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ABSTRACT 

Activated carbons (AC) between 1 wt% to 30 wt% have been mixed to synthetic acrylic (AR) resin by solution 

casting method. The prepared composites have been characterized by various analytical techniques to draw a 

detailed correlation between the filler and the structural, dielectrical, morphological and electromagnetic 

properties. The XRD analysis confirms the incorporation of AC particles between lamellar structures of AR. The 

SEM images describe that incorporation of AC particles leads the systemic change in the morphology of 

composites. The EMI shielding attributes to the highest microwave conductivity means high attenuation levels 

that means blocking of incident radiation demonstrate the potential of these materials for making future 

microwave shields. 

Keywords: Acrylic resin, Activated carbon, Antistatic & static dissipative composites, electrical 

conductivity, electromagnetic interference (EMI) shielding.  

 

I. INTRODUCTION 

EMI shielding is an offshoot of explosive growth of electronics and telecommunication. The EMI among 

electronic instruments /appliances may lead to degradation of device performance and may even adversely 

affect human health. Therefore, coherent strategies and suitable counter measures are essential to mitigate the 

harmful effects of EMI to ensure uninterrupted performance of gadgets(1-6).So polymer based composites have 

drawn attention due to their efficient properties and potential applications in many fields as aerospace, 

automotive, power, medicine, construction and electronic areas [7-11].The inorganic filler loaded polymer 

composites are widely studied due to their excellent structural, electrical, barrier and good chemical résistance 

properties[7,8,12-15]. More importantly, carbonaceous filler[e.g. carbon fibres, carbon black, graphite, 

carbonnanotubes, activated carbon, fullerenes and more recently graphene] based composites are becoming very 

popular as they display additional properties such as good dielectric and moderate electrical properties, low 

density, excellent erosion resistance, improved flexibility and superior mechanical properties [7,8,11,16-24].The 

above cited properties particularly the dielectric properties, further pushed the range of applications of such 

composites to encompass such areas as energy generation/storage, environmental pollution 

monitoring/control,biosensing, electroactive parts, antistatic, electronics/optoelectronics and electromagnetic 



 
  

37 | P a g e  
 

interference (EMI) shielding materials [9,11,19,21,23-33].It is important to note that the properties of such 

composites are closely related to properties of constituents (dispersed filler as well as polymer matrix), their 

relative abundance and degree of intermixing as well as extent of interfacial bonding between them. Among 

various matrix polymers, acrylics are extremely popular due to low cost, facile processing via solution/thermal 

route, ability to accommodate high filler concentration, ability of acrylic resins (AR) to form scratch/abrasion 

resistant, mechanically strong and tough coatings with good barrier properties [34-36].  

The aim of our work is to develop/synthesize electrically conducting AC/AR composites by solution casting 

method. Different compositions were formulated by variation of AC content between 1 to 30 wt% and the 

formed composites have been characterized by various techniques to establish a correlation between the filler 

concentration and the structural, spectral, electrical and morphological attributes using techniques such as XRD, 

Raman spectroscopy, Dielectric and EMI shielding respectively. These compositions with low density, easy 

processing, excellent corrosion resistance, good electrical properties and porous morphology are expected to 

guard the electronic articles from static charges or EMI effects. 

 

II.EXPERIMENTAL 

All chemicals used in the work were analytical grade (AR). Acrylic resin (50% solid content) was provided by 

Pidilite industries limited, India. Xylene (Rankem, India) and activated carbon (Merck) were received without 

further purification. 

In the synthesis 14g of AR was dissolved in 20ml of xylene and a varied amount of AC powder was added into 

it in different wt % of 0%, 1%, 5%, 10%, 20% and 30% of AC. Then each and every solution was magnetically 

stirred for 1hr. The prepared solutions were put onto a petridish and were dried for 60hr.to form coatings ( ̴ 300 

μm thickness). 

 

III. MEASUREMENT AND CHARACTERIZATION 

X-ray diffraction patterns in the 2θ range of 10-70
o
 were obtained using Bruker-D8 advanced diffract meter 

using CuKα line (λ= 1.540598Å) radiation source. The surface morphologies were recorded from scanning 

electron microscope (SEM,Leo-440, UK). Lab RAM HR 800 (Horiba JY) micro Raman spectrometer at 632.8 

nm laser wavelength was used for recording Raman spectra of these samples in 3500 – 400 cm
-1

 region. The 

laser beam was focused on the sample using confocals microscope with LWD x 50 objective. Shielding 

effectiveness (SE) and electromagnetic attributes ( complex permittivity and permeability ) were measured with 

the help of network analyzer ( VNA E8263B Agilent technologies) by keeping the samples in between the 

sample holder placed between flanges of waveguides and keeping the input power level at -5dB. 

 

IV.RESULTS & DISCUSSION 

Pure AR display a broad peak located at 2θ = 15.95
o
 as well a weak peak at 2θ = 30.92

o
. As AC is introduced 

into the AR matrix, a systematic shift in the peak position and intensity was observed along with the evolution 

of a characteristic peak of AC at 2θ = 43
o
. Particularly, the 2θ = 15.95

o
 peak of AR shifts towards lower angle, 
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which shows the uniform incorporation of AC particles between AR lamellae and confirms the formation of 

composites.  

 

Fig 1. X-ray diffraction patterns of (a) Pure AR,(b) 5 wt%, (c) 10 wt %, (d) 20 wt %, (e) 30% and (f) Pure AC 

V. MORPHOLOGICAL DETAILS 

Fig. 2 shows the SEM micrographs of pure AR and its AC based composites.  It can be seen that pure AR film 

shows (Fig. 2(a)) smooth morphology with homogenous patterns throughout the scanned region which confirms 

the semicrystalline nature of pure acrylic. 
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(a) (b) 

(c) (d) 

(e) (f) 

 

Fig2. SEM images of (a) pure acrylic resin,(b)1 wt%, (c) 5 wt %, (d) 10 wt % (e) 20 wt% and (f) 30 wt% of AC 

 

The incorporation of AC into AR matrix affects the crystallization of matrix and the systematic change in 

morphology (Fig. 2(b) to 2(f)) was observed with the increase in AC content. Particularly, the composite with 

30 wt % loading of AC shows that presence of porous and channels made up of electrically conducting AC 

infiltrated with non-conducting AR matrix. It is important to point out that the porous composites with 

electrically conducting filler are known to display good EM radiation blocking efficiency due to high surface 

area and possibility of multiple reflections [3, 5, 19, 21, and 26]. The further studies to assess the actual EMI 

shielding effectiveness value and the shielding mechanism are under investigation.  

 

VI.RAMAN SPECTROSCOPY 

Raman spectra of carbon and its conjugated analogues give strong bands dominated by  sp
2
 and sp

3
hybridized 

carbons as G and D peaks at ~ 1560 and 1360 cm
−1

 respectively. The in-phase vibration of the synthetic acrylic 

and activated carbon composites G peak as shown in Fig. 3, arises due to the bond stretching of all pairs of sp
2
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atoms in both rings and chains at 1582 cm
-1

 which shifts to 1598 cm
-1

 on increasing activated carbon percentage 

in composites. While the weak disorder band caused by the activated carbon edges D peak is the breathing 

modes of sp
2
carbon atoms in rings at 1304 cm

-1
 which shifts to 1320 cm

-1
 in 30% activated carbon containing 

composite [1-3].The changes in G and D bands on increasing the activated carbon concentration in composites 

is attributed to the increase in electron–phonon interactions which blue shifts and sharpens the G peak and 

broadens D band. 

 

Fig.3. Raman spectra of (a) pure acrylic resin, (b) 1 wt%, (c) 5 wt %, (d) 10 wt %, 

(e) 20 wt% and 30 wt% of AC 

 

VII.DIELECTRIC MEASUREMENT 

The study of dielectric constant as a function of temperature and frequency is one of the most convenient and 

sensitive methods of investigating the polymer structure of a polymeric films.  

The polarization of a dielectric is controlled by the electronic, ionic, and dipolar polarization, Electronic 

polarization occurs during a very short interval of time (of the order of 10
-15 

sec) and the process of ionic 

polarization occurs in the range of (10
-13

-10
-12

) sec, while the dipole polarization requires relatively longer time. 

In the case of polar polymers, the dielectric constant begins to drop after a certain critical frequency. The dipole 

molecules cannot orient themselves in the lower temperature region. However, as the temperature increases 

orientation of dipoles is facilitated and this increase the dielectric constant. So in this paper dielectric constant of 

AR doped activated carbon at room temperatures and frequencies have been carried out to understand the role of 

different filler concentrations on polymer matrix. AR films filled with AC were prepared in order to investigate 

the effect of AC on the electrical properties of AR host. The electrical measurements (dielectric constant of 
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AR/AC composites at different filler contents of dielectric constant were obtained at a frequency range from 

(1x10
5
 to5x10

5
) Hz at a room temperature. Upon increasing the filler content an increases the magnitude of 

dielectric constant. 

The variation of dielectric parameters with frequency can be explained in terms of the relaxation time; at low 

frequencies, the electric dipoles have sufficient time to align with the field before the field changes its direction; 

consequently the dielectric constant is high. At high frequencies, the dielectric constant value decreases due the 

shorter time available for dipoles. Electrical parameters dielectric constants were calculated from conductance 

and capacitance. The dielectric constants of samples were calculated using the following relations: 

ε1= Csd /εo A   

where d is thickness, A is the effective cross-sectional area of the sample, εo is permittivity of free space, and is 

the conductivity of the sample that arises from the motion of charge carriers through the polymer.  
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Fig.4.1: Dielectric measurement ( a) pure acrylic resin, (b) 1 wt% (c) 5 wt %, (d) 10 wt %, 

(e) 20 wt% and 30 wt% of AC 
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Fig. 4.2: (a) pure acrylic resin and its composites containing (b) 1 wt% (c) 5 wt % and (d) 10 wt % (e) 20 wt% 

and 30 wt% of AC 

VIII. MICROWAVE SHIELDING 

The term shielding is defined as attenuation of the propagating electromagnetic (EM) wave produced by the 

proposed shield and can be expressed as: 

 

 

 

 

(1)  

Where PI (EI or HI) and PT (ET or HT) are the power (electric or magnetic field intensity) of incident and 

transmitted EM waves, respectively. As the ratio PT/PI (ET/EI or HT/HI) is always less than unity, therefore, 

SET (total shielding effectiveness) is a negative quantity such that a shift towards a more negative value means 

an increase in the magnitude of SET. In actual practice, three different phenomena named reflection, absorption 

and multiple reflections contribute towards SET, therefore, SET = SER + SEA + SEM. Interestingly, when SEA is 

greater than −10 dB, SEM can be safely ignored. 

Equations (SER) and SEA can be expressed as:  
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            SET = SER + SEA such that: 

 

 

 

 

 

 

(2)  

 

 
 

 

 

(3) 
 

where the parameters ζT (i.e. ζac + ζdc), ω, μr, δ and t represent total conductivity (i.e. ac and dc components), 

angular frequency, relative permeability, skin depth and shield thickness, respectively. The ζT and δ can be 

further related to imaginary permittivity (ε′′) and rea permeability (μ′) as σT = ωεoε′′ and δ = . 

These expressions depict the correlation between theoretical shielding and electromagnetic attributes 

(permeability and permittivity) and revealed that the combination of electrical, dielectric and magnetic 

properties are important to achieve desired attenuation levels. 
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Fig.5.1. (a) pure acrylic resin and its composites containing (b) 1 wt% (c) 5 wt % and (d) 10 wt % (e) 20 wt% 

and 30 wt% of AC(a) pure acrylic resin and its composites containing (b) 1 wt% (c) 5 wt % and (d) 10 wt % (e) 

20 wt% and 30 wt% of AC 
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Fig. 5.2 (a) pure acrylic resin and its composites containing (b) 1 wt% (c) 5 wt % and (d) 10 wt % (e) 20 wt% 

and 30 wt% of AC 
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IX. CONCLUSION 

AC/AR composites have been prepared by dispersing 1 to 30 wt %of AC in AR matrix using a simple solution 

processing route. XRD patterns give the superimposed peaks of AC and AR which confirm the presence of 

dispersed AC particles in AR matrix and that were complemented by Raman spectroscopy results. SEM images 

revealed that AC particles affects the morphology of composites and for 30% loading sample, porous structure 

of AC coated with AR phase can be clearly seen. The dielectric measurements revealed that pure AR displays 

low relative permittivity value and increases with the incorporation of AC and becomes maximum at 30 wt.% 

which displays EMI shielding effectiveness value. This shielding value corresponding to blockage of nearly 

99.9% of incident electromagnetic radiation and which suggest that AC/AR composites are promising material 

for making EMI shields. 
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