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Luminescence Property in Novel Y*" /Dy*" Co-doped
Bi,ZnB,0; Phosphors by Assembled Optimal Design

SHI Lin-lin, SUN Jia-shi, ZHAI Zi-hui, LI Xiang-ping, ZHANG Jin-su, CHEN Bao-jiu
(Department of Physics, Dalian Maritime University ., Dalian, Liaoning 116026, China)

Abstract; In order to obtain the strongest yellow luminescence intensity of the novel Bi,ZnB,O,: Y’/
Dy’" phosphor, uniform design and quadratic general rotary unitized design were combined to optimize
Y*"/ Dy*" ions doping concentrations, the result shows that the optimum doping concentrations of Y** /
Dy** were 4. 498 mol% and 6. 001 mol% , respectively. High temperature solid state method was applied
to synthesize the optimal sample, and the crystal structure and luminescent properties were investigated.
The emission spectra of the samples under 452 nm excitation were observed, where the blue emission
band was at around 460~500 nm, the yellow emission was at around 550~610 nm and the weaker peak
of the red emission is at around 650~700 nm. They were corresponding to the emissions from the 'F,,
excited state to the “Hy;,,, *Hiy;, and *H,,, ground states, respectively. The result indicates that the
Dy’" ions were located at a non-centrosymmetric site in the host lattice. Besides, the luminescence decay
curve illustrated that the fluorescence lifetime of Dy*" was 0.427 ms. It was found from the comparison
between the optimized and the single-doped samples with the same Dy’" concentration that Y*'-
introduction could improve the emission intensity of the studied phosphor in a certain degree.
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I Lt B ol iz F TR Tl A B Rk 4
UL 2 U R A5 A LA R A R B A 4 JR % X
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ke 5 B R B 5 26 06 . AE 450C, 500C, 550C,
600°C, 650 CH#1 700C F & M T Bi,ZnB,O, : 1 mol%
Eu’" %€ 5 ¥ #f 5. X 5 £k fif # (X-Ray Diffraction,
XRD) &5 53 B 700 °C By #£ i 2 9E M &5 650°C B il 15
Y RE A SRR B 2 R R Al R R A 5 600 CHBR
BT FRAS RO FE SR AL OF BB o g AR IR ik 600°C
1E4 Dy’ #8241 Bi, ZnB, O, %SGR AE &b 19 & BT B

FIH H A< &t Shimadzu-6000 %1 X 4§ 28 fi7 44 1%
XFORE SR 25 R HE AT 43 BT . Cu Bl Ko d@ 39 3 K R

0.154 06 nm, K 20 F 1 JEHE N 10°~70°.
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61 AR ST
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AT Tk YT /Dy’ 5 00 R B B 9O R 1Y SR A
B R ORI X B B 48 Z Wk B e X B, R AT
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R HARE T EwmE 1, 52506 Y /Dy B4
W BE 43 B 9 AN S KO
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W45 % BE 6% . X 550~610 nm 78 B 9 B 85 % & 9 ik
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EmEE KR R R, HP Y BEFBRIKEN
1 mol% ,Dy*" B Tk B H 4. 375 mol %, K — YKl [
W GBI fE T Y /Dy’ BT B 22 ik B
AR 0.1~10 mol% fl 3~9 mol%.
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Table 1 The uniform design

No. x (Y3 ) 2 (Dy*™) v/
(1~25)/mol% (1~10)/mol% (a.u.)
1 1(D 4(4.375) 57 828
2 2(4) 8(8.875) 53 283
3 3(7) 3(3.250) 46 468
4 4(10) 7(7.750) 52 496
5 5(13) 2(2.125) 38 288
6 6(16) 6(6.625) 31 454
7 7(19) 1(1.000) 21 853
8 8(22) 5(5.500) 32 980
9 9(25) 9(10.00) 28 810

2.2 TRERAEEASIEIT

RK2NPIHEMNAKRFE KK FE, LR T
Y /Dy B F B AT B LA AKE . gD Ak £
£1 /0. 3N VGEH A G RIHAR TR, &
3 IR —H R S 13 2H R 1 OGR4 i AR 43 i R
R REAS Gt A JIr 6T 0L ) B TR B AN R 2 TR . i BEOK
JO7 B S e B R AT 13 ARt

F2 BHRBEERKTEHD

Table 2 Natural factors level code

2 (x;) 2 (Y*") /mol % 2, (Dy*") /mol %
29; (1) 10. 000 9
[EEENTED 8. 551 8. 122
20 (0) = (2 +21,)/2 5.05 6
2 — A (— 1) 1. 549 3.878
2, (— ) 0.100 3
A= Cz—21;) /2r 3.501 2.122
oG/ =T =
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R3 ZREREEASERITIRAR
Table 3 Quadratic general rotary unitized design

experimental program

.2y ai/mol% oz /mol%  xia,

No 25 oy /(au)
1 1 1¢8.55D) 1(8.122) 1 1 1 59 803
2 1 1¢8.551) —1¢3.878) —1 1 1 58 344
3 1 —1(1.549) 1(8.122) —1 1 1 59 632
4 1 —1(1.549) —1¢3.878) 1 1 1 55 402
5 1 r(10) 006) 0 r* 0 49 893
6 1 —r0.D 006) 0 0 53 506
7 1 0(5.05) r(9) 0 0 7 44 432
§ 1 0¢5.05) —r(3) 0 0 50 718
9 1 0(5.05) 006) 0 0 0 52 346
10 1 0(5.05) 006) 0 0 0 56 478
11 1 0¢5.05) 0(6) 0 0 0 55 022
12 1 0¢5.05 006) 0 0 0 69 556
13 1 0(5.05) 006) 0 0 0 55 694

w

RS

3.1 ZTREFARBEASETEREEHEST

R 4 S 56 25 SR A Gt A 28 (8] vp g Sy [ml )9 AR L /D

y=057819.2—249. 472, —399. 932, —852. 1827 —

2914. 4322 —692. 75z, x, (D

LTS A 2 22 R K B . ] FA
WX [ )3 7 R AT A U I R A IR A KR
_ Si/ fu

S./ f.
APAVR I A A LR il iR Z 50, H kK
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Ui B [ U9 455 R0 A 45 A S B, 3% 07 B R T AR A
Y'' /Dy’ 4:48 Bi, ZnB, O, 2¢ Ky 3 % & % 5k JE HE 1
DAL 2 A 23 [ o A O 8 5 e 3 S B s 1) o s B
ZAF R SLPRA M Y /Dy’ B E S O kbR
BE B o0 Z R A )5 7

y=31410. 58 + 1190. 49z, +8049. 32z, —

69. 532 —647. 2425 —93. 252, 2, (3)

I 38 4% B Bh 2 A S B e D RE B A 4B e ik
B 2 =4.498 mol% , =, =6.001 mol% , & KK iR
FERMHEIEH y=57 837. 18, +& MR L ¥k J3 il &% H AH 1 19
Y /Dy BRSOk, I RS 13 AR
TE A — 45 41 T 0 4 A5 3 4 % . anial 1. 45 R R W A
Pk B AT B i SOt & G R BE. AR R 18 O R AT )
SCE DX N B R IR ERE Y /Dy’ B B ARk
FEAR A = Y g sr AR, WA 2.

Fy =1.08<F, ,(3,4)=2.05 (2)

Optimal sample
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Fig.1 The yellow emission spectra of the optimal sample
with 13 groups Y®"/Dy*t co-doped Bi,ZnB,0;,

phosphors sample under 452 nm excitation

Y-axis intensity/(x10%a.u.)

H2 #FHRRAEBEHE Y /Dy B FHLREL AN
ZhFESEIKRAE
Fig. 2 Dependence of yellow emission intensity on the

Y /Dy*" co-doped concentration
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Bi,ZnB,0,:4.498mol%Y**,6.001mol%Dy**
. H,BO,

The standard card of Bi,ZnB,0,
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Fig. 3 X-ray patterns of the optimal sample, as compared
with the standard pattern
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Fig. 4 The excitation spectra of the optimal sample

monitoring at 576 nm
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Fig. 5 The emission spectra of the optimal sample under

452 nm excitation
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Fig. 6 Fluorescent decay curves of the 'Fy;level of

Dy*" in the optimal sample
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