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Abstract Ce”-doped Gd.0; based oxyfluoride scintillation glasses are prepared through high—temperature melt—
quenching method under CO atmosphere. The effect of BaF; on the density, optical properties and scintillation
properties are studied. Luminescence intensity of scintillation glasses and BGO crystal excited by ultraviolet (UV)
and X-ray are compared. The result shows that the density can be increased by BaF.. The more the BaF.
concentration is, the higher the density is. BaF, can enhance the UV-excited luminescence and X-ray excited
luminescence. The optimum mole fraction of BaF.is 15%. Due to charge transferring quenching and concentration
quenching of Gd”’, the UV-excited luminescence and X-ray excited luminescence decrease with the increase of
Gd,O; concentration. The integrated light emission intensity of these glass samples excited by X-ray decreases from
143% of BGO to 19% of BGO and decay time reduces from 46.5 ns to 30.5 ns. The photoluminescence of the glasses
is higher than that of BGO, while the radioluminescence is lower than that of BGO.
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Table 1 Compositions, densities and integrated light emission intensities of X~-ray excited various samples

N Mole compositions Doping CeO, Light emission intensities of Density
o (mole fraction, %) (mole fraction, %) X-ray excited (BGO, %) (g/cm’)
0Ce 45810,-20A1,05-15BaF,-20Gd,0; 0 - 4.58
206G 60510,-20A1,0;-20Gd,0, 2 25 4.15
5B20G 558i0,-20A1,0;-5BaF,-20Gd,0; 2 40 4.35
10B20G 508i0,-20A1,0;-10BakF,-20Gd,0; 2 45 4.54
20B20G 408Si0,-20A1,0;-20BaF,-20Gd,0; 2 30 4.83
15B5G 60Si0,-20A1,0;-15BaF,-5Gd,0; 2 143 3.44
15B10G 55510,-20A1,0;-15Bak,-10Gd,0; 2 83 3.99
15B15G 50Si0,-20AL05-15BaF,-15Gd,0; 2 57 4.24
15B20G 4585i0,-20AL,0;-15BaF,-20Gd,0; 2 48 4.65
15B25G 408i0,-20A1,05—15Bak,-25Gd,0; 2 19 4.89
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Figl Absorption spectra of glasses with Fig.2 Absorption spectra of glasses with different Gd,O;
different BakF, contents contents and absorption spectra of glass undoped with Ce™
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Fig.3 Excitation spectra of glasses with different Gd,O; contents and excitation spectra of BGO,

inset shows emission spectra of glass undoped with Ce™ when excited with 280 nm
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Fig.4 Emission spectra of glasses with different Fig.5 Emission spectra of glasses with different Gd,Os excited
BaF, contents when excited with 335 nm with 335 nm and BGO excited with 300 nm

6 JIT A 45 Ce™ MBI AR i A6 X U T B9 R SOk 18 o BT R il 1) R OG I FR 3 38 B2 8 5 BGO
WA b, WL 1, 7E X BTERIM A T, BT BE A BB S BN Ce™ AU B84 & T o BR T Gdo0, BEJR 0 0N 5% Ml
10% 1 3 55 19 & O 06 &5 B 2 7 BGO A, JLAAE S #7557 BGO &b ik, HFE & G0, & & M3 i, & e (i F1
4358 A S T BGO 1 143% R B2 A4 T BGO Y 19% , X MR 56 8UR e 3R — 2, A= th T cd™
e R L B ff R RS R KRR N S o AN, PR IR S RTE] 6 A5, 1T LUFE B BE Gd.0L 75 H A 3G i, X -5 &
W TN KOG EE T R W X R TR GO, B s N, B B rb 0 A SR R R B o AR B
BRI T BGO B A& G5 B KR AR T IN MR35 H 2 78 X SR T BGO [ & 68 BE A R K i TR #8
3 W R BR BB, 33X 5 38 A B DG BUR O 5 B RE A TN R A OGBS I S5 1A — B, B TR FE B HR RO Y
Af % N BB BRL AR 58 AR D 1 7Y iR B SR A T TR R & S iR B, DR DR R BUR 6 S5 IR & G AL [R] , TR R &
Je— Mo 3A LR, B SR ik R R R 1 BB AR L RS SR AR R TR S S R AL 1 R Kk
S B E RO R POt . BRI IR RO G E WO T RE R R 1 PO . R IR ROk
aob X ST v A ol R S AR, 2 R BT e B A 22 B DR R OGS B AL S5 o R T B S A B A A KA R
TARRR S, AN TR B, J% o A B SO A I LA ERCAR TR R 3 1 DG B0 DG 5k B KR 55 T BGO AR L [H & X 2k
R 5 BE AR IR AR T BGO fhiA

1216002-4



I - R !

B 7 ] AN [ RE 6 AE 337 nm A4 FIOG S K L 7E 400 nm AL 45800 75 3 19 98 56 w80t 48 o I A RE B 1 2
it £ #B 8 FH 248 Bth Ze 00545 2, AT LLE 2, R 5 AR A AR PR 22 080 ], 241/ T 50 ns, 594 30.5 ns, 3X
e M 1 A ARG I R AT S o HL Y BaF, % i — E B, B Gda0s 5 i 36N, 58O 5 i i AR S i
M Gd,0, F i —ER, % BaF, & 38N, 56 6 Ay AR AR

—5B20G 1.0 —
1.0+ —10B20G No lifetime
—20B20G 20G 33.9
—156B6G 0.8 51)(()}1%3(?@ 3._2 g
~0.8F —15B10G
3 — 15BI5G 2 15B15G 20B20G 324
8 —15B20G 3 0.6 15B5G 46.5
p 06¢ —15B25G T 15B10G 40.2
i : bene B
< = s
£ 04} BGo 2 15B25G  15B25G 30.4
= S
0.2+ 0.2r
?300 350 400 450 500 500 600 650 700 0 200 25;0 300 350 400
Wavelength /nm Time /ns
K6 A5 Ce™ M X S ZMUR T 1 4 56615 P17 AN TR 9 5 e 9 4 i 2
Fig.6 Emission spectra of all glasses excited by X-ray Fig.7 Decay curves of different samples

4 45 ©

FE Si0,-ALOs-Gd.0s = JC R G B b il & T — R 5 Ce™ 18 44 19 A N KR B 38, W58 1 Bak, % 980480 N
TR 3% T8 955 B 2 MR RE DL SN R MR RE I 52, L3R T I BRI IS 5 BGO b R TE S8 AN R A R X SRR T 1Y
PG . SR EW

1) BaF, & il w7 , B 55 2% 1 b K, K (W) BaF, F 35 B8 R A, G, O B8 1 3 T8 2% 8 K

2) BaF, fiE i 5 19 3 Ce™ 1Y 48 40 DL Ko X B 48380 & & O, BaFs Y B AEEE IR 20 B0k 15% , 25 A it £ BaF., )5,
Ce™ M52 AP DL K X R R B GHE T 15%

3) BaF, & A A B, B Gdo0s & 3N, Ce™ A 28 71 DL B X 5 4R 38 Je 6 Y6 2R i R ARG, 2 D' 06 114 43 3 J8E A
FH24 T BGO 1Y 143% T FEFIAH>S T BGO 1Y 19% , 3% & PR S 77 2 1 FL far 28 B 14 80N LA K Gd™ P e 80 KA

4) 4 BaF, & it — B, B & Gd.0s & RIS N, 205 ar B W A2 5, 2 G0, & it — E B, B % Bak, & it
BN , %8 6 75 i T AN AE

5V FHECE S INBR & G ALEEAS ], DN R 3% 385 1) )6 3508 D6 i B 58 F BGO fb A, HJ2 IR R & D' o B
T BGO fhiAk

£ E XMk

1 Moses W W. Current trends in scintillator detectors and materials[J]. Nuclear Instruments and Methods in Physics Research A, 2002,
487(1): 123-128.

2 Van E C W E. Inorganic—scintillator development[]J]. Nuclear Instruments and Methods in Physics Research A, 2001, 460(1): 1-14.

3 Weber M J. Inorganic scintillators: Today and tomorrow[J]. Journal of Luminescence, 2002, 100(1): 35—45.

4 Liu S, Zheng S P, Tang C M, et al.. Photoluminescence and radioluminescence properties of Yb*'=doped silica glass[J]. Materials Letters,
2015, 144: 43-45.

5Sun X Y, Jiang D G, Wang W F, et al.. Luminescence properties of B,O; = GeO, = Gd,Os scintillating glass doped with rare—earth and
transition—metal ions[J]. Nuclear Instruments and Methods in Physics Research A, 2013, 716: 90-95.

6 Shaukat S F, Mckinlay K J, Flower P S, et al.. Optical and physical characteristics of HBLAN fuoride glasses containing cerium|J]. Journal
of Non Crystalline Solids, 1999, 244(2): 197-204.

7 Fu J, Kobayashi M, Sugimoto S, et al.. Terbium—activated heavy scintillating glasses[J]. Mater Res Bull 2008, 128(1): 99-104.

8 Chewpraditkul W, He X, Chen D, et al.. Luminescence and scintillation of Ce’ doped oxide glass with high Gd,O; concentration[J]. Phys
Status Solidi A, 2011, 208(12): 2830-2832.

9 Yang Bin, Zhang Yuepin, Xia Haiping, et al.. Preparation and optical properties of Ce*~doped high lutetium—gadolinium oxide glasses

1216002-5



[J]. Acta Optica Sinica, 2013, 33(2): 0216001.
f AR, RN, BT, SF Sl E e LA AU B B R A5 RIS BE)]. DGR i, 2013, 33(2): 0216001.

10 Shen Yinglong, Liu Shuang, Sheng Qiuchun, et al.. Spectroscopic properties and energy transfer of Ce*’/Eu’" codoped oxide glasses with
high Gd,0; concentration[]J]. Acta Physica Sinica, 2013, 62(11): 117803.
WRE, X WL, AT, 45 . Gl 18w AL A AR B 38 1Y) R S M BE AL BB AL S AN [T W EE A4, 2013, 62(11): 117803.

11 He Xiaoming, Chen Danping, Yu Bingkun, et al.. Effects of substitution of AL,O; by BaO or La,0; on spectral properties of Ce’*~doped
S10,-B,0;-A1,0;-Gd,05 glasses[J]. Acta Optica Sinica, 2011, 31(5): 0516001.
Al /NI, BRIP4 R, 55 . BaO 5 La:0y ¥ AR ALOSXT Ce™ $82% Si0,-B0:—ALOs—Gd0, BE RS G i P RE Y B Wi (1] D642, 2011,
31(5): 0516001.

12 Wang Q, Yang B, Zhang Y P, et al.. High light yield Ce’"~doped dense scintillating glasses[J]. Journal of Alloys and Compounds, 2013,
581: 801-804.

13 Yang Bing, Zhang Yueping, Cun Xubo, et al.. Scintillating properties of Ce™ doped high density oxide glasses[J]. Acta Physica Sinica ,
2012, 61(19): 192901.
B b, SR, ST ARIE, F L Ce™ B 2% R LI W DR B DR RERT S 0] W BE 27412 . 2012, 61(19): 192901,

14 Lee G, Savage N, Wagner B, et al.. Synthesis and luminescence properties of transparent nanocrystalline GdFs: Th glass—ceramic scintillator
[J]. Journal of Luminescence, 2014, 147: 363-366.

15 Bei J F, Qian G J, Liang X L, et al.. Optical properties of Ce*’~doped oxide glasses and correlations with optical basicity[J]. Materials
Research Bulletin, 2007, 42(7): 1195-1200.

16 Tang C M, Liu S, Liu L W, et al.. Luminescence properties of Gd**~doped borosilicate scintillating glass[J]. Journal of Luminescence,
2015, 160: 317-320.

17 Liu Liwan, Zhou Qinling, Shao Chongyun, et al.. Research on scintillation properties of Ce’'~doped Si0,—ALO;-Gd,0; glass[J]. Acta
Physica Sinica, 2015, 64(16): 167802.
XU J1H, @08, Bl =, 45 . Ce™182% Si0,-ALO,-Gd, 0, 3 38 (1) IN JR M BE A T [J]. P #E 244 . 2015, 64(16): 167802.

EEEE: R

1216002-6



