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1.1 HGRtH&E

S5 e A 3 TR T 0 B A 2H B TR BT L B T AR 1
Horh BaO dy BaCO; 5l A, JoAx J5RL 2 2 S Ak ¥ 803 1L )
SEEEAE 99. 9900 L b R T AR BUR AW 20 g, 5 I3 W B
P75 B BB VR 5 JG T A SR S . 7E 1 480 °C fif ik 48 Fi o
HE R 1 b, SRS R B TR B e B R . AT
WA i R R R AR B D s 7E 650 CRY S By h R 2 h, AR5 R
PR HI B O T ARIEARR SRS 0 K AR S
FIIFHEAT ORI, BIVE 10 mm X 15 mm X 2 mm ) 3¢ 3
P AELIE I

£1 Dy, TV EBI Dy /T A B RERBEFRENGEENANRL RZE

Table 1 Nominal compositions and density of Dy*" , Tb*" doped and Dy** /Tb**
co-doped silicate oxyfluoride scintillating glasses
Sample Composition/mol % Density/

No. Si0O, Gdy 04 BaO BaF; Al; Oy Sb, O3 Thy 04 Dy, 03 (ge+cm™?)
HG 64. 50 6. 00 22.00 6. 00 1. 00 0. 50 - - 3.981
Dyl 64. 10 6. 00 22.00 6. 00 1. 00 0. 50 — 0. 40 4. 090
TDo 58. 50 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 - 4.461
TD1 58. 30 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 0. 20 4.501
TD2 58. 10 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 0. 40 4. 442
TD3 57.90 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 0. 60 4.418
TD4 57.70 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 0. 80 4. 402
TD5 57.50 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 1. 00 4.513
TD6 56. 50 6. 00 22.00 6. 00 1. 00 0. 50 6. 00 2. 00 4. 545

1.2 HRRIE W E W T 588

ISR Y % BE R T Archimedes ¥, DL ZE K 1E 2

Wi. 7€ Mettler Toledo 4 il iy ML104 Mi ¥ K F Efrm 2 5 5iHE

E .o ZLAN % K F] Thermo Fisher Scientific 23 &) i Nicolet

iS50 FT-IR 7R {8 L A8 3 21 40 S 3l L ATR B (& Wl A 2.1 HEmHEE

E RO E . PR 4 em T, 1R B 16 R, A
H525~1 250 em ', i B %1% R A Shimadzu 23 & ) UV-
2700 A=A UL 43 O O B H #EAT I E . O % g [l 200 ~ 850
nm, JEi% 5 BEE 0.5 nm, JEEUR G R O RE AR BT ik
K Hitachi 28 7 89 F-7000 98 Yootk AN 47 0 2 » #& 6 IR
9150 WA . B I 98 0 5 e it 48 2 7R Horiba 24 A] 9
Tempro 9% 7 i M 1K R 48 b 58 I 5E . WK G IR R Spec-
tralLED, H.0 4K S 280 nm., (AR B 19 I i J2 R 48 L TR
80 kV., EHU 10 mA 11y W 12 X LKA IR, BLA Ocean-
Optics A A [ QE Pro-FL JG£F G5 A0 i K e 61 . fir A il

YO B IR S R TR L. TR A
) BaO. BaF, . Gd,O; il Th, O, ZEH0 & i % AL G H &7
B PR B B B R, T O DA R B3 1 4% JE B R
o B AT Bl T RS AR O AR AT R
1ERET) . FRE BRI ERRLL .
2.2 OHRIESHT

12 Th*" #4005 I 45 35 38 (TDO—6) iy FTIR %4,
B L 7R . P07 A it AR A TR O ) 52 08 A i 0, U P T
FF it 1R 435 M) 2 R T KRR T o A PRI 114 21 SN R i
W R 43 S A T B . (1) B — W A 4 Al T 750 ~

4.4 gecm?,
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Fig. 1 FTIR spectra of Th®" activated
scintillating glasses (TD0—6)
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Fig. 3 Photoluminescence excitation (PLE) and Photolumies-
cence (PL) spectra of Dy*" doped glass (Dy1). The in-
set shows PLspectra of HG and Dyl glasses under 274

nm excitation
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PR A TH BERE RS 544 nm, WK 5l LIFEF, Tb*'
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Fig. 4 Schematic energy — level diagram. characteristic emis-
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ansfer; (iii): Dy*" —=Tb*" energy treansfer; (iv): Th®*" —Dy*" en-

ergy treansfer; (v), (vi), (vii): cross relaxations of Dy*"
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Fig. 5 PLE spectra of Th*" activated scintillating
glasses (TDO—6) , monitored at 544 nm
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PL spectra of Tb’' activated scintillating glasses
(TD0—6) under 452 nm UV light excitation. The in-

Fig. 6

set shows the emission intensities at 544 nm of Tbh*" i-
ons as a function of Dy,O; contents in the TH" acti-

vated scintillating glasses (TD0—6)

434 Dy* " Al Th* 22 [a] (4 g & 1% 88 A & Dy*" %t Th'*
ROGYEREMI S . 4» B Lk 452, 350 F1 274 nm N R K.
T TH™ " 0 N R B 38 10 & 49 3% . 181 6 J& TH™ 30 TN 4k
B3 (TDO—6) 7F 452 nm AN KR T W& S ik, MWK 6
RET LR R, RSO 2 R F 489, 544, 586 il 623 nm
WA K ST, o AR F T ° D, —~"F,; (J=6, 5, 4,
DERT R &, Hd 544 nmC D, —7F, ) kb 1y 9% 56 K B o T £
Ko BT 452 nm EHMGEIE T Dy* MRFAEB A B K, TH AR
AE ORI K Z A0 %, IR K T $35 35 5 (TDO) Yy
ROGIRPEEAEE 55 . A% Dy* 51 A, 7E 576 nm ffiE &
T Dy B Fopp—° Huspo BRAE KA, B T B kG 3R E
WERG, Dy,O, &K 1 mol% (TD5) Mk & K, M5
RS . RATTINH . XJEFE Dy —>Tb " (gL, 78
452 nm EAMEEE T . Dy B FAEEEME R L. &,
SR 5 0 AT T Gt TR R S R B Fo A . R 4 Y BE R I
ATLAEE], Dy W Fo REHNE & T T A9° Dy RES. L.
AL SE R R B A SR e A, JEE O RE L R A AR Y
T, T Th™ (5 4 BT 7 3R MR LA, BEE Dy’
B R, Dy ) TH T i RE R £, F L Th'"
RIGHRBEER M, (A2, Dy Bk i, Dy T Z IR
A/, REHE T Dy’ Z A TCHE 4 58 Wi BB R s £
LR K, W T TR M RE R AL, B Uk Dy'/
Th " AR PR T 10 & Ok 3R BRI, Dy*" Z ) 19 T 56 4 &2
X E A (v, vi, vid fiRE

"Fopp+Hy5—>CFs5, "Fiu)+C Hyyy CFipy) (v)

"Foo +"Hy5,—>Hs, +(CHyppy 5Fg)y) (vi)

"Fopo +Hys—>CHypyy “F1 )+ CFs5, CF ) (vii)
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PL spectra of Tb’' activated scintillating glasses

(TDO0—6) under 350 nm UV light excitation. The in-
b

Fig. 7

set shows the emission intensities at 544 nm of T
ions as a function of Dy, O; contents in the Th** acti-

vated scintillating glasses
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Fig. 8 PL spectra of Th*t activated scintillating glasses
(TDO0—6) under 274 nm UV light excitation
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Fig. 9 Luminescence decay curves of Gd** °P;,, %S, ,,

emission in HG and Dyl glass samples
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in Tb*" activated scintillating glasses (TD0—6)
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Effect of Dy’" on Luminescence Properties of Tb*" Activated Silicate
Oxyfluoride Scintillating Glass

ZHANG Yong'?, ZHU Jin-ming', YANG Li-li"* , LU Shi-quan', WU Yan-qun', CHU Xue-juan'
1. School of Physics, Jilin Normal University, Siping 136000, China
2. National Demonstration Center for Experimental Physics Education (Jilin Normal University), Siping 136000, China

Abstract Dy’" ., Tb*" doped and Dy*" /Th*" co-doped silicate oxyfluoride scintillating glass were prepared by high temperature
melting method. The Fourier transform infrared spectra, transmission spectra, photoluminescence excitation and emission spec-
tra, X-ray excited luminescence spectra and luminescence decay curves were analyzed. The influence of the energy transfer be-
tween Dy’ and Tb*" ions and Dy*" doping onluminescence properties of Th*" activated silicate oxyfluoride scintillating glass was
studied. The results indicated that Dy*" /Tbh*" co-doped silicate oxyfluoride scintillating glass has relatively high density and
good transmittance in visible region. The networkstructure of glass isconstituted of tetrahedral [ SiO, ] and [ AlO, ]. Under the
irradiation of ultraviolet light, the luminescence of Dy*™ -doped glass originates from * Fy,,—° H\5,, (483 nm) and ® H,3,, (576 nm)
transition emission of Dy’" ions, while the luminescence of Th*"-doped glass originates from °D, =" F; (489 nm), "F; (544
nm), "F, (586 nm) and " F; (623 nm) transition emission of Th*" ions. As for Dy*" /Tbh*" co-doped silicate oxyfluoride scintilla-
ting glasses, the emission spectra aremainly due to fluorescence emission of Th*" ions. The emission spectra under ultraviolet
excitation with different wavelengths revealed that Dy*" /Tbh*" co-doped scintillating glass includes manifold energy transfers.
When Th*" -doped glass is excited by the characteristic excitation wavelength (452 nm) of Dy*" ions, the luminous intensity of
Tb*" -doped glass is very weak. With the introduction of Dy*" ions, Tb®" ions emission are sensitized and enhanced by the ener-
gy transfer of ' Fo,, (Dy*" )—>°D, (Th*" ). The luminous intensity ofDy*" /Tbh*" co-doped glassesis improved with the increase of
Dy,0O,. The luminous intensity ofDy*" /Tbh*" co-doped glasses reaches the maximum when the content of Dy,O; is 1mol%.
However, when the content of Dy, O; is further increased, the concentration of Dy*" ions is quenched, which results in the de-
crease of the energy transfer to Th*" ions and the reduction of the luminous intensity. When the excitation wavelength is de-
creased to 350 nm, Dy*" and Tbh*" ions are excited to higher energy levels of * P;,, (Dy*" ) and °L, (Tbh*" ). At this point, the en-
ergy transfer of both ' Fy,, (Dy*" )—°D, (Tb*") and ° D, (Tb*" )—>'F,,, (Dy*" ) occurs. When the doping concentration of Dy*"

ions is relatively low, the energy transfer of Dy*” —Tb*" is stronger than that of Th*" —>Dy*" , which enhancesthe luminescence
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of Tb*" ions by sensitization. With the increase of Dy, s content, the energy transfer of Th*" —Dy*" is enhanced. When the
content of Dy, O is above 0.4 mol% , the energy transfer of Th*" —Dy*" is strongerthan that of Dy’ —Tb*", which reduces
the transition luminescence of Th*" ions and thus decreases theluminous intensity of Dy*" /Th*" co-doped glass. Due to the effi-
cient energy transfer from Gd*" to Dy*" or Th*" , the competition of energy transferfrom Gd*" to Dy*" and Tb*" ion soccurs un-
der characteristic excitation wavelength of Gd*" ion at 274 nm. With the increase of content of Dy, s, the captured energy of
Th*" ions decreases constantly. At the same time, the energy backtransfer of Th** —Dy*" and the nonradiative cross relaxation
between Dy*" ions appear, which leads to the reduction of theluminous intensity of Dy*t /Tb®" co-doped glass. The °D,—>"F;
luminescence decay curves of Th*" ions for Dy*" /Th** co-doped scintillating glass showed that with the increase of Dy, O; con-
tent, the lifetime of °D, (Th*" ) reduces from 2. 24 to 1. 15 ms and the curve changes from single-exponential to double-exponen-
tial form, indicating the possibility of the energy back transfer of °D, (Th*" )—>'F,,, (Dy*" ) in the glass. The X-ray excited lu-
minescence emission spectra showed that the introduction of Dy** ions has a negative effect on the luminescence of Th*" activated
scintillating glass. Becausethat negative effect is not enough to make up for the Dy*" —Tb’" energy transfer, the radiation lumi-
nescence intensity of Dy*" /Tb*" co-doped glass decreases with the increase of the Dy, O; content. Therefore, Dy*" ions should
not be used as sensitizers to enhance the luminescence intensity of Th®" ions in Tbh*" activated silicate oxyfluoride scintillating

glass.
Keywords Scintillating glass; Dy*" /Th*" co-doped; X-ray excitation; Energy transfer
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