2019 4 114
W40 L 6

Journal of Zhengzhou University ( Engineering Science)

M K 2 F W CT % W) Nov. 2019

Vol.40 No. 6

NXEHS:1671-6833(2019) 06-0023-04

LiMgPO,: Th SE 3 % 341 4 0 51 8 B il B 22 1 RE T 52

WE Y, RE

LB, AL

(s SRR 5 0 A B G 7 45 9% 5020 i b5 98 06 T4 90 0 5, B0 13 68 A 5% 830000
2.1 SRR B BRHRRY 5 B R B, L 100049)

W E: AASEBEMRESESRT —f & ZHL GRS EAMA LiMgPO,:Th, AF R T 3 A b Ak
A B AR, IR RN % B0k R £ R (CW-OSL) 84 8 X 3P 44 i 47 7 & 240X, KA T ¥k

FAA OSL REEWME X . FRERAN, BB 45

| B R 3H 0.02% 42 A 50~ 150 pum B, 3% # 4

FABRBOZBE R, EEAZHHEARFAORNZTLHE, B FHRER SEIHRE(DH AT
£ ALO,:C#342) IKHZBRFHFH(Z,~11.8) %A ZFhEEHE0. 1 Gy~1000 Gy) 5.

42 LiMgPO, ; k& %k, #Fit; it A%
FE 42K S :TQ591 XHRFRER: A

0 35

Y3 & (optically stimulated luminescence,
OSL) # BHE 2 S B RS, H— 58 SR 6k
TARE, RO 5 B 5 A G R E FE AR A X —
JEBE, Al AE OSL H A R T 48 S 5] o 4G 0 45 45
1711956 4F, Antonov Romanovski B W% £ H ¥
i 48 R A 0 DG B A G B G IO T A R
WIE. 1999 4F, Akselord %51 R Ji 42 F % Bl 45 o-
AL O, :C IR, TR 1 FE A7 2R 955 W S 550 o A 0 v
B AE B . 5 B Ot (thermoluminescence, TL)
FORAHLE, OSL B AR HA T AL 1) 267k
Y aeh AR T S T G S I 5 2 ) RO e, O
YU PRl , EL S i R 0 5 3) O i i, ml A Akt
PR RN O D AR KBS, A 2 R 37 i
TR A A, AR 2 L T L A A A
5 S 0] B R I U, OSL R 2 8 il TL 38 )
fy3e e BE T N T A AR B B
R R e R ] ) B R A i 22 U S8 [
iH /R (Landauer) 23 ) & Z8 BF ) 1 7 1 OSL 71 1
FERLH A NG A s ge it , 2Bk 2 500 1 &
AN A 25% R RO 8k R

> [5]

=9
FeBCR 6 B PE RE D E 5 OSL # R 7 48

I 75 B #8:2019-01-02; 1&1T H #§ :2019-04-06
ELWHE HRAREEEEEBIIH (11675260)

doi:10. 13705/j.issn.1671-6833. 2019.06. 002

SPF 300 2t A I 5 88K 1 07 P T S M 4B AR B 4
JEBRAL Y JZ OSL £ A N FH T % S5 7] £ A 0 B e
PR 58— b ) v [ R 2 T o 3 Ak B R B
FE TR PR 4SO  l H CaS :Ce, Sm kHRHE K OSL
R B E# T —EmER RN RS, LRV
MR 5 1 R, HROGROR & H A
M, R R EN 2, 52 AN m, A~
WA HEANS ARSI A, 4y OSL 5
TR EIE a-ALO:C, H HHA B4 i 58 3 50
M ke M, © Tz N TS N IR B A L E
JE AL O C R IRAE R 35 &3t AR, L A5 ok FE 2
A, doRL AR R SR R T, R BOZ MR A 8K
AL, BN B A& A 2. K b, T3 —Fp B A B
AR ALOS:C B BUR SE A BHE IR A 2 2.
AR 6 A2 R 2t e 7 9 RS A 9 O 4 AR
R PR AR v SR RN IR A
FEME AR SR, O T ok — i o 1 0 B0UR O
T, 45 B2 H A A AN W 8% ) 24K, B A R
F:LiMgPO,: Th, B ; MgO : Li, Ce, Sm""" ; KCI :
Sm'" ;NaLi,PO,: Eu'"™' 25 2011 4F, B J [ [ 5
FWE5E o0 9 Dhabekar 2 @5 Y438 T — bt
RUGEUR G A K LiMgPO,: Th, B, % #4 kL A B2 A
ST BUC R A AL O, C 50 &1 /9 58 B 80k
k.

BASVEE (BRI (1969— ), 55 B St R AR BN, v [l ) o g i it L A 52 AR 1 5 B ot 5 O, 1, 3 38 DA 0 A bt )
A % 5 5 H B9 BF 5T, E-mail : czy@ ms.xjb.ac.cn.



24 MK 2 2 R (T % D

2019 4

SIS AR JRURE v il SN R 4 Y 45 T
TPk LiMgP O Th SEECR G B i 8 T2, %
FIZEAPEREIL 7 1Y LiMgPO,: Th SEEUA L A
18 T 1 <6 Ja S AL W A1 O 48 2% 500 OB i AS 128 H
A AR P D A £ A B R Y I AR TP A 5
LY W AR AR B 1) RO ROR BRI T 5 2k
Az RE PR AN, R R B AS B S AR T B
BEURIE ol ) 5 PR 5 X JRE DA R RE AR R A B Y
By AR B 7 B Y ) o5 R A, A R T R 2k
I AN 5, HARE A — BB R AT 0 ) &
LiMgPO,: Th £ fiy (9 56 27 1 E B i 3 7 1~ 4 1k
PEAT T RS S B R, iR B A B A Ak
TR Z =118 B B RABE B 58 10 7] i 2%
PR 7 9 R A A, ELAE RS L H A 4 T A X
i 5L, JRURE 22 5% HL 5 4%, 2 NP T 4 S 500 A 0 Y
B0 BRAE SE R A R

1 EREs

L1 REEXMRAHE

K FH v U 18] AH 58 25 75 il #5 LiMgPO,: Tb St 8
B R L B2 A0 R . LU 4l LiOH - H,0,
Mg(NO,), - 6H,0, NH,H,PO, h ¥ Ji J& ¥,
H,BO, JBEIE ], Th,0, HiB 45/ MK HE (1:1:1:
0.2:(0.000 1~0.001)) [ FE /R LR & B T 35 5
WEEA 7843 IR S B 1 T, B L A% 752 1) 48 50 ~ 100
pm, 5585 F AR I O T b i AT IR
SRIG, LAS C/min () TH i 3 R i #4 & 800 C I £
i 5 h, AR H 2 = 5 BB 15 ) LiMgPO,: Tb
(TR A R BE i Z 05 K R R A A S B
IR R T R BE 4,1 050 C R BE4s 3 h, 15 5
LiMgPO,:Th Y& 8 & 67 & F-.
1.2 FAE

il FH & 4 B % D8-Advance X-ff £k 17 41 (X
(XRD) 32 A4 AF (1 & 44 45 49 5 I H H 52 F-7000
S G AT L5 43 O % B T I3 R R A Y i kO
T &S BRI A B 96 Ak B R F 5T T e R
25 Co-y B2k, 38 1 45 ] 48 N Ak [7] Sf Fa dhl 4 e
&, IF# ] Ris¢TL/OSL-DA-20 ¢ & Y6/ $4B k #
P H A 2 b R B OSL 5 | 80 & e U 4 11
R HRAE (470 nm ) . OSL 7 5 2 M fE 3 25
R EEWE 1R,

2 #ZRE5iTi

2.1 XRD RIERZER
Kl 2 2y LiMgPO,: T #f ity & T & LiMgPO, #4

BESFRMER A XRD X HBLZ f iR & T4
R, E BN a=10.174 nm,b=5.909 nm,c=
4.692 nm. [ 2 A%, LiMgPO,: Th HI LiMgPO, B
an i XRD i iy 4 A HS 5 AR E R B A& 8
Uf, W R AT 5 0 i J32 AT W Bl 22 ) b W 7 LT
564 — B0, YW i i 4% 1 LiMgPO = Th A i 4 B2 1R
B, HA AR 2R3 T [ fin A X BE & 40 5 JLF TG
SE LA RS A A T S A

‘

Blue LED:
=
-,(\\Qwome,

* Sample [ 2
ample carrousel

( \ —
l{ osimeqler PC

/

~—— e ——

Irradiation Room =

Controller
OSL/TL Reader

1 EHFENKEEREE

Fig.1 Schematic illustration of radiation dose test

LiMgPO,:Tb

_MﬁmbjmuwMMMMmm

LiMgPO,
S Y YW U

PDF#32-0574

R

D J Ll e by
10 20 30 4020/(0) 50 60 70 80
2 LiMgPO,:Tb 1 LiMgPO,# S & XRD %75 &
Fig.2 XRD diffraction patterns of LiMgPO, :Tb
and LiMgPO, phosphors
2.2 PLRIERER
&l 3 2 LiMgPO,:Th # & 75 % & F 1y PL
( photoluminescence ) i & F1 J 5 6 1 . Wi 0 A8 ity 7
545 nm KOS LT AR BOROE TS, R 238 nm
WA BB R RE A5 B R SO T i 181 3 W],
LiMgPO,: Th B 5 193 & ¢ it #1200 ~ 300 nm 1) 5
A, e B & UK A 238 nm, X R % Th Y
4f-5d HL T ERAE. 1M & 41 3% 7E 450 ~ 600 nm /R H
(4 e AE & S Sl 545 nmL A, L 3 TTE
FE OS5 A 5T X o BT, B TR OB E
RGBT R R ) LAl
2.3 HEHAEFMEaENK
2.3.1 FHZH B R H T OSL A6 %R
REUE L OSL bR T B8 b 2 — AR P
AE I 2 4 fie /DN 79 e K CHCARH O 9 D6 Ol (OSL) o B
{EL. OSL Mg e A7 P Ff iy 1207 50 — 2 LB iR il
ZEER 1 s FAY OSL 5 2 AH 5 — 5% BB A] IX 1] Y
OSL 318 i 28 A9 B FR L B it i A R0 %8, T




WSS , 4 - LiMgPO, = Th SEEUR e bk 0 il 4 KR i ~# PR RE AT 52 25

1400

1200
1000 F EX EM
800 |-

600

400 -
2)
ol
2(‘)0 25IO 5(‘)0
A J/nm
B 3 LiMgPO,:Tb # % & % 5 ¢ it &
Fig.3 PL excitation and emission spectra of
LiMgPO, :Tb phosphor
SEHEAT 10Gy (9™ Co-y S8 4R AR , 60 11 B 52 i K A
R SR PR DR (A = 470 nm ) X FE ah 2E 47 3
K, 3 5] CW-OSL Zysl ith £6. 18] 4 Sy 45 2% A [ e J&
Th™ f#y LiMgPO,:Th #£ /% OSL % iB i 2. )\ 8] 4 A
LA, B2 T [ BEJR 43 80 0. 029% i, b1 &
) 7 B0 38 B3 5 T 48 2% 5 B R 20 AR e ), RS
REAR , X DR e A T R A R B4y ] 4 W] LA
B EEATE S s A E IR = ) 4 9 1 2%, W]
AR TINTVEE R R W R 47 S oRlES

PLER A

550 600 650

2000
15105 — x(Tb*)=0.01%
1500 — x(Tb*)=0.02%
b= — x(Tb*)=0.05%
8x10* 1 o 1000 X(Tb*)=0.1%
© 500
6x10°
w 0 )
w |
0 1 2 3 45 6 7 8
8 4x10* EFJ‘I’EJ 1s
2x10°
0 &
1 1 1 1 1 1
0 20 40 60 80 100
IR /s
B4 BEFREERSE Th i LiMgPO, :Th # &
OSL =R #i 2

Fig.4 OSL curves for different concentration of
Tb* in LiMgPO, :Tb

2.3.2 #E5 OSL 44 %8

FAREERRL I S22 W OSL B4 kL R A8 1Y 5% B
W%z —. 5 AR KN LiMgPO,:Th
i OSL {5 5 iR i Ze. NI 5 A e kA 5 il
6 50~ 150 wm I, BE 5 9 OSL 5 6 5k w5 b 4%
Xt OSL R B9 52 i w] U= DA T J80RE 26 1 AR 5 1A
FRZ LA TR AR B /N 9 JURE , 3R T AR 1A R
ZIN A P e S R, 52 30 TR B B
AR L TR D , § BUR D RCR PR LA, 123

THT e B 30 FE2 14 R 2 5 26 T a5 I3 i £, DT 5 20
R R A AR T 8 R A2 AR ) AR, A 7 A
AR R 22, (EL Pl D T 98 K B3Rl DG A s i
FIOR IS, 237 A T 22 B LS, S0 DL e H AR
PRINFRZ BT , 23 75 22 T Kk — 0 73 98 )5, 5 200 B
(1 F 2H Dok > , DT OSLL iy H 5t JBE I

3.0%10*
3%10*F :
g
B 500
w2
@]
2x10*F 2.0x10*
i
) 50 100 150 200 250 300
g Rife p/mm
12104
— <50 pm —50~<100 pm
100~<200 pm ~ ——200~<300 pum
O.
0 10 20 30 40 50 60

N} 18] #/s
B 5 FE%RZ LiMgPO,:Th # & i OSL 38 i 4
Fig.5 OSL curves for different particle size of
Tb*" in LiMgPO, :Th

2.3.3 fMEwmE

Kl 6 Jy LiMgP O, Th Ff i 51 32w 137 fth £5. v 4]
6 NI, A R A A 3 0, OSL A5 5 A2 5, 15t W]
o 422 52 A LA 5 K, BB RE R AR AR L T
WL 22 | 52 B Ot MRS A i B Al A H I HEt
TR 72 0.1 Gy ~1 000 Gy [ &7 2 v [l
P bR AR G 50 48 o iz, HLAE 1000 Gy i,
OSL {55 JL-F- 1K B 46 A1 I 4 69 15 5 5 B2 5 61 kA
LR PR RN LS QR N e (P
TR AR B A RO UL R R A T ROH AT R
BREE. 5 BT 149 e B 4 B o 0 A, e vl A 2 7= 2
F4 FELRE AN PRI, AT 0 £ 2 1 R

0.1 1 100 1000

10
F& D/Gy
E 6 LiMgPO,:Tb # T 7| £l 5z

Fig.6 Dose response for the LiMgPO, :Tb phosphor
3 Hit

oK FH v T 5 A e 45 ik il & T LiMgPO4:Th St



26

IR EPNEE i (S G

) 2019 4

ORGSR A S OGS AT A R B
FES % K A, =238 nm, B0 & B K A, =545

applications[ J]. Journal of medical physics, 2008, 33
(3).85.

N Aol e 4 6 LIUQ J, CHEN Z Y, FAN Y W, et al. Performance

nm bR RS B 7E S0~ 150 pm, BAEE O QL e T W el P

. TN . N test of Ca>:Ce,>Sm material related to optically stimu-

Th™ EE R 4% %% K 0. 02% B}, LiMgPO4: Th #£ i ) , _ ,

lated luminescence dosimeter [ J ]. Atomic energy
; AR ==X B OO R

OSL REE SR i, HLAE S s P9 %€ 0 2 00 i 58 52 119 science & technology, 2007, 41(4) :390-393.

2% 7245 A6 0.1 Gy~1 000 Gy ()3 21 Fl Y, e EL [7] LIUY P, CHEN Z Y, BA W A, et al. Optically stim-

OGRS R ) R R, R M R ulated luminescence dosimeter based on CaS : Eu, Sm

S 551) 0 s A SR AR L S FH i 5. [J]. Nuclear science and techniques, 2008, 19(2):

e 113-116.

Z %Iﬁk : [8] DHABEKAR B, MENON S N, ATAGURAJA E, et al.

[1] ALBRECHT H O, MANDEVILLE C E. Storage of en- LiMgPO, :Th,B-A new sensitive OSL phosphor for do-
ergy in beryllium oxide[ J]. PhysRev, 1956, 101(4) : simetry[ J]. Nuclear instruments & methods in physics
1250-1252. research, 2011, 269(16) ;1844-1848.

[2] MCKEEVRE S W. Optically stimulated luminescence [9] BAJAJN'S, PALAN C B, KOPARKAR K A, et al.
dosimetry [ C ]//Photonics Eastintemational Interna- Preliminary results on effect of boron co-doping on
tional Society for Optics and Photonics. Boston, MA, CW-OSL and TL properties of LiMgPO,:Th, B[J].
United States :ISOP , 1999 108117, Journal of luminescence, 2016, 175(4) .9-15.

10] OLIVEIRAL C, YUKIHARA E G, BAFFA O. MgO :

[3] AKSELROD M S, MCKEEVER S W S. A radiation [10] ' ’ &

. . . . Li,Ce, Sm as a high-sensitivity material for optically
dosimetry method using pulsed optically stimulated lu-
stimulated luminescence dosimetry [ J ]. Sci Rep,
minescence[ J|. Radiation protection dosimetry, 1999,
2016, 6:24348.
81(3):167-176.
[11] AGARWA L M, GARG S K, KANDASAMI A, et al.

[4] YUKIHARA E G, SAWAKUCHI G O, GUDURU S, . ) 3

o _ _ _ Facile synthesis of KCl :Sm™" nanophosphor as a new
et al. Application of the optically stimulated lumines- OSL dosimetric material achieved through charge
cence (OSL) technique in space dosimetry[ J]. Radi- transfer between the defect states[ J]. RSC advances,
ation measurements, 2006, 41(9) :1126-1135. 2017, 7(23) : 13836 13845.

[5] PRADHAN A S, Lee J I, KIM J L. Recent develop- [12] SAHARE P D, SINGH M, KUMAR P. A new high

ments of optically stimulated luminescence materials

and techniques for radiation dosimetry and clinical

sensitivity NaLi, PO, :Eu OSL phosphor[ J]. RSC ad-
vances, 2015(5) :3474-34381.

Synthesis and OSL Studies of LiMgPO, :Tb Material for Radiation Dosimetry

QUE Huiying"?, CHEN Zhaoyang', KONG Xirui'*, HE Chengfa'

(1.Key Laboratory of Functional Materials and Devices for Special Environments, XinJiang Technical Institute of Physics and
Chemistry of CAS, Urumqi 830000, China; 2.School Matericals Science and Opto-Electronic Technology, University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract; The goal of this work was to investigate the relevant dosimetric and luminescent properties of LiMg-
PO, :Tb a high sensitivity optically stimulated luminescence ( OSL) material, synthesized by a simple solid-
state diffusion method. The dosimetric properties of the material using a continuous wave-optically stimulated
luminescence (CW-OSL) technique were studied. The influencing factors affecting the sensitivity of the OSL
material were also explored. The experimental results showed that the material exhibited high sensitivity when
the dopant concentration was 0. 2% mol and the particle size was 50~ 150 pm. In addition, The material was
found to have all the good dosimetric characteristics, such as high sensitivity (3 times less than the commer-
cially available Al,0, :C, Landauer Inc., USA) , tissue equivalence (low-Z, Z _;~11.8) ,wide range of dose
response (0.1 Gy~1.0 kGy), etc., which made the material potential for personal and medical dosimetry ap-
plications in radiation dosimetry.
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