive strength is increased considerably under shear
loadings.

techniques have been considered to improve the mechanical
properties of structural adhesives containing fillers such as
carbon, nylon, or glass micro- or Nano-fibers and
nanographene [7-11]. From a general point of view,
nanostructured materials are expected to yield improvements
over neat polymers in a wide range of properties, such as
mechanical properties [9,10,11,12,13], dimensional stability
and barrier properties [14], thermal degradation resistance
[15,16], etc.
The Nano clay particles are formed from clay platelets
which are stacked together. The thickness and aspect ratio of
the clay platelet are about 1 nm and 100, respectively [17].
Due to the large surface area of the Nano-sized particles only
small amounts are needed to cause significant changes in the
resulting properties of the Nano-composite adhesives [18].
One possibility to increase adhesives mechanical properties is
to reinforce them with nanoparticles and nanotechnology
[4,19-21]. Adding alumina Nano-fibers to epoxy adhesives
slightly increases the strength of sample aluminum joints
[19,20]; whereas, the effect of Nano-reinforced composites on
the toughness of carbon/epoxy composite joint is significant,
vary based on the fabrication method (prefabricated versus cocured). Previous studies [22,23-36] conducted several studies
into the effect of adding alumina nanoparticles to epoxy resin
for bonding steel samples. In prior work [37-40] developed
epoxy adhesives reinforced with carbon nanotubes, to be
utilized in aluminium joints. In particular, they reported that
the addition of carbon nanotubes in concentrations up 1 wt%
greatly improved the durability of epoxy-based adhesive joint
in tests under water at 60◦C. Recently, [28] analyzed the
electrical conductivity and the shear strength of polyurethane
adhesives filled with different kinds of modified graphite,
finding that the strength of the adhesive joints to aluminum
increased up to a filler content of 20 wt. %. Patel et al. [27]
synthesized Nano-composite adhesives based on acrylic
polymers and silica or clay, in order to investigate the effect of
these nanoparticles on the adhesion behavior of the hybrid
adhesives against different substrates (aluminium, wood,
polypropylene). Aluminium and wood joints displayed higher
joint strength, because of the interaction of the adhesive with
the hydroxyl groups present on the surface of these substrates.
Guadagno et al. [17] have investigated the mechanical
performance and morphology of structural adhesives modified
by graphene additive. They have shown that considerable
enhancement was achieved in epoxy adhesives filled with 1
wt% graphene due to the cumulative influence of intermolecular interactions among the graphene particles and
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I.

INTRODUCTION

Over the years, metal-based engineering materials have been
increasingly replaced by the polymer composites because of
advantageous features of polymers including high strength-toweight ratio, excellent corrosion resistance, superior thermal
insulation, and low thermal expansion coefficient. The fiber
composite approach can provide significant improvements in
specific (property/density) strength and stiffness over
conventional metal alloys. Light weight composite materials
such as carbon fiber reinforced epoxy resins and glass fiber
reinforced laminates are increasingly finding application in
aircraft to replace traditional heavier metal structures [1,2].
Recent
advances
in
composites
manufacturing
technologies provide affordable solutions to the production of
complex and large composite parts. To join such composite
parts, polymer adhesives are commonly used. Using adhesive
bonding for joining composite parts provides many advantages
such as low cost, high strength to weight ratio, low stress
concentration, fewer processing requirements and superior
fatigue resistance and environmental resistance [3,4,5].
Adhesive bonding is rapidly developing for many applications
in: aviation, electrical, automotive and marine industries,
building engineering, medicine (dentistry). Increases in
specific strength, corrosion resistance plus possibility of
joining different materials are the principal advantages of
adhesive joints over the ‗traditional‘ joining methods (riveting,
bolting, welding, brazing). Naturally there is still need to
increase mechanical properties and durability of adhesives
[1,4,6-8]. The most popular adhesives with high cohesive
performance used in structural applications are epoxies, which
promise strong, resistant and durable joints. A number of
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epoxy adhesive [41-46]. Earlier study [47] studied the effect
of adding graphene on low viscosity adhesives and have
shown that the joints with modified adhesives demonstrate
higher lap shear strength. This investigation was aimed to
explore the effect of clay Nano particles (CNP) on the shear
strength of glass fiber/epoxy composite single lap joints
(SLJs). The shear strength of the lap joints was studied
comparatively at different weight ratios of CNP in the
adhesive layer. After mechanical tests, Failure loads and effect
of additive ratio were presented for each mass rated adhesive
with some conclusions.
II.

2.1 Preparation of Lap Joint Specimens
The composite plates were cut to substrates by guillotine
machine in dimensions of 100 × 25 mm according to ASTM
D5868-01 standard. The dimensions of SLJs studied are
shown in Figure 1. The adhesive layer was based on epoxy
and hardener with a weight ratio of 100:28 according to
manufacturing specifications. Then, in case of Nano
composite adhesive, CNP fillers were added into epoxy by 1,
2, 3, and 5 wt. % (Table 1). The epoxy/clay mixture was
stirred for at least 10 min without hardener in order to reach
good distribution of CNP. The mixing time increased with the
increase of clay amount to avoid particle aggregation. After
that the hardener was added and stirring process was
continued for extra 2 min in order to prevent temperature
rising of the mixture. Before bonding process, substrate
surfaces were cleaned with acetone, abraded with a fine
abrasive paper (water proof silicon carbide ‗D‘166 grade
P120D) and then cleaned with acetone again. The measured
thickness of composite substrates after abrasion process was 2
mm. An aluminum mold was used to keep substrates in
position and to achieve perfect alignment between adherends
(Figure 2 (a)). The adhesive was applied on the substrate
surfaces within the specified bonding area. Some test samples
can be seen in Figure 2 (b).

MATERIALS AND METHODS

Commercial glass fiber composite plates was purchased
from local market in Gaziantep, Turkey. Epoxy
(MOMENTIVE-MGS L160) and conjugated hardener
(MOMENTIVE-MGS H260S) were provided from DOST
Chemical Industrial Raw Materials Industry, Turkey.
Montmorillonite Nano clay with 35-45 wt. % dimethyl dialkyl
(C14-C18) amine was obtained from Grafen Chemical
Industries, Turkey. The density of Nano clay is 200-500 kg/m3
and the Nano particles are in size of 1-10 nm.
Single lap joint configuration was adopted to produce
adhesive joints and lap shear test was utilized in order to study
the tensile properties of epoxy/Nano composite structures.

Figure 1. Single Lap Joint Configuration with Dimensions in (mm)

(a)

(b)

Figure 2. Preparation of Adhesive Single Lap Joints; a) Sticking the Composite Substrates, b) Test Samples

2.2 Lap Shear Test
All the tensile experiments were carried out using a
universal computer-controlled tensile device type Shimadzu
AG-I (Figure 3 (a)) at room temperature and standard

humidity. The cross head speed was 1mm/min according to
ASTM D5868-01 standard. The boundary condition and
loading are as shown in Figure 3 (b). One end of the lap
specimen was pulled away from the other end which was
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fixed. The overlap length and to the thickness of the adhesive
layer of all specimens was fixed. The maximum shear load
that the specimens can carry was measured. The SLJ
specimens were fractured by subjecting them to shear loads in
order to inspect the influence of the CNP reinforcement. Four
specimens for each epoxy mixture designed were prepared and
tested and the average values were evaluated and adopted. The

maximum shear stress (
calculated as follows:

) acting on the adhesively joints is

(1)
Where Fmax is the maximum load recorded during the lap shear
tests, b and l are the width and the length of the overlap area of
the joint, respectively.

(a)

(b)

Figure 3. Illustration of Lap Shear Test; a) Boundary Conditions, b) Tensile Loading

III.

weight content of CNP will not have good adhesion
properties. The results of lap shear tests in tension on the
adhesive joints prepared with epoxy containing different
amounts of CNP were obtained and presented in loaddisplacement diagrams (Figure 4) and shear stress–shear strain
diagrams (Figure 5). The shear stress was calculated from
tensile load applied on adhesive joints divided by overlap
bonding area, and the shear strain was obtained from joint
displacement divided by overlap length [28-32]. The
maximum shear strength of SLJs (Figure 6) is estimated using
the average maximum shear stress shown in Figure 5. The
variations of standard deviation for the results shown in Figure
6 were 0.276 to 0.661 MPa for composite epoxy.

RESULTS AND DISCUSSION

Single lap adhesive bonded joints were prepared with
epoxy/CNP composite adhesives and tested under lap shear
loading in tension. The joints based on different weight ratios
of CNP were tested and compared with control samples of
neat epoxy. Two parameters fundamentally dominate the
adhesive strength: (a) mechanical characteristics of the epoxy
resin and CNP and (b) adhesion properties and viscoelastic
behavior of epoxy resin. In previous researches on adhesively
joints of epoxy (Saeed and Zhan, 2007), it was noticed that the
mechanical properties of the joints increased with the increase
of Nano particle content, but, at the same time, their
viscoelastic behavior has been changed from liquid-like to
solid-like. Thus, it was likely that epoxy containing high
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Figure 4. Load-Displacement Curves for SLJs Reinforced with Different Amount of CNP and Subjected to Tensile Loading
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Figure 5. Shear Stress-Shear Strain Curves for SLJs Reinforced with Different Amount of CNP and Subjected to Tensile Loading
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Figure 6. Maximum Shear Strength of SLJs versus CNP Weight Content

The influence of CNP incorporation into the adhesive layer
on the shear strength of SLJs was studied comparatively by
the results of adhesive joints reinforced and unreinforced with
CNP. It can be seen that the shear strength of adhesive joints
increased with the addition of CNP, but above 2 wt. % of
CNP, the shear strength decreased. The shear strength values
for pure epoxy and epoxy reinforced with 1, 2, 3, and 5 wt. %
of CNP were 6.187, 8.653, 7.417, and 6.026 MPa,
respectively. The results obtained from the lap shear test can
be given in Table 1.

composite adhesive joints decreased with the increase of Nano
clay amount. This can be attributed to the aggregation of
particles which causes stress concentration and crack growth
in the adhesive layer and lead to sudden failure under lower
stresses. However, the results stated that the adhesive joints of
Nano composite, for all epoxy/Nano clay designs considered
in this study, have shear strength higher than that of control
samples. The increase in shear strength was about 36, 91, 63,
and 33% for 1, 2, 3, and 5 wt. % of CNP. Much change was
noticed in shear strain with the addition of CNP content. The
shear strain increased as the CNP increased up to 2 wt. %
which resulted in highest shear strain. After that a reduction
trend was observed in the shear strain with more addition of
CNP than 2 wt. % and the strain value at 5 wt. % was very
close to that of neat epoxy. However, for high content ratios,
CNP prevent the formation of a homogeneous network in the
adhesive layer.

TABLE 1. Lap Shear Test Results of SLJs with Various Amount of CNP
Max.
Max.
Clay
Max.
Sample
Epoxy+Hardener
Shear
Shear
(wt.
Force
code
(%)
stress
strain
%)
(kN)
(MPa)
(%)
100
0
2832.472
4.532
4.573
T0
99
1
3867.078
6.187
6.927
T1
98
2
5408.394
8.653
10.187
T2
97
3
4635.823
7.417
8.355
T3
95
5
3766.573
6.026
4.554
T5

IV.

CONCLUSION

The effect of incorporating clay Nano particles into Epoxy
MGS-L160 on the shear strength of SLJs of glass fiber
composite samples was investigated. Different weight ratios of
Nano particles, namely 1, 2, 3 and 5 wt. % of CNP, were

The shear strength increased by about 36% and 91% with
the addition of 1 and 2 wt. % CNP in the epoxy resin. When
CNP content exceeded 2 wt. %, the shear strength of Nano27
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added to the epoxy adhesive in SLJs and the tensile properties
were studied. Generally, the experimental results obtained
from the axial tensile test and the force-displacement curves
for each sample revealed that adding a small weight content of
CNP to epoxy adhesive increases the maximum load-carrying
capacity by about 91%. The shear strength increased by
adding CNP up to 2 wt. % and more than this ratio resulted in
decreasing the shear strength. The highest value of shear
strength was found for the adhesive joint of epoxy filled with
2% CNP. Strain at break was increased as CNP content
increased in the epoxy adhesive up to 2 wt. % and then
decreased with more addition of CNP.
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