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Abstract 

         The growth of using electronic devices has led to the development of a new pollution type 

that has been referred to as noise, radio frequency interference, or electromagnetic radiation (EM). 

The identification of lightweight PMMA/Gr/Ag nanocomposites has led to the discovery of a new 

hybrid polymer composite. Electrical conductivity, High Electromagnetic (EM) Shielding 

Effectiveness (SE) in a frequency range of 8.20-12.40GHz (x-band), dielectric characteristics, and 

differential thermal analysis were used to examine PMMA/Gr/Ag. Using the solvent casting 

process, a hybrid PMMA/Gr/Ag nanocomposite was created. The hybrid composite's electrical 

conductivity demonstrates that D.C conductivity is around 1.6×10-6 S/ cm as concentration is 

attained at 0.5% for Ag and 0.5% for Graphene, and that σac (ω) is frequency increases with 

increases in frequency. All PMMA/Gr/Ag nanocomposites exhibit decreasing dielectric properties 

(ɛ´, ɛ´´, tan δ) with increasing frequency. It was discovered that SE is highly dependent on 

Graphene and Ag, with the maximum SE attenuation recorded at 0.5wt% of Graphene and Ag 

being 11 dB at 12 GHz. Test of DTA shows that exothermic reactions with the dominating weight 

take place at (200–300)°C. PMMA matrix of PMMA/Gr/Ag nanocomposites displayed unique 

dispersion of the silver & graphene particles, according to FESEM results. 

Keywords: Electromagnetic interference shielding, electrical conductivity, dielectric constant 

properties. 
 

1. Introduction  

         The growth of the use of electronic devices has led to the development of a new pollution 

type that has been referred to as noise, radio frequency interference, or electromagnetic radiation 
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(EM). The identification of lightweight PMMA/Gr/Ag nanocomposites has led to the discovery of 

a new hybrid polymer composite. For the protection of electronics, especially those present in 

strategic systems like nuclear reactors, aircraft, control systems, transformers, and communication 

systems, among others, materials with EMI shielding properties are required. In comparison 

with traditional metal-based materials, the creation of EMI shielding materials depending 

on polymer composites has garnered more attention in academia and business. This is because they 

are more affordable, lightweight, and easy to manufacture [1]. Military radar stealth, 

electromagnetic shielding of cutting-edge electronic equipment, electromagnetic radiation 

protection, and other disciplines have all made use of the materials produced by the extensive use 

of electromagnetic waves. A significant amount of electromagnetic waves flow into the living 

environment because of the Internet and other electronic devices' rapid development, potentially 

impacting health and human life. To achieve wide bandwidth, high efficiency, and lightweight 

design, EMIS materials were created [2,3]. Because of their corrosion resistance, low 

density, affordable price, and superior processability, polymer matrix composites were extensively 

utilized in EMI shielding. Yet, most polymer matrices are inherently insulating, which 

significantly restricts their uses in electronic devices, medical equipment, new energy 

vehicles, flexible circuit boards, and other industries with demanding EMI shielding standards. As 

conductive fillers for polymer matrix composites, metal nanowires and particles, graphene, and 

carbon nanotubes have all been employed extensively [4,5]. 

Skin depth δ refers to the electromagnetic radiation's (especially microwave radiation) capacity for 

penetrating materials. This capability is important for telecommunication, radar-related 

applications, and EMI shielding [6]. Carbon-based conducting polymer nanocomposites have 

been discovered to be good EM shielding materials. Graphene was first functionalized through an 

acid treatment for attaching carboxylic functional groups to its surface for facilitating interaction 

with conducting polymer. polypyrene (PPy)/Graphene (GNS) and Polyaniline (PANI)/Graphene 

(GNS) nanocomposites [7]. When put to comparison with pure conducting polymers, it was 

discovered that the electrical conductivity of nanocomposites was significantly higher [8,9]. The 

use of dip-coated graphene on extremely porous PU sponges as low-density and compressible 

polymer/graphene composite (PGC) foams for the adjustable EMI shielding is still considered a 

difficult task. The resulting PU/graphene had good overall EMI shielding performance and an 

absorption-dominant mechanism, which may have been caused by the inside 3-D conductive 

graphene network's numerous EM wave reflections and scattering as well as conductive 

dissipation [10]. 

To test the EMI shielding, multi-layer graphene/polymer composite films with good mechanical 

flexibility have been fabricated into sandwich structures that are based on paraffin. The 

relation between electrical qualities and shielding effectiveness was demonstrated by the results, 

proving the importance of electrical properties in EMI shielding. To examine the fundamental 

mechanisms of reflection, absorption, and multiple reflections for polymeric graphene composite 

films, calculations depending on the electrical conductivity of composite films were made [11]. 

With the use of conductive graphene hybrid films, which are made up of a metallic network 

entirely encased between a quartz-glass substrate and monolayer graphene, EMI shielding 

capabilities have been fabricated and assessed. According to the findings, graphene sheet 

resistance has been dramatically reduced by integration with a metallic network, going from 

813.27Ω/sq to 5.53Ω/sq with a 91% optical transmittance [12]. 

Because of their broad bandwidth properties in comparison with traditional metal-based materials, 

corrosion resistance, low cost, adaptability, lightweight, and simple processability, graphene-

enhanced polymer composite materials have lately been presented as metal-based EMI shielding 
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material replacement. Maxwell's equations could be solved analytically or numerically to obtain 

the SE from bulk material parameters, such as permeability, permittivity, and conductivity. 

However, graphene-based polymer composites are heterogeneous. Using the predetermined 

characteristics of polymer matrix and carbon-based filler, the model is intended for predicting the 

electromagnetic properties related to nanocomposite [13]. The research aims to use metal-based 

polymer in EMI shielding materials mostly focused on super high frequency (SHF) specifically in 

X-band. 
 

2. Methods and Material 

2.1. Experimental Procedure 

          Through using the solvent casting technique, PMMA/Gr/Ag hybrid nanocomposite films 

have been fabricated. To create a stable suspension, newly synthesized (Ag supplied by Sigma-

Aldrich was (99.8 % purity, specific surface area of 25 m2/g) with a particle size of 85nm. 

and graphene whose average diameter of 69.22 nm is shown in Figure 1. measured by (SPM) have 

been dispersed ultrasonically in chloroform for two hours. The solution was next combined with 

a 3g PMMA solved in chloroform to create a PMMA/Gr/Ag mixture that had 0.1, 0.2, 0.3, 0.4, 

and 0.5% (Graphene) and a constant (0.5%) Ag content. To get a uniform dispersion of Graphene, 

and Ag in PMMA, the mixture was once again ultrasonically processed for two hours. This 

solution was poured into a Petri dish (diameter 4cm) that had been sprayed with Teflon to create 

a thin polymer coating. Nanocomposite films were dried at 25ºC for 24h following the solvent's 

evaporation, after which they were taken out of dishes and sliced for characterization and physical 

study. The final film was roughly 0.25 mm thick. 

 

 
 

 

Figure1. AFM analysis images of silver, and graphene nanoparticles used in the work. 

 

2.2. Characterization of Nanocomposites  

2.2.1 Fourier Transform Infrared (FT-IR) Analysis: 

The infrared spectra were recorded with the help of Shimadzu type FTIR -7600 in the range 

400 to 4000 cm-1. 
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2.2.2 Field Emission Scanning Electron Microscopy (FESEM) 

With an unlimited depth of field, FESM offers elemental and topographical information at 

magnifications ranging from 10x to 300,000x (model S-4800, Hitachi, Japan). 

 

2.2.3 Electrical properties  

 With the use of the (ρ) of the films, the electrical Resistance was measured between (303-

393K) with the use of the next equation. [14]. D.C. measurements have been done using a sensitive 

digital electrometer type Kethley (616) to measure the current, as well as the D.C. power supply 

(2 Volt) A.C. measurements have been achieved using HP-RLC unit model 4274A and 4275 multi-

frequency LRC meter, in the range of (10kHz–100 MHz), with amplitude of 0.08 volt and zero 

bias. 

𝜌 =
𝑅.𝐴

𝐿
                                                                                                                                           (1) 

Where: R represents the sample Resistance, A represents the film’s cross-section area and L 

represents the samples’ thickness. The films’ conductivity was specified from the relation: 

 𝜎𝑑𝑐 =
1

𝜌
                                                                                                                                        (2) 

The 𝜎 is determined by the Arrhenius equation and varies exponentially with (T), which is derived 

by Equation 3. 

 

σ𝑑𝑐=σₒ 𝑒−𝐸𝑎/𝐾𝑇                                                                                                                             (3) 

The 𝜎 has been calculated from the next Equation 4:  

 σt(ω) = 
𝑑

𝑅𝐴
                                                                                                                                     (4) 

 where (d) represents the sample’s thickness and (A) represents the cross-section area. A.C 

conductivity σac (ω) has been computed with the use of relation: 

 

 σt(ω) = σac(ω) +σdc                                                                                                                    (5) 

σac(ω)=σt – σd.c =𝐴𝜔𝑠                                                                                                                (6)  

In which σdc represents D.C. conductivity. (A) represents a constant independent of the 

temperature, (ω =2*π*f), and (s) represents the frequency exponent. 

The dielectric permittivity of a material (ε) can be described as a complex quantity with a real part 

(εr) and imaginary part (εi) and it is given by Equation 7 [ 15]. 

 

 ε = εr + εi                                                                                                                                     (7) 

The real and imaginary part values of the dielectric permittivity εr and εi can be estimated from 

the capacitance value that is measured in the parallel mode (Cp) and loss tangent (tan δ). Cp and 

tan δ values are measured for the temperature of the room and range of frequency of 10 kHz–100 

M Hz. The εr and εi values are estimated based on Equations 8 and 9: 

 

 ε´ = 𝐶𝑑/𝐴𝜀o                                                                                                                                 (8)  
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 ε´´ = ε´ tan(δ) where δ =90 – φ                                                                                                    (9) 

tan δ = ɛ´´/ɛ´ (10) 

where εo represents free space permittivity and d and A represent the sample’s thickness and cross-

section area, respectively. 

 

 

2.2.4 Electromagnetic Interference Shielding Effectiveness  

With the use of the waveguide method (closed system) the samples' electromagnetic 

characteristics are measured at an x-band frequency in 1.3 cm preparation samples and cut 

(2.29×1.02 cm2) Figure 2. 8.2–12.4 GHz. EM parameters were measured on a vector network 

analyzer (E5062A/EM2107A, Agilent Technologies, Santa Clara, CA, USA). Incident and 

transmission powers are used to calculate the shielding effectiveness. Using a network analyzer 

and the coaxial line approach as described in [16]. Using the following Eq (11), SE was determined 

and expressed in decibels (dB): EMI SE (SEtotal) is represented by the summation of contributions 

from reflection loss (SER), absorption loss (SEA), and multiple reflections (SEM)    [17].  

 

SEtotal = SEA + SER + SEM.)                                                                                                        (11) 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2. Photo of samples of PMMA/Gr/Ag nanocomposites  

 

2.2.5 Differential Thermal Analysis Device (DTA) 

It describes how to measure Tg and Tm, With the use of a TG-209F (STA PT-1000 linseis, 

Germany) with a heating rate of 10°C/min under nitrogen flowing at a rate of 50ml/min, samples 

of about 10–19mg were provided at Td of 25–400°C. 

 

3. Results and Discussion 

Figure 3. displays the PMMA film's FTIR spectrum and details the functional groups 

present in the PMMA preparation film. Two main areas stand out: the diagnostic region on the 

left, which is located between 1500 and 4000 cm-1, and the fingerprint region, which is located 

between 400 and 1500 cm-1.  

The left region is close to 4000 cm-1 because it contains high energy bonds. The O-H (stretching 

vibration) is represented by the peak at 3414cm-1, while C=O (stretching vibration) from PMMA 
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is characterized by the absorption band at 1732cm-1. The C-O stretching vibration in PMMA is 

shown by the absorption band at 1147 cm-1. The absorption band at 1242 cm-1 indicates C-C from 

PMMA, while the absorption band at 2951 cm-1 corresponds to C-H stretching in that region. Due 

to the ester carbonyl group's (C = O) stretching vibration, a sharp, intense peak at 1736 cm-1 has 

been seen. The stretching vibration of the C-O (ester bond) could be used to explain the broad 

peak spanning from 1260 to 1000cm-1. The bending of C-H is what causes the broadband from 

950-481cm-1. One explanation for the peak at 2935 cm1 is C-H stretching, which is consistent 

with agree with [10]. 

 

 
    Figure 3. FTIR of pure PMMA 

 

In the PMMA/Gr /Ag nano nanocomposites in Figure 4 the peaks at 610 C–H cm-1, 842 cm-1 of 

C–C stretching, 1086cm-1 C–O stretching, 1242 cm-1 C–OH stretching, 1372 cm-1 plane OH 

bending mode of hydroxyl groups, 1732 cm-1 C=O stretching,2901 cm-1 and 3395 cm-1 O–H 

stretching vibration, peak for graphene between 3000cm -1 and 3500cm -1 (O-H) as a result of the 

absorbed moisture that returns to (C-OH) carboxylic acid, with (C=O) 1733cm-1 

(carbonyl/carboxy), (C=C) 1631cm -1 (aromatics), (C-O) 1358cm -1 (carboxy), (C-O) 1047cm-1 

(alkoxy). The peak was observed at 1668 cm-1 due to the C=C stretching. The maximum peak has 

been at 3420 cm−1 (stretching and bending vibrations of the –OH group), and 1245 cm−1 has been 

assigned to C–OH, and the peak centered at 1615cm−1 has been assigned to the C=C bonds related 

to skeletal vibrations of the unoxidized graphitic domains. C=O bonds in the fragments of 

carboxylic acid and carbonyl were assigned to the peak at 1730 cm−1. At 1420 cm−1, the G-Ag 

NPs showed a new stripe due to G-Ag's diminished C-N stretching vibration. Additionally, the C-

OH bond was assigned to the absorbance peak at approximately 1270 cm−1, and the skeletal 

vibration of graphene sheets was given credit for the absorbance stripe at 1515 cm−1.  

Figure 4. shows the FT-IR spectra of PMMA/GMA/Ag nanocomposites, in which the C=C 

characteristic peak at 1638 cm-1 essentially disappeared to signify the nearly total 

copolymerization of the MMA/GMA monomers. In the spectra of PMMA/ GMA/Ag 

nanocomposites, the C=O characteristic peak at 1729 cm-1 has also been moved to a higher value 
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at 1740 cm-1. Ag-NPs and the polymer matrix may have interacted, as evidenced by the relative 

improvement in the strength of the CH absorption peak at 2996.84 cm-1 and 2952.48 cm-1. 

 
 

Figure 4. FTIR of PMMA/Gr /Ag hybrid composites  

 

Figure 5. depicts the connection between Lnσdc and the inverse absolute temperature of 

nanocomposites. According to the findings, the electrical conductivity increased with the increase 

of the concentrations of Ag and Gr, going from 3.21×10-9 S/cm to 1.6x10-6 S/cm. 

Gr concentration rises from 0.1% to 0.5% for PMMA/Gr/Ag nanocomposites. Figure 3. illustrates 

the impact of the hybrid fillers in the samples. Pure PMMA exhibits values of 3.21×10-9 S/cm, 

while composites with low loadings of Gr/Ag (up to 0.1/0.5 wt%) likewise have a value of 

7.52×10-9 S/cm. An abrupt increase of σ up to ~3 orders of magnitude is seen above this Gr 

concentration and up to (0.5/0.5 wt%), indicating the onset of electrical percolation. By raising the 

Gr loading even more, σ keeps rising until it reaches a maximum value (σmax) of 1.6×10-6 S/cm 

up at (0.5/0.5 wt%0 of Gr loading when it plateaus.  

To improve the conductivity behavior of the composites, Ag-NP is added. This suggests that the 

presence of nanosilver has an impact on the overall electrical characteristics of the polymer 

composite with a polymer threshold of approximately 0.5% because Ag was majorly utilized as a 

conductor wire in circuits that require high conductivity and short tunneling distance and poor 

percolation resistivity decreases percolation resistance and results in more favorable conditions 

for the transfer of electrons between neighboring fillers, which improves conductivity in the 

composites. The equation (12) could be used to investigate the electrical percolation behavior. 

 

 σ =[ (ɸ - ɸc) / (1- ɸc) ]
t                                                                                                                                                                       (12) 
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Figure 5. Electrical conductivity& 1000/T of PMMA/Gr/Ag hybrid composites 

 

For ɸ > ɸc, in which ɸ represents the filler's volume fraction, ɸc represents the population 

threshold in volume fraction and t represents the universal critical exponent. A 2D percolating 

structure is expected to have a value of about 1.3 (Table 1). The parameter t is frequently 

utilized for characterizing the kind of percolation of the system [18]. 

 

Table 1. Electrical conductivity of PMMA/Gr /Ag hybrid composites 

sample electrical conductivity S/cm  Ea (eV) 

PMMA 3.21×10-9 2.36 

PMMA/Gr/Ag 0.1/0.5 7.52×10-9 

 

2.2 

PMMA/Gr/Ag 0.2/0.5  2.63×10-8 

 

2.05 

PMMA/Gr/Ag 0.3/0.5 4.21×10-8 

 

1.98  

PMMA/Gr/Ag 0.4/0.5 6.19×10-7 1.90 

PMMA/Gr/Ag 0.5/0.5 1.6×10-6 

 

1.66 

 

When the activation energy of PMMA/Gr nanocomposite was characterized using Equation 3, 

results revealed high activation energy values that range between 2.36 and 1.66eV. The existence 

value of the activation energy in polymer nets is summarized in Table 2. Because of the effect of 

space charge, adding small amounts of graphene nanosheets (Gr) causes a decrease in the values 

of the activation energy of the samples. In the forbidden energy gap, it also generates local energy 

levels that interact to confine charge carriers which travel by hopping between levels that meaning 

Electrons are not present in a forbidden gap because the energy levels within the gap do not align 

with the energy levels of the electrons. In a semiconductor, the forbidden gap is a range of energy 
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levels that lies between the valence band (the band of energy levels occupied by electrons in the 

outermost energy level of the atom) and the conduction band (the band of energy levels that are 

unoccupied by electrons). Because the energy levels within the forbidden gap do not align with 

the energy levels of the electrons, the electrons cannot occupy that region of energy. As a result of 

increasing the local centers of the nanocomposite, raising the loading ratio of Gr lowers activation 

energy [19]. Figure 6 shows the A.C of PMMA at frequencies between 10KHz and 10MHz at 23C 

along with different concentrations of Gr & Ag included.  

 

 

 
 

Figure 6. AC conductivity of PMMA with various contents of Gr/Ag/PMMA 

 

The connectivity and electron transport mechanism of Gr, Ag network in the polymeric matrix is 

revealed by the hybrid composites AC. It has been found that all samples conductivities rise with 

increasing frequency, but PMMA's conductivity is lower than that of its Gr, Ag. This could be 

explained by dipoles' propensity to align themselves with the applied field in polymeric samples 

(Liu, W, et al. 2017). By deducting the A.C conductivity from the total conductivity measured 

using Equation (6), the A.C conductivity is obtained.  

Figure 6. illustrates the fluctuation of σac (ω) as a function of the frequency of PMMA/Gr/Ag 

hybrid composites at various ratios. (4). The dominance of A.C. conductivity, in which the 

polarization is slightly altered, is the cause of σac (ω) which is clearly frequency dependent for 

both pure PMMA and for (0.5/0.5wt%) hybrid composites, i.e., the conductivity is pure A.C, and 

this is due to the electronic polarization. The plot of ln(σtot(ω)) & ln(ω) for PMMA/Gr/Ag hybrid 

composites at various ratios provided the (s). For all samples of composites, values of s are quite 

lawful, as shown in Table 2. The exponential factor (s) is smaller than one shows that conductivity 

occurs during hopping that reflects the percentage of reactants who have approached and crossed 

the activation energy hill in the number of tries. The average values of (s) seem to agree with 

charge carriers (protons) hopping across polymer chains [14]. All of the PMMA/Gr/Ag 

nanocomposites have had their dielectric characteristics examined. 
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Table 2. The exponential factor of PMMA/MWCNT/Ag hybrid composites. 

 

Samples S 

PMMA 0.94 

PMMA/Gr/Ag 0.1/0.5 0.66 

PMMA/Gr/Ag 0.2/0.5 0.65 

PMMA/Gr/Ag 0.3/0.5 0.58 

PMMA/Gr/Ag 0.4/05 0.56 

PMMA/Gr/Ag 0.5/0.5 0.50 

 

Figures 7. and 8. show the dielectric loss and dielectric constant vary with frequency for all 

composites; at higher frequencies, the loss becomes nearly constant at lower concentrations of 

graphene, while at greater concentrations of silver that means the dielectric behavior of all 

fabricated samples was dependence on the graphene content within the PMMA matrix was 

analyzed,  the influence of the graphene and silver concentration on the dielectric properties of the 

composite material at lower frequency, the behavior being similar at other frequencies up to 1 

MHz. seen, the dielectric constant increases almost linear with graphene concentration, becoming 

double at a concentration of 0.5%. In contrast, the respective dielectric losses present a significant 

reduction, becoming four times smaller at the concentration of 0.5%. Regarding the variation of 

the dielectric constant with frequency, this is shown in Figure 9. for a sample containing 0.3% 

graphene. As can be observed, increasing frequency results in a quite important decrease in the 

dielectric constant value.  

The frequency decreases and ε' and ε'' drop with frequency. Because there are two types of 

dielectric losses this suggests that dipoles are arranged along field directions at low frequencies to 

increase overall polarization meaning metallic nanofillers in appropriate amounts can improve the 

dielectric property of polymer composites. When conductive metal nanofillers are added to a 

polymer matrix, space charges (electrons and holes) accumulate at the metal-polymer interfaces 

to trigger IFP occur. Although the permittivity of metal-polymer composites is generally high, 

many unsolved issues still exist. Conduction loss is caused by the movement of charges that 

experience resistance or friction, which leads to energy dissipation in the form of heat. In theory, 

as the number of conductive fillers in a polymer increases, the distance between the filler particles 

becomes smaller. Conduction loss is caused by the real charge flowing into the dielectric, and 

dielectric loss is caused by molecules or atoms rotating in an alternating current field [21]. Figure 

9 illustrates how the value of loss tangent rises with frequency, reaches a maximum at a particular 

frequency, and after that falls at higher frequencies. The absence of dielectric materials to follow 

the applied electric field causes a loss tangent to arise, which causes warmth creation.  

 

 

 

https://www.mdpi.com/1996-1944/13/21/4776#fig_body_display_materials-13-04776-f009
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Figure 7. Dielectric constant ɛ´,  versus Lnω for PMMA/Gr/Ag hybrid composites at the temperature of 323 K. 

 

 
 
 

Figure 8. Dielectric Loss ɛ´´, versus Lnω for PMMA/Gr/Ag hybrid composites at the temperature of 323 K. 
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Figure 9. Loss tangent tan δ, versus Lnω for PMMA/Gr /Ag hybrid composites at the temperature of 323 K. 

   

Figure 10. depicts the results of the EMI shielding effectiveness (EMI-SE) measurements 

performed in the X band frequency range (8–12.4 GHz). The efficacy of a material's shielding 

against EMI is determined by how well it can attenuate electromagnetic waves. In comparison to 

PMMA (at ω=12.4 GHz), graphene and Ag demonstrated improved EMI shielding efficacy. More 

scattering results from increased interfacial polarization and effective anisotropy energy of the 

sheets as a result of the Gr-containing polymer matrix. Comparing the materials to traditional 

materials, the materials also exhibit a high shielding effectiveness. The penetrating EM waves will 

be attenuated by the synergism between Gr, Ag and PMMA matrix via dipolar polarization 

loss, interfacial polarization loss and conduction loss. Furthermore, the enormous number of 

solid/air interfaces created by the microcellular structure can effectively extend the path of 

propagating EM waves via internal multiple reflections and scattering, further attenuating the 

propagating EM waves. 

With increased Gr, Ag concentration, the nanocomposites' EM shielding performance rises. The 

volume resistivity of composites reduces and their efficacy and shielding rise as Gr is increased 

from 0.1% to 0.5%. As Gr amounts rise, the number of percolating networks also rises. The 

conductive networks created because of Gr's dispersion exhibit conductive mesh-like behavior. 

The size of conductive mesh shrinks as Gr loading rises, serving as a barrier to incident 

electromagnetic radiation and increasing EMI SE. This is because a composite's electrical 

conductivity tends to rise with increasing Gr content, and under the influence of EMI, an induction 

current generated on the interface or in the interior of the sample produces a reversal 

electromagnetic field, which increases the surface reflection attenuation of EMI and raises the 

composite's EMI shielding effectiveness. [22]. Ag is one of the possible materials for shielding 

applications due to its extremely high electrical conductivity. For the successful creation of 

composite materials for EMI shielding applications, Ag-based nanostructures are utilized. Since a 

high aspect ratio of a nanowire is beneficial for constructing a highly percolated network structure 
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and achieving high conductivity, Ag nanowire polymer nanocomposites were researched 

extensively as shielding materials [23,24]. To create a high-reflection type EMI shielding polymer 

hybrid, other requirements must be met in addition to the filler's high conductivity. Having a 

percolated threshold network with less filler content is the main need. 

 

 
 

Figure 10. Electromagnetic interference (EMI) shielding of PMMA/Graphene/Ag hybrid composites 

 

The melting peak shifts to a lower temperature and appears at (153.84 ºC), (138.57 ºC), and 

(119.63 ºC), respectively, in Figure 11. DTA and TGA curves of pure PMMA and PMMA/Gr/Ag. 

These curves reveal one mass endothermic peak that reflected the melting point of the raw 

materials (PMMA, Ag, and Gr). The curve demonstrates a strong endothermic process beginning 

at 128.62 °C -165.32 °C and 108.92 ºC-137.88 ºC, respectively. The level of adsorption is typically 

higher the higher the molar mass of PMMA. This is expected since only a portion of the polymer 

chain was adsorbed; the remaining portion is more likely to adsorb the Graphene surface through 

CH interactions. Given the existence of amorphous carbon and other impurities, graphene has been 

demonstrated to preserve its structure in an inert atmosphere at temperatures beyond 800 °C [25]. 

However, there has been very little mass loss. Adding additional graphene causes PMMA to 

adsorb since more MWCNT surface area is accessible, allowing for more polymer to do so. 
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Figure 11. Differential Thermal Analysis of PMMA(A1), PMMA/Gr/Ag /Gr (0.1/0.5%) (A2  ),  PMMA/Gr/Ag at 

(0.5/0.5%)   (A3)   hybrid composites 

 

PMMA/Gr/Ag at (0.1/0.5%) TGA/DTA schematic trace. The 0.5/0.5% sample exhibits weight 

loss due to the carbon layer's thermal decomposition, which begins around 279–309 °C and 278–

305 °C. The DTA diagram's exothermic peak, which is centered at 288 °C and 290 °C, 

respectively, denotes the exothermic curves caused by the crystalline phase of composites and 

thermal decomposition. The curve of TGA-DTA plots is depicted in Figure 9 to demonstrate how 

they are frequently used to analyze composition of water, combustion carbon, volatile 

compounds, and impurities in graphene and materials that are related to it. We concentrated on 

thermal parameters (i.e. temperature of the maximal mass change rate, Tmax) in this investigation. 

The maximum peak position in the negative region of DTA curve could be utilized for the purpose 

of computing Tmax, which refers to the final mass loss step that is related to the combustion of the 

carbon. 

Since a 5% sample weight loss, the starting temperature of thermal degradation (Tonset) was taken 

into consideration. The results of TAG indicated that adding graphene improved the thermal 

stability of the blends. This enhancement could be attributed to graphene's higher thermal stability 

when compared to polymer phases, its high thermal conductivity as nanoplatelets, and its 

interaction with polymer phases, which results in more uniform development and higher thermal 

conductivity matrix and that t h e interface adhesion between nanosheets, and matrix was 

dramatically improved. Additionally, for the Gr-filled samples, the inflection points of diagrams 

(the maximum points of the derivative of curves) showing the maximum weight loss of samples 

have manifested at higher temperatures [26]. It is well known that the good dispersion of 

nanoparticles and the strong interfacial interaction with the polymer are two important factors in 

improving the physicochemical properties of nanocomposites. The presence of graphene filler 

facilitates heat transfer in the sample volume, thereby reducing the thermal decomposition 

temperature. High thermal conductivity begins to play a significant role at high graphite filler 
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concentrations. The process is more efficient the more homogeneous the composite structure is. 

The homogeneity of the structure is influenced by the grain size of the filler [10].  

FESEM analysis of PMMA/Gr/Ag at (0.1%/0.5%) and (0.5%/0.5%) nanocomposites is 

exhibited in Figure 12. reveals a uniform integration as well as distribution of the filler particles 

by PMMA matrix with a homogenous deposition of prepared PMMA/Gr/Ag nanocomposites with 

concentrations of Ag-NPs (0.5%wt) in Figure 12. The films show a uniform density of 

grain distribution at surface morphology. Also, surface morphology that is related to the 

(PMMA/Gr/Ag) hybrid nanocomposite films demonstrate numerous aggregations or chucks of 

(Gr, Ag) nanocomposites that are distributed randomly on films' top surface.  

The results showed that (Gr, Ag) particles tend to form aggregation and are well dispersed at films 

that are randomly distributed in PMMA composite films, and it was determined that small 

agglomerations is formed in these films. According to SEM images, Ag NPs formed 

predominantly spherical NPs and dispersed in a PMMA matrix with a uniform distribution. In the 

polymer matrix, the Ag-NPs are uniformly dispersed. It demonstrates a uniform dispersion of Ag 

and Graphene in PMMA composite with no discernible aggregation, indicating that 

ultrasonication is effective in the dispersion. Additionally, the surface of the hybrid nanocomposite 

appears both smooth and rough, attesting to its suitability, which will be further confirmed through 

electrical characterization. The micrographs show filler particles dispersed homogeneously within 

the polymer matrix. This dispersion state of the nanofiller (Gr, Ag) in the PMMA matrix is 

probably due to the reduction in the distance between the nanoparticles due to the increase of Gr-

Ag concentration in the nanocomposites.  
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Figure 12. FE-SEM images of   PMMA/Gr/Ag hybrid nanocomposites at ( 0.1%/0.5%) and (0.5%/0.5%) 

 

4. Conclusions 

The electrical conductivity related to hybrid composite demonstrates that D.C conductivity 

is around 1.6×10-6 S/cm, with a percolation critical concentration being reached at 0.5% for Ag 

and 0.5% for Graphene, as well as the fact that σac (ω) is frequency increases with increases in 

frequency. Concerning all PMMA/Gr/Ag hybrid composites, the frequency-dependent dielectric 

characteristics (ɛ´, ɛ´´, tan δ) reduce as the frequency region increases. It was discovered that Ag 

and graphene content have a significant impact on the SE of the provided composites. With 

0.5wt%t of Graphene and Ag, the maximum EM attenuation of 11 dB at 12 GHz was attained. 

According to DTA, the exothermic type of reaction takes place between 200°C and 300°C, when 

weight loss is predominated. By uniform dispersion of silver and graphene particles within the 

PMMA matrix, which has a wide surface area because of the filler, PMMA/Gr/Ag hybrid 

composites exhibit superior interfacial bonding between the particles and matrix, according to 

FESEM results that appear a uniform integration as well as distribution of the filler particles 

by PMMA matrix with a homogenous deposition of prepared PMMA/Gr/Ag nanocomposites with 

concentrations of Ag, and graphene. 
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