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Abstract: Nanocomposites are a new material discovery in the 21st century. One of the nanocomposite materials
which are useful in life is epoxy-clay nanocomposites. Epoxy clay nanocomposites have a reasonably wide
application in industrial fields such as aerospace, defense, automobile, etc. The purpose of writing this review is
to conduct a literature review on mechanical properties in various Cloisite as a filler of Epoxy-clay
Nanocomposites. There are several examples of cloisite, namely Cloisite 10A, Cloisite 15A, Cloisite 20A, Cloisite
25A, Cloisite 30B, and Cloisite 93A. Cloisite has the advantage of producing mechanical properties, especially in
the tensile modulus and strength, which is more increased than conventional reinforcing materials. These methods'
synthesis results were then characterized using TEM, SEM, XRD, and other tests to determine their mechanical
properties. The material parameters resulting from nanocomposites' synthesis are well seen from the high Tensile
strength and modulus values. The highest increase in mechanical properties was found in the cloisite 93A by the
ultrasonic synthesis method or mechanical stirring based on the study results.
Keywords: nanocomposite; organoclay; epoxy resin; synthesis; Cloisites.
1. Introduction
Recently, clay-polymer nanocomposites are being
widely used in industrial applications. These
innovative materials are at the crossroads of several
scientific disciplines. There is a very high demand for
material with high performance. Therefore
nanocomposites are used to replace conventional
materials in future engineering applications 1. One of
the nanocomposite materials which are useful in life
is epoxy-clay nanocomposites.
Epoxy resin is a thermosetting polymer with a distinct
three-ring epoxide group known as an oxirane or
epoxy ring that is highly strained and reactive. This
epoxide group's molecular base can be varied widely,
resulting in the diversity of molecular structure and
thus various classes of epoxy resins 2–4. Epoxy resins
are generally utilized for coatings, adhesives, paints,
etc., owing to their exclusive properties. But the
showing insufficient toughness, low crack resistance
due to the highly cross-linked structure, and
brittleness nature confine their application in certain
areas 5.
One of the crucial properties of clay is its ability to
improve polymer properties significantly. Clay
reinforcement offers higher resistance against
straining due to their higher module because it will
carry the major portion of applied load to the
nanocomposite under stress conditions 6. The

dispersion of clay nanofillers and the control of
polymer particle interactions are the successful
parameters of polymer clay nanocomposite
applications 7. Due to its excellent enhancement, the
nanofiller can be loaded even at small contents. In its
nanoscale, nanoparticles appear with a high surface
area, thus possibly disrupting the polymer chains'
mobility, which produces traits that can be
manipulated 8. Factors that can influence the role of
nanoparticles as fillers in the polymer matrix are:
fillers should have excellent mechanical properties
such as strength and Young's modulus; they should be
well dispersed and avoid agglomeration; they should
have a high aspect ratio and high surface area to
enable interaction with the polymer 9.
The dispersion of clay in the polymer matrix becomes
a problem with covalent bonds between the clay sheet
interlayer. In order to solve this problem, clay
particles are modified before being dispersed into the
polymer matrix. During the modification process, the
spacing between the clay particle interlayers was
increased by surfactant intercalation or grafting of
hydrophobic functional moieties. This allows the
hydrophobic properties to be incorporated into the
clay particles to be well dispersed in the polymer
matrix 8. By modification of nano clay and the
reduction of particles' hydrophilicity, the gallery
distance between silicate layers of nano clay can be
increased, so penetration of polymeric chains through
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them can become more comfortable,
consequently stacks will be reduced 10.
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and

The modifier such as ammonium salts has long alkyl
chains for compatibilization of organoclays with
hydrophobic polymer matrices. However, others are
reactive and functionalized with monomeric units,
radical (photo)polymerization and atom transfer
radical polymerization initiating groups, and reactive
epoxy groups to cure and reinforce epoxy resins 11.
The functionalization of nanoclay is carried out to
reach high properties of nanocomposites and benefit
from the nanoclays 12.
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The smectite is included in the 2:1 phyllosilicate
category with an octahedral alumina layer structure,
fused between the silica layers present in a tetrahedral
arrangement 7. Montmorillonite (MMT) is a subclass
of clay smectite widely used as reinforcement in
polymer matrices because it has a high surface area
with good reactivity when modified, so it is
compatible for polymer exfoliation and intercalation
in the interlayer region. MMT is a silicate layer with
a platelet-like shape. A modified form of MMT clay
with a quaternary ammonium surfactant called
"Cloisite". Cloisite is widely used as a filler in
polymer matrices 8.

Figure 1. Structure of different types of Cloisite. T is Tallow (~65%C18; ~30%C16; ~5%C14), and HT is
Hydrogenated Tallow 8
As shown in Figure 1 above, there are several
examples of cloisite, namely Cloisite 10A, Cloisite
15A, Cloisite 20A, Cloisite 25A, Cloisite 30B, and
Cloisite 93A. In Cloisite 30B and Cloisite 10A, the
formation of intercalated organoclay/poly (butylene
terephthalate) nanocomposites was carried out,
leading to an increase in tensile 8. MMT modified with
organic compounds is attracting wide attention as new
materials with increasing utilization. This
organic/inorganic hybrid material is found as
environmental and industrial applications such as
organic pollutant adsorbents 13–15 or as fillers in clay
nanocomposites 16–20.
Cloisite 30B (C30B) modification was carried out to
improve the interfacial interaction between the
nanoclay and the polymer matrix. The 2-hydroxyethyl
group could increase the chemical compatibility with
a relatively polar polymer 21. The presence of C30B
as a filler in thermoset polymers can form layered
structures, and the hydroxyl group can make its
interaction with the polymer matrix more useful 22.
When clay paste passes from the "rigid gel" to the
"soft gel," this change is called the third step of
swelling. When "soft gel" gives a suspension to the
ground state, it is no longer part of the swelling. Still,

it is the so-called sol-gel transition, which is important
in clay studies and applications, such as dynamic light
scattering alteration, fluidity loss, and fluorescence
enhancement 23. Hydroxylation is conducted at basic
medium 24. With moderate alkali activation at pH < 5,
the adsorptive removal capability for methylene blue
was improved. Indeed, this alkali activation can
moderately break the SieOeM and SieOeSi bonds and
remove the metal cations. Si in the crystal backbone
of phyllosilicate by which new adsorption sites were
created and the negative surface charges were
increased. In contrast, some acid treatment leads to an
effective modification method to increase clay's
surface area. However, note that moderate acidic
modification can be an inexpensive and effective
method to increase the surface area of clay 25.
Exfoliated structures have been shown to yield
optimized physical and mechanical properties. Their
development depends on the resin and nanoclay types
as well as the preparation methods. The mixing
method has a significant effect on the morphology of
unsaturated polyester-nanoclay composites. The
amount of optimum silicate loading that results in the
exfoliated structure is highly dependent on the mixing
process. Utilizing high shear mixing and
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ultrasonication led to better dispersion of polymer
chains into nanoclay platelets; accordingly, this
resulted in improved mechanical properties 26.
Various types of methods can be used to synthesize
epoxy-clay nanocomposites to disperse the nanoclay,
namely the Slurry Compounding method,
Ultrasonication High-Shear Mixing, and Mechanical
Stirring.
Many studies have been conducted based on the
synthesis method. However, clay selection is
indispensable for the process of making epoxy clay
nanocomposites. Cloisite has the advantage of
producing mechanical properties, especially in the
tensile modulus and strength which is more increased
than conventional reinforcing materials. Thus, the
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purpose of writing this review is to conduct a
literature review on the type of cloisite in various
epoxy-clay nanocomposite synthesis methods. The
nanocomposite system studied was the nano-sized
organoclay as reinforcement in the epoxy polymer
matrix. The synthesized nanocomposites were
characterized using TEM, SEM, XRD, and other tests
to determine their mechanical properties. The cloisite
material parameters produced from nanocomposites'
synthesis were seen from the high Tensile Modulus
and Strength values. Writing this review is expected
to help the industry and researchers to develop more
advanced epoxy-clay materials. The methods,
materials, and tensile test results of the journals
reviewed can be seen in Table 1 below.

Table 1. Comparison of the mechanical properties of several epoxy-clay nanocomposites.
Nanoclay

Nanoclay
concentration

Synthesis
Method
High Shear
Mixing
High Shear
Mixing and
Ultrasonication

Tensile Strength
(%)

Tensile Modulus
(%)

Cloisite 10A

2 wt%

22

5

34.47

50

P. Mathivanan
et al. 27
H. Salam et
al. 28

1 wt%

Ultrasonication

9.96

3.09

Singh et al. 29

1 wt%

Ultrasonication

16.36

6.36

Singh et al. 30

2 wt%

Ultrasonication

11.75

5.43

3wt%

High shear
mixing

24

2.6

5wt%

Ultrasonication

29.6

23.4

33.39

15.88

Kumar et al. 34

4.97

50.81

Kumar et al. 35

10

4.65

Mustapha et
al. 37

37

49

Sharifi et al. 36

63.62

44.17

Kumar 5

3 wt%

Cloisite 15A

Cloisite 20A

2wt%
Cloisite 25A
2wt%

Cloisite 30B

4 wt%
5 wt%
2.5 wt%

Mechanical
Stirring and
Ultrasonication
Mechanical
Stirring and
Ultrasonication
Ultrasonication
and Mechanical
stirring
Internal Stirrer,
Melting Method
Mechanical
stirring

Ref.

Sharma, B., et
al. 31
Ramakrishnan,
S. et al. 32
Merah and
Mohamed 33

4 wt%

Mechanical
stirring and
Ultrasonication

-5.08

31.82

M. SanchezCabezudo et
al. 38

2.5 wt%

Ultrasonication

67

37

Sudheer
Kumar 39

5 wt%

Mechanical
stirring and
Ultrasonication

23.58

23.66

R. Jeyakumari
et al. 40

Cloisite 93A
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2. Review of the literature
2.1. Cloisite 10A
Epoxy is the preferred material and is widely used for
industrial applications, usually as fiber-reinforced
composites. Epoxy is one of the most important
thermosetting resins used as a matrix material for
polymer-based composites. Its low density (1.3
g/cm3) has excellent bonding capabilities and good
mechanical properties 4,41,42. Fiber-reinforced polymer
composites (FRP) have good static mechanical
properties but less impact strength 43–46. Most FRPs
generally use reinforcements such as fiberglass,
aramid fiber, etc., with epoxy as the matrix 47,48. The
majority of polymer reinforced fibers (FRPs) consist
of an epoxy matrix reinforced with glass fibers.
Epoxy-clay based GFRP nanocomposites have high
specific strength 49. Epoxy-based glass fiber
reinforced plastics (epoxy-based GFRP) exhibit good
specific stiffness/strength and are used in many
structural applications 43,44,50,51.
P. Mathivanan and S. Thirugnanam 25 stated that the
Aluminum-Glass Fiber epoxy resin panels with resin
modification by Cloisite 10A were successfully
manufactured. The selection of a montmorillonite
organoclay such as Cloisite 10A suggests that this
nanoclay is a promising candidate for reinforcement
in polymer matrix composites. Nanoclay-reinforced
epoxy-based GFRP showed significant improvement
in properties including tensile, flexural, and
hygrothermal properties, but only a moderate increase
in impact performance 52–54. Thus, the impact
behavior of nanoclay reinforced by epoxy-based
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GFRP nanocomposites is still a concern. The
mechanical properties showed that with the addition
of 2wt% Cloisite 10A, the ultimate tensile strength
and modulus of elasticity were increased. The
ultimate tensile strength is increased due to the
possibility of gallery delamination of the nanoclay. In
addition, the orientation of the nanoclay along the
possible tensile direction also results in a higher
ultimate tensile strength at 2 wt%. Thus, the ultimate
tensile strength and modulus increase at 2 wt%, which
may be due to the interlude's better structure in it 55.
Table 2 shows that the modulus of elasticity has
increased by 5%. The ultimate tensile strength has
increased by 22% between the epoxy without the
addition of Cloisite 10A and 2wt% Cloisite 10A.
However, it decreased for accumulations exceeding
2wt% Cloisite 10A. This may be due to the low
dispersion of the clay in the epoxy resin. In the
clay/epoxy matrix suspension processing conditions,
the addition of nanoclays will increase the viscosity of
the matrix. This increased viscosity may be related to
the resin's difficult degassing and allow small voids in
the matrix suspension. This results in poor dispersion
of the epoxy-clay mixture and creates sufficient
agglomerates in the matrix mixture. These
agglomerates affect the rate of dispersion of the
clay/epoxy matrix, such as intercalation or
exfoliation 35. Norazura Ibrahim et al. 56 reported
similarly that the tensile strength and elongation of the
nanocomposites increased at low clay content of
2 wt% and decreased almost linearly with increasing
clay content.

Table 2. Shows the effect of adding Cloisite 10A of the elastic modulus and ultimate tensile strength epoxy resin
panel Aluminum-Glass Fiber 25.
No.

Cloisite 10A
(wt%)

Elastic Modulus
(Gpa)

Ultimate Tensile Strength
(Mpa)

1.

0

39.5

372

2.

1

40.3

396

3.

2

41.5

455

4.

3

40.4

410

5.

4

38.8

380

H. Salam et al. 26 produce mechanical properties such
as tensile strength and tensile modulus of
bioepoxy/nanocomposites clay, which are made
according to Taguchi DoE and neat bioepoxies. Using
high shear mixing and ultrasonication leads to better
dispersion of the polymer chains into nanoclay
platelets; thus, this resulted in improvements in
mechanical properties 26. The 3.0 wt% loading of the
nanoclay was chosen because it resulted in optimal
mechanical properties increase. However, exceeding
3 wt% decreases the tensile strength and fracture
strain. This is because the higher the clay's loading,
the higher the possibility of clay particle aggregation
so that the clay group creates a stress enhancer, which
lowers the tensile strength 33. IPDA preserved

nanocomposites had consistently higher tensile
strength when compared to MTHPA at 0 wt% ESO
content. Nanocomposites kept by IPDA 0 wt% ESO
and loading 3 wt% Cloisite 10A (BC8) obtained a
tensile strength of 34.47% and a tensile modulus of
50%. Kabalan et al. reported that loading up to 3 wt%
clay increased the tensile strength and modulus of
young; however, if the clay exceeds 3 wt% or the
addition of clay, the tensile strength, and modulus of
young experience a decrease 57.
2.2. Cloisite 15A
Different nanocomposite fillers can improve the
mechanical, thermal, and electrical properties of
epoxy resins 58–61. The epoxy-based GFRP composite
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system reinforced with nanoclay can improve the
resulting nanocomposites' tensile and flexural
properties 37,62. The tensile/flexural properties
possessed by epoxy-based GFRP nanocomposites can
be said to be superior. However, the impact strength
is relatively low 29,63,64. So it is necessary to strengthen
the polymer fiber to increase its impact
strength 29,63,64. The results showed 1.0 wt. The% clay
added to GFRP (i.e. E1C composite) resulted in an
increase in impact strength by 13% (164 kJ / m2) 30.

Epoxy-based glass fibers (NE) were used to
strengthen the composite which was observed in the
impact strength study of 161 kJ / m2. The addition of
1 phr clay into the GFRP (E1C) system increased by
about 4% (167 kJ / m2) 29. However, untreated
polypropylene fibers, when added to the
nanocomposite, caused a decrease in impact strength.
The impact strength is decreased because
polypropylene fibers and other composite systems
elements are less suitable 30.

Nanocomposite surface modification has the potential
to improve interface values and mechanical
properties 65. At the nanometer size for nanoclay, the
interaction at the phase interface is significantly
increased so that the material properties also increase.
One of the main factors causing the properties in
nanocomposites to change is when the ratio of surface
area to volume increases 30. As a result, more parts for
bonding and the resulting better mechanical
properties.

The impact strength in a maximum increase of 44%
contains polypropylene fibers with 2 phr and silane
treatment 29. The impact strength is decreased when
the polypropylene fiber composition is more than 2
phr. This is due to the low dispersion of polypropylene
fibers due to the resin's high viscosity at high
concentrations of polypropylene fibers 30. In addition,
the factor that affects the increase in the mechanical
properties of epoxy-based composites is the increase
in strain rate caused by the viscoelasticity of a
polymer 66. The tensile and flexural strengths of the
composite system reinforced with epoxy-based glass
fibers (NE) were observed to be 269 MPa and 197
MPa, respectively. The addition of 1 phr clay to GFRP
(E1C) increased tensile and flexural strength (16.5%
and 14.5%, respectively, compared to NE). The
increase was also shown by the tensile and bending
modulus with an increase of 6.5% and 34.5%,
respectively 29. The modulus and strength of failure
can be improved by the presence of a cross-linked
structure that results from processing the epoxy when
it is cured, polymerized, and forms a highly crosslinked structure. However, the cross-linked structure
can lead to increased brittleness, as a result of which
the resistance to induction and crack propagation is
low. It can worsen the impact strength of the
composite 67.

The TEM results (see Figure 2) show that the
nanoclays were well dispersed in the composite
system with exfoliated
morphology. This
enhancement of the properties of the nanoclay was
achieved due to the ability of a nanoclay to undergo
effective stress transfer in the morphology of the
exfoliate.
The
exfoliated
nanocomposites'
morphology and the scattered clay provide a tortuous
pathway and cause obstacles to crack propagation 30.
The impact strength experienced a maximum increase
at 5.0 wt.% with the EPDM gain without treatment by
27% (over NE). However, there was a 10% reduction
in tensile strength and 14% in tensile modulus in the
nanocomposite system compared to the reference
sample (NE). So, treatment is needed on EPDM
rubber's surface to increase the nanocomposites'
impact strength further, namely using the silane
treatment / MAH grafting before using EPDM. The
results showed an increase in the nanocomposites'
impact strength by 68% for a
5.0 wt.% EPDM
concentration. However, the tensile properties of the
nanocomposites were not significantly affected by the
silane treatment on EPDM.

The XRD results show that for Cloisite® 15A, the
peak (d001) was observed at 2θ = 2.44° corresponding
to the d-spacing 36.16 Å. However, for E1C
nanocomposites, the peak (d001) did not indicate the
morphology of the chipped nanoclay layer in the
nanocomposite system.

Figure 2. TEM micrographs showing exfoliated morphology at (a) one location and (b) at another location of
EIC nanocomposite formulation 30
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Nanoscale fillers improve the performance of
composites due to the unique intercalation / exfoliated
characteristics 68. Most of the clay morphology of the
exfoliated and uniform dispersion can be confirmed
by images TEM 69. In Figure 2a - b, the TEM results

59

show that the clay platelets are randomly aligned with
a considerable distance between layers. This indicates
a clay morphology that is exfoliated in the
nanocomposite system.

Figure 3. SEM micrograph of EPDM rubber (a) without treatment, (b) treated with silane, and (c) grafted with
MAH 30
It is observed that the SEM results in Figure 3 show
that there are several large pores (Figure 3a). This is
different from EPDM treated (silane treatment / MAH
grafted), showing a reduced number and size of pores

so that the morphology of EPDM rubber is relatively
dense and is also caused by the presence of
compatible substances (Figure 3b-c).

Figure 4. EPDM rubber EDS spectrum (a) untreated, and (b) treated silane 30
The presence of silane on the EPDM surface
(with/without treatment) can be confirmed by
performing EDS. The EDS spectrum results in
Figure 4a, b show the presence of silicon in EPDM

rubber (presence of silane), while the spectrum in
EPDM rubber without treatment has no silicon
(no silane).
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Figure 5. SEM micrograph of GFRP composite (a) without clay and EPDM (NE), (b) reinforced with 1.0
weight. % clay (E1C), (c) reinforced with 5.0 wt. % Untreated EPDM (E1C5R), (d) amplified by 5.0 wt. %
Silane treated EPDM (E1C5RS), and (e) reinforced with MAH grafted EPDM (E1C5 RMAH) 30
SEM results for the NE composites (Figure 5a)
showed the interface adhesion between the glass fiber,
and the epoxy matrix was slight. The strong interfacial
adhesion between the matrix and polymer will allow
the transfer of stress from the matrix and the
mechanical properties to be increased 70. In addition,
the cause of the low impact strength is the presence of
brittle fracture resulting from the lack of resistance
shown by the smooth epoxy surface. Figure 5b shows
a relatively rougher surface, resulting in high impact
strength due to better resistance to impact loading.
Cracks are formed due to mechanical energy, which
brittle epoxy cannot correctly remove, resulting in
excess pressure. The cracks spread rapidly through the
epoxy, causing brittle damage. The tensile/flexural
properties of epoxy-based GFRP nanocomposites are
essentially very high 67. A mechanism is needed to
overcome the mechanical energy while limiting
growth and breakdown in cavities to prevent early
crack initiation, thereby increasing epoxy-based
composites' toughness.

EPDM systems treated with silane at a concentration
of 5.0 wt.% (Figure 5c) showed better interface
adhesion than EPDM systems without silane
treatment. Hence, there was a further increase in
impact strength. In addition, to improve interface
adhesion, an effective method is used, namely MAH
grafting 71. This is in line with that reported by
Wu X 72 that the adhesion of the elastomeric interface
with epoxy increased using silane. Silane agents are
useful for increasing the compatibility of various
material components. The silane agent can improve
composite systems' compatibility because silane can
react with the surface of organic and inorganic
materials through covalent bonds 29. One of the
reactions of bonds silane depends on the number of
reactive sites on the broken edges, gaps, or outer
surface of the clay 73. The different reactivity to
organic or inorganic materials in silane can facilitate
increased interface bonding of other clay material
system elements 74,75. Also, the addition of MAH to
polypropylene fibers can increase the impact strength
because the bonding of polypropylene that is grafted
by MAH fibers to the epoxy matrix is better 29.
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Figure 6. (a) and (b) Effect of clay modification on tensile properties 31
The tensile modulus and strength for the composite
system C15GFRC resulting from the study were
9.2 GPa and 349 Mpa 31. The tensile modulus and
strength (Figure 6a-b) increased when the nanoclays
treated with silane were used in the epoxy and glass
fiber reinforced AC15 (2) composites resulting in a
tensile modulus of 9.7 GPa and tensile strength of
390 MPa. This increase was due to the significantly
increased adhesion between silane and epoxy-treated
clay and the curing reaction. In another case, the
epoxy-coated with nano-silica also increased the
adhesion of the nanocomposite system 76.
The AC15 (2) GFRC sample appears to have a flaky
morphology. It is characterized by a vast surface area
that allows the polymer/filler to interact and increases
the stress transfer's effectiveness between the
nanoclay and the epoxy matrix. The interaction of
functional groups in silane with clay and epoxy resin
to form a network between the nanoclay and the
epoxy matrix is getting stickier. In addition, the

pickling factor that can increase the epoxy crosslinking can improve the mechanical properties of the
nanocomposites.
The tensile modulus and strength values can decrease
due to insufficient silane concentrations so that they
cannot cover the vast surface area of the nanoclay
dispersion in hydrolyzed silane. The polymer
nanocomposites' properties are determined by the
filler's diffusion in the polymer matrix and depend on
the interaction between the filler and the polymer 77.
Nanoclays with higher concentrations can lead to
better dispersion36. Dispersion in poor AC15 (4)
GFRC due to clay sedimentation during processing
and causing a decrease in the composites' strength. In
addition, better dispersions can be obtained using
vacuum evaporation after the addition of the
preservative. After adding the preservative, vacuum
evaporation removes the solvent entirely and
produces a solid layer after drying 78.

Figure 7. Transmission electron micrographs of AC15(2)GFRC 31
Characterization was carried out for microstructure
analysis of the spread of nanoclays on the epoxy
matrix, the size and shape of the nanoparticles 78–80.
TEM results (Figure 7) show that the AC15 (2) GFRC
nanocomposite system is mostly exfoliated, and the
platelets are randomly scattered. The characteristics

of Cloisite® 15A peak at 2θ = 2.41° correspond to the
d-spacing, d001, of 3.65 nm shifting to a lower angle
indicating an increase in d001 distance of the Cloisite®
15A nanoclay in epoxy. For fiber-reinforced
nanocomposites and clay modification with silane
showed no diffraction peaks in the 2θ =1.22° and
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2θ =1.49° regions (the diffraction peaks of the
nanocomposites without modification). This indicates
that the clay is exfoliated. During processing, platelets
from the clay have been released. Exfoliate clay is one
of the main requirements for nanocomposites to have
good mechanical properties.
2.3. Cloisite 20A
In the Ramakrishnan S et al. 32 experiment, the results
showed that the tensile properties of composites
increased gradually with the addition of nanoclays up
to 5% wt. This is due to nanoclay platelets' dispersion
between the fibers and the matrix interface, which
causes a strong interface bond between the fiber and
matrix. However, if nano-clay is more than 5%, it will
reduce the tensile properties due to extensive
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accumulation in the composition. Higher tensile
strength and tensile modulus 103.05MPa and 1.298
GPa, respectively, were noted for composites having
5wt% nano clay. The results obtained are by previous
studies 81,82. The increase in this modulus value is due
to the increased adhesion between the fibers and the
matrix, increasing the stress transfer between them,
which increases the load-carrying capacity of the
composite and also increases the Tensile strength. The
addition of alkaline also causes the removal of
hemicellulose and lignin from the fiber surface,
resulting in micro-pore formation on the fiber surface.
Also, during manufacture, the resin is impregnated
into the fiber's micropores, thereby creating a strong
physical interaction. In addition, the use of fibrous
composites can also act as reinforcement 83.

Figure 8. XRD spectra for UP/NC nanocomposites containing 3 wt% of different nanoclay types 33
The X-ray diffraction pattern (XRD) was recorded to
study nanoparticles' distribution in the polymer
matrix 84. In the research of Merah N. and Mohamed
O. 33 it is clear that the Cloisite nanoclays show
diffraction peaks at a Bragg angle of 2.74ᵒ (Figure 8).
By knowing the diffraction angle at the peak, the
distance between layers can be estimated using
Bragg's law (equation (1)) 85.
nλ = 2d sin θ
Where n is an integer constant, assumed to be 1 in the
case of principal reflection, λ is the wavelength of the
incident X-rays, θ is the angle of scattering, and d is
the planar or interlayer distance.
Thus, the d-spacing for the Cloisites is estimated to be
3.2 nm, making the resulting structure intercalated.
The addition of cloisite 20A produced acceptable
results; namely, the increase in strength was 24%
higher than that of UP. Similar conclusions can be
drawn for fracture strain and stiffness. The increase in
tensile properties is due to the high aspect ratio of the
nanoclay and better monomer dispersion in the resin.
Also, cloisite is modified octadecyl primary

ammonium, which is an organic modifier. In addition,
several styrene molecules may have been absorbed by
the nanoclay platelets during mixing and sonication,
leading to changes in cross-linking density. Apart
from the mixing technique and the organic modifier's
size, the nanocomposite's improvement is also
influenced by the compatibility between the organic
modifier and the monomer.
2.4. Cloisite 25A
Kumar et al. 32. explained that the loading of Cloisite
25A from glass fibers reinforced with epoxy polymer
with a clay content of 2 wt% has the best increase in
the mechanical properties of ultimate tensile strength
(UTS) and modulus the others. Because it has the
highest increase in ultimate tensile strength and
modulus young with a rise of 33.39% and 15.88%,
this can be seen in Figure 9. However, when the clay
content exceeds 2 wt%, its mechanical properties
decrease. This can be due to mechanical and
ultrasonic stirring, which cannot perfectly mix
polymer and clay suspension, resulting in weak
interfacial interaction between the nanoclay and
polymer to decrease its mechanical properties.
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Figure 9. Ultimate tensile strength and Young's modulus of nanoclay filled nanocomposites 32
Gurusideswar et al. 86 stated that higher clay
concentrations lead to the formation of clay

agglomerations. This can be explained in the image
below.

Figure 10. (a) - (f) Surface morphology of 0, 2, 4, 6, 8, and 10 wt% nanoclay filled nanocomposites 32
In the Figure above, the sem test shows increased
agglomeration. The formation of macro-sized
nanoclay particles indicates an increase in
accumulation. The agglomeration construction is due
to the inhomogeneous mixing of the clay/epoxy/glass
fiber mixture. This can be seen (Figure 10) in clay
loading of more than 2 wt%, which forms
agglomeration.
Many studies had experienced an increase in the
tensile modulus' mechanical properties and strength

before the addition of higher clay. They decreased the
mechanical properties after the addition of higher clay
due to agglomeration. Some of the studies that
occurred were in research Salam et al. 87 with 5 wt%
clay loading, Uwa et al. 88 3 wt%, Sandchee et al. 89
1 wt%, Nanda et al. 54 1.5 wt%, Zappalarto et al. 90
5 wt%, Gurusideswar et al. 86 3 wt%, etc.
Kumar et al. 35 explained that the loading of Cloisite
25A with a clay content of 2 wt% had the best increase
in mechanical properties at ultimate tensile strength
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(UTS), among others, with 5%. This can be seen in
(Figure 11a) The increase could be due to the
excellent dispersion of the 2 wt% clay content.
However, there was a decrease in the ultimate tensile
strength (UTS) due to poor dispersion on subsequent
increases. This can be explained by the increase in
viscosity when adding clay. This increased viscosity
is associated with the problematic degassing of the
resin. This results in poor dispersion of the epoxy-clay
mixture and creates sufficient agglomerates in the
matrix mixture. These agglomerates affect the rate of
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dispersion of the clay/epoxy matrix, such as
intercalation or peeling. However, the matrix's
modulus of elasticity increases with increasing clay
content (Figure 11b). This is due to the higher
nanoclay modulus than the epoxy, which promotes the
hardening effect of nanoclay and results in an
improved modulus of elasticity. However, for the
content level of 10% by weight, a less significant
increase was obtained due to microstructure
formation.

Figure 11. (a) UTS of Clay / Epoxy Nanocomposites and (b) Elastic Modulus of Clay / Epoxy
Nanocomposites 35

Figure 12. (a) - (f) Surface morphology of Clay / Epoxy Nanocomposites 35
The SEM image above shows a high surface wrinkle
rate due to a nanoclay layer (Figure 12b-f). In
(Figure 12b-d), you can see the surface is more even,
which indicates that the clay is more finely dispersed
with the resin because of the better epoxy-clay
interaction. This effect provides good adhesion and
interfacial interaction between polymer and clay. This

reasonable blending rate offers high tensile strength,
flexural strength, and impact strength at low content.
Whereas in (Figure 12e-f), it can be seen that the
surface is rougher, and the resulting cracks are quite a
lot. This indicates a poor interface interaction between
polymer and clay. This is due to the influence of
increasing viscosity with the addition of clay. The
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high matrix viscosity limits the complete dispersion
of nanoclays in the epoxy resin resulting in poor
interface interactions between MMT clays and
polymer. The high hardening effect at high nanoclay
content results in less tensile strength, flexural
strength, and impact strength. In (Figure 12b), the
resulting cracks were less compared to the addition of
other nanoclays so that the value of mechanical
properties is better.

65

2.5. Cloisite 30B
Sharifi et al. 36 have investigated the effect of adding
Cloisite 30B to the anticorrosive coating from epoxy
resin based on bisphenol-A (Epon resin 3003) with the
melting method with an internal mixer and the
solution method with a mechanical mixer. The
samples prepared were nanocomposites with a
concentration of 3 phr nanoclay using the solution
method (3S) and using the melting method, each with
clay concentration of 1, 3, 5 phr (1M, 3M, and 5M).

Figure 13. comparison of XRD patterns of different methods (a) and different clay concentrations in the melting
method (b) 36
XRD graph in Figure 13a shows an increase in dspacing (nanoclay blank 18.5 Å) in samples prepared
by the melting or solution methods. The rise in dspacing indicates that the nanoclay can exfoliate or
intercalate well in the epoxy matrix. The interaction
between Cloisite 30B nanoclay and epoxy resin could
come from the hydrophilic nature of Cloisite 30B
modified with quaternary ammonium salt 91. The
d-spacing value of samples prepared with the solution
method (41.37 Å) was greater than that of samples
prepared with the melting method (38.40 Å), meaning
that the nanoclay was more easily diffused when using
the solution method.
Epoxy resin solutions are non-Newtonian fluids. The
viscosity can decrease with increasing shear rate due
to partial deterioration of the physical interactions
between the epoxy resin oligomers and their

orientation in the flow direction. The rheological
properties can be increased due to the epoxy
oligomer's limited movement due to the physical
interactions of epoxy-clay. The nanoclay dispersion in
the polymer matrix also depends on the nanoclay
dispersion at the microscale. The smaller the
dispersed particles, the larger the aspect ratio and the
more open surface for interfacial interactions with the
polymer 92. These reasons could be the cause of the
ease with which nanoclays diffuse on the polymer
epoxy matrix compared to using the melting method.
Then, the effect of nanoclay concentration can be seen
in Figure 14 (b). It can be seen that the most
significant increase in d-spacing occurred in the 1M
sample. It seems that at higher concentrations of
nanoclays, agglomeration is formed when it is
incorporated into the epoxy matrix.

Figure 14. Graph of the increase in Tensile Strength (a) and Tensile Modulus (b)
at different nanoclay concentrations 36
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Figure 14 above shows the increase in the tensile
strength and modulus with increasing nanoclay
concentration. A significant increase occurred in
composites with a concentration of 5 phr. This
increase in mechanical properties can be caused by the
strong interaction between the silicate layer and the
epoxy matrix and an intercalation/exfoliation
structure 93.
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A study on the synthesis of nanocomposites with filler
Cloisite 30B and Bio-based hardener has been carried
out by Mustapha et al., 37. Composite systems are
made from DGEBA epoxy resin with biobased
hardener Phenalkamines Cardolite NX-2003D as a
curing agent. The method of manufacture is by
sonication stirring and continued mechanically.

Figure 15. Graph of changes in Tensile Strength (a) and Tensile Modulus (b) at different nanoclay
concentrations 37
Figure 15a shows an increase in tensile strength to
46.6 MPa (tensile strength of neat epoxy resin:
42.3 MPa) at 0.5phr; then, the value decreases with
increasing concentration of nanoclay. The increase in
this value indicates that the nanoclay can be dispersed
well. Simultaneously, the decrease can be caused by a
large amount of nanoclay content, which increases the
epoxy resin's viscosity and caused microvoids
because of the air traps. In addition, high
agglomeration,
along
with
the
increasing
concentration of nanoclay causes stress, which can
reduce the tensile strength of the nanocomposites.
Tensile modulus is shown in Figure 15b. It can be seen
that an increase in tensile modulus also occurs up to
the concentration of 0.5phr nanoclay. An increase in
tensile modulus at a concentration of 0.5 phr reaches
4.65% increases due to the brittleness of the nature of
nanoclay. However, the addition of the nanoclay
concentration also decreased the tensile modulus
value. This occurs due to the low dispersion or
agglomeration of the nanoclay structure on the epoxy
matrix. The matrix is blocked from entering the clay
layer due to the too high concentration of the
nanoclay.
2.6. Cloisite 93A
Cloisite 93A is a type of clay that uses a methyl,
dehydrogenated tallow ammonium modifier agent 94.
Table 3 shows that the tensile modulus increases with
the incorporation of clay 93A into the epoxy and 30%
epoxy / TEIA mixture to 2.5% clay content. Tensile

modulus of mixed nanocomposite at C93A 2.5%
increased 44.2% compared to 30% epoxy / TEIA
mixture. The nanocomposite modulus increased
monotonically until a clay content of 2.5%. The
maximum modulus of 2515 MPa was achieved at a
clay content of 2.5 wt% in epoxy nanocomposites
based on epoxy nanocomposites. The highest increase
in tensile modulus can be considered as a good
dispersion of nanoclay platelets. matrix 5.
Table 3 also shows that the tensile strength increases
with the incorporation of clay C93A into the epoxy
and 30% epoxy / TEIA mixture until the clay content
is 2.5%. The tensile strength of the mixed
nanocomposite at 2.5% C93A increased by 63.6%
compared to 30% epoxy / TEIA mixture. The increase
in tensile strength is due to the exfoliation of clay
platelets and strong interfacial adhesion between the
silicate and epoxy matrix 5. In Dagmar et al. study, the
tensile strength curve shows that the Cloisite 30B
nanofiller is more suitable for the PE/EVA copolymer
type, while Cloisite 93A is more suitable for the EOC
matrix type 95.
Usually, the tensile modulus value is higher than the
storage modulus, but trends show similar values, as
shown in Table 4. Epoxy / PVAc samples with
combined morphology have a tensile modulus
identical to the pure epoxy. The tensile modulus value
of epoxy / PVAc / C93A is higher than that of the
epoxy / PVAc mixture, with an increase of 12-32% 37.
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Table 3. Tensile modulus and strength of pure epoxy, based on bio-blends, and nanocomposite matrix 5.
Sample

Tensile modulus (Mpa)

Tensile strength (Mpa)

Epoxy

1845.21

42.94

Epoxy/2.5%C93 A

1955.19

44.39

Epoxy/30%TEIA

2515.91

47.94

Epoxy/30%TEIA/0.5%C93 A

2534.47

49.05

Epoxy/30%TEIA/1.5%C93 A

2553.57

64.31

Epoxy/30%TEIA/2.5%C93 A

2660.37

70.26

Epoxy/30%TEIA/3.5%C93 A

2243.63

28.35

Table 4 shows that there was a decrease in the tensile
strength value at different C93A content. The tensile
strength value increase is thought to be due to the
strong adhesion between the composite material
components. Therefore, the decrease in tensile
strength in the epoxy/PVAc/C93A nanocomposite
implies that the matrix and the organoclay's interfacial
strength is weak. The transfer between the

enhancement (clay) phase and the epoxy matrix is also
less efficient. The presence of C93A nanoparticles
increased the modulus of young but decreased the
hardness of the epoxy/PVAc mixture and epoxy
thermoset. Incorporating PVAc into the epoxy
thermoset increases the hardness but causes a
decrease in young modulus 37.

Table 4. Tensile modulus and Tensile strength for epoxy / PVAc / C39A with different PVAc contents 37.
Wt% PVAc

Tensile modulus

Tensile strength

0% clay

4 wt% C93A

0% clay

4 wt% C93A

0

2.5±0.2

2.8±0.1

63±0.4

54±3

5

2.4±0.2

2.7±0.1

62±3

52±7

10

2.2±0.2

2.9±0.1

59±2

56±4

100

4.1±0.5

XRD can confirm the formation of exfoliated
organoclay in nanocomposites 5 and irregular
intercalated nanococcal morphology 96.
The XRD pattern for the C93A clay in Figure 16
shows 2 peaks at the diffraction angle 2 low from 2 to
10. The first peak (001) is reached at 2 = 3.50,
connected by interlay spacing d001 = 1.26 nm. The
second peak (002) appears at 2 = 5.22 corresponds to
d002 = 1.70 nm and the third peak appears at 2 = 6.50

37±3
corresponds to d003 = 2.04 nm. The characteristics of
these three peaks indicate the inhomogeneous
structure of the clay platelet layers with different
particle sizes. In other words, the XRD pattern of the
DGEBA / 20% ESO / 2.5% C93A system did not
show any detectable diffraction peaks. This confirms
that the clay layer exfoliates well in the mixed matrix.
It was thus improving its thermal and mechanical
properties 97.

Figure 16. XRD patterns of C93A clay and DGEBA / 20% ESO / 2.5% C93A nanocomposite 5
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In contrast to the XRD pattern of EVA copolymers
filled with 3 and 5% clay, the exfoliation rate of MMT
platelets was lower than that of Cloisite + EVA. This
study can relate to the polyethylene portion of the
EVA copolymer used because it is known that the
different polarity of the polyethylene and MMT
matrices leads to problems, and this requires thorough
stirring with a whisk 95. Meanwhile, in the research of
Kabalan et al. 57 The increase of basal d-spacing
Cloisite 93A was due to the good interaction between
the polymer chain and the modified clay surface. The
relative intercalation (RI) decreased with increasing
clay content from 1 to 5 wt%, where the spacing of
the PVA / Cloisite 93A sample at a loading rate of 1
wt% decreased from 48.5-39 at a loading rate of 5
wt% because the polymer gallery penetrated the filler
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decreased from 99 to 95% and clay content increases
from 1 to 5 wt% 57.
The tensile modulus in Figure 17 shows that the
nanoclay content of 2.5 wt% increases to 37%. The
Tensile modulus of ESO that was incorporated with
DGEBA nanocomposites reached a maximum value
of 2543 MPa addition from the 2.5 wt% nanoclay.
This results in a homogeneous dispersion of the
nanoclay platelets into the mixed matrix. With the
addition of C93A of more than 3.5 wt%, it reduces the
tensile modulus value, which affects the increase in
viscosity and limits curing and the formation of
microvoids 39. These results are close to the results
obtained by Avazverdi et al., Where the mechanical
properties are highly dependent on the concentration
of the nanofiller and polymer matrix 98.

Figure 17. Mechanical properties of DGEBA, DGEBA / 20% ESO blend and DGEBA / 20% ESO / 2.5% C93A
nanocomposites 39
Figure 18 shows that the tensile strength of the
nanoclay content of 2.5 wt% increases to 67%. The
tensile strength increase led to strong interfacial
interaction and a clay platelet calcification between
the clay layer and the DGEBA / ESO matrix. The
results showed that the polymer chains' flexibility was

inhibited after incorporating the clay layer and had an
effect on its strengthening. With the addition of C93A
of more than 3.5 wt%, it reduces the tensile strength
value, which affects the increase in viscosity and
limits curing and the formation of microvoids 39.

Figure 18. Tensile strength of DGEBA, DGEBA / 20% ESO blend and DGEBA / 20% ESO / 2.5% C93A
nanocomposites 39
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Figure 19 shows that the tensile strength and tensile
modulus values for unfilled glass fiber reinforced
epoxy composite (without nanoclay) are 270 MPa and
7.1 GPa, respectively. As the nanoclay content is
increased, the tensile strength increases. For the clay
content of 5 wt%, the tensile properties showed the
maximum value. The tensile strength measured was
353 MPa, whereas the tensile modulus also showed an
increasing 9.3 GPa. When compared with unfilled
glass fiber reinforced epoxy composite, the addition
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of 5 wt% of nanoclay particles in the matrix showed a
growing trend of about 23.66 and 23.58% for tensile
modulus and tensile strength. Further increase in the
Cloisite 93A nanoclay filler material decreases both
the tensile modulus and tensile strength to the value
of about and 8.1 GPa and 302 MPa 40. The filler causes
the maximum filling of voids in the matrix, and thus
the saturation value was obtained for the tensile
properties 69,99.

Figure 19. Effect of nanoclay weight percentage on tensile modulus and tensile strength 40
Based on Figure 20, overall, the addition of
organoclay to the epoxy matrix increases the
d-spacing value for the types of Cloisite Na+, Cloisite
10A, and Cloisite 93A, with increasing spacing
between layers respectively by 33, 44, and 40%.
Meanwhile, the d-spacing value of Cloisite 15
remains at the same level as Cloisite 15 itself. With an
increase in spacing between layers by 6%. This shows
that the different clay intercalation levels are due to
the cation exchange capacity (CEC) for different

types of clay and curing agents. Interestingly, the
d-spacing values of epoxy clay nanocomposites with
Cloisite 15, Cloisite 10A, and Cloisite 93A were
around 3.5 nm. This shows that DGEBA molecules
can only be swollen into the area between layers to
increase the d-spacing value 100. In the research of
Wang et al., XRD found that unmodified nanoclays
would not affect the crystal structure of the original
composite material 101.

Figure 20. XRD pattern of epoxy/clay nanocomposites based on Cloisite 93A100
3. Conclusion
Based on the results of literature studies, it can be
concluded that the incorporation of Cloisite type
nanoclay into the epoxy matrix improves the
mechanical properties of epoxy-clay nanocomposites

such as tensile modulus and strength. The most
significant mechanical properties improvement was
found in the Cloisite 93A type with the ultrasonic
synthesis method or mechanical stirring. The quality
of clay dispersion in an epoxy matrix depends on
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several factors; however, each technique positively
affects the nanocomposite yield.
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