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Abstract: Traditional roadway lighting is intended to provide safe guidance for drivers and pedestri-
ans, but the large-scale application of roadway lighting has resulted in significant energy consumption
and light pollution. However, road markings prepared by luminous coating are a kind of multi-
functional road marking that can meet the needs of highway lighting at night and save energy.
Here, CaAl,O4:Eu?*,Nd3*,Gd3* blue long-afterglow phosphor is obtained by the high-temperature
solid-state method, and the blue luminescent coating is synthesized by the blending method. The
phase composition, microscopic morphology, luminescence properties and water resistance of the
phosphor and luminescent coatings are characterized. The best components and processes of the lu-
minescent coating are explored to meet the application of an expressway. Considering the afterglow’s
performance, the optimal calcination temperature of the phosphor is determined to be 1300 °C. The
afterglow of the phosphor can be over 8 h after 2 h of daylight excitation. The addition of 1.25%
SiO; to the luminescent coating improves the uniformity of the components, and the incorporation
of 3.5% CaCOj3 improves the denseness of the coating. When the coating thickness is 0.8mm, the
luminescent coating can achieve the best luminous effect. After 120 h of immersion in water, the
afterglow intensity of the luminescent coating reduced to 70% of the original, which has excellent
water resistance. The blue luminescent coating with the addition of appropriate amounts of CaCO3
and SiO, improves the dispersion as well as the densification of the components in the coating to
achieve the best luminescent effect. In the Shenyang area, different weather conditions (cloudy, sunny,
rainy) have no significant effect on the afterglow performance of the luminescent coatings, all of
which can achieve over 5 h of afterglow and are suitable for expressways.

Keywords: CaAl,04:Eu?t Nd3+,Gd?*; luminescent coating; afterglow; luminous road marking

1. Introduction

Long-afterglow materials are functional materials that emit light and store energy
when excited by an external light source and release the energy in the form of ultraviolet, vis-
ible or near-infrared light after cessation of excitation [1]. Currently, a large number of phos-
phors with excellent afterglow properties have been reported, such as BasSigOy;:Eu?*,Dy>*
(blue) [2], CaAl,O4:Eu?* Nd3* (blue) [3], SrAl,O4:Eu?*,Dy3* (green) [4], BapSiOy:Eu?t Ho®*
(green) [5], BaSiO3:Eu?* Nd**, Tm3* (yellow) [6], SrSc,O4:Pr®* (yellow) [7], BaZnGeOy:Bi**
(orange) [8], LiGaOy:Mn?* (orange) [9], LiYGeO:Eu®* (red) [10] and MgGeO3:Mn?* (red) [11].
The luminescent properties of these phosphors are summarized in Table S1. Due to the char-
acteristics of a rich luminous color, long afterglow time and high stability, long-afterglow
phosphors have been widely used in the fields of high-energy ray detection, information
storage and lighting [12-14]. Since the 21st century, long-afterglow phosphors have re-
ceived much attention for luminescent coatings. A road marking made of luminescent
coating does not use any electricity, yet it can store the absorbed external light source,
showing a bright light in the darkness. It can play the role of directional lighting and is a
green light source material [15].
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For luminous road markings, the demand for blue luminescent coatings is huge [16].
As an important component of luminescent coatings, long-afterglow phosphor determines
the luminescent color, afterglow brightness and afterglow time of the coatings [17]. Nowa-
days, many researchers have devoted themselves to the development of blue long-afterglow
phosphors, which has greatly promoted the application of luminescent coatings in road
markings [18-20]. In order to achieve high-quality luminous marking, the prepared lumi-
nescent coating needs to meet the requirements to produce a long-term visible afterglow
after daylight irradiation. The CaAl,O4:Eu?*,Nd** long-afterglow phosphor is a kind of
material that can emit blue afterglow after excitation by daylight, and the appropriate
amount of Gd** will increase the trap depth and concentration in the material and improve
the afterglow performance [21]. Therefore, CaAl,O4:Eu®*,Nd**,Gd>* is used as a phosphor
for the preparation of blue luminescent coatings. In this paper, a CaAl,O4:Eu?t Nd3*,Gd3+
phosphor is used for the first time to produce long-afterglow luminescent coatings for road
markings, instead of proposing a new type of phosphors. However, the development of
luminescent coatings for road markings is in the exploratory stage, and many issues still
need to be solved. For instances, the preparation of luminous coatings by mixing phos-
phors into the coatings fails to reach the desirable luminescence phenomenon. Therefore,
research on the composition and preparation process of luminescent coatings has become
a hot topic [22]. Considering the light transmittance, an acrylic emulsion is selected as
the film-forming material to prepare the luminescent coating. The homogeneity and the
denseness of the luminescent coating are improved by doping with S5iO; and CaCOj3. The
thickness of the coating is regulated to obtain a blue luminescent coating with the best
afterglow performance. The research focus of the paper is about the development of a new
type of blue long-afterglow luminescent coating, which will be prepared into luminescent
road markings for highway applications. This kind of road marking can meet the demand
of road lighting and save electricity.

In this work, we synthesized the CaAl,O:Eu?* ,Nd3*,Gd** phosphor with good crys-
tallization under a reducing atmosphere. The blue luminescent coatings were obtained by
mixing CaAl,O4:Eu?t Nd* Gd3+ phosphor, acrylic emulsion, SiO,, CaCO; and additives
using the blending method. The phase purity and morphology of the phosphor and coat-
ings were characterized by X-ray diffraction (XRD) and field emission scanning electron
microscopy (FE-SEM). The luminescent performance was characterized by photolumines-
cence excitation (PLE) spectra, photoluminescence (PL) spectra, afterglow emission spectra
and afterglow decay curves. The densification of the coating was characterized by water
absorption. By regulating the content of each component, blue luminescent coatings with
excellent performance were successfully prepared for the expressway.

2. Experimental Section
2.1. Preparation of Phosphor

The phosphor Caj.,.y: ALbOg:xEu* yNd>*,z2Gd>* (x = 0.012, y = 0.006, z = 0.036) was
prepared by the high-temperature solid-state method. The raw materials with a purity of
99.99% (CaC03, Aleg,, H3]303, EU203, Nd203 and GdzOg) were acquired from Sinopharm.
Based on stoichiometric composition, the ingredients were weighed, and then H3BO3 was
added as the solvent. The uniformly mixed raw materials were calcined at 1300~1400 °C
for 5 h in a reductive atmosphere (10% H;/90% Nj) to produce the phosphor.

2.2. Preparation of Luminescent Coating

The acrylic emulsion, CaAl,O4:Eu?* Nd3*,Gd3* phosphor, filler and additives were
mixed together by the blending method to obtain luminescent coatings with excellent
performance. The acrylic emulsion and additives were obtained from Hebei Taiji Chemical
Industry and Jitian Chemical Industry (Shijiazhuang, China), respectively. The fillers were
5i0; (A.R.) and CaCOs (A.R.) purchased from Sinopharm. According to the mass ratio of
materials, the reagents were weighed. First, water, thickening agent, SiO, and CaCO3; were
put into the beaker and stirred, and then the film-forming agent and acrylic emulsion were
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added. After mixing for 15 min, the anti-sedimentation agent, CaAl,O4:Eu?t Nd3*,Gd3*
phosphor and silane coupling agent were combined and stirred for 10 min to obtain the
blue luminescent coating.

2.3. Characterization Techniques

The phase of the samples was verified by X-ray diffraction (XRD, Model SmartLab,
Rigaku, Tokyo, Japan), and the diffraction data were measured with nickel-filtered Cu Ko
radiation. The scanning range of samples performed at a scanning speed of 8.0°26/min
was 10° to 60°. The morphology at an accelerating voltage of 15 kV was observed with
a field emission scanning electron microscope (FE-SEM, Model S-4800, Hitachi, Tokyo,
Japan). The PLE spectra, PL spectra, afterglow emission spectra and afterglow decay curves
were measured by spectrophotometer (Model JY FL3-21, Horiba, Kyoto City, Japan). The
thermoluminescence (TL) glow curve was obtained on a spectrometer (Model FJ-427A TL,
Beijing Nuclear Instrument Factory, Beijing, China) with a heating rate of 1 K-s~. Before
the TL measurements, the phosphor was placed under 365 nm UV and irradiated for 5 min.

3. Results and Discussion

Figure 1a is the XRD patterns of blue CaAl,O,:Eu?* Nd**,Gd** long-afterglow phos-
phors calcined at different temperatures. It can be observed that the diffraction peaks
of each phosphor are completely consistent with the standard CaAl,O4 card (JCPDS No.
70-0134), indicating that pure-phase samples calcined at 1300 °C, 1350 °C and 1400 °C have
been obtained. In Figure 1b, elemental mapping images confirm that the particle size of the
sample calcined at 1300 °C is about 10 um, and the elements (Ca, Al, Eu, Nd and Gd) are
uniformly distributed in the particle.
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Figure 1. (a) XRD patterns of CaAl,04:Eu?*,Nd**,Gd3* calcined at different temperatures. (b) Ele-
mental mapping images of Ca, Al, Eu, Nd and Gd for the selected particle calcined at 1300 °C.

Figure 2a presents the PLE spectra of CaAl,O4:Eu?* Nd**,Gd** phosphor calcined at
1300-1400 °C. The PLE spectra of all samples monitored at 442 nm contain a broad band of
250-400 nm with a maximum around 355 nm. Therefore, sunlight can effectively excite the
phosphor. As can be seen from the photoluminescence (PL) spectra in Figure 2b, all samples
exhibit a blue emission at 442 nm excited by UV light at 355 nm, attributed to the 5d'-4f”
transition of Eu?* [21]. Furthermore, the intensity of the phosphors decreases gradually
with the increase in calcination temperature, and the sample calcined at 1300 °C has the
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highest phosphorescent intensity. Figure 2c displays the afterglow spectra of phosphors
excited by 365 nm UV lamp. The emission wavelength of the afterglow is 442 nm, similar to
the PL spectra. Figure 2d shows the afterglow decay curves of the CaAl,O4:Eu?* Nd>*,Gd>*
phosphor calcined at 1300-1400 °C. The afterglow duration becomes shorter and the
intensity of the afterglow becomes weaker as the calcination temperature increases, and the
sample calcined at 1300 °C has the optimal afterglow performance. In the long-afterglow
materials, the trap plays an essential role in the generation of afterglow [23,24]. In order to
investigate the depth and concentration of traps, the thermoluminescence (TL) curves of
phosphors calcined at different temperatures are tested after irradiation with a 365 nm UV
lamp for 5 min (Figure 2e). The TL curves of phosphors cover a wide range of 310-380 K,
including two peaks. The trap depth (E) of the phosphor can be calculated according to
Formula (1) [25]. .
m

=500 @
where T, is the temperature of the peak maximum in TL curves (kelvin temperature). The
depth of the trap determines the afterglow property. At room temperature, the carriers in the
shallow trap are more easily released, resulting in higher initial afterglow intensity, while
deep traps cause a long-lasting afterglow [26,27]. Compared with the sample obtained at
1350 °C and 1400 °C, the phosphor obtained at 1300 °C has two traps at 0.66 eV and 0.74 eV,
and appropriate trap depth makes it have the best afterglow initial intensity and afterglow
duration. Therefore, the optimum calcination temperature of CaAl,O4:Eu?* Nd3*,Gd3*
blue phosphor is determined to be 1300 °C. The afterglow emission color is analyzed by
using CIE chromaticity diagram, indicating that the color is positioned in the blue area
with coordinates of (0.147, 0.058) in Figure 2f. In the dark, the naked eye can see a blue
afterglow that lasts for more than 8 h (Figure 2g).
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Figure 2. (a) PLE spectra and (b) PL spectra of CaAl,O4:Eu®*,Nd3*,Gd%* phosphor calcined at
different temperatures. (c) Afterglow spectra, (d) afterglow decay curve and (e) TL glow curve
of CaAlyO4:Eu?*,Nd3*,Gd>?* phosphor calcined at different temperatures. (f) CIE chromaticity
coordinates and (g) afterglow images of CaAl,O4:Eu?t Nd3+ Gd3* phosphor calcined at 1300 °C after
sunlight excitation for 2 h.
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The blue luminous coating obtained using the blending method is coated on the sub-
strate. After drying at room temperature, the blue luminous coating is obtained (Figure 3).
Then, the luminescence performance, uniformity and water resistance of the coating can be

discussed in detail.

\ Substrate Acrylic emulsion @ CaAl,0,:Eu,Nd,Gd * CaCO; - SiO,
Figure 3. Schematic illustration of the preparation process of luminescent coating.

As shown in Figure 4a, the diffraction peaks of the blue coating perfectly correspond
to the diffraction peaks of the CaAl,04:Eu?",Nd**,Gd** phosphor in XRD patterns. This
indicates that the crystal structure of the CaAl,O4:Eu?*,Nd**,Gd3* phosphor does not
change after the preparation of luminescent coatings [28]. Figure 4b shows the element
mapping analysis of the blue coating cross-section, indicating that Ca, Al, C, O and Si
elements are detected, which further indicates that CaAl,O4:Eu?*,Nd?*,Gd?*, SiO, and
CaCOj; are distributed in the film-forming material, and the blue coating with uniformly
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Figure 4. (a) XRD patterns of CaAl,O4:FEu?* Nd3*,Gd3* phosphor and luminescent coating. (b) FE-SEM
image and elemental mapping images of C, Ca, Al, Si and O for cross section of luminescent coating.
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Figure 5 shows FE-SEM images of blue coating sections with different SiO, contents.
It can be concluded that proper SiO, addition leads to the dispersion of the components in
the luminescent coating [29,30]. The pores in the luminescent coating cross sections look
similar after doping with 0.75%-1.25% SiO;. And it can be clearly seen that pores appear in
the layers at 0.5% and 1.5% SiO, doping. The optimum SiO, content of 1.25% is determined
from the emission intensity in the PL spectra in Figure S1.

50 [im

Figure 5. FE-SEM images of luminescent coating cross sections with different SiO, contents: (a) 0.5%,
(b) 0.75%, (c) 1%, (d) 1.25% and (e) 1.5%.

The water absorption of blue coatings after the addition of CaCOj is measured sys-
tematically. The dry luminescent coatings are weighed and then soaked in deionized
water for varying durations. After taking them out, the surface water of the coatings
is drained by filter paper and weighed, and then the water absorption is calculated by
Equation (2) [31,32].

my = 2= 1000, @)

my

where m; is the water absorption of the coating, m; is the mass of the coating before
immersion and m; is the mass of the coating after immersion. As illustrated in Figure 6a,
the water absorption curve trend of the blue coatings can be classified into two stages. In
the first stage, the water absorption of the coating increases with the duration of immersion,
and about 5 days later, it remains stable and reaches saturation. The coating containing 3.5%
CaCO;s has the lowest water absorption, close to 28%. Figure 6b is the diagram obtained
by nonlinear fitting of the initial water absorption, and it is calculated that the n value of
luminescent coatings with different CaCOj3 contents is close to 0.5, and the fitting data are
seen in Table S2. It can be concluded that at the start of immersion, the diffusion behavior
of water in the luminescent coating is consistent with the ideal Fick diffusion. Therefore,
the diffusion coefficient D can be obtained from the following Formula (3) [33,34].

m _ 4D
ms Ly

where m; is the water absorption of the coating at time ¢, m; is the water absorption when the
coating is saturated, D is the diffusion coefficient (cm?-s~!) and L is the coating thickness

®)
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(cm). Figure 7 indicates that the diffusion coefficient of water in the coating increases
and then decreases as the filler content increases and the addition of 3.5% CaCQOj is the
lowest. Further, the density of the blue coating can be enhanced by adding the appropriate

filler CaCOs.
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Figure 6. (a) Water absorption and (b) the fitting diagram of the water absorption of luminescent
coatings with different CaCO3 contents.
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Figure 7. The relationship between water absorption and immersion time of luminescent coatings
with different CaCOj3 contents.



Coatings 2024, 14, 566

8 of 14

- 50 pm
———

Figure 8 shows the FE-SEM images of the coating surfaces’ different contents of
phosphors, and it can be seen that all surfaces of the luminescent coatings are flat and
compact with no pores. Therefore, blue luminescent coatings will not cause light scattering
and low light absorption due to surface defects, which is conducive to light storage of
luminous coatings. Normally, the flatness of the coating is affected by mixing different
phosphor contents. However, in our experiments, the phosphors were embedded in the
film-forming substance acrylic emulsion, so that the morphology observed through the
FE-SEM images of the coating surface was basically the same.

50 pm 1 . 50 ym
_— S —_—

50 yum b 50 pm

Figure 8. FE-SEM images of luminescent coating surfaces with different ratios of phosphor to
emulsion: (a) 1:1, (b) 1:1.5, (c) 1:2, (d) 1:2.5, (e) 1:3.

Figure 9a exhibits the PLE spectra of blue coatings prepared by different ratios of
phosphor to emulsion, from which it can be seen that the spectra cover from 300 nm to
400 nm, peaking at about 355 nm. Thus, sunlight can effectively excite the coating. Under
355 nm excitation, all the coatings show characteristic emissions of Eu?* with a maximum
emission peak of about 442 nm (Figure 9b), which belongs to the 5d!-4f” transition of Eu?*.
This indicates that the basic luminescent properties of the CaAl,O4:Eu?* Nd?*,Gd3* do not
change after added phosphor to the coating. With the increase in phosphor content, the
intensity of emission peaks of the luminescent coatings first increased and then decreased.
In theory, with the increase in the amount of phosphor, the luminous brightness of the
coating will increase. This difference is caused by the fact that when there is too much
phosphor in the coating, the phosphor will accumulate and lead to uneven dispersion,
which makes it difficult to achieve a rational luminous effect. Therefore, we need to add
the appropriate content of phosphor, which can both make it evenly dispersed in the
luminescent coating and meet the luminous requirements. Figure 9c shows the afterglow
spectra of the coatings, and the afterglow of all coatings emits blue light at 442 nm. It is
observed from the afterglow decay curves of the luminescent coatings in Figure 9d that
the intensity of the coating is the highest when the ratio of phosphor to emulsion is 1:1.5.
Therefore, the best ratio of phosphor to emulsion in this experiment is 1:1.5.

The PLE spectra in Figure S1la monitored the emissions at 442 nm, covering a wide
band centered around 355 nm. Figure S1b displays the PL spectra measured at 355 nm
excitation; the spectra include a broad band of 400-500 nm with a maximum of 442 nm.
The addition of SiO, will not affect the basic characteristics of the luminescence of the
coating, and the reduction in emission intensity occurs when the content of SiO, exceeds
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1.25% in the luminescent coatings. The afterglow spectra and afterglow decay curves are
shown in Figure Slc,d, which are detected after removing the 365 nm excitation resource. It
can be seen that the afterglow intensity is highest with the addition of 1.25% SiO,. This is
because appropriate addition of SiO, can make the components in the luminescent coating
dispersion more uniform, thus obtaining a coating with optimum luminescent properties.
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Figure 9. (a) PLE spectra and (b) PL spectra of luminescent coatings with different ratios of phosphor
to emulsion. (c) Afterglow spectra and (d) afterglow decay curves of luminescent coatings with
different ratios of phosphor to emulsion obtained after 5 min illumination with 365 nm UV light.

It can be seen that the profiles of PLE and PL spectra of the luminescent coatings
(Figure S2a,b) do not show changes after the addition of filler CaCOj3, and the afterglow
spectra in Figure S2c include a broad band located with emissions at 442 nm. The intensity of
the coatings decreases quickly within the first 15 min and then declines slowly (Figure S2d).
It can be observed that the afterglow intensity is highest when the CaCOj3 addition is
3.5%. This is because after adding the appropriate content of CaCO3, the coating has
the best density, which is conducive to the phosphor to achieve the best luminescence.
Therefore, the optimal incorporation content of the CaCOj in the blue luminescent coating
is determined to be 3.5%.

Figure 10 exhibits photographs of the afterglow of blue coatings with different com-
positions; it is observed that after 2 h of excitation by daylight, the coating will produce a
blue afterglow for more than 5 h. By adjusting the content of phosphor, SiO, and CaCOj3
in the luminescent coating, the dispersion and density of the coating are improved, and
finally the coating with the best luminescent performance is obtained. The blue channel
values for these photos are shown in Tables S3-S5. After determining the best content
of each component, the influence of the thickness of the blue luminescent coating on the
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luminous property is investigated. Figure S3a,b are the PLE and PL spectra of the coatings
with different thicknesses, respectively; the excitation and emission intensity are highest
at a thickness of 0.8 mm. Figure S3c,d show that as the thickness increases, the afterglow
intensity of the blue coating first increases and then decreases. This indicates that when the
thickness of the luminescent coating is too thick, the CaAl,O4:Eu?t Nd3*,Gd?* in the lower
layer of the coating is blocked when receiving irradiation from external light sources, which
leads to the afterglow brightness of the coating being reduced. Figure S3e is the afterglow
photos of different thicknesses of coatings after excitation by daylight, and the highest
brightness in the thickness of 0.8 mm. Therefore, the optimal thickness of the luminescent
coating is 0.8 mm.

1:3 1:25 122 1:15 1:1 (b) 1.5% 1.25% 1% 0.75% 0.5% (C) 4% 3.5% 3% 2.5% 2%

0

0

1 1

2 2
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5 5
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Figure 10. Afterglow decay images of luminescent coatings taken after sunlight excitation for 2 h
(a) with different ratios of phosphor to emulsion, (b) with different SiO; contents and (c) with different
CaCOj contents.

In order to meet the actual application, the blue coatings should have good water
resistance. After 120 h of immersion in water, the surfaces of the coatings are flat and
smooth without blistering. (Figure 11a). According to the afterglow spectra in Figure 11b,
the basic luminescence characteristics of the luminescent coating are unchanged after the
coating is soaked in water. Figure 11c indicates that the afterglow intensity of the coating
slowly reduces with increasing immersion time. After 120 h of immersion, the coating
still produces a bright blue afterglow after 10 s of UV excitation at 365 nm. Figure 11d
depicts the change in afterglow intensity at different time lengths after immersion. The
intensity decreases faster at the beginning of immersion and decreases more slowly after
96 h of immersion in water. After 120 h of immersion in water, the afterglow intensity at
1000 s still reaches 70% of that of the unsoaked coating. It shows that the coating has good
waterproof performance.

Figure 12 is the photographs of the afterglow of the coatings after 2 h of daylight
excitation at 10 a.m. in Shenyang (123°23’ E, 41°48' N) with cloudy, sunny and rainy
conditions. The blue channel values for these photos are shown in Table S6. The afterglow
intensity of the luminescent coating achieved under different weather conditions does
not differ much, and the duration of the blue afterglow can last over 5 h. This means
that weather conditions have no effect on it, so the blue luminous coating is suitable
for expressways.
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Figure 11. (a) Photographs of luminescent coatings with different CaCO3 contents after immersion in
water. (b) Afterglow spectra of luminescent coatings with different CaCO3 contents after immersion
in water for 120 h obtained with 5 min illumination of 365 nm UV light. (c) Afterglow decay curves
of 3.5% CaCOj3-doped luminescent coating after immersion in water for different times obtained after
5 min illumination with 365 nm UV light. The inset is the afterglow image of 3.5% CaCO3-doped
luminescent coating after immersion in water for 120 h taken after 10 s illumination with 365 nm
UV light. (d) The change rate of afterglow intensity of 3.5% CaCOj3-doped luminescent coating after
immersion in water for different times. The inset is the afterglow images at 1000 s after excitation.

Figure 12. Afterglow images of luminescent coatings taken after sunlight excitation for 2 h in different
weather conditions.
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4. Conclusions

In this work, blue CaAl,O4:Eu?*,Nd3*,Gd3* phosphor is prepared in a reducing atmo-
sphere by the high-temperature solid-state method, and then blue luminescent coatings are
synthesized by the blending method. The phase composition, microstructure, luminescence
properties and water resistance are characterized to explore the optimal composition and
process of luminescent coatings for highway applications. The optimal calcination temper-
ature of the CaAl;O4:Eu?*,Nd**,Gd>* phosphor is determined to be 1300 °C considering
the afterglow performance, which is due to the fact that the phosphor prepared at this
temperature has two traps at 0.66 eV and 0.74 eV. The afterglow of phosphor can be over
8 h after 2 h of daylight excitation. The optimal ratio of each component in the blue coating
is obtained: the ratio of phosphor to emulsion is 1:1.5, the CaCO3 incorporation is 3.5 wt%
and the SiO, addition is 1.25 wt%. The appropriate addition of CaCOj3 and SiO, to the
coating can increase the density and make the components more uniform, respectively. The
optimum luminous effect is achieved when the thickness of the coating is 0.8 mm. After
120 h of immersion in water, the afterglow intensity of luminescent coating is reduced
to 70% of that of the unsoaked coating, demonstrating excellent water resistance. In the
Shenyang area, different weather conditions (cloudy, sunny, rainy) have no significant
effect on the afterglow performance of the luminescent coatings, all of which can last over
5 h and are suitable for expressways.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/ coatings14050566/s1, Table S1: A comparison of the luminescent proper-
ties of these phosphors; Table S2: The results of fitting data of water absorption of blue luminescent
coatings with different filler CaCO3 content; Table S3: The blue channel values of afterglow decay im-
ages of luminescent coatings with different ratios of phosphor to emulsion (in RGB format); Table S4:
The blue channel values of afterglow decay images of luminescent coatings with different SiO, content
(in RGB format); Table S5: The blue channel values of afterglow decay images of luminescent coatings
with different CaCOj3 contents (in RGB format); Table S6: The blue channel values of afterglow decay
images of luminescent coatings (in RGB format); Figure S1: (a) PLE spectra, and (b) PL spectra of
luminescent coatings with different SiO, contents. (c) Afterglow spectra, and (d) Afterglow decay
curves of luminescent coatings with different SiO, contents obtained after 5 min illumination with
365 nm UV light; Figure S2: (a) PLE spectra, and (b) PL spectra of luminescent coatings with different
CaCOj; contents. (c) Afterglow spectra, and (d) Afterglow decay curves of luminescent coatings with
different CaCO3 contents obtained after 5 min illumination with 365 nm UV light; Figure S3: (a) PLE
spectra, and (b) PL spectra of luminescent coatings with different thickness. (c) Afterglow spectra,
and (d) Afterglow decay curves of luminescent coatings with different thickness obtained after 5 min
illumination with 365 nm UV light. (e) Afterglow images of luminescent coatings taken after sunlight
excitation for 2 h, with different thickness.
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