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Carbon-based fillers have attracted a lot of interest in polymer composites because of their ability to alter beneficial properties at
low filler concentrations, good surface bonding with polymers, availability in different forms, etc. Carbon-based materials (such as
fullerene, CNTs, graphene, and graphite) have been studied as fillers with enhanced fire resistance to epoxy resins. In order to
reduce the flammability and improve the thermal stability of epoxy resin-based nanocomposite materials, which can be
achieved by a simultaneous combination of graphene oxide and multiwall carbon nanotubes, the graphite oxide (GO) epoxy
nanomaterial was developed by 1% wt.% GO combined with 0.02 wand 0.04wt.% MWCNT. The homogeneous dispersion of
GO and MWCNTs in epoxy resins is supported by ultrasonic vibrations. The results showed that when nanocomposite
materials were present at the same time MWCNTs and GO, their mechanical properties and fire resistance were significantly
improved. Nanomaterials are characterized by FT-IR spectroscopy and SEM imaging, mechanical strength, and flame retardant
properties (LOI, UL94).

1. Introduction

Graphene oxide (GO) composites are carbon-based mate-
rials with excellent performance and low cost. They are
applicable in a wide range of civil, mechanical, and aero-
space applications. GO material is used in polymer mixture
systems as filler to improve mechanical properties of poly-
mer materials. Graphene oxide significantly enhances the
durability of composites while it clearly does not decrease
the strength of composites [1]. When 0.5 percent by mass
or 1.5 percent by mass is added, the mechanical properties
of epoxy composite materials improve. GO/epoxy compos-
ites will perform very well in applications in the electronics,
aerospace, and automotive industries [2, 3]. In addition,
when a small fraction of graphene oxide (GO) was incorpo-
rated into epoxy resin (EP), the results showed that GO
increased fire resistance, with a limited oxygen index of
24.5%, and resistance tests fire to other standards. The bar-

rier effects of GO and the limited mobility of polymer chains
are important factors in increasing thermal stability and
reducing dangerous carbon monoxide generation during
combustion [4]. Guo et al. were also investigated when add-
ing 2wt.% GO to epoxy resin, resulting in a 50% and 19.6%
increase in the learning mode and regeneration module of
GO/ER material synthesis [5]. In order to improve the syn-
ergistic effect of GO/MWCNTs in epoxy resin, a number
of research projects have been conducted to modify the sur-
face of MWCNTs to increase compatibility. Fabricated
materials show a marked improvement in mechanical prop-
erties [6, 7]. Ultrasound is an appropriate method to dis-
perse GO/MWCNTs into epoxy resins, studies have shown
that when adding 0.3 or 0.5wt.% GO, and the mechanical
properties of nanocomposites are significantly enhanced by
the addition of GO [8, 9]. Bahrami et al. fabricated nano-
composite specimens with 0.02, 0.04, 0.06, 0.08, and
0.1wt.% MWCNTs combined with 1% mass RGO (oxidized
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GO). The results showed that the mechanical properties
could be significantly changed by adding two different nano-
particles simultaneously [10]. Liu et al. used acetone as a sol-
vent to disperse GO/MWCNTs into epoxy. Carbon
nanotubes were first dispersed in a solution of acetone, then
the epoxy resin is dissolved in the acetone solution, and the
filler is evenly dispersed in epoxy resin. Mechanical proper-
ties, thermal properties, and electrical conductivity proper-
ties of synthetic materials preparation by this method have
greatly improved [11]. The graphite oxide (GO) polymer
nanomaterial was developed at 1, 5, and 10% by weight of
GO using polycarbonate (PC), acrylonitrile butadiene sty-
rene, and high impact polystyrene for evaluation of fire resis-
tance. This work reveals that GO shows some promise for
the fabrication of polymer nanocomposites in which
reduced flammability is desired [12]. The phosphaphenan-
threne double structure has been successfully grafted onto
the surface of graphene oxide (GO), called functionalized
graphene oxide (FGO). The introduction of FGO improved
poor interface compatibility between the graphene and
epoxy matrices. When the FGO content is 3% by weight,
the amount of oxygen is limited the index value reached
30.4% [13]. Some other works, without modification of GO
or MWCNTs, were applied directly to the epoxy resin sub-
strate. Research results indicate that GO is one of the poten-
tial flame retardant additives [14, 15]. Epoxy
nanocomposites are fabricated with different GO loads by
mixing technical solutions. Several other programs have also
demonstrated that the incorporation of a small amount of
GO into the epoxy matrix significantly enhances the
mechanical properties of epoxy [16–19]. In summary, car-
bon and its household materials (graphite, MWCNTs, etc.)
are potential flame retardant reinforcement in polymer com-
posites, and these reinforcements are attractive alternatives
to conventional flame retardants. Carbon-based fillers
actively reduce the flammability of polymer composites by
(1) protective coal formation layer and (2) absorb free radi-
cals [20–27]. In this work, the combination of MWCNTs
and GO affecting the mechanical properties and flame retar-
dation was studied using the high-speed mechanical stirring
method combined with the ultrasonic vibration method.

2. Materials and Methods

2.1. Materials. Epoxy resin with the trade name epoxy Epi-
kote 240 is supplied from Shell Chemicals (USA). The epoxy
group content is 24.6%, and the viscosity is 0.7-1.1 Pa.s (25
degrees Celsius). This epoxy resin was chosen because of
its low viscosity, making it suitable for dispersing nanoad-
mixtures. The curing agent for epoxy resin used was diethy-
lene triamine (DETA), supplied by Sigma-Aldrich with MW:
103 g.mol-1 and specific gravity at 25°C: 0.95 g/cm3. Multi-
walled carbon nanotubes (MWCNTs) were provided by
Showa Denko Japan Co., with a diameter of 40 to 45 nano-
meters and a length of about 3μm. Graphene oxide is a
gray-brown solid, with a C:O ratio of 2:1 to 2:9, well dis-
persed in water and many other solvents. GO was synthe-
sized according to Hummers' improved method, and then
GO was dispersed in water at a concentration of 5mg/mL.

2.2. Methods

2.2.1. Sample Preparation

(i) Sample Preparation by Sonication Mixing: epoxy
resin was dried for 1 hour in a 100°C vacuum oven
to release air. Then, mix with GO by mechanical stir-
ring for 60 minutes at a stirring speed of 3000 rpm,
continuing to vibrate ultrasound for 6 hours at room
temperature. The mixtures are then poured into Tef-
lon coated molds after dehydrating in a vacuum
oven for 30 minutes. Samples were prepared at room
temperature for 24 hours and after curing at 80°C for
3 hours. To stabilize the sample for 7 days, then go to
measure the mechanical properties and the flame
retardant properties

(ii) Preparation of nanocomposite specimens: epoxy
resin was dried for 1 hour in a 100°C vacuum oven
to release air. Then, mix with 1% by weight GO com-
bined with 0.02wt% and 0.04wt% MWCNT by
mechanical stirring for 60 minutes at stirring speed
of 3000 rpm, continuing to vibrate ultrasound for 6
hours at room temperature. The mixtures are then
poured into Teflon coated molds after dehydrating
in a vacuum oven for 30 minutes. Samples were pre-
pared at room temperature for 24 hours and after cur-
ing at 80°C for 3 hours. To stabilize the sample for 7
days, then go to measure the mechanical properties
and the flame retardant properties

2.2.2. Analysis

(i) Limiting oxygen index (LOI) according to JIS
K720 standard (Japan): the sample bars used for
the test were 150 × 6:5 × 3mm3

(ii) The horizontal burning tests (UL-94HB): standard
bar specimens are 125 ± 5mm long by 13:0 ± 0:5
mm wide and provided in the minimum thickness
and 3.0 (-0.0 + 0.2) mm thick (ASTM D635-12)

(iii) Vertical burning test: UL 94V, the standard bar
samples shall be 125 ± 5mm long × 13:0 ± 0:5mm
wide and supplied in the minimum and maximum
thicknesses. The maximum thickness does not
exceed 13mm (ASTM D635-12)

(iv) The UL 94 flame retardant and oxygen limit tests
are conducted at the Polymer Materials Research
Center-Hanoi University of Technology, Vietnam

(v) The morphology of the samples was carried out by
scanning electron microscope (SEM, S4800, Japan)

(vi) Fourier transform infrared spectrum (FTIR) is
recorded using FTS 2000 FTIR (Varian) using
KBr tablets that are created by compressing KBr
powder mixed with a small amount of sample GO

(vii) Tensile strength, flexural strength, and compres-
sive strength were measured on an INSTRON
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5582-100 kN machine (USA) with a tensile speed
of 5mm/min, a temperature of 25°C, and a humid-
ity of 75%, according to ISO 178-1993 standards

(viii) Izod impact strength was measured on a Tinius
Olsen machine (USA), according to ASTM D265
standard, conducted at the Research Center for
Polymer Materials, Hanoi University of Science
and Technology

3. Results and Discussion

3.1. Mechanical Properties. Figure 1 shows the mechanical
properties of epoxy resin-based composite materials, 1wt.%
GO combined with 0.02wt.% and 0.04wt.% MWCNTs,
respectively. To study the effect of the combination of GO
and MWCNTs on the material’s mechanical properties, we
compared and discussed materials: neat epoxy, EP-GO,
EP-MWCNTs, and EP-GO-MWCNTs. From Figure 1, it is
confirmed that GO and MWCNTs can enhance the mechan-
ical properties of nanocomposites based on epoxy resins.
From Figure 1, it is confirmed that GO and MWCNTs can
enhance the mechanical properties of nanocomposites based

on epoxy resins. The tensile strength, flexural strength, com-
pressive strength, and impact strength all tended to increase
when 1wt. % GO, 0.02wt. %, and 0.04wt. % MWCNTs were
added, especially in the sample when combining the two
additives above. In the combination of 1wt. % GO with
0.04wt, % MWCNT mechanical properties reach the best
value (tensile strength: 87.17MPa, flexural strength:
166.81MPa, compressive strength: 190.68MPa, and impact
resistance: 19.68 KJ/m2).

Medhekar et al. 2010 recommend that GO is superior.
These can be good indicators for better crosslinking,
uniform distribution, and good interface interaction through
covalent bonding between GO and matrix [28]. Good
interface bonding facilitates the efficiency of force transfer
resulting in increased material resistance [29]. Thus, the
aforementioned properties of hybrid nanocomposites with
a suitable filler ratio have higher improvements than those
made in the individual mode [30]. Hybrid nanocomposites
with total content of 1% by weight GO and 0.04% by weight
of MWCNTs showed the best results in the study.

3.2. Fire Retardant Property. The effects of GO and
MWCNTs on LOI values are shown in Figure 2.
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Figure 1: Mechanical properties of epoxy composite materials (EP-GO: 1wt.% GO; EP-MWCNTs-0.02: 0.02wt.% MWCNTs; EP-
MWCNTs-0.04: 0.04wt.% MWCNTs; EP-GO-MWCNTs-0.02: 1 wt.% GO/0.02wt.% MWCNTs; EP-GO-MWCNTs-0.04: 1 wt.% GO/
0.04wt.% MWCNTs).
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When the amount was added to 1wt. % GO, the oxygen
index of thematerial reached 24.1%.When combining (hybrid
between GO and MWCNTs) 1wt. % with 0.02wt. %
MWCNTs, the oxygen index is 29.3% and when MWCNTs
increase to 0.04wt. %, the oxygen index is 30.4%. It was found
that GO could effectively improve the flame retardant perfor-
mance of epoxy composite materials, and the ability increased
further with MWCNTs included.

The UL-94 tests (Table 1) showed material on the basis
of combining 1wt.% GO with 0.02wt.%, 0.04wt.%
MWCNTs reached at V1, and no minor phenomena drop
after the flame is extinguished. With the assessment results
of LOI index, UL-94V, GO is one of the highly effective
green flame retardants when combined with nanoadditive
MWCNTs. When the GO content was 1% by weight com-
bined with 0.04% by weight of MWCNT, the limiting oxy-
gen index value reached 30.4%. The effectiveness of
increased fire resistance and smoke suppression is mainly
due to the formation of the physical barrier and the com-
pressibility of the developed GO/MWCNT composite coal
layers, which act as an effective barrier layer. The increased
fire resistance and thermal stability of the coal layers stems
from the effect of the synergistic inclusion between GO
and MWCNT.

GO and MWCNts work together to form an excellent
carbon layer with high strength and thermal stability. It pre-
vents heat penetration and volatile metamorphic products
and further slows down the rate of heat release, thus protect-
ing the underlying matrix from fire during combustion [13].

The significant increase in flame retardants is due to the
formation of excellent coal layers with high strength and
thermal stability of GO and MWCNTs. The developed coal
layers can slow heat penetration and volatile decomposing
materials during combustion, thereby limiting ignition and
protecting the underlying polymer from flames. Such a
result leads to the formation of a denser carbon layer. The
reduced EP flammability is related to the development of
coal formation and the creation of GO’s “winding line”
and the effect of the barrier during ignition. This work pro-
vides a clean and simple solution for the production of active
graphene-based flame retardants to enhance EP resin flame
retardants compared to halogenated or nonhalogen compos-
ites that release acidic gases at high temperatures or deterio-
rate the mechanical properties of composites. One of the
important novelties achieved in this research is the discovery
of flame retardants that retain the mechanical properties of
the composite matrix or do not release toxic gases at high
temperatures [31].

Table 1: Combustion parameters of epoxy composites.

Samples
UL-94V

t1 (s) t2 (s) Burning grade Dripping

Neat epoxy

EP-GO >30 — — Yes

EP-MWCNTs-0.02 >30 — — Yes

EP-MWCNTs-0.04 >30 — — Yes

EP-GO-MWCNTs-0.02 21 17 V-1 No

EP-GO-MWCNTs-0.04 18 16 V-1 No
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Figure 2: LOI values of epoxy composite (EP-GO: 1wt.% GO; EP-MWCNTs-0.02: 0.02wt.% MWCNTs; EP-MWCNTs-0.04: 0.04wt.%
MWCNTs; EP-GO-MWCNTs-0.02: 1 wt.% GO/0.02wt.% MWCNTs; EP-GO-MWCNTs-0.04: 1 wt.% GO/0.04wt.% MWCNTs).
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The flame retardant effect between MWCNTs and GO
promotes the formation of dense additional layers of coal
and improves the thermal oxidation resistance of graphene
and MWCNTs. A layer of highly thermally stable coal, con-
sisting of graphene sheets combined with MWCNTs nano-
particle, slows heat penetration and release of volatile
metamorphic products [32].

3.3. Morphology. SEM has been used in this study to investi-
gate the morphology of EP-based composites: EP-GO and
EP-GO-MWCNTS.

Figure 3 shows the fracture surface morphology of the
material GO/epoxy resin composite material. Figure 3 shows
that the graphene oxide has dispersed into layers and there-
fore, the substrate is compatible with the epoxy-GO inter-
face. When the system is loaded, GO evenly dispersed
within the composite material can bear the load and prevent
and stop developing cracks. In the form of fracture, impact
and rough fracture surface, and damaged surface, more
energy consumption is greater. It proves that the appearance
of GO in the material has a great impact on the formation of
cracks and the restriction of defects. Materials can extend
their resistance to factors such as mechanical forces. Thus,
we can see that the addition of structure GO to EP has
reduced the number of cracks of the material under the
impact (see SEM image, Figure 3).

Figure 4 shows that MWCNTs are well dispersed in the
epoxy matrix. These SEM images clearly illustrate that the
MWCNT particles were well dispersed, and there was no
evidence of MWCNT aggregation. These nanotubes also
appear to be encapsulated with a polymer epoxy matrix.
On the other hand, graphene oxide sheets can be seen in

Figure 4 dispersed in the epoxy matrix according to layers.
The SEM image also showed the fracture surface of the
material revealing that the GO scale did not aggregate into
a dense region. The GO fragments, several micrometers in
size, were found protruding from the polymer matrix and
indicated by the white arrows. The presence of nanofillers
(MWCNTs) and GO in the epoxy resin substrate not only
improved the mechanical properties but also changed the
fracture pattern of the nanocomposites. This can be
explained by SEM imaging of the fracture surfaces for pure
epoxy and nanomaterials as illustrated in Figure 5. The frac-
ture surface of pure epoxy is shown in Figure 5(c), which has
a uniform pattern characterized by smooth and parallel lines
exposing cracks in the fracture surface and a brittle fracture
mechanism [16, 33]. This shows that during the load, cracks
develop without obstacles along their direction. As
Figures 5(a) and 5(b) shows, the disorder appears more at
the fracture surface due to the presence of GO. This is
thought to be due to crack development due to the proper-
ties of the epoxy resin brittle. Because epoxy resin has a brit-
tle weakness, when the force exerts the epoxy monolithic
areas, cracks will appear.

When the crack develops and spreads met with GO and
nanoparticles (MWCNTs) (Figure 5(d)), the crack changes
its trajectory, and the direction is skewed. Consequently,
new lines, new fracture surfaces, and new branch cracks
are created on the fracture surface. The fracture surface in
this case has irregular faces as illustrated in Figure 5. Obvi-
ously, the creation of new branching and fracture surfaces
due to the containment of GO and of MWCNTs
(Figure 5(d)) requires additional energy to be able to model
the fracture or pull prolongs the application of the force. The

Figure 3: SEM images of GO/epoxy composite (1 wt. % GO) at different resolutions.
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Figure 4: SEM images of GO/MWCNTs/epoxy composite: EP-GO-MWCNTs-0.02 and EP-GO-MWCNTs-0.04.

(a) : GO/epoxy composite (1 wt.% GO) (b) : GO/epoxy composite (1 wt.% GO)

(c) : epoxy/GO/1 wt%/MWCNTs/0.04 wt (d) : GO/epoxy(1 wt.% GO)/MWCNTs (0.04 wt.%)

Figure 5: SEM images of GO/epoxy composite (1 wt.% GO), GO(1wt.%)/MWCNTs (0.04 wt.%)/epoxy composite, and neat epoxy.

6 Journal of Nanomaterials



uniform distribution of fracture patterns observed in the
fracture surface shown in Figure 5 is evidence of the uniform
dispersion of the filler in the epoxy resin substrate [16, 33].
The improvements are due to the existence of GO nano-
sheets and their contribution to stiffness enhancement, act-
ing as a barrier to prevent crack growth and deflecting
them. As shown, the smooth fracture surface of pure epoxy
is transformed into a rough surface. This occurs due to the
existence of GO sheets as reinforcing material in epoxy as
well as their contribution to hardness enhancement, acting
as an obstacle to prevent crack growth [34–37].

3.4. Results of Infrared Spectroscopy (IR) Measurement.
Figure 6 shows the infrared (IR) spectrum of epoxy resin
samples with absorption frequencies characteristic for cova-
lent oscillation of the group: OH and CH of the CH2 group
and of the aromatic ring, C=C of the ring aromatic, CO- in
ether, and CO- in the oxirane ring are 3507.92 cm-1,
3056.89 cm-1, 2925.01 cm-1, 2854.49 cm-1, 1607.34 cm-1,
1505.43 cm-1, 1454.54 cm-1, 1035.40 cm-1, 915.15 cm-1, and
756.41 cm-1, respectively.

Observed in Figures 3(b)–3(d), we can see that the valence
of the O-H group from 3507.92 cm-1 was moved down to
3363.91 cm-1, 3399.02 cm-1, and 3412.49 cm-1. The legs of
absorbing streaks in turn tend to expand. -C-H valence fluctu-
ation of the CH2 group and leg aromatic ring of absorption
stripe were narrow and shorten. There is a loss of covalent
oscillation frequency of the C-O group in the oxirane ring
compared to Figure 3(a) at frequency 915.15 cm-1 due to cur-
ing reaction. The research results are consistent with the work
published by Tuan Anh Nguyen et al. [37].

4. Conclusions

The results of this study showed that the combination of
1wt.% GO and 0.02wt.% or 0.04wt.% MWCNTs in the fab-
rication of epoxy composite materials improved mechanical
properties and flame retardation. Obviously, the combina-
tion of GO and MWCNTs at the appropriate percentage of
mass has brought into play an effective synergy in the fabri-
cation of composite materials with high mechanical proper-
ties and good flame retardant properties. This research result
opens up many directions for work and study in the future.
In addition, SEM showed that GO and MWCNTs were well
dispersed throughout the material. This work reveals that
GO shows some promise for the fabrication of polymer
nanomaterials in which reduced flammability is desired,
especially when combined with the nanoadditive MWCNTs.
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