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Abstract
Background and Objectives : Develop the efficiency of SBAL and SBALG scintillators and improve the light yield of
scintillator by doping Ce**and Pr’* compared with BGO crystal as standard.
Methodology : In this research, 2 formulas of glass scintillators were developed include: 5SiO, - 30B,0, - 25AL,0, -
30La,0, (SBAL) and 15Si0, - 30B,0, - 25Al,0, - 22.5La,0, - 7.5Gd,0, (SBALG), Both formular were doped with
ce’*and Pr’". The glass samples were prepared by melt-quenching method under a CO reducing atmosphere and
were annealed at 700°C for 3 hours.
Main Results : The absorption band of energy compose Gd* (4f-4f) at 272 nm, pr¥* (4f-4f) at 400-500 nm and the
absorption edge of Ce”" (5d-4f) at 370 nm. Moreover, this research applied density functional theory (DFT) and
random phase approximation (RPA) to predict the energy absorption performance of glass structures that
affect the luminescence of glass samples. The emission band of the Ce®": 5d - 4f transition region 370 - 630 nm
and the emission spectra of Pr’* (4f-4f) of glass samples SBAL and SBALG at the energy level 1D2 —)3H4 transition
at 604 nm.
Conclusions : Excitation glass sample with X-rays irradiation found that the luminescence efficiency was about
2.52% of SBAL and 7.83% of SBALG glass sample compared with BGO crystals. The light yield (LY) tested under
excitation with QL particles (“**Pu) found that the SBALG glass sample has enegy value higher than SBAL compared
with BGO crystal. So SBALG glass structure is suitable for using scintillator material because of it has the good
ability to react with radiation.
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Figure 1 Photograph of polishing glass samples SBAL and SBALG.
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Figure 2 The DFT results of the RPA-based absorption spectrum in order to predict absorption ability of

each composition in glass formula
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Figure 3 Absorption spectra of SBAL and SBALG glass host doped ce”, pr’'
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Figure 5 PLE and PL spectra of SABLG host under excitation at 352 nm, 272 nm (A) and 447 nm (B)
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Figure 6 (A)RL spectra of SBAL and SBALG glass host compared with BGO crystall
(B) RL spectra of SBAL compared SBALG

Figure 7 u@n1n1nininfia (Photo-peak) Failun1mageua AN A uTafialaduaesuiafaesiig
wWhaueuiunan BGO laani1sdndadmieugs (Light yield) %ﬂ‘fl,m@'\iﬁ’]Lﬁmﬂu’m@ﬂﬂﬁ@ﬂ’] (**Pu 5.5 MeV) i
ARERE- AN PECERERR delfAnnsiaauas aanuanisdaAfafmisuaenudtufaetne SBAL uay SBALG i
Angasmiauaailn 14.10 uaz 20.37 ph/MeV auans tnaArdasmmiauderesuiafaetauaznisiiaudss@nsnan

weauiafaeteiunan BGO gnajulu Table 1
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Figure 7 Pulse height spectra of SBAL and SBALG glass host compared with BGO crystal

that used 5.5 MeV o, particles source

Table 1 Light yield (LY) value was excited by o particles ***Pu) of scintillating glasses.

Samples Photoelectron yield LYq of 5.50 MeV LYa (% of BGO crystal)
(phe/MeV) (ph/MeV)
BGO crystal 287 1250 100
SBAL:Ce, Pr 4.09 14.10 1.20
SBALG:Ce, Pr 5.90 20.37 1.63

N1INARLIAAINNTAALIFINIIAAEILES (Photoluminescence decay time 1138 PL decay time) Liluuila
TuaniRndrAryresiandaniaawes InadandanialamefasesiAinisasafanieaaindu (Short decay time) lng

ANNNTAANLFINIIAIRINITD AU L LFANNANANT
I(t) = A,exp(-t/T,) + Aexp(-t'T,) + background (1)

Gl I(t) luminescence intensity
A amplitude
t time

T decay time (T, is fast component, T, is slow component)
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Figure 8 PL decays time of SBAL (A) and SBALG (B) glass host under excitation at 326 nm,

and emission at 430 nm

Figure 8 WAAINANTINAABY PL decay LlansvAuuiafandan A, =326 unluiums uaz A, =430
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NAIUaN Ce® Tudu 5d Tda P Tudu 41-4f a9 w3 Lunaannn1fiNU 22 anEAINN17aAT UN A ULLL

Talilaauas (Non-radiative) lunszusunisanalaunadann’ saiuniafaasng SBAL:Ce, Pr kay SBALG:Ce, Pr AN
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NN9AANAINIUIANANIN BadunilaluanTRNAaIN131895dATaNALALAaS

q

AA79niNanI15IAE
TueudseildldnisAuandaenged) Density functional theory (DFT) ailunisvinuisantifizesianann

szAvdidnmseu e ldaninasesdndainiawmdsaluasns (eznen Tuana vsevesuds) Ineangsd) DFT ldnisud
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aun3Aae Kohn-Sham Wlundn inemantinesiagainieduinauiassedudundsanu adslafinunisaiuan
DFT T lgn1sA1ua iU Lneamnsa (Exact solution) tiedainiinisdszanauiduden wazdal A nislme figasawa
PANEA LTU ATWAI9UIESU (Energy cutoff) LAZANNULNLULAAY k-point N19Useununall exchange-correlation
PUMHNZAN NITINHATBEIUTIURWARFINAF WATNANIIATUIUULL Hybrid functional wazdu | TeArwiandimesiunis
o 1 -:911 £ A v o n:i ° o £ o ma} v o o d:

ANUANLUANT AB9AaN TN ZALISULNNAIAN LALLM ZALANLRNAINN9YTUE AINHANITANWINL DFT 1e

nunalassafninatosresusazasdlsenauaasui wuduaunineanlasiacuainnsalunisganaunasuie

vl al

qnnszduléangn (Figure 2) saduannmssusndudesiidsannsaiusuniveenlasnidudiunaumdnluud
A8 %'qmmd’]mmimj'qm”luéfaqmiﬂé‘vuﬂ@qﬂ’mﬂmLLmme%m‘rmqmemuﬁqﬁq@mﬂﬁ” (Pramchu et al., 2022)

mMmageumAranasunIganAunduTeuiafeteiidedan ce®, PP uRaufaufuniamating
SBALG waz SBAL (Figure 3) wuindugilnninaesuiafiegne SBALG ﬁﬁwmi@mﬂﬁuwﬁqmmm Gd 7l 272
U UL AT ”Luizﬁu%uwﬁwm 4f-4f 1eaunaladiie s (Lertloypanyachai et al., 2017) dlaflauiuudasesiaes
SBAL tAedaunndnsiidunmiividatndaauluuiamaethaoiansnin deidedaed Bouuazinadle faunudn
duaninaiunisganaugssuiafatrnsdesiininisganaulutasdous 200-380 wnluwms dailudasnisganau

o

wEsuTes e’ lusrAudumdasnn 4f-5d (Lertloypanyachai et al., 2017) Inadaaun199ANAUNALU a0 LR
F3unEusui 380 wiluwms wazdanalddnutaseting SBALG:Ce, Pr inisganaundsiufinnnndufaiaaging
189 SBAL:Ce, Pr uﬂﬂmﬂﬁﬂ"\iwudﬁﬁmi@‘mﬂauwﬁwmmm Pr*" fidag 400-500 unTuims %q@%islui:m”u%uwﬁwm
4f-4f (P. Lertloypanyachai et al, 2017) uazgnun oy luusa et ans i (nwunanlu Figure 3)

N13NARBLAINITLLA9LAS (Photoluminescence) 389wiaf28819 SBAL:Ce, Pr az SBALG:Ce, Pr wandli
Figure 4 uaz Figure 5 ANa1AL Tnewudnduailnaiunisnsesu (PLE) A, = 430 wunluiums %uﬂum?@mﬂau
WRNNLL09 Ce® Tz AUTUNATN1 4f-5d ﬁmmfyﬂ'ﬁﬂizmm 352 W TWLuAT (199n199ANAY 230-400 w1 Twe)
uazanunsonuldluniafaat1aages i (Figure 4A Uae Figure 5A) usluuiasaatng SBALG wudnfaanfiad
Uszanms 272 untuimmsdas duduzenves Gd* luszdudundaey *S, ) pufiuanslu Figure 5A tneiflunis
AANAUNAINIUTRIUNATAALTEN (Lertloypanyachai et al., 2016) ludauaasaulnasunisaanasanu (PL) A, = 352
uluiuns Wm'wLLﬁ’fnﬁfmﬂ'w‘1;“\‘1mmmﬁmﬁm?mﬂwﬁwmﬂgiumq 370-630 wluiams uazdzapasanaiui 430
unluums

lunstiaasuAasiaating SBALG Lﬁﬂ@‘ﬂx‘iﬂ?tﬁu‘ﬁl Aoy = 272 unluinms 55'\1Lﬂummmi@mﬂﬁuwﬁwmmm
unala@Ades (Figure 5A) WUALINASNN1TANENAI9N (PL) TINN2A NG UTIT9AI NI ARY 350-530 W Timme
Lmzﬁﬁ@mfﬁﬂizmm 430 W TUILAT T8 AAFBATLUTIIANNENIARLIBINITANEINANNLT BT BEN HmsN AL

unaladilaudnisane laundsany (Energy transfer) aan Gd** lude ce® windudunisiinnasanuldiunisane
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WA T84T Fau Fedanaralsz@ndninlunisidacuderesuiafaadng (Lertloypanyachai et al., 2017;
Lertloypanyachai et al., 2016) ilafansanlu Figure 4B uay Figure 5B faulnmsunisAnendae (PL) Imﬂm:ﬁuﬁ
A, =447 wnluiums %\‘1Lﬂumiﬂizr?’ju‘lm:ﬁu%uwﬁwm *H,-P, (4-41) 209 Pr* wuinufafetnaisdesaiindnng
endeelugasaaEa AR 580-640 wTuiwas LLmﬁﬂ@mﬁ 604 wnluias SaduszAudundeny 'D,-H, 194
Pr*" (Lertloypanyachai et al., 2017; Wu & Ren, 2013) Iagn151aa5au (Co-doped) ludauues Pri dqaamiaainig
Aa186 (Decay time) NNE LR ILA et 9L (Wu & Ren, 2013)
nmegeLaNtENINA WA RaaT U InATiAsAlagRiuarug (Radioluminescence: RL) wan<lu Figure 6
Inenaila RL Lﬂumiwmm@umuﬂﬁmqﬁm%ﬁ@L@%mmqLLr’ff;ﬁfmfjw‘lﬁmamaﬁqé‘ﬁLaﬂeﬂﬂﬂﬁam@uﬂrﬂ@mmﬂmLLm
(Luminescence center) 18441352884 Lﬁlfa@ﬂaxaw'%mwm‘imammmmLLﬁ’f;ﬁq@ﬂwﬁmmumﬁi@%ﬁL'aﬂeﬁ’
TnaFauimaulsraninimnisidasuasesuiameteiunanuinsgiu Bi,Ge,0,, (BGO crystal) aNKAN1TNAAES
WuIuAEI9EN9 SBAL HT094n19ANENAINIU 340-530 W TULHAT Lmzﬁﬂ@m@g’ﬁ' 380 wntuims daduniamendenu

209T FeNNIAUTU 5d-4f Tuaneuiafnacing SBALG H19an19AanAIWAILs 300-530 W luiumg uazlinanati

D

312 unTwums Inedunisanendasuaaannalaaa Ny ITu °P-’s WATHEDANANNITANLNAINNUIDIT FLINT

712

FLAUTU 5d-4f NANE19AAY 380 w1 luinms LdulAaaiuuiafaatn9 SBAL (Lertloypanyachai et al., 2017;

Lertloypanyachai et al., 2016) ludauaasnan BGO dnnsananasinuatflugas 340-700 wunluiums uaziaanagi 470

wlwwms e Faumeaulss@ninimnisidasuasaasuiasitagaiunan BGO taansnszsusms fsdendwudnuia

P2

fiaaeing SBAL Lay SBALG Husz@nintmitu 2.52% uaz 7.83% 1846an BGO ANNATAL wanannideanunsndanm
1§ ufasaegng SBALG flmsilaudsiinndnuingesng SBAL mazufasatnefitesdilsznetmesunalndiies
dogatiuayunisttaloundsuain Gd* luds ce® yilfanansaiiiaslsz@naninlunsaeandenuaesutafating
Iﬁﬁéx‘i'ﬁu (Lertloypanyachai et al., 2016; Lertloypanyachai et al., 2021; Chewpraditkul et al., 2019) slumwﬂ@\‘imm{i;

£
o ' o a

panin liAIn1alagngaluniafqatneiedassiailsrdansninAaud1aniafisuTuNan BGO 1 4118190

duizgulddndunaileanainiudn (Trapping) vsaqnunnsasnifiegetauinuielulaseadrazasuia (Ghosh,

U

'
v a @ a

1968) Tmﬂﬁuﬁﬂ@%islu%umfaumm Transportation FenausnduBIEnRTuRasnduNNTNaiulaa Y vEEnAseul
aunTnAnendsueenuLazndUlsusulaald A A ndsnuiilantdeteanunandias uazdnasie
sz AnEnmlunisilaaigsesuifetnaiages i

Hi0AAszTan 23R AN SR AN LA Figure 7 @anunsawinlaasnedmaudnuiafaeene SBAL ay SBALG

ArgasmsuasAeuieAlewTauine sz Ansainiunanuinggiu BGO anvnnuiametnuiadanaamnes

2°D

HANEamMauasrntiu IHeaNAINAUANTaqAUNNaY (Ghosh, 1968) Nagnielulassaiaaesuiopeainuinnsndy

o o

Adnmran M lFANg1N1ralNNTANE NI UAARA1AY (ulAeq AL TunIEiNdRdnTRN1AuTaRaLatuaee win
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v % v o a

Faatnanialinnsnsefusafdiendilennaausemaiia RL) 39aanaaadfiuaani1sAn11a4 (Lertloypanyachai

q

A o

et al., 2017) MN131aadan Ce* waz Pr’ luuindaiatanes Inadusnietludunen Transport 184n32LAUNNT

wWaswas asandudianasauluniofaatng M BEnRseuLNdIugnAnAuLazAnaL luiLANTL doudLanmasaun

wgmaanuIdIuiAunelad R lunsdgnezuaunisdunaunisilasuaida Luminescence aatiuriusnaaiiiu
o dl o YA [ a 23 Y o 1

anwsmanin lirnganmisuasiiantias luuiafaetng SBAL uaz SBALG
WannsilFaunauilssAnsninaAngasmiauasseidnsuiafaatine SBAL way SBALG wudwiasaating

a1 A o '

SBALG (20.37 ph/MeV) Ran8asm1auasnnnndiuiafaadne SBAL (14.10 ph/MeV) tTaadnn1snadune laseil

]
= ]

winfaeting SBALG Hunaladsenlulasafrereuiodedeaaiuayulunistislaundsanuainunaladiiian ld
#Raufidusvdnlunisdduasaasuiafating (Lertloypanyachai et al., 2016) LATAINNMLNLLLTBLAFAa N7
:ﬁr:mm'@mmﬁmﬁumﬁ?mmﬂwﬁqﬁfmﬂwLﬁ'@gﬂm:ﬁuﬁqmgmﬂwa‘*\mu@;qﬁ@‘?\ﬁ feutamatheflannamunuiu
unna1Nranasunsnsannie luiiased19 8@ (Lertloypanyachai et al., 2023) Taauiasaagne SBALG HAL1M
PN 4.18 NS’ Gannndutasaeding SBAL 3.85 nf/ma’ WAZARAAABILNANIINAAGLINITAANAUNAIIL
vasufasnatnefauanslu Figure 3 Inafiudafaating SBALG:Ce, Pr finnsganaundssrufinnnndtufafaatiag

SBAL:Ce, Pr a9 Wanunsaaandsanuaansn lauinndniiuiies

a71nans3e

naiauLlszdnaninteswiodariiamas SBAL uay SBALG uatatliulgeantiasmauastesdaniaainas
Wuasdesiulddlaanisae Granuazinsdleflanigninsausoanszuiunisuaaunialdussaania

[ s U dl = o‘/ i’/ o Y Y oo ] = Ly v !
p1fUauNaven lmilaraLgaun 700 asamaldes Wuaad 3 4ol duvinliufasaedeflantifinasdunisnlaguas
wardaiiaaduaauiofioatine SBAL:Ce, Pr uaz SBALG:Ce, Pr nnsilasuasagfanuenonan 430 wnluwwns dail
aanuanaesdadizanlunislandaeandseuanndu 5d-4f uazigadlaainanlnafunisaandsnuinasaeusos
wedanlngimaud lunstlzesuiasisacing SBALG:Ce, Pr daildaunalnaitianetlulassaiisaeuio ansnsniiv

. = o = = o = o o v &£ =
TNNIAANAUNANUNAINEIAAY 272 U TS Andilnasunsganaunds LAz ailnaiunIsnsssuzen
299 Gd*" Wannanszuwiafaet e SBALG:Ce, Pr fiAnnuenaAan 272 w1 luuas wudianasunisaanasany

a I~ = (=l = | o

wegunaladitaneg e 350-530 wrluimns wazigenaglsrunns 430 wrluiumns Baugaan1sAena9IULes

a a ' a A IS ' o s o QI/ [ QI a a '
FEeM vaneAudnalaatenEnsanalaundaullgsg Gasiues wihdudunaindss@ananinlunisadeuas
293ur19590819 SBALG:Ce, Pr avdenasiaantiiniasudanaadusios uanaintlantiminisdnudaniaiaduseuia

Anatafaenatinealagiiuamud (RL) Laveasmiauas (LY) Immﬁ_ldiﬂmﬁﬁuﬁumﬁnmmgm BGO WLILAY

RaeiN SBAL:Ce, Pr ilay SBALG:Ce, Pr Lﬁ@gﬂ‘wm@@umm’auzﬁumrfim"q%l,anﬁﬁ’(miwm'au RL) tese@nsnimdlu
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2.52% WAz 7.83% UBINAN BGO AINa1AL Tudautesniamagaudasmisuassaaayniadani wudi uiasatng
SBAL:Ce, Pr uaz SBALG:Ce, Pr J1lsz@n5n1naefl 14.10 (1.20% 109 BGO) WAz 20.37 (1.63% 184 BGO) ph/MeV

|
| v °

AINAIAL TefiadnHiscAninwAeudeanduiudandaniaiamas latiuiasiatslinagaudinisaanasani
1 4 o 1 3// a Yo o -ﬂl v 1 o a = o

AN wuduAafaet1eiaeTia liAn1saanesan1snatideann Ineeglussauun luiunuazidudnueoe

RNETLAUNNTBIUTAA9EN9AT 71 Fast component 7849629819 SBAL:Ce, Pr ez SBALG:Ce, Pr {AN 21 uag

o
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