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Energy-Transfer-Induced Tunable Luminescence
in Mg2Al,Sis042:Ce*/Dy** Phosphors

. Fonaplons ore:n i of maferial Uit i wikly

includ
ik WD feld simisian. diniaoa’ plasr
display panels (PDPs),*and many mare. In the field

YU-GUO YANG,'** JIAN-JUN SUN,* CHENG-CHENG QIU,**
RUI ZHANG, ™ YUAN-YUAN ZHANG ™? QING-GANG L1
XU-PING WANG, ** BING LIU XIAN-SHUN LV,*** and LEI WEI**
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Ce™- orfand Dy**-doped Mg:ALSisO1s phosphors have been fabricated via a
sintering process at 1400°C for 5 h and their erystallinity and luminescence
charncteristies investigated. x-Ray powder diffraetion analysis demonstrated
that Ce™/My™ ions entered ‘the MgaAlSis0 1 host and formed a solid solution.
When excited at 315 nm, Ce™-duped MgAL SisOrs phosphar ennited light in
the blue region while Dy** doped Mgw@ﬁo,s phosphor emitted light in the
yellow region. When excited at 345 nm, emission Soented i both the
blue and yellow regions were ohserved for the Ce*/Dy*-codoped MgaAl,
Sig0y5 phosphor. Because of Ce™ — Dy** energy transfers, the Ce*/Dy*"-
codoped Mg,u,:\éu,spmm shomed oraabie rmssemce, anging n‘g
the bl smg D
amcentration ia the Ce’ mr"-mdmd MeALSisO 1 pmamr decay
chara. me('e"mf'm loped M&M‘Snﬁom
phosp e e \nvesug.ﬂed With nereas #* concentration,
lifetime of the Ce™ emission decreased continuously, further confirming m
oecurrence of Ce* — Dy** encrgy transfer.

Key words: Mgaal sisO1s, Ce™/y™ doping, energy transfer,
wnabie huminescerce

has been shown to

INFRODICTION Generally, an ET process oceurs in

ing_light-emitting
have been abtained

of phosphors, tunsble lumineseence is one of the  between

sengitizer ctivator,
research bolpais for ihe purpome of obtaining  SeZnY(POTH™ IEn P e
phosphars with desired lumineseence characteris- Tt

tics, for which the energy transfer (ET) mechanism

NgCe*Eu™
M9 By Lw“ﬁs.m‘,‘z.u G
Ce*Dy*,? and many more,

As ane of the rare-earth ions, Ce** exhibita a large

{Teceived Nevember 18, 2020; sccepted February 4, 2021;
‘published anlin Febmary 34, 3121)

absorption and provides strong band
in the speetrum due o the parity-allowed 45

be a profitable approach. 4
& phosphar by

“par v o date, a larg
Dmber of Hhiaphars with rmable Huaircence
besal o e BN pmcies

¥ CasSis
u,MgT\u. B\":‘

Luminescence in

w2 Vang, Sun, G, R Zhang VY. Zhang, Li, Wang, Liu, Ly, and Wei

transitions.’* Therefore, Ce®-doped phosphors
exhibit a high capacity to ahsorh excitation energy
Ce* can act as not only a sensitizer but alse an
activator in phoaphors. The emission banda of Ce®
ions shift from the ultraviolet region t red region

widely used as an activator in phosphors, gm-mg
emitting light in the blue, yellow, and red

Dy*-doped phosphors can emit white ugm when
the proportions of the three eolors are appropriate.
Thus, Dy* represents a hopeful ion for applications

ited emission intensity. m a result, phosphors

codoped with Ce*VDy** rej aful

lppro.ch o enhance the .nsnrpmn characteristics
duuume

S 50  r dn  we  atsin

itation and emission data. The spectrophotome-
ot was slao opesed vaing A phlacd Ko Tap fa the
light source to abtain decay curves

RESULTS AND DISCUSSION

yss was applied toconf the phase of
e pmﬂphﬂ! Figure 1 shows the XRD patterns

dards (JCPDS) card no. 821541, confirming o good
Sl LG ooy pthranis Shakh  tie
fabricaf Dy™-, Dy ™-doped
wom phasphors I Mg,Al i gae

ion forms covalent bunds with six 0, but
Si*/AP* ions form covalent bonds with four 0%,
resulting in the formation of a tetrahedron. The Sif
Al telrabedr foem BigDygiyre - merbered einge

ney and excellent
chemtaal mnuy et bl 3 phosphors have
Atimtal tiasiion fouh mesaichars i Laime
ions in various . MgaAl.
B s eordierhe Alicaie material. bag slse
been investigated as a host for phosphors. To date,
Tasios Mgl SO b picaphirs L, b
fabricated and investigated, includi

Dyt EudMndt. 2 Co L‘Mnl‘m‘ag 5 gty
Mo~ 2 Mt Dy E-* Euk-® and
Mn* -doped™ phosphors. In the work presented
herein, we fabrieated a series of Ce™- orfand Dy™>-
doped MgoALSi0,, phosphors via o sintering
approach and investigated their phase, lmines
cence characteristics, and ET processes.

EXPERIMENTAL FROCEDURES

e~ orfand Dy*~doped MgoALSisO1s phosphors
were fabricated via a sintering approach by select-
ingMgO (AR), AL O (AR}, and Si0, (AR) as starting
reagents. Ce0, and Dy,05 with purity of 99.99%
were selected as starting reagents for the dopant
ions. For the fabrication procedure, the starting
reagents were taken considering their chemical
formulae then mixed and ground to obtain hamoge-
neous mixtures. Subsequently, the well-mixed start-
ing reagents were respectively put into erucibles
and sintered in a muffle farnaee at 1400°C for 5 b,
Finally, the sintered material was regronnd for

nt measurements. The phase and lumines-
cence characteristies of the fabricated phosphors
were also investigated.

The phase was confirmed by x-ray powder diffrac-
tion (XRD) analy sis using s Rigakn D/max-RA x-ray
diffractometer with Cu K, rodiation (i = 15418 A)
at an aceeleration voltage of 40 kV and a of 100 mA.
Luminesence messurements were performed on an
Edinburgh L5620

for Si** in the ring. Also,
the rings bond to two o in the ringa

026 A for coordination number nf six), Cel
€L01 A fur coordination number of six), and Dy

(0.912 & for coordination number of alx] Ce* and
Dy ions will substitute Mg® ions when doped into

Figure 2 s'hnws the excitation and emission
spectra of 0iCeouAl Sis0y; (@) and
M.zmnyumu.swm (b) phosphors, As shown in

|_.4_JJ._L.UJ\
UL
skl

Insersiy ()

| I0F 2al &
%" 8 e

20 i)
‘ﬁ‘? 1. XRD panems ol M;u&fn-:hl&ou.ngu&mﬂMu.
roman dangerds miwence XFD dda Br aatmmbe

4. Fabrication and luminescence of Ca2LaTaO6:RE3+ (RE=

KCPDs card v, - 1841)

Sm, Eu and Pr) phosphors

Mg2Al4Si5012:Ce3+/Dy3+
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RE** (RE = Sm, Eu and Pr)
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Fg LU0 prwss of CiobipSaidilh, Colinei T, wd
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¥, B 4nd P dopet AT, phoghers. o
2 st b 1,
ey = rp—
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e e i g popenies T
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ey
The cletae echr |
iy i
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favele
1. inroduction e iEs dopod doulic peravakde phophers v high luminons i Wavelength (nm)

In the ast few years, rare snh fary (i) doped huminescence
bease of their
plays, semsors, biology and lght

sensity, high thermal and chemied siabiiies (01161 Therelore, & is

significatve ta give these phospiors denil researdh, C3,LaTa0, be.

Jongs to the family of doulle perovskik, in whih lanthonum and
i I

14, Generall, the

the surownding envirnmens. For evangle, the B and GV
the

‘and calcium atoms locate i the cenies of e akermation between ac-
‘hiesia [1 7. Inthis work, we prepared Ca,aTaOGRE? (RE = Sm, B
The phuse, exditin

‘sumounding emvironments [ 541 B’ S and #r* sns generally
show rad o crangered emision i differnt bosts [7-91. Therefare,
they are widely wed a5 huminescenee centers in red emission phos.
phars. n general, Bt kns shaw emission baad camesponding 10° D
=%, , 3 4 Tansitins and the prominent emissin band is difereat
depending an the hast lattice: Sm™” joms show emissian bands corre.
spanding 18 Yz — *Hen, 73, wa, 112 mansitons B s show
emision hares comespording 1 D3 = Hj, ¥, — e and %y — 38y
transifom.

In the last several yeas, 2 1ype of donble perovskie: basts, sch as

and Pr) phasgh
and emission, 5 well a5 the decay churscirisies of die preparsd
‘hasphars were researched.

2 Materials and method.

CalaTaleRE' " (RE = Sm, Euand Pr) phosphors were fabricated
by salid state phase sintering. The seagents of Ca) ($1.95%), Lasy
(AL990), Tagly (99999, Exyy (5.95%), Smyy (4989 and
Pralhy (99.99%) were apglied 10 preare e phosphors. In the pre-
paring proceses, he ragent wese weighwd according o the ok

Fig. 2. Exchution s of CalaauFo Yoy phospier d emision
T O D1 BJAO, (5= 03, 82, 03, 04 4sd 0.5) pasphers

Cala o, T,
ot pr, 10,

Intensity (a.u.}

05 450 415 500 525 e 65 630,
Wavelength (nm)

Fif. 4. PG st of Cal sPromTACk phispie i e e,
spectan of G o, Ta0), (1 = .02, 004, 0,05, 0108 s 0.10) phasplors.

process, the pradocts were callecied and ground for the net mes-
pr—

“The confirmation of phas of the prepared phesphors was arried
ot by an APEX 1l CCD Xeay ponscer diffracsian (XD d ffractometer.
The excintin and emision mesuremens were patamed by &
Hitachi 850 speciromets equipped wih 2 150W conimoweware
Xeme lamp. The decay curves were seconded by a Tekironix TS24
digital siorage cncllcscope using 3 mumble hser a5 the excintion
sarce.

3 Resuibts and diseussion

“The phase of the prepared pherphars b revealed by YD paiiems.
ARD patters of the Bbricated Ca, Lag P [Ty, Calay Smy, Tally
and CaulawtaaiTall phosphers are provided i Fig. 1. 1 praves
hat the XRD resubs of the prepres] phasphors calncide with the nar.
mative XHD paitem of CaylaTatl (JCHDs cand mo. 730084 These
resuts aest that Ea?”, Sm®* and * enterad into the lttices of
CaulaTolk and kead 0 fhe formation of sold selution. The repartad

and uni cell (e

Intensity (a.u.)

o
of 1a*" in CaylaTady isix [17.14] By comparing ianic radil with the
e courdination mumber, we n find that the radus of L
(L1724, O = 6) s comparable with raci of Bu’* (LOKY A, CN =),
S (1048 %, O = and P (1130 &, €N = 6) [19) In addition,
u* B, Sm™ and b

rad and the same v alence faclitate the substitutian of £, Sm** and
B* 10 1% in CajlaTaO host These subntitutions are simdar with
ether repaned s doped double perovakite phasphars [13-

g, 2 presests the excitaion spectrum of Caslan B a0 phos-
shor and the embsion specira of Caglay o Tal fx = 011,02, 43,
04 and 0.5) phesphors. As shown i e ewetarion specirm of
CulaobuJa0; phosher, a wide sctatin band withn
235 3010m e 5o ral lne excitation s within 300-600 e can
e seen. The wide band sinducsd by the 0° — Eu'" transfer

BagieTat) [10], CaglTaly [11], CaglaTall [12 Then, Sl L 1111 T i exciaio v g by ey Iz,
due 1o the avadabliny o REs doping, The repomel ruts shaw 1zt and simeredin a muffefornace 21 1450°C for 6. Afer the simering 0 P - a0 e m—‘L.Pl:k- ﬁz,:m (e ‘n,um;mu; o, e
excintion pesks exist fn 3 wide warelngth regian of 235-300mm,
Wavelength (nm) ‘mggesting that hravioic, near uliraviolet and e lght could be

— i . d b cxche G s Cail
et kbt ey L g prippg e e 0, (x= 01, 02 03 0.4 and 0.5) phaghor prees severd
prev ez bandscorrespond g 1 "y — 7,5, 3, 1 rarsoms o o

N 4 213/, 1016/, g T X0V
v 12 Jly 200 Reoeived 3 sevad frms 14 st 00 ey 24 At 2000
Avaabie oioe 27 Augest 2020

00093614/ & 220 Eleviar BV, ALt mienved

[10-12 191, & & wel accepted the sdative B’ emision inensiy
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locating sie. The Dy = F, transition & a magnetic dipole wansition
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Structure correlation of Coys.55Nz0.5 eutectic alloy
between liquid and solid states
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The liquid structure of Cos,Shis eulectic alloy has been by means of X-ray diffraction.
The resutt Bhows that the liquid siructure of Cor,Sny; alloy displays quite stable from 1350C to
50T although the shori-range order increases with uro decroasing. In addition, the correta-
mwmmummuammlnmn-hnulmmmw “the nanocrystal
:noﬂll.n:i-mn'-thm ©f C014:$n.., allay consists of BCoSn, clusters and ACo clusters,

ngly

S0 ifLElLre. K-y aciion, namocsysts o, bauic-ack coreation, Underiaiiing:

1 Introduction 4 In addition, b

The Co-Sn systom i dawing more and more anention
v 10 56 special features found n recent years, Ong of
theny i that the Co-Sn alloys can replace e chromium
eleciraplating, thus solving the problem of toxicity
caused by chromium plating, [t has heen found that the
diposited Co-Sn alloy has high adhesion and tarmish
pavol abiliy. good comusion aid wear resisance, and
samidar coloe and luster ax that of ehromium plating '),
O the onber hand, amorphons sinicture of Co-Sn slloy
can be easily fomed by diflerent techniques wilkin =
relatively wide composition ranging from 25 at.% to &7
2% So" L which sbows the very high giass-forming
abiliey, It s reported il the degree of undercoaling of
Co-8n alloys near cutectic composition can reach 227
T Further work on Co-$a allys cxplored thil 1he
Co-8n eutoctic alloy consisis of 06 und ACosSn; ot
‘high temperature, Under equilibruim condition, the twn
cuteetic phises of Co-Su euteccic alloy grow in &
sooperative way und the solidification microstEnI
are characterived by lamellr etectic, However, the two

sessnicas of Co-Sis alloys have hen further perlommed
recently™, To sum up, thore are hardiy any revearches
am stmeture corrclation between liqusd and solid states

As we all know, the vast mujority of metal material is
foerned through the solidificafiva, %0 it i important o
understand the microstructure of the metal for the
develupment of high performance and new allay.

In this paper. the diffraction inensities. of liquid
ComasSims alloy were investigared by means of X-cay
diffraction a5 1350°C. 12500 amd 11507, respectively,
The liguid structure of Cory Sny s eutectic alloy was
analyzed though the coordination number 4, the
nearest ricighbor distance r) wit the correlaion s r,
Mereover. the trkture corrolation of Com, Sy eatees
tic alloy between liquid and xolid states was also studicd
b “the: masnkrysial meadel”, Meanwhile, the roason that
the alloy iy easily unde vooled during sofidification was.
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