
Contents lists available at ScienceDirect

Solid State Sciences

journal homepage: www.elsevier.com/locate/ssscie

Evaluation of cryo-treatment in the luminescent properties of PVDF/Eu2O3

composite obtained by using buriti oil as additive

Airton Germano Bispo-Jra,b, Ana Maria Piresa,b, Sergio Antonio Marques Limaa,b,
Celso Xavier Cardosoa,∗

a São Paulo State University (Unesp), School of Technology and Sciences, Presidente Prudente, SP, 19060-900, Brazil
b São Paulo State University (Unesp), Institute of Biosciences, Humanities and Exact Sciences, São José do Rio Preto, SP, 15054-000, Brazil

A R T I C L E I N F O

Keywords:
Polymer
Eu(III)
Natural oil
PVDF composite

A B S T R A C T

Polymeric matrices containing luminescent particles find many applications like temperature sensor platforms.
However, it is important to understand the impact of the particle immobilization on the polymer structural and
optical properties in order to optimize its performance. Therefore, in this study, a new luminescent polymeric
composite was fabricated by combining poly (vinylidene fluoride) (PVDF), buriti oil (BO) and Eu2O3 particles,
evaluating the membrane luminescent properties before and after a cryo-treatment with liquid N2 in order to
enhance the Eu(III) emission. Also, the influence of Eu2O3 particles and BO in the polymer structural, thermal,
morphological and optical properties was evaluated. The composite membranes with bandgap lying between
5.60 and 5.90 eV were obtained as γ-PVDF phase after being dried at 100 °C, with spheroidal particles connected
by necks. The PVDF membranes are very stable till temperatures as high as 370 °C, and the Eu2O3 particle
addition increases the membrane thermal stability while the BO decreases the PVDF stability. The cryo-treat-
ment with N2 increases the PVDF crystallinity, leading to the PVDF particles agglomeration. The PVDF/BO/
Eu2O3 membrane exhibited the characteristic red emission from Eu(III) along with an unexpected BO emission.
Finally, after the cryo-treatment, the Eu3+ emission increases while the BO emission vanishes, and due to this
temperature sensitivity, the system shows potential to be applied in temperature sensor platforms.

1. Introduction

Over the past few years, photoluminescent sensors based on rare
earth in polymer matrices have received great attention because of their
potential application in various devices. [1,2,3] In such composites, the
luminescent properties coming from rare earth oxides (RE oxides) play
the important role of providing a specific functionality or the im-
provement of the optical properties with respect to the polymers [4].
This synergism, between the polymer and RE oxide properties, is a
promising alternative for new composite materials synthesis which
could be applied in several devices as gas sensors [5], chemosensors
[6], light emitting diodes [7], full-color displays [8], etc. Besides that,
the use of additives as buriti oil in the membrane synthesis is very
common because the additive molecules penetrate the polymeric matrix
and act as lubricants between the polymeric chains, improving the
flexibility and processability of polymers [9].

The Polyvinylidenefluoride (PVDF, C2H2F2) is a semi-crystalline
polymer extensively studied in a wide range of applications [10], being

able to act as a polymer matrix due to its easy processing, high me-
chanical strength, excellent mechanical property, thermal stability,
high chemical resistance and high hydrophobicity compared to other
commercialized polymeric materials [11]. This polymer is also used as
a matrix for nano- or micron-sized particles. [12,13,14] Several
methods are employed in the fabrication of PVDF membranes and these
include the use of inorganic particles as a filler or as an additive, sin-
tering, phase inversion and track etching. [15,16]

The buriti oil (from Mauritia flexuosa L.), BO, is an oil commonly
found in the Amazon region with red-orange color and compound by
fatty acids (∼78% oleic acid), tocopherols (∼800mg kg−1) and car-
otenes (∼70% beta-carotene). [17,18] The fatty acids present in the
buriti oil have long chains (more than 10 carbon atoms in their struc-
ture) [19]. The BO can be used as a plasticizer in polymeric materials
[20] as reported for poly (methyl methacrylate) (PMMA) and poly-
styrene (PS) [21], or in starch films [22]. Also, we recently reported the
synthesis and the luminescent properties of the PVDF/Ba2SiO4:Eu3+

red light emitting membrane using BO as plasticizer [23].
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Europium ions, Eu(III), have been largely studied because of their
long emission lifetime, high efficiency and narrow emission bands in
the visible region, [24,25]characteristics that appoint europium ions to
be used in a wide range of applications as full-color displays, tunable
lasers or light-emitting diodes. [26,27] The main emissions in the
visible region are originated from the Eu(III) 5D0 excited state to the
ground 7F0-6 levels. Eu2O3 is a rare earth sesquioxide used to synthesize
phosphors, as control rods in nuclear reactors and transistor devices
[28] and it has two common structures, cubic with space group Ia-3 and
monoclinic with space group C2/m. [29] Some studies have reported
the use of Eu(III) compounds in a polymeric matrix. For example,
Martins et al. used Gd2O3:Eu3+ in PVDF composite for scintillator ap-
plication [30]. J. Garcia-Torres et al. studied the influence of different
polymeric matrix on the spectroscopic properties of Eu(III) complexes
[31]. Although Eu2O3 itself has low emission, its luminescent properties
still can be used for applications that use the luminescent signal as a
sensor.

There are many methods to improve the polymer performance re-
garding its structural and optical features, such as control and design of
bulk properties, filler/fiber reinforcement, interpenetrating network
(IPN) structure development, surface modifications or cryo-treatment
[32]. In the present report, the method chosen for the intensification of
polymer membrane luminescence was the cryogenic treatment in liquid
N2, since it is a simple, fast and low-cost technique for modifying the
polymer mechanical, structural and optical properties. For the best of
our knowledge, there is no paper reported in the literature about the
improvement of the Eu(III)-luminescence in a polymeric matrix by
cryo-treatment with N2. Therefore, considering the synergism between
the mechanic properties of the polymer and the Eu2O3 luminescence,
we report in this study the fabrication of red light emitting PVDF
composite membranes containing Eu2O3 particles obtained by casting
method using buriti oil as a plasticizer. We also investigated the cryo-
treatment with liquid N2 to enhance the luminescent properties of the
composite.

2. Experimental section

The PVDF/BO/Eu2O3 membrane was prepared applying the
“casting” method by using dimethylformamide (10mL) as the solvent
and PVDF (2.0000 g, ATOCHEM), buriti oil (250 μL, mundo dos oleos,
ρ23 °C= 0.92 g/cm3) and Eu2O3 (0.0250 g, SIGMA-ALDRICH, 99.99%).
The suspension was stirred at 80 °C for 2 h for the PVDF and the oil
dissolution and after that, it was transferred to a Petri dish with a
diameter of 9 cm and dried at 100 °C for 6 h. PVDF containing BO
membrane and pure PVDF membrane were synthesized as control and
they were prepared by the same method used for the PVDF/BO/Eu2O3

membrane. Then, the PVDF/BO/Eu2O3 composite membrane was im-
mersed in liquid N2 at - 160 °C for 1min.

The PVDF membranes were characterized by X-Ray Diffraction
(XRD) using a Shimadzu model 600 diffractometer; by scanning elec-
tron microscopy (SEM) using a Carls Zeiss model EVO LS15 scanning
electron microscope with a detector of secondary electron (SE) in a high
vacuum and at constant temperature; by thermogravimetric (TGA) and
differential scanning calorimetry (DSC) analysis using a Universal V45A
TA Instruments, static air atmosphere, and a heating ramp of 10 °C
min−1, from 30 °C up to 600 °C; by diffuse reflectance using a Varian
model Cary 500 Scan using as standard solid MgO; and by photo-
luminescence spectroscopy using a PerkinElmer model LS55 spectro-
meter equipped with continuous Xe lamp (9.9W) excitation. Lifetime
measurements were carried out by using a pulsed Xe arc lamp (6 mJ/
pulse) coupled to a Kratos GM-252 monochromator and a Spex 1934 C
phosphorimeter.

3. Results

The semi-crystalline structure of PVDF membranes was

characterized by X-ray diffraction, Fig. 1. The Eu2O3 powder itself ex-
hibits diffraction peaks attributed to the JCPDS-32-380 card with cubic
structure and space group Ia-3 (206). Already for the PVDF membranes,
the XRD profile exhibit two halos at 2θ=20.3° and 18.7° which
dominate the XRD pattern for the membranes (except for the PVDF/
BO/Eu2O3 membrane) that are assigned to PVDF γ-phase formation
[33]. The diffraction peaks profile indicates low crystallinity of the
membranes and the PVDF semi-crystalline nature. Furthermore, a peak
at 2θ=18.4° with low intensity is attributed to the PVDF α-phase,
showing a low percentage of α-phase in the membranes [34]. Gregorio
et al. showed that a portion of the α-phase always remains in the PVDF
composition because the transformation occurring in the ringed
spherulites at high temperature seems to be never complete [35]. In the
α-PVDF phase, the chains adopt the trans-cis-type conformational
structure (TCTC), which is thermodynamically more stable because it
allows the greatest possible distance from the fluorine atoms. In the γ-
phase chains, to each three trans-conformations, a cis conformation
occurs (T3C T3C-) [36]. The existence of γ phase in the PVDF mem-
branes depends on the mobility of conformers in the solution which
mainly is affected by the thermal energy because this is not the most
thermodynamically stable PVDF phase [37]. The membranes were
prepared at 100 °C and the thermal energy is high enough to rotate CF2
groups in the monomer, resulting in a cooperative motion of the
neighboring CF2 groups through the large-scale trans-gauch conforma-
tional change, which is enough to obtain γ phase.

The PVDF/BO/Eu2O3 membrane does not exhibit the γ-PVDF pro-
file, but an amorphous structure, indicating that PVDF crystallization is
inhibited by Eu2O3 particles. Song et al. obtained similar results for
La2O3-doped PVDF membranes [38]. Yet, after the cryogenic treatment,
the γ-PVDF profile is observed again, showing that the process is or-
ganizing the PVDF chains, increasing the crystallinity of PVDF polymer.
The addition of BO and Eu2O3 and also the cryo-treatment causes a
displacement in the position of γ-PVDF plans in relation to the pure
PVDF membrane. These modifications can be related to variations in
the PVDF chain size and organization, in the degree of crystallinity or
changes in the strengths that maintains the chains interaction. Before
the cryogenic treatment in the PVDF/BO/Eu2O3 membrane, the XRD
profile does not show diffraction peaks attributed to the Eu2O3 phase,
but they are observed after the cryogenic treatment because, before the
cryogenic treatment, the PVDF halo in the XRD pattern covers the
Eu2O3 peaks.

The morphology of the membranes was checked by SEM measure-
ments, Fig. 2, in order to evaluate whether the addition of BO, Eu2O3

Fig. 1. X-ray diffractograms of PVDF membranes.
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and the cryogenic treatment would have some influence on the shape of
the membranes. SEM images for the Eu2O3 powder, Figure S1, show
that the particles are submicron-sized with irregular shape. Fig. 2 re-
veals microstructures formed by fused spheroidal particles in the PVDF,
PVDF/BO and PVDF/BO/Eu2O3 membrane surface with diameter
around 4 μm for the PVDF and PVDF/BO membranes that decreases to
approximately 2 μm when Eu2O3 was added in the membrane. Similar
microstructure was obtained by Shi et al. for PVDF membranes con-
taining TiO2 particles [39]. The addition of BO and Eu2O3 does not
modify the microspheroidal structure. On the other hand, after the
cryo-treatment of the membrane, the particle became more irregular in
shape and more agglomerated. Besides that, the surface texture of the
untreated polymer appeared to be quite smooth compared to the rough
topography of the cryo-treated surface. Indumathi et al. reported a si-
milar behavior for PTFE (Polytetrafluoroethylene) and (Poly-
ethylenimine) polymers [40] attributing the enhanced roughness of the
surface to the contraction caused by the cryogenic treatment and then
the uneven expansion when the membrane is brought back to the am-
bient temperature. Therefore, in the PVDF/BO/Eu2O3 cryo-treated
membrane, the residual stresses caused by the contraction force might
have been responsible for the change within the particles too. This
process is also known as fracture and it occurs because usually, the
polymer fracture resistance decreases when temperature decreases from
room temperature to the liquid N2 one. The fracture is a process well-
know in the literature and it is reported for other kind of polymers as
LaRC PETI-5, LaRC 5050, and LCR [41].

Thermogravimetric analyses for the PVDF membranes are displayed
in Fig. 3. The PVDF membranes are very stable till temperatures as high
as 370 °C. The PVDF decomposition occurs in two steps, the first be-
tween 400 and 500 °C and the second between 500 and 600 °C in ac-
cordance with the literature [42]. The high stability of the membranes
could be correlated with the high electronegativity of the fluorine
atoms belonging to the polymer chain and their high CeF bond dis-
sociation energy. Above that temperature, the PVDF begins to degrade
forming hydrogen fluoride, the monomer and small amounts of C4H3F3,
as reported in the literature [43]. The thermal decomposition of Buriti
oil also takes place in two steps, the first near to 260 °C is due to the

release of volatile components and the second around to 425 °C in-
dicates the complete breakdown of fatty acids [21]. For the membranes
containing BO, it is observed a weight loss around 300 °C achieving a
plateau between 300 and 450 °C due to the BO decomposition. Already
the Eu2O3 powders are very stable till temperatures as high as 600 °C,
with a small weight loss at 300 °C probably due to some carbonate that
is formed on the particle surface.

The membrane containing BO have smaller degradation tempera-
ture than the pure PVDF, as represented in the DTG curves, Fig. 3,
suggesting that the BO leads to a PVDF thermal stability decreases.
However, the Eu2O3 addition increases the PVDF temperature de-
gradation when compared to the PVDF/BO membrane and conse-
quently, the PVDF stability. Similar profile was also observed by Al-

Fig. 2. Scanning electron microscopy (SEM) images of the membranes for (a) pure PVDF, (b) PVDF/BO, (c) PVDF/BO/Eu2O3, and (d) PVDF/BO/Eu2O3 treated with
liquid N2.

Fig. 3. Thermograms (TG) and Differential thermogravimetry (DTG, black
lines) for the synthesized PVDF membranes compared to the Eu2O3 powder and
BO liquid precursors.

A.G. Bispo-Jr, et al. Solid State Sciences 92 (2019) 24–30

26



Hazmi et al. for Cu2O particles in PVDF membranes [44]. The thermal
stability improvement due to the Eu2O3 particles incorporation in the
PVDF may be related to the packing of the crystalline γ-phase around
Eu2O3 particles [45]. In this way, the proximity between the PVDF
chains and the rare earth oxide particle surface can generate superficial
interactions, providing an increase in the thermal stability behavior of
PVDF chains because they are more strongly bonded in the composite
than if they were alone in the membrane. For the cryo-treated mem-
brane, a weight loss near to 100 °C is observed and probably is due to
the membrane water absorption during the cryo-treatment with liquid
N2. After the cryo-treatment, the membrane stability decreases, prob-
ably due to the cracks and tensions created during the contraction-ex-
pansion cycle.

The DSC analysis gives further insight into the thermal behavior of
the membranes as illustrated in Fig. 4. For the Eu2O3 powder, two
thermal events at about 313 °C and 362 °C can be noticed in the DSC
scan and they are in accordance with the TG measurements previously
discussed. The DSC scans exhibit two peaks for the PVDF membranes,
one nearly 530 °C (exothermic) assigned to the PVDF decomposition as
shown in the TG curves and other at 170 °C (endothermic), due to the
melting of α-PVDF [46], indicating that exist PVDF in the α-form in
accordance with the XRD data. The influence of BO, Eu2O3 and cryo-
genic treatment on the thermal stability of PVDF was evaluated through
the comparison of the thermal decomposition temperature of the
membranes. Again, after the addition of BO, the PVDF degradation
temperature slightly decreases, as observed in the TG measurements.
The PVDF decomposition temperature also decreases after the cryo-
treatment, confirming that the polymer thermal stability decreases.

Diffuse reflectance spectra were acquired in the UV–Vis region,
Fig. 5, for PVDF membranes. A broadband centered at ∼216 nm is
observed in the DR spectra and it is attributed to PVDF absorption in-
dicating its semi-crystalline nature. [47,48,49] Furthermore, the
membranes containing Eu2O3 display absorption lines at 320, 395 and
467 nm attributed to Eu(III) absorption from the 7F0 state to 5Hj, 5L6
and 5D2 excited states, respectively. These lines have more intense
absorption before the cryo-treatment.

By diffuse reflectance technique, it is possible to calculate the op-
tical bandgap value of the membranes. Through a graphic of (αhν)n
versus the energy of the incident photon (h), Figure S2, where n has a
value equal to 2 for direct transition and 0.5 for indirect transition, the
curve extrapolation to zero provides the optical bandgap energy [50].
The value of α is the ratio of the absorption and scattering coefficients

according to the approximation of Kubelka-Munk [51], Equation (1),
where R is the reflectance observed for the different incident energies.
A previous study showed that the samples had better profile considering
direct transitions (See Figure S3). The bandgap for direct transitions lies
between 5.70 and 5.90 eV and it varies with the presence of BO, Eu2O3

and the cryogenic treatment, as shown in Table 1. This behavior may be
associated with the structural and compositional changes verified by
XRD data occurring after the addition of the BO, Eu2O3 and the cryo-
treatment. This variation in the optical energy values can be related to
the formation of defects in the polymer structure (band rupture, free
radical, etc.) which can be associated to the semi-crystalline or the
amorphous structure of PVDF and the relation between the PVDF-
phases. When these defects are generated, associated energy levels can
lie between the valence band and conduction band, and as con-
sequence, lead to a modification in the band gap values.

= =
−α K

S
(1 R)

4R

2

(1)

Before the PL analysis for PVDF membranes, it was performed the
PL measurements of buriti oil dissolved in ethanol, Fig. 6, where it is
observed five emission bands around 442, 458, 500 and 515 nm and
three excitation bands around 316, 346 and 366 nm. The excitation and
emission of BO are dependent on the excitation or emission wavelength.
This occurs because the different components of BO exhibit different
emission or excitation wavelengths, being very difficult to assign the
emission to each BO components. Albuquerque et al. showed that it is
possible to attribute the BO emission to some compounds of BO, but the
origin of the oil can influence the composition of the extract [20].

The PVDF membranes excitation and emission spectra at room
temperature are shown in Fig. S4. In the excitation spectra for the pure
PVDF and PVDF/BO membranes, Figure S4 (a), it is observed week
broadbands centered at 316 and 368 nm in the ultraviolet spectral

Fig. 4. DSC scans of PVDF membranes compared to the BO liquid precursor. Fig. 5. UV–Vis diffuse reflectance spectra of PVDF membranes.

Table 1
Band gap values calculated from Kubelka-Munk approximation
considering direct transitions for all synthesized membranes.

Membrane Bandgap/eV

PVDF 5.70
PVDF/BO 5.80
PVDF/BO/Eu2O3 5.60
Cryo-treated PVDF/BO/Eu2O3 5.91
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range attributed to PVDF excitation. Srivastava et al. reported the
UV–Vis absorption spectra of PVDF, wherein it is shown that PVDF has
five characteristic bands at 315 nm, 325 nm, 360 nm, 425 nm and
600 nm which were correlated with the electronic transition occurring
in CeF bonds [47]. In this way, the PVDF radiation absorption in the
UV or visible spectral region involves the electrons promotion in σ and
n-orbitals from the ground state to higher energy states. In this case,
these states can be generated as a result of CeF simple bonds [52].

Considering the PVDF/BO/Eu2O3 and the cryo-treated PVDF/BO/
Eu2O3 membrane, a broad charge transfer band (CT) around 267 nm
dominates the excitation spectra, Fig. 7(a). This characteristic band is
associated with Eu3+-O2- interactions. Narrow peaks with relatively
low intensity can also be observed and they are associated with the f-f
Eu(III) transitions that are forbidden by the Laporte's rule. In this re-
gion, it is also observed a broadband from 350 nm to 500 nm assigned
to the BO excitation that overlaps the f-f transitions. However, the in-
tensity of this band decreases after de cryo-treatment.

In the PVDF and PVDF/BO membranes, no significant emission is
detected in the emission spectra under 267 nm excitation, just a week
band near to 350 nm, Figure S4(b). But for the PVDF/BO/Eu2O3

membranes, the corresponding emission spectra under 267 nm excita-
tion exhibit the set of 5D0→

7F0,1,2,3,4 transitions in the red region

assigned to the Eu(III) in low-symmetry sites [53], which profile is very
similar to the Eu2O3 powder, Fig. 7 (b) (A photograph of the membrane
under white light and UV radiation exposition is shown in Figure S5).
Besides, it is possible to see two broad bands at 410 and 435 nm which
are attributed to BO emissions since PVDF has no emission in this re-
gion, and the band are very similar to those previously shown for the
pure BO in Fig. 6. However, this BO emission is not expected in this case
since the BO has no absorption under 267 nm excitation (See Fig. 6).
This BO anomalous emission can be explained by an energy transfer
mechanism involving Eu2O3 particles and the BO molecules. When the
excitation light with 267 nm excites the Eu3+-O2- charge transfer band,
the energy from this state usually decay non-radiatively to the 5D0

emitting state of the europium (III) ion. However, if BO and Eu2O3 are
close enough in the membrane, it is possible that Eu(III) ions transfer
energy to excited states of BO molecules, resulting in BO emission.
Considering the PVDF/BO/Eu2O3 membrane, the 5D0→

7F2 transition of
Eu(III) and BO emission have similar intensities, but after the cryo-
treatment, the 5D0→

7F2 emission increases and the BO emission de-
creases. This behavior could be explained by the fact that before the
cryo-treatment, the bonds in the BO components must change its con-
formation due to the compression previously showed by SEM mea-
surements, modifying the energy levels. In this case, due to these
structural modifications, the BO emission is not observed because the
new energy levels are probably not favorable to the energy transfer and,
as consequence, the 5D0 population increases, favoring the Eu(III)
emission.

5D0 state lifetime measurements were performed for the Eu-con-
taining samples and the decay curves are shown in Fig. 8. The curves
were best-fitted through a monoexponential decay and the calculated
5D0 state lifetime values (τ) are shown in Table 2. The 5D0 state lifetime
value of the Eu2O3 powder is 0.22 ± 0.01ms and it decreases to
0.041 ± 0.001ms after the immobilization probably because the
polymer acts as a physical barrier for the UV radiation, decreasing the
Eu(III) absorption, and as consequence, decreasing the Eu(III) radiative
losses. However, after the cryo-treatment with N2, the 5D0 state lifetime
value increases to 0.081 ± 0.001ms, showing that the Eu(III) emission
is enhancing since the lifetime increase is directly correlated to the
enhancement of the radiative losses from the 5D0 state. This observation
leads us to conclude that the previously propounded ET mechanism
between BO and Eu(III) ions is valid since the emission of the Eu(III)
ions is enhancing after the cryo-treatment.

Finally, from the 5D0 state lifetime values and the emission spectra,
it is possible to calculate the Eu(III) quantum efficiency (η) by using
equations (2)–(5), where Arad and Anrad are the radiative and the non-

Fig. 6. Excitation and emission spectra of buriti oil dissolved in ethanol (10%
V/V).

Fig. 7. Excitation (a) and emission (b) spectra of PVDF/BO/Eu2O3 membrane before and after the cryo-treatment compared to the Eu2O3 powder.
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radiative rates for an emitting level, respectively, I is the integrated area
under the 5D0→

7Fj transitions in the emission spectra, ν0-J is the bar-
ycenter energy of the 5D0→

7Fj transition, X is the Lorentz local field
correction equal to n (n2+2)2/9, n is the refractive index equal to 1.426
for the PVDF membranes [54] and 1.590 for the Eu2O3 powder [55];
A01 can be estimated by the equation A01= 14.65 n3 in s−1 [56].

= =− −
−

−

−

−

A A A
I
I

hv
hvλ j

j

j
0 0 01

0

0 1

0 1

0 (2)

=
+

η A
A A

rad

rad nrad (3)

∑=
−

Arad
J

A j0

(4)

= = +A
τ

A A1
total rad nrad (5)

As expected, the Eu(III) quantum efficiency decreases after the
polymer immobilization when compared to the Eu2O3 powder, as
summarized in Table 2. However, the value enhances after the cryo-
treatment due to the ET from BO to the Eu(III) ions, as confirmed by the
decrease of the BO emission and the increase of the Eu(III) one. In this
context, due to this temperature sensitivity, the PVDF/BO/Eu2O3

membrane shows potential to be applied in temperature sensor plat-
forms. Despite the Eu(III) quantum efficiency be low, the application of
the system is not affected since it depends on just the Eu(III) emission
detection that can be easily done by using a simple fluorimeter. Also, as
the membrane maintains its properties at room temperature, the system
can be exposed to the environment where the temperature will be de-
termined and then, brought back to the room temperature, measuring

the photoluminescence. Now, the perspective of the study is quanti-
fying both emissions of the BO and Eu2O3 in the membrane as a func-
tion of the temperature.

4. Conclusions

The PVDF/BO/Eu2O3 composite membranes synthesis by the
casting method and the enhanced Eu(III)-red emission played by the
cryo-treatment were presented in this study. Insulating micro-structures
based on the γ-PVDF phase with bandgap near to 5.90 eV were obtained
by drying the membranes at 100 °C, being that Eu2O3 particles decrease
the PVDF crystallinity. However, after the cryo-treatment, the PVDF
crystallinity enhances while its particles became more irregular in
shape and more agglomerated. The use of BO also decreases the PVDF
thermal stability while the Eu2O3 particle addition increases the PVDF
stability. The PVDF/Eu2O3 composite membrane emits red light under
267 nm excitation characteristic of Eu(III) ions in Eu2O3. Furthermore,
the Eu(III) red emission under 267 nm excitation enhances after the
cryo-treatment, and the unexpected BO emission that occurs by an
energy transfer between Eu(III) and BO components is quenched.
Finally, even though BO is decreasing PVDF stability, due to the tem-
perature sensitivity between both BO and Eu(III) emissions, the PVDF/
Eu2O3 membrane shows potential to be applied in low-temperature
sensor platforms.
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