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 ABSTRACT  
Medical radiology offers great benefit to patients, however, the radiation contributes for the workers and individuals 
exposure, significantly increasing dose to population. New attenuators materials have been widely investigated for 
radiation shielding to apply in medical procedures. Polymeric composites filled with attenuating metals and 
functionalized with carbon nanotubes (NTC) are being largely developed. In this work, composites were produced for 
radiation attenuation in radiodiagnostic imaging procedures. Two types of polymer matrices, polyvinylidene fluoride, 
PVDF, and its copolymer, poly(vinylidene-trifluorylene fluoride), P(VDF-TrFE), were filled bismuth oxide 
nanoparticles. Carbon nanotubes were added with different concentrations at the solution of attenuator metal under 
controlled magnetic stirring. The composites were characterized by differential heat flow scanning calorimetry (DSC), 
Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and dispersive energy X-ray 
spectrometry (EDS) for thermal analysis. In this setup, one reference measure is directly exposed to the x-rays being 
diffracted by single crystal of Si (111). Another measure the attenuated beam is performed with the composite sample 
under detector. The samples present a good dispersion of the attenuator metal and the nanotube carbon. On the other 
hand, composites with PVDF matrix lost their plasticity, stiffening their structure, becoming brittle, even using the same 
methodology of synthesis. The P(VDF-Trfe) matrix showed better maleability than PVDF matrix. The cheaptube 
dispersion in the P(VDF-Trfe) matrix presented better than the 3100 carbon nanotubes. The attenuation for 8.047 keV 
monoenergetic photons was about 90% to100 µm thickness for all composites.   
Keywords: radiation shielding, radiodiagnostic imaging procedures, carbon nanotubes , P(VDF-Trfe), PVDF.  
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1. INTRODUCTION 
 
There is a worrying contribution of dose of radiation to population due to the high dose procedures, 
despite the benefits of medical imaging examinations. Procedures as interventional radiology, 
Computed Tomography (CT) and nuclear medicine provide high doses to the skin of patients, 
provoking radiation deleterious effects [1,2,3,4]. In order to minimize the deleterious effects of 
radiation exposure in specifics high dose procedures, there is an increasing interest for the 
development of new attenuator materials [5,6,7]. Polymer composites are being developed with 
NTC, presenting strong interactions between matrix and fill resulting in a nanometric structure with 
large interfacial area. The tubular structure of carbon nanotubes (NCT's) induces a significant 
fluctuation of the electron population across the carbon tube wall, which may favor the absorption 
of X-rays by increasing the polarization factor [8,9]. In this work, composites from two types of 
polymer matrices, polyvinylidene fluoride, PVDF, and its copolymer, poly(vinylidene-trifluorylene 
fluoride), P(VDF-TrFE), were filled bismuth oxide nanoparticles and two types of multiple-walled 
carbon nanotube (MWNCT). These composites were synthesized and characterized to studied the 
its application shielding radiation in imaging medical procedures. 
 

2. MATERIALS AND METHODS 
 
Polyvinylidene fluoride, PVDF, and Poly(vinylidene fluoride – trifluorethylene) copolymers 
[P(VDF-TrFE)50/50] were dissolved in DMAc (n,n-dimethylacetamide), from the manufacturer 
Sigma Aldrich. Nanoparticulate bismuth trioxide (Bi2O3), Sigma Aldrich, with 99.8% purity was 
the attenuator metal used to fill the matrix into disperses with methacrylic acid (MMA). The carbon 
nanotubes used were supplied by the Laboratory of Chemistry of Nanostructured Carbon Materials 
of the CDTN / CNEN. Semi-transparent films were obtained after solvent evaporation at 60°C. The 
composites were characterized by the Carl Zeiss field-emission scanning electron microscope (FE-
MEV), Sigma VP model, at the CDTN / CNEN Scanning Electron Microscopy Laboratory (SEM).  
The previous analysis of attenuation measurements were performed in the diffractometer Rigaku 
brand, model and system D\MAX ULTIMA automatic, from CDTN/CNEN X-Ray Diffraction 
laboratory, with 2 theta detector and copper anode, with X -ray beams energy of 8,047 keV. The 
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sample was fixed at the input of the detector of the equipment, to measure the attenuation of the 
beam that was reflected by the quartz, SiO2, Figure 1. 

Figure 1: Setup of monoenergetic irradiation by the XRD technique. 

 
The beam percentage attenuation (At%) is given by formula 1:  
                                          100)(1(%)  oIIAt                                                           (1) 
where I0 is the intensity of the X-ray beam on the frontal sample surface and I is the X-ray intensity 
of the attenuated beam. The thickness sample was normalized to 100 µm by using the Beer Lamber 
law by formula 2: 
                                                   xeII  0                                                                       (2) 
where I and I0 are the attenuated and initial intensities, respectively, (µ/ρ) is the mass attenuation 
coefficient in cm2/g, x is the film thickness in cm.  

 
3. RESULTS AND DISCUSSION 
 Figure 2 shows the composites synthesized from polymer matrices: PVDF in (a) e (b), and P(VDF-

TrFe) in (c) e (d). Bismuth oxide nanoparticles were surface modified by methacrylic acid (MMA) 
and introduced under controlled magnetic stirring as filler in the polymer along with the NTC. The 
P(VDF-Trfe) matrix showed better maleability than PVDF matrix. Composites with PVDF matrix 
lost their plasticity, stiffening their structure, becoming brittle, making them difficult to handle and 
creating folds in the composite, even using the same methodology of synthesis. It is also observed 
that the cheaptube nanotube presented better dispersion than the 3100 in both polymer matrices. 
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Figure 2: Synthesized composites: (a) PVDF:Bi2O3/MMA/cheaptube MWNCT, (b) 
PVDFBi2O3/MMA/3100 MWNCT, (c) P(VDF-TrFE)/Bi2O3/MMA/cheaptube MWNCT, (d) P(VDF-

TrFE)/Bi2O3/MMA. 

 
Figura 3:  SEM of composites: (a) PVDF/cheaptube MWNCT (3.00 kX), (b) PVDF/cheaptube 
MWNCT (20.00 kX), (c) P(VDF-TrFe)/cheaptube MWNCT (3.00 kX), (d) P(VDF-TrFe)/cheaptube 
MWNCT (20.00 kX), (e)  P(VDF-TrFE):Bi2O3/MMA/cheaptube MWNCT (3.00 kX), (f) P(VDF-
TrFE):Bi2O3/MMA/cheaptubeMWNCT (20.00 kX), (g) P(VDF-TrFE):Bi2O3/MMA/3100MWNCT 
(3.00 kX), (h) P(VDF-TrFE):Bi2O3/MMA/3100MWNCT (20.00 kX). 

 
SEM analysis allowed to evaluate the morphological patterns of the cheaptube and 3100 MWNCT 
found in the composites matrix, Figure 3. The morphology of the grains and lamellae may be better 
observed in the PVDF matrix, (a) and (b), relative to the copolymer matrix present in the other 
micrographs. The entanglements of nanotubes are well observed in all polymer matrices. In the 
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composites P(VDF-TrFe) it is noticed that the nanotubes are present near the nanoparticles of 
bismuth oxide in (f) at (h). This is most evident in (g) and (h), when the 3100 nanotubes are 
observed interlaced with the bismuth particles present in the pores of the polymer matrix of the 
copolymer. 
Figura 4:  Attenuation radiation of composites: (a) P(VDF-TrFe)/1ml cheaptube MWNCT, (b) 
P(VDF-TrFe): Bi2O3  nano, (c) P(VDF-TrFe):Bi2O3  nano/1ml cheaptube MWNCT, (d) PVDF/1ml 
cheaptube MWNCT, (e) PVDF:Bi2O3 nano/1ml cheaptube MWNCT, (f) P(VDF-TrFE):Bi2O3 micro/ 
1ml cheaptube MWNCT, (g) P(VDF-TrFE):Bi2O3 nano/3100 MWNCT, (h) P(VDF-TrFE):Bi2O3 nano/ 3ml cheaputbe MWNCT. 

 
Figure 4 shows the percentage of radiation attenuation of composites to 100 µm thickness. The 
polymer matrices, PVDF, in (b), and P(VDF-TrFe), in (a), with 1 ml cheaptube nanotube present 
about 70%of  attenuation. There was no significant difference between bismuth oxide granulometry, 
microparticle in (f) and nanoparticle in (c) about 90%. There was also no difference in the type of 
nanotube, 3100 MWNCT in (g) and cheaptube MWNCT in (c). There was also a variation of only 
2% with the concentration of carbon nanotube from 1 (c) to 3 (h) ml.  The presence of bismuth 
oxide improved the attenuation in the nanotube composite by more than 20%. There was about 5% 
increase in attenuation with the presence of cheaptube nanotube for composites with bismuth oxide. 
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This energy range may correspond to scattered radiation arriving at some more radiosensitive organ 
near the irradiated area during a radiological medical procedure. In this case, the composite would 
be indicated to attenuate this radiation. 
 

4. CONCLUSION 
 P(VDF-TrFE) composites filled with Bi2O3/MAA with the introduction of the 3100 and cheaptube 
multiple-walled carbon nanotubes were produced by casting.  Radiation shielding characterization 
for 8.047 keV monoenergetic photons demonstrates that there was no significant difference between 
the type of polymer matrix, nanotube and bismuth oxide granulometry, with attenuation of about 
90% to 100 µm thickness.  However, the copolymer matrix showed better malleability than the 
PVDF matrix in composite fabrication. These results indicate that these P(VDF-Trfe) composites 
are good candidates to be explored to scattered radiation arriving at the radiosensitive organs near 
the irradiated area as shielding during a procedure radiological medical. 
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