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ABSTRACT

and their derivatives have gained considerable attention due to their favorable
physical and mechanical properties. Magnetic nanoparticles, when influenced
by a magnetic field, can prevent sedimentation in polymers by overcoming surface
forces and particle agglomeration. Given the magnetic characteristics of iron oxide
(Fe,0,) and the high strength of GNP, the development of Fe,O,/GNP hybrid
nanocomposites aims to achieve uniform dispersion and enhanced mechanical
performance.
Methods: The present research investigates the effect of GNP (0.3, 0.5, and 0.7% by
wt) and Fe,O, (2, 5, and 8% by wt) concentrations on the physical and mechanical
properties of epoxy resin. Two novel approaches were employed using a high-shear
turbo mixer in the presence and absence of a low-intensity magnetic field (90 Gauss)
to evaluate nanoparticle dispersion and distribution. Subsequently, glass fiber-
reinforced epoxy nanocomposites were fabricated, and their mechanical properties
were assessed.
Findings: X-ray diffraction (XRD), scanning electron microscopy/transmission

Hypothesis: In recent years, graphene nanosheet (GNP)-based nanocomposites

nanocomposite,

high-shear turbo mixer, electron microscopy (SEM/TEM), and vector network analyzer (VNA) analyses
Fe.O /GNP confirmed that the magnetic field enhances nanoparticle dispersion. This is attributed

34 ’ to interactions between the functional groups of graphene and the active surface of

magnetic field, Fe,0,, leading to the formation of Fe,O,/GNP hybrid structures. The magnetic field
mechanical properties promotes the initial dispersion of Fe,O, particles, followed by the coupled GNPs.

Tensile tests under magnetic field application showed a 26.41% increase in strength,
60.2% in toughness, 26.7% in elongation, and 0.11% decrease in modulus compared
to neat epoxy. Moreover, using the reinforced resin, glass/epoxy composites exhibited
12% increase in tensile strength, 1.87% decrease in tensile modulus, 48% increase in
flexural strength, and 13.5% increase in flexural modulus compared to unreinforced
glass/epoxy. These materials are suitable for lightweight aerospace and aviation
structures.
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Fig. 1. An image of: (a) the measured magnetic field intensity,
(b) the magnetic field measurement probe inside the device,

and (c) field testing using iron filings.
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Fig. 2. A schematic of the nanoparticle dispersion process and
the fabrication of reinforced resin in the presence and absence

of a magnetic field.
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Fig. 4. A view of the fabrication of reinforced glass/epoxy

composite samples for tensile and flexural testing.
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Fig. 3. View of (a) the magnetic field and high-speed shear
mixer, (b) the high-shear turbo mixer used in the nanoparticle

dispersion method, and (c) the reinforced resin samples.
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Table 1. The tensile strength results of the reinforced resin test specimens.

Model Sample Tensile stress | Tensile modulus Elongation | Toughness
v (MPa) (MPa) (%) (Jm?)
Pure EP 65.69 2105.4 3.12 1.02
EP-Fe,O, 2 wt%-GNP 0.3 wt% 74.81 2095.5 3.57 1.33
EP-Fe.O, 2 wt%-GNP 0.7 wt% 69.37 2095.8 3.31 1.15
Absence of a e
. EP-Fe,O, 5 wt%-GNP 0.5 wt% 76.42 2105.2 3.63 1.39
magnetic field e
EP-Fe,O, 8 wt%-GNP 0.3 wt% 73.38 2114.7 347 1.27
EP-Fe, O, 8 wt%-GNP 0.7 wt% 74.12 2105.7 3.52 1.30
EP-Fe,0, 2 wt%-GNP 0.3 wt% 78.42 2091.2 3.75 1.47
EP-Fe.O, 2 wt%-GNP 0.7 wt% 73.32 2094.8 3.50 1.28
Presence of a P
. EP-Fe,O, 5 wt%-GNP 0.5 wt% 79.24 2106.1 3.77 1.49
magnetic field e
EP-Fe,O, 8 wt%-GNP 0.3 wt% 80.31 2102.3 3.82 1.53
EP-Fe O, 8 wt%-GNP 0.7 wt% 83.04 2102.3 3.95 1.64
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Fig. 5. Axial stress-strain curves for different weight percent of nanoparticles in the epoxy matrix (a) in the absence of a magnetic

field, and (b) with the presence of a magnetic field.
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Fig. 6. Comparative chart of tensile mechanical properties: (a) strength, (b) modulus, (¢) strain, and (d) toughness, for various

reinforced resins.
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Fig. 7. A view of the extraction of mechanical properties of reinforced glass/epoxy nanocomposites in the presence and absence of

a magnetic field: (a) tensile strength and (b) flexural strength.
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Table 2. The results of the tensile and flexural strength tests of the reinforced glass/epoxy composite specimens.

Tensile Tensile Tensile Eloneation Flextural | Flextural | Flextural Eloneation
Model Sample strength | modulus | toughness ( ;0; ) strength | modulus | toughness (5 )
(MPa) (MPa) (J/m?) ’ (MPa) | (MPa) (J/m?*) ’
Pure GF/EP 334.54 24753.68 11.47 6.857 363.32 4564.32 11.47 7.96
GF/EP-Fe.O, 2wt%-
Presence of GNP‘:)333vt‘;V % 375.05 24290.81 2.90 1.544 538.37 5181.61 27.97 10.39
. o
a magnetic GF/EP-Fe.,O, 8wt%
field GI\I-P‘:)373vt‘;V | 33645 21890.04 2.59 1.537 442.38 5836.14 16.77 7.58
. o
GF/EP-Fe.O, 2wt%-
Absence of GNP‘:)333vt°Z % 345.05 23173.27 2.57 1.489 419.93 4121.00 21.40 10.19
a magnetic GF/EP-F .O 8wt%
field GN_P(:)37:Nt‘V | 319.63 21640.48 2.36 1.477 371.60 4981.23 13.86 7.46
. 0
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Fig. 8. SEM images of the reinforced resin samples EP/Fe,O, 2wt%/GNP 0.3wt% and EP/Fe,O, 8wt%/GNP 0.7wt% in the

presence of a magnetic field: (a) alignment of reinforced resins at the lowest nanoparticle content, (b) alignment of reinforced

resins at the highest nanoparticle content, (¢) nanoparticle agglomeration at the lowest weight percentage, (d) nanoparticle

agglomeration at the highest weight percentage, (e) fewer Fe,O, nanoparticle clusters, and (f) more Fe O, nanoparticle clusters.
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Fig. 9. TEM images of the reinforced resin samples in the presence of a magnetic field: (a) the lowest nanoparticle content and

(b) the highest nanoparticle content.
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Fig. 10. X-ray diffraction curves of GNP, Fe O,, and EP/Fe,O, /GNP in the presence and absence of a magnetic field: (a) in the
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lowest amount of nanoparticles and (b) in the most amount of nanoparticles.
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Fig. 11. The dependency plots of the (a) real and (b) imaginary parts of the permittivity as a function of frequency, (c) real, and (d)

imaginary parts of the magnetic permeability within the X-band frequency range.
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