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Nowadays, with the expansion of industries, the need to use industrial
adhesives that can create new properties in the final sample while
solving problems is felt more and more. Epoxy resins have the ability
to be compatible with all kinds of nano fillers due to their
extraordinary properties, in addition to providing proper thermal and
mechanical resistance. In the present project, after preparing
graphene oxide (GO) using the Hammers method and modifying it
with the 1,'1-(hexane-1,6-diyl)bis(3-(3-(trimethoxysilyl)propyl)urea)
silane modifier (HDBTMSPU), FGO was obtained. After the
preparation of FGO, graphene xerogel (GX) was prepared by sol-gel
reaction of FGO nanosheets with tetraethyl orthosilica (TEOS) and
HDBTMSPU. Epoxy resin was chemically modified by oligomer TEOS
and (3-isocyanatopropyl) triethoxysilane (IPTEOS). GX/epoxy
nanocomposite (EGX) and silica/graphene/epoxy nanohybrid were
prepared using TEOS, FGO and two types of TE and IE resins (TEGX,
IEGX) through sol-gel reaction and their thermal properties were
evaluated with EGX nanocomposite. The results of the FTIR, XPS and
TGA tests showed that graphene and epoxy resin were successfully
chemically modified. The structure of GX was investigated by Raman,
XRD, SEM and TEM tests. The results obtained from the thermal
decomposition test of graphene samples and nanocomposite samples
demonstrated that after each step of GO chemical modification, the
stability and thermal resistance of nanosheets increased significantly
and the thermal properties of prepared nanocomposites were
improved compared to epoxy resin.
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EXTENDED ABSTRACT

Introduction

Epoxy glue is one of the most widely used types of glue. In general, epoxy glue consists
of two components that turn into a hard substance after mixing. These elements are resin
and hardener. To use glue, the resin must be combined with the hardener, which is a special
catalyst. This combination starts a process called curing. Curing is a chemical process
through which two elements combine with each other to give a thermal reaction and form
the double bond of the polymer. This problem leads to the hardness and strength of the
epoxy glue. Epoxy glue is one of the resistant types of glue in all kinds of conditions, among
which we refer to the resistance of the glue against chemical solvents, electricity, heat, and
mechanical shocks. In this project, an attempt was made to improve the stability and
thermal resistance of epoxy resin adhesive by inserting graphene into the hybrid silicate
network, and on the other hand, by chemically modifying the epoxy resin and inserting it
into the graphene/silicate xerogel network, improving the predicted thermal properties.

Methodology

Epoxy resin EP-418 (production grade of Rositan company) was used to prepare
nanocomposite products. After preparing the mentioned samples and preparing the
nanocomposites, the samples were transferred to the mold and baked during the specified
time and temperature schedule. The steps and how to perform the reaction can be seen in
the summary below.

FGO + IE (TE) THF/H,0'HCOOH/TEOS/HDBTMSPU/EthylenediAmine
curing and post curing: 1. 90°C for 30 min
2.120°C for 1h

3.140°C for 30 min
4.160°C for2 h

IE (TE) = /l/s

o
S X

Figure 1. Steps and how to perform the reaction.
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Results and discussion

Investgigation of FT-IR spectrum

After the oxidation of graphene nanolayers, the stretching mode of the hydroxyl group
at 3398 cm -, the stretching mode of the carbonyl group at 1716 cm, and the stretching
mode of the oxirane ether group at 853 cm! and 11051 cm! appeared. In the HDBTMSPU
modifier spectrum, the peak appearing at 3338 cm -1 was related to the stretching of the
second type amide group. In the second type of amide, a weaker band has appeared around
3129 cm L This peak is attributed to the overton resonance of the 1565 cm -1 band. The
peaks appearing at 2936 and 2848 cm ! were related to the asymmetric and symmetric
stretching mode of CHz group, respectively. The carbonyl peak is located at 11621 cm and
the N-H bending mode is located at a wave number equal to 1571 cm 1,

A
\M

GO

HDBTMSPU

Transmittance (%) (a.u.)

GX

(A)
! | ! | I I ! I ! I ! I ! ™>
4000.0 3500.0 3000.0 2500.0 2000.0 1500.0 1000.0 500.0
Cm’
Figure 2. FT-IR spectroscopy result.

Investigation of TGA

The figure below shows the results of the thermal decomposition analysis of G, GO, FGO
and GX samples. According to the results, G reached a residual amount of approximately
90.48% at a temperature of about 700 °C. The maximum weight loss of GO sample was near
150-220 9C.

Investigation of XPS

XPS spectroscopy was used to study the surface composition of GO and FGO. The
difference of the general spectrum of GO compared to the spectrum of FGO was in the
binding energies of 41.105 and 98.402 eV, which are related to silicon and nitrogen atoms
in FGO. By comparing the percentage of oxygen and oxygen-containing carbon groups of GO
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and FGO samples, the values of oxygen-containing carbon groups decreased in the case of
the FGO sample, which was due to the covalent bonding of HDBTMSPU with the GO surface.

Investigation of XRD

By comparing the spectra of graphene samples, it was found that after each step of
chemical modification, the diffraction peak of the samples became weaker and wider. This
indicated that after each modification step, the graphite structure was broken and the layers
were separated. The peak appearing in sample G at the divergence angle of 06.26°
corresponded to the (002) planes, which was equivalent to the interlayer distance equal to
0.34 nm. The GO sample showed a broad and weak peak at the diffraction angle of 34.10°,
which was equivalent to the interlayer distance of the GO sample equal to 0.85 nm. The
increase in the distance between layers from 0.34 to 0.85 nm indicated the presence of
oxygen groups on the surface of graphene as a result of reducing the size of sp2 band
crystals due to strong oxidation.

Investigation of SEM and TEM

Sample G had a smooth and uniform surface. After chemical modification and placing
graphene in the network created by the sol-gel process, a rough surface was observed on
the plates. Moreover, based on the TEM images of G, GO and GX samples shown in the
diagram, sample G had a smooth surface. After applying strong oxidation on graphene
nanosheets, the topology of the sheets wrinkled due to the presence of oxygen groups.
The presence of the silicate network on the graphene sheets indicated the success of the
sol-gel process.

Conclusion

The results of the FT-IR test clearly showed that the synthesis of graphene nanosheets
and then their modification were carried out well and successfully, which once again proves
the correctness of the selected materials and the applicability of the Hammers method.
Furthermore, the thermal decomposition test of graphene samples and nanocomposite
samples showed that after each stage of chemical modification of GO, the stability and
thermal resistance of nanosheets increased significantly and the thermal properties of
prepared nanocomposites were improved compared to epoxy resin. Finally, SEM and TEM
results confirmed the successful grafting of silicate xerogel on the graphene surface.
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