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Abstract

Cr3+-activated aluminate-phosphors BaZnAl;9017:Cr3+ with emission in deep-red region are synthe-
sized successfully by high temperature solid-state reaction. Their crystal structure and photolumines-
cent properties are characterized by XRD, photoluminescence spectroscopy, temperature-dependent
emission spectra, etc. The excitation spectra of BaZnAl;0017:Cr3+ phosphors monitored at 691 nm,
exhibit two broad bands peaked at 405 nm and 562 nm, which are corresponding to *A,—*T1(*F) and
4A,—-*T,(*F) transitions of Cr3+, respectively. Under the excitation of 562 nm, those phosphors display
an intense narrow deep-red emission band centered at 691 nm, which can be attributed to the 2E—*A;
transition of Cr3+ incorporated in the AlO¢ octahedral sitesofAl3+*. The concentration-dependence
lifetime and the concentration quenching mechanism of BaZnAl;0017:Cr3* phosphors are discussed.
The thermal stability of BaZnAl0017:Cr3+ and the possible thermal quenching mechanism are dis-
cussed as well. It can be observed that the emission intensity of phosphors obtained in this work
exhibit a mild decrease to 53% at 150°C comparing with that at 25°C, which is literally better than
similar pc-LEDs phosphors, SrMgAl19017:Cr3+ (34.49%) and Ca3Al4Zn019:Mn#*, MgZ* (51%) reported
in the literature, indicating that our phosphors have a better thermal stability. Thus, it demonstrates
that BaZnAl10017:Cr3* is a potential deep-red emission phosphor for pc-LEDs and other functional
devices.
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1. 5|

Cr* A 3d® LR, 78 SR TP lE S B I FRELR, TR BRI LD AN R R Rt
RFTE AL, Cr¥* B8RSR e BT AR H MO T 56 B b 1 iR A58 AE, Hetn, 7E58 5143 a-ALO; FPI[1],
Cr* s UL E—" A SR T IR N, JLR SN TR ZIGIX (A8 255 243 S 98 585 1 k37 (W0 ScBOs:Cr** [2]),
Crbl “T—"A BT BRI N E, TEITLTA 200 REHEHS . CrBus i R A RHEAR 2 U8 A T2 N,
B, BA Cr B AN KICARE 716 nm A BATHGE R RER, W] N TR IR AT 3]
ScBOs:Cr¥* R I A RI AT I8 Yt A 3R, Fe R 6 I (A7 T~ 800 nm b %6 345, T S T T 41 4
pc-LEDs #£F[2]. MAh, 7E CrH&iiamiht, LaAlOsCr & —Fhil R RL L K MR ek, AT
T AR R AR AR [4]; SIMgALOy,Cr¥ KA RIAE 695 nm &b B m M A LR, Al T il
PIREIIAIIR[5]; YaAsO1:Ce™ :Cri R AR LLKN 78 w-LEDs Fiti/b (Z056 44y, 42 w-LEDs [#145% ta 5%
[6]c MgALO,Cr* & A EI/E 686 nm bk ke, f&—Fh 4TI w-LEDs FHIRLT (R e R 7]

7 ERBF s R al LA B, Cr¥* U e N E AL HLAE KR J6.(1.9~2.2 A)S6 A Al ASE Bl m ik kot s
MH, EARRREE T, HAGHE KA LI 670~850 nm [A1484k . %+ K E&HI& AL T 650~700 nm JEE A
IR LTGAE i (A £ LEDs 2800 M1 % A A IR B LED #844H45 7 I BLAF R, SRA TS RIERT & Lk
PR SE MR IR B-AlLO; T LRI BaZnAly Oy HHEIT B2 Cr, UAZA R AP BA NI K2 R
BRI, ATLLON Cr B e i AR BRI B . eAh, HEIRATFTA, 55T BazZnAlyOs7:Cr¥ i) & e i Al
7P R BRI . 9k, ACSCREANTHE T IR R AR BaZnAlyOy7:Criv it i i . ROIGHEE . #
KAEFMESE. (ERCEERN b, VRl 7 HAE pe-LEDs 25Dy Reas fF BRI R HTE ) .
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2. SKER

ISR P v AR 4% KGR RE BaZnAlgO47:xCr* (x = 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%), &% 544
B4 : BaCO;(99.5%), ZnO (99.99%), Al,O;(99.9%), Cr,0;(99.99%). M kit HAREL ik FURHRNFD
HSW R, NG R TOK S TRTES, (ERAMENRE A IR A AR AR BN AR, RS
A, FEZSAGR N AT mBR et 261 N ZE TN #4E 1400°C, o 900°C BAR i I# 24 10°C/min,
900°C LA_ETHRIE S 5°C/min. 7E 1400°C R 4 h, FESFEY A H 2 505 5 BUH R ERNAS BT 5 O ep kL

A BT R S BIAAR 43 B R H AL 2438 ) DIMAX2500V B X BHERATEHMY, MR A1E M. e
RN 18 KW &R X SRR, BRIEN 40KV, HK N 0.02°, FifTrEsh e E FIE.
GSAS AR AT IR HEAT S5 FRSAE . i OB AR S 6 B H 52 F-4500 58064 66 BE vHll &,
BRI 150 W UkT o B 5% 6 75 BT FH (199152 %24 Edinburgh-FLS 920 F&AS /R4S 58 Y e A o i3 B At
RIGE1E (25°C~200°C) M & K% 2 TAP il 2 6 il 8 I 45 & H 57 F-4500 525675 606 B2 vh Il &

3. &R5118
3.1. BaZnAly Oy Cr & R B RS SR RIE

KT R EE 1CSD#155525 1 MASIEH5, % BaZnAl047:0.3%Cr* #E4T Rietveld 5Ky & LAR
SEHARALROE B AN GSAS [8]). AHE4E Rl 1 & 1 FR, K5I HAE S LI 75 A By
ATSEMER T Ryp = 4.58%, Ry =3.5%, x*=1.699%, %M@ i E AR LM AFAA . Wi wi [ AE
I BaZnAlygOy7 FAT /N T SRS K, 25 [N P6g/mmce,  H 25 HER AR B A FE B (ZNn Al O 46) A — MBI 2
(BaO) iy, AL 2 Fik. AP F1E SR A 4 FECAIIREL, AT AI(3)H AlO, PUTH A4
¥, AIQL)FT AI4) RS IS ) AIOg J\IIRLEF o A ELFPURCAZIAEE N Cr* (r=0.73 A, CN =4) 5 AP (r
=0.39 A, CN = 4)Z A B 12452, Cr** (r = 0.615 A, CN = 6)7E /\ /AL f73% 7 5 AP (r=0.535 A, CN = 6)
HA BB B 721 A2[0]. H Crfe Nm M s v B 3 s i ik a ka e R [10] . (RItk, Crf" BSF1E
BaZnAl Oy ks i BT ) T (540 AR RS A2 1 AL AT ALY 5. 14 3 4 fh BaZnAlgO17:xCr* (x = 0%,
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%) 1] XRD 15Kl Fr A FE TS TobL b 4454 (1CSD#155525) 7 & —
B, HIGARWEERF e J AR AT G, R 38 1o vanil [E] AR R A FRDRE (i 250 Al
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Figure 1. XRD patterns and Rietveld refinements for BaZnAl;4047:0.3%Cr**
& 1. BaZnAl;047:0.3%Cr" i XRD [EiE & Rietveld L5#HE 15
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Table 1. Crystallographic and Rietveld refinement parameters for BaZnAl,;0,7:0.3%Cr

%2 1. BaZnAl;(0,7:0.3%Cr B & S B0 Rietveld LEHt5 1S HiE

TLNEe 2 BaZnAl;017:0.3%Cr*
Space group P6s/mmc
Symmetry Hexagonal
Cell parameters
a(Ah) 5.626132
b (A) 5.626132
c(A) 22.649801
a, By () 90,90,120
V(A 620.890
Rup (%) 4.58
Rp (%) 3.50
7 (%) 1.699

Figure 2. Schematic crystal structure of BaZnAl,,04;
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Figure 3. The XRD patterns of BaZnAl;q0,7:xCr* (x = 0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%)
[& 3. BaZnAly047:xCr¥* (x = 0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%)# XRD &[E
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3.2. KT

4 NTESIE T BaZnAlyg047:0.3%Cr* R AR BOR MR SHERE . W&l 4@ R, 78 691 nm k& 4
IR, BoR AR 200~630 nm Y [l A7 7R JLANSOR T, LU 2518 230 nm. 254 nm., 405 nm. 562 nm.
Cr¥ B T K6 AT ] LA B T Tanabe-Sugano AEZ% FSK B VRN AERR (U] 5 FTaR). Crrri3Esaesdh
AYF), ARAE EBEEE A, Cr B F I d-d SEIRIRIT A A TL(F), ATI(F), A TI(P).
1k, £7F 562 nm.405 nm. 254 nm (0% 16T Lo 508 T B IR RESL A BRIT BIOR B 4 TL(F)-
T.(°F)s “Ty(*P), TIHZT 230 nm AbFIBKE IR T Cri*~0* TR BT -

I 4(b) NYE 562 nm % K BaZnAly0:7:0.3%Cr* [ &k B 6k B . 7E 562 nm K R, FEM EILFREIK
TRAT (078 R 5, We{E )y 691 nm, V)BT Cr¥'fE AlOg J\IHifAt% iz () 2E—*A, FIMESTERIT . BT 2E A1 °T,
REZAE A i A 37y K40 B4 AN B BB AR &, 7F 665 nm. 672 nm. 715 nm AbFEAE— L 55 Kk g, Wl
JB& T FE 50 RN SR BT 75 T4 42 [11] - BaZnAl0017:0.3%Cr R Rk RS b 1 i 554U 11 nm,
RUFE S BA B A E[12].

AFTRESL, CrETHIEANE d BT SO R AR MBS, RERIBER R NE &
CrEI THIR e . Cr¥ B TERLAL 3 (R BE 2% 23 A il LAH Tanabe-Sugano BEZ% ISk & or (4] 5). HR4E
B 4 v A T ("R A TR R B i O B, AT LLTHAL M Cr¥*BS 778 BaZnAlyOy; T i A1)
WA Do FHi-RS8B M, AR~ [13]:

E(*T,(*F))=10Dg @
(5a) (50
B @
. 15(AE—8]
Dq
AE=E(*T,(*F))-E(*T,(*F)) ®3)

AR A (1) ~@) T AT B A7 92 Do AR S4B 43502 1779 cm ™, 706 cm ™, Da/B HILLAE L)
A 2,52, X YiHH Cri*fE BaZnAlyOyr 1 4R B K] AlOg J\ TR 73R, 3% 5 IR S A4 44 43 41— 5L
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Figure 4. Excitation spectrum (a) and emission spectrum (b) of BaZnAl;o0;7:0.3%Cr*" at room temperature
B 4. =BT, BaZnAly0:7:0.3%Cr BB & itk (a) F & 51 itk (b)
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Figure 5. Tanabe-Sugano diagram for Cr** ion in octahedral symmetry [14]
B 5. Cr**fE/ \E A& 1% F A4 Tanabe-Sugano §E4R E[14]

3.3. Cr'BEFiRE X BaZnAl,O7:Cre & F it LRI
FEEIR T LL 562 nm NG, WlE T BaZnAlyO,7:xCré* (x = 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%)%E
691 nm K JeiaE it 2, il 6 . BT st 2 o] Lodid 2 3X(4) A B W s BOs g B R [15]
I(t)= A&exp(—lj+A2exp(—L] (4)
T

1 7}

Forb, VOROGIREE, AR A NHE tRITA]L, o M o 2 963 . FE A HIT 25673 ] A A 5X(5)
TG

Tag = (AT + AT ) [(Ar + Aty 5)

H S 31 BaZnAlgOq.7:xCr¥* (x = 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%) V32 675 arik /iy 3.92.
3.65. 3.61. 3.45. 3.19. 2.81 ms. BaZnAl,gO:xCri {5 3 anbti Crirk B i iz i, H IR
FEF Crylk B i n & Btk R rp Cr¥'~Cr¥* 2 AR, BEmB i LA BB MR, 7ERE B LR
H, WS E S FER KRB O, SRR O R R X R, X Cr B IR TE 0.1%HH
FE it DT IR R AR FERE KA o

P 7(a) NTE 562 nm R N, BAAF Crrt B FIRIE ) BaZnAlygO::xCré* & e BH R SHE i R . Bl
% Cr BT HIB 2R E M 0.19%38 INE] 0.7%, K EEiERR T R IGREERHTI RIS, HIGHEAE H Bk,
RIHREZE CrE TR RIS R WE 7@FEE PR, 24 Cr B P B EN 0.5% , B i iR 6385 ek,
WM A7 T 691 nm &bo Bfi% Cr* B 24k FERIHE— BN, R TFIRER KR, RIGRERL. 45 &9 0%
Rk 2k, AR K Z AR R8s R 0) RRIROGCHE 2T E B e L FE R 1)
GERL, M CrOMREENR, RRIRIERE S IRHTI O i) ARIETPOIREE R, AR RSN RIE K,
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Figure 6. Luminescent decay curves of BaZnAly,O.7:xCr¥* phosphors with
various Cr¥* contents (e, = 562 nm)
[ 6. BaZnAly,0,7:XCrr*#E 562 nm 8% TR TR L%
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Figure 7. (a) Emission spectrum of BaZnAlyj0;7:xCr¥* phosphors (fex = 562 nm) with various Cr** contents. The insert
shows the intensity dependence on the Cr** contents; (b) log(1/x) vs. log(x) of BaZnAl;,0;7:xCr®* phosphors

7.(a) 7£562 nm ML T, BREAE CrrETFRER BaZnAl O xCrr & MR N & ST it E . HEA LS RES
CrYRERTLENZE; (b) BaZnAl,gO:xCriteh log(I/x)5 log(x) B4 iiZk

E AR 38 ) S B0 K PR B PO PO ER 3K, BRAR R BT 24 Cré B 24 IR FE AR I (N T 0.5%),
HoANER GRS, ERNEICREZREIE A, £ CrBRKE AN 0.5% 4K 5 1 K& 658 B A B i A AH -
Wi Crrddak Bt —L1ahn, & AREKEH G, mitRARSERKILREZR, KRN
R I T B A

R 2 8] (R BAL 3 7 IR B H s AR R R TR E . IXHL, IR FLERES RN Cr¥ 2 Ia) & A AR 4R
B A 320 (10 N 23 AR EL R A 2 e R 11 M A 5 P B i 40 8 1 2 TR () P X BE B, e SR 8 R, mf A A 30(6)
5 [16]:

DOI: 10.12677/app.2020.104031 252 I EEY/BEH


https://doi.org/10.12677/app.2020.104031

PUPIE

R, ~2(3V/4nx 2)"* (6)

Forb, X NIGFIREE, Z s i i b o] B 0 7 B 7 B AR AR AL R, VO AL AR . T
BaZnAl;gO,7:Cr¥*h, Z J& 24, V /& 619.496 A, 7t sk 28 R 24 Cr B 44K N 0.1%5 C 4
THRRAEWRER KR, Hi, HIERRENT 0.1%. BAMEH x, =0.1% HHARIIEAEE R LN
36.66 A, XFH, BazZnAly,O.:Crerh Cr¥'~Cr¥ 2 [a] 1l S FE B 4R K 36.66 A. [Hitk, BaZnAlyO7:Cr*
t Cr¥*~Cr¥* Z I AR S e A 3 7 A 2 W - A AR R [17]. HARZ AR - 2240 AR B 1 2
Al LA A7) 2I[2] [18]:

| k

TR v
Forn | R SRIE, x WO FIRIE, kR B 555 AU BLAE FH 2R A G # 4. 0= 3, 6, 8, 10 73l %t
BT B AR B 2 (Al (M e S A 78, (A — (EBRAE EVE R (0% — DURRAH EVE R, DU - DUMRAH BLAERI[18].
K7 (b) % i T log(1/%) -5 log(x) L 56 & TRAT T8 I 2814 100 515 2 R1 2R (—013) h-0.84, SRt HLA5 5 0 = 2.52,
[ 1t BaZnAlyoOq7:xCr¥ 44 28 H (185 7 A ) B B A 366 3 B R A 1 Bl AT 5 7 2 17 (>36.66 A).

3.4. PRREMRESHT

RAMBHESL RN, HMGRE R — N e EEN S A M, FEERERIEm, K
RHE RN 0 R S 58 S A FIFEE A A% . LED SO B AR AT Uk B 150°C [19], ik, N
pc-LEDs 3tk (1) 2 S A4 Rk i A Bty i i R s P R 1] 8 T4 BaZnAly0047:0.5%Cr* 78 AR [ 33 /& (25 °C ~200°C)
IR GG, B R R IR A IR RO R BRI I AR MR A 25°CHEnE] 150°CH,
BaZnAl;00:7:0.5%Cr** (1] & ¢ 9 JE BE AL & 53% . X — ¥ 5 I 40 103 B ROt 1 A & e R o
SrMgAl;x0.7:Cr** (34.49%) [5], Gd,ZnTiOg:Mn™ (27.2%) [20], SrLaAlO,:Mn* (31%) [21]F1 CasAl,ZnOs0:Mn*,
Mg®* (51%) [22]4HEL, AR e P BEAR KT 4T o

A_=562 2
e nm % . \\-\
5| —=t o
2| ——sc E T =T
= | —75C - -
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Figure 8. The temperature-dependent emission spectra of BaZnAl;40;7:0.5%Cr** phosphor excited at 562 nm. The insert
shows the normalized emission intensity of BaZnAl;40;7: 0.5%Cr** phosphor as a function of various temperatures

[E 8. 7£ 562 nm & T, BaZnAl;y0:,:0.5%Cr** R BB THI & ST L E . #HE A K NIRERHERE N (L& (GRE
J3—1k)

DOI: 10.12677/app.2020.104031 253 N A


https://doi.org/10.12677/app.2020.104031

PUPIE

N7 Ui BaZnAly017:0.5%Cr* B K HLEE,  FATSI AL AL R (A 9 FioR), 4kt e’
SZEDCBUMR I, AT R A, T ERIT B S MR S RELR T, b, BB (0 v 1 e AR 4 5 oth
BN RER AR SR °E, RJE S iR S IRIT R M BIFE AR RE LR A, I RSO T 691 nm fURL e, (H
&, BEE RN, A THEA ‘T, FREF T B2 bl A EUEOR BIBOR B FISE S RER IS Xk, Horhfr
T E MR BN ABIERE AE,, A5 i il JEfm S i BOR B B RS, WOk Re AR BRI U7 2 BB dn
. IS RE AB, 1T A 3K (8) 13 2 [23] [24]:

I0
'M=1 Aexp(-AE, /KT) &
o, 1o NVIRA TR FE R BE G B R OEERE, W(T)NIEE T RREM IR, A NHEL Kk RBURZE 2 H I
(k=8.62x10"° eV ). 10K In[( /1 )—1] LT PIZMEIR R B M5 15 B FABIE BE AE, N 0.24 eV,
FREEREN], LR IR R BaZnAlgO.7:CritiE pe-LEDs 2e44 b EAT BT (8 FH I 7 .

[ |

Excitation

Figure 9. Configurational coordinate diagram of the thermal
quenching mechanism
9. FISRIEARMIERANIEAI LB AR [E

1.0
o Experiment

0.5 | Linear Fit
= 0.0
S
E -0.5
=
-

-1.0

AE=0.24eV

1.5 4

-2.0

2.5 T T T 4 T T T T T T

T T T
24 26 28 30 32 34 36

1/kT

Figure 10. The fitting curve of In[(1,/1)-1] and 1/kT
B 10. In[(1,/1)-1] %0 KT Byl & btk
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4, 4Eig

AR i B R i 4% 1 BT R AT R AR BaZnAlyO,7:Cr**, XRD il Rietveld 45 k(& 45
LRI FTE R S N AR . BaZnAlyOs7:Cre* R IEFHRIE 405 A1 562 nm 4 PSS s, 43 5% R T
Cr 1 A= T (PR Ay "T,(*F)BRIT - 7E 562 nm 3K 1, B it S BB Z (TR 4 4% R St , W48 691 nm,
BT CrfE AlOg \TH AR AL 2E—* Ay FE ST ERIE . ARIEEEEIE T T Cr¥ B 74 BaZnAlyOy;
kIR EE Dg A4 £S5 B, SREW Cr B 00 T NI RSk SR AL . Cr¥ B T 1B 1B 44k
N 0.5%, HIREERCKHLE BT ANES T2 MM Re R . BidE CrkERgm, »t% M 3.92 ms ik
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