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Boron nitride-strengthened polymer matrix composites based on 3-dimensional porous materials are a considerable problem to
develop. GO-BN aerogel (GO-BN) has been generated using a unique method for manufacturing large-scale 3D BNs and
graphene oxide (GO) aerogels. Propylene was then added to the aerogel and polymerized in situ to create GO–BN/PP
nanocomposites. Afterwards, the outcomes show that BNs and GO-BN were successfully established and that the 3D outlines
using GO-BN aerogel have outstanding mechanical properties. Around 1% of the nanocomposite was used in its construction.
This aerogel’s thermal conductivity was 0.135W/mK, and its mechanical properties were greatly improved over those of
pristine PP, with increases of 10.12 percent in tensile strength and 48.4 percent in flexural strength and 61.5 percent in
compression strength. They may now be produced in big quantities using this simple preparation procedure.

1. Introduction

A variety of industries, such as aerospace, military, and
national security, as well as some engineering materials, have
explored and deployed nanocomposites for their low weight
and excellent performance [1, 2]. Nanomaterial dispersion
within the polymer matrix can be improved with the use of
3D GO aerogels, which allow BNs to scatter equally in the
aerogel wall before filling the matrix with the appropriate
polymer material [3–5]. In prior investigations, GO-BN
aerogels were made by physically mixing scattered BNs with

the GO. However, grafting BNs onto the surface of GO has
only been studied in a few methodical ways [6, 7]. Because
of this, it is critical to investigate how the GO aerogel’s BN
structure and state affect the nanocomposites properties [8].

For nanocomposites, the application of three dimen-
sional aerogel-strengthened filler has substantially enhanced
the rough distribution of fillers and effectually improved
their behavior [9]. According to [10, 11], the mechanical
characteristics of nanocomposites made from graphene
aerogels and poly methyl methacrylate were much better
than those made using the usual blending and dispersion
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process. Microhardness increased from 303.6MPa to
462.5MPa when graphene aerogel concentration was
increased from 0.67 to 2.50 volume percent. Thermal con-
ductivity was boosted by 1.44 times compared to epoxy
resin, which had a 50% increase in mechanical strength
and a 19.6% rise in elastic modulus [12, 13]. Nanocomposite
hardness increased from 9.2HV for graphene to 20.5HV for
aerogel-reinforced silicone rubber, a level greater than sili-
cone rubbers, as a result of this process [14]. For dispersion
in an epoxy matrix, [15] used a hybrid filler made from BNs
grafted onto GO. Tensile modulus and strength both
increased by 36% and 40%, according to the findings. There
is no evidence that GO and BN designs have an impact on

the characteristics of nanocomposites formed by physical
mingling or chemical graft [16, 17]. To create large-scale
aerogels, KH550 (3-aminopropyltriethoxysilane) was used
to coat GO with BNs, then freeze drying was employed to
create 3D structures. In situ polymerization of a propylene-
initiator backfilled 3D aerogel produced the GO-BN/PP
nanocomposites [18–21].

2. Experimental

2.1. Preparation of the GO-BN Aerogel. An enhanced Hum-
mers’ process was used to make GO out of graphite flakes.
Sulfuric acid and nitric acid were used to oxidize BNs at
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Figure 1: Universal testing machine.

Figure 2: FTIR spectrum of GO, BN, BN-KH550, and GO-BN. Figure 3: Raman spectroscopy.
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100°C for eight hours, and the oxidized BNs were subse-
quently obtained through centrifugation, filtration, and
freeze-drying. Sonication was used to mix the BNs
(0.059 g) deionized water (21mL) with ethanol (2mL) for 1
hour. Sonication was used for three hours to break up the
combination, which was then added to the GO suspension
liquid (8.7mL) (the mass proportion of BNs to GO was
3 : 7). Afterwards, the suspension was placed in an ice mold
and frozen for 48 hours at a temperature of 25°C.

The GO-BN aerogel preparation was split into two
stages. An ultrasonic dispersion of ethanol, water, and BN-
KH550 in a three-necked flask was used to manufacture
the modified BN-KH550. This was followed by 2 hours of
ultrasonic dispersion, followed by 6 hours of stirring at
78°C. It was then freeze-dried to remove any remaining
moisture from the combination [22]. A three-necked flask
was used to mix GO with DI water and ethanol before ultra-
sonic dispersion took place for three hours to produce GO-
BN. This mixture was then incubated for an additional two
hours at room temperature with EDC/NHS (1 : 3). For the
next 24 hours, a drop wise addition of the dispersed BN-
KH550 solution was performed.

2.2. Preparation of GO-BN/PP Nanocomposites. Vacuum-
assisted impregnation was used to completely replace the
air in the GO-BN aerogel with a propylene/AIBN combina-
tion. Vacuum-assisted impregnation was used to immerse
the created GO-BN aerogel in a propylene/AIBN mixture,
which replaced the aerogel’s air. Afterward, the complexes
were kept at 75°C, 85°C, and 95°C for a total of 24 hours.
Hot pressing at 6MPa and 180°C for 5 minutes was used
to eradicate antipores from the GO BN/PP nanocomposites
[23]. During the hot-pressing technique, the nanocompos-
ites were only compressed by 5%. The 7 : 3 weight-to-mass
ratio of GO and BNs to a fresh PP matrix was used to syn-
thesize GOC/PP nanocomposites.

2.3. Characterization. Infrared spectroscopy with a Fourier
transform was utilized to examine the GO-BNs’morphology
and chemical composition. Raman spectroscopy and X-ray
diffraction were used apart for the plastic bending test [24].
An impact test at 7.5 J impact energy and a 32mm sample
length on the simple-supported beam impact tester were
both done on the universal testing equipment in addition
to the compression test at 5mm/min. Figure 1 shows the
universal testing machine.

3. Results and Discussion

3.1. Molecular Structure and Chemical Composition of GO,
BN, BN-KH550, and GO-BN. FTIR was employed to evalu-
ate the structures and compositions of the GO, BNs, BN-
KH550, and GO-BN. Boron nitrides and graphene were
found to have high concentrations of hydroxyl and carboxyl
group PP in their absorption peaks at 3208Hz and 1825 and
1156Hz, respectively. BN-KH550 has an absorption peak of
1031 cm-1 due to the tensile vibration of the Si-O-C tensile
vibration of KH550. There was a decrease in peak intensity
at 3152 cm-1 for BN-KH550 grafted onto the surface of the
GO. Figure 2 depicts the GO, BNs, BN-KH550, and GO-
BN structures and compositions.

Graphene oxide, boron nitride, BN-KH550, and GO-BN
Raman spectroscopy data are shown in Figure 3. Disorder
on GO’s surface and active group PP on BN’s surface are
both represented by solid bands at 1351 cm (the D band)
and 1594 cm. There was an increase in ailment and respon-
siveness of BNs, BNs-KH550, and the ID/IG ratio of unoxi-
dized (1.076), BNs (1.270), and BNs (1.466). As a result, BN-
KH550 had a significant level of disorder and surface activ-
ity. Disruption and active group PP of GO and BN are more
disordered than those of GO (1.705). For un oxidized boron
nitrides (1.078), BNs (1.272), and BN-KH550 (1.468), the
ID/IG ratio shows a progressive rise in disorder and
reactivity.
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Figure 4: Boron nitride, GO, BN, BN-KH550, and BN-GO-BN XRD patterns.
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Figure 4 shows that in graphene XRD patterns, a gap
between the two layers of 0.34 nm and graphene oxide-BN
structure is shown by the diffraction peak at 26.51. The pres-
ence of hydroxyl and carboxyl group PP in GO indicated
that graphite had been successfully exfoliated during the
chemical reaction. Hydroxyl and carboxyl group PP in BN-
KH550 had no effect on interlayer distances, according to
diffraction data taken at a temperature of 25.95° and unoxi-
dized BNs. Interlayer spacing of GO-BN was lower
(0.86 nm) than that of GO, suggesting reaction between
those two materials.

As illustrated in Figure 5, surface chemical composition
of GO, BNs, BN-KH550, and GO-BN was studied using
XPP. BN-KH550 has been found to be grafted on top of both
BNs and GO, as can be seen by comparing the peaks at 50
and 101 eV. On the graph in Figure 6, the binding energies

of C-C (265.1 percent EV), C-O-C (266.2 eV), C=O
(267.3 eV), and C-OH (265.2 eV) and C(C=O)-OH
(268.4 eV) are all represented by six distinct peaks. These
two BNs exhibit Si 2p regions with a specific binding energy
of 1042 eV, as illustrated in Figure 6. There were several Si-
O-C linkages on the GO surface after the BNs were grafted
onto it.

It is shown in Figure 6 that the column aerogel has been
compressed by 40% of its height in two sequential compres-
sions. Next, in the first compression, it rebounded naturally
with a compression strength of 0.28MPa, and after two sub-
sequent compressions, it maintained a strength of 0.09MPa.
This is because the GO and BNs are joined together to
increase the aerogel, 45 percent of the aerogel’s height. This
is because the GO and BNs are connected together, which
improves the aerogel’s performance and reusability.
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Figure 5: XPS spectra of graphene oxide, boron nitride, BN-KH550, and boron nitride-graphene oxide. (a) Cls spectrum of BN-KH550, (b)
Si2p spectrum of BN-KH550, (c) Cls spectrum of GO-BN, and (d) Si2p spectrum of GO-BN.
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3.2. Mechanical Properties of the Nanocomposites. GO-BN/
PPvalues were 0.134W/mK for PP (GO-BN/PP), GOC/PP,
and PP-graphene oxide-boron nitride aerogel (GO-BN/
PP). a 65 percent increase in heat conductivity over pure
Poly Propylene (PP). Table 1 includes information on the
qualities of the material’s tensile and flexural strain, as well
as its impact strength. If you compare pure PP to nanocom-
posites made with the GO-BN/PP nanomaterial, the tensile
strength of the nanocomposites improved by 9.01 percent
and their impact and compressive strengths by 46.88%. BN
dispersion in GO aerogel and PP filling of aerogel pores
directly influenced nanocomposites’ mechanical characteris-
tics. Figure 7 shows the mechanical characteristic of PP,
GOC/PP, and GO-BN/PP.

Figure 8 shows that GO-BN/PP had an electrical con-
ductivity of 0.158ms/m and a thermal conductivity of
0.132W/mK. Thermal conductivity increases by 60% over
pure PP, which has no electrical conductivity. Because the
BNs were linked and evenly disseminated, their superior
electrical and thermal conductivity was increased. However,
GO-BN/PP had lower electrical and thermal conductivity
values than GOC/PP.

The following are some of the reasons for this:

(1) Damage to the 3D aerogel structure during hot
pressing may result in inferior GO-BN/PP composite

electrical and thermal conductivity qualities than the
GOC/PP composite

(2) As a result, the thermal and electrical conductivities
of GO-BN/PP composites were lesser than GOC/
PP since a number of BNs between GO sheets were
lowered. By doping GO sheets with BN, the compos-
ites’ thermal and electric conductivity can be
enhanced. When developing new composite mate-
rials, it is a model and inspiration

Also investigated were the thermal characteristics of the
nanocomposite materials. Nanocomposite glass transition
temperatures could not be improved since the 3D network
structure for GO-BN was incomplete. GOCA/PP and GO-
BN/PP composites also have a lower crystallisation temper-
ature than pure polypropylene because of the GO’s influence
on polypropylene crystallisation, a comparison of the DSC
curves for the various samples. For GO-BN/PP, physical
cross linking in the entire GO-BN network in the nanocom-
posite was responsible for the greatest glass transition tem-
perature. Although the GO-BN 3D network structure was
not complete, the nanocomposites’ glass transition tempera-
ture was not improved as a result. GOCA/PP and GO-BN/
PP composites also have a lower crystallisation temperature
than pure polypropylene because of the GO’s influence on
polypropylene crystallisation.

Table 1: Mechanical characteristics of different mixtures.

Sample
Tensile
strength

Tensile
strain

Flexural
strength

Flexural
strain

Impact
strength

Compressive
strength

Compressive
strain

Polypropylene 8.45 0.815 19.5 0.89 1.92 34.6 8.4

GOC/PP 6.12 0.745 22.4 0.82 2.15 41.6 5.91

GO–BN/PP 9.56 1.426 28.5 1.86 2.224 54.5 11.36

Figure 6: Compression stress-strain curves for GO-BN aerogels.
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Figure 7: Mechanical characteristics of PP, GOC/PP, and GO-CNTA/PP. (a) emblematic stress-strain curves, (b) flexural stress-strain
curves, (c) impact strength, and (d) compression curves of stress-strain.
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Figure 8: The thermal and electrical conductivity of neat PP, GOCA/PP, and GO-BN/PP.
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4. Conclusions

Conventional splines appear to be tested quite infrequently
in the fiction. This study established that a simple research
strategy may be used to quickly produce large-scale nano-
composites of GO-BN aerogel and GO-BN/PP. Increased
compatibility among inorganic components and polymers
was achieved by modifying GO’s surface energy and decreas-
ing its surface tension. The compressive strength of the syn-
thesized GO-BN/PP nanocomposites was found to be
greater in the GO-BN/PP nanocomposites than in pure PP
(tensile, flexural, impact, and compressive strength, respec-
tively). When equated to pure PP, the GO-BN/PP nanocom-
posites had a thermal conductivity of 0.128W/mK, which
was 60 percent higher.
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