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Effect of Zr*" Substitution on Structure and Luminescence Properties of
Ba(Mg;,3Nb,;3)O03:Eu’* Phosphors
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Abstract: (Bag o7Eu.03)(Mg(1_93Nby(1_3Z1,)O3 phosphors were prepared via a solid-state route. The crystal structure and
luminescent properties were investigated. A phase structure transformation from hexagonal to cubic occurs as Zr*" content (x)
increases to 0.05, thus weakening the luminescence properties. When x>0.05, the crystal structure is cubic. The introduction of Zr*"
into the phosphor increases the tilting of BO4 octahedron, which makes the energy level split and broadens the bonding energy range
of B—O bond, thus enhancing the absorption of near ultraviolet (NUV) light and increasing the intensity of charge transfer band
(CTB). The CTB intensity increases the sensitization effect of the host on Eu*" and improves the luminescent properties in NUV and
blue light regions. The chromaticity coordinate of the phosphor shifts from (0.658, 0.342) to (0.642, 0.358) due to Zr*' substitution,
indicating its potential application in the excitation of NUV (395 nm) LED chips.
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Table 1 Structure parameters of the (Bag o7Eug 03)(Mg(1_)3Nb21_vy3Z1,)O; phosphors under different Zr*" contents

BMZ,N:Eu a/nm b/nm c¢/nm B,—O/nm B,-O/nm Difference/nm Ry/% Ryp/%
0.00 0.5772 0.707 8 0.707 8 8.54 11.72
0.05 0.8192 0.8192 0.8192 02173 0.1923 0.0250 6.88 9.87
0.10 0.8207 0.8207 0.8207 02177 0.1926 0.0251 7.00 10.17
0.15 0.8224 0.8224 0.8224 0.2182 0.1930 0.0252 6.51 8.94

Note: a, b and c represent lattice constants; Bj—O and B,—O represent the length of bond; Difference represents the difference between B;,—O and B,—O

bond length; R, and R, represent variance factors.
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0.15 3.50 354.29

RSS20 M 363.64nm #£5) %] 354.29 nm,
RIS T BRI, S a4 R
gﬁ[o
24 RAHFMH

Bt 2o BRI, FERAE 613 nm e s
R R OEE K 6a Fias. o, 250~350 nm
ENSENERE: R 0 - e N R i 6 ) S e Y
Nb—O LA Eu—O Z Al AT iE# BRIT(CTS) - 1
350~500 nm ¥ [l P4 1R B0 2k % 0 i Bt LR K 4f
SRAT, A RHJE T "Fo— Hy (322 nm). 'Fo—'Ds4
(363 nm). "Fy—’L; (383 nm). 'Fy—"Lg (395 nm).
"Fo—’Ds5 (418 nm). 'Fo—D, (466 nm). 7 4f BKiT {8
P i R U PR RS AR R — B, I AE 250~350 nm 18
B AT B T B Ze IR B A7 B85 13 A 184
IR T W R EAS . &l 6b Al Zet R R A
FEIL A A A B A it 2k, Faar T i S R
T H PR TR KT A AR, AT B A
KA R IR B LR UK, RS R TR
(K LD I T Y, 7 BMN:Eu 1, Higar
#4171 (250~300 nm) H1 2 5T Nb—O il Eu—O [1) Hifaf
TR E SN, &L —A 58 AR R
Rt o Wk G B Nb—O H A 32 A% 75 15 W 3 iR
S R Bu® 2 MfEAERE AR, b, SRR
KT NbOg J\ T AAE T 2R A X I e i,
FIN Ze7E, 24 x=0.05 I, JEJF Nb—O/Zr—O0 5
Eu—O WL TR H3E IN , Bu’ (R 64T ks ,
XS T R R A T IS T AR BN 7 AR AR AR,
iR T A AT (098N, R 45 R R AR 2 5 i) L ey
IR 0 BN 2 Bt 2o B B,
15 x>0.05 B, HARTB A iRE I RE D EIt, S
A R EERE R ST T FIAN TR AR AR AL, Bl BRI
I, A 11 IR EREEE N, BOe J\TH A4 i
FEFERE R, IXPhEh i LA ok T B—O BERES
B N RE I R A v, R IYOR, T
PEARBRIT LRI, A4 R AE I A6 X 8T
SR GTPUR = 2 e (ENEIE (T N 1YLt = B i NP S G 91



2 48 5 9 W

A S ZeE U Ba(Mg, sNbys) O Eu® 58 0K A TN 3% I Ik 1K) S . 1479 -

WA Bu’ AL VR F 8 R, 7F 350~500 nm 6 # Eu®*
VRS8R 7 0 S B T 1 o

"Fy—°D,

Intensity

250 300 350 300 50 500

(a) Excitation spectrum

330 3x10°

320
E 310F 12x106
g =
§ 300 g
Q =
c 5
S 290+ 11x106
Ay

280

279500 0.05 0.10 015 0

Zr doping contemt/%
(b) Intensity and position of CTB
K6 A Ze" B E[/‘](Bao.97Euo.03)(Mg(17x)/3Nb2(17x)/3ZTX)O3
RCKITE 613 nm W ¥R 6%
Fig. 6  Excitation spectrum of the (Bago7Eug3)(Mg(i_vy3

Nby(1y3Zr,)O;  phosphors under different 7t
contents

BMZ,N:Eu RS CIEWE 7a Fios. hiE 7a
AL, 75 395 nm TSNS EIIRR R, AR Ze B
SRR S 0 R ST EAT AL A S e 2, =Bk
SHELE 595 nm(CDy—"F})~ 613 nm(’Dy—"F>)~ 595 nm
(CDy—"F1)~ 657 nm(’Dy—"F3)+ 705 nm(°Dy—"Fy).
H g EE R E T Bo’ BEARERIT I *De—"F
58 T WKL "De—"F,, Eu’ Gk
xof A Rl b A R B AR R U U A L A A SR s
AR, “De—"F, 5 *Do—Fy WS I LAl LR LL
R BA%s 4 JE B AR EE X AR AR, 2L R
M, Bl 7b i BMZN:Eu [AHRN *Dy—"F, 5
Do—>"Fy TV IR MIXT 5 5 S LT LU A R Bl AT
Ze e RN AR ik . & 7o WTRAE ], BER
IR RIT *Do—Fy 5 BB ERIT *Do—"F, 13
PR B 2o I N S S TR A, 4

x=0.05 I, KHFSRIESS, 7 x>0.05 I, BiE zr*
WARERE— 2N, RmEEL BTk 48 R
b Ze" SRR AN, B Ze I AR
P RS IR X BRI PR SDO—’SFZ 5 5Do—>5F1 o2h)
g B A A 1) i DR 5 R T AR A — 3, 7 x=0.05
A 4 AR A SR T it A 5 4 b R AR A 3 B AR R
BN, KRS s 7E x>0.05 RS 4R AL T AT
JIAHJE,  BEFUAEIT 28 AP DX S ) F far % iy o i 3
0, HH BB R RS 430 7 Bu®™, JE 50 Bu®*
(R Re B ARG 5 T AR ARG IS R, BEFE B A7
Ze AR R HE B, AR IL T BB
SEALBVE R OR, FES L6 R 5 A 24 A
Pl IR AN395 nm) LED i85 ik k6K
o s e,

BMZN: Eu ELTN
0.15 Q
0.00 g

10

Intensity

550 600 650 700 750
A/nm

(a) Emission spectrum

° 51 =I5/ L0
g4l
3L

4.0x10° -/
3.0x10° °
2.0x10
}:T 1.0x10°
5
= 1.2x10°f -7,
8.0x10°F
4.0x10°F
0.00 0.05 0.10 0.15
Zr doping content/%

(b) The intensity of /595 and /g3 curve

Bl 7 AR Ze BRI (Bag o7Eug.03) (Mg 3Nba Zr,)03
FECHIAE 395 nm W R 1K & G
Fig. 7 Emission spectrum of the
(Mg(1-3Nba193Zr,)O3
different Zr*" contents

(Bagg7Euq,03)
phosphors  under

BMZ,N:Eu Y684 BEu®™7E 395 nm Y6k T
Eu’ I *Do—"Fy WRAT R 6 %€ 56 75 i B ek th 2% 4n
8 FT. ARAEZEEHE RIS, H9KH de sk 5L



< 1480 - CREMR £R 27 4R

J Chin Ceram Soc, 2020, 48(9): 1474-1481

2020 4F

AT G
1(t) =1, exp(—é) (3)

e Lo AWTER I TR] IS 2 R IR R OGS EE s 1(6) M
I [) Ay ¢ IS 2GR (R R OGHRBE s © A6 e A
K 8 nLLFE |, BMZ,N:Eu (x=0.00, 0.05, 0.10,
0.15) % B I %9 O 7% w73 il 4 1.038, 1.413,
1.572, 1.887 ms, B Ze" BB IR N, 2864
bz N, XA ONBEE 2ot S BN, R
SRCEHI N, B’ AR K, i ]
AR B AR R W55, s FRERAE A0
[F) Ry A% a9 /b, JESR S BRI LR Iy, 3B
ZeainyIp

0.15, =1.887
0.10, =1.572
0.05, =1.413
0.00, =1.038

Normalized intensity

0 4 8 12
Time/ms

B8 NI Ze* HAR 1 (Bag.orEug 03) (Mg 1-3Nba(1-5Z1) 05
FEICRE 395 nm HIEE T Eu®' 1) *Do—Fy BRIT T
fh £k

Fig. 8 The decay curves of *Dy—’F, transition of Eu®" under

395 nm excitation for (B30497EUO.03)(Mg(1,x)/3Nb2(1,x)/j,
Zr,)O5 phosphors

b TR MR BMZN:Eu ' Eu® ITAb i)
A IR B IR S RORAT R, Wi Judd-Ofelt 2t
X9 B H(Q, ) BHAT T 4% Judd-Ofelt B L fig
SR UF IO s L BT 0 4 W7 S IR S R A
HHAT BT, SR S5 Q, B T BRI X AR
PE, Qq Bl T g on P, it Q, HIAs
A0 RT LA 30 o 25 44 (X FR AR A G Bl o R
BMZ,N:Eu I RGHGEE it 545 2582 S 40 Q,,
CERNAR 3, SREESH O (KA Ze O R g
W/, BT Bu R A R B R R 2t
RIS S, 5 RS R

A Ze AR R BMZN:Eu 5968 (10 (4 A b
Cor )T LB FE SRR 395 nm 3T LA T 155
(MR AR E, 45N 4, CIE (AR

WE 9 P, W& 4 il B, b5 Z~ BUCE
(I, x MRS RE Ze S BB /N, 1My {EBE
ZM RO, (A ARBRAN(0.658, 0.342)3)
#(0.642, 0.358), L HZIGK Y20,S:Eu (0.631,
0.350)AHIE™. K 9 WTLLEH, AR Zr Bt E
(1) BMZN:Eu 268 1) (L AR RIS F 40 (X 3, 13t
IR Zr " BURE Y BMZN:Eu 286K RES 1E
395 nm ITEEAMEER N BN H R G R SR
PE, R FhRER T RGO AL ATk .

%£3 TR ZVERE E"J(BaO.WEuO.OS)(Mg(l—x)/3Nb2(1—x)/3er)03
WAIE J-0 BH

Table 3 J-O parameters of the (Bagg;Eug03)(Mgu_v3
Nby(1-y3Zr,)O; phosphors under different "
contents

BMZ.N:Eu J-O intensity parameterx10>"/cm?
(2

0.00 12.12

0.05 9.01

0.10 7.56

0.15 5.66

BMZN: Eu (4,=395 nm)

K9 A Zr4+HX1'J€EH‘J(BaomEuO‘o;)(Mg(l,x)/3Nb2(1,x)/3er)O3
NN CIE B A by &
Fig. 9 CIE chromaticity coordinates for (Bag ¢7Eu0.03)(Mg(1_v3
Nby(1_y3Zr, )O3 phosphors under 395 nm excitation

x4 TEZCBRE E"J(BaO.WEuO.OS)(Mg(l—x)/3Nb2(1—x)/3er)OS
WHHE CIE B 4&ER

Table 4 CIE coordinates of the (Bagg;Eug03)(Mgu_vy3
Nby(1-93Zr,)O; phosphors under different *
contents

Points in Fig. 9 BMZ,N:Eu X y

A 0.00 0.658 0.342
B 0.05 0.652 0.348
C 0.10 0.646 0.353
D 0.15 0.642 0.358

CIE—Commission internationale de L'eclairage.
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