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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: XRD, SEM/TEM, and VNA analyses confirmed that the magnetic field

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

nanocomposite,

high-shear turbo mixer, enhances nanoparticle dispersion. This is attributed to interactions between the
Fe.O /GNP functional groups of graphene and the active surface of Fe,O,, leading to the formation

> ' of Fe,O,/GNP hybrid structures. The magnetic field promotes the initial dispersion

magnetic field, of Fe,0, particles, followed by the coupled GNPs. Tensile tests under magnetic
mechanical properties 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,

(c) field testing using iron filings.
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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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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,0, 2wt%-GNP 0.3 wt% 74.81 2095.5 3.57 133
" ) EP-Fe,0, 2w1%-GNP 0.7 wt% 69.37 2095.8 3.31 1.15
Magslf:;: bl | EPFe,0, SWi%-GNP 0.5 wi% 76.42 2105.2 3.63 139
EP-Fe,0, 8wt%-GNP 0.3 wi% 73.38 21147 347 127
EP-Fe 0, 8wt%-GNP 0.7 wt% 74.12 2105.7 3.52 1.30
EP-Fe,0, 2wt%-GNP 0.3 wt% 78.42 20912 375 1.47
. ) EP-Fe,0, 2w1%-GNP 0.7 wt% 73.32 2094.8 3.50 1.28
M;Zf;f:;’w? | EP-Fe,0, 5wi%-GNP 0.5 wi% 79.24 2106.1 3.77 1.49
EP-Fe 0, 8wt%-GNP 0.3 wt% 80.31 2102.3 3.82 1.53
EP-Fe 0, 8wt%-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, (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

SSas Olomaal g0 as 515 56 Cou Sglie ias 5 2SS
S aS S sl 25 S W5 esle 3 Al S e )3 60 il
&SGJJSSJMJLMU@UW\MJLJSJQ
[\‘/\]w\jow
5 S ol Opa3l S Y Jsdr 4 oars L
Sy gelS bl lude s aglis LB ek s s

)éo:ug;ﬁjuﬁxlj&ﬁbﬁwdhdd}m}djb)bg;}‘}lsi
[Yv])ﬁwﬁuﬁﬂ@)mwﬁls}w‘}ﬁw‘;ﬂﬂ
JJJ‘J\i.s JS‘ bJLﬁ DL L&JJJ )L....ZJ‘ é}i'?f"“‘"\)sgf Q‘)J}JL’
9 DJ;‘_;A )\J} )Li.é E) J:'“‘ Cowoesle ‘Ji‘“} Lgud}a)T BE
s S SaS b ok bSOl 4wl e o3l

Sy g S gt OBU (Slacy 5 5elS &gl (slad sad et 5 L2ES plSoual s - Jsar

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 0, 2wt%
Presence of GNP 0 3wi% 375.05 24290.81 2.90 1.544 538.37 5181.61 27.97 10.39
a Magnetic GF/EP-Fe,O, 8wt%
Field TUC, OWHo
GNP 0. 7wi% 336.45 21890.04 2.59 1.537 442.38 5836.14 16.77 7.58
GF/EP-Fe,O, 2wt9
Absence of GNP 333;‘”(;: & 345.05 23173.27 2.57 1.489 419.93 4121.00 21.40 10.19
@ Magnetic GF/EP-F .O SwWt%
Field GI\I-P((i)37:>vt°‘/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 pres-

ence 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, (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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the lowest amount of nanoparticles and (b) in the most amount of nanoparticles.

&Y Sddunl—poig 0 louds (@it 9w JUw rorly 5391955 9 p9le (sele Axe o?v


pjhj
Highlight
منظور از نسبت تصویر بالایی چیست؟


- SLATa09IL (53 )1 Lo 9101593l Sl 9 (S 548 YOl9D 2 prulblise YlSae HSI

g_)b.)).vl.' )\.LE.A wj,:.as DL
gl lgme oo xin 5 (Fe,O, Ywt/ -GNP +/¥wt].)
bl Ol Jlasl 05 5 b (Fe,0, AWt/ -GNP +/Vwt/.)

elilosd b

et (A28 M o sh e i Sl oS A3 LS
(@) S Glae el sl asls OLE () 5 @) VY IS s el
P B PR VP A S G L KPR RCOC o P PO JUR P SN v
S I sl ol YA 5 YAV Lo e abliae Ol
(sbline Jlasl 056 5 L 3 50 lde o 2in b badd gas gl
Sie p 2eS U olad ses gl el s Y704 5 YIYE LS S
3,8 o B eblie Olde (5 3 &S LK (30
wra s Gl i jsba b o Rl 80,08 i i
Ly e 23,08 cp i gl e 360 laae i b
Loy O3l i op mie 53 g3 Shes S Sl s e OLES

34

Mag-EP/Fe,0, 8wt%-GNP 0.7wt%
Mag-EP/Fe,0, 2wt%-GNP 0.3wt%
EP/Fe,0, 8W1%-GNP 0.7w1%
EP/Fe,0, 2wt%-GNP 0.3wt%

[Pt e et coc st et e terter s S Pt e, -
39 RS e b e YT

¢ e

—rtin e Aa o Al
w3
e H
S —— b
2.8 == VAL A A W‘w
85 9 95 10 105 11 115 12
Frequency (GHz)
(a)
« Mag-EP/Fe,0, 8wt%-GNP 0.7wt% 0
- Mag—EPTe1O€2w1%-GNP(3.3Wt% -
1.05]  * EorcOiowireaNp O awie .
A~
2 S < e - b3
g s IR0
= o RGN
—~
-
- F
0.95 + F
.‘:
r

85 9 95 10 105 11 115 12
Frequency (GHz)

(©)

b ldo (8 9 X398 9 (S AN S pN398 a0 (oo y
Grlpdsh 5 Sl 2,08 esmse 5 > gladdlse
SES Gl il Jdod 5 i L OIS e | b lite
sblae (5 0358 5 () doles) G S 05,08 05 S acslo
i pad edomy o3l Olgeas 5 ladslas b slse (Y dsles)
5PN BW 50,5 o dns Ol o S e’ 58" &S gl (Nl o0
Srldsh pprse 5 i gt Aaes Sl (S
3 mbliae Olee (65 30 S eias Ol o Sap” s ¢ b Lo

IFO] s ebliae (65,51 3301

e=¢g-¢ )

p=p-p (v)

Mag-EP/Fe,0, 8w1%-GNP 0.7w1%

0.15 = MagEP/FelO; 2wt%.GNP 0 3wt%
< EP/Fe,0, 8Wt%-GNP 0.7wt% N
* EPFFe0,2wi%-GNPO3wt% %, ..
P 2 - > -2
e o SIS ol AR
2 S .4
s topmntnns pastmtitte S5 8 0 500 A3 LLESE m
N = _;‘m - PR3
w 0.05 -M'MWMWW
0 Te
i
-
-0.05 T T T T T T T
85 9 95 10 105 11 115 12
Frequency (GHz)
()
o Mag-EP/Fe,0, 8W1%-GNP 0.7wt% -
0.1594 = MagEP/FcO’ 2wi%-GNP 0.3wt% -
< EP/Fe,0, 8W%-GNP 0.7wt%
* EP/Fe,0, 2wt%-GNP 0.3wt% ==
0.1 1 .
= -.
0.05 1 I
-5 %
. St *, .v(’
0
£

85 9 95 10 105 11 115 12
Frequency (GHz)
d)

bt 358 esnse (@) 5 i ©) il S| s Oty (23,08 s gn () 5 i @) (Sily (slaloges -)) JS2

X )‘j‘ -LALA«J 63 9>

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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