
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 
CODEN: JERDFO 

Vol. 44, No. 8, pp. 371-377 

Published Year 2021 
 

371 
 

Structural and Dielectrically Properties of (CMC -PAA-ZrC) 

Nano Composites for Gamma Shielding Application 

Zainab Sabry Jaber, Majeed Ali Habeeb 

University of Babylon, College of Education for Pure Sciences, Department of Physics, Iraq. 

*Corresponding Author Email: zainab.jabr.8@student.uobabylon.edu.iq; pure majeed.ali@uobabylon.edu.iq. 

ABSTRACT 

The films are made using the casting process and various percentages of Nano Zirconium carbide (0, 1.5, 3, 4.5, 

and 6) wt%. have been studied The dielectric properties of Nano composites showed that the dielectric constant, 

dielectric loss and A.C electrical conductivity of (CMC-PAA) blend increase with the increase in ZrC 

nanoparticles concentrations. Also, the dielectric constant and dielectric loss of (CMC-PAA-ZrC) Nano 

composites decrease while the A.C electrical conductivity increases with the increase in frequency. Scanning 

electron microscopy shows the surfaces of the films (CMC-PAA-ZrC) several randomly distributed aggregates 

or fragments on the top surface, consistent and coherent, as demonstrated by electron microscopic scanning. 

Results of applications showed the nan composites high linear attenuation coefficients have gamma ray sources 

Co-60 and Cs-137.It is also used to protect against radiation. As the concentration of ZrC increases, the 

transmission radiation decreases. With the concentration, the attenuation coefficients increase. 
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INTRODUCTION 

Changed mechanical, electric, optical and thermal proprieties have become a requirement to meet the necessary 

characteristics for the manufacture of new polymers, mixtures, composites and advanced materials. The 

progress is being made in tandem with a series of intensive studies aimed at elucidating the structure-property 

relationship of the changed materials. New polymeric films must be characterized optically, electrically, and 

thermally before they can be produced. All transparent film applications can be found in optical filters, 

polarisers, absolute reflectors, and narrow bandwidth filters. Some optical instruments and materials have 

successfully used dielectric material films.[1] The matrix between macro and nano-composites has resulted in 

developing a new class of Nano-composite materials for medical, biological, industrial and defensive 

applications. Electromagnetic interfering (EMI) has become the main concern, with the more common use of 

industrial, Electronic devices and communication tools for military and scientific use. EMI shortens the 

instrument's lifespan and reduces its performance. Magnetic interference The shielding is the reflection or 

absorption by a substance of electromagnetic radiation as a shield against the penetration of radiation by the 

shield. To keep the pace of work moving, EMI shielding materials that become lighter are required. Metals are 

typically used as electromagnetic protection materials but have many inconveniences, such as high cost, heavy 

loading, poor adhesion, corrosion in harsh environments and poor process ability. [2] Normally, concrete is used 

as a standard shielding medium for gamma radiation safety, Even then, due to concrete's shortcomings. The 

alternative means of replacing it with material that contains higher transfer, mechanical strength and non-

degradable properties are used, such as null visibility and mechanical strength in tough environmental 

conditions.[3] 

MATERIALS AND METHODS 

Nano composites were developed in this study by mixing 15% polyacrylic acid (PAA) with 35% carboxy 

methyl cellulose (CMC) in 90 ml distilled water with a magnetic stirrer to achieve a solution that is more 

homogeneous Concentrations of ZrC nanoparticles were added. (0, 1.5, 3, 4.5 and 6) wt% by using casting 
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method. The nonmetric properties were measured for various frequency ranges using LCR meters (HIOKI 

3532–50 LCR HI TESTER), i.e. di electricity constant, dielectric loss and AC electrical conductivity (100Hz-

5MHz).Using a scanning electron microscope, the surface morphology of (CMC-PAA-ZrC)nan composites was 

examined. Tuscan mira3 SEM microscope. is equipped with dual Broker Flash EDS detectors and Broker flash 

HD EBSD( Czech Tuscan Instrument Co.) for analytical studies. Gamma-ray attenuation properties for volume 

fractions varying concentrations of Zirconium carbide (ZrC)nanoparticles have been investigated using nan 

composites for gamma ray shielding. From gamma ray sources (Cs-137, 1ci) and (Co-60, 1ci), The samples 

were positioned in front of a collimated beam. The detector is three centimeters away from the gamma ray 

source, And the ray source of the gamma of the sample is three centimeters away. The linear attenuation 

coefficients were calculated using Geiger counter measurements of transmitted gamma ray fluxes via Nano 

composites. 

The equation below is used to determine the dielectric constant of Nano composites:[4] 
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Where Cp: the capacitance, C˳ is the amplitude capacitance in the air 

The electrical conductivity of alternating current is given by:[5] 


 εεwa.cσ

 

(2)

 
Where w is the frequency of angular rotation.   Where  is the dielectric loss. 


ε  is Free-space permittivity, 

also known as vacuum permittivity. (8.85×10
-12

 F/m) 

The linear attenuation coefficients (μ)can be extracted with the thicknesses of the material by the equation:[6] 

I=Iₒ e
−μx                                                                            

                                                                                                                     (3)

 
where Iₒ incident involving gamma rays, I  is : gamma rays are attenuated,  X: height and width.   

Plotting ln Io/I Compared with x, the straight line is given and the slope value can be obtained. In order to 

confirm linearity, the correlation between the linear diming coefficients and the composite density is used. [6] 

RESULTS AND DISCUSSION 

Figure (1) depicts the effect of zirconium carbide content on standard SEM images of (CMC-PAA-ZrC) films 

with varying concentrations of zircocarbide nanoparticles. Figure (1) shows the effectIt was discovered to be 

smoother, homogeneous, and coherent in Image (A) in Figure (1) In comparison, The nanoparticle ratio of 

polymer mixes in Figure (1)(B, C, D, E) changes in surface morphology.The results show that as the 

concentration of both nanoparticles increases, ZrC nanoparticle films have distributed and thinly spherical 

particle aggregates or chunks on the surface to add softness. [7]  

  

A B 
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Figure 1. SEM images (1 m) of (CMC-PAA-ZrC) Nano composites: (A) for (CMC-PAA), (B) for 1.5 wt% ZrC, 

(C) for 3 wt% ZrC, (D) for 4.5 wt% ZrC, (E) for 6 wt% ZrC. 

Figure (2) shows the frequency dependence of The (CMC-PAA-ZrC) Nano composite dielectric constant As 

shown in the figure, the dielectric constant decreases due to a decrease in the polarization of the space load[8]. 

We can also see that as the concentration of zirconium carbide nanoparticles increases, the dielectric constant 

increases, indicating that the charge carries numbers increase. [9], as shown in Figure (3).                                                                                    

 

Figure 2. Frequency dependence of the dielectric constant of (MCC-PAA-ZrC) Nano composites. 
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Figure 3. Dielectric constant variation at 100 Hz for (CMC-PAAA-ZrC) Nano composites as a function of 

zirconium carbide weight percent 

For different concentrations of zirconium carbide nanoparticles, the effect of frequency on the dielectric loss of 

(CMC-PAA-ZrC) Nano composites is shown in Figure (4). Dipoles in Nano composites cause dielectric loss to 

decrease with increasing frequency.[10]. The dielectric loss rises when the weight percentages of zirconium 

carbide nanoparticles rise, this is due to an increase in the amount of electrons in Nano composites, which 

improves the polymer matrix's electrical conductivity[9], as shown in Figure (5)  

 

Figure 4. Dielectric frequency loss variation for (CMC-PAA-ZrC) Nano composites 

 

Figure 5. Dielectric loss variation with zirconium carbide nanoparticle concentration in weight percent at 1K Hz 

for (CMC-PAA-ZrC) Nano composites 

Figure (6) depicts the difference between A.C electrical conductivity and frequency of Nano-composites With 

the electronic polarization and charging carriers traveling by hopping, A.C electric conductiveness increases 

with frequency.[10]. As demonstrated by Finger (7), increasing the concentration of zirconium carbide 

nanoparticles The electric conductivity of A.C increases because of an increase in the amount of charges carried. 

[11].  
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Figure 6. Conductivity of electricity (CMC-PAA-ZrC) nanocomposites as a function of frequency 

 

Figure 7. Electric conductivity variation for A.C CMC-PAA-ZrC) nanocomposites with zirconium carbide 

nanoparticles wt. percent concentration at 1K Hz. 

GAMMA RAY SHIELDING APPLICATION 

Figure (8) illustrates the variation (N/NO) of (CMC-PAA) mix with ZrC nanoparticles in different 

concentrations. With the increase in ZRC nanoparticles, the transmission radiation decreases as the attenuation 

radioactive radiation increases[12]. The range of gamma radiation attenuation coefficients for (CMC-PAA) as a 

function of ZrC nanoparticle levels is depicted in Figure 9. The attenuation coefficient increases as the number 

of nanoparticles increases Because the nanocomposite shielding material absorbs or reflects the gamma 

radiation. When comparing the obtained results by polymer nanocomposite, the figures showed very similar 

results. However, because of its mobility, lower electrical properties, and ability to prevent neutron emission, 

composite polymer has an advantage over concrete. [13] 

 

Figure 8. (N/N0) variation of the (CMC-PAA) mixture with different concentrations of ZrC nanoparticles 
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Figure 9. Variation of the coefficient for attenuating the gamma (CMC-PAA) mixture due to concentration of 

ZrC nanoparticles 

CONCLUSIONS  

1- SEM measurements expose the surface morphology of the (CMC-PAA-ZrC) Nano composites films, which 

are homogeneous and coherent Randomly spread over the top surface with aggregates or chunks. 

2- The dielectric constant of (CMC-PAA-ZrC) Nano composites decreases as the frequency rises and rises with 

the concentration of zirconium carbide nanoparticles. 

3- The dielectric loss of Nano composites decreases as the frequency grows and rises as the concentration of 

zirconium carbide nanoparticles rises. 

4- The A.C electric conductivity of Nano composites is increasing with increasing frequency and concentrations 

of zirconium carbide nanoparticles. 

5- The attenuation coefficient increases with increasing concentration. 

REFERENCES 

[1] H. M. El Ghanem, S. A. Saq’an, M. Al Saadi, and A. J. Sa’di M, “On the electrical and optical properties of 

polycarbonate/MNCl2 composite,” J. Mod. Phys., vol. 2011, 2011. 

[2] M. K. Roy, R. G. Mahloniya, J. Bajpai, and A. K. Bajpai, “Spectroscopic and morphological evaluation of 

gamma radiation irradiated polypyrole based nanocomposites,” J Adv Mater Lett, vol. 3, no. 5, pp. 426–432, 

2012. 

[3] S. Kaur and K. J. Singh, “Comparative study of lead borate and lead silicate glass systems doped with 

aluminum oxide as gamma-ray shielding materials,” Int. J. Innov. Technol. Explor. Eng., vol. 25, no. 5, pp. 

172–175, 2013. 

[4] B. H. Rabee and A. Hashim, “Dielectric properties of (PS-BaSO4. 5H2O) composites,” Eur. J. Soc. Sci., vol. 

32, no. 3, pp. 316–320, 2012. 

[5] A. J. K. Algidsawi, A. Hashim, and H. J. K. Algidsawi, “The Effect of (LiFCuCl2. 2H2O) on Mechanical 

Properties of Poly-Vinyl Alcohol,” Eur. J. Sci. Res., vol. 65, no. 1, pp. 74–78, 2011. 

[6] E. R. Atta, K. M. Zakaria, and A. M. Madbouly, “Study on polymer clay layered nanocomposites as 

shielding materials for ionizing radiation,” Int. J. Recent Sci. Res, vol. 6, no. 5, pp. 4263–4269, 2015. 

[7] N. K. Abbas, M. A. Habeeb, and A. J. K. Algidsawi, “Preparation of chloro penta amine cobalt (III) chloride 

and study of its influence on the structural and some optical properties of polyvinyl acetate,” Int. J. Polym. 

Sci., vol. 2015, 2015. 

[8] J. I. Kroschwitz, Electrical and electronic properties of polymers: A state-of-the-art compendium. Wiley-

Interscience, 1988. 

[9] M. H. AL-humairi, “Study the optical and electrical properties of (PVA-Ag) and (PVA-TiO2) 

Nanocomposites.” M. Sc. Thesis, University of Babylon, College of Education for Pure Sciences, 2013. 

0
1
2
3
4
5
6
7
8
9

0 1.5 3 4.5 6

Con. of ZRC nanoparticles wt.% 

μ
 (

c
m

)-
1

 



Structural and dielectrically properties of (CMC -PAA-ZrC) Nano composites for gamma shielding application 

 

377 
 

[10] A. Hashim, “Experimental Study of Electrical Properties of (PVA-CoNO3, AgCO3) Composites,” Am. 

Jou. Sci. Res, vol. 68, pp. 56–61, 2012. 

[11] J. Gurland, “Electrical resistivity,” J. Polym. Plast. Technol. Eng, vol. 19, no. 1, pp. 21–51, 1982. 

[12] A. Hashim and M. A. Habeeb, “Structural and optical properties of (biopolymer blend-metal oxide) 

bionanocomposites for humidity sensors,” J. bionanoscience, vol. 12, no. 5, pp. 660–663, 2018. 

[13] M. A. Habeeb, A. Hashim, and A. Hadi, “Fabrication of new nanocomposites: CMC-PAA-PbO2 

nanoparticles for piezoelectric sensors and gamma radiation shielding applications,” Sens. Lett., vol. 15, no. 

9, pp. 785–790, 2017. 

 


