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Fig. 1. Glass-forming region of SiO2-Ala03-Gd2O3
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Fig. 2. (color online) XRD spectra of different samples.

R LB TR B A B S, WL 2,
FEm I R % E L 5 g/em®. GdaOg & B i
R AR R IRE, BEE GdOs & BT, %
JEIZWIG R, TR B R A AR K B FE M,
AN 10% LugOs J& # i % B2 4.2 g/em® H M2 1
4.9 g/cm3.

167802-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 167802

#1 FERARIERE
Table 1. Compositions and densities of various samples.
B E /R LR 152 CeO/(wt)% T g om
of BGO/%
7.5G 72.55i02-20A1203-7.5Gd203 1.0 44 3.2
10G 70Si02-20A1203-10Gd203 1.0 61 34
15G 655102-20A1503-15Gd203 1.0 46 3.8
20G 60Si02-20A1203-20Gd203 1.0 26 4.1
25G 555102-20A1203-25Gd203 1.0 23 4.3
30G 505102-20A1203-30Gd203 1.0 13 4.7
20G10Lu  50Si02-20 Al203-20 Gd203-10Lu203 1.0 19 4.9
20G10La 50Si02-20A1203-10Gd203-10Las O3 1.0 13 4.5
20G10Y 50S5i02-20A1203-10Gd203-10Y 203 1.0 16 4.4

3.3 S -TI IESTAIEE

Bl 3 (a) 45 th T ANE Gd2 O3 & SR 1B SO
L A AE CO AU il 4 1) B A It # 2 IS
tIE ). Ce EPIB LM Il E AP AN A, B
Ce3T I Cet™, BT B 11 B e T 3 35 i) %
(1 26 L K B3 R G OGS . A AT Ce T,
Cet MM A& — AN AIZE 55 4h— B30 AT 0L B
500 nm 2 A7 i HELART S RS A 100, DB 3 £ € DA %
U, AT DL W 3 R Ce KB4 #2
DL Ce3t [ AP AE.

M 3 (a) LT LLE H, BEE GdaOs & & 1)1
I, BB R 2R A R K R AR T R AR,
M 329 nm LA F] T 348 nm. iXJEH T HEE GdyOs
BRI, BEECEAW BT JamE 2R A
JEF TR B T RE AT, A BT = I RO O
— PR AETT 2, G0 B A B ) % B SR PR,
AR T A BT REE s, RN, &
Z BT ReR, R T4 T IR R, B
WK, BEE GdaOs BUZr 9N, B rh U5 14
BER T = B RN, X A4S Cedt BT 1 4f-5d 1L
TE 2 (B = % R I, i T T o K Ak
7, 45 Af LT B8 5 BT B 5d §E |, 51k
WS AU (R 2T H%

B 3 (b) N 508i05-20A1,03-20Gd303-10Lny O3
(Ln =Y, La, Gd, Lu)PL & 60Si05-20A1,03-
20Gda O3 35 35 FF b I 35 S R 1 B, B A
360—390 nm ZHHEHEE. @i 3 (b) Fras,505i04-
20A1,03-20Gd203-10Lny03 (Ln = Y, La, Gd,

Lu) 3% 3 FF & 1 R 40 8 0k o KM T, 22
MG B A R B B R AR K R A T R 8,
H.30G > 20G10La > 20G10Y > 20G10Lu, # KT

100
(a)
80 T
X 60
~
e — 7.5G
40 ——10G
15G
— -20G
20 25G
-~ -30G
0 . L
300 500
100
& =
80 | ;
——20G10Lu
} 20G10La /7 o !
¥ 6of- - 20¢10Yy [/ !
b 20G . !
@ — - 30G x 42 i
Ro40r b ; —20G10Lu
. BT : 20G10La
) ! 20G10Y
L 120G
20 40 i - 30G
368 376 384
0 N K /nm |
300 400 500
Pk /nm
3 (MTIER) (a) ANE GdaOs & B FE 5 IS 5 i

Bl (b) AS[RRE b 32 41 615 1, K04 360—390 nm &
P

Fig. 3. (color online) (a) Transmission spectra of sam-
ples with different Gd2O3; (b) transmission spectra
of different samples, inset shows transmission spectra
from 360 to 390 nm.
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Fig. 4. (color online) Excitation spectra of samples

with different Gd2Og monitored.
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Fig. 5. (color online) (a) Emission spectra of sam-

ples with different Gd2O3 when excited with 335 nm;

(b) emission spectra of different samples when excited
with 335 nm.
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3000 Sample No  Decay time/ns
10G 62.5
20G 53.2
2500 30G 37.6
2 10G 20G10Lu 45.7
£ 2000 20G10La 40.5
P 20G10Y 41.8
5 1500 pf
~
X
= 1000
500 F &
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I}1H) /ns

6 (PITIR ) AN[RIRE b R O3 R T I it 2 DL 2 AR

IVERE P EESiiEES

Fig. 6. (color online) Decay time of different samples.
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SEAIE R AL WL R Ce®t BT 19 5d HLTHUiE
BEN T, Ce®t BT WUR JE BRIT 3 d M T HUIE
fr Tl S SRR ERNE S, e
IEFEHE R RN 0l o 1t B 5 8 0 4% Ak b it
KLLRe, BIEHREH % LA, KW fifF Ce®t
BT d T BT S B BRI 3, CePt i
TR JE R B d T PE R Tl
S N E G, P A R S K AN,
b, WIS RO E TRE TR, 74 M 7 CePt
FEPTE T AT R K ORE I’ X — Pl T
LA AT 4 Cedt B 1 JEVEAE PDO, Biy03 55
B 959 N 1 € 5N e (A & ) IRy - = o
Vg3 vh 7= A2 R s 53— 5 T, e AL BB AR R TR
IR LU AR R R FR B A A AR, AT,
Ce*t B THIROGE TR . MR — 7T
g8, BRI RN CePT B T B IR, A
A3 B 2% 18 M 1 R R R KRN, 3 AN E AL
LTI M R K RUE. 9 1 ORAIE DA R 30 38 1 v 5 52
TmEBRAEEEKENESRES T, HES)ES
TR T R B L AR, AT
Cet B 7 A A i M M KA. A PR IX A T
B, — R EAL S 5 E R B T A O BT

&, ZFEAEFTET A NI mERMAE T
TR 78 B8 B BEAT; 53— 7 T, AT DA 46 9 SR B
W, BTSSR TR T, AT
ARSI G RS . A I T 8 7 A 8 RT LA ) R 3
MERER R, BATR — 2R 4% X AR A K

-
:|:5d [ 5d A
4f Af
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Fig. 7. Charge transfer quenching of Ce31 in the glass.

3.8 XEt&RBARINNIE

R R AR TN R R S FH A A R M R
Z—, B T XS RO e, B A R
w1 R DGR 4y o FE AT 5 B R Bk (BGO) i 1R AH L
B, MR 1. E 8 (a) AAIF GdaOs Er &A1 X 5
HWORIEIE, BRI RN S X 4
WOR K IEHE Gdo O3 7 SRR FUEE. BT FE S 7E
X B2 R T #A EL BRI R ), 1 GdoO5 8 it
10% mol, X 542 526 73 6= B AH 24 T BGO
rm A 61% AR 2] 13%. BT HIREfh RO #L S
BN N O AL, R 2 I A R, (R
P () AR AR EN AN A [F]. 7R SR AMNBUR i
1, B GdoOg MG, ZOGIREAK R %, (Ha2, 78
X &R g, BEE GdaO B4, ROGuR A
SRS 9N, AN S 5 X Uk Ot
i B A A AR X — [, H BT
55RO AR T, R 2R MO 3 B0E 1 T
B LS EOR B S I Re R, b T mBe g &1
BUE A B ST R R I R EE 2 A
Z 5 Rk, BOKRE TR . WE8(b), A
LuyO3, LagO3, Y203 J5, £ i i &k 658 & L 20G
PIRE A BT R BE, & Lua O3 MRS N REED, [
I} 55 Luo O FAFE it vh B S R B, 3] Luo O
b Y203, LagOg B A F T I MR 14 BE 48 T, [,
AL 3@ I AL Lug O5 A Gdo O 1 L5 SR 35 15 5 4% (1)
PSRRI
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Fig. 8. (color online) (a) X-ray excited emission spec-
tra of samples with different Gd2Os, inset shows the
rule of UV and X-ray excitation fluorescence intensity;

(b) X-ray excited emission spectra of different samples.
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Abstract

Scintillation glass is an attractive material due to its many advantages including low-cost and easy-manufacturing
compared with single crystal. However the low density of glass scintillator restricts its applications. The introduction
of heavy components such as PbO and BizOgs allows the density of the glass to be easily increased to more than
6.0 g/ cm® which is desirable for most applications. However, it is usually accompanied with a dramatic decrease in the
luminescence response of Ce®** ions. Although Gd2O3 based glass has a relatively high light yield, it is far below the high
silica glass. In order to explain why the luminescent efficiency of Ce®>" doped glass with low density is high while that
with high density is low, a glass-forming region of SiO2-Al;O3-Gd2O3 ternary system is achieved by high-temperature
melt-quenching method. Ce®*doped SiO2-Als03-Gd203 and SiO2-Als03-Gd203-Lne O3 (Ln = Y, La, Lu) scintillation
glasses are prepared at reducing atmosphere. Their optical and scintillation properties are investigated. The results show
that the content of Gd2O3 can reach as high as 30% mol without phase separation. In addition, the UV cut-off position
is red-shifted, PL intensity decreases and decay time reduces from 70 to 37.6 ns with increasing the Gd2O3 concentration.
After LuzOs, La2Os, Y203 are added in the glass, the UV cut-off position is red-shifted and PL intensity decreases.
Moreover the UV cut-off position is in the order of La > Y > Lu and the decay time is in the order of La<Y <Lu. When
Gd303 is more than 10% mol, X-ray excited luminescence light emission intensity reduces from 61% of BGO to 13% of
BGO.

With the UV cut-off position red-shifted, the bandgap of glass becomes narrow, resulting in the 5 d level of Ce3™
ions gradually approaching to the conduction band and the 5 d electrons easily combining with the holes in the glass
through the conduction band. Namely, charge transferring quenching occurs. This is the reason why the PL intensity
and decay time both decrease. It can also explain why the luminescent efficiency of Ce®>* doped glass with low density

is high while that with high density is low.

Keywords: glass-forming region, scintillation glass, Ce3 doped, charge transfer quenching effect
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