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Heating Cooling
693 K 643 K

683 K
3K
DTA > 66 e AW

Endo.W Exo.

Y

160} ﬁ
:

140}
Sl Ag,SO, rﬁLiAgSO‘t LiAgSO,|!
S T T T '
3 N | :
c l t
2 100} \ ¢ '
= : |
x 1
ol 80_ 1 1l
Q Li,SO, : !
§ eof : !
k3 ' ;

@
£ 400 | | [N :
o N (I O (R (N LA L O L O ' O P!
20 ] : ' 1!
[ v
ll lLi L L
0 | S U | it
300 500 700 700 - 500 300
Temperature / K
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system in He flow.

Heating or cooling rate: 2.5K/min
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Fig. T Temperature dependence of electrical conductivity of

the RngOA—ASQSO.Q system.

£g5504 (mol%); O: 0, @: 1, X: 10, A: 50, A: 100
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Fig. 8 Effect of Ag»S04 molar fraction on electrical conduc-

tivity in the RboS0,4-4g-5S0, system at 473K.

O: RbpS04-AgsS0, system, @: LioS0,-Ag,S0,4 system
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Fig. 9 Temperature dependence of electrical conductivity of

the Cs550,-Ag»S50,4 system.

Ag,50, (mol%); O: 0, @: 1, J: 5, X: 10, A: 50, A: 100
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Fig. 10 High temperature XRD-DTA traces on the (0.5)Cs2504-(0.5)AgS04
system in He flow.

Heating or cooling rate: 2.5K/min
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Fig. 11 Activation energy for electrical conductivity of the

M>S04-Ag2S04 system.

O: M=Li, @: M=Na, X : M=K, A: M=Rb, A: M=Cs
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Fig. 12 TL intensity of the Li»S04-AgoS04 system.

Glow peak temperature: 470K
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Fig. 13 TL intensity of the NansS0,-Ago50,4 system.

Glow peak temperature: 470K
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Fig. 14 TL intensity of the K»S04-Ag,S0, system.

Glow peak temperature: 400K
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Fig. 15 TL intensity of the RbpS0,-Ag>S0, system.

Glow peak temperature: 380K
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Fig. 16 TL intensity of the CspS50,-AgoS04 system.

Glow peak temperature: 360K
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X: Tm-doped, A : Tl-doped
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Fig. 18 Electrical conductivity in the RboS0,-Ag2504 systenm

doped with 1 mol% T12S804 or Tmz(S04)s.

Ag>S04 (mol%); ---: 1, ---: 10

X: Tm-doped, A : Tl-doped, O: pure Rb,S0,-4g>504 system
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Fig. 19 High temperature X-ray diffraction trace and DTA trace

on a pure NapS0O, crystals in N, flow.



Table 1 Phase transitionof pure and Li-, K-,
and Cs-doped Na»SO, samples in Np flow

Phase transition point / K

Heating Cooling

Sample V—1 I -1
Pure NapS04 524 506
Li-doped 525 494
K-doped 524 459
Cs—-doped 939 502
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Fig. 20 IMmM-—=YV phase trarsition in pure and Li-, K- or Cs-doped
Na>SO,4 samples in wet and dry air at 298K.
These samples were prepared at 1023K for 1h in N».

O: undoped, @: Li-doped, A : K-doped, H: Cs-doped
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Table 2 Properties of the samples used

Sample Crystal system Lattice constant Cationic radius Solubility

A A g (100g Ho0) ™!
Na,S0,(Il) Orthorhombic  a=8.946, b= 5.608, c= 6.963 0.97 48.82°
NasS04(V) Orthorhombic a=5.861, b= 9.815, c¢=12.307 0.97 48.83)
Y2(S504) 5 Hexagonal a=9. 190, c=22.870 0.92 5.38°)
Euz(S04) 3 0.98 2.56°
SrS0, Orthorhombic  a=8.359, b= 5.352, c= 6.866 1.16 0.01¢°
T1,504 Orthorhombic  a=5§.900, b=10.660, c= 7.828 1.57 4.87¢)
CspS04 Orthorhombic  a=6.264, b=10.950, c= 8.242 1.70 1679

a) 313K, 'b) 298K, ) 293K, d) 273K
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Fig. 25 I —V transition in the unblended Na»S04 sample under various
relative humidities at 298K.
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Fig. 26 WM —V transition in the 0.1 mol% Eu-, Y-, Sr-, Tl- or Cs-
blended NasS04 sample under 90% relative humidity at 298K.
O : Eu-blended, A: Y-blended, O: Sr-blended, @: Tl-blended,

A : Cs-blended, ---: pure NaS0,4
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Fig. 27 M —V transition in Eu-blended Na,S04 sample under 90%

relative humidity at 298K.
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Fig. 28 M —V transition in Tl-blended NaoS04 sample under 90%
relative humidity at 298K.
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Fig. 29 I —V transition in the 1 mol% EBu-, Sr- or Tl-mixed or
-blended Na»S0O4 sample under 90% relative humidity at 298K.
O: Bu-mixed, (J: Sr-mixed, A: Tl-mixed,
@®: Eu-blended, M: Sr-blended, A: Tl-blended,

-——: pure NasS0,
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Fig. 30 Relationship between the thermoluminescence intensity of the
sample and the amount blended or mixed.

O: EBu-mixed, A: Tl-mixed, @: Eu-blended, A : Tl-blended



DL, MBIV VA ERAMWELTHVWABAOKEINB L ZEBHELEAD
BEVRB. WMBEF PV 2 8BRERCNELLZT L SAMYREREZ SOz Y
Fv—PRicHERXRT I D EWVWZ B,

3.3.4 £

uf

EMERRS Yy AR - VEEEBRIEIR. KEZABTHEST BV T,

(1) KESNEBERBERIC &> KIGHGARE

Q) REXRBBEEORNNEBOFEC L3 ZHBANICEITAR

(3) zToBROBEBEIRIGHET AR
DIRBOBREZETCREINDZ LB T,

WBRF PV sERBICFIPYIYI AL T v EAF VEROBEMULEMEO2ZY 1
B9 L4550 EB 9 P Y AL AVYDBERTHIIEICED, KERNEHIC &
PEBREEMFEASE LIBE S M,

FRYUD AL T VEDA A VYEROREVRY VAL FT VY, YUY LAFVES
WHA PR YFO LA VORBRBEZESGLABE, ThZhlEBE vy &, HER
FYVI9LBIVRBEBRA Iy FOALLTREF MY Y ABERRAICNEL,
NORKHET LIz F vy —PRICK-T, KEKNBC L2 REEARZL SO
BRBLIUOCBTERSVERBRF PV vALEULTVWE E s (FKBBEYY &, B
By Yy s) CRBEEh, FTBEBEF PV v EBULTVWE EE (B X
PR VYFULA) RBREERIN,



3 . 4 =i m — V /Y i 2 X It i B X &E 3

AH XT 72 BE D Bz ¢

(]

3.4.1 #

HIEIT. B>+ 9 AROM-VEEBRISEYT 2 KEIORERKEEH
N, BBRREALLCKEIOBNMNEBESER SN LEBRIESEHEICETT 2
CEERWVWHE L, 20K, BEETRBVIKEINEC L 2B REEEADR
ERBREORMcLVPEIZ2VEMHEHIEINE LRV LA, LAL. BRER
BMEORMHREHEMNEE RD EOEFRC>VTRERTARFEAL TV W,

AHTR, CORBRBEORMUREZIsFARL DI, BrolR (&%,
BFEH. BAAYER, KW T28RBERE) 26 - RERBEEXEAMLALE
BRBRS PV Y AEABESDVWTEBHENEE TIcB 20— VEERSRKIEZFMI
BaEtL 7o

3.4.2 E B

x H

Auizadlia, SHERB> PV y aRZHU R Zhc RERBREEZESD 5 0
RESGLAZZHOER (UT, zhzhgiERN. Eodd. BadBe 7
50 ) THL, TNoRBVWTNLHEHLAIRBAFETHEE L, 7R bE, GHE
AR, BB FY Y A (RERR ZE2XRTHID. 1023KTIRHEMAT 2 C &
CEDFHLL, ESRHI. SHERRS Y v 40/KBEKIK. 1 nol%D RER
BRHE (Cs2S04. T1250245 % VWIXSrS04) DKBEBRAFRMUERRLEE L Db+ 5%
L. EMEAMOBALEARCMBNEY s Ltk AHLL, BARBR. &
MERBR S FY Y AII0.1 nol%0 REHBREBEEZARMUL, #5/—VEHVWZR S Y —
RKelTH—cRAELLOL+SEBRL, SHEAHOBS LERCMBLET 3
iRk DFHEL 2,



A &
ZBREABCBUIRBF PV Y2 ERBON-VEEKBRERHEH EERZAFET
(ﬂ']ﬁ Lo

3.1.3 EBRBIUZEE

ZRECEBHCBIIRB I VIV VA RO - VEERBRIE R, SEE(90%
RE) FCRZOBBEABEREI W ALKEROBIMNER IV ERESH, 0
ERELEMEAR. EALARBREERCHRT 2/ + v - HRELIBXZEZE
K ZFBILEFHH TRV LI, 22T, BEE (50, T0%RH) FicBWTK
AENEBECHRT 2 EBREEFHCBIRTEERREOESAM B LW TREL
1o

FF. KEQJINBC L 2EBREMFACHLEEE (J0%RED) TTRRMIR 2R L
HRBA e v FoLrL2BAGLAEAABIRCODVWTRE LAAER%2Fig. 31IKRT &
B.BZ0LbEBEETORKRHMEL. SHEAHOEAOERIARTEL o
BB e v F v 20RACEIIBBEVPBIEGEEOBE T - T—BHEKRL
AEBcAVWARBRZzZoRABAYMBELCLBLVTVT R 1023k THNALEL T
5o FDIeH, AbPBYFOLLF VO—WBHEF MYy ARERPRIEBLT
W3 EEZONB, $/. WA v PV Y 2E2VEERR2IYe Y ARKRERF +
Yy AERBIEAKERERLIT 42, ho2EBALAEARRRF PV YL F
RRCBEBLILBBRORBI2BA A Y OFHECIDEBERDSO MK D & H5 H
Hah, BEETC 2o FI-VEEBRIESET LD >4 (FEBHE) -
ZIT. BEBAHONERBF Y YL LERPEILTHO>BITERBBHUL TV S
(Table 28H) WBA P vy F O LOEGRLIIBRVRER. GEETTELEN
CHbhizEs+F v —HBUA R e v FO AL+ v HBHEEF MY v s BER
FIIEB TS CERLVBEROSO,MAEAORESEFsAALILEFARALTYL
A EEH & H B,

M- VAEBRIGEKBIETHEEX ey Fo9 s ERozbs+Fyr—HRIZoOW
TESIRFARBLD, BRIt vy Fova2RBELELABE VWIEARXE OB A
LEIBBERET-o TOKEEFig. SIKOH TR, BARXB B 2EK



100

RH: 90%
50

100

50

100

Fraction of Ill— V transition / %

50+

Reaction time / min

Fig. 31 M —V transition in the 0.1 mol% Sr-blended or -mixed Na,S0,4
sample under various relative humidities at 298K.

O : Sr-blended, @®: Sr-mixed, ---: pure Na»SO,
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Fig. 32 M—V transition in the 0.1 mol% Cs or Tl-blended or -mixed
Na»S0, sample under various relative humidities at 298K.

(J: Cs-blended, A: Tl-blended, A : Tl-mixed, ---: pure Na,SO,



Lifco MRS V2 2Z2ESGLARABOBE S, WBX e YyFoaZ2EELLER
OBE&LHKBC, AHBALBBCBIIMANBRIVIHEOS VY 44 % VB
BT P ABERORARBCEBTATHA) SV LA4F D4 % ERR
(LSTA)DSr2" OB A& (L. 16A) LK D LRV KEVWADICHERF PV v oBERD
SO,MAEAROEEN BRIV IKKKABD, BEEETFTTRKEINE X 3RBE
EERHRRERBR I LHEEREIN S,

. BRI VY ABRBCLZ s F vy —FREODVWTHARNS L DI, Tl
Vo oZ2BELAABZAVTII-VEEREBRIEZRF L. TOER%EFig. 32
AHITR LA, BEA. BAHABBE B CHEBR G KREZENBZ LS -
oo COCER, MRSV Y L2DKENTZ2EREIWBERF PY DA REAHLTY
58, BIURBRI YV LRBREZERETRER V)V v A LBEEDIVIILEYE
BRLEOC b, RHOENFERER - TOT bTHREIC B 5HhES U v
LOBEHENRBILRKERZRP R L > IELEHRLTWVWE E VA B,

3.4.4 £

ol

WER> F VY 2 R0 VEEBREBIEBVWT, KEINBC X 3B REEME
A3, RERREEROUBRKCI D EOIINBEKEVHEERZTSZ I EBAL
Enit,

1) B teryrFy sigGR, IRERF VIV ALELRRTHLOBTERD
FULTED, WBRF PV Y ABERNRACRELZIES F v R LDELE
BErlERrECEBREFEHAEZRE L

) By A ERE. VERRBRF VYV Y LALLREILRRTEBFEEBELMUL., »
SHREUTEED, BEETEBVW TS CEBREMFEHEZLLBEL .
3) iR S VY AKERR. By A tHRIVEREF P9 AEELRRT
PORTFEEBEULTBY, BEETLBLVIRIESF vy - PRI DEBRE
EEREZhR LA OPLDOT, BEETTEIRBF MYV Y 2BERBERL
IEDS YD b4 A DA FVYERBF PY VAL VviRENThRDKRE VLR
. BEROS,MAAKOHE*HELGBREFEHEZEBR L 22,



HA4E 2o bvsftryrddoid
Uy At VYTHIELR
REEA VY A-REBRF PY U LR,
R/~ v &—MB< 729 sk
BLUWBA YV YA -—RBAILVY LR
AR 53 B R IR RS & 0 BEOSE A 1

1.1 #

)

F2HEORRELD. TAHH VEBRBEERCIERY Vv 4ERD D VARER
VEVY AERBBEAGBOBERLBVEIAREOS 2 I EBbh -7, KO
SO RHRBA VY ALHEMF PUYLALORGAERYMTH2HBAY Y V471 Y
v A (KeNa(S0) )2 BEREL. ThEs Va4 Yy TRHELAZKIRBRER
KD BEBHICE VKRV v 22BBRELABELD 6 —BHE WV AEE(TL)
ARTEBMELTWVWS, F72. Ryans*® BL UBlasseb® "V FE@A + v TH
ELRRB Y 94822 %29 & (BaMg(S04) ) KB Y »+ — T REHXERRIF
LVAERTEHE LTV, &5, Soudagars*®’ B3 kY v 444 v THELRK
BNy w A2 bovFy AEEK((Ba:ST)S0,4:Ce®)BLXT Y v AL L THIE
LGB NU Y A-h F 3o AEEE((Ba:Cd)S04:Ce®* )0 HAEFBXBRBHEICLD
BOTHRVWILERT EMELT VWS, CNLOERI_RIRRELE K I LK D
BHERELTHEHEKS ZHEER > TWVWBAILERLTWL S,

AETR. V9644 THEBELERBRAY Y Y4 -HBRF P v L5R0(K -
Nay)2S04:T1"). 29w AL Y TRHELAKRB N 94 -HB<7 %7 A
F(Baj_ o Mge(S04):Eud ) BEXU S YV AL F Yy THIELLRERY Y Y A -HRERY
Wy A FR(Ka(1-21Ca,804:TI") OFB RS BB ORIL(TL)HHTZ SRR



DFBRE EEES T THN,

1.2 £ B

X H

AOWIHEEBR D EFOXI>BFECHB L, BRIV Y4 -HERF Y v 2%
AR, T, MEBORBA Vv A, BBRF MV O LABIUHBRI VY L0R
GKEBEARELE L O BA03KTIRHBIEEL®R LA (REKER) . &k
BERRAKIZE AU v 4523~ 1213k CIRRMBAT 2 Eic XD TR L o BAKOD
BE2AET 2D FAELAARERBLUOERRABRI L — Y —E LTy Fv A
TEHBSs O KZEZRHVWALDART X TCLEBOFETCETOAZT AT L 72, BNV v
L-BR= 72V LRENXBRIAEROBBR NNV Y4, BB 72 v 948X 0
MBI b0RBEMESA Y/ —VERHOVWTAS Y -RILTHHLBELEOD
LA0SKTIRMIEZERB L, ZEXR . 873K~ 1423k COo~6BsRMBM T 2 C itk v #A
HWLlleo BRIV A-BBRAINV Y bREXEURIFAEROBRHRIY v &4, HBH
VWYY ABIURBS VY LOBEME A/ —VERHVWTZXS Y —RitcLT+4H
BELIOBAKTIRBEZERZRL, ~Vvadh BEddH 3 0WidEKRP., 873K
~ 1428k TO~BBsREIMBAT A Lic XD FABM L, MARKECHZT 2HBMI LD
Bas0 oMt B Lo 4, MAKRE T B, AEEECHET 3 LKA
M35 &EERT,

NNV ABIUBERETVRADAYV Y ABIUBELE LS 25— v —T5A%
ANTEHSRAEEZBT CERIDEISIHEE LA, ZOLEDOH S IERBREIRZ~Y
YLADHERTIK. BEDOB&IR213KE L 720

EBEBXIXUHE

NY YD ABEZVRBATCTHEAEZFABLABERALERAGRE Y xHORIGE
EBROVWT, IXTEEFN SR> THANLTOATWVWS, £, EUNEBIKBE
AYYA-—RBRF PV ILAREAEBCODVWTRERSEUT. BBV 9 4 —FBH L
YO LREXEEFCOVTRALSEEZRA VL, ZRtic b 2 HLEOFHE L 7 3
FEILVY FE2H W,



ABOMBEMLERER., Pt-PtIMRIOREBN TREL. HHEERGH T X H
WL 72,
ERABMOTIEHBIVERBHEORIER., WFNbF 2R LAKOFEIR LD
T - 7o
PUFOATHEBEINAAKEZAOCTHELAKRRERY VY 4> Y9 LA5%H
I B 2 EAKOBIIPCSY ¥ F L — % — (Amrshan/Searlett &) % B Wik
vy FLr—va vt BEEZEHELTAIEL 1o

1.3 ERBIUER

K27V 9L-—BMF MYy AREEK

COHNED 7o — BRI HKCBEMRITCITIKE433KIcE—~7 2R LT ITTOD
ERTRROSPHMELTVWE V9 a4 3 vy ORHEBELAKBRY VY & (Fe—-F
— 7 BERIKDOA) ORIV EHET DI I —E -2 icFHL o
KRB OKRD/CS — Y7 5+ 5 14 b L& (KaNa(S04) ) D AERKRT % C &
RLico Fig, 337554 MLEMOAKEBETLEE L OMBAEERL TV S,
TLRMER 7 5€54 MEAMOERBSMMT 3 icfk- THAL. BEROHKH
x=0. 3 A THBARMEZEZRL fco FAIMRRBREREZRERAICO WTIT-> 2 (Fig. 34)o
Mmeick v 7554 MMLEYCBREOFEERA VY ABEBLALYS 54 FEE
ODEBHEPERL. TOAEKRT A2HMREBRLPIBDENL-sTce ThiTbdbbs T,
TLEEORBEROMKKEFEHRRBRABMEFELCLHERAZRL, TOBKERRE S
514 MLAYMOHKRTH-fco 22T UTOERBRTR IS €54 LAY %
BiERE L

TLMEORBR S VY sESGEBREUHEZHANLER. TLEER2. Snol%OWE S Y
VAEREGLALEEREBARMEERL. ZOMEEB. WOSBHMEL TS S Y v LA
AV THELLREBA VY ABEYDLITHe CDF YV L4+ VORER
DHRIAAVYEROREVS YO A4 AV (LSTRA)BAH YAt v (1.338)&
DHEPNEVFPY Y ALF (0.9TA)CEDEBEHEI LA ECEREL TV 3,
ERoFEcHBI W RBEREARZ, ERMLBBCBVERRA. 75 v 27 i
EOEMHRIEHEEKERBLTVWS SO LRI B, COBAKSMBABE



PJGQESC)4/ mol%

100 80 60 40 20 0]
1 T T T
40 + 4 1.0
B -Ray Irradiation, 10 sec
. N
Unfired °\
a0 - 08 3,
< %)
=. c
- 9
= 406
7)) X
2 20} &
[ a
£ 04 o
ﬁ =
ol g
Q2 r
o(/ 1 1 1 O
0] 20 40 60 80 100

K,SO, / mol%

Fig. 33 Relation between the TL intensity and the (118) diffraction
peak intensity of XsNa(SO4)p crystals in unfired (K;-xNax)2S04:Tl

(2.5mol%) phosphors.

BLWTHEBRKLEDIIBXEEL2EAL20PFANSLILERAKD S I ETH 5,
2T, RERBBOEEKORBREZ NV F Yy aTEBEIOLAKEAVCTRHIEL o
ST, A0BKTC2HMEEZBRLTCOIREL TVWIKEEEGKEERL oo AIER
RikTable Si/R LD, RERABPCRIELCHEESKBEEL. BEEKOBE
BREBAI VY LAE2BERE LALHAZOE SIS 51 PERBERELRE
HAGOEBEF LA DB P oo CHREBAV Y LBERPII L VEREDOKRS
BV AAXYDBERBTEZERLIVDELLEERRTOESA X ¥ ED/haw
FrYDAAA VYOFHRLIDENIA, 20k r5 54+ 2BERELLEH

_66_



Na,SO, / mol%

100 80 60 40 20 0]
T I 1 ¥
40 - 4 1.0
408
30 +
4 0.6
20

TL intensity / pA

B - Ray Irradiation, 10 sec
Fired at 1023 Kfor 1 h

Rerative peak intensity / %

o
T

1 1 b1

20 40 60 80 i00

0b>
o

Fig. 34 Relation between the TL intensity and the (110) diffraction
peak intensity of KsNa(SO4)2 crystals in (Ki-xNay)2S04:Tl (2.5mo01%)

phosphors fired at 1023K for 1h in He.

Table 3 Amount of bound water in unfired phosphors

Phosphor Amount of bound water
mole/mole-phosphor

K2S04:T1(1.0 mol%) 3.94 x 1073
K3Na(S04)2:T1(2.5 mol%) 1.46 x 1073
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Fig. 35 Relation between the TL intensity and the amount of bound

vater in KpS0,4:T!1 (1.0 mol%) phosphor fired at various

temperatures for 1h in He.
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Fig. 36 Relation between the TL intensity and the amount of bound
waterin KaNa(SO04)3:T1 (2.5 mol%) phosphor fired at various

temperatures for 1h in He.
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Fig. 37 Relation between the TL intensity and the diffraction peak
intensity at 26 =2.36" of BaMg(S04), crystals in Ba;-,Mg,S0,:Eu

(10°2mol%) phosphors fired at 1273K for 1h in air.
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Fig. 38 Effect of firing temperature on the TL intensity and the
diffraction peak intensity at 28 =2.36" of BaMg(S04)s crystals in

BaMg(S04)2:Eu (1072 mol%) phosphors fired at 1273K for lh in air.
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Fig. 39 Effects of matrix composition on the TL intensity and the (132)
diffraction peak intensity of K»Cap(S04)s crystals in Ko(1-5)Ca,80,4:T1

(1.0mol%) phosphors fired at 1173K for 1h in air.
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(1.0mol%) phosphors fired for 1h in air.

BRAVOLA HBANVYY 4 MBIV Y LOELVENIT1IO0RBEHIES W
TANVY Y LS VI AL F A4 P 2RBERETIHEGOERRICOHEM %2 SEXRD
RELEAH VTN, 20 $29.0 ~33. 0 OFECTCHANLEREFig. 1IRKRT. &
BBEETRE, HEABHOWBERA VY ABLXURBEHI VY Y ADXRDE — 7 BER
6TOKIEL CHE L. ROVDIRAINVY I LS vy N4F+4 FDXRDE— 27 BEHbh i,
ZOXRDE — 7 MERB 1170k EAL TR ARMEICEL, 11T0KEB XL 3 EHELL, O
CEBANVYIAS VT NAF A4 PBBBLAIEEERLTVL S,

CNSDEEIIFig. 00HBRCHEESTCHEDLI IICHHETE B, vy
LAY I NAF A4 VRBERGPT~NDI VY LAY Y OUBHEERILTIGEDI B 5
HRBEOHLVWENOT CHARALES, 22T, 1113KTMB LA LA xbH



I Heating rate, 22 K/minn

Temperature /

S (o)) oo}
o o =)
T T T

N
o
T

Rerative peak intensity / %

— — — — - ———_—— -

(@)

| ] 1 1 1 1 |
60 50 40 30 20 10 0
Time / min

Fig. 41 High temperature X-ray diffraction trace of KpCa»(S04)3:Tl

(1.0 mol%) phosphor.
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*Relative intensity is based on the intensity for the K2S0,:Eu

(10 °mol%) phosphor fired in He.
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Fig. 49 Typical TL emission spectrum of Eu-doped sample A or sample B.
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Fig. 51 Typical PL emission spectrum of Eu-doped sample A.
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*Relative intensity is same to that of Fig. 53.
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Fig. 57 Effect of blended amount of Ln,(S04)z on the ESR signal intensity
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O: Ln=La, A: Ln=Sm, @: Ln=Eu, A: Ln=Gd
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Fig. 60 Effect of blended amount of Lnp,(SO4)3 on the ESR signal
intensity of sample A_ and sample B..
O: Ln=La, A: Ln=Sm, @: Ln=Eu

¥Relative intensity is same to that of Fig. 57.
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Fig. 61 Effect of blended amount of Ln»(S04)3 on the TL intensity

of sample A_ and sample B_.

O: Ln=La, A: Ln=Sm, @: Ln=Eu
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Fig. 62 The crystals formed in RbpS04-MgS0,4 system.

00

O: RbgMgg(SO4)3. A RngOa. A MgSO4

BB21EA5, XHBRBET 2 LDamoB /2y a4+ THRHIELLELLI VY Y
ARDVTHELTVWAR™ S BPFA A Y EARTILEEHRVFLEED S, L1t
BoT. TLEFEOBRKMEIRXInolsORB~ 72 vy akA&LILLERHESINL
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Fig. 63 ESR signal intensity and TL intensity in RbpS0,-MgS04 system.

¥Relative value represents the ratio of the ESR signal intensity

in each sample to that in RbsMgs(S04)s compound.

FEHRECEBRZRBEMARORB v v A LHB~ 72 vy A0RAMZMBT 3 C
EREDFHERLIEABIZE OV TIT > 7o Fig., 64RTREEY Y 4 —FB< 7% v D
LARABOOVTXRIAIELAERERL TV S, i kv v AR OHEIF Y- 7
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Fig. 64 The crystal formed in Cs2S04-MgS04 systen.

@® : "compound X" formed in Cs»S04-MgS04, A : Cs2S504, A : MgSO0y4

F vy sDbEY (LT, TEEMX ) £ i, ) B50molkl LB 77Xy Y
LEBATIEER LK. (LAY XOAKBIET0l%ORM~ 7% v v 2 2BEL
T ERBRKEER L, §HRbBE, ZOMHBRR S v 7174 MMEEAYOLER
WKL D bHRB~ 72y A BETH-e BREVZEMALLZAMICET 2{E
X, Bty o @ERBLIUVRB 74 YA RBOAIHE-—7RB TN ST m

—111—



—FThHoteo COILER, TNHSORBMBVWTNOBRESVOBME LB T 2 C
LRIV FAHI AL IERERLTWY 3,

BBy 4 -HMBT 77X 9 2RABICOVWTESRBIUTLERE L 7o B 48
Fig. 65TH 20 TLHERVWIFHLOHEKICBLWTLIBRLAERBERB L7, &
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Fig. 65 ESR signal intensity and TL intensity in Cs,S0,-MgS0, systenm.

*Relative value is same to that of Fig. 63.
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Lattice spacing / A
Fig. 66 Dependence of the lattice constant on lattice spacing in cubie

langbeinite crystals.

FANE: KgMgg(Soa)g, D: (NH4)2M82(SO4)3, O: RbgMgg(SOA)g,

@® : “compound X° formed in CspS04-MgS0,4.
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Fig. 67 Dependence of the lattice constant on radius of A site ion

in cubic langbeinite crystals.

A KaMge(S04)5, [: (NHg)2Mgo(S04)s, O: RbpMgs(S04)3,

@ : "compound X" formed in CspS0,-MgS0,.
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Az H
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(Fig. 68)o
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Process A Process B

Rb,SO, + MgSO, K;SO, + MgSO,
: Mixing +
in He flow HM2(504);
at 1023 Kfor 1 h
v
v v
LS00 21023 K for 2h
v
: in He flow
oo K or 1
v
[Sample PA) (Sample PB]

Fig. 68 The procedure for the preparation of pure and rare earth

ion-doped samples.

B(Ltco >ERZOBHERCMEROR LEWBE (Lno(S04) 5 Ln=La, Eu) &N
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Badhd, Ff, E—271(g=2.000) 3 BZ 580, 5YA 1V THsLEEFESN B,
Tofior—27 (E—273, 4, 1'. ) ORBREERT T TEH 5, AKBPARDESR
YU FNVOEBIBROVUTNGBHPAOBACERTLRDIELRZ>TVWE, IO
CEB.THAVEEBA A ESO,MEEOBREE OELM I BT 5 AHA#XEH
PARO G B EKBIPAK D bEBEETHB I LERKRL TV S,
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Fig. 69 The XRD pattern of the samples doped with 1 mol% Lap(S04)s.
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Fig. 70 The ESR signal

Las (S04) 3.
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of samples PAr and PAx doped with 1 mol%
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Fig. 71 Doping effect of rare earth ion on ESR signal intensity and TL

intensity in samples PAgr and PAg.

(O La-doped sample PAz, A : Eu-doped sample PAg

@ : La-doped sample PAy, A : Eu-doped sample PAg

¥Relative intensity is based on the intensity for the sample PAk

without Ln2(804)3.
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Fig. 72 Doping effect of rare earth ion on ESR signal intensity and
TL intensity in samples PBgr and PBg.
(O : La-doped sample PBr, A : Eu-doped sample PBjy
®: La-doped sample PByx, A : Eu-doped sample PBg

¥Relative value is defined same to that of Fig. T71.
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Fig. 73 Typical TL emission spectrum of Eu-doped sample PAg or

sample PBg.
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Process A Process B

K;SO, + Na,SO, K,SO, + Na,SO,
Mixing or | or
¢ K,SO, + MgSO, Mixing | K,SO,+MgSO,
+
- ' Ln, (SO
in He flow 2(SO,)3
at 1023 Kfor 1 h
¢ .
K:Na(SO,)
K,Mg,(SO,)4 .
. in He flow
* at 1023 Kfor 2h

v

in He flow
at 1023 Kfor 1h
v v
(Sample PA) (Sample PBJ

Fig. 74 The procedure for the preparation of rare earth ion-doped

samples.
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Fig. 75 Effect of blended amount of Lnp{(S04)s on the ESR signal
intensity of samples PAg and PA(.
O : La-doped, @ :Eu-doped, A: Gd-doped, A: Lu-doped,
(J: pure K3Na(S04)2
¥Relative intensity is based on the intensity for the sample

PAg without Ln»(S04)z and it is same to that of Fig. 53.
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Fig. 76 Effect of blended amount of Ln,(S04)3 on the ESR signal
intensity of samples PBg and PB..
O: La-doped, @ :Eu-doped, A: Gd-doped, A : Lu-doped,
OJ: pure KsNa(S04)»2

¥Relative intensity is same to that of Fig. 75.
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Fig. 77 Effect of blended amount of Ln2(S04)3 on the ESR signal
intensity of XS04 and Na2S0j4.

¥Relative intensity is same to that of Fig. 75.
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Fig. 78 Temperature dependence of the ESR signal intensity of

sample PAg.

¥Relative intensity is same to that of Fig. T75.
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Fig. 79 Dependence of absorbed dose on the ESR signal intensity
of 0.1 mol% Gd-doped sample PAg.

¥*Relative intensity is same to that of Fig. T75.
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