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<Goals> 
Recently, high-efficient energy conversion is an important subject. Especially, 
high-efficiency Light Emitting Diodes (LEDs) has attracted considerable attention. And, 
studying new nanophosphors is important for developing higher efficient white LEDs. 
Zirconia (ZrO2) is an ideal host material for various phosphors, because, ZrO2 has a 
wide bandgap and presents low phonon energy. Moreover, luminescent rare earth ions 
can easily be distributed in zirconia and widely used as an optical activators, where 
understanding the localization of rare earth ions in such nanophosphors is important in 
order to control the photoluminescence (PL) properties. Europium (III) (Eu3+) ion is 
well known as a luminescent center for red luminescence. The luminescence properties 
of Eu3+ ions, assigned to 5D0 - 7FJ electronic transitions, PL spectra and lifetime, depend 
on the local environments around Eu3+ ions, and thus Eu3+ ions can be used as a 
structural probe. The objectives of this study are preparing europium doped zirconia 
nanophosphors and investigating the effects of the heat treatment on the crystallization 
of zirconia xerogels and on the localization of Eu3+ ions. Moreover, This work also aims 
at detecting the first steps of crystallization of Eu3+ doped ZrO2 xerogels by combining 
various techniques (PL, Raman, X-ray diffraction {XRD} and Transmission Electron 
Microscopy {TEM}). In particular, our wish is to evaluate the first step of ZrO2 
nanocrystallization by using Eu3+ PL as a structural probe. 
<Results> 
Eu3+ doped ZrO2 xerogels powders were produced using a sol-gel route based on 

HNO3. This route led to white powders after calcination. Using other agents 
(acetylacetone, H2SO4), black powders were obtained. The black powders had a bad 



effect on luminescence. However, there was a problem with HNO3 route, as well. 
During the heat treatment, the explosion of the powders was observed. Such explosion 
was exothermic reaction of nitrates (NO3

-), which made it difficult to control nucleation 
and growth of ZrO2 nanocrystals. In order to solve this issue, we developed an original 
route which consisted in pre-washing in ethanol overnight the raw powders in order to 
dissolve and remove a good proportion of NO3

-. The solid phase was then separated 
from the liquid phase by centrifugation. After washing step, EuCl3 salts were dissolved 
in ethanol under stirring with xerogels powders. The solution was dried under stirring 
and heating. The final ZrO2 xerogels powders were free from explosion. 

Next, XRD, Raman, and PL analysis were conducted at 400 °C as a function of 
heating time. The furnace heated from room temperature up to 400 °C and kept at that 
temperature for 24 hours. PL and Raman spectra demonstrated the location of Eu3+ ions. 
It was found that Eu3+ ions were located at the amorphous environment up to 1 hour 
heat treatment. After that, the sharp luminescence at 605 nm was observed, which was 
attributed to that of Eu3+ ions located in the core of ZrO2 nanocrystals. On the other 
hand, The result of the lifetime analysis of Eu3+ luminescence indicated that the number 
of Eu3+ ions in the ZrO2 nanocrystals gradually increased with an increase in the heat 
treatment time. XRD revealed that the crystallization of ZrO2 occurred very rapidly 
after a 30 min at 400°C. Indeed, after a 30 min dwelling time at 400°C, the early steps 
of crystallization were observed and after 40 min. XRD and TEM analysis indicated 
that the ZrO2:Eu3+ xerogels began to crystallize into tetragonal phase ZrO2 with an 
increase in the heat treatment time, and many ZrO2 nanocrystals in 10 nm size were 
precipitated without further growth of the nanocrystals. These results indicated that Eu3+ 
ions at the surface of the xerogels were incorporated into the crystalline phase after 
crystallization of ZrO2. And the remaining Eu3+ ions slowly diffused into ZrO2 
nanocrystals with an increasing in heat treatment time. 
<Achievements> 
In this study, Eu3+ doped ZrO2 nanophosphor were obtained by a sol-gel method. The 

effects of heat treatment on the crystallization of ZrO2 xerogels and the localization of 
Eu3+ ions were studied. It was found that the precipitations of the tetragonal ZrO2 
nanocrystals were observed in the XRD 30 minutes before the detection of the PL of 
Eu3+ in the ZrO2 nanocrystals. Many ZrO2 nanocrystals in 10 nm sizes were precipitated 
without further growth of the nanocrystals. Eu3+ ions at the surface of the xerogels were 
incorporated into the crystalline phase after the crystallization of tetragonal ZrO2 (1 
hour heat treatment), and the remaining Eu3+ ions were slowly diffused into ZrO2 
nanocrystals with an increase in the heat treatment time.  



 Generally, ZrO2 crystals were prepared by a sol-gel method with acetylacetone to 
stabilize Zirconium-propoxide. In this study, ZrO2 nanocrystals were synthesized at low 
temperature (400 °C) and hence included carbon component, resulting in black color 
(coking) which could not be removed by heat treatment up to 600 °C. And then we used 
another route based on HNO3, and developed a synthesis procedure original route which 
consisted in pre-washing in ethanol in order to solve a lot of issues. Accordingly, the 
crystallization temperature and crystallization time came to be able to precisely control 
and the first steps of ZrO2 crystallization and could be detected so as to study how the 
ZrO2:Eu3+ xerogels were crystallized. And furthermore, we were able to investigate how 
Eu3+ ions behaved accompanying with in the structure of ZrO2 (amorphous to tetragonal 
ZrO2). To study the relationship of the structure of ZrO2 and the luminescence of Eu3+ 
ions, we could finally find the best way to synthesize high efficient nanophosphor. 
About the laboratory I belong to（Number of faculty members and students, Methods 
used in research activity: 
About 70 researchers in SPCTS. 
I worked from 8:00 a.m. to 6:00 p.m 
Comments about the workshops and seminars I attended： 
2nd International Symposium on Ceramics Nanotune Technology 
My Ambitions： 
This is not the end of it. I will continue this research. 
Advice and suggestions for young researchers who will visit partner schools and other 
institutions： 
You should choose hard way to succeed.  
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