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Large-area reduced graphene oxide (rGO)/poly(vinyl 

alcohol) (PVA) film with excellent microwave absorption 

property has been prepared by a simple solution processing 

method. Excellent interfacial interaction between GO and 

PVA has been realized due to the molecule-level dispersion. 

Characterizations of X-ray diffraction, the Fourier transform 

infrared (FT-IR) spectra, X-ray photoelectron spectrum and 

Raman spectroscopy have confirmed the reduced process of 

GO in the composites. The rGO/PVA film exhibits excellent 

microwave absorbing properties in the range of 2-18 GHz. It 

is expected to be a promising candidate as one of microwave 

absorbing materials. 

Introduction 

In recent days, electromagnetic (EM) wave absorbing materials 

have aroused great interests in civil and military fields because of EM 

wave pollution. In order to obtain EM wave absorbing materials with 

excellent EM absorption properties, the materials need to have a 

strong absorbing capability and meet requirement of impedance 

matching. It is well known that both absorbing capability and 

impedance matching are related to permittivity. Therefore, we can 

obtain composites with excellent EM absorption properties by 

controlling the permittivity. 

Recently, graphene and its related materials are reported as the 

high-performance EM wave absorbing materials due to their much 

better intrinsic properties, such as higher conductivity, higher specific 

surface area and lower density, compared to traditional absorbing 

materials.1-3 In addition, low cost graphene can be produced in bulk 

through a chemical oxidation and reduction process using graphite as 

the raw material. For GO, there are many oxygen-containing 

functional groups like hydroxyl, carbonyl groups, epoxy and carboxy 

on the plane. Because of these functional groups which can 

significantly alter van der Waals interactions among the layers of 

graphene, GO can disperse in various polar solvent or potentially form 

hydrogen bond with other materials readily.4 The reduced graphene 

oxide (rGO) product can be obtained through reduction process and in 

which, generally speaking, hydrazine,4-6 hydrothermal process7-11 and 

thermal reduction12, 13 are mostly used. In recent years, L-ascorbic 

acid was reported to reduce GO because it is friendly.14-16 

Up to now, many researchers have studied the EM absorption 

property of rGO or its related materials and demonstrated that they 

have good EM absorption properties. Zhang et al have demonstrated 

the broadband and tunable high-performance microwave absorption 

(MA) property of an ultralight  and highly compressible graphene foam 

(GF).7 Wang et al. have fabricated GO/CNT-Fe3O4 composites by 

using a one-pot co-precipitation in-situ growth route and found that the 

composite took on both dielectric loss and magnetic loss.17 Kong et al 

prepared CNT/G hybrids using in-situ grown method and CNT/G 

hybrids were dispersed into poly (dimethyl siloxane). The RCmin of 

composites can  reach -55 dB; while the effective absorption 

bandwidth reaches 3.5 GHz in X-band when the filler loading is 5 wt.% 

and thickness of absorber is 2.75 mm.18
 Yu et al synthesised 

graphene/polyaniline nanorod arrays and found that the poor EM 

absorption properties of graphene can be significantly improved by the 

growth of the PANI nanorod arrays on the graphene sheets.19 In 

addition, Chen utilized hydrazine to reduce GO, and epoxy 

composites with 15 wt% of the resulting graphene fillers exhibiting the 

highest electromagnetic shielding of 21 dB in the X-band.6 Bai et al 

prepared chemically reduced GO/polyethylene oxide composites and 

they found that RL can up to -38.8 dB and bandwidth can up to 5.6 

GHz.16 Zhang et al used a simple hot-press to synthesize the 

RGO/CuS/PVDF composites, which exhibit high values of reflection 

loss and the maximum loss is 32.7 dB at 10.7 GHz when the 

thickness is just 2.5 mm.20 Moreover, there are many other 
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composites, such as rGO/α-Fe2O3,
21-23 PVDF/GO,12 rGO/Fe3O4,

24-27 

and rGO/ZnO hollow sphere28 are reported for EM absorbing. 

Despite reported composites have good EM wave absorption 

properties in some cases, their drawbacks, such as high density, poor 

stability, and large loading content, have severely hindered their 

practical applications. Moreover, most researchers use paraffin as 

matrix when they do such EM absorption measurement. This will 

restrict the practical application of materials immensely. Meanwhile, 

due to the existence of strong van der Waals interaction and the out-

of-plane π bond between the individual graphene nanosheet, it is 

difficult to avoid irreversible agglomeration or even restacking for 

graphene and its related materials. As we all know, its agglomeration 

or restacking will hamper the applications of graphene in various fields. 

Here, we prepared large-area rGO/PVA EM wave absorbing film 

using a simple solution processing method. GO is dispersed in PVA at 

the molecular level and there are strong interfacial interactions 

between rGO and matrix PVA. The as-prepared composites show 

excellent EM wave absorption properties because of charge transfer, 

interfacial polarization, favourable impedance matching and so on. 

Experimental 

Materials 

Graphite powder (200 mesh, Alfa Aesar, Johnson Matthey 

Company). KMnO4, K2S2O8, P2O5, H2O2 (Beijing Chemical Works), 

poly(vinyl alcohol) 1788 (Sinopec Shanghai petrochemical co., LTD). 

All chemicals were analytical grade and used directly without further 

purification. 

Preparation of GO/PVA film 

Graphene oxide (GO) was synthesized from natural graphite 

powder by a modified Hummers method.29,30 Exfoliation was carried 

out by ultrasonicating the GO dispersion into deionized (DI) water 

under ambient conditions for 1 h. For the preparation of rGO/PVA film, 

PVA (5 g) was dissolved in distilled water (100 mL) at 50 oC and the 

solution was subsequently cooled to room temperature.31 Meanwhile, 

50 mL of a 1 mg/mL GO suspension was ultrasonicated for 0.5 h. 

Then, the GO suspension was gradually added to the PVA solution 

and sonicated for another 30 min. After that, the homogeneous 

GO/PVA solution was transferred to flask. Finally, L-ascorbic acid (500 

mg) was added into mixture solution and stirred at 50 oC for 24 h. 

When the reaction ended, the colour of the mixture solution turned 

from yellow to black. The film can be obtained when the solution was 

dried under vacuum at 60 oC until its weight kept constant. 

Characterization 

X-ray diffraction (XRD) patterns were carried out on a Bruker D8 

Advance X-ray diffractometer using Cu Kα (λ=1.54Å) radiation. The 

Fourier transform infrared (FT-IR) spectra were collected with a 

Magna-IR 560 E.S.P spectrometer. Raman spectra were recorded on 

a Renishaw inVia confocal Raman microscope system using green 

(532 nm) laser excitation. The X-ray photoelectron spectrum (XPS) 

was conducted on a Thermo Fisher K-Alpha spectrometer.  

EM absorption measurement 

The toroidal-shape (Φout = 7.00 mm and Φin = 3.04 mm) of 

composites came out from a mold for EM absorption measurement. 

The complex permittivity and permeability values were measured in 

the 2-18 GHz range with the coaxial line method by an Agilent 

N5224A vector network analyzer. 

Results and discussion 

Fig. 1a shows the picture of the film containing 0.9 wt% GO, 

which is smooth, uniform. Meanwhile, the thickness of the film can be 

controlled by the amount of the solution used for film. What is more, it 

can be cut into various shapes and different sizes by a scissor and it 

can be bended at any angle, as shown in Figs. 1b and 1c. This is 

convenient and favourable for practical application. Fig. 1d shows the 

patterns of GO, PVA and rGO/PVA films. We can see that the 

characteristic XRD diffraction peak of pure GO is appeared at 

2θ=10.3o, implying that the distance between layers is about 0.84 nm. 

We can also see that the characteristic XRD diffraction peak of PVA is 

found at about 2θ=19.5o. Interestingly, the XRD pattern of rGO/PVA 

film has only one peak at about 2θ=19.5o, indicating that GO has been 

uniformly dispersed in PVA matrix and rGO cannot restack in the 

reduction process. Meanwhile, the crystalline structure of PVA was 

slightly affected by the incorporation of rGO. 

 

 

Fig. 1 The picture of rGO/PVA film (a, b and c) and XRD patterns of GO, pure PVA  

and rGO/PVA (d). 
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Fig. 2 FT-IR spectra of GO (a), pure PVA (b) and rGO/PVA film (c). 

Fig. 2 shows the FT-IR spectra of GO, the PVA film and the 

rGO/PVA film. In the spectrum of GO, we observe a strong and broad 

absorption at 3429 cm-1 due to O-H stretching vibration of carboxyl 

groups and the absorbed water. The peaks at 1385 and 1270 cm-1 

correspond to the skeletal vibrations of C-OH and C-O-C. The 

characteristic peak for C=O stretching vibration appears at 1735 cm-1. 

The peak at 1630 cm-1 corresponds to C=C skeletal stretching 

vibration. From the spectra of PVA and rGO/PVA film, we can see that 

there is absorption peak between 3000 cm-1 and 3500 cm-1, which is 

the O-H stretching, indicating the existence of strong intermolecular 

and intramolecular hydrogen bonding.32 For pure PVA, the O-H 

vibration peak occurs at 3351 cm-1. This absorption peak is shifted to 

3344 cm-1, a lower wavenumber with the addition of rGO. Meanwhile, 

the stretching vibration of C=O shifts to1730 cm-1, appearing with 

higher intensity in the rGO/PVA spectrum, indicating that hydrogen 

bond between C=O and OH has been established. These phenomena 

indicate the existence of hydrogen bonding between the hydroxyl 

group in PVA and the remaining oxygen-containing functional groups 

in rGO.33, 34 Moreover, in the FT-IR spectra of GO and PVA, a 

stretching vibration band at 2800-3000 cm-1 belonging to C-H2 is 

observed. When rGO was added into PVA, the intensity of stretching 

vibration band at 2800-3000 cm-1 becomes stronger. The films also 

show a deformation vibration band at 1300-1500 cm-1 (CH/CH2 

deformation vibrations). The above results prove the strong interfacial 

interaction between rGO and PVA. 

The XPS measurements also proved the reduction process. As 

shown in Fig. 3a, the bands in the wide scan of GO and rGO/PVA are 

C1s and O1s. Fig. 3b shows the C1s spectra acquired from GO. In the 

GO sample, three different peaks centered at 284.6, 286.4, 288 eV, 

corresponding to C=C/C-C in aromatic rings, C-O (epoxy and alkoxy) 

and C=O groups are observed. GO possesses high hetercarbon 

components like the functional groups of C-O and C=O.35, 36 The 

above result suggests that GO contains large numbers of functional 

groups on its surface. Fig. 3c shows the C1s spectra from rGO/PVA, 

although there are heterocarbon on rGO, the absorbance intensity 

decreases sharply. The results indicate that the graphitic structure 

remarkably restored through reduction process. 

Fig. 4 shows the Raman spectra of pure PVA, GO and rGO/PVA. 

The pure PVA has no Raman signal in the range of 1000–2000 cm-1. 

By comparison, the characteristic peaks at 1345 and 1592 cm-1 

appear, corresponding to D band and G band for GO. For rGO/PVA, 

D and G bands are located at 1307 and 1590 cm-1, respectively. The 

intensity ratio of the D band to the G band for GO and rGO/PVA is 1.1 

and 2.1. The change of D/G ratio suggests the generation of a larger 

number of sp2 carbon domains with a smaller average size in 

rGO/PVA.37 We also found that the location of D and G band shifted to 

lower wavenumber. The reason of location of D and G shifted from 

high wavenumber to low wavenumber maybe is the recovery of the 

hexagonal network of carbon atom. 

 

Fig. 3 XPS spectra of GO and rGO/PVA film (a) and C1s for GO (b) and rGO/PVA 

film (c). 

EM absorption properties of rGO/PVA film 
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Fig. 5a and b show the frequency dependence of the real part (ε′) 

and imaginary part (ε″) of relative complex permittivity (εr = ε′- jε″) for 

the rGO/PVA film with 0, 0.9 wt% and 3.2 wt% rGO. According to Fig. 

5a, the values of ε′ decrease from 3.6 to 2.8, 12.75 to 5.84 and 36.8 to 

16.8, with increasing frequency increases in the range of 2-18 GHz, 

respectively. In addition, the values of ε′ significantly increase with the 

increase in mass percentage of rGO in the composites. 

 

Fig. 4 Raman spectra of pure PVA, GO and rGO/PVA film. 

The reason for this phenomenon is that the increasing amounts of 

rGO increase the dipolar polarization and electrical conductivity. 

Similarly, as shown in Fig. 5b, the values of ε″ are in the range of 

0.18-0.38, 2.6-4 and 4.8-12.6, corresponding to pure PVA, 0.9 wt% 

rGO/PVA and 3.2 wt% rGO/PVA, respectively. For pure PVA, the ε″ 

values are very close to zero, indicating very poor dielectric loss of 

pure PVA. We can also see that the values of ε″ prove nonlinear 

behaviour, but it also increases with the increase in mass percentage 

of rGO in the range of 2-18 GHz. Generally, we use the dielectric loss 

tangent (tan δE = ε″/ε′) to evaluate the performance of EM wave 

absorption. Fig. 5c shows the tangent of pure PVA, 0.9 wt% rGO/PVA 

and 3.2 wt% rGO/PVA. Pure PVA shows quite low dielectric loss 

tangent in the whole frequency range due to its small ε″ values. We 

can see that the values of tangent also exhibit nonlinear behaviour. 

For 0.9 wt% rGO/PVA and 3.2 wt% rGO/PVA, they have strong 

dielectric loss. This result demonstrates that the good EM wave 

absorption property could be caused by dielectric loss.  

To evaluate the EM absorption properties of composites, its 

reflection loss (RL) are calculated according to the transmit line 

theory: 
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where Zin is the normalized input impedance of the microwave 

absorption layer, εr and µr are the relative permittivity and permeability 

of the materials, j is the microwave frequency, d is the thickness of the 

absorber and c is the velocity of light in free space. 

Fig. 6 shows the calculated theoretical RL of pure PVA, 0.9 wt% 

rGO/PVA and 3.2 wt% rGO/PVA film with different thickness in the 

range of 2-18 GHz. As shown in Fig. 6a, the pure PVA has very weak 

EM absorption property at every sample thickness except for nearly 

18 GHz. In contrast, as shown in Fig. 6b and c we can find that when 

GO was added into PVA, the values of RL was dramatically improved. 

Meanwhile, for rGO/PVA EM absorption film, it is found that the 

thickness of the sample is one of major factors, which affects not only 

the intensity of the reflection loss peak but also the position of the 

frequency at the reflection minimum. The detail is that the  

 

Fig. 5 Frequency dependence of real part (a) and imaginary part (b) of relative 

complex permittivity, dielectric loss tangent (c) of pure PVA, 1 wt% rGO /PVA and 

1 wt% rGO /PVA film. 

minimum RL increases and shifts towards a lower frequency with 

increasing thickness. The peak shift is attributed to the phenomena of 
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quarter-wavelength attenuation, in which the absorption meets the 

phase match conditions.38 The minimum RL is -36.4 dB when the 

mass percentage of GO is 0.9 wt% and the thickness is 5 mm at 4.5 

GHz. In addition, when the thickness of film is 2 mm, the bandwidths 

of RL values below -10 dB (90% of EM wave absorption) can exceed 

7.7 GHz. Compared with previous reports such as ternary 

BaTiO3/MWNT/PBO,39 CMK-3/PMMA composites,40 

Fe3O4/Al2O3/CNCs,3 rGO/α-Fe2O3,
21-23 PVDF/GO,12 RGO/CuS/PVDF,20 

rGO/Fe3O4,
24-26 rGO/ZnO hollow sphere28 and C-RG/PEO,16 as-

prepared rGO/PVA films perform a better EM wave absorption. 

Fig. 6c shows the RL of rGO/PVA film with GO loading of 3.2 

wt%. We can see that its EM wave absorption property is weaker than 

that of 0.9 wt %  

 

Fig. 6 The reflection loss of pure PVA film (a), 0.9 wt% rGO/PVA film (b) and 3.2 

wt% rGO/PVA film (c) with different thickness from 1 to 5 mm. 

rGO/PVA. The reason for above phenomenon is possible duo to the 

too high ε′. Interestingly, when thickness thickens, the good EM wave 

absorption can be shown in the range of 2-4 GHz. It is mainly due to 

the increases of interface between PVA and rGO and electrical 

conductivity is caused by more rGO existing in rGO/PVA film. The 

more interfaces, the more interfacial polarization, which will be more 

easily induced at lower frequency. 

The reason why rGO/PVA film shows superior EM absorption 

property is that it has a strong absorbing capability and it can greatly 

meet the requirements of impedance matching, as schematically 

shown in Fig. 7. Firstly, rGO is absorber material and we can realize 

dispersion at molecule-level in PVA because of hydrogen bond which 

exists between rGO and PVA. For rGO, there still are defects and 

residual oxygen functional groups, these functional groups and 

defects can act as polarized centers and enhance orientation 

polarization. Besides, carbon atom and oxygen arom have different 

abilities to catch electrons, this can result in electronic dipole 

polarization. There are electron polarization, ion polarization and 

molecular polarization. More importantly, there exist many interfaces 

between rGO and PVA trigging interfacial polarization. Furthermore, 

the accumulation of free charges gives rise to the strong interfacial 

polarization and leads to the increase of EM wave absorption. The 

charge transfer occurring at the interface can enhance the intensity of 

the Debye dipolar relaxation, which can increase EM wave absorption. 

What’s more, rGO can form local conductive network, which will 

establish eddy under EM wave. So, EM wave can convert into heat 

easily. In addition, rGO is so small, highly structured and porous and it 

can scatter EM wave. Besides, we can regard PVA as dielectric 

material, which possesses a wide range of wave-transparent property 

change. The substance of wave-transparent is providing channels for 

transmission of EM wave. As for EM wave absorbing composites, 

dielectric material plays a leading role in adjusting input impedance. 

Only material has good wave-transparent, can it provide a guarantee 

of broadband for EM wave absorbing composites. At the same time, it 

can create conditions for absorber material. As discussed above, with 

the synergistic effect of the rGO and PVA, the as-prepared rGO/PVA 

films exhibit superior EM wave absorption properties. 

 

Fig. 7 The possible microwave absorbing mechanism of rGO/PVA film.  

Conclusions 
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In summary, a simple solution processing method is employed for 

preparation of rGO/PVA film, which is free-standing, robust and 

flexible. In this process, GO was in-situ reduced by L-AA in PVA 

solution to form rGO/PVA uniformly. There exist a lot of hydrogen 

bonds between rGO and PVA. So, rGO can be dispersed in PVA at 

molecule-level instead of agglomeration or restack. The dielectric 

constant of the composites increases with the introduction of rGO. For 

0.9 wt% rGO/PVA film, the minimum RL is -36.4 dB when the 

thickness is 5 mm at 4.5 GHz. In addition, when the thickness of film is 

2 mm, the bandwidths of RL values below -10 dB (90% of EM wave 

absorption) can exceed 7.7 GHz. The main microwave absorbing 

mechanism of rGO/PVA composite is dielectric loss caused by 

relaxation process that includes interfacial polarization, the Debye 

dipolar relaxation, electronic dipole polarization and orientation 

polarization. It can be believed that the rGO/PVA film can be used as 

effective material for microwave absorption.  
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