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Received 20 June 2025 Abstract: This paper presents the development of a luminescgnt v;/aterprooﬁng membrane using strontium

aluminate doped with europium and dysprosium (SrAl,O4:Eu*",Dy*"), aimed at sustainable applications in
Accepted 12 October 2025 signaling and energy efficiency in civil construction. Samples containing 20%, 30%, and 40% of phosphorescent
powder were prepared and analyzed for workability, light emission, and physicochemical properties. The 40%
sample showed the highest quantum yield (63%) and residual emission lasting up to 810 s, evidencing the role of
Dy*" ions in forming electronic traps and prolonging the emission. The increase in phosphorescent content
compromised workability, requiring formulation adjustments. The results indicate the potential of the material
for use in low-light environments, such as escape routes and safety signage.
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Resumo: Este artigo apresenta o desenvolvimento de uma manta impermeabilizante luminescente com aluminato
de estroncio dopado com eurdpio e disprésio (SrALO,:Eu?*,Dy*"), visando aplicagdes sustentdveis em sinalizagdo
e eficiéncia energética na construgio civil. Foram preparadas amostras com 20%, 30% e 40% de po fosforescente,
analisadas quanto a trabalhabilidade, emissdo de luz e propriedades fisico-quimicas. A amostra com 40%
apresentou maior rendimento quantico (63%) e emissao residual de até 810 segundos, evidenciando a atuagao
dos fons Dy** na formagdo de armadilhas eletrnicas, prolongando a emissdo. O aumento do teor de pd
comprometeu a trabalhabilidade, exigindo ajustes na formulagdo. Os resultados indicam o potencial do material
para uso em ambientes com baixa luminosidade, como rotas de fuga e sinalizagdes de seguranca.

Palavras-chave: fosforescéncia, fotoluminescéncia, aluminato de estroncio, construgao civil, manta impermeabilizante.

How to cite: J. P. B. Birolo, F. Pelisser, F. Ely, and T. E. A. Frizon, “Phosphorescent compounds in civil construction materials: functional applications,”
Rev. IBRACON Estrut. Mater., vol. 18, no. 5, €18507, 2025, https://doi.org/10.1590/S1983-41952025000500007

1 INTRODUCTION

Considering the growing global energy demand driven by economic expansion and population growth, the pursuit of clean
and sustainable energy sources capable of balancing production and consumption has become imperative [1]. Within this context,
smart materials that enable passive lighting in built environments are gaining increasing attention in the construction sector.

Luminescence refers to the emission of light by certain materials without the involvement of heat, and it is typically
classified into two primary types: fluorescence and phosphorescence. These processes are mainly distinguished by the
duration of light emission following excitation. In photoluminescent phenomena, excitation occurs through the absorption
of photons, promoting electrons to higher energy states; light is then emitted as the electrons return to lower energy levels.
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Fluorescence is a rapid emission process in which the release of light ceases almost instantaneously—typically
within nanoseconds—once the excitation source is removed, with no change in the electron’s spin state. Conversely,
phosphorescence is characterized by a delayed emission, often persisting from several minutes to hours after excitation.
This prolonged afterglow is attributed to spin-forbidden transitions, where electrons remain in metastable triplet states
before gradually returning to the ground state [2].

Phosphorescent materials have the capacity to absorb energy from an external source, temporarily store it, and later
release it as visible light. Due to this capability, they have been extensively employed to improve safety and visibility
in dark or low-light environments, particularly in applications such as emergency signage, evacuation path marking,
and passive signaling systems [3], [4].

Aiming to combine energy efficiency and environmental sustainability, the present study investigates the feasibility of
incorporating phosphorescent compounds into civil construction materials, with a particular focus on the development of
a functional waterproofing membrane. A preliminary literature review was conducted to identify the most widely used
luminescent materials, their respective decay times, and previously explored application methods, thereby informing the
selection of both the phosphorescent compound and the integration technique adopted in this work.

The experimental methodology consists of incorporating phosphorescent compounds into a waterproofing membrane
in order to evaluate its photoluminescent emission performance and to assess potential changes in its physical and
mechanical properties. Strontium aluminate doped with europium and dysprosium (SrAl,Os:Eu?*,Dy>*) was selected as
the luminescent agent, owing to the synergistic effects of its dopants: europium (Eu?") serves as the primary emissive
center, while dysprosium (Dy*") acts as a charge-trapping agent that prolongs afterglow duration [5], [6].

2 MATERIALS AND EXPERIMENTAL PROGRAM

In this study, the reagent employed was strontium aluminate doped with europium (Eu’*) and dysprosium (Dy**),
with the chemical formula SrAl,O4:Eu?",Dy**. It was acquired in ready-to-use form from a commercial supplier,
requiring no further synthesis or purification. Solvents such as toluene and ethanol were obtained from SERVILAB®
and used as received, without additional treatment. A commercially available super-flexible waterproofing membrane,
supplied by BRASILFIX, was also used without modification.

Figure 1 presents a flowchart summarizing the main stages of the study. The process began with a literature review
based on prior research, including scientific articles, technical texts, and books, which served as the foundation for the
following steps: selection of materials, solvents, and reagents; definition of compound proportions; experimental
procedures; and analysis of results.

Theoretical Reference

— T

Definition of Material to be Developed Definition of Compound to be Used Definition of Concentrations

\ T}m /

Analysis of Results ‘
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Figure 1. Flowchart of the experimental steps.

The selection of strontium aluminate doped with europium and dysprosium (StALO4:Eu?*, Dy*) as the phosphorescent
compound in this study was based on several factors that make it highly suitable for civil construction applications.
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Although other luminescent materials—such as zinc sulfide (ZnS:Cu) and rare-carth-based compounds—also
exhibit satisfactory efficiency, strontium aluminate stands out for its prolonged afterglow, high emission intensity, and
superior thermal and chemical stability. In particular, SrAl,Os:Eu®*Dy** emits intense green light (~513 nm),
a wavelength to which the human eye is especially sensitive in low-light conditions. These characteristics are especially
beneficial for safety signage and applications in dimly lit environments [7]-[9].

Another decisive factor is the compound’s low toxicity and enhanced durability, which make it more appropriate for
integration into construction materials exposed to environmental weathering and demanding extended service life [10].
The presence of Dy** ions as co-dopants enables the formation of deep electron traps, promoting sustained luminescence
even after the excitation source is removed. In addition to these functional advantages, the compound’s commercial
availability and relatively low cost support its use as the luminescent base material in this study [11], [12].

The substrate employed was a single-component acrylic emulsion waterproofing membrane. This membrane is
cold-applied, super-flexible, fast-drying, and ready-to-use. It provides high surface coverage, forming a continuous and
impermeable protective layer with excellent finishing properties. It also exhibits strong resistance to fungi, bacteria,
and positive hydrostatic pressure.

This product can be applied to concrete or precast slabs, pitched roofs, eaves, and various types of roofing materials
such as fiber cement, clay, zinc, and eco-friendly tiles, as well as gutters and channels of different substrates. It is
intended for non-trafficable roof surfaces.

Samples of the waterproofing compound were prepared for subsequent luminescence testing and physicochemical
characterization.

3 RESULTS AND DISCUSSIONS

3.1 Optimization of the Phosphorescent Powder and Waterproofing Membrane

Initially, a phosphorescent powder was selected based on its spectral and stability characteristics. Subsequently, an
optimization stage was conducted to determine the most effective proportions of phosphorescent powder, waterproofing
membrane, and water as a solvent (Figure 2). A series of formulations was prepared and tested to evaluate parameters
such as dispersion homogeneity and photoluminescent performance. The investigation focused on establishing a
formulation that maximized luminous efficiency while ensuring uniform distribution and material stability [13]-[21].

Figure 2. a) Phosphorescent compound — Strontium aluminate doped with Eu and Dy, b) Waterproofing membrane

Preliminary experiments were conducted using the proportions specified in Table 1, assessing phosphorescent
compound concentrations of 20%, 30%, and 40%.

Table 1. Sample formulations: (a) 20% phosphorescent powder, (b) 30% phosphorescent powder, and (c) 40% phosphorescent powder.

Item 20% (a) 30% (b) 40% (b)
Resin 4.0g 3.5¢g 3.0g
Phosphorescent 1.0g 1.5¢ 2.0g
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Figure 3 illustrates the weighing procedure of the phosphorescent compound, highlighting the precise amount of
luminescent material incorporated into the membrane matrix. The membrane exhibited limited workability during
mixing, due to the hygroscopic nature of the phosphorescent compound, which accelerated water uptake and induced
premature hardening. To address this limitation and ensure consistent rheological behavior, an additional 2.0 mL of
deionized water was added to each formulation.

Figure 3. Phosphorescent compound — Strontium aluminate doped with Eu and Dy

3.2 Visual Results of the Samples

The visual characteristics of samples (a), (b), and (c) are shown in Figure 4. Sample (a) exhibited superior film
formation, with enhanced workability and a uniform dispersion of the phosphorescent compound. Sample (b) also
demonstrated satisfactory film formation and adequate dispersion. However, sample (c) presented reduced workability
in obtaining homogeneous film, suggesting that a higher water content may be necessary to improve handling and
application consistency.

b TR, Ol

Figure 4. Sample with 20% phosphorescent (a), sample with 30% phosphorescent (b), and sample with 40% phosphorescent (c)
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Fluorescence emission under excitation light revealed that all samples (a), (b), and (c) emitted in the green spectral
region (Figure 5). Sample (a), formulated with the lowest concentration of luminescent powder, exhibited noticeably
lower emission intensity compared to the others. Samples (b) and (c) displayed similar photoluminescent responses;
however, sample (c) presented a slightly higher emission intensity, particularly evident to the naked eye.

Figure 5. Sample with 20% phosphorescent (a), sample with 30% phosphorescent (b), and sample with 40% phosphorescent
(c) with light emission

3.3 Spectrophotometry

Spectrophotometric analyses were performed using a HORIBA fluorescence spectrophotometer to determine the
emission wavelengths (1) and intensities of the samples. In addition to samples (a), (b), and (c), a control sample
containing only the waterproofing membrane—without the phosphorescent compound—was prepared for comparison.

The obtained results, summarized in Figure 6, confirm the absence of fluorescence emission in the control sample,
as anticipated. In contrast, samples (a), (b), and (¢), which incorporated the phosphorescent compound, exhibited a
pronounced emission peak at 514 nm in the solid state, consistent with green-light emission, as illustrated in Figure 7.
Furthermore, the data reveal that increasing the concentration of the phosphorescent powder correlates with enhanced
emission intensity and improved fluorescence quantum yield (¢ FL), which was determined to be 22% for sample (a),
56% for sample (b), and 63% for sample (c).
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Figure 6. Emission wavelength range of the membrane mixed with 20% phosphorescent compound (a), 30% phosphorescent compound (b),
and 40% phosphorescent compound (c).
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Figure 7. Electromagnetic spectrum with different light wavelengths.

3.4 Analysis of Luminescence and Afterglow Intensity

Afterglow intensity represents a critical parameter for evaluating the visibility of luminescent materials, as the
emitted light must reach a perceptible threshold for detection by the naked eye. Moreover, prolonged luminescence
duration enhances the suitability of these materials for applications requiring sustained emission without continuous
excitation, such as safety signage and emergency indicators. Characterization of emission decay time is therefore
fundamental to elucidating the photophysical behavior of such materials. This parameter quantifies the duration over
which light emission persists following the cessation of excitation, offering valuable insight into both phosphorescence
efficiency and long-term emission stability [22].

In this study, luminescence lifetime measurements were conducted using a Horiba FluoroMax+ spectrofluorometer
(Figure 8), a high-sensitivity instrument capable of detecting time-resolved emissions with spectral accuracy suitable
for rare-earth-doped systems. The experimental protocol involved excitation of the samples at a defined wavelength,
followed by time-resolved monitoring of the emission intensity. The resulting data were employed to model the decay
profile and extract key parameters, including the decay time constant and emission half-life.

ARSI

Figure 8. Espectrofluorimetro Horiba FluoroMax+

The afterglow decay curve is a key parameter for evaluating the effect of phosphorescent powder concentration on
the luminous efficiency of the samples. For this analysis, the excitation wavelength corresponding to the maximum
emission intensity—previously identified from the emission spectrum—was employed. The samples were irradiated
with ultraviolet (UV) light for 300 s, after which the emission intensity was monitored as a function of time. These
time-resolved measurements enabled the determination of characteristic decay constants associated with the
phosphorescent processes. Figure 9 displays the luminescence decay profiles of the pure phosphorescent powder,
sample (¢) (membrane containing 40% phosphorescent powder), and the control sample lacking the luminescent
compound, respectively.

The pure phosphorescent powder exhibited a total decay time of approximately 1200 s following the cessation of
the excitation source. The initial rapid decay phase is predominantly attributed to allowed electronic transitions of Eu?*
ions, governed by spectroscopic selection rules. The subsequent long-lasting emission phase is associated with the
presence of Dy** ions, which facilitate the formation of deep electron traps. These lattice defects act as temporary
charge storage sites, delaying electron—hole recombination and thereby sustaining the luminescence [12].

The sample (¢), incorporating 40% of the luminescent compound within the waterproofing membrane, demonstrated
a comparable decay profile—characterized by an initial rapid decline in intensity followed by prolonged afterglow—
resulting in a total decay time of approximately 810 s. This behavior reinforces the contribution of Dy*" ions to
persistent luminescence, even when embedded in a polymeric matrix.
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In contrast, the control sample (P0), composed solely of the membrane material without phosphorescent additives,
exhibited no afterglow. Upon removal of the excitation source, the emission intensity dropped immediately to zero,
confirming the absence of persistent luminescence phenomena [22].

The analysis of these results contributes to a deeper understanding of the energy storage and release mechanisms in
the investigated material, while also enabling direct comparisons with literature-reported data concerning luminescence
efficiency and long-term stability.
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Figure 9. Luminescence decay time of the samples (respectively: Luminescent powder, waterproof membrane + luminescent powder,
and waterproof membrane)

3.5 Density Analysis

An important characteristic of the waterproofing membrane is its ease of application, which is closely related to its
density. To support the physicochemical characterization of the material, density measurements were conducted on
both the standard white waterproofing membrane and the membrane modified with the phosphorescent compound.
These measurements were performed using a 5 mL pycnometer.

The standard white membrane exhibited a density of 7.86354 g/mL, whereas the membrane modified with the
phosphorescent compound reached a density of 8.8735 g/mL. This rise in density is associated with the higher viscosity
and diminished workability observed in the modified material during application.

4 CONCLUSIONS

Considering the growing demand for sustainable and energy-efficient solutions in the construction industry, this study
investigates the technical viability of incorporating phosphorescent compounds into waterproofing membranes, with a
specific focus on strontium aluminate doped with europium and dysprosium. These aluminates are widely recognized in
the literature as highly efficient luminescent materials, distinguished by their extended afterglow duration, high emission
intensity, and superior thermal and chemical stability in comparison to traditional sulfide-based phosphors [10].

Furthermore, previous studies have demonstrated that key synthesis parameters—including atmospheric conditions
and sintering temperature—exert a significant influence on the photoluminescent performance of these materials, with
optimal results typically achieved through sintering at 1300 °C for three hours under a reducing atmosphere. Although
a commercially available phosphorescent powder was employed in the present study, such foundational insights were
essential for interpreting its photophysical behavior upon incorporation into the polymeric waterproofing matrix.

Mixtures containing varying proportions of phosphorescent powder were prepared employing water as the solvent.
Comprehensive physicochemical, optical, and workability analyses were conducted to assess the performance of the developed
materials. The formulation containing 20% phosphorescent powder exhibited superior workability and more uniform film
formation, whereas the 40% formulation yielded the highest emission intensity and the longest afterglow duration.

Spectrophotometric analysis confirmed emission within the green spectral region (514nm), a characteristic
signature of SrAl,Os-based phosphors. Luminescence decay measurements validated the effectiveness of the
phosphorescent compound, with the 40% formulation achieving a decay time of 810 s following 300 s of excitation.

The incorporation of 40% strontium aluminate into the waterproofing membrane demonstrated promising potential
for low-light applications, such as emergency egress pathways and passive safety signage. However, this concentration
negatively impacted workability, underscoring the need for further formulation optimization to balance luminescent
performance with practical applicability. These findings provide a robust foundation for the development of advanced
construction materials that integrate technological functionality, safety, aesthetics, and environmental sustainability.
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