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Abstract: Red-emitted Y2O3:Eu3+ nanophosphor coated on a mica flake (Y2O3:Eu@MF) or on TiO2

having a rutile crystalline mica flake (Y2O3:Eu@TMF) has been prepared by an electrostatic interaction
with the wet-coating method for the purpose of a pigment with luminescent and gloss properties.
Aggregated Y2O3:Eu3+, prepared by the template method, was dispersed into nanosol by a controlled
bead-mill wet process. The (+) charged Y2O3:Eu3+ nanosol was effectively coated on the (−) charged
mica flake (MF) or the TiO2/mica flake (TMF) by an electrostatic interaction between the Y2O3:Eu3+

nanoparticles and MF or TMF at pH 6–8. The coating factors of Y2O3:Eu@MF were also studied
and optimized by controlling the pH, stirring temperature, calcination temperature, and coating
amount of Y2O3:Eu3+. The Y2O3:Eu3+ was partially coated and optimized on the MF or TMF surface
with a coating coverage of about 40–50% or 60–70%, respectively. Y2O3:Eu@MF and Y2O3:Eu@TMF
were exhibiting the luminescent property of a red color under a 254 nm wavelength, and had a color
purity of over 95% according to CIE chromaticity coordinates. These materials were characterized
by X-ray diffraction, FE-SEM, zeta potential, and a fluorescence spectrometer. These materials
with luminescent and gloss properties prepared in this work potentially meet their applications for
security purposes.

Keywords: red-emitted nanophosphor; Y2O3:Eu3+-coated mica or TiO2/mica; luminescence; gloss;
pearl pigment

1. Introduction

Europium-doped Y2O3 (Y2O3:Eu3+) is an important red phosphor, which is known
for various applications due to its excellent optical properties. This kind of phosphor
has been a great interest in fields such as transparent ceramics [1,2], white light-emitting
diode phosphors [3], up-conversion, commercial lighting materials [3,4], plasma display
panels, biomedical applications, sensors, cathode ray tubes, finger print detection [5],
fluorescence sensors, medical images, illumination, and optical display technology [6].
These materials have also been used for security inks, security pigments, and biological
diagnostics to prevent duplication [7]. This may be due to its luminescence properties, such
as high quantum efficiency, brightness, color purity, and good absorption ability of UV
radiation [8,9]. Y2O3:Eu3+ materials are being extensively studied owing to their better red
emission, good thermal stability, uniformity, and better cohesion on substrate surfaces [10].
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In order to obtain better luminescent properties, the phosphor materials should have a
homogeneous distribution of the activator in the host matrix, with high crystallinity and
phase purity [11]. Due to the aforementioned advantages, various methods have been
employed for the synthesis of this material, including the sol-gel process, precipitation,
hydrothermal, combustion, spray pyrolysis [12], and solid-state reaction (SSR) [10,11].
However, the products obtained by the SSR method have some disadvantages, such as
non-homogeneous phase distribution, a bulky and non-uniform particle shape, which may
degrade the luminescence properties of the phosphors. Such problems have been overcome
by using a novel liquid-phase precursor approach or the confined space method using
a template source, which may be a good way to prepare these materials with excellent
luminescence properties [12,13].

Particle coating technology has applications in drug layering [14], security pigments [12],
cosmetics [15], and specialty pigments. The coating ability can be controlled by employ-
ing electrostatic interaction, along with modifying the surface of particles before coating.
As nanosized particles are unstable due to their high specific surface area, wet-in-wet
coating is easier to be used for coating the base material surface equally in an aqueous
environment. We have recently reported that lanthanide-based nanophosphor and its
dispersed nanosol with good luminescent property have the potential to be applied for
security purposes [16]. Mica flake coated by CeO2:Eu3+/Na+ as a red phosphor was pro-
duced as a security pigment that emits red light luminescent enough to be visible to the
eyes [12,17]. We have also published the Gd2O3:Eu/Bi as a red-emitting nanophosphor
coated on TiO2/mica as a pearl pigment for security purposes [18]. Generally, the pearl
pigments have a two-dimensional substrate such as the mica flake with a low refractive
index and TiO2 as a coating layer with a high refractive index. The pearl pigments are
mainly used as a security material with gloss properties due to their unique sparkling
and color change [18–20]. These materials are expected to be used as next-generation anti-
counterfeiting pigments [12,18]. To make high luminescent pearl-type security materials,
there are two ways, one is the pearl pigment should have an excellent fluorescent property
and another way is to coat high luminescent nanophosphor on its surface. However, the
coating of high luminescent nanophosphor is a good way to obtain a high luminescent
security pigment.

Y2O3:Eu3+ shows a good red emission due to the Eu3+ under 254 nm UV excitation.
In order to achieve better luminescent characteristics, the template method is considered
to be a better synthesis technique to obtain a high luminescent nanophosphor. We have
hypothesized to prepare Y2O3:Eu3+ by the template method and to convert it into a highly
dispersed nanosol form under a controlled bead-mill wet process and to coat them on
MF or TMF. The Y2O3:Eu3+ is experimentally to coated on MF or TMF by optimizing
their coating factors, such as pH, stirring temperature, coating amount, and calcination
temperature. Finally, the luminescent property of Y2O3:Eu@MF or Y2O3:Eu@TMF red
phosphors was also investigated. However, no report has been published on preparing
Y2O3:Eu3+ nanosol using the bead-mill wet process, and their coating on MF or TMF.
Finally, this study confirmed that Y2O3:Eu3+ coated on MF or TMF can be applied for the
preparation of a photo-functional security pigment with anti-counterfeiting properties.

2. Materials and Methods
2.1. Materials

In this work, all starting materials for the preparation of Y2O3:Eu3+ and its nanosol
were used without further purification, yttrium oxide (Samchun Chem., Seoul, Korea,
99.99%) and europium oxide (Sigma-Aldrich, Aldrich, MN, USA, 99.99%). HNO3 (Daejung
Chem., Shiheung, Korea, 60%) was used as the dissolution solvent. Distilled water was
used throughout the experiments. Acrylate copolymer (BYK Co., Wesel, Germany) was
used as the dispersing agent. Mica flake (MF, CQV Co., Seongjung-Ro, Korea, particle size:
9–45 µm) or TiO2 coated on mica flake (TMF, CQV Co., Seongjung-Ro, Korea, particle size:
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5–35 µm) powders were supplied from CQV Co. Especially, TMF consists of the mica flake
coated and covered completely by rutile phase TiO2 along with 50–70 nm thickness.

2.2. Preparation of Y2O3:Eu3+ Coated on MF or TMF

Aggregated Y2O3:Eu3+ nanoparticles were synthesized by a template method. The
Y2O3:Eu3+ was dispersed into nanosol by bead-mill process [21]. The size of primary
particles was in the range of 85–130 nm, while the concentration of nanosol after milling
was 2 wt%. Y2O3:Eu@MF or Y2O3:Eu@TMF were prepared by wet coating method as
described below. First, 10 g MF or TMF were added in 100 mL distilled water or ethanol
and stirred for 20 min at room temperature. The initial pH of the solution was adjusted to
6–8, by adding 1 M HCl or NaOH, and stirred for 20 min. Y2O3:Eu3+ (50 mL) nanosol of
5–30 wt% (based on MF or TMF weight) was injected slowly with 0.2 mL/min feeding rate
into the MF or TMF’s slurry along with stirring at 200 rpm. Finally, the mixture was again
adjusted to pH 6–8, and then treated at 65–95 ◦C for 24 h. The resultant products were
filtered and washed with distilled water and dried at 100 ◦C for 4 h. The dried powders
were calcined at 600–850 ◦C for 4 h to coat tightly and enhance the luminescent property.
In order to optimize the coating ability of the Y2O3:Eu3+ nanoparticle on the surface of
MF or TMF, it was carried out by varying factors such as pH, Y2O3:Eu3+ coating amount,
and reaction temperature, as summarized in Table 1. While the schematic diagram for the
preparation of Y2O3:Eu@MF or Y2O3:Eu@TMF is shown in Figure 1.

Table 1. Coating conditions of Y2O3:Eu@MF and Y2O3:Eu@TMF red phosphors.

Sample
Coating Condition

Solvent Y2O3:Eu3+ Loaded Amount
Based on MF or TMF (wt%)

pH Stirring
Temperature (◦C)

Calcination
Temperature (◦C)

Y2O3:Eu@MF

Ethanol

10

7
65

650

8

H2O

7

85

8

5

20

10

75

95

85

750

850

Y2O3:Eu@TMF 65020

30

2.3. Preparation of the Film of Y2O3:Eu@MF and Y2O3:Eu@TMF

In order to measure gloss property, the film of Y2O3:Eu@MF or Y2O3:Eu@TMF was
prepared as describe below. The coating slurries of two kinds of powder were respectively
added in NC (nitrocellulose) resin and stirred for 1 min at 3000 rpm by a speed mixing
machine. The coating slurries were uniformly painted on an opacity chart (paper film
supplied from CQV Co., Korea) with 200 µm thickness.

2.4. Characterization

The crystal phase of the Y2O3:Eu3+ and Y2O3:Eu@MF was identified by X-ray diffrac-
tion (XRD, DMAX 2500, Rigaku, Wilmington, MA, USA) measurement. Particle size
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distribution of Y2O3:Eu3+ nanosol was observed by a particle size analyzer (PSA, ELS-Z,
Otsuka Electronics, Tokushima, Japan). The zeta potential of Y2O3:Eu3+, MF and TMF
was analyzed by ELS-Z. To improve reliability of measurements, the average value was
obtained by measuring 4 times. Field emission scanning electron microscopy (FE-SEM,
JSM-6700F, JEOL, Akishima, Japan) was used to analyze the coating image and coverage of
Y2O3:Eu3+ particles coated on MF or TMF surface. The emission or excitation spectra of all
the prepared samples were measured by spectrophotometer (LS 50, PerkinElmer, Waltham,
MA, USA). The gloss properties of these films prepared with MF, TMF, Y2O3:Eu@MF, and
Y2O3:Eu@TMF were measured using a micro-TRI-gloss meter (BYK Gardner, Wesel, Ger-
many). In this case, a glass plate with a refractive index of 1.567 was used as the standard
sample. Gloss was measured by projecting a beam of light at 20◦, 60◦, and 85◦ angles onto
the film surface.
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Figure 1. Preparation process of Y2O3:Eu3+ red phosphor coated on MF or TMF.

3. Results
3.1. Y2O3:Eu@MF Prepared by the Variation in pH and Solvents

To disperse the aggregated Y2O3:Eu3+ nanophosphor prepared by the template
method, the Y2O3:Eu3+ nanosol was prepared and optimized by controlling the solvents,
pH, and a dispersant agent (acrylate copolymer) to improve the dispersibility under the
bead-mill wet process.

Figure 2 displays the particle size distribution of the Y2O3:Eu3+ nanosol dispersed in
ethanol or water. The nanosol dispersed in ethanol, as in Figure 2a, has around 134 nm of
the median particle size (D50), whereas that in water, Figure 2b, has around 120 nm [21].
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as solvent.

Here, the zeta potential of the Y2O3:Eu3+ dispersed in H2O is 40.4 mV, but 15.3 mV
in ethanol. Generally, if the absolute value of the zeta potential is more than 30 mV, the
dispersion stability is excellent due to the strong repulsive force between the particles [22].
It can be explained that the Y2O3:Eu3+ dispersed in H2O is more stable than that dispersed
in ethanol. Also, H2O and ethanol are both hydrophilic. The difference of the dispersions in
the two solutions is considered to be the relative polarity. While H2O has only a hydroxyl
group which is hydrophilic, ethanol has a hydroxyl group and an alkyl group, which is
lipophilic [23], so the difference in polarities is expected to have caused a difference in the
dispersion stability.

To coat Y2O3:Eu3+ nanoparticles on the surface of the mica flake (MF), the electrostatic
attraction between the two particles was observed via the zeta potential of Y2O3:Eu3+ and
MF. Figure 3 shows the zeta potential curves of the MF and Y2O3:Eu3+ particles measured
in the pH range of 1–10. In the case of MF, the zeta potential tends to decrease from +30 mV
to −55 mV on increasing the pH from 1 to 10. The isoelectric point (IEP) of mica is at about
a pH of 5.5. Y2O3:Eu3+ nanoparticles modified with an acrylic copolymer have a (+) charge
in the entire pH range. Therefore, the coating process between Y2O3:Eu3+ and mica is
considered to be the most effective in the pH range of 7–9, at which the potential difference
is the highest.

Figure 4 displays the FE-SEM images of the Y2O3:Eu@MF red phosphors prepared by
varying the pH of ethanol or water. Figure 4a,b show the surface of the Y2O3:Eu@MF at
pH 7 and 8, respectively, in the ethanol system. It was confirmed that the coating coverage
ratio of the Y2O3:Eu3+ particles on the surface of MF was about 5% or less. The sample
prepared at pH 7 in the water system was about 1–5%, as depicted in Figure 4c. Interestingly,
the sample prepared at pH 8 was coated with 30–40% coverage of Y2O3:Eu3+, as shown in
Figure 4d. Under the condition of pH 8, the zeta potential difference between the surface
charge of the (+) charged Y2O3:Eu3+ and the (−) charged mica was 85 mV. It means that the
two particles interact more effectively and are coated to prepare Y2O3:Eu@MF. Therefore,
Y2O3:Eu@MF was carried out at pH 8 in the water environment in order to optimize the
coating ability of the Y2O3:Eu3+ nanoparticles.

Figure 5 shows the XRD patterns of MF and Y2O3:Eu@MF. MF was observed to be
well crystallized, belonging to a phlogopite (JCPDS No. 16-0344) as depicted in Figure 5a,b
shows that the enlarged XRD pattern of Y2O3:Eu@MF (10 wt%) is matched well with the
cubic structure of Y2O3 (JCPDS No. 76-0151) along with a phlogopite Mica structure.
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Figure 6 shows the photoluminescence (PL) spectra of the Y2O3:Eu@MF red phosphor
prepared by the variation in the calcination temperature at pH 7 in ethanol and pH 8 in
water. The PL measurement range was 400–800 nm and the emission spectrum was fixed
and measured at the center wavelength of 254 nm as it is the dominant excitation peak. The
emission spectra peak appeared at 560 nm to 635 nm, and the weak peak was also observed
at 710 nm. The relative transition of various emission spectra was due to the transition of
5D0 → 7FJ (J = 0–4) in relation to the Eu3+ ions. The most intense peak at 611 nm, depicted
in Figure 6, could be identified as the transition from the splitting level of 5D0 → 7F2 of
the Eu3+ ions [24]. As shown in Figure 6a, the emitted red light was very weak and dark.
On the other hand, a bright red emission is shown in the inserted photograph in Figure 6b.
As a result, the luminescent intensity of Y2O3:Eu@MF, prepared with pH 8 in H2O, was
higher than that of the sample prepared in ethanol.
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3.2. Y2O3:Eu@MF Prepared by Varying Coating Amount of Y2O3:Eu3+ and Temperatures

The Y2O3:Eu@MF was finally prepared and optimized by varying the loading amount
of Y2O3:Eu3+, stirring temperature, and calcination temperature.

Figure 7 shows the FE-SEM images of Y2O3:Eu@MF prepared by 5, 10, and 20 wt%
coatings of Y2O3:Eu3+ nanoparticles on mica in water. It can be seen that the Y2O3:Eu3+

nanoparticles having size less than 100 nm were individually coated on the mica flake
(MF, 9–45 µm in size). As the coating amount of the nanoparticles was 5 wt% as shown in
Figure 7a, the coating coverage of Y2O3:Eu@MF was about 10–20%. The coating coverage
was calculated as the ratio of the coated nanoparticles area to the mica surface by the
average value after manually mapping several sample images. The coating coverage
has been increased with the increasing loading amount of the nanoparticles, as shown
in Figure 7b. Herein, the coating coverage of Y2O3:Eu@MF (10 wt%) was about 40–50%.
However, as the loading amount exceeded 10 wt%, the coating coverage of the nanoparticles
on mica decreased because of the aggregation of the nanoparticles.

In order to investigate the coating property and ability of the stirring and calcination
temperatures, Y2O3:Eu@MF was fixed and prepared at pH 8 as depicted in Figures 8 and 9.

Figure 8 shows the FE-SEM images of the Y2O3:Eu@MF prepared with a 20 wt%
loading amount of Y2O3:Eu3+ at stirring temperatures of 75, 85, and 95 ◦C, respectively. As
the temperature increased, it was confirmed that the Y2O3:Eu3+ nanoparticles are effectively
coated on the surface of MF. After the coating reaction completed in the initial solution
at pH 8, the final pH of the resultant solution was slightly higher than pH 8 at 85 ◦C and
95 ◦C, but was slightly lower than pH 8 at 75 ◦C. As can be seen from the zeta potential
curve in Figure 3, that the potential difference is larger and the coating property is better at
pH 8. As the temperature increases, the ions in the solution move actively; this affects its
pH. It is considered that the attractive force of the Y2O3:Eu3+ nanoparticles is strengthened
as they get coated on the surface of MF. Especially, the results with a stirring temperature
of 95 ◦C are not significantly different from those of 85 ◦C; the stirring temperature at 85 ◦C
was considered to be the most suitable.

Figure 9 shows the FE-SEM images of the obtained Y2O3:Eu@MF for different calci-
nation temperatures. Figure 9a clearly shows that the Y2O3:Eu@MF calcined at 650 ◦C is
stably attached on the mica surface. Compared to the samples calcined at 750 ◦C, Figure 9b,
and 850 ◦C, Figure 9c, it was found that the Y2O3:Eu3+ nanoparticles were detached from
the mica surface. This phenomenon occurs due to the different thermal expansions of the
Y2O3:Eu3+ nanoparticles and mica.

Figure 10 depicts the PL emission spectra fixed at 254 nm excitation of the Y2O3:Eu@MF
powders as red phosphor shown in Figure 9. The emission intensity of the sample cal-
cined at 650 ◦C was higher than that of the two samples calcined at 750 ◦C or 850 ◦C. The
brightness of these red-emitted phosphors in the images inserted in Figure 9 is decreased
accordingly with the increase in the calcination temperature. This result was considered to
be proportional to the coating coverage or the number of Y2O3:Eu3+ nanoparticles coated
on mica, and to be detached due to the difference in the coefficient of the thermal expansion
between the Y2O3:Eu3+ and mica particles according to the increase in the temperature, as
shown in Figure 9. Also, it was confirmed that the luminescent property of the nanoparti-
cles with low crystallinity, caused by milling, increased with the increasing crystallinity
of the coated nanoparticles after the calcination process of Y2O3:Eu@MF. Kim group had
reported that the luminescent property of Y2O3:Eu3+ nanoparticles was recovered after the
calcination process in spite of the decreased crystal structure of the nanoparticles due to
the bead-mill process [21].

Figure 11a shows the cross-sectional FE-SEM image of the Y2O3:Eu@MF (10 wt%)
particle, fixed in epoxy resin, captured to observe the coating thickness. The powder was
mixed with epoxy resin and then dried and prepared to measure its coating thickness.
Based on the FE-SEM image, it has been concluded that the MF coated with the Y2O3:Eu3+

nanoparticle was surrounded by epoxy resin. Herein, the bright plate of the top and bottom
layer indicates epoxy resin and the dark middle layer consists of MF. The mica flake of
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the middle layer was coated by Y2O3:Eu3+ nanoparticles of the bright part. However, the
coated nanoparticles on MF were observed only on the bottom side due to the covered
epoxy plate on the top side. The thickness range of the mica and Y2O3:Eu3+ nanoparticles
was about 284 nm, and 80–105 nm, respectively. Multi-elemental EDS mapping images
of Y, Si, and Ti are shown in Figure 11a. Apparently, the corresponding Y and Si maps
evidenced bright spots corresponding to the Y2O3:Eu red phosphor and mica area, and
illustrated the coating layers of these elements in the field of view of the cross-section.
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Figure 11b shows the cross-sectional FE-SEM image of the Y2O3:Eu@TMF (20 wt%)
particle. The particle consists of the following three layers: the middle layer is the mica
flake (MF) having about 314 nm thickness, and the TiO2 layers coated on the MF have
about 58 nm thickness, while the outside layers (bright part) coated on TMF are coated
with Y2O3 having about 162 nm thickness. For the MF or TMF information, these materials
show different thicknesses (300–800 nm) depending on the observing spot. To identify the
elements of coating layers, EDS mapping images of Y, Si, and Ti are shown in Figure 11b.
The Si element of the mica layer and the Y element of the Y2O3:Eu3+ red phosphor layer
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were clearly identified, as compared to Figure 11a. The Ti element of the TiO2 layer
coated on mica (TMF) is also clearly visible between the mica and the red phosphor layers.
Therefore, it is demonstrated that the Y2O3:Eu3+ particles were coated on the TMF particles,
as shown in Figures 11b and 12b.
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3.3. Preparation of Y2O3:Eu@TMF by Varying Loading Amount of Y2O3:Eu3+

TMF is a two-dimensional material that consists of a mica flake (MF) coated completely
with TiO2 nanoparticles having a high refractive index. The pearl property of TMF can
be controlled by the TiO2 coating layers. However, we required further experiments with
Y2O3:Eu3+ loading amounts due to the wavelength overlaps between the UV absorption of
TiO2 and the excitation of Y2O3:Eu3+ red phosphor [25].

Figure 12 shows the FE-SEM images of the Y2O3:Eu@TMF prepared by varying
the Y2O3:Eu3+ loading amount from (a) 10, (b) 20, and (c) 30 wt%. In Figure 12a, the
coating coverage of Y2O3:Eu@TMF (10 wt%) was about 10–30 %. The coating coverage
of Y2O3:Eu@MF (20 wt%) in Figure 12b was about 60–70 %. Herein, the FE-SEM results
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confirm that the nanoparticles are effectively coated. However, the coating coverage was
rapidly decreased at the 30 wt% loading amount of Y2O3:Eu3+ nanoparticles, and the
agglomerated nanoparticles separated from TMF were observed as shown in Figure 12c.
The cohesive ability between the Y2O3:Eu3+ nanoparticles are superior than that between
the nanoparticles and TMF over 20 wt% loading.
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3.4. Gloss and Luminescent Properties of Security Pigment Films

We measured the gloss characteristics of the films, which contain MF, TMF, Y2O3:Eu@MF
and Y2O3:Eu@TMF pigments, mixed with epoxy resin to observe their correlation with
luminescent properties. Table 2 shows the gloss characteristics of Y2O3:Eu@MF and
Y2O3:Eu@TMF. The gloss characteristics of TMF were higher at each angle than MF alone,
which is believed to have a greater effect on TiO2. In addition, as the coating coverage of
Y2O3:Eu3+ increases, the gloss characteristic decreases, which is thought to be the effect of
Y2O3:Eu3+, which has a weak gloss characteristic due to the scattering of the coated particles.

Table 2. Gloss values according to the variation in angle for the film prepared by MF, TMF,
Y2O3:Eu@MF and Y2O3:Eu@TMF security pigments.

Sample *
Gross of Angle

20◦ 60◦ 85◦

MF 4.8 17.1 19.3

Y2O3:Eu@MF
10 wt% ** 3.9 14.8 15.6

20 wt% 4.5 16.3 18.2

TMF 17.8 58.3 62.9

Y2O3:Eu@TMF

10 wt% 14.2 42.6 51.1

20 wt% 10.1 35.7 42.4

30 wt% 15.3 55.1 59.5

* Film prepared by mixing sample and resin. ** Y2O3:Eu3+ loading amount on MF or TMF.

Figure 13a,b display the correlation between the gloss values (85◦ angle) and the
luminescent characteristics (λem

max around 611 nm) of a security pigment according to
the variation in Y2O3:Eu3+ amount loaded on MF or TMF. The luminescent property of
Y2O3:Eu@MF was overall better than that of Y2O3:Eu@TMF due to the absorption UV of
the TiO2 layer coated on the MF surface. However, the gloss property of Y2O3:Eu@TMF,
by TMF having the high reflective layer of TiO2 coated on MF, was higher compared
with that of Y2O3:Eu@MF. Therefore, we studied to enhance the security level along with
optimizing the gloss and luminescent property of Y2O3:Eu@TMF, which was prepared at
Y2O3: Eu3+ loading amounts in the range of 15–25 wt%. Figure 13c shows the “KICET”
mark printed on a black opacity chart using Y2O3:Eu@MF or Y2O3:Eu@TMF mixed with
epoxy resin. One remarkable difference was observed in the mark under natural light.
In the natural light, it is found that the gloss properties were stronger on the surface of
Y2O3:Eu@TMF than on Y2O3:Eu@MF. On the other hand, the mark showed a red color
under the portable UV lamp (λem = 254 nm), and its red luminescent became greater for
Y2O3:Eu@MF than Y2O3:Eu@TMF. Given this, it is confirmed that the relation between
the gloss and luminescent is coincident with Figure 13a,b and the mark is possible for the
application as a security pigment with multi-function.
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4. Conclusions

A mica flake (MF) coated with nanosized Y2O3:Eu3+ (Y2O3:Eu@MF) as a red nanophos-
phor, was prepared by electrostatic interaction of the particles under hydrothermal con-
ditions. Y2O3:Eu@MF was prepared and optimized by varying the solvent, pH, stirring
temperature, calcination temperature, and the loading amount of Y2O3:Eu3+. The opti-
mized condition for Y2O3:Eu@MF was an 85 ◦C stirring temperature, pH 8, 10 wt% of
loading amount of the Y2O3:Eu3+ nanoparticle, and a 650 ◦C calcination temperature. In
particular, when the loading amount exceeded 10 wt%, the number of nanoparticles coated
on MF was reduced. The reason is due to the aggregation of the nanoparticles rather
than the interaction and deposition on the surface of MF. The Y2O3:Eu@MF calcined at
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650 ◦C was also stably attached on the mica surface. It was confirmed that the lumines-
cent property of the nanoparticle with low crystallinity caused by milling was recovered
by increasing the crystallinity of the coated nanoparticles after the calcination process
of Y2O3:Eu@MF. In the case of Y2O3:Eu@TMF, the material prepared at 20 wt% loading
amount of the Y2O3:Eu3+ nanoparticle had the highest coating coverage and was optimized.
The photoluminescence spectra revealed the strongest emission peak centered at 611 nm is
due to movement of the Eu3+ ions from the 5D0→ 7F2. In cross-sectional images of FE-SEM,
the thickness of the Y2O3:Eu3+ particles coated on MF or TMF was around 120–270 nm. As
a security pigment, the luminescent property of the Y2O3:Eu@MF film was better overall
than that of Y2O3:Eu@TMF due to the absorption UV of the TiO2 layer coated on the MF
surface. However, the gloss property of the Y2O3:Eu@TMF film, by TMF having the high
reflective layer of TiO2 coated on MF, was higher compared with that of Y2O3:Eu@MF.
Especially, to improve the security level, the Y2O3:Eu@TMF (20 wt%) film was prepared
and optimized with red phosphor materials (having luminescent property) and pearl
materials (having gloss property). Therefore, these materials with luminescent and gloss
properties prepared in this work potentially meet their applications for security purposes.
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