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Influence of Phase Transition on Photoluminescence Properties of Trace
Ti Doped Nano-zirconia
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Abstract: Trace Ti doped nano-zirconia was prepared via the one-pot reaction, and its phase transition and
luminescence properties were characterized. It is believed that generation of excess oxygen vacancies within the
trace Ti doped ZrO, nanocrystalline is primarily responsible for the room temperature tetragonal phase
stabilization below a critical size. Luminescent properties of ZrO, are greatly affected by the oxygen vacancies in
the phase transition process, leading to the enhancement of the 470 nm phosphorescence and the identical color

long afterglow.

Key words: zirconia; phase transition; luminescence; titanium

20 ) ( )
’ ’ ( ) )

, ( ~1175 C),
(1175~2370 C). (2370 C~ 2750 C). 2 ,
’ - ) - |1|o (

:2010-07-27., :2010-09-26 .
(No.20803007,10875025) , (No.OC10030109),
(N0.2009B049) o

* o E-mail : congyan@dInu.edu.cn

, L3 ; : .



2234 26
Y*,Gd*, Ca* i i —
; 1000 1
’ = 700 T
: 20 0 ‘_4:; 30 o0
) 0/ (
° F1 T B4 Zr0, 16 A R 0 BE S5 I 1E T 0 B Y
XRD [
1 Fig.l  XRD patterns for ZrO T at different annealing
1.1 temperalures
( .
Pz70) , W, PZO 900 C , 700 C
, ( Lo, (12,
0.05mol%) 80 C , R
, Ti P70, ,
, 700.900,1000 1100 C o 1000 C
3 h, ° ) o ,
1.2 o
X (XRD) Rigaku D/ (1100 <C), o (
max-I1B , 40 kV, , o
20 mA, 0.02°(26), Cu Kal , . ,
(A=0.154 06 nm) ( 700 °C
Ka2 )o Hitachi S-4800 o)
(SEM) o 2 SEM,
,  F-4500 , 700 C
30 nm , )
Hitachi F-4500 o 900 C 50~60 nm,
YAG:Nd (266 nm) , 1100 C , 100 nm,
710, s o
1 7r0, ,
1.1 o 7r0,
! : : 50%
7r0, XRD , Bl
710,,0.05mol% 7r0, , - s
o , 700 C , , o
28.40°(111),,,31.40°(111), ( 30 nm),
35°(200),,, « »

(O11),

(112),, 700 °C



12 2235

g

SOU rum

B2 33700 C(b) 900 THI() 100 ikt 1L 4eES 0% B S ) 54 s
Fig.2 SEM images of the ZrO:Ti nanocrestals sintered at (a)700 °C, (b) 900 C and (¢) 1 100 T

2.2 . ,Ti 710, 280 nm
7r0, s 350 470 nm 2 o
69 Harrison 710, 350 nm 1oy
ZI‘4+ 6 ZI‘Oz )
o “ ” s F s F
ZI'02 o
9 Ti 710, 350 nm o ,
TiOx0.05mol%)  ZrO, 710,
o TIOZ ZI'OZ Ti3+ 5 5
3 4 , 710, 470 nm ol 710,
Ti* , 350 nm
o , 470 nm
F N ZI‘OZ o ’
, 710, s 350 nm
ZI'02 o )
o 3 470 nm Ti3*
Ti 7x0, 5 470 Ti*
( XRD 4 ) 1ol
15 ( )
Monoclinic phase s 710,
_ 10 4 710,
g 5| ) ’
0F Tetragonal phase - o
250 ' 300 ] 350 ] 400 . 450 . 500 : 550 ‘ 600 h;; ‘ 700 .
Wavelength / nm [
B3 80K 200 MM 0 R30I 0=l (171
Fig.3  Emission spectra for nano-Zr0:Ti in the 1) I !

phase transition process



2236

26

Intensity / a.u

(140,060 "

l 4
Fig.4

10 1) 1 M)
T'ime /s

AR Ze0Ti EES TR 00 4 1 w2 08 i
Afterglow-intensity decay curves of the nano-

and bulk ZrOyTi

n 0.5~2

0.03  0.06 s,

, 210, Ti
o y T102 ZI'Oz
(0.05mol%)

o TiO,

Zr02 , “ ”
, ZI‘OZ
) 470 nm

[1] Kisi E, Howard C. Key Eng. Mater., 1998,153-154:1-36

[2] Ohta K, Yamada K, Shimizu K, et al. Solid State Ilonics,
1982,3-4:443-446

[3] Fork D, Fenner D, Connell G, et al. Appl. Phys. Leit., 1990,
75:1137-1139

[4] Abe Y, Tomioko H, Gunji T, et al. J. Mater. Sci. Leit., 1994,
13:960-965

[5] Uehara M, Barbara B, Dieny B, et al. Phys. Leti. A, 1986,
114:23-26

[6] Cong Y, Li B, Lei B, et al. J. Lumin., 2007,126:822-826

[7] Harrison D, Melamed N, Subbarao F, et al. J. Electrochem.
Soc., 1963,110:23-28

[8] Sarver J. J. Electrochem. Soc., 1966,113:124

[9] Pifferi A, Taroni P, Torricelli A, et al. Appl. Phys. Lett.,
1997,70:348-350

[10]Petrik N, Taylor D, Orlando T, et al. J. Apple. Phys., 1999,
85:6770-6776

[11]Shionoya S, Yen W. Phosphors Handbook (Boca Raton, FL:
CRC 1999):91



