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Effect of Phase Transformation on the Luminescent Properties of the
Eu’* Doped Yttria-Stabilized Zirconia Crystals

Rungsit Lunda, Rakchart Traiphol and Nipaphat Charoenthai

Labaoratary of Advanced Polymers and Navomaterials, Departmenr of Chemisiry and Center of Excellence for Inmovanion &
Chemisiry, Faculiv of Science, Nareswan Universiy, Phitsannlok 63000, Thailand.

Objectives
To synthesize and characterization the =i doped yttna-stabilized zirconia crystals by usss
chemical method

Methods

In this research, ZrO; crystals co-doped with Y** and Eu’" were prepared by chemical process
The quantity of Eu'" was fixed at 3 mol% whereas the ratio of Y'" was varied from 0 to 7 mol%
(Zr0:3%Eu: x%Y). The crystals were obtained by calcination at 00 °Cfor 1 h

Results

The phase transformation of ZrO. crystals co-doped with Y and Ev’" were investigated =
utilizing X-ray diffraction and Fourier ransform infrared spectroscopy. It was found that monoclize
phase of pure Zr0; crystals transform to tetragonal and cubic phase upon introducing Y and Eu
into the erystals. The effect of structural change on optical property was investigated by using
photoluminescence spectrascopy. It was found that the PL spectra of the ¥ and Euv’” doped Zrih
crystal exhibited a red luminescent emission. Moreover, the phase transformation of Zr0, crystal was
found to effect luminescent intensity significantly as shown in Fig. 1{a). The concentration of ¥* =
the crystal that yielded highest luminescent intensity was 4 mol%: as shown in Fig. (). Morphologs
of crystal revealed by scanning electron microscopy showed irregular shape with average grain sie
of about 150-200 nm.

—
=N
—

Tibegrated PL infioiy fiu

stn T Fia u . H 1 a [ - H] ]
Wawelengil frnp Conaemasion ¢ ¥ o]

Figure 1 (a) PL spectra and (b} Integrated PL area of Zr0x:3%Eu: x%Y (x=0-7 mol %) crystals.

Conclusion
Our results show that the phase transformation greatly affects the luminescent properties of
Eu’“doped yttria-stabilized zirconia erystals.

Keywords: Zr0;crystals, Calcination, Photoluminescence
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Abstract

In this research, ZrO, crystals co-doped with v and Eu'”" were prepared by chemical process. The
quantity of Eu™ was fixed at 3 mol% whereas the ratio of ¥* was varied from 0 to 7 mol% (Zr0,:3%Eu:
x%Y). The crystals were obtained by calcination at 800 °C for 1 h. it was found that monoclinic phase of pure
Zr0, erystals transform to tetragonal and cubic phase upon infroducing Y™ and Eu”" into the crystals. The effect
of structural change on optical property was investigated and found that the PL spectra of the v* and Eu”
doped ZrO, crystal exhibited a red luminescent emission. Moreover, the phase transtormation of ZrQ, crystal
was found to effect luminescent intensity significantly. The concentration of ¥ in the crystal that yielded
highest luminescent intensity was 4 mol%. Morphnlng}'.of crystal showed irregular shape with average grain
size of about 150-200 nm. The high magnification image also showed densely packed particles within the

irregular domain.

Keywords : Zr0,crysials, phase ransformation, photoluminescence
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Abstract

In this research, Y and Sm” doped Zc(), phosphor malerials were prepared by chemical route. The concentration of
v ranged from O to 7 mol% while the Sm™ concentration was kept constant at 0.25 mol% and 3 mol%. Mixed solutions of
precursors, obtained from appropriate concentration and pH, were fired at 800, 900, 1400 and 1100 °C for 3 hin order to produce
Zr(,¥:Sm phosphor pewder. The phase trans formation, microstructure and photoluminescence of phasphor were investigated. In
was found that the addition of Ys_ led to the phase transformation of ZrCl_: from menoclinic 10 1eragonal and cubic structure.
However, the microstructures were very sinilar regardless of the " concentration and calcination temperature. The luminescent
intensity was found to increase with inereasing the guanuty of Y. The phosphor with 7 mol% of 'a yielded highest

lumingscence. The caleination temperature alse affected the luminescent intensity,

Keywords: Zr0,, phosphor, phase transformation
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Abstract

Inorganic phosphor materials arc potential matenal for medern lighting and display parts application [1-3]
The most phosphaors arc composcd of host matcrials doped with rarc carth ions. Among host materials, Zr02 is
potcntial sclection to being the host due to its superior properties such as optical transparency, chemical stability
and superior hardness [4]. However, ZrO2 can exist in three different crystalline structures, that is, cubie,
tetragonal and moneclinic polymorphs [4]. Both cubic and tetragenal crystalline phases arc unstable at ambicn
temperaturc, which there are more favorable for the tcchnological applications than the room temperature
monoclinic phase [5,6]. In this rescarch, Zr02 co-doped with ¥3" and Eu3” is prepared by wet chemical
process. The ratio of ¥3" is varied from 1 to 7 mol%. The purpose is to stabilize the structure of ZrO2 in
tetragonal or cubie form. The morphology of Zr02 co-doped with Y3" and Eu3” is studied with X-ray powder
diffraction (XRD) and scanning electron microscopy (SEM). We found that upon introducing Y3 into Zr02,
the monoclinic to tetragonal and cubic transformation of ZrO2 is observed in Fig. |. The morphology of Zr02
co-doped with Y3" and Eu3’ caleined at 800 °C for |h are shown in Fig. 2. The image shows that all samples
have irregular shapes with average grain size [50-200 nm. To further probe the structural evolution of Zr02 co-
doped with ¥3" and Eud’, the luminescence propemics is investigated by photoluminescence (PLY
measurements in Fig. 3. We found thal, the lumincscence intensity is highest at 1 mol%Y 3", These results revcal
that the phasc transformation can greatly affcct the luminescence propertics of ZrO2 co-doped with ¥3" and
Eu3” samples.
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Figure 1 XRD patterns of 2r0; @ 3mol%Eu’ with various concentration of ¥ from | 10 7 mol% under
calcination at 800 "C for Lh .

(a) (b (c})

Figure 2 SEM images of Zr0, : 3mol®%Eu’” with various cencentration of ¥°™ () 1 mol% (h) 3 mol% and
{c} 7 mol% under caleination at 800 "C for 1h .

Figure 3 PL spectra of Zr0s ¢ Imol%:Eu’ with various concentration of ¥*" from | to 7 mol% under
calcination at 800"C for 1h
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