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ABSTRACT 

In this study, three different type of graphene sheets such as thermally reduced graphene (TRG); 

chemically reduced graphene (CRG) and Polyvinyl-pyyrolidone stabilized silver nanoparticles 

based graphene nanohybrid (Ag-PVP-CRG) have been synthesized through thermal exfoliation 

and chemical processes respectively. These different graphene sheets have been characterized 

and studied for electromagnetic interference (EMI) shielding in microwave region. Further, 

TRG, CRG and Ag-PVP-CRG sheets have been dispersed in thermoplastic polyurethane (TPU) 

polymeric matrix to create multifunctional nanocomposite films through solution casting route. 

The study presents for the first time a comparative evaluation of three different types of graphene 

sheets for multifunctional properties in both neat and nanocomposite form. The synthesis and 

characterization of Ag-PVP-CRG nanohybrids and its investigation for such an application are 

also novel. 

 Graphite powder was functionalized into graphene oxide (GO). Firstly, GO was 

chemically reduced using hydrazine hydrate reduction to form CRG sheets. The oxygenic 

functional groups of GO were reduced to restore the graphitic structure in CRG sheets. Secondly, 

the GO was thermally reduced, exfoliated and annealed at 800 °C (rate 30 °C/min.) under N2 

atmosphere to obtain TRG sheets. Thirdly, Poly-vinyl-pyrrolidone (PVP) stabilized silver 

nanoparticles (AgNP) decorated graphene nanohybrid was synthesized from GO through 

chemical route synthesis in DMF/H2O medium. The presence of silver nanoparticles onto the 

CRG sheets studied through high resolution transmission electron microscopy (HR-TEM).   

 Morphological studies on CRG, TRG and Ag-PVP-CRG nanohybrid revealed stacked 

multiple-layered CRG sheets, highly wrinkled exfoliated TRG nanosheets and PVP-stabilized 

AgNPs (15-30 nm) decorated graphene sheets respectively. The three different graphene sheets 
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were studied and compared for EMI shielding, dielectric and electrical conductivity properties. 

EMI shielding effectiveness (SE) attenuation was found to be highest for CRG (-80 dB), due to 

the stacked sheet structures, which provide 3D features resulting in highest conductivity (124.9 

Scm-1) and high dielectric losses. Decrease in stacking observed between nanosheets in TRG, 

due to high exfoliation process, lower electrical conductivity (62.74 Scm-1) along with moderate 

dielectric losses and, therefore, lower EMI SE values (-45 dB). The lowest 

conductivity value (0.25Scm-1) obtained for Ag-PVP-CRG nanohybrid is attributed to the 

addition of PVP polymer. Additionally, observation of increased effective dielectric properties 

for Ag-PVP-CRG nanohybrid contributes to its EMI SE value of -58 dB. Further, these three 

different types of graphene sheets such as CRG, TRG and Ag-PVP-CRG have been used to 

prepare TPU based multi-functional nanocomposite films for various performance evaluations.  

 Initially, the conventional CRG sheets based TPU (TPU/CRG) nanocomposite films have 

been characterized and their performance properties such as electrical conductivity, EMI 

shielding, dielectric properties, gas barrier etc. have been evaluated. SEM revealed the presence 

of dispersed and agglomerated CRG sheets in TPU/CRG nanocomposite films, at higher conc. 

These films showed improved EMI shielding, dielectric properties and electrical conductivity. It 

was observed that the EMI shielding strongly correlates with the thickness of the films and the 

filler concentration loaded in the film. Thus, a large range of filler conc. varying from 1 to 20 

wt.% and 2 mm thick films were studied. The poor dispersion and agglomeration of CRG sheets 

inside the TPU matrix was reflected in the increment in AC electrical conductivity and dielectric 

properties at very high conc. of CRG sheets 20 wt.%. However, DC electrical theoretical 

percolation threshold of 3.03 wt.% was observed for TPU/CRG nanocomposites films. The 

dielectric constant and tangent losses both increases with CRG conc. in TPU/CRG 
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nanocomposites. The prepared 20 wt.% TPU/CRG nanocomposite showed highest EMI SE of -

18 to -20 dB in Ku (12.4 – 18 GHz) band radar frequencies. The gas barrier property of 

TPU/CRG nanocomposites films showed 60% reduction in N2 gas permeability as compared to 

neat TPU film. 

 Thermally reduced and annealed graphene based thermoplastic polyurethane (TPU/TRG) 

nanocomposites films showed smooth morphology and fine dispersion of exfoliated TRG sheets 

inside the TPU matrix, when characterized through SEM, C-AFM, Raman spectroscopy and 

XRD.  C-AFM studies confirmed the presence of electrically conducting TRG graphene sheets 

on the surface, as the current flow through TRG sheets protruding out of the TPU matrix. A low 

DC electrical percolation threshold of 1.49 wt.% was obtained, presumably attributed to the 

formation of 3D continuous electrical network of TRG nanosheets throughout the polymeric 

matrix. AC conductivity was found to be dominated by both charge mobility and frequency 

induced dielectric dispersion in TPU/TRG nanocomposite for TRG loading > 4 wt.%. The 

dielectric constant and tangent losses both increase with TRG conc. in TPU/TRG 

nanocomposites. The fabricated 10 wt.% TPU/TRG nanocomposite showed an excellent EMI SE 

of -26 to -32 dB in Ku (12.4–18 GHz) band. Because of large surface area of TRG sheets, the gas 

barrier property of TPU/TRG nanocomposite showed 99% reduction in N2 gas permeability as 

compared to bare TPU matrix.  

 The TPU nanocomposite films based on Ag-PVP-CRG were characterized and an 

extensive assessment of EMI shielding, dielectric properties, electrical conductivity, and gas 

barrier property was carried out. The addition of AgNPs along with CRG sheets marginally 

improvised the dielectric properties and electrical conductivity of TPU matrix. The low 

increment in electrical conductivity and dielectric properties is due to poor dispersion and 
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agglomeration of CRG sheets inside the polymer matrix supported by SEM analysis and PVP 

coating on AgNPs which further reduced its conductivity. The highest DC conductivity value 

was obtained at 20 wt.% of TPU/Ag-PVP-CRG nanocomposites. The dielectric constant 

marginally increases but tangent losses were comparatively higher with Ag-PVP-CRG conc. in 

TPU/Ag-PVP-CRG nanocomposites. The fabricated 20 wt.% TPU/ Ag-PVP-CRG 

nanocomposite showed lowest SE of ~ -10 dB, in Ku (12.4 – 18 GHz) band radar frequencies. 

The gas barrier property of TPU/Ag-PVP-CRG was found to be moderate against nitrogen gas.  

This study shows that the type of graphene has a significant effect on its exfoliation and 

dispersion in TPU matrix which in turn is reflected in property differences between TPU/CRG, 

TPU/TRG and TPU/Ag-PVP-CRG nanocomposites in terms of electrical conductivity, dielectric 

behavior and finally EMI shielding potential.  
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