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Abstract; A series of phosphors a-Ba,Y(BO,),: Dy’* have been synthesized via conventional solid-state method
and characterized. Fluorescence spectra (FL) show that the as-synthesized phosphors mainly exhibit two dominating
emission peaks at 488 and 577 nm corresponding to the transitions from *F,,, to °H,5, and °H,,,,, respectively under
ultraviolet (UV) or blue radiation. The best synthesis temperature is 1 100 °C, leading to the most intensive lumines-
cence, pure phase and most sufficient crystal growth ensured by FL, X-ray diffraction (XRD) and scanning electron
microscope (SEM) , respectively. The concentration quenching mechanism has been determined to be mainly dipole-
dipole interaction and exchange interaction is not negligible due to the specific unit cell structure; the critical concen-
tration is 0. 07. The second-order exponential lifetime decay curves are observed and its origin related to the specific
unit cell structure is discussed. The as-synthesized phosphor has potential application for pc-WLEDs in the lighting
field.
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1 Introduction

In lighting field, phosphor converted white light
emitting diodes ( pc-WLEDs) play an important role
as solid-state light (SSL) due to their outstanding
performances, such as high efficiency, energy sav-
ing, long lifetime and environment friendly. To ob-
tain whitle light, LED chip must be coated with tri-
color phosphors or white light emitting single matrix
phosphors. While the development of the blue and
ultraviolet (UV) chips, lots of contributions are fo-

12]
, espe-

cused on novel phosphors for LED chips
cially blue, green, red and white phosphors.

Many kinds of mineral salts could be used as
host material, such as tungstates, vanadates, alumi-
nates, phosphates, borates and silicates™’. Be-
cause of the low synthesis temperature, stable physi-
cal chemical property and various crystal structures
of borates, theses concentrating on rare earth (RE)
ions doped borate phosphor are reported very fre-

¢/, Among all sorts of borates, «-Ba,Y-

[9-1
quently
(BO, ), with layered crystal structure belonging to
hexagonal system has been proved to be qualified

matrix for Eu’*, Ce’* and Th’* activated phosphor

U781 Ag far as we

with single colour luminescence
know, luminescence properties of Dy’* doped «-
Ba,Y ( BO, ), phosphor haven’t been reported yet.
Trivalent dysprosium is very promising because its
emission spectrum consists of two peaks at blue and
yellow region, corresponding to electronic transition
from *F,,, to °H,5,, and °H,,,,, respectively. There-
fore, doping in proper matrix, Dy’ * ions could emit
white light without co-doping any other activa-

[19:21]

tors . It’s significant to scope the luminescence

behavior of Dy’* doped a-Ba,Y(BO,),.

In this work, a-Ba,Y (BO,),: Dy’* phosphors
were synthesized at different temperature by tradi-
tional solid state method. Crystal structure, mor-
phology, luminescence and lifetime properties were
explored. The concentration quenching mechanism
was supposed to be relative to the unique crystal

structure.
2 Experiments

The a-Ba,Y, ,(BO,),: 2Dy’ " phosphors were

prepared via a conventional solid state method using
Dy,0,(99.99% ), BaCO, (A.R.), Y,0,(99.9% )
and H,BO, (A. R. ) as starting materials without any
further purification. All materials were weighed stoi-
chiometrically except H;BO; with 3% ( mass frac-
tion) overdose for charge compensation; mixed and
ground thoroughly in an agate mortar for 30 min.
Then the homogeneous mixture was transferred to a
corundum crucible, heated at 170 °C for 60 min in
furnace. After cooled down with the furnace, sam-
ples were ground and mixed again, heated at 850,
1 000, 1 100 C for 400 min in atmosphere. Final-
ly, the crystalline powders were obtained.

The phases were identified by XRD ( XRD-
70008, Shimadzu, 40 kV and 30 mA, Cu Ka, A =
0.154 056 nm, 0. 02° by step); the morphology
was photographed by a SEM ( JSM7800F, JOEL) ;
the luminescence spectra were recorded by a HI-
TACH F-4500 fluorescence spectrophotometer with a
xenon lamp operated at room temperature; the life-
time decay curves (A, =350 nm, A_, =577 nm)
were investigated using a spectrofluorometer ( HJY,
TRIAXS550) with a laser source ( Horizon, OPO sys-
tem, 10 Hz).

3 Results and Discussion

3.1 XRD and Morphology

a-Ba,Y(BO, ), has a hexagonal layered struc-
ture with space group P63cm(185) and unit cell pa-
rameters a =b =0.941 9 nm, ¢=1.759 5 nm, V=
1.351 87 nm® and Z =6. As shown in Fig. 1, there
are 4 and 2 lattice sites for Ba’* and Y** ions, re-
spectively, separated by paralleled planes formed by
BO; ™ anion groups. Basically, this unusual struc-
ture can be described as multilayer sandwiches:
BO;™ anion groups are bread and cations are fill-
ings. All Y’" ions are arranged in the same layers
named as Y, then the left layer of BO;™ to Y can
be named as ° bread A’
‘bread B’ .
Ba2 can be named as ‘bread C’. Bal/Ba3 sites
are set between C and A while Ba2 and Ba4 sites

and the right one as

The layer of BO; ™ separating Bal and

between B and C, respectively. Meanwhile, Ba3/

Ba4 are much closer to the nearest Y sites with
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distance about 0. 387 6/0.390 9 nm than Bal/Ba2

k%%*%

Fig. 1  Unit cell structure of a-Ba, Y (BO; ), and the coor-
and Ba®*

. . . 3 . .
dination environment of Y’ * ions in the

host lattice

Fig. 2 presents the normalized XRD patterns of
a-Ba,Y, o, (BO;),:0.07Dy’* synthesized at 850,
1 000, 1 100 C,
a-Ba, Y (BO, ), ( PDF No.
with the standard patterns,
850 °C mainly belongs to a-Ba,Y ( BO, ), phase
and the weak impurity belongs to YBO, marked by

respectively and the standard of
51-1849).

sample synthesized at

Compared

V. However, samples synthesized at 1 000 and
1 100 °C only show peaks of a-Ba,Y (BO,) ; with-

out any significant impurity, indicating that pure
phase of a-Ba,Y(BO, ), has been achieved.
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Fig.2 XRD patterns of a-Ba,Y, o, (BO,),:0.07Dy’* syn-
thesized at 1 100, 1 000, 850 °C, respectively and
the standard of a-Ba, Y (BO, ), (PDF No. 51-1849).

Fig. 3 presents the XRD patterns of a-Ba,Y, -
(BO,),: xDy’* (x =0. 00, 0.03, 0.07, 0.05,
0.09, 0. 12, 0. 15,
1 100 C and the standard. XRD patterns of all

respectively ) synthesized at

samples have the same discipline and accord with
the standard, suggesting that substituting with Dy’ *

ions barely affects the crystal structure. No signifi-

cant offset of diffraction peak is observed, which can
be explained by the low doping concentration of Dy’*
and the tiny difference between the radius of Dy’* and

Y**(0.091 2 nm for Dy’* and 0.090 nm for Y°*).

WA \ x=0.15
i \ x=0.12
o \ 1 2=0.09
Al \ x=0.07
M \ o x=0.05
W\ \ x=0.03

W \ A x=0
ol o PDENoSLIs
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Fig.3 XRD patterns of a-Ba,Y,_ (BO;),: aDy’"
sized at 1 100 °C and the standard of a-Ba,; Y(BO, ),

(PDF No. 51-1849)

Relative intensity/a. u.

synthe-

Fig. 4 exhibits the morphology of a-Ba,Y, o-
(BO;),: 0. 07Dy’" synthesized at 850, 1 000,
1 100 C, respectively and a-Ba,Y ( BO, ), synthe-
sized at 1 100 C. When synthesized at 850 °C,
phosphor consists of many small particles without
certain shape and much less number of bigger lay-
ered particles. As mentioned before, a-Ba,Y(BO,),
has a layered structure, similar with the layered par-
ticles, and XRD proves that sample basically has o-
Ba,Y (BO, ), phase with some impurity, thus one
can conclude that the layered particles have the iso-
structure with a-Ba, Y (BO;) ;.
1 000 and 1 100 °C,

bigger size and fragments generated from grinding

When synthesized at
only layered particles with even
are found, suggesting that pure phase of a-Ba,Y-
(BO, ), with no impurity achieved, fitting with the
XRD result. Based on the particle size and appear-
ance, when synthesized at 1 100 °C, the degree of
crystal growth is the most sufficient; in another
word, 1 100 °C is the best synthesis temperature for
a-Ba; Y(BO,),.
appearance of a-Ba,Y ., (B0O,);:0.07Dy’" and a-
Ba,Y (BO, ), obtained at 1 100 C don’t differ much

indicating that substituting with

Further more, the particle size and

from each other,

Dy’* ions doesn’t influence the morphology, either.
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Fig.5 Excitation (left) and emission ( right) spectra of o-

Fig.4 Morphology of a-Ba,Y, o, (BO,),:0.07Dy’* synthe-
sized at 850 C (a), 1000 C(b), 1100 C(c) and
a-Ba, Y(BO, ), synthesized at 1 100 C (d).

3.2 Luminescence of o-Ba,Y(BO,),:Dy’*

Fig. 5 illustrates the excitation and emission
spectra of sample a-Ba,Y (BO,),: Dy’* monitored
at 488 and 350 nm, respectively. In the UV and
blue region, a series of peaks at 326, 350, 365,
387, 425, 454 nm corresponding to electron transi-
tions within 4f° configuration from the ground state
“Hysp to "Fyppy “Myg + Py, U1y +P 0, M)y +
*F,,, *G,,, and *I5,, are observed in the excitation
spectrum, among which transition °H,5,— *M,s,
(°P,,,) at 350 nm dominates. Meanwhile, the emis-
sion spectrum (A, =350 nm) mainly consists of two
peaks at 488 nm due to a forced magnetic dipole
transition *F,,—°H,;,, and 577 nm due to a hyper-
sensitive forced electric dipole transition ‘F,,,— °H, ,
strongly influenced by the doping environment,
respectively. Generally, when Dy’* occupies a high
symmetry lattice site with an inverse centre, the
yellow emission is weaker than the other; otherwise
it exceeds. In our case, transition *F,,—°H ;,, sur-
passes *F,,,—°H,,,,, indicating that Dy’* ions tend
to occupy centrosymmetrical sites, namely Y sites
according to Fig. 1. In summary, Dy’ " doped a-
Ba,Y (BO,; ), could be excited by UV and blue light
(namely, 350 nm and 454 nm) effectively and
emit white light, promising a potential application
for pc-WLEDs in the outdoor lighting and display
fields.

Ba,Y(BO,),: Dy’*

3.3 Influence of Synthesis Temperature and
Doping Concentration of Dy’ *

The emission spectra of a-Ba,Y o (BO;);:
0.07Dy’* synthesized at 1 100, 1 000 and 850 °C
are presented in Fig. 6. As the synthesis temperature
rising from 850 to 1 100 °C, the luminescent intensi-
ty increases as well. It’s been mentioned before that
the degree of crystal growth can be strongly influ-
enced by synthesis temperature, and samples grow

most sufficiently at 1 100 °C. The most intense

Ae=350 nm

Intensity/a. u.

| 1 1 1 |
400 450 500 550 600 650

A/nm
Fig.6  Emission spectra of a-Ba,Y, 4, (BO,),: 0. 07Dy’ "
synthesized at 1 100, 1 000 and 850 °C, respectively.
A.=350 nm 3O Siope-1.683 66
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x=0.05 = 40f
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5| x=0.09" ek
% . ~16-1.4-12-10-038
= lex
%
=
I | | 1 I
400 450 500 550 600 650
A/nm
Fig.7 Emission spectra of a-Ba,Y,_ (B0, ), 2Dy’*. The

inset is the linear dependence of 1g(1/x) on lgx.
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luminescence shall be originated from the most suffi-
cient crystal growth.

To invest the influence of Dy’ concentration
(x) on the luminescence behavior and obtain the
]—x(BO3)3:ny3+
(x=0.03, 0.05, 0.07, 0.09, 0.12, 0.15) are

synthesized and their emission spectra are demon-

best intensity, a series of a-Ba;Y

strated in Fig. 7. The luminescent intensity first in-
creases slowly while x increasing from 0. 03 to 0. 07,
and then decreases rapidly if x increases persistent-
ly, hence x = 0. 07 is the optimum concentration
(x.). There are lot of energy levels between °F,,,
and °H,, , of Dy’* and many ways of energy transfer
between different Dy’ ions to decrease the popula-
tion of Dy’ * ions on the *F,,, level without any pho-
ton emitted. The numerous cross relaxations are the
main reason for the low critical concentration (y,)
of Dy’ *'?!_ Another interesting characteristic is the
barely changeable yellow-to-blue intensity ratio
(Y/B ratio) of Dy’* ions varying from 0. 612 to
0.623. The corresponding CIE color coordinates
(x=0.273 ~0.276, ¥y =0. 325 ~ 0. 330 in white
zone) are shown in Fig. 8 marked by A and the in-
set presents the details of the chromaticity diagram,

barely influenced by the doping concentration.

el _"m,

0.3F
0.2+
0.1
0,
1 | 1 1
0 01 02 03 04 05 06 0.7 08
X color coordination
Fig.8 The CIE color coordinates of a-Ba,Y,_, (BO;);:
xDy’ " (A, =350 nm). The inset shows the details
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of the chromaticity diagram.

Distance between different Dy’* ions decreases
while increasing Dy’ content and the non-radiative
energy migration between different activators be-
comes more and more often, then the concentration
quenching phenomenon occurs. The concentration

quenching phenomenon usually origins from ex-

change interaction, dipole-dipole interaction, di-
pole-quadrupole interaction or quadrupole-quadru-
pole interaction. If the energy transfer occurs be-
tween same sort of activators, the strength of the
multipolar interaction can be determined from the
change in the emission intensity of the semi-stable

[24-25]

state. According to Dexter’s theory , the emis-

sion intensity (/) per activator ion follows equation
(1):

§:1+,Blzx)m’ (1)
where %k and 8 are constants for the same excitation
condition for a given host, x is the concentration of
the activator, I is the emission intensity, and 8 =3,
6, 8 and 10 stands for exchange interaction, dipole-
dipole interaction, dipole-quadrupole interaction and
quadrupole-quadrupole interaction, respectively. The
linear dependence of lg(1/x) on lgx is shown in the
inset of Fig. 7 with an slope equaling —1.683 7.
The value of 0 is then calculated to be 5.051 1,
close to 6, suggesting that dipole-dipole interaction
is the main concentration quenching mechanism for
Dy’ in a-Ba,Y (BO, ), and the exchange interac-
tion can not be ignored, either.

In the unit cell of a-Ba,Y (BO,),,Dy’" ions
tend to occupy Y sites in series of paralleled planes
due to the same valence and similar ion radius
(0.091 2 nm for Dy’* and 0.090 0 nm for Y* ).
However, there are 6 nearest Ba3/Ba4 sites for ev-
ery Y site with an distance between 0. 382 3 and
0.393 9 nm, making the exchange of Ba’" and
Dy’ " (Y’") ions possible during the high tempera-

ture solid state reaction''®

I, In other words, the fol-
lowing situation exists in this case; most Dy3+ ions
take the Y sites forming Dy’" luminescence center;
others are exchanged with Ba>* ions and located at
Ba3/Ba4 sites forming Dy}’ center. The distance
between these two luminescence centers, 0. 387 6/
0.390 9 nm, is short enough for exchange interac-
tion, making 6 less than 6.
3.4 Lifetime Decay Curves

To investigate the essential luminescence of

(BO,);:

xDy’* are presented in Fig. 9 as well as fitting

Dy’ ", lifetime decay curves of a-Ba,Y

l-x
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results using the following second-order exponential
function (2) :
1 :Alexp(—i)+Azexp(—L), (2)
7 7,
where A, and A, are constants, ¢ is the time, 7, and
7, are rapid and slow decay lifetimes for exponential
Tab.1 The values of 7,, 7, and 7" for decay curves of

«-Ba,Y,  (BO,),:xDy’*.

x 7,/ms T,/ ms /ms
0.03 0.303 1.07 0.808
0.05 0.267 0.987 0.951
0.07 0.222 0.874 0.845
0.09 0.152 0.638 0.508
0.12 0.115 0.444 0.382
0.15 0.095 0.421 0.360

8 (a)x=0.03 g (b)x=0.05 & (c)x=0.07
7%=0.81 ms : 7%=0.73 ms ‘ 7%=0.67 mq

Intensity/a. u.
Intensity/a. u.
Intensity/a. u.

| | | | | 1 | |
0 0.0010.0020.003 0 0.0010.0020.003 0 0.0010.0020.003

t/s t/s tls
(d)x=0.09 a (e)x=0.12 =
£ 7%=0.51 ms 7%=0.42 ms v <f):-;2.(§).§6 ms

Intensity/a. u.
Intensity/a. u.
Intensity/a. u.

| | | | | | 1 | |
0 0.0010.0020.003 0 0.0010.0020.003 0 0.001 0.002 0.003
tls t/s t/s

Fig.9 Decay curves of a-Ba,Y,_, (BO;),: 2Dy’* (A, =
350 nm, A_, =577 nm, room temperature, x =
0.03, 0.05, 0.07, 0.09, 0.12 and 0. 15, respec-
tively) and the corresponding fitting results ( red
lines)
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action or exchange interaction and decreases the lu-
minescence lifetime from 0. 808 ms to 0. 360
ms' 72! The second-order exponential curves
generate from the presence of two luminescence cen-
ters formed by Dy’* taking both Y1/Y2 (CN.6)
and Ba3/Ba4 sites (CN:9); the experimental be-
havior of a-Ba,Y,  (BO,),:xDy’* can be ascribed

to a linear superposition of Dy’" and Dy’ .
4  Conclusion

A series of Dy’* doped a-Ba,Y ( BO,), were
synthesized by conventional solid state method at dif-
ferent temperature. The results indicate that phos-
phors synthesized at 1 100 “C have pure phase, most
sufficient crystal growth and most intensive lumines-
cence. Under 350 or 454 nm radiation, phosphors
present white light emission with the CIE color coor-
dinates around (0.273, 0.327), making the phos-
phor suitable for pc-WLEDs. The luminescence in-
tensity is strongly influenced by Dy’* concentration
due to concentration quenching phenomenon. The
concentration quenching mechanism and the second-
order exponential decay curves are discussed in de-
tail and supposed to be related to the specific unit
cell structure of a-Ba,Y(BO;),.
Acknowledgements: This work was supported by

Natural Science Foundation of Liaoning Province

(20170540074 ).

[ 1 ] SCHUBERT E F, KIM J K. Solid-state light sources getting smart [ J]. Science, 2005, 308(5726) :1274-1278.



58 1 NING Hong-yu, et al. ;: Synthesis and Luminescence of a-Ba,Y(BO,),: D 3* Phosphors 1093
gy Y- 3 3/)3° VY P

[ 2 ] DUPUIS R D, KRAMES M R. History, development, and applications of high-brightness visible light-emitting diodes
[J]. J. Lightwave Technol. , 2008, 26(9) :1154-1171.

[ 3] ZHANG Y, GONG W J, YU J J, et al.. Tunable white-light emission via energy transfer in single-phase LiGd( WO, ),:
Re’* (Re =Tm, Tb, Dy, Eu) phosphors for UV-excited WLEDs [J]. RSC Adv. , 2015, 5(117) :96272-96280.

[ 4 ] VAN DEUN R, NDAGSI D, LIU J, et al.. Dopant and excitation wavelength dependent color-tunable white light-emitting
In**:Y,WO, materials (Ln’* =Sm, Eu, Th, Dy) [J]. Dalton Tians. , 2015, 44(33) :5022-5030.

[ 5] WANG Y X, SONG Y H, ZHOU X Q, et al.. 3D-hierachical spherical LuVO,: Tm>* , Dy**, Eu’* | microcrystal; syn-
thesis, energy transfer, and tunable color [ J]. Chem. Eng. J., 2016, 306:155-163.

[6] CAOY Y, LIUND, TIAN J, et al.. Solid state synthesis and tunable luminescence of LiSrPO,: Eu** /Mn** /Th** phos-
phors [ J]. Polyhedron, 2016, 107 ,78-82.

[ 7 ] DOBROWOLSKA A, KARSU E C, BOS A JJ, et al.. Spectroscopy, thermoluminescence and afterglow studies of Cal.a, -
(8i0,),0: Ln (Ln =Ce, Nd, Eu, Tb, Dy) [J]. J. Lumin. , 2015, 160:321-327.

[ 8 ] CHEN Y. J, CHEN L, XIAO L J, et al. . The effect of different lattice sites substitution on photoluminescence character-
istics of Eu’*/Ce’* doped M;(Z0,),X [I]. Mat. Sci. Semicon. Proc. , 2014, 18(1) :59-64.

[ 9 1 SANGHJ, KANGDS, JEON D Y. Effect of substitution of nitrogen ions to red-emitting Sr; B, 04 5, N,: Eu’* oxy-nitride
phosphor for the application to white LED [J]. J. Cryst. Growth, 2011, 326(1) :116-119.

[10] LIP L, WANG Z J, YANG Z P, et al. . Luminescent characteristics of LiCaBO,: M (M =Eu’*, Sm’*, Th’*, Ce’*,
Dy’ ) phosphor for white LED [J]. J. Lumin. , 2010, 130(2) :222-225.

[11] DENAULT K A, CHENG Z Y, BRGOCH ], et al. . Structure-composition relationships and optical properties in cerium-
substituted (Sr,Ba),(Y,La) (BO,), borate phosphors [J]. J. Mater. Chem. C, 2013, 1(44) .7339-7345.

[12] AMAR N B, KOUBAA T, HASSAIRI M A, et al. . Optical spectroscopy of Eu’* ions doped in YAL, ( BO, ), crystal [J].
J. Lumin. , 2015, 160:95-100.

[13] HE J, SHI R, BRIK G M, et al.. Luminescence and multi-step energy transfer in GdAl, ( BO, ), doped with Ce** /Th**
[J]. J. Lumin. , 2015, 161.:257-263.

[14] CATGM, SUNY, LI HK, et al.. Crystal structure and photoluminescence of Th’* -activated Ba,InB,0, [J]. Mater.
Chem. Phys. 2011, 129(3) .761-768.

[15] ZHOU L Y, HUANG J L, YIL H, et al.. Luminescent properties of Ba,Gd(BO,),: Eu** phosphor for white LED appli-
cations [J]. J. Rare Earth, 2009, 27(1) :54-57.

[16] CHUNG W K, JUNG H C, LEE C H, et al.. Warm with high color rendering index white light from hybridization of
Ca,BO,Cl: Eu’* yellow phosphor and CdSe/ZnS nanocrystals [J]. J. Ind. Eng. Chem. , 2013, 19(5) :1743-1746.

[17] LI X X. Synthesis and luminescence properties of Ba,Y,_ Eu B,0, (0.05<x<0.35) under UV excitation [ J]. Adw.
Mater. Res. , 2014, 906 .60-65.

[18] CHENG Z Y, YU JJ, ZHANG Y J, et al. . Luminescence and energy transfer mechanism of a-Ba, Y(BO, ),: Ce’* ,Th**
[J]. J. Lumin. , 2017, 192.1004-1009.

[19] DURAIRAJAN A, BALAJI D, KAVI R K, et al.. Sol-gel synthesis and photoluminescence studies on colour tuneable
Dy’ */Tm’* co-doped NaGd( WO, ), phosphor for white light emission [J]. J. Lumin. , 2015, 157 :357-364.

[20] MENG F G, ZHANG X M, SEO H J. Optical properties of Sm>* and Dy’* ions in Gd,MoB, O, host lattice [J]. Opt. La-
ser Technol. , 2012, 44(1) .185-189.

[21] XU Q G, SUNJY, CUID P, et al.. Synthesis and luminescence properties of novel S, Gd( PO, ),: Dy** phosphor [J].
J. Lumin. , 2015, 158 .301-305.

[22] WANG D Y, CHEN T M, CHENG B M, et al.. Host sensitization of Th’* ions in tribarium lanthanide borates Ba,Ln-
(BO;);(Ln=Lu and Gd) [J]. Inorg. Chem. , 2012, 51(51) :2961-2965.

[23] JINGLD, LIUXH, LIYT, et al. . Synthesis and photoluminescence properties of Ca, Y( VO, ),: Dy phosphors for white
light-emitting diodes [ J]. J. Lumin. , 2015, 162:185-190.

[24 ] DEXTER D L. A theory of sensitized luminescence in solids [J]. J. Chem. Phys. , 1953, 21(5) :836-850.

[25] VAN UITERT L G. Characterization of energy transfer interactions between rare earth ions [ J]. J. Electrochem. Soc. ,
1967, 114(10) :1048-1053.

[26] WANG L X, XU M J, ZHAO HY, et al.. Luminescence, energy transfer and tunable color of Ce** , Dy** /Th’* doped



1094 ke % M %39 %

BaZn, (PO, ), phosphors [J]. New J. Chem. , 2016, 40(4) :3086-3093.

[27] WU X, HUANG Y L, SHI L, et al.. Spectroscopy characteristics of vanadate Ca,Dy(VO,),, for application of white-
light-emitting diodes [J]. Mater. Chem. Phys. , 2009, 116(2-3) :449-452.

[28] ZHANG Z W, SONG A J, YUE Y, et al.. White light emission from Ca,Bi( PO, ),: Dy’*, single-phase phosphors for
light-emitting diodes [J]. J. Alloys Compd. , 2015, 650(47) :410-414.

WEARI981 - ), J I PaAs A 1
|, B #42,2008 AR T E R BE 2
WAL=y BRI S BT ARAG W 2,
ZF DG LED HIH B & B0 O
BHOBFF .

E-mail; zhang_yj@ dlpu. edu. cn

TRERF (1994 -) L LTHHRAN,
LR AE 2017 42T K0E Dok R
FR AL, FENF AL
LED A BIWTIE o

E-mail ; 873764576@ qq. com

FEAR(974 ), &£, LT REN,
T, #82,2013 £ T RER T K
A, EENF RS
HEA % 6 M4 RE DL 2 O U 48 1 1
52,

E-mail ; yujingjie@ dlpu. edu. cn




