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P it [ FH Y G A SrAL O, ¢ Eu, Dy RO
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(P o) —H, BRJE(FER d) LS, ShARZS 8%
B RN,

E 1 SrAl0,: Eu,Dy £ (% XRD &
Fig. 1  XRD analysis results of the samples SrAl,O,: Eu,
Dy. (a) sintered at 1 350 °C; (b) a re-sintered at
1350 C in H, + N,; (c)b re-sintered at 1 100 C
in air; (d)c re-sintered at 1 350 °C in H, +N,.

3.2 REAFHHESN

XERTARG 4 SRR R EAT A S35 I, 45
WP 2 Jes, BrAa e sh e ER O A, =330
nm, M 2(a) BEfD a, ¢ R SHETE IS R AT 2L

B2 SrAl,0,: Eu, Dy R B9 & 6T
Fig.2 Emission spectra of the samples. (a) sintered at 1 350
°C;(b)a re-sintered at 1 350 C in H, + N,;(c¢)b
re-sintered at 1 100 °C in air; (d) c re-sintered at

1350 C in H, +N,.
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REATTH S, B T IO UK BB 58 42 5% 7% B AR (10 1oL
B RGN B AR AR, (ERE d ik
SPCHISR SRR b 15k, BEHAAE b 250 4R
25 TR IR, B A ol & e i Bu® ™ BT
WREHG R . TR N oy &t Ak 2 )5 Pk 5L,
PRI 25 S BEAS T, SERF Bu® X6 S IR, ML
TMFERE L d 1 Eu® " B PR R

x1 HRERSIGEE

Table 1 Emission spectrum data of the samples

Position Area Relative content of
Sample s
(nm) (a.u.) Eu*
a 509.5 134 0.003 2
b 513.1 32 442 0.77
c 507.3 396 0.009 4
d 513.4 42 156 1.0

3.3 ABAEESH

Mo L BB AR BRI ER KA ROER R I
SR AR ] 5 B b R B RE 2 ) I B DR R
SEME . SrALO, FEF A G Eu®* il Dy
JE TR AR o IR ZEA H ™ A R AN TR 1 SR e
RESL. L, AR AL R WO B A 3145
ek, ROt b B RS 47 BT R S
A1°5d" BRI, O [IRELE 4f Ul b7 AR — A s
O, IS L FOT RO [l R 25 5 = S
AR R G S UGRIE AL T v g el
RE IR I Hh AR AT RE 2 D 4f BB Y2 70OF
TEANH B RSB 23 O I B A 2 T 4 BB i)
ZRF R B T B B Ay But o 0
Hr i 28 e RS SR B Dy’ BRI RE AT
PR Dy A5 Dy** o R IR LRI , i LI
SUBEAT  (HAFEREE e 12 R 73R T s
NI Dy* " FF U 38 W 1] A0 R X 44 5, o]
M 2SRRI RS, 2 5E 1T Eu ™ 19 RS AE 2
i 29k Bu ™ (K015 40°5d" B HRFE AR
HTFIE A= e — 5 TE BB,
FRIES RT3 RN, AR TR, P
AT A e AR T 114 0 A B AR o

K3 FEAERROGIE . 4 B T SR A R A

Fig.3 Thermoluminescence curves of the samples. (a) sin-
tered at 1 350 °C; (b) a re-sintered at 1 350 °C in
H, +N,;(c)b re-sintered at 1 100 °C in air; (d)c
re-sintered at 1 350 °C in H, +N,.

4 AR AR R RVBEEIE (TLS) P ILE5 R AN 8] 3
P I3 0T 4 A EE AR A — 4> B0k
el AR R R a IR LIR(E
efil, A 32 °CLMHEREdh a 20 ik [ A AL ik
JETR BN AE i d BRI (E B 5 o 99 °Co
OIATRE SR B POBOETE AR, i 2 (4) Al 50 A
R ABFRESIRIE B AN 3 IR
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E =12.52 +10.2 -0.42 .
[2.52 +10.2 (u, —0.42) ] 4 n »

(hy T, /@) = 2k,T, (4)
Hrro =8+ 7,8 Sy WA B I & i 5 B 9 98
JE 7 AW T R B ALK R B P YE R o R A
B R 0, = 8/, by IR 2GS
BT, MR, R 3 AR LR, BARKEE
HI e PR S AR e A5 (B AT B R M A8 b, {H X
INF 1) 3 BIF 8 2 TR B 2N AR W AT B2, 7E 0. 65 eV
ZeAi Jeth Dy’ ARG T IEPERE G, LA RS
AbantiNag' ™' T8 0. 65 eV 25 585, X —
5K W MR EL SrAL O, ¢ Eu, Dy #1714
JR— AR AL, Eu B3 0 5 AUk 68 5 2
PR AL AHIF AN I H R Dy 25 1 FE B REL

2 HREBELIEEE

Table 2 Thermoluminescence data of the samples

T ) ) T, E
() (v) (¢) M () (V)
a 17 12 39 12/39 305 0.64
b 26 23 49 23/49 366 0.65
c 25 26 51 26/51 341 0.62
d 27 25 52 25/52 372 0.66

Z £ X #:

LT e i 8] A 3 e 25 AR &
SrAl,0,: Eu, Dy WL E] Eu’* iy B KB4,
SO AR LR TR

2. Fu’* il B’ FER R BESE T b LRI (1
R, B’ HERIRAE ST Bu® " PR A ST B
BRI Se* (RS AL, 43 31 7 AR W (.
4592, 612 nm LR A SIS 1] Eu’ B AR & R
BEAEMIIA S AL E, (Bl TS T EhE
HH I HORHE T — N, H0 o 513 nm,

3. 4E = P il A 9 SrALO, t Eu, Dy 259
b IR AL P B A +3 M +2 1]
AR o SR LENE PR BA U R ARG AL R B
REGLURIE  (H UL T ARG —Se e . 2 A AL
SORAL R IRE 1 R SHOEE  Eu® A0 E
(9 5 ST, HLRZ S s BEAR S , AROLIE(E
AR HAS AR 5 2o o0 30 AL A RE i, A B 1Y
FIIEE , RS ETE 5 R, BRI (E o Ui
XARARMERTHE SrAL O, ¢ Eu, Dy #4714 Ji— 48—
B JFAL B, Eu B0 A FIROG 58 E 23 7 AR AR A
HIFAE I A Dy B 7RI B BFRES .
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Valence-change of Eu and Its Effect on the Luminescent Properties
of Long Afterglow Phosphor SrAl,O,: Eu, Dy

CHEN Xue-hua, HU Yi-hua, WANG Yin-hai, LIU Cheng, CHEN Ren, LIAO Feng
( Physics and Optoelectronic Engineering of Guangdong University of Technology, Guangzhou 510006, China)

Abstract: As novel functional materials, long afterglow phosphors have drawn more and more attention in re-
cent years because of a constantly growing market for their applications in traffic signs, emergency signage,
watches and clocks, textile printing, among others. Amid the newly developed long afterglow materials which
have already found commercial use, green-emitting SrAl,O,: Eu’" Dy’ " is of special interest because of its
high quantum efficiency, good stability and excellent persistent luminescence combined with an easy proces-
sability. However the mechanism of afterglow phosphors is still unclear, even the effect of the reductive using
on the producing process on the luminescence is not well studied. In this paper, compounds of SrAl,O,: Eu,
Dy were prepared in air atmosphere by high temperature solid state reaction firstly, and then were treated in
weak reductive atmosphere (95% N, +5% H, ). Thirdly, in air atmosphere again, and finally, in weak reduc-
tive atmosphere (95% N, +5% H, ). The effect of this process on the structure, luminescent properties, and
themoluminescent spectra of the samples were studied by X-ray diffraction (XRD) , fluorescent spectrophoto-
meter and thermoluminescence dosimeter (TLD) respectively. The monoclinic structure remains the same irre-
spective of the process, and is in good agreement with that of the powder diffraction file (JCPDS) 34-0379
(SrAl,0,). The reduction of Eu’*—FEu’" was firstly observed in the aluminate phosphor of SrAl,0,: Eu, Dy
synthesized in air condition and the reductive mechanism was also discussed in this paper. Eu’" shows com-
pletely different luminescent properties with Eu** in SrAl,O,. Eu’* has two narrow, intense spectra peaking at
592 nm and 612 nm, which resulted from the *D,—’F, transition and *D,—’F, transition respectively, im-
plied that the Eu’* may occupy two different lattice sites in the host crystal lattice; while Eu®* has only one
broad band spectra peaking at 513 nm, which resulted from the 4f°5d—4f’ transition. The emission of Dy’*
was not found in all the four samples, indicated that the Dy’ " ions play a roll as trap centre in the phosphor,
but not the luminescence centre. The concentration of Eu’" in the samples treated in weak reductive atmos-
phere greatly increased whereas the concentration of Eu’" greatly decreased when compared to the samples
treated in air atmosphere. The samples treated in weak reductive atmosphere have much higher thermolumines-
cent peak than that of the samples treated in air atmosphere. But all the samples, irrespective being treated in
air atmosphere or reductive atmosphere, have the same trap depth (about 0. 65 e€V), which derived from
Dy’ . All these phenomena indicated that, for the long after-glow phosphor material of SrAl,0,: Eu, Dy pre-
pared in air atmosphere, the process of being treated in weak reductive atmosphere, air atmosphere and weak
reductive atmosphere orderly, changes the valence of Eu ion and luminescence intensity, but doesn’t change

the trap depth in the material.
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