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Abstract. In this work,  were synthesized by the combustion method. The 

atomic concentration percentage of  doping was varied (x = 0%, 1%, 3%, 5% and 7at%). 

Structural and morphological properties were analyzed by X-ray diffraction (XRD) and 

Scanning Electron Microscopy (SEM) techniques, respectively. The XRD patterns of the pure 

(x = 0%) and Eu-doped (x=1at%) show the single Al2O3 corundum phase. For the highest Eu-

doped concentrations of x = 3%, x = 5% and x = 7at%, the Al2O3:xEu samples, present a 

mixture of phases of corundum (Al2O3) and EuAlO3 (perovskite). SEM images show irregular 

grains with average sizes in the range of 0.1 – 78.8 μm. Photoluminescence (PL) analysis show 

that all Eu-doped Al2O3 samples exhibits intense red-emission. PL spectra show two main 

peaks at 615 nm (5D0 →
7F2) and 700 nm (5D0 →

7F4). The x = 3at% Eu-doped sample presents 

the highest intensity under 256 nm excitation. CIE coordinates were calculated from the PL 

spectra, values around x= 0.6 and y= 0.3 (red emission) were obtained from all samples. Due to 

its strong luminescence those Al2O3:xEu phosphors could be good candidates for components 

in solid state lighting. 

1. Introduction 

A challenge for nanoscience and nanotechnology is the development of new phosphor materials. The 

research is focused to obtain red, green and blue phosphors, due to these colors are classified as 

primary according to the RGB model proposed by Young-Helmholtz theory of trichromatic color 

vision [1].  

 alumina is a widely used low cost material, it has been used in abrasive ceramic applications and 

as a host lattice for rare-earths to produce luminescence [ 2, 3]. 

The europium is commonly used to produce the green and red emissions by doping some host 

crystalline lattices  and  ions, respectively. In the literature,  is reported as a good 

candidate to produce the red emission due to the f-f forbidden Eu3+ transitions. Those f-f transitions 

are excited by the Charge Transfer Band (CTB) of Eu-O and the excitation lines of Eu3+, located at 

 and 397 nm, respectively [4]. 
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In 2008 Vinicius S.M. de Barros et al [5] worked on combustion synthesis to prepare Eu and Tb doped 

 studying the thermoluminescent properties. In this research, a mixture of nitrates and urea were 

used for the combustion and annealed at 1000 °C, after that was obtained. 

In 2016 Yuya Onishi et al [6] worked on the solubility limit and luminescence properties of Eu doped 

 powder. In this work, the synthesis was carried out mixing salts with urea and rare earths and 

sintered at 1200 °C in O2 atmosphere, which increase the cost of the material production. 

In 2017 Yue Hu et al synthesized  red-emitting spherical phosphors by hydrothermal 

method and analyzed their luminescence characteristics [7]. However, the hydrothermal method 

involves higher temperature, around 1300ºC, and many days of synthesis, which provokes a most 

expensive producing method not being suitable for scalable production. 

Based on the above, the aim of this work is to demonstrate that by using the Combustion Synthesis is 

possible to obtain Al2 O3:xEu (x = 0%, 1%, 3%, 5% and 7at%) red-emitting phosphors in a rapid time 

of 5 min, with a subsequently post-annealing treatment for 1 hour in order to enhance its luminescence 

intensity. 

2. Results and discussion 

The Figure 1a shows the simulation of the Al2O3 corundum phase structure using Diamond V3.2k 

software, the white and blue spheres represent the Al and O atoms, respectively. The X-ray diffraction 

patterns of all samples with the different x doping concentrations (x=0%, 1%,3%, 5%, 7%) are shown 

in figure 1b. The PDF pattern is plotted in vertical lines below the XRD powder patterns. The x=0% 

label is associated to diffraction pattern of the Al2O3 undoped sample, that powder showed an XRD 

pattern which matches very well with the Al2O3 corundum phase, when x= 1% of Eu, the phase does 

not change with the augmentation of Eu3+. A mixture of phases Al2O3 corundum and EuAl2O3 

perovskite could be appreciated in x= 3%, 5% and 7%, the peaks corresponding to EuAl2O3 are 

marked with “*” according to the JCPDS 30-0012 and it has been already reported [8]. It could be 

asserted that in samples with less concentration of Eu3+ (x = 0 %, 1 % at) the sites of Al3+ are occupied 

by the Eu3+ ions while high concentration samples present the EuAlO3 phase, thus is evident that 

Al2O3 has problems of solubility, the ionic radii of the 4-coordinate Al3+ ion is 0.53 Å while the Eu 

trends to present 6 and 8 coordinated structures and their ionic radii are of 1.31 Å and 1.2 Å, 

respectively. If we calculate consider that the ionic radii sizes of europium ions are more than the 

double that aluminum ions it is clear that the solubility will be poor.  

 

Figure 1.: a) Simulation of Al2O3 corundum phase. b) XRD Patterns of Al2O3:xEu samples. 
 

The SEM images are shown in figure 2, all samples show irregular shapes, the sizes of the grains vary 

from 0.1 μm to 78.8 μm with an average size of 26.4 μm. All samples present coalesced particles, this 

is typical of aluminum oxides synthesized by combustion method as it was observed by [9] in 

CaLa0.97Eu0.03Al3O7. The sample with x=5% is not shown at the figure 2 but the images are much the 

same to all other samples. The augment of the micrographs was varied from 400x to 18,000x, all 
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grains shows irregular shapes and irregular agglomerates typical of some luminescent materials that 

tend to form groups and conglomerates [10]. 

Figure 3a shows the photoluminescence (PL) excitation spectra observing the emission wavelength at 

615 nm. Figure 3b shows the emission spectra under 256 nm excitation. The highest PL intensity was 

achieved when the Al2O3 was doped with x=3.0 at % of Eu. All samples showed similar peaks profiles, 

the most intense peaks are located at 590 nm, 615 nm, 651 nm and 700 nm, those peaks are associated 

to the interatomic Eu3+ forbidden transitions: 5D0 →
7Fj transitions with j = 0, 1, 2, 3 and 4, respectively 

[9-12]. The transition corresponding to the peak located at 631 nm is due to an electric dipole 

transition for ∆j=±2, the transition of the peak located at 590 nm is attributable to typical magnetic 

allowed transitions when ∆j= ±1.  
 

 

Figure 2. SEM micrographs of the Al2O3:xEu samples. a) x = 0.0%, b) x = 1.0% , c) x = 3.0% and d) 

x = 7.0%. 
 

The peaks situated at 651 nm and 700 nm are originated by forbidden 5D0 →
7F3 transition and electric 

dipole allowed 5D0 →
7F3 transitions, respectively [11]. The band centered at peak 256 nm is very wide 

as it can be appreciated in figure 3a, the band is attributable to the Eu-O charge transfer process [10], 

this leads to be more suitable material for white light emitting diodes (WLEDs) applications. The 

peaks 361 nm, 380 nm and 397 nm are also reported by [9]. The splitting lines observed at the peaks at 

590, 615, 651, and 700 nm (shown in figure 3b) can be attributed to the crystal field spectra of Eu3+ as 

it is reported in [12]. It is well known that the relative intensity of 5D0 →
7F3 transition and 5D0 →

7F3 

transition robustly depends on the local symmetry of Eu3+ ions. Consequently, the 5D0 →
7F1 transition 

should be relatively strong as the Eu3+ ions occupy the inversion center sites [10], whereas the 5D0 

→7F2 transition is parity forbidden and must be very weak [9,10]. 
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Figure 3. a) Excitation spectra of Al2O3: xEu.samples. b) Emission spectra of Al2O3: xEu.samples. 
 

The CIE Coordinates diagram map of Al2O3: xEu samples are shown in figure 4, an inset table is 

added to facilitate and corroborate the points marked at the diagram. The color of the sample with x= 

1.0% trends to be orange meanwhile the other samples with x = 3.0%, 5.0% and 7.0% are clearly red.   

 
Figure 4. CIE Coordinates map of Al2O3: xEu.samples. 

3. Conclusions 

Combustion synthesis technique was useful to obtain the Al2O3:xEu phosphors, the materials were 

obtained by a rapid and efficient combustion method. The phases obtained were Al2O3 (corundum) 

and EuAlO3 (perovskite). The SEM micrographs showed irregular shapes in all samples with variable 

sizes in the range of 0.1 – 78.8 µm. The most intense luminescence was presented by the x=3.0at% 

Eu-doped sample, a mixture of phases is presented in this Eu3+ concentration but it the luminescent 

processes were not inhibited. The excitation peak was located at 256 nm, and the most intense peaks 

were situated at 615 and 700 nm due to the (5D0 →
7F2) and (5D0 →

7F4) transitions, respectively. The 

CIE coordinates shown the changes in the color from orange to red when the Eu3+ concentration 

increases from x = 0.56, y = 0.327 to x = 0.612, y = 0.347. The Al2O3:xEu phosphors results suitable 

to be applied in components of solid-state lighting devices due to its ease and rapid obtention process.  

 



2020 4th International Conference on Manufacturing Technologies (ICMT)

IOP Conf. Series: Materials Science and Engineering 842 (2020) 012011

IOP Publishing

doi:10.1088/1757-899X/842/1/012011

5

 

 

 

 

 

 

4. References 

[1] S. Natarajan, H. C. Bajaj, and R. J. Tayade, “Recent advances based on the synergetic effect of 

adsorption for removal of dyes from waste water using photocatalytic process,” J. Environ. Sci., 

vol. 65, pp. 201–222, 2017. 

[2] M. R. Al-mamun, S. Kader, M. S. Islam, and M. Z. H. Khan, “Photocatalytic activity 

improvement and application of UV-TiO2 photocatalysis in textile wastewater treatment : A 

review,” vol. 7, no. July, 2019. 

[3] D. Zhu and Q. Zhou, “Action and mechanism of semiconductor photocatalysis on degradation 

of organic pollutants in water treatment : A review,” Environ. Nanotechnology, Monit. Manag., 

vol. 12, no. July, p. 100255, 2019. 

[4] K. Wetchakun, N. Wetchakun, and S. Sakulsermsuk, “An overview of solar / visible light-

driven heterogeneous photocatalysis for water purification : TiO2 - and ZnO-based 

photocatalysts used in suspension photoreactors,” J. Ind. Eng. Chem., vol. 71, pp. 19–49, 2019. 

[5] M. A. Fox and M. T. Dulay, “Heterogeneous Photocatalysis,” Chem. Rev., pp. 341–357, 1993. 

[6] M. R. Dhananjeyan, R. Annapoorani, S. Lakshmi, and R. Renganathan, “An investigation on 

TiO2-assisted photo-oxidation of thymine,” J. Photochem. Photobiol., vol. 96, pp. 187–191, 

1996. 

[7] Y. Sun, S. Wang, and J. Zheng, “Biosynthesis of TiO2 nanoparticles and their application for 

treatment of brain injury:An in-vitro toxicity study towards central nervous system,” J. 

Photochem. Photobiol. B Biol., vol. 194, no. 1277, pp. 1–5, 2019. 

[8] V. Thiagarajan et al., “Diminishing bioavailability and toxicity of P25 TiO2 NPs during 

continuous exposure to marine algae Chlorella sp .,” Chemosphere, vol. 233, pp. 363–372, 2019. 

[9] X. Jin, X. Zhou, P. Sun, S. Lin, W. Cao, and Z. Li, “Photocatalytic degradation of nor fl oxacin 

using N-doped TiO2 : Optimization , mechanism , identi fi cation of intermediates and toxicity 

evaluation,” Chemosphere, vol. 237, 2019. 

[10] G. H. Da et al., “Toxicity assessment of TiO2 -MWCNT nanohybrid material with enhanced 

photocatalytic activity on Danio rerio ( Zebra fi sh ) embryos,” Ecotoxicol. Environ. Saf., vol. 

165, no. March, pp. 136–143, 2018. 

[11] Z. Khan, D. Shahwar, M. Khalil, Y. Ansari, and R. Chandel, “Toxicity assessment of anatase 

(TiO2) nanoparticles : A pilot study on stress response alterations and DNA damage studies in 

Lens culinaris Medik,” Heliyon, vol. 5, no. July, p. e02069, 2019. 

[12] B. Yu, F. Meng, M. Wasim, R. Qin, and X. Liu, “Facile synthesis of AgNPs modi fi ed TiO2 @ 

g-C3N4 heterojunction composites with enhanced photocatalytic activity under simulated 

sunlight,” Mater. Res. Bull., vol. 121, no. July 2019, 2020.  

 
Acknowldegements  

D. Chavez acknowledge to CONACYT-Mexico for the Doctorate scholarship 693166. C.R. Garcia 

acknowledge to Universidad Autónoma de Coahuila for support this research. 

 


