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Abstract This article presents the synthesis and photo-

luminescence (PL) properties of Y2Zr2O7:Tb3?. The Tb3?-

doped Y2Zr2O7 zirconates were successfully synthesized

by a hydrothermal process at 200 �C for 20 h. X-ray dif-

fractometer (XRD) patterns revealed that all of the prod-

ucts were phase-pure with the fluorite structure. PL study

showed that the Y2Zr2O7:Tb3? phosphors exhibited obvi-

ous PL emission peaks which located at 490, 545, 585,

and 623 nm; the dominant emission located at 545 nm

is assigned to 5D4 ? 7F5 transition. Furthermore, Tb3?-

doping concentration strongly affected the PL properties,

and the quenching concentration is 5 at.%.

Introduction

The rare-earth zirconates with the formula Re2Zr2O7 are of

great interest for many researchers over a number of years.

There are a variety of actual and potential applications for

these materials used as thermal barrier coatings [1], cata-

lysts [2], nuclear waste forms [3], solid electrolytes [4], and

phosphors [5]. These materials have many advantages such

as low thermal conductivity, high melting point, high

thermal expansion coefficient, high stability and ability to

accommodate defects. In recent years, the rare-earth zirc-

onates phosphors have captured much attention due to their

potential application as a new kind of phosphors. There-

fore, research on the synthesis and luminescence properties

is of great interest in scientific community.

Up to now, variety of synthesis methods regarding

developing rare-earth zirconates have been proposed,

including conventional solid-state reaction, sol–gel, com-

bustion, stearic acid method, and hydrothermal. In general,

the high temperature solid-state is still the most commonly

synthetic method. This synthesis route employs a solid-

state reaction of ZrO2 with appropriate rare-earth oxides at

high temperature more than 1200 �C for a long time

(several days), which produce large agglomerates and must

be ground or milled to obtain a fine powder. This process

greatly decreases the luminescence efficiency and changes

the original morphology. To avoid high preparation tem-

peratures and agglomerations of fine powders, lots of

methods have been adopted. Tong et al. [2] successfully

synthesized fluorite type Y2Zr2O7 nanocrystals by stearic

acid method. And found that the preparation temperature

was lowered and the reaction time was shortened by this

method. Zhang et al. [6, 7] synthesized a series of

Re2Zr2O7 (RE = La, Nd, Eu, and Y) nanopowders by a

sol–gel–combustion route and found it need neither high

heating temperature nor long calcination time. Photolumi-

nescence (PL) in the UV and visible range can be observed

from these materials, but they only studied the lumines-

cence properties of Pb-ion-doped rare-earth zirconates.
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Furthermore, they used the same method synthesized Eu3?-

doped Y2Zr2O7 nanocrystals. In their work, Eu3? was

successfully introduced into the host, and intense multi-

band red luminescence of Eu3? has been obtained in

Y2Zr2O7 matrix. However, the synthesis temperature is still

high, at least 600 �C.

In contrast to the above-mentioned methods, hydro-

thermal synthesis is much simpler, more practical, and

more cost-effective. Furthermore, the products prepared

by hydrothermal method are of higher chemical homo-

geneity, more stoichiometric [8, 9]. In this article, we

present the hydrothermal synthesis, characterization, and

PL property of Tb3?-ion-doped Y2Zr2O7 phosphors for

the first time. Furthermore, the hydrothermal method

presented here may be desirable for the synthesis of other

rare-earth zirconates.

Experimental procedures

Yttrium nitrate (Y(NO3)3�6H2O), terbium nitrate (Tb(NO3)3�
6H2O), zirconium oxychloride hydrate (ZrOCl2�8H2O),

and ammonia aqueous solution were used as the starting

materials. All the reagents were of analytical grade and

used without further purification. The preparation condi-

tions of the Y2Zr2O7:Tb3? (Y: Tb = 100:0, 99:1, 97:3,

96:4, 95:5, 94:6, and 93:7, in molar ratio) were similar, so

we take (Y0.95Tb0.05)2Zr2O7 as an example to describe the

detailed procedures. First, 1.1490 g of Y(NO3)3�6H2O and

0.0715 g of Tb(NO3)3�6H2O were added to 40-mL

deionized water under vigorous magnetic stirring. Sec-

ondly, 1.0180 g of ZrOCl2�8H2O was added into the other

40-mL deionized water. Then the two kinds of solutions

were mixed together by slowly dropping the ZrOCl2
solution into the former. After 15 min stirring, the req-

uisite amount of ammonia solution was added to the

mixed solution to adjust pH value of the solution to be 9.

The above solution was transferred into a Teflon-lined

stainless-steel autoclave (capacity 100 mL) and sealed.

The autoclave was heated at 200 �C for 20 h and cooled

naturally to room temperature. Finally, the product was

collected by centrifugation, washed with deionized water

and alcohol several times, and dried at 80 �C for 24 h in

air. For comparison, bulk (Y0.95Tb0.05)2Zr2O7 was obtained

by direct solid-state reaction (SR) from the mixture of

Y2O3, Tb4O7, ZrO2 at 1000 �C for 10 h in air.

Phase identification of the products was carried out by

X-ray diffractometer (XRD, Thermo ARL XTRA, Thermo

ARL Corp., Dearborn, MI) over a 2h range from 10� to 80�
at a scanning rate of 5�/min. The morphologies of the

powders were observed by field-emission scanning electron

microscopy (Hitachi S-4800, Japan). The PL emission

spectra were obtained on a Hitachi FL4600 fluorescence

spectrometer at room temperature. The inductively coupled

plasma (ICP) was used to check the rare-earth ions con-

centration in the solid products.

Results and discussion

The crystallinity and phase purity of the as-prepared

samples were characterized by XRD. Figure 1 shows

X-ray diffraction (XRD) patterns of the (Y1-xTbx)2Zr2O7

(x = 0, 0.01, 0.03, 0.04, 0.05, 0.06, and 0.07) samples.

The four main peaks (111), (200), (220), and (311) are in

agreement with the formation of fluorite structure (JCPDS

78-1299) [7, 10, 11], though the JPCDS dates corre-

sponding to Y2Zr2O7 phase are still not available for

comparison. Figure 2 shows the Tb3? concentration

dependence of the lattice parameter. It can be seen that

lattice parameter is a linear function of Tb3? concentration,

and with the Tb3? concentration increases, the lattice param-

eter increases. The result showed that the lattice parameter is

in good agreement with the rule of lattice selection and ionic

radius. The enlarged lattice parameter proves that Tb3? ion

in Y2Zr2O7:Tb3? replaces Y3? ion because of the larger

radius of Tb3? ion than that of Y3? ion. The results dem-

onstrate that the product is phase pure, and no different phase

is detected even at a high Tb3? concentration (7 at.%). To

confirm neither Y nor Tb components used for the reaction

remain in the solution phase in the reaction mixture, we

added appropriate amount of NaOH solution into the solu-

tion by adjust pH value to be 12, and didn’t find any cloudy

white precipitation, which implied that no rare-earth ions is

still in the solution. Moreover, the Y and Tb concentration in

final products was checked using analysis of ICP method,

which shows good agreement with calculation. Obviously,

Fig. 1 XRD patterns of (Y1-xTbx)2Zr2O7 particles: (a) x = 0,

(b) x = 0.01, (c) x = 0.03, (d) x = 0.04, (e) x = 0.05, (f) x = 0.06,

(g) x = 0.07, and (h) x = 0.05(SR)
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all the amounts of the chemicals used formed a solid phase in

the hydrothermal process.

Figure 3 is the field emission scanning electron micros-

copy (FE-SEM) image of Y2Zr2O7:Tb3? (5%) synthesized

by the hydrothermal and SR process, respectively.

Figure 3a exhibits the low-magnification FE-SEM image

of the as-synthesized Y2Zr2O7:Tb3? morphology which

demonstrates that the product is mainly straight rods and

some random dispersed particles. The morphology of high-

magnification, as shown in Fig. 3b, clearly exhibits that the

main particles are nano-rods and some random dispersed

nano-particles. The width of the nano-rod is 50 nm on

average and the length is range from 400 to 1000 nm. The

morphology and particle sizes of other Tb3?-doped phos-

phors synthesized by hydrothermal method in this study are

almost the same as (Y0.95Tb0.05)2Zr2O7. Compared with the

product of SR (as shown in Fig. 3c), the particle size of

hydrothermal synthesized gets smaller and the surface of

the product is relatively smoother. Rare-earth oxide and

hydroxide materials have been proven can be easily rolled

into nanorods and nanotubes under a hydrothermal process

at relatively high temperature and pressure using NaOH or

ammonia as mineralizer.

The PL property of the Y2Zr2O7:Tb3? phosphor was

investigated by fluorescence spectrophotometer. Figure 4

shows the typical PL excitation spectra of (Y0.95Tb0.05)2

Zr2O7 obtained by hydrothermal method. The excitation

spectrum obtained by monitoring the emission of 5D4 ?
7F5 (545 nm) consists of an intense broadband centered at

245 nm, which is assigned to the f–d transition of Tb3? in

the excitation [12].

Figure 5 shows the emission spectra of (Y1-xTbx)2

Zr2O7 (x = 0.01, 0.03, 0.04, 0.05, 0.06, and 0.07) and the

emission spectra of SR. As can be seen, the emission

spectrum consists of intensive PL emission in the spectral

range of 450–650 nm under 254-nm excitation. The main

emission peaks at 490, 545, 585, and 623 nm were,

respectively, assigned to the 5D4 ? 7F6, 5D4 ? 7F5,
5D4 ? 7F4, and 5D4 ? 7F3 transitions of Tb3? [13].

The dominant peak is the green emission of 545 nm. Tb3?-

doped phosphors have been extensively utilized in dis-

play devices owing to their intense green emission of

*545 nm. The predominant green emission implies the

Y2Zr2O7:Tb3? phosphors can be used as a potential lumi-

nescence material. Furthermore, from the inset, it can be

seen that there existed a concentration quenching in

hydrothermal synthesized samples. The concentration

quenching occurred when Tb3? ion is about 5 at.%. When

the Tb3? concentration increases to a limited level, the

distance between two Tb3? ions decreases, so the energy

transfer between each Tb3? ions becomes easier, which

leads to the energy transfer between the Tb3? ions become

predominant by the non-radiation transitions. Therefore, the

emission intensity decreases sharply. The similar emission

curve is obtained for the phosphor prepared by SR, but the

emission intensity of phosphor prepared by hydrothermal

method, in the same doped concentration, is higher than that

of phosphor prepared by SR. Generally, it is known that the

PL properties of particles are impacted by many factors,

such as morphology, size, size distribution, and so on. The

lower emission intensity may ascribe to the phosphor

prepared by SR had more surface defects. Therefore,

the hydrothermal method is promising for synthesis of

Fig. 2 Lattice parameter as a function of Tb3? concentration

Fig. 3 FE-SEM images of (Y0.95Tb0.05)2Zr2O7: a, b low and high magnification prepared by hydrothermal method, c prepared by SR

J Mater Sci (2011) 46:1337–1340 1339

123



rare-earth zirconate phosphors. To further understand the

PL property, the decay curve of the 5D4 ? 7F5 transition of

Tb3?-ion-doped (Y0.95Tb0.05)2Zr2O7 was measured as

shown in Fig. 6. It can be well fitted by single exponential

equation. The decay time is 2.128 ms, which is short and

suitable for PDP application.

Conclusions

In summary, the Tb3?-doped yttrium zirconate

(Y2Zr2O7:Tb3?) phosphors can be prepared by a mild

hydrothermal method at 200 �C for 20 h, and Tb3?

ions have been introduced into this host. As the doping

level increasing, an obvious concentration quenching is

observed, and the optimum concentration for Tb3? was

determined to be about 5 at.%. The PL results showed that

the green emission at 545 nm (5D4 ? 7F5) is dominant

among these peaks.
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