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Abstract—In this paper, microsphere structural materials of europium oxide (Eu2O3) were prepared using 
the aerosol jet printing technique. Europium oxide powders were produced at different calcination 
temperatures for the comparisons of nanostructures and luminescence properties. The peak of the emission 
spectrum of Eu3+ is near 612 nm (red), which contributes to the three primary colors. As an important and 
typical rare earth oxide, Eu2O3 plays an important role in red phosphor materials and is an activator for the 
red phosphor. Rare earth oxides microsphere materials are widely used in modern industrial production, 
such as light, electricity, magnetism, mechanics, and machinery, because of their advantages of the small 
size effect and the surface effect. Eu2O3 microsphere nanomaterials possess the advantages of both rare 
earth oxides and microsphere materials, exhibiting excellent optical properties and laying a good foundation 
for the development of biomedical, electronic information photocatalysis and other industries. However, the 
existing preparation methods of Eu2O3 microsphere nanomaterials have shortcomings, including 
uncontrollable microparticle morphology and complicated experimental operations. The most important 
point is that the initial pattern of the phosphor cannot be customized, and a secondary process is needed to 
obtain the target pattern. This two-step process inevitably leads to the loss of material and production time. 
Under this background, this experiment attempts to prepare a microspherical Eu2O3 phosphor using aerosol 
jet printing (AJP) technology, which is an important attempt to improve the level of the luminescent 
performance and the customization level of the fluorescent initial pattern. 

1.  Introduction 
In recent years, rare earth oxide microsphere structure 
materials have received growing attention due to their 
key features, such as higher bulk density, larger surface 
area and unique 4f electrons, exhibiting outstanding 
performance in biopharmaceuticals, electronic 
information, medical devices, light-emitting materials 
and other modern industries [1]. The 4f electron orbitals 
of rare earth elements are unfilled [2], and the internal 
electrons are easy to transmit. The most widely studied 
rare earth oxide is Eu2O3 as a result of its strong 
fluorescence emission, high purity of emitted light and 
long lifetime [3], which is widely used in the field of 
daily life ranging from flat panel displays and LED 
lighting to the chemical industry. The 5D0→7FJ 
(J=0,1,2,3 and 4) electronic transitions lead to the 
emission band of Eu2O3 centered at approximately 612 
nm, which is an important activator of red fluorescent 
materials [4]. Eu3+ ions are sensitive to the symmetry of 
the lattice environment. In the range of 550-720 nm, the 
source of the 5D0→7F1 (590 nm) magnetic transition is 
Eu3+ ions occupying the centrosymmetric lattice sites [5]. 
The Eu3+ ion disorder in the lattice promotes the degree 
of the 5D0→7F2 (612 nm) electronic transition at 5D0→7FJ 
[5]. The traditional processes for the preparation of 
nanopor materials are sol-gel, aqueous/solvent thermal, 
radio frequency sputtering, pulsed laser deposition and 

template methods (hard template, soft template, 
sacrificial template, etc.) and template-free methods 
(spray reaction, emulsion drop, etc.) [6]. However, the 
two contradictions of irregular particle morphology and 
energy consumption, regular spherical particles and 
complex experimental reagents have no effective 
solution thus far. In this experimental context, it is 
understood that the reaction reagent in aerosol jet 
printing (AJP) technology uses microsphere droplets as 
the basic reactor to spray onto the specified substrate, 
which can greatly improve the sphericity of nanoparticles 
[6-8]. Customized initial fluorescence patterns can be 
obtained by controlling the experimental parameters of 
the AJP technique. 

2.  Experimental Details 

2.1. Preparation of Eu2O3 microspheres 

The specific process was performed at room temperature. 
EuCl3·6H2O (99.99% purity, China Aladdin) was added 
to ultrapure water to prepare a solution of 0.8 mol/L. The 
equipment includes an Aerosol Jet Printer (HMP, WE 
Electronics, China), and the schematic is shown in 
Figure 1a. The target pattern can be predrawn using 
CAD software and entered into the device. 

The specific experimental operation steps are as 
follows. First, an appropriate amount of EuCl3 was 
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placed into a small glass bottle (3 cm in diameter and 10 
cm in height), and the bottle was placed into the 
ultrasonic atomizer (1.7 MHz) to form a uniform aerosol 
of mist particles. Second, the first pass of N2 to the glass 
bottle was intended to drive the aerosol stream. The 
second pass of N2 to the terminal of the printing 
equipment was intended to sheath the aerosol stream so 
that it was aligned directly with the prefixed glass 
substrate on the heating table (set at 90°C). The ratio of 
transport gas and sheath gas was set to 80 sccm:180 sccm 
in an attempt to prevent the sprayed aerosol gas stream 
from splashing, reducing the resolution of the plot line, 
as shown in Figure 1b. It is slightly important to note 
that the substrate chosen for this experiment is a common 
laboratory glass slide (30 mm*80 mm). The reason is 
that it has a smaller contact angle and larger surface 
energy. In this experiment, high-temperature-resistant 
quartz glass with a similar contact angle and surface 
energy as ordinary laboratory slides was also chosen as 
the substrate. Third, the route of aerosol stream injection 
followed the set pattern and entered the printing device 
to form the target pattern, as shown in Figure 1c. After 
being printed, the samples were placed into a crucible 
preheated to 90°C and quickly transferred to a muffle 
furnace preheated to 90°C. The heating rate was 2°C/min 

slowly, and then the printed sample was calcined at a 
constant temperature for 3 hours. Finally, it is vital to 
naturally cool to room temperature. The calcined sample 
is shown in Figure 1c. Figure 1d shows the sample after 
calcination emitting red light under a UV lamp (λex=256 
nm). When the sample was printed the sample did not 
emit any light under the UV lamp (λex=256 nm) without 
calcining. 

2.2. Characterization of Eu2O3 nanoparticles 

The crystal phase composition of the synthesized Eu2O3 
nanoparticles was determined by a Rigaku SmartLab SE 
(Japan) X-ray diffractometer using CuKα radiation with 
a scan velocity of 5°/min. The X-ray diffraction (XRD) 
data were collected in the range of 10-80°. The whole 
morphology of Eu2O3 nanoparticles was obtained by 
scanning electron microscopy (SEM, ZEISS Gemini 
SEM 300) and transmission electron microscopy (TEM, 
JEOL JEM-F200). The photo of the Eu2O3 nanoparticles 
was recorded with optical microscopy (KEYENCE, 
VHX-6000, Japan). The photoluminescence spectra and 
intensity data were measured by a fluorescence 
spectrometer (F-2700 FL Spectrophotometer, Japan). 

 

 
Figure 1. (1a) A schematic of the aerosol jet printer; (1b) A schematic of different focus ratios of the aerosol stream and 
sheath gas; (1c) Photograph of the printed and calcined sample; (1d) Photograph of the calcined sample under UV light 

excited at 254 nm. 
 
 
 

(1c) (1a) 

(1b) (1d) 

2

E3S Web of Conferences 385, 01014 (2023) https://doi.org/10.1051/e3sconf/202338501014
ISESCE 2023



 
 
 
 
 
 

 

placed into a small glass bottle (3 cm in diameter and 10 
cm in height), and the bottle was placed into the 
ultrasonic atomizer (1.7 MHz) to form a uniform aerosol 
of mist particles. Second, the first pass of N2 to the glass 
bottle was intended to drive the aerosol stream. The 
second pass of N2 to the terminal of the printing 
equipment was intended to sheath the aerosol stream so 
that it was aligned directly with the prefixed glass 
substrate on the heating table (set at 90°C). The ratio of 
transport gas and sheath gas was set to 80 sccm:180 sccm 
in an attempt to prevent the sprayed aerosol gas stream 
from splashing, reducing the resolution of the plot line, 
as shown in Figure 1b. It is slightly important to note 
that the substrate chosen for this experiment is a common 
laboratory glass slide (30 mm*80 mm). The reason is 
that it has a smaller contact angle and larger surface 
energy. In this experiment, high-temperature-resistant 
quartz glass with a similar contact angle and surface 
energy as ordinary laboratory slides was also chosen as 
the substrate. Third, the route of aerosol stream injection 
followed the set pattern and entered the printing device 
to form the target pattern, as shown in Figure 1c. After 
being printed, the samples were placed into a crucible 
preheated to 90°C and quickly transferred to a muffle 
furnace preheated to 90°C. The heating rate was 2°C/min 

slowly, and then the printed sample was calcined at a 
constant temperature for 3 hours. Finally, it is vital to 
naturally cool to room temperature. The calcined sample 
is shown in Figure 1c. Figure 1d shows the sample after 
calcination emitting red light under a UV lamp (λex=256 
nm). When the sample was printed the sample did not 
emit any light under the UV lamp (λex=256 nm) without 
calcining. 

2.2. Characterization of Eu2O3 nanoparticles 

The crystal phase composition of the synthesized Eu2O3 
nanoparticles was determined by a Rigaku SmartLab SE 
(Japan) X-ray diffractometer using CuKα radiation with 
a scan velocity of 5°/min. The X-ray diffraction (XRD) 
data were collected in the range of 10-80°. The whole 
morphology of Eu2O3 nanoparticles was obtained by 
scanning electron microscopy (SEM, ZEISS Gemini 
SEM 300) and transmission electron microscopy (TEM, 
JEOL JEM-F200). The photo of the Eu2O3 nanoparticles 
was recorded with optical microscopy (KEYENCE, 
VHX-6000, Japan). The photoluminescence spectra and 
intensity data were measured by a fluorescence 
spectrometer (F-2700 FL Spectrophotometer, Japan). 

 

 
Figure 1. (1a) A schematic of the aerosol jet printer; (1b) A schematic of different focus ratios of the aerosol stream and 
sheath gas; (1c) Photograph of the printed and calcined sample; (1d) Photograph of the calcined sample under UV light 

excited at 254 nm. 
 
 
 

(1c) (1a) 

(1b) (1d) 

 
 
 
 
 
 

 

3.  Results and Discussions 

3.1  Analysis of XRD 

The XRD patterns of Eu2O3 at various temperatures are 
shown in Figure 2. All the diffraction peaks of the 
deposited samples calcined at 1000℃ are in agreement 
with the Eu2O3 C-type phase, which are identical to the 
standard values of cubic structure Eu2O3 (JCPDS No.34-

0392) [1]. The XRD patterns of the samples calcined at 
400℃~600℃ reveal that a partial phase of the samples is 
the C-type phase, with the other phases indexed to the B-
type phase [8]. From Figure 2, the XRD analysis clearly 
suggests the structural phase transition between C-type 
and B-type, and thus, it can be concluded that as the 
calcination temperature increases, the crystallinity 
becomes better. 

 
Figure 2. XRD patterns of Eu2O3 calcined at 400℃, 500℃, 600℃, and 1000℃. 

3.2  Analysis of SEM and TEM 

As shown in Figure 3a, 3b and 3c, the samples calcined 
at 400℃~600℃ are composed of lamellar-shaped and 
stick-shaped particles. The shape of these particles 
gradually becomes spherical when increasing the 
calcination temperature. Figure 3d, 3e and 3f correspond 
to the TEM patterns of the Eu2O3 nanoparticles calcined 
at 400~600℃. The Eu2O3 spherical particles calcined at 
600℃ are formed by rod-like particles stacked together, 
accumulating some large pores between particles, which 
may cause light loss due to light scattering [9-11]. 
However, the sphericity of Eu2O3 nanoparticles calcined 
at 600℃ is still unsatisfactory, so the author attempted to 
obtain Eu2O3 sphericity samples calcined at 1000℃. 
Figure 3g shows that the SEM results of Eu2O3 
nanoparticles calcined at 1000℃ are composed of 
spherical particles. As a corroboration, the TEM results 
showed that the samples calcined at 1000℃ consist of 
well-defined microspherical nanostructures with 
diameters of approximately 100~500 nm, as shown in 
Figure 3h. The lattice fringe is 0.3161 nm, as shown in 
Figure 3i, which is chosen to be the {222} lattice planes 
of cubic Eu2O3 [12, 13]. These results reveal that the 
pure cubic Eu2O3 phase was formed after calcination at 
1000℃. 

3.3  Analysis of spectra 

Figure 4 exhibits the excitation and emission spectra of 
the Eu2O3 nanoparticles at the various calcination 

temperatures, and there is also a group of fluorescence 
intensity data of Eu2O3 phosphors prepared by the 
ammonia precipitation method (the calcination 
temperature is 500℃) as the control group to compare 
the intensity of luminescence. According to the literature 
[10-19], the excitation peak wavelength of Eu3+ is 393 
nm. Therefore, the Eu3+ emission spectrum is excited by 
the wavelength of 393 nm, as shown in Figure 4a. The 
emission peaks of the Eu2O3 nanoparticles calcined at 
400~600℃ are at 620 nm, 1000℃ and 612 nm, 
corresponding to the literature, and that obtained by 
ammonia precipitation is at 628 nm. It is inferred that the 
shift of the highest emission peak may be related to the 
phase of Eu2O3. The larger the value of the ratio of C-
type/(B-type+C-type) in Eu2O3 nanoparticles, the closer 
the wavelength of the peak Eu3+ emission spectrum is to 
612 nm. In contrast, the wavelength of the peak Eu3+ 
emission spectrum may be extended to 630 nm from 612 
nm [15-19]. 

Figure 4b show that Eu2O3 prepared in various 
environments all have a peak at a wavelength of 393 nm. 
In the excitation spectrum (Figure 4b), in addition to the 
wavelength of 393 nm, some peaks of Eu2O3 prepared 
under various environments are mainly concentrated at 
wavelengths of 310 nm and 270 nm. Another peak of 
Eu2O3 calcined at 400℃ or 500℃ is at 310 nm, mainly 
emitting red light. The minor peak of Eu2O3 calcined at 
600℃ or 1000℃ or prepared by the ammonia 
precipitation method is at a wavelength of 270 nm, which 
is ultraviolet light. It is worth noting that Eu2O3 calcined 
at 600℃ has the highest peak at 270 nm, and the 
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micropeak is 393 nm. The data of the two peaks are very 
close, indicating that the electronic transitions are 
scattered. Therefore, under ultraviolet lamp irradiation 
(fixed excitation peak of 256 nm), Eu2O3 calcined at 600℃ 
has the weakest luminescence performance, as shown in 
Figure 4d.The emission spectrum of Eu2O3 can be 
obtained, as shown in Figure 4c. It can be observed that 
the peak of Eu2O3 calcined at 1000℃ is 612 nm, the 
peak of Eu2O3 calcined at 400~600℃ is 620 nm, and the 
intensities of peaks distributed to the B-type phase 

increase with increasing calculation temperature. The 
peak of Eu2O3 obtained by the ammonia precipitation 
method is 628 nm, consistent with the emission spectrum 
of Eu3+. The fluorescence of the Eu2O3 samples calcined 
at 1000℃ is much superior to that prepared under other 
conditions, and the fluorescence performance of Eu2O3 
prepared by AJP is also much higher than that prepared 
by ammonia precipitation, as shown in Figure 4c, 4d and 
4e. 

 
Figure 3. Fluorescence spectra images of Eu2O3 calcined at 400℃, 500℃, 600℃, and 1000℃. (a) Emission spectrum, 

λex=393 nm; (b) excitation spectrum, λem=620 nm, 612 nm or 628 nm; (c) emission spectrum, λex=310 nm or 270 nm; 
(d) luminescent images of Eu2O3 calcined at 400℃, 500℃, 600℃, and 1000℃; (c) luminescent images of Eu2O3 

prepared by the ammonia precipitation method. 
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Figure 4. (3a) SEM image of Eu2O3 calcined at 400℃; (3b) SEM image of Eu2O3 calcined at 500℃; (3c) SEM image of 

Eu2O3 calcined at 600℃; (3d) TEM image of Eu2O3 calcined at 400℃; (3e) TEM image of Eu2O3 calcined at 500℃; 
(3f) TEM image of Eu2O3 calcined at 600℃; (3 g) SEM image of Eu2O3 calcined at 1000℃; (3 h) TEM image of Eu2O3 

calcined at 1000℃; (3i) Crystal plane of Eu2O3 calcined at 1000℃. 

4.  Conclusion 
Eu2O3 near-spherical particles are a superior luminescent 
material with promising prospects for application in 
opto-electronic fields. The phosphor materials prepared 
by AJP have excellent morphology and luminescence 
performance. Their luminescent properties are far higher 
than those of fluorescent materials prepared by the 
traditional ammonia precipitation method. The XRD, 
SEM, TEM and optical drawings demonstrate that C-
type Eu2O3 near-spherical particles can be synthesized 
successfully when the calcination temperature is 1000℃. 
The SEM results showed that the Eu2O3 nanoparticles 
calcined at 1000℃ tended to be spherical. Comparing the 
fluorescence spectra of Eu2O3 prepared by AJP and the 
ammonia precipitation method, it can be seen that AJP 
technology has great advantages in the preparation of 
fluorescent materials with excellent luminescent 
properties. The microreactor is the microsphere droplet 
that can improve the sphericity of particles, and the spray 
route can be customized. 
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