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Abstract: One of the more critical attributes of inorganic phosphors is the thermal quenching properties. In this
study, we attempt to improve the photoluminescence and thermal quenching behavior by cation substitution. The op-
tical, structural property, the thermal stability, and lifetime decay properties of phosphors were investigated. The re-
sults indicate that Sr substitution of Ba in Li;Cs,Ba,_ Sr,B3P¢0,,: Eu®' system could not only improve the luminous effi-
ciency but also achieve better thermal stability at high temperature. This new series of blue luminescent materials

have potential applications in LED applications. More importantly, we demonstrate a strategy to develop highly effi-

cient, thermally stable phosphors.
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Fig.2 (a) XRD patterns of Li;Cs,Ba,_ Sr,B3P¢0,,: 0.03Eu™.

(b) SEM images of the Li;Cs,Ba,B;P¢0,,: 0.03Eu™ .
(¢) SEM images of the Li,Cs,Sr,B,P,0,,:0.03Eu™.
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Fig.5 (a) The internal quantum efficiency of Li,Cs,Ba, SrB,P,0,,: 0.03Eu™ samples. (b) The fluorescence lifetime curves of

Li,Cs,Ba, SrB,P,0,,:0.03Eu™ samples.
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Fig.6  Contour plot of the emission spectra of Li,Cs,Ba, Sr B,P,0,,:0.03Eu’ phosphors at different temperatures

Li,Cs,Ba,_Sr,ByP,0,,: Eu**

1.00

0.75

Intensity/a. u.

0.50L1 1 1 1 1 1 1
30 60 90 120 150 180 210

T/C
E7 REEEET Li;Cs,Bay Sr,BsPs0,, Eu* 58 600

Fig.7 Integrated PL intensity as a function of temperature

) & 6 o B AE 150 °CHE T B 2] = R 8 79%, 18
180 “CH} R &R IR AT 71% ., WEZE Sci 2% )

F 4 AR B PR E PE AR XTI 5 1R o LisCs,Sp-
B3P¢0,4:0. 03Eu™7E 150 “C . 180 ‘C T AE M {445 5 I
T 87%.83% MR ICHREE o BIEH T S iy B 1242
INTF Ba™ 78 SR Ba G L U/ TR B R AR
T IR RS AR S A B A AR AR
WD Rl >0, ol BH 2 -2 A O 1 M S i
b 1 — 2L B 5 SO B AR E P

4 % &

AR SCHI 4 T LisCsyBay  Sr,BiPe04,: 0. 03Eu™ %
JERY AR R OGHERE BR K M RE HEAT T 0T
o LRI, Sext Ba iy BRI A U 5 454
TR Z 0 AR 254 . 7628416 365 nm R T % BE
it BB A% S Ak 1) WO L B AR S H 9] 1 £ 05 Eu™



5 5 ]

KEW, % HEF BT LiCs,Ba, St BP0, Eu™ % ol #4485 ok 843

AT T Sy PR AL, A A O A IR AR 5 98
HFEa AR F I ROGROR B IE RS
/N B B X 2 T SeBUR Ba B2 RS 45 A NI
P TTT e AT & A i 2l 480 238410 o) TG i G BROE  BR
Mo TEx=1. 20 &N & FRCR A5 78. 6%, [A]
F, BE & Sr F B30, 2¢O by 1 PR E MR 0,
LizCs,Ba,B3P60,,: 0. 03E™ 7E 150 °C T AY & o8 &
B2 DLk 25 T A 79% , 18 53 32 5 Sr & i Ba

(4 LE 1 BE % HE — 20 e i B 87% . WT LASIE W], i i
BH 5 1 B 10 7 1 R 6 B i 2 e b (9 FAAR RE 1k
AR SCHR 9757 5 15 4 OB B il R K P fE S
THE AL T 7 B

A 30 G R T UL S AR el A A A R B
http://cjl. lightpublishing. c¢n/thesisDetails#10. 37188/
CJL.20220407.

& % X #:

[ 1 ] FANGMH, BAO Z, HUANG W T, et al. Evolutionary generation of phosphor materials and their progress in future ap-
plications for light-emitting diodes [J]. Chem. Rev. , 2022, 122(13): 11474-11513.

[ 2 ]QIAOJ W, ZHAO J, LIU Q L, et al. Recent advances in solid-state LED phosphors with thermally stable luminescence
[J). J. Rare Earths, 2019, 37(6): 565-572.

[ 3 ] DANGPP, WANG W, LIAN H Z, et al. How to obtain anti-thermal-quenching inorganic luminescent materials for light-
emitting diode applications [J]. Adv. Opt. Mater. , 2022, 10(6): 2102287-1-18

[ 4]k A, K&, Ihlta, 5. 00 R % UL IOGM OB S8 POEKBON [J]. A5, 2021, 42(10) : 1458-
1481.

ZHANG X Y, ZHANG L, SUN B H, et al. Abnormal thermal quenching effect of high power density excited fluorescent
materials [J]. Chin. J. Lumin. , 2021, 42(10): 1458-1481. (in Chinese)

[ 5] KIMY H, ARUNKUMAR P, KIM B Y, et al. A zero-thermal-quenching phosphor [J]. Nat. Mater. , 2017, 16(5) :
543-550.

[ 6 ] ZHONG J Y, ZHAO W R, DU F, et al. Identifying the emission centers and probing the mechanism for highly efficient
and thermally stable luminescence in the La;SigN,;: Ce’ phosphor [J]. J. Phys. Chem. C, 2018, 122(14): 7849-7858.

[ 7] WELY, CAOL, LV LM, eral. Highly efficient blue emission and superior thermal stability of BaAl;,0,,: Eu* phosphors
based on highly symmetric crystal structure [J]. Chem. Mater. , 2018, 30(7): 2389-2399.

[ 8 ] HES, ZHANG L L, WU H, et al. Efficient super broadband NIR Ca,LuZr,Al;0,,: Cr’*, Yb* garnet phosphor for pc-LED
light source toward NIR spectroscopy applications [J]. Adv. Opt. Mater. , 2020, 8(6): 1901684-1-7.

[ 9 ] KIMY H, KIM HJ, ONG S P, et al. Cation-size mismatch as a design principle for enhancing the efficiency of garnet
phosphors [ J]. Chem. Mater. , 2020, 32(7): 3097-3108.

[ 10] LIUH M, LIANG H W, ZHANG W Y, et al. Improving the thermal stability and luminescent efficiency of (Ba, Sr);SiOs:
Eu® phosphors by structure, bandgap engineering and soft chemistry synthesis method [J]. Chem. Eng. J. , 2021, 410:
128367-1-9.

[11 ] KHANMA, LIYY, LIN H, et al. Syntheses of six and twelve membered borophosphate ring structure with nonlinear op-
tical activity [J1. J. Solid State Chem. , 2016, 243 259-266.

[12] Z—4t, £ Fz, HRAEMA, F . R EED S M — BT DL Cs,LisSr,B;(PO,) ¢ Dy 2 6 ROLMERE [J]. &k %
ik, 2022, 43(5): 676-683.

WANG Y H, LIAN X Z, XU H W, et al. Single-phase white light-emitting phosphor Cs,Li;Sr,B;(PO,)¢: Dy’ with excel-
lent thermal stability [J]. Chin. J. Lumin. , 2022, 43(5): 676-683. (in Chinese)

[13] ZHANG L J, LIY Y, LIU P F, et al. Li;Cs,M,B5P¢0,, (M=Pb, Sr): borophosphates with double six-membered ring of
[BP,041" [J]. Dalton Trans. , 2016, 45(16): 7124-7130

[ 14 ] CHEN H, DING J Y, DING X, et al. Synthesis, crystal structure, and luminescence properties of tunable red-emitting
nitride solid solutions (Ca, ,Sr,) ¢Si;7N34: Eu* for white LEDs [J]. Inorg. Chem. , 2017, 56(18): 10904-10913.

[15] XIA Z G, ZHUANG J Q, LIAO L B, et al. Synthesis and luminescence properties of Ba,Gd (BO;) ,Cl: Eu®* phosphor
[I1. J. Electrochem. Soc. , 2011, 158(11): J359-J362.

[16] WANG X C, ZHAO Z Y, WU Q S, et al. Synthesis, structure, and luminescence properties of SrSiAl,0;N,: Eu*



844 x Jt 2% Eivd 844 B

phosphors for light-emitting devices and field emission displays [J]. Dalton Trans. , 2015, 44(24): 11057-11066.

[17] YANGZY, ZHAO Y F, ZHOU Y Y, et al. Giant red-shifted emission in (Sr, Ba)Y,0,: Eu™ phosphor toward broadband
near-infrared luminescence [J]. Adv. Funct. Mater. , 2022, 32(1): 2103927-1-12.

[18] LIUDJ, YUN X H, DANG P P, et al. Yellow/orange-emitting ABZn,Ga,0;: Bi** (A= Ca, Sr; B= Ba, Sr) phosphors: op-
tical temperature sensing and white light-emitting diode applications [ J]. Chem. Mater. , 2020, 32(7): 3065-3077.

[ 19 ] SUN X K, HUANG Z Z, FU X H, et al. Generation of warm white light by doping Sm** in Ca;TeOg4: Dy’ fluorescent pow-
ders [J]. Ceram. Int. , 2020, 46(9): 14252-14256.

[20] LU W, HAO Z D, ZHANG X, alet, et al. Eu*-activated CagZn(Si0,),Cl,: an intense green emitting phosphor for blue
light emitting diodes [J]. J. Electrochem. Soc. , 2011, 158(2): H124-H127.

[21] &g, T, R, 5. FOERIE AT SrGLITeO,: Eu™£L (5 B iy e BE 78 K AR BE R K A5 [T, 4h
4, 2018, 67(24): 247801-1-10.

ZHAO W, PING Z Y, ZHENG Q H, et al. Concentration and thermal quenching of SrGdLiTeO4: Eu™ red-emitting phos-
phor for white light-emitting diode [J]. Acta Phys. Sinica, 2018, 67(24): 247801-1-10. (in Chinese)

[22] WANG D, YIN Q R, LI Y X, et al. Concentration quenching of Eu* in SrO+Al,05: Eu™ phosphor[J]. J. Lumin. ,
2002, 97(1): 1-6.

[23] LONGJQ, CHU F J, WANG Y Z, et al. MgMgSc(PO,),:xDy” (M= Ca/Sr) single-phase full-color phosphor with high
thermal emission stability [J]. Inorg. Chem. , 2017, 56(17): 10381-10386.

[24] QIN C X, HUANG Y L, SHI L, et al. Thermal stability of luminescence of NaCaPO,: Eu® phosphor for white-light-emit-
ting diodes [J]. J. Phys. D: Appl. Phys. , 2009, 42(18): 185105-1-5.

[25] LIN Y C, BETTINELLI M, KARLSSON M, et al. Unraveling the mechanisms of thermal quenching of luminescence in
Ceh—doped garnet phosphors [J]. Chem. Mater. , 2019, 31(11): 3851-3862.

[26 ] ZHANG SY, HUANG Y L, NAKAIL Y, et al. The luminescence characterization and thermal stability of Eu®" ions-doped
NaBaPO, phosphor [J1. J. Am. Ceram. Soc. , 2011, 94(9): 2987-2992.

[27 ] LIN Y C, KARLSSON M, BETTINELLI M, et al. Inorganic phosphor materials for lighting [Jl. Top. Curr. Chem. ,
2016, 374(2): 21-1-47.

[28 ] KHAN W U, KHAN W U, PENG Y, et al. Robust thermal performance of red-emitting phosphor composites for white
light-emitting diodes: energy transfer and oxygen-vacancy induced electronic localization [J]. J. Colloid Interface Sci.
2021, 600: 219-228.

[ 29 ] BLASSE G. Thermal quenching of characteristic fluorescence [J]. J. Chem. Phys. , 1969, 51(8): 3529-3530.

[30] POORT S H M, JANSSEN W, BLASSE G. Optical properties of Eu*"-activated orthosilicates and orthophosphate s[J].
J. Alloys Compd. , 1997, 260(1-2): 93-97.

S5 (1984-), 9, S MIER AL T+,
BIBESE 51, 2012 4F F o /R = B K B
S B LI 5 P B 5% 0T 4K A5 1 1
4, B LED ROtk Y
% .

E-mail: lvweiluwei@163. com

RERYA(1998-) , 2, WL e XA, i 1
WFIE A L 2020 4F T =k K22 3115 %+
S 28 IVANE SR VN e .2 I = SN 2
E-mail: shx981128@163. com

BB (1987-), 2, N 58T B 2 UK
N M BIBFSE 5L, 2013 48 T oh [ B
2 B R AR LT AL 5 0 58 T AR A5 2
AL, 32 21 SRR R IS .
E-mail: xjkang1986@163.com




