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The aim of this work is to provide a comparative evaluation of luminescence efficiency of Lu,03:Eu phos-
phors screens, in transmission mode, prepared with different grain shape and size, and manufactured by
the sedimentation method. More specific, three screens were prepared with spherical grains of size
50 nm, 200 nm and 5 pm. Furthermore, two screens with rod-like shape grains and size of 500 nm and
1-8 um. The behavior of Absolute Luminescence Efficiency (AE) at low energy X-rays (50 kVp) appeared

to differ with the grains size and shape. Furthermore the rod-like grain screens appeared with reduced
luminescence efficiency values.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

Introduction

Apart from the intrinsic properties of scintillating materials, the
structural properties, such as grain size and shape seems to influ-
ence the luminescence efficiency of scintillating screens used in
X-rays imaging applications due to different light propagation
characteristics. The diffusion and propagation properties of light
passing through nanoparticulated phosphors layers are still under
investigation, with ongoing theoretical and experimental research,
devoted to analysis of the physical and structural properties of
those materials [1-5]. The aim of the current work is to provide
a comparative investigation of luminescence efficiency of Lu,0s:
Eu phosphors screens, prepared with different grain shape and
size, and manufactured by the sedimentation method.

Method

Five thin screens were prepared with thicknesses (coating den-
sity) 33.1 mg/cm? (200 nm spherical grains), 33.3 mg/cm? (50 nm
spherical grains), 35.2mg/cm? (2-5um spherical grains),
31.7 mg/cm? (500 nm rod-like grains) and 33.2 mg/cm? (1-8 um
rod-like grains) on Borosilicate glass substrate 22 x 22 mm or
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round quartz substrate with diameter 30 mm. In Fig. 1b, SEM
images of the phosphors grains, synthesized at the University of
Wroclaw, are shown. Experiments were performed using a Philips
Optimus X-ray unit. The Absolute Luminescence Efficiency (AE)
measurements were acquired under X-ray irradiation in the range
from 50 to 120 kVp and tube current product 63 mAs. The experi-
mental setup incorporated a light integration sphere (Oriel 70451),
coupled to a photomultiplier (EMI 9798 B) with an extended sen-
sitivity S-20 photocathode. The photomultiplier current was
amplified and fed to a Cary 401 electrometer [5]. An analog to dig-
ital converter was employed to digitize electrometer’s output,
which was then stored in a computer. AE was calculated from
electrometer’s output current and dosimeter data by:

AE = (igpec /Snpascg) /X. where i is the electrometer’s output cur-
rent in pA, S is the area of the irradiated screen in cm? and n, is
the photocathode’s peak photosensitivity expressed in mA/W. o
is the spectral compatibility factor expressing the compatibility
of the scintillator’s emission spectrum to the spectral sensitivity
of the photocathode. cg is the geometric light collection efficiency
of the experimental setup, expressing the fraction of screen’s emit-
ted light [3]. The AE was expressed in units of yW m~2/mR s},
where W m~2 corresponds to the light energy flux and mRs™!

to the exposure rate (X) measured with a Piranha RTI dosimeter.
The dosimeter reading was converting from Gy/s to R/s (One
Roentgen of air kerma (kinetic energy released per unit mass)
deposits 0.00877 Gy of absorbed dose in dry air) [6].

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.rinp.2017.02.015&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.rinp.2017.02.015
http://creativecommons.org/licenses/by/4.0/
mailto:ioannis.seferis@chem.uni.wroc.pl
http://dx.doi.org/10.1016/j.rinp.2017.02.015
http://www.sciencedirect.com/science/journal/22113797
http://www.journals.elsevier.com/results-in-physics

LE. Seferis et al./Results in Physics 7 (2017) 980-981 981

8 || —«— Spherical 50 nm b
—=a&— Spherical 200 nm
6 LI —&— Spherical 5 ym
—#— Rod-like 500 nm
—w—Rod-like 8 ym

T T T T T T T T
40 50 60 70 80 90 100 110 120 130

X-rays tube energy (kVp)

Absolute efficiency (E.U.)

Fig. 1. (a) Absolute Luminescence efficiency of Lu,05:Eu scintillating screens. (b) Scanning electron microscope images of Lu,03:Eu powders used for screens preparation. [)
200 nm spherical grains, 1I) 50 nm spherical grains, 1II) 5 pm spherical grains, IV) 8 pm rod-like grains, the inset figure in IV, shows the agglomeration of grains, creating

clusters of individuals, thicker, rod-like grains V) 500 nm rod-like grains.

Results and conclusions

Fig. 1 shows the variation of AE for all Lu,03:Eu nanophosphor
screens, prepared by sedimentation, with X-ray tube voltage, in the
range from 50 to 120 kVp. Focusing on the spherical grains a differ-
ent behavior of the AE curves at low X-ray energies from 50 to
70 kVp is observed. In particular, for the spherical grain screens
prepared with 50 nm and 200 nm the AE decreases as the energy
increases from 50 to 70 kVp, in contrast to the screen prepared
with 5 pm grains. This behavior may indicate different visible light
optical properties due to the dependence of light extinction on
grain size and emitted light wavelength as was previously shown
using Monte Carlo simulations [4]. Specifically, the light extinction
coefficient, expressing the light attenuation passing through the
phosphor layer, is higher for particles size approximately equal
with the wavelength of emitted light, while for smaller grains this
coefficient is considerable reduced. Thus, the light photons pro-
duced in the screen travel further within the phosphor layer before
their first interaction with grains. Although the absorption proba-
bility is considered higher [4], the number of interactions with
the grains is considered small because they are taking place closer
to the exit of phosphor layer, thus near the detector. The rod-like
grain screens follows also a different trend at low energies com-
pared with 50 nm and 200 nm spherical grains screens. In this case
the higher scattering and attenuation of light photons may be
affected by the rod-like shape of those grains. The rod-like shape
seems to be of high importance not only in light scattering but also
in scintillating light emission distribution, since it is not clear if the
light is emitted from all grain surface, or they act as fibers in which
through multiple scattering leads the light to escape from their
ends. In any case the number of produced photons, after the inter-
action with X-rays, are different for every side of each grain, if we
consider the non-spherical and irregular shape. For this reason, is

difficult to make predictions or assumptions about the optical
properties of rod-like grain screens. These properties could be also
responsible for the low AE values compared with the spherical
grain screens. However, in addition to the optical properties, the
AE values are also a subject of synthesis procedure, affecting the
defects population and distribution. The increasing part of all
curves, from 70 to 90 kVp, is attributed to the K-absorption edge
of the Lu,03:Eu scintillator. The mass absorption coefficient is
rapidly increased from 0.97 cm?/g at 63 keV to 1.52 cm?/g at
63.3 keV [7]. Afterwards, for X-ray tube voltage higher than
90 kVp the mass absorption coefficient is decreased as the X-ray
tube energy increases. This affect the AE, since the absorption
properties of X-rays, are generally reduced as a function of energy
for the exposure conditions under consideration. Therefore the
fraction of absorbed X-ray photons of the material, for equal screen
thickness, decreased with increasing X-ray energy.
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