Artigo Original

Revista Brasileira de Fisica Médica. 2011;5(2):209-12.

X-ray spectroscopy applied to the study
of the radiation transmission through
nanomaterials

Espectroscopia de raios x aplicada ao estudo da
transmissao de radiacdo através de nanomateriais

Roseli Klinzel and Emico Okuno
Instituto de Fisica da Universidade de Séo Paulo (USP) — Séo Paulo (SP), Brazil.

Abstract

In this study, we compare the energy absorbed by nanostructured and microstructured materials as a function of the x-ray beam energy and
material concentration. For this purpose, we used CuO microparticles, with a mean particle size of about 56 um, and nanoparticles with size in the
range 10 — 100 nm. These particles were separately incorporated into a polymeric resin in proportions of 5% and 30% relative to the resin mass.
Plates with about 5x5 cm? in area and uniform thickness were produced for each material. The x-ray generator was a Philips, model MG 450, with
a tungsten anode tube. Measurements were performed for beams generated at 25, 40 and 100 KV tube voltages. Data were registered with an
Amptek XR-100T-CdTe detector. Results show that nanostructured materials absorb more radiation than the microstructured ones for both material
concentrations in the resin. For example, for a 5% particle concentration and material thickness of (6.0+0.2) mm, the difference between air kerma
values is about 16% for 25 kV, 8% for 40 kV and about 2% for 100 kV.
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Resumo

Neste trabalho, comparamos a absorgdo da radiagdo por materiais nanoestruturados e microestruturados em fungéo da energia do feixe de
radiagdo e da concentragéo de particulas na amostra. Com esse proposito, utilizamos microparticulas de CuO, com tamanho médio de particula
de aproximadamente 56 pm, e nanoparticulas com tamanho na faixa de 10 — 100 nm. Essas particulas foram incorporadas separadamente a
uma resina polimérica em proporgdes de 5% e 30% com relagdo a massa da resina. Para cada material foram produzidas placas com drea de
aproximadamente 5 x 5 cm? e espessura uniforme. Os feixes de raios X foram emitidos por um equipamento da marca Philips, modelo MG 450,
dotado de um anodo de tungsténio. As medicdes foram realizadas para feixes gerados com diferenca de potencial de 25, 40 e 100 kV. Os dados
foram registrados com o detector XR-100T-CdTe da marca Amptek. Os resultados obtidos mostram que o material nanoestruturado absorve uma
maior parcela da radiagdo quando comparado ao microestruturado para as duas concentragdes de particulas de CuO na resina estudadas neste
trabalho. Por exemplo, para o caso da concentragdo de 5% de particulas de CuO na resina, para uma amostra com espessura de (6,0+0,2) mm, a
diferenga entre os valores de kerma no ar é aproximadamente 16% para 25 kV, 8% para 40 kV e 2% para 100 kV.

Palavras-chaves: nanoparticulas, microparticulas, 6xidos, raios X.

Traditionally, radiological protection of the operating
personal under clinical interventional procedures is based
on lead personal protective equipment (PPE). These lead
protection devices are relatively heavy, and the toxicity of

Introduction

Nanomaterials are defined as those materials whose struc-
tural elements have dimensions from 1 to 100 nm'. The

chemical and physical properties of many conventional
materials can change for the same compound in the na-
nostructured form'. These materials can be lightweight,
flexible and can also exhibit enhanced mechanical per-
formance providing interesting possibilities for structural
applications’?. Currently, nanoparticles are widely investi-
gated for several technological applications, including di-
seases diagnostics, tumor treatment procedures and de-
sign of lead-free radiation protection devices®>.

these materials is also an environmental issue®. In this way,
new materials are being investigated in order to produce
lead-free radiation protection devices*¢®. The study of the
properties of radiation absorption by nanomaterials could
provide an alternative in order to replace lead garments for
use in the clinical routine*®.

In this work, we compare the x-ray attenuation by na-
nostructured and microsctrutured materials. For this pur-
pose, CuO particles, both with nanosize and microsize,
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were separately incorporated in a polymeric resin in pro-
portions of 5% and 30%. X-ray spectra were measured for
beams generated at 25, 40 and 100 kV tube voltages.

Materials and methods

In this work, CuO nanoparticles with grain size in the ran-
ge between 10 and 100 nm, produced by the Brazilian
Industry Nanum, and CuO microparticles (Vetec Quimica
Fina, Brazil) with 56 um average particle size were incor-
porated, separately, to a polymeric resin in proportions
of 5% and 30%, relative to the resin mass. Plates with
about 5x5 cm? in area and uniform thickness were pro-
duced for each material. Plates with thickness (6.0+0.2)
mm were produced with 5% CuO powder (nanosized
and microsized) + 100% resin. In the case of 30% CuO
powder + 100% resin, plates with (10.3+0.3) mm were
produced for both nanosized and microsized materials.
The x-ray beams were emitted by a Philips equip-
ment MG 450 model, connected to a constant potential
generator. This tube has a 2.2 mm thick Be window with
a fixed tungsten anode tube (22° anode angle). The ra-
diation beams were registered by using a XR-100T-CdTe
detector (Amptek, Inc., Bedford, MA) with 9 mm? no-
minal active area and 1 mm nominal thickness. Output
pulses were processed by a digital pulse processor PX4
Amptek system. This equipment has a 100 um Be win-
dow and is cooled by Peltier cells. A tungsten collimator
with 1000 pm aperture and 2 mm thickness was used
in front of the detector. The alignment between the focal
spot and detector was carried out with a laser device.
Figure 1 presents a schematic setup of the experimen-
tal arrangement used in the measurement of the trans-
mitted radiation through the above described materials.
X-ray beams were emitted at 25, 40 and 100 kV tube
voltages. The energy calibration of the spectrometer
was performed using the measured spectra of y-rays
and x-rays emitted by ?*'Am, '**Ba and '5?Eu radioactive
sources.
Primary and transmitted x-ray spectra through
the materials were corrected for all possible partial inte-
ractions of photons with the detector active layer®.
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Results and discussion

Figure 2 presents the corrected primary x-ray spectra me-
asured at 25 and 40 kV tube voltages; Figure 3, at 100 kV
tube voltage. The primary x-ray spectra were measured
using only the 4 mm Be filtration. The x-ray spectra mea-
sured at this condition shows the L and K characteristics
of X-rays emitted by the tungsten anode.

Figures 4 to 6 compare the x-ray spectra absorbed by
microstructured CuO and nanostructured CuO separately
incorporated to a polymeric resin in a proportion of 5%
relative to the resin mass. The thickness of the plates was
6.0 mm. According to these Figures, the nanostructured
material absorbs more low energy photons when compa-
red to the microstructured material. The air kerma value
calculated at 25 KV, illustrated in Figure 4, is about 16%
higher for the microsized material when compared with the
nanosized one. Figure 5 also reveals a higher absorption
by the nanosized material for low energy photons. The
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Figure 2. Primary x-ray spectra measured at 25 and 40 kV tube
voltages.
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Figure 1. lllustration of the experimental setup used in the spec-
tra measurements.
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Figure 3. Primary x-ray spectra measured at 100 kV tube
voltages.
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difference in the air kerma value for the x-ray beam genera-
ted at 40 kV tube voltage is about 8%. On the other hand,
the difference in the air kerma value for the x-ray beam
generated at 100 kV tube voltages, illustrated in Figure 6,
is only 2%.

Figure 7 compares the x-ray attenuation for samples
produced with the separate incorporation of 30% CuO
nanoparticles or microparticles in a polymeric resin. Both
samples have (10.3+0.3) mm thickness. Results show that
the nanostructured material absorbs about 5% more ra-
diation than the microsctructured one.

The difference observed in the x-ray absorption by
nanostructured and microstructured materials is attribu-
ted in the literature to the particle size effect’. As the par-
ticle size decreases, the number of particles increases.

Considering the material used in this work, one micro-
particle is equivalent in scale to about 600 nanoparticles.
Therefore, the distribution of the nanoparticles in the resin
is different of that presented by the microparticles, resul-
ting in a more uniform dispersion in the resin. This effect
can be responsible for the higher absorption of the low
energy x-ray photons by the nanostructured CuO mate-
rial when compared to the same proportion of CuO ma-
terial but with microsized particles.

Conclusion

In this work, we present results of the x-ray absorp-
tion by nanostructured and microstructured materials
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Figure 4. Comparison of a 25 kV x-ray spectra transmitted
through 6.0 mm of a sample with 5% nanosized Cu0+100%
resin (red line) and 6.0 mm of 5% microsized CuO+100% resin
(black ling).
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Figure 6. Comparison of a 100 KV x-ray spectra transmitted
through 6.0 mm of a sample with 5% nanosized Cu0+100%
resin (red line) and 6.0 mm of 5% microsized Cu0+100% resin
(black line).
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Figure 5. Comparison of a 40 kV x-ray spectra transmitted
through 6.0 mm of a sample with 5% nanosized Cu0+100%
resin (red line) and 6.0 mm of 5% microsized CuO+100% resin
(black line).

Figure 7. Comparison of a 40 kV x-ray spectra transmitted
through 10.3 mm of a sample with 30% nanosized CuO+100%
resin (red line) and 10.3 mm of 30% microsized Cu0+100%
resin (black line).
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incorporating 5% and 30% of CuO powder to a polymeric
resin. For the same material concentration, sample thick-
ness and x-ray beam energy, the parameter that changes
from the microstructured to the nanostructured sample is
the particle size and consequently the quantity of parti-
cles. Results show that, for the materials concentrations
studied in this work, the difference between the x-ray at-
tenuation by nanostructured and microstructured mate-
rials is only evident for low energy x-ray beams. For the
same material concentration and thickness, the radiation
absorption is higher for the nanostructured material when
compared with the microsctrutured one for low energy
x-ray photons. On the other hand, for higher energy x-ray
beams, namely those generated at 100 kV tube voltages,
the influence of the particle size on the x-ray absorption
is not evident.
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