Faass H12 M Kot %= R Vol. 44 No. 12
20234 12 A CHINESE JOURNAL OF LUMINESCENCE Dec. , 2023

XEHES: 1000-7032(2023) 12-2180-08

K,TiF: Mn“g]:ﬁ'ﬁl'iaﬂﬁgyi%'lﬂflﬁ%&}ﬁlm
WIFT, mEA, 2F, HE®R, A HE, TER’

(ZF RIERY: (L SIEEDE, A R OB ESIRE, 28 BY 650500)

P RN R R eI A 1B A [H U Mn™ ) K, TiFe: Mo " 2006 S . BF 5L 78 2806 X i
G IX B2 B Mn® B RAE 55 47 B0 R, X T2 HA, — T, F*A, — T, BERERIT . 1R IEOCINE T, A iR 2
P — RV AS A L0 5, e e ot g I T 631 nm Ak . 78 X 28 R B AL K, TiFg: Mn* (13.18% ) R B
e m 2106 R G, H N A T AR 3k 97.29% M 83.3% ., (BT — 4R Y , % RE i 28 I O 1 B K 5%
N, HAE 120 CHE 9200 K 38 58 B 2 2 I 9 1.81 /% o TS MR 5 Y ALO,: Ce™ (YAG: Ce™ ) A5 I8 1106
LED % BI%CR (LE) 535 180.9 Im/W (@R AT E 3 859 K A I8 5N 91.3, 5 B-SiAION: Eu™ 41 % i (1% LED 2%
L LEAIE 101.5 Im/W, 2758 438 4 NTSC (National Television System Committee ) i fE{E Y 94% . M It K, TiF:
Mn** fh A 7E 1% LED JR A Kt 7% 4503 LA V8 7 0 FH i 5

X 8 W DL WA 2OtrERE s O LED
HESES: 0482.31 X ERFRIRAG : A DOI: 10.37188/CJL. 20230224

Luminescent Properties and Applications of K,TiF,: Mn*

Red-emitting Crystals

JIANG Qiongfang, YANG Qilin, LI Xianggui, HU Xuemei, ZHOU Qiang, WANG Zhengliang
(Key Laboratory of Green-chemistry Materials in University of Yunnan Province , School of Chemistry & Environment
Yunnan Minzu University, Kunming 650500, China)

* Corresponding Author, E-mail: wangzhengliang@foxmail. com

Abstract: Herein, K,TiFg: Mn" red-emitting crystals doped with different amounts of Mn** were successfully grown
by vaporing the solvent at room temperature. These crystals exhibit two broad excitation bands in the UV and blue
light regions, which are due to *A, — *T,and *A, — *T, transitions of Mn*. Meanwhile, they present a series of nar-
row-band red emissions with the strongest emission peak at 631 nm. Among these samples, the K,TiFg: Mn*
(13.18%) sample exhibits the strongest emission intensity with a high internal quantum efficiency of 97.2% and a
high external quantum efficiency of 83.3%. It is worth noting that K,TiFg: Mn* (13. 18%) crystals show an obvious
negative thermal effect. The emission intensity at 120 °C is 1. 81 times higher than the initial value. The warm white
LED based on K,TiFs: Mn* (13. 18%) crystals and the commercial YAG: Ce™ yellow phosphor shows excellent per-
formance with a high luminous efficiency (LE) of 180. 9 Im/W, a low correlated color temperature (3 859 K) and an
ideal color rendering index (91.3). The white LED based on B-SiAlION: Eu** also has a LE of 101. 5 Im/W, and its
color gamut is up to 94% of NTSC (National Television System Committee) standard value. Hence, K,TiFgs: Mn* red-

emitting crystals exhibit potential application in white LEDs.

Key words: red-emitting crystals; fluorides; luminescent properties; white LEDs

Wi B8 : 2023-10-01; 1&3T B H#A: 2023-10-08

BT BHRARPFIES(22165033) 5 = A S AF 52 T 52 500 H (202301A8070002)
Supported by National Natural Science Foundation of China (22165033) ; Key Projects of Yunnan Basic Research Program
(202301A5070002)



512

VEBIF, & KTiF,: Mo 2006 S Ak & 61 68 K )% 2181

17

MR, T UG A 6 LED [ 2SO IR
C 7z N T Y IR TR IR AR A
SR, A% 52 5 Y by + A ML g " 4 T 2 A7 7 —
SR RANE o A UK R T AR R Y A
A B 5 BOH S 1 R 2 7= A K 1 i I S
FVHBCA G, BT I T 1% LED #8440 19 & 6 3L
R Hk, BTGk 5 LW R)E R
PO IE 22 R TAE T, & A2k 6
ORI W BEAL DL R W g 2 4 e, X
L e g5 2 PR Sk 4 A ) 23R 08 R T i — 25 g R, A
177 IR ) JH A — S g Ty 5 98 TR B o P
A T v Rk e ) B, AATTRE 5 B AR
WURICH & R IR & R T U e
PRBERES AH BT R AR R, 3 S b R B B
() A 2 e P R AR M TR AT AN TR )
REELED #4448 b o (E18 — 3002, 2Ot Mk M
BEREGE S B 6 1018 S 5 B B 2 /N
7T L A 2 T ke B 20, DT B A ) A R
KRR,

2168 5 6 M A O BE 1% LED [ 25 B8 0 9
BT, — EHZ BN k0, BRI
iKY AT F G LED (9 €03, 42 w5 25 70 19 (45 4,
T AT I T A4S R == P R O
Mn* 38 3% A9 980 (20D FR 41 (6 98 6 By T 3R Esk
RE R S5EOES LED G A & 5615 58
VE BC 45 00 A5, 78 1106 LED | B B K Ry I i
S0 N K,SiFe: Mo 3G MR T B 1 400k
44y AR T A6 LED BB 2 Sk, i T
Mn* (1 4b 2F B 5 1 22 5 BOZ 20 0 98 6 b i K
REAR . BEAh, 5 & ek ik — 4 S APEAIT,
PR T 76 K D)3 LED S R 1 A B A )Gl . o
T ¥ S8 AL R S L, — 2248 Mn* R
U A AL NS -2 S 3L L 7 N (£
RCECR I HAL SRR M K R e M A 3
T4 T AERTIF LED I HA R T 5.

FEA TAE T AR A R vE 1 = A%
T A2 K Y KoTiFe: Mn* 21 8, % 6 S A, 28 40 BF 5%
TEM MRS L CERE . ETA Mk,
K,TiFg: Mn* (13. 18% ) i 4 & B 4 E /& 2L 9 41
I & G, Y A T R 4 B ik 97. 2%
83.3%. BRULLISL i fib 1A i 3R B AR B &5 10 98O

nu\«

PoFa s YRR, FLAE 180 CIF Y & 5 38 BEA AR i T
TR OYIREE o BT, AT A S 55 R
YAG: Ce” # ¥} DL Iz B-SiAION : Eu™ &8 5 i /5 Al A
JELED 8 44F , %0 HAE FOG LED BRI & oR 1Y
i FH A 5% o

A A Bl FH DR35S 43 B 4 I i —
LB . YAG: Ce™ Fil B-SiAION: Eu® 43 I I\ 3 45 55
S (IR IIND A R 2 7 A H A = 28 4k 2 28 W) g 3K
KoMnFq B4 A0 38 2 OB AT T 00 T 0™ FeA 17
FR AT A K — RIVB AR MoV 1Y
K,TiFs: Mn" 16§ /R (K,MnF, 5 HLTiF, A 5 F 43
WA 1:25,1:20,1:15,1:10,1:5,1:2.5), LL1:10
i) KoTiFg: Mn* & 44 6l 55 0 6], B 56 °0% 0. 489 mL
H,TiFs(50%) F1 5 mL HF(40% ) iR & , 2k J5 % 0. 25
mmol K,;MnFg #1 10 mmol KF I A 3] | iR IR & W
o R EN PR B UOTE e SV . B A A TR
AR E — A, B AT AR 2R A K, TiFg: Mn'™ &8
o B — 219 LED #% 14 /2 A H 38 S0 B g 1
K,TiFs: Mn" 2006 fd AR E AL 7E GaN ot i b o X T H
J6 LED ## fF il 4, W 5 YAG: Ce™ 8L & B-Si-
AION: Eu™ 5 F UM B BIR & 38950 i e ot v 2
I, SR 5 IR 0 K, TiFe: M 44 |, 5 ) [ 4k 7] 45 B
T EO6 LED 2% 78 . LED 2% 78 19 6 vy M B & 75
HSP6000 LED PR3 i 4 2 % 6 s i3k R 48 b 147
(), %Ak S 56 76 5L N 85 °C N 85% 1Y 1H IR
H IR (BPS-50CL) k4T .

BT 5 R f 45 K aE e XS 4R R R AT SR
(Bruker D8-Advance) ¥ 47 A ; B8 5 oG 4 8@
i X G 2R fiE 1% (FEI, QUANTA 200) 3545 5 B i b
Mn** B 5 2 0 2 38 1 X528 2¢O 6 1% X (XRF,
EDX-8000) 75 %], F fh (19 & 6 BE M T R0RTE
FLS980 % i b i 47 1K

3 #R5i#

B 1 Ca) BT i FRATTAE 8 T r A K i 1
218 Ko TiFe: Mn™ f A, RS Ab T2k 9, FeAi]
i A3 XRF F BE# 2 r 28 KA di R Mn®™ 55 1 (T 3%
1), bifi & KoMnFg FH f i 18 i, & 44 b Min® 19 ¥ i
WAEAR K, 381k XRD RAE, JF 7521 % & 44 i S e
5 K,Tiks 5 51 0 5 #E R B (JCPDS 08-0488) 5% 4>
W4 (L 1(h) ), 3x B T A5 Sl ik LG s — W 4,
HMRZGWAE TSR, 20BN P-3ml



2182 K it

¥R

i 44

(164) . FEZNTTEM P ATV 6 > F A

JERLTiF T AR (E 1(c)) s T M E R Y

Ti* 42 AT, M 7 3% 4 B A B3 5 P8 T4 A7 .
(a)

(c)

(b)

B 1(d) R FE i Ko TiFs: Mn* (13. 18%) 4 EDS fig i
B K\ Ti F Mn PO o0 2 0] DOWEE 3], if — Bk
B Mn* B UE A SR A AR Z R

l KTFM 0.86%
A [ T A A
1 KTFM 4.631%
al Y A A
KTFM 5.044%
=
= l KTFM 6.028%
£ al " i A\ A
%
z 1 KTFM 13.18%
= A . [T A N
l KTFM 38.73%
A i L A i
| I JCPDS 08-0488
11, || o 1,10 [ PR RN R
10 20 30 40 50 60 70
20/(°)
(D) [FKal
5 K Ka
5
E
Z
=
[}
E
il Ti Ka
La Kpif
- TKBIy, Ko Mn KB1
0 2 4 6 8 10
Energy/keV

1 (a)K,TiFg: Mn* (13.18%) @b A& B R 5 (b) AN [A] M 55 #1920 56 & 7 XRD A7 5F I 5 () KL TiF fh AR 2544 5 (d) K, TiFg:

Mn" (13.18% ) [ EDS A% .

Fig.1 (a)Picture of K,TiFg: Mn* (13.18%) crystals. (b) XRD patterns of K,Tilg: Mn* crystals doped with different amounts of
Mn*. (¢)Crystal structure of K,TiFg. (d)EDS spectrum of K,TiF: Mn*.
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2 1:20 4.63
3 1:15 5.04
4 1:10 6.03
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6 1:2.5 38.73

Mn** 4 & B2 23 52 W6 BT 45 2% 19 R 06 i R0 R0
PERE , I FRATHFIE 1 &% A [A) W B Mn™ B i 44 1)
ROVERE . 18 2(a) B3 £006 fb M 1 Bk D63
R ity R 3R G35 P A 8 R 2R, 3 ) X R
T Mo (1A=, F AT, BERERIT . i T 460
nm 76 A7 AR AT 2B 58 29 0 60 nm , JLF- ] LASE

ST T WOE GaN I i & At o 7E X S TR AR
H L KL TiFg: Mn™ (13, 18% ) i 1% Y 38 2% 5 2 i 5 o
i Mn" (9 E—*A, BE 9 BR AT 52 A e AT FR A5 B
S AE 460 nm W) W OGIR T, BT AT fl M AR 2 1L
WA &S (B 2(b)) o HAP 4 F 620 nm 42
I = R B T Ma® i 7 46 98 57 (Anti-
Stocks) vy vy ve BRI R SR 2, 10 A K P K W)
(9 = 21 2% S 0 ) A 5 Min® A9 397 46 58 37 (Stocks )
Ve Va3 BRIE IR BN 5K . B T Mn"7E K, TiFs: Mn*
Al A 285 F Ak T [MinF /T AR H s, HA i 1Y
XFRRPE, R LS IR s 4k (ZPL) R 55 . B A
Mn*" 48 2% ¥k B 0 50 A8 B K I T B o B IR
W5 A A8 A (H B AT Y K S BN A . FE I SE R
fh o Ko TiFg: Mn® (13, 18% ) fh 1A B 215 K 5 e 5t
(Kl 2(c)) . Ffig Mn" ¥ B — D &, M 5
Mn** 22 [ (1% 3 8 565 BRAT JL SR 38 K, DT o B T ok



512

VEBIF, & KTiF,: Mo 2006 S Ak & 61 68 K )% 2183

JERE R G . B 2(d) R T 15 6 Fp Ko TiFe: Mo dh 14
(A B RCR T L. BE S Mn™ & =R 3,
FE & B =T R0CR (1QE) A Ak & T30 % (EQE) 4K
WG . 24 Mn"™ 1Y 45 J% Wk 3K B 13, 18% B,
K,TiFg: Mn* & {& i IQE 1 EQE 43 %1 5 ik 97. 2%
H183. 3%, = T 46 K 22 50 Mn* 00 19 [7) 25 Gk

(a) —().86%
150 4.63%

e 5 04%%
—6.03%
e 1 3.18%

100 38,73 %

=

<

=z

= 50

0 1 1 1 1
300 350 400 450 500 550
A/nm
(e) 20k
Q \

< 1.5k

=

z D

= 1Oof (® ]

L5

2 ;

= !

= 0.5F o

0 1 1

1 1 1 1
0.86 4.63 5.04 6.03 13.18 38.73

Contents of Mn*'/%

Py 215 5 56 K (AN K,SiFe: Mn*  K,GeFq: Mn® [ 51
TR 9N 74% . 54%)™ . K,TiFs: Mn*
(13. 18% ) il 1A 2 B 1 Qb o5 19 & G R00%, — T T
HIH W ENB LA X, 5 —Jm S R g >
MG A 5. BEE M W BE R — 4 e, i T
PR KB S T N AR i RO R R R

(b) 4 50L ==0.86%
—4.63%
—5.04%
—6.03%
—13.18%
100k =—38.73%
s
g
E
£
2
E Sor
0 i n
580 600 620 640 660 680
A/nm
. oE
801
8
=
o
40

0.86 4.63 5.04 6.03 13.18 38.73
Contents of Mn*"/%

2 (a) ~ (b)BATEWEE Mn™ (9 K, TiFg: Mn* g 4K B R B0 & 505 5 (o) & 5530 -5 Mn™ ¥R B2 89 0 R Ze 5 (d) I Ah &

TROCRE Mo WA 2R (A, = 460 nm, A, = 631 nm) .

Fig.2 (a)-(b)Excitation and emission spectra of K,TiFg: Mn* crystals doped with different amounts of Mn*". (¢) Dependence of

emission intensity on the content of Mn**. (d) Dependence of quantum efficiency on the content of Mn* (A, = 460 nm,

Ay =631 nm).
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(a)Emission spectra of K,TiFg: Mn*" (13.18%) crystals at different temperatures. (b) Dependence of emission intensity on

the temperature. (¢)Configuration coordinate diagram. (d)CIE coordinates at different temperatures.
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gram of the white LED. The inserted pictures in Fig.4(a),(c) are the luminance photographs of LEDs.
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Tab. 3  Photoelectric parameters of the white LED based on
K,TiF,: Mn"and YAG: Ce™ at different aging time

N iR B LE/
AffEl/d fadk/K N oA BRE (2, y) )
ER 4 (Im-W™)
3859 91.3 (0.384, 0.370) 180.9
0.5 3904 89.9 (0.383, 0.373) 151.3
1 4030 88.4 (0.378, 0.372) 137.0
7 4 425 83.8 (0.364, 0.367) 116.6
14 4872 79. 4 (0.350, 0.362) 104. 3
21 4944 78.9 (0.348, 0.361) 100. 7
28 4973 78.5 (0.347, 0.361) 100. 4
35 4 896 78.2 (0.349, 0.364) 95.3
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