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Thermoluminescence properties of Eu-doped and Sm-doped Ca2B20s ceramics
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The thermoluminescence (TL) mechanisms of rare-earth-doped Ca»B>0s ceramics, which are
applicable for neutron measurements, were analyzed. In this study, we focused on Eu and Sm,
which can exist as divalent and trivalent ions and function as luminescence and capture centers.
CazB>0s ceramics doped with these ions were prepared, and their TL spectra, TL glow curves,
and ESR spectra after X-ray irradiation were obtained. The emission bands of Eu** and Sm**
were observed in the TL spectra. The results indicate that the luminescence centers in these
materials are derived from these trivalent rare earth ions. In the TL glow curves, glow peaks
were observed at similar temperatures regardless of the concentration and type of rare earth ion
dopants. In the ESR spectra, the number of hyperfine splittings and the g-values of each splitting
were consistent, regardless of the type and concentration of rare earth ions. ESR spectra were
also recorded for 1°B- and 'B-enriched samples doped with Eu or Sm, which showed seven
and four hyperfine splittings, respectively, and the corresponding nuclear spins were 3 and 3/2,
respectively. These results indicate that the capture centers were derived from sites around
boron in the host material.

1. IIC®HIT

AR, v B ETTERE (BNCT)
ST A A= v IR e, BT
i D RS BEE TH 5. Hikk 2R
wEEE 2, A, PETRERRINCG
FAATRE 72 BAHOAR B R (TLD) FRF DR
% HE L, B B X 0" UB iR E %
W 72 4 TSN CagBo0s BERG (A 0 Bhai S
(TL) HFM:%2 BRI L T2 72[1,2]. TL & 13,
BUR BN D R Z BT 2 2 & i
IOV FRNEEL BB RO L THE, K
MELRIE, BNCT T & 3 v 7
LT v A (Z10% neutrons/cm? [3]) Xt
LCHamREx2ELTEY, PR
HHE~OEVICHREEZ A L T3
B ol. S AL L, KRR
BT 5 TL OFEZ T, &L
FELTHZIC SmBXUP Eu icEHL

7. WfED A4 A viciE, 2 iz L 3 i
DIREDTAET 5. T, B
I, Fehaoe LTz
T <, BT - EflofiEdRL e LT
REd 2 A[REME o, ARfffgE T,
Ca:B.0s BEfbiARICA +HFHE LT Sm B &
Y Eu ZzdNL ikt z8 L2, o
HLIZDOWT, X M H®%D TL 7 —%
— 7, TLARZ bV, BIUVETAE YV
L0 (ESR) 2= 7 PV ZHIE L, Fd
LB X HEDOLDREZIT - 72,

2. KEHE

Ak, BEMHEARGEIC X D ERIL 7.
HsBOs;, CaCOsz, ¥ & % LEEE{LY
(Eu203 ¥ 721 Sm03) @ ¥k % ¥R
Ble LTl 2ho 2{L¥E@mtc
EA L, 850°CT 8 IFFEIMREE L 7=. & D%,

- 107 -



(a) 0.1 mol%

- —0.5 mol% -
—1 mol%

L —2mol% A

TL intensity (arb. units)

500 550 600 650 700 750 800
Wavelength (nm)

~® ' ' ~—0.1 mol%
St ——0.5 mol%
S —1 mol%
SF —2mol% A
3

2(

(2]

CrF

3

€l

_

l_ g 1 1 i

500 550 600 650 700 750 800

Wavelength (nm)

1 (a) FFiEH CaB20s:Eu 5 X U (b)
JE#EHE CasB20s:Sm IC BT 3, Xk (1
kGy) WD TL 2= 2 .

L cHEll, Eff13mm ok 7L
v PRNCERI L 7=, 2%k 850°CT 6 I
fl BE B L T, CaBOssEu & X O
CazB20s:Sm (% 0.1, 0.5, 1.0, XU 2.0
mol%) % f37= (LAT%, FEiRfEEL & 3 2).
INHITDOWT, X #iEs %o TL 7'a
—H—7, TL A7 b, 5XWESR &
<=7 P AHIEZRIT - 72, % Dk, 1°B i
HsBOs % 7z 1 B =i HsBOs % I\ C,
[l £k © F+JIE T CaB.OssEu B X O
CazB20s5:Sm (% 1 mol%) @ B stk
B UB BRI 2 FRL 2. s
IZDWT,ESR A= 7 F VlllGE #{T o 7=.
X FREASHIC X, Cu-Koa fRZEHRiIRE § 3
X $RFEEREE (Rigaku, RINT 2200) %
Wiz, TL 7'v — 1 — ZHIE T, 0.5°C/s
D FHRIEE T 30°CH> 5 400°C £ THNE L
. WmERIEICIE e ST e — & —
(SCR-SHQA, Sakaguchi) % F\>7-. TL 5
MBI 7+ Py AT YT 4 v TNy

T T T T T T T

| (@)

0.1 mol%
—0.5 mol%
—1 mol%

| ——2 mol%

TL intensity (arb. units)

1

0 50 100 150 200 250 300 350 400
Temperature (°C)

1 1 1 1

@| (b) 0.1 mol%
Er ——0.5 mol% A
S —1 mol%
gr —2 mol% A
8
2

)]

eL
3
EL
1
|_ 1 1 i L] 1 1 1

0 50 100 150 200 250 300 350 400

Temperature (°C)

2 (a) FEIRAE CazB20s:Eu 35 L T (D)

JEEHE CazB20s:Sm IC BT 3, Xk (1

Gy) BE %D TL v —h—7.

F (H11890, Hamamatsu) # 7z, % 7=,
A CEREHOME T L — T 2> b D Ehifig
Hzlfis a0, REERIY F 740
2 —Z% M7z, TL 2= b AllE T,
TL 7w — 71— 7HIE & ARk D A i,
P EIPE Rl Z B L, otER (QE
pro, Ocean Optics) % f\»C TL & %15
72. ESR 227 } v (25°C) DHEIE I,
JES-X330 (JEOL) # w7z, 7nd, 2l
iE 7z, XRBSERIC T 7.

3. EBRERLEE

112, FEEMmERARhcE TS XM @
kGy) WS D TL 2 <27 F v &R,
CaoB,0s:Eu TlE, WEFNDEFITEBWT
3 590, 615, 650, ¥ K U8 700 nm ffuTic

- 108 -



0.1 mol%o 1
—0.5 mol%o 1
—1 mol% 1

(a)

Intensity (arb. units)

333 334 335 336 337 338
Magnetic field (mT)

0.1 mol%o A
—0.5 mol%o
—1 mol%

- (b)

Intensity (arb. units)

333 334 335 336 337 338
Magnetic field (mT)

[ 3 (a) FFi=Af CazB20s:Eu 35 X T (b)
JEIEHME CazB20s:Sm ICH T 3, X# (1
kGy) 5D ESR A7 kL,
v—IBROoNT-. TN OFRNIL, %
LZ N EW D °*Do—F1, °Do—'F1, °Do—"F1,
B LUV D—"F EMICRE X5 [4].
CazB20s:Sm TlE, WIFNDEEEICH T
3 570, 605, 650, ¥ X 8710 nm i
v— I BR LN, INHLDRNKIE, %
NZI SM¥* D 4Gsp—CHsp, *Gsp—OHip,
4Gsip—Hon, B X O 4Gsp—H11p B I I
JEENB[Bl. NSRS, Eu 72
1% Sm 7SI CaB20s D FFEH L g 3 i
mEEAA VICHRT 22 BRI NDG.
B 2 iz, FREMEAEHCEIT 2 X R (1
Gy) BHItED TL v —Hh— 7 %R,
CayB,0s:Eu Ti%, 70, 90, 140, 270, ¥
X W 370°CHhEic v — 7 %%, CazB20s:Sm
Tl%, 70, 90, 140, 270, ¥ X UF 310°Cf}
ice =70, ThzhnHohns. 70,
90, 140, ¥ X U*270°Co v — 7R Eic>
WCIE, ftHOBECHEIC L L3 —
BLTW, TLICBWT, HiEETOH

FK1ESR Z2=7Z A (¥ 3) T3
FE 2 L Z D g .

INF g fiF

A [ CaB0sEu | CasBr0sSm
@ 2.0179 2.0179
@ 2.0120 2.0120
© 2.0059 2.0059
@ 2.0008 2.0009

i BB A iE b = A oL F— 1%, "k
RMEEF OB AL F—IC XV 5260
3., %2077, TLZu—h—7IcET 3
vV —Z7EIX, BETSHEI N O
EHEN ORI ICNIGT 5. L7223 - T,
M1ofERLY, HEHEOEECERIC
X O FRIBRE DX # o - TN 2
TFET B EEZ N, ZNLDOIHEER
WERIMICHR T 2 2 E BRI NS,

B 3 ic, FREMEENCE T 2 X R (1
kGy) WEHI%D ESR 2 =2 F L EIRT.
WTFNDARZ FAICBWTYH, Db
@D 4 KoM IHL RNz, i
LORNHRICET L gEERKLICRT.
WIENDOFHD gfEd, DI
IoF LT LT, Th
S OB 2, B OREITHE ICH
KTrbolEZOLNS. EHMHIES X
ANEFDORALE v LAY v & DA
FHicxvAEr<kh, zoREKL, JFT
BogAe vy it LC2l+1 K3,
L7235 T, 4 RO DOAREIC
WIET A VIZI=3/2THYH, K
MR ITHE T NICEY T 21 T
T UB ThHD. UEXY, JEEMEARIC
B AHEROIE, UB B ¥ A4 Fic
kT 2boeHfsans.

FYRERMEICK S ESR A<=Z7 b
DEVWEFHANL 720, 1B EfEakls X
O UB EfEAE 2 FRLL, 2@ ESR A<
7 P AEMIE L. K4, JEENE OB
EEalkl, B XU UB BiEARICE T 3
X# (1 kGy) B5#% D ESR 2~ b L
Znd. VB iRfEaEHC 33T, FEIRAE
B FRED 4 RKOBHHIESE SR b

- 109 -



Intensity (arb. units)

333 334 335 336 337 338
Magnetic field (mT)

L (b) _IOB
IIB
— nB

Intensity (arb. units)

333 334 335 336 337 338
Magnetic field (mT)
4 @), OB M X U 1B i
fiii CaxB20s:Eu 35 X UF (b) FEi2iE, °B
i 3 X O 1B iR Ca2B20s:Sm I3
F 35, X#t (1kGy) Ha% D ESR %
N7 ko,

2. —7, B iEMEEC W T, TR
DRI DB R STz, 7 Ao B
SELINIGT AR VI [=3TH D,
AMElOEEOtRE T NICE LT 3R T
%12 1°B TH 3. 7z, B skl E
IJ % ESR 2<% L&, JEEMEAR 7=
1T 1B EmEENC 331 B ESR A= P L
Wik, MAICY — 2750833 5559
BHEHONE, ko, zhaboiRklick
73 ESR 272 F v, 1°B oI
e VB ol rHoENEDYETH
3R Eng. JEEMARIC B W
T UB oMM S X VBEEICH N
7=DX, FTYRORKARGIEL (B 234
20%, 1B 37 80%) ICHERS B H D & E
Abivs, LR LY, Ak

FEFLMT, MR Y ERLOY 4 b ic
RT3 ERRINS.

4. ¥ ®

Eu ¥ 7213 Sm 40l CazB20s 1254\ ¢,
FHIT B B X U Sm3 & v o 72 31
O A F v, fHERO IR O &
vERADOY A4 M, FRFNHKT B
eI NT.

S Bk

[1] H. Komiya, I. Kawamura, H. Kawamoto,
Y. Fujimoto, M. Koshimizu, H. Kimura,
G. Okada, Y. Koba, T. Yanagida, G.
Wakabayashi, K. Asai, Jpn. J. Appl.
Phys., 60 092008 (2021).

[2] H. Komiya, I. Kawamura, H. Kawamoto,
Y. Fujimoto, M. Koshimizu, H. Kimura,
G. Okada, Y. Koba, T. Yanagida, G.
Wakabayashi, K. Asai, Jpn. J. Appl.

Phys., in press (DOIL:
https://doi.org/10.35848/1347-
4065/ac305¢c).

[3] H. Kumada, RADIOISOTOPES, 64 37—
46 (2015).

[4] L. Yang, Y. Wan, Y. Li, Y. Pu, Y. Huang,
C. Chen, H.J. Seo, J. Nanopart. Res., 18
94-102 (2016).

[5] I.I. Kindrat, B.V. Padlyak, R. Lisiecki,

Opt. Mater., 49 241-248 (2015).

- 110 -


https://doi.org/10.35848/1347-4065/ac305c
https://doi.org/10.35848/1347-4065/ac305c



