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ABSTRACT

Yellow-green emitting phosphors S'tMgSi, O, Th* were synthesized by gel-
combustion method in weak reductive environment. The as-synthesized
phosphors were investigated by X-ray powder diffraction analysis (XRD),
scanning el ectron microscope (SEM) and Fluorescence spectrophotometer.
The results indicate that SrMgSi, O, Tb * phosphors possess the similar
tetragonal crystal structure asthat of Sr,MgSi,O,. The emission spectrumis
composed of aseriesof sharp peaks, located respectively at 473 nm, 491 nm,
547 nm, 585 nm. These emission peaks are ascribed respectively to °D,—F,,
°D,—~'F,, °D,~'F,, °D,—~'F, transition of Tb*" ionsin StMgSi, O, host. The
emission peak at 547 nm, 491 nmand 473 nmareall strong, the samples show
yellow-green emitting under UV irradiation. Moreover, it is found that the
concentration of doped Th* and reductive temperature have great significant
effect on theluminescent property of the phosphors. When the concentration
of Th* is14mol%, reductivetemperatureis 1000 °C, theluminescent intensity
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of SrMgSi, O, Tb* is strongest.

INTRODUCTION

Rareearthion Th** can emit characteristic green
fluorescence, and has high luminescent intensity and
quantum efficiency, so the synthesis of Th*"-doped
phosphorswith different matrix has been one of the
interesting research topics. Wang Ji-ye et dY synthe-
sized YAG: Tbh* green phosphors by combustion
method; Wang Fei et d? prepared Gd,O,S:Th* green
phosphorsusing co-preci pitation method combined with
high temperature post-processing; Yu Xi-binet d® syn-
thesized new green-emitting materia s SrZnO,: Th* by
conventiond solid- statereaction; Ren Zhou-yun et
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synthesized new green -emitting materials
SrALLB,O,:Tb* by thesol -gel method.

Silicatesare good hostswith stable crystal struc-
ture, high physica and chemicd stability, strong weter-
persistent and so on. Thereforeyslicate phosphorshave
extensive applicationsin many fieldssuch as plasma
display panels, (PDP), solid-state lighting, longafter
glow, etc>9. Thesesilicate phosphorsareusually pre-
pared through traditional solid state reaction method™
9, In solid-state reactions, high reaction
temperature(1200~1300°C), long heating time(severa
hours), and aspecial atmosphere(suchasN,-H,) are
required to obtain apure phase of the multi-component
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particles. Therefore, producing agglomerated particles
of irregular shape by solid-state reactionsis unavoid-
able. Another disadvantage of thismethod isthe de-
struction of phosphor materia during grounding and
milling. Thedestructionresultsinthegreetly decreasing
of luminescence efficiency of the phosphors.

In our present work, gel-combustion method has
been devel oped to prepare novel yellow-green emit-
ting silicate phosphors SrMgSi, O, Tb*. Thismethod
has severa remarkabl e advantagesin comparisonwith
thetraditiona solid state reaction method*¥, all of the
starting materialsare mixed at themolecular or atoms
level inasolution, anditiseasy to control the composi-
tion. Meanwhile, ahigh degree of homogeneity isachiev-
able. Thecombustion procedureisvery facileand only
takesafew minutes. This synthesistechnique makes
useof the heat energy liberated by the redox exother-
mic reaction between metd nitratesand ureaor other
fuds. Inaword, the processissafe, instantaneousand
energy saving. Moreover, the phase, micrograph, and
luminescent propertiesof as-synthesized sampleshave
been investigated together with thefactorsfor lumines-
cence properties.

EXPERIMENTAL

Thephosphors Sr, MgSi, O, Tb*, weresynthe-
sized by gel-combustion method. Sr(NO,),(A.R.),
Mg(NO,),6H,O(A.R.), S(OC,H,),(A.R.), anhydrous
ethanol (A.R.) and Th,0,(99.9%) wereemployed as
raw materials. Smal quantitiesof H.BO, were added
asflux. Urea(A.R.) wasused asfuel.

Theprocedureusedto prepare Sr, MgSi, O, Th*
phosphorsisasfollows. Firstly, Th,O, wasdissolved
ingppropriatenitricacidtoform Th(NO,), solution by
dropping appropriate H,O, asthereducing agent, then
the accurate concentration was determined by
Ethylenediaminetetraaceticacid disodium st (EDTA)
complexing titration to ensure adesired stoichiometry.
According to the nominal composition of Sr
MgSi,O,.Th* , stoichiometricS((OC,H,),, S(NO,),,
Mg(NQ,),-6H,0and Tb(NO,), solutionsweremixed
ina100ml crucible. Appropriate anhydrous ethanal,
H,BO,, ureaand distilled water wereadded intoit. The
mixturewastirred to obtain ahomogenousand trans-
parent sol ution. Subsequently, asmall anount of HNO,
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(2mol.L*) wasadded asacatdyst and pH va ue of the
solution was adjusted to 2~3. Next, theresulting solu-
tion was heated by water bath at 70°C for 1~2 hours
to evgporate superfluouswater, thevolumeof the solu-
tion decreased and theviscosity increased continuoudy
because of gradua polymerization. Whenthevolume
of thesolution could not decrease, the sol ution became
atransparent gel. Then the gel was put into oven and
drieda 70°Cfor 12h. Thedry gd wasignited at 800°C
in mufflefurnacein air aamosphere. Thiscombustion
process only required about 2min. The dry sponge
sample (whichwascaled precursor) wasformed. Due
to the evolved gases, the apparent volume expanded
after combustion and the precursor became so loose
that it could be brokeninto finepieceseasily. Finaly,
the precursor was cal cined in mufflefurnace under an
active carbon amosphereat temperature 900~1200°C
for 75minto obtain thesample.

Phasesand crystallization of the sampleswereiden-
tified by X-ray diffraction andysis(XRD) withaY-2000
diffractometer using Cu-Ko radiation. Thesizeand
morphol ogy of the sampleswereinvestigated with a
KYKY-2800B scanning €l ectron microscope (SEM).
Theexcitation and emission spectrums of thesamples
were recorded on a RF-540 fluorescence spectrom-
eter. All measurementswere carried out at room tem-
perature.

RESULTSAND DISCUSSIONS

XRD analysis

Thehosts Sr,MgSi, O, and S*MgSi,O, and series
of samplesSr;, MgS, O, Th* weresynthesized by gel
-combustion method at 1000°C reductivetemperature.
Their XRD patternsare shownin Figurel. From Fig-
urel, it can be seen that SrMgSi, O, have the same
crysta structureas Sr,MgSi,0O,, they areall tetrago-
nal, which agreeswell with the Joint Committee on
Powder Diffraction Standards (JCPDS No. 75-1736).
Itiscongstent with theresearch result reported by Jia
Dongdong et al'*?. For the series of samples Sr,
MgSi,O, Tb* , the peak intensity of host decreases
with theincrease of Tb** doping concentration, and the
peaks of Th compounds (Tb,O,, JCPDS No. 43-
1032) appear and become strong gradually. Thismay
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be duetotheincresse of |atticedistortion degreecaused
by theincrease of Th** doping amount.
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Figure 1 : XRD patterns of samples; a. Sr,MgSi,O,; b.
SrMgSi,O,; c~f: Sr, MgSi, O, Th* (x = 0.06, 0.12, 0.14,
0.25)
SEM analysis

Themorphologiesof Sr, , ,MgSi,O,.Tb*  , phos-
phorswere observed by SEM and shownin Figure2.
It can beseenthat theinitid particlesarenearly spheri-
ca inshape, and theaverage diameter isabout 240nm.
Meanwhile, somebig particleswithirregular shape can
be observed, which may result from large surfaceen-
ergy of theinitia smdl particlesduringthepost cacina-
tion process.

Excitation and emission spectraof SSMgS, O, Th*
Theas-synthesized SMgS, O, Tb** phosphorsemit
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Figure2: SEM photographsof Sr , MgS., O, Tb* .
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strong yellow-green fluorescence by excitation through
theultraviolet ray. Figure 3 showsthat the excitation
spectrum (monitored by 547 nm) and emi ssion spec-
trum (excited by 249 nm) of Sr . MgSi, O, Tb* .,
phosphors. It can be seen that the excitation spectrum
of Sr,,,MgSi, O, Th*,, consistsof three excitation
peaks, located & 249 nm (belonging to 4f8—4f’5d tran-
sition of Tb*"), 324 nm and 380 nm (f—f forbidden
trangition of Th*), respectively*3. Among these pesks,
the strongest oneis at 249 nm, the second oneis at
380 nm, theweakest isat 324 nm. The emission spec-
trum of Sr,, ,MgSi, O, Tb*  , is composed of four
emission peaks, located at 473 nm, 491 nm, 547 nm
and 585nm, belonging to °D,—F,, °D,—'F,,
°D,—'F,and°D,—F, transition of Th**, respectively.
Usually, for the doped-Th* phosphorg+19, only the
peak at about 547 nm is strong. But, for as-synthe-
szedSr , MgS, 0O, Tb* ., notonly theemission pesk
at 547 nmisvery strong, but a sothe peaksat 473 nm
and 491 nmarea so very strong. So, the samplesshow
yellow-green emitting.

Effect of Tb3 concentration on luminescencein-
tensity of SrMgSi, O, Tb**

Theluminousintensity of phosphors dependson
luminescence center, so the concentration of Th* has
thegreat effect on emissionintendty of SMgS,O,. Tb*.
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Figure3: Excitation spectrum(a) and emission spectrum (b)

of Sr , ,MgS.,O. Th*
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Figure 4 : The plots of luminescent intensity of Sr

MgSi,O.:Tb* at different wavelength vs the

concentration(x) of doped Tb* (hex=249nm); a. 473nm, b.

491nm, c. 547nm

Figure4 showstheemissionintensity of thesamplesat
different concentration of Th**. From Figure4, it can
be seenthat theemissonintensity at 473nmand 491nm
increaseswith theincrease of Th* concentration, then
decrease when the Th*" concentration x>0.04, which
maybe dueto the concentration quenching. It isinter-
estingthat theemissionintensity at 473nm and 491nm
increases again but slowly with the increase of Th**
concentration whenthe Th** concentrationx>0.06. The
possiblereasonistheappearanceof Th,O,. Theemis-
sionintensity at 547nm increaseswith theincrease of
Th?* concentration, then decreaseswhen Th* concen-
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Figure5: Emission spectrumsof Sr , MgSi,O_ Th* 0
tained at differ ent reductivetemper atur e(Aex=249nm)
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tration x>0.14, i.e., concentration quenchingoccurs
when x isbeyond 0.14. Thereason for the concentra-
tion quenchingisthat if theconcentration of Th* isex-
cessive, theprobability of energy transfer isbeyond that
of emission, sSincetheexcitation energy was consumed
by crystal lattice transfer, leading to the decrease of
emissionintensity. So, the optimum concentration of
Th* x=0.14.

Effect of reductivetemperatureon luminescence
intensity of SrMgSi, O, Tb*"

Takinginto account too low reductivetemperature
isnot conduciveto form single phase, thecrystalliza-
tion of material may not be compl ete; overhigh tem-
peraturecanlead to hard aggregateor vitrification, which
makesthematerid difficult to be ground,0even causes
the destruction of thematerial during grounding and
milling and resultsin thegresatly decreasing of lumines-
cenceintensity of the phosphors. So, the effect of re-
ductive temperature on luminescence intensity of
SrMgSi,O,: Tb* in the range of 900°C and 1200°C
wasinvestigated. It isfound that the sampl e obtained
under 1200°C was vitrified. Figure 5 showsthat the
emission spectraof the samples obtained at different
reductive temperature 900°C, 1000°C and 1100°C
(whileother conditionsarefixed). It can be seen that
the shapeand | ocation of emission peaksarenearly not
changed, but reductivetemperaturehasgreat effect on
theintensity of emission pesks. Theintensity of emis-
son pesk at 547nmfirstly increaseswith thetempera
tureincreasing, and then decreases. When reductive
temperatureis 1000°C, the pegk a 547nmisthestron-
gest. Theintensity of emission peaks at 473nm and
491nmincreaseswith thereductivetemperature gradu-
ally, but compared with the sample obtained at 1000
°C the improvement of emission-peak intensity at
473nm and 491nmisnot obviousfor the sample ob-
tained at 1100 °C Therefore, under UV light, it can be
observed that the sampleobtained at 1000 °C shows
the strongest luminescent intensity. So, theappropriate
reductivetemperatureis 1000 °C.

CONCLUSION

Novel yellow-green emitting phosphors
SrMgSi,O,: Tb* were prepared by gel-combustion
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method for thefirst timeinthiswork. Gel-combustion
method has many advantages of uniformity of product
ingredients, low ca cination temperature, short calcina:
tion time, easy operation, energy saving, and so on.
SrMgSi,O,: Tb* phosphors have tetragonal crystal
dructure. Theexcitation spectrum of SIMgSI, O, Th*
consists of two strong peaks at 249 and 380 nm and
oneweak peak at 324nm. The emission spectrumis
composed by four emission peaksat 473nm, 491nm,
547nm and 585nm, which can be ascribed to °D —F,
(J=6,5,4,3) dectronictransition of Th*, respectively.
Thethreeemission peaksat 473nm, 491nmand 547nm
aredll strong, which resultsin ayellow-green emitting.
Theappropriate process conditionswere confirmed as
follows: thereductivetemperatureis 1000°C, and the
doping concentration of Th*" is14mol%.
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