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Co-precipitation conditions of scheelite tungstates have been studied as well as effect of
the alkali-earth metal and anion nature and calcination temperature on the luminescence
intensity of the compounds. The scheelite structure of the solid solutions obtained has
been confirmed X-ray phase analysis. The excitation conditions, luminescence properties,
and light-resistance of the compounds under continuous UV irradiation have been exam -
ined. The luminescence intensity of Eu doped calcium tungstate has been found to amount
33 % as compared to that of FL-612 luminophor (Y,05:Eu) while that of Tb doped one,
146% as compared to crystal luminophor Gd,0,S:Tb.

WccnenoBaubl yCIOBUS COBMECTHOI'O OCAMKIECHUSA KaJbIUHA-JIaHTAHUI-BOJb(PAMATOB, BJIH-
SAHVe IPUPOJBI IeJOYHO3eMeJIbHOr0 METAJJIa U AHMOHOB, 4 TaKJKe TeMIIepaTyphl IPOKAaIuBa-
HUS COeIVHEHU! HA WHTEHCUBHOCTb MX JIIOMHUHECIEHIMU. PeHTreHo()a30BLIM AHAJIU30M IIOJ-
TBEPJKJEHO COOTBETCTBME IIOJIYyUEHHBIX TBEPABLIX PACTBOPOB CTPYKType Iieeiaura. Vcciaemosa-
HBl yCJOBUSA WX BO30OYXKIEHUS, JIOMHUHECIEHTHbIE CBOMCTBA ¥ (POTOCTOMKOCTH IIpHU
HenpepeIBHOM 00aydeHun YP-cBeTOM. YCTAHOBJIEHO, UTO MHTEHCHUBHOCTH JIOMUHECIEHIIUU
BoJb(pamMaTa Kaabllus, HJomupoBaHHOTO EU, cocraBiaser 33 % oT cBeueHus (HOTOSTIOMUHODO-
pa ®JI-612 (Y,05:Eu), a mommposammoro Tb — 146 % oT cBeuenms kpucramrodochopa
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Gd,0,S:Tb.

Alkali earth tungstates and molybdates
activated with lanthanide (Ln) ions are used
widely in different fields of quantum elec-
tronics due to their high emission stability.
Activation with double salts of MLn(WOy,),
type (M= Li, Na, K) having the same
scheelite (CaWQ,) structure as the matrix
to be activated is of a special interest. In
this case, not only the excess charge of the
activator ion is compensated, but also, due
to close sizes of all cations in the lattice, it
becomes possible to increase the activator
ion concentration without distortion of the
matrix crystal structure and formation of
heterogeneity. With Li, Na, K, a continuous
series of compounds with the scheelite
structure is formed due to that ionic radii
of Li*, Na*, K*, Ln3*(Nd3*) and Ca?* are
close to each other as it is shown in [1]. The
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K* ion radius has been found to be of criti-
cal importance for the scheelite type struc-
ture in compounds, e.g., M'Nd(WO4)2 while
when passing to Rb* and Cs*, the structure
type of crystal lattice changes; in those
cases, the X-ray examinations evidences the
presence of two phases.

Double tungstates (molybdates) of
M'Ln"(WO,), composition exhibit the
scheelite structure or a similar one with
either statistical or ordered arrangement of
M! and Ln' over the Ca sites. The mixed
tungstates of mono- or trivalent metals re-
tain the structure of bivalent metal ones
not only with tetrahedral WO,2~ ions but
also when a transition to octahedral coordi -
nation occurs [2]. In most cases, the double
tungstates are obtained by high tempera-
ture synthesis, as well as crystal lumino-
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Fig. 1. Luminescence intensity of CaWO,—
NaTb(WQ,), as a function of the calcination
temperature.

phors. The energy saving considerations,
however, require development of cheaper
low-temperature methods to prepare lumi-
nescent materials on the basis of various
solid matrices. For example, in [3], a novel
luminophor is described obtained using
sorption of Tb!ll jons with a zeolite (fau-
jasite) followed by the sorbate treatment
with benzoic acid. The luminophor is pro-
posed for use in daylight lamps and to
apply onto display screens.

Among the low-temperature synthetic
methods, the co-precipitation from solutions
[4-6] occupies a leading place. The method
provides finely dispersed multicomponent
precipitates by matching the precipitation
conditions. The method advantages are high
homogeneity of the product formed and the
synthesis temperatures being several de-
grees lower as compared to crystal lumino -
phor production [7, 8]. The low light resis-
tance of Ln compounds with organic re-
agents require to wuse inorganic ones.
Among the latter, it is just tungstates
(Agps = 250 to 280 nm) that answer to the
highest extent to conditions of photolumi-
nophor excitation (A,, = 254 nm) in day-
light lamps. This work is aimed at prepara-
tion of double tungstates NaLn(WOQOg,), co-
precipitated with CaWOQ,, study of their
phase composition and spectral and lumines -
cent properties as well as comparison of the
emission intensity of the compounds ob-
tained with that of industrial photolumino -
phors.

In the work, 10072 mol/L solutions of
europium (Eu) and terbium (Tb) chlorides
were used prepared by dissolution of the
appropriate weights of the oxides (99.9 %)
in HCI. 1 mol/L aqueous solutions of Mg,
Ca, Sr, Ba chlorides as well as of Na,WQO,
were obtained proceeding from precisely
weighed preparations ("chemical purity” or
"analytical purity” grades). At the co-pre-
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Fig. 2. Powder diffraction patterns of

calcined at 500°C for 1 h (Ca:Eu = 10:1).

cipitation, the Ca:Ln molar ratio was 10:1,
the Na,WO, excess was 10 % over the
stoichiometry. After the co-precipitation,
the solutions with precipitates were leaven
to stand overnight, then the precipitates
were filtered, washed with bidistilled water
and dried at 20 to 25°C. Some samples were
heat treated at 50, 200, 500, and 900°C. All
samples were stored in an exiccator over
sulfuric acid. The phase composition of the
samples was determined from X-ray diffrac-
tion patterns taken using a DRON unit in
Cu K, emission with Ni filter. ASTM and
JCPDS data bases were used to identify the
phase composition. The excitation and lumi -
nescence spectra were recorded using a
SDL-1 spectrometer with a DKSSh-150
xenon lamp, a MSD-1 diffraction monochro -
mator was used to filter the emission of
desired wavelength. The excitation spec-
tra were recorded in the luminescence
maximum of the most intense lines of Eu
(A = 614 nm, 5D, - 7F, transition) and Tb
(A = 545 nm, 5D, - "F; transition) while
the luminescence spectra of the samples, in
580-630 nm range for Eu and 530-560 nm
for Tb (A,, = 2564 nm). The cell for solid
samples (11x11x45 mm3) had a cavity
(d = 9 mm) where the samples were placed
after a thorough grinding.

Study of the macroscale component (al-
kali earth metal) nature has shown that, the
experimental conditions being identical, the
luminescence intensity (I) of Eu in tung-
states co-precipitated with Mg, Ca, Sr, and
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Fig. 3. Excitation (A;,,, = 614 nm) (a) and lu-
minescence (A, = 254 nm) spectra (b) of
CaWO,—NaEu(WOy,)s.

Ba amounts 46, 114, 87, and 64 relative
units (r.u.), respectively. At the same time,
the effect of anions of the alkali earth
metal and lanthanide is such that the emis-
sion intensity of the precipitated tungstates
is 103, 37, and 10 r.u. for the chlorides,
perchlorates, and nitrates, respectively. In
this connection, the Eu (Tb) doped Ca tung-
states co-precipitated from the chloride so-
lutions were used in further studies.

The calcination temperature of the sam -
ples obtained influences considerably the lu-
minescence intensity, as is seen in Fig. 1.
The X-ray phase analysis (XPA) of samples
obtained using different storage regimes of
solutions with precipitates and heat treat-
ment (50-900°C) has shown that all samples
have the scheelite structure. Fig. 2 shows
the X-ray diffraction patterns (XRD) for
the double tungstate NaEu(WO,), (1) and
for that co-precipitated with Ca (2). The
positions of the main lines are coincident
while their intensities are increased consid -
erably in the presence of the co-precipitat-
ing element. The presence of several weak
unidentified lines may evidence a distortion
of the scheelite lattice due to formation of
CaWO,—NaEu(WOQO,), solid solution.

The excitation spectra of Tb and Eu dou-
ble tungstates and those co-precipitated
with Ca are identical and exhibit a maxi-
mum at 273-276 nm. It is seen from the
excitation spectrum of Eu co-precipitated
with CaWOQO, (Fig. 3a) that the excitation at
A =254 nm amounts more than 50 % of
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Fig. 4. Luminescence spectra (A,, = 254 nm)
of green emission luminophor (a) and
CaWO,—NaTb(WQ,), calcined at 900°C (Ca:Tb =

10:1) (b).

the maximum. The intensity ratio in the
luminescence spectrum (Fig. 3b) is such
that it is just the A, = 614 nm answering
to the supersensitive Dy —» 7F, transition
(red emission of Eu3* ion) that shows the
highest intensity. As in the case of Eu, in
the CaWO,—NaTb(WO,), luminescence spec-
trum, the line answering to the supersensi-
tive 5D, — "F; transition of Tb3" ion shows
the highest intensity. It splits into two lines
peaked at 545 and 549 nm (Fig. 4b) due to
influence of the ligand field. For compari-
son, Fig. 4a presents the luminescence spec -
trum of a green emission luminophor pro-
duced by industry. Even a visual compari-
son evidences an increased integral
intensity for CaWO,4—NaTb(WO,),.
Characteristics of the obtained CaWO,—
NaEU(WO4)2 and CaWO4—NaTb(WO4)2 in
comparison to those of industrial red (FL-612)
and green (Gd,0,S:Tb) luminophors are pre-
sented in the Table. It is seen that, the
matrix being the same, the doping with Tb
results in increased (almost by a factor of
1.5) luminescence intensity as compared to
Gd;0,S:Tbh. The Eu doped luminophor emis-
sion is as low as one third of the FL-612
one, perhaps due to a narrower (than in Tb)
energy gap between the emitting level and

Table. Luminescence intensity (I, per cent)
of Ca:Ln tungstates (T,,;. = 900°C) and in-
dustrial photoluminophors (I = 100 %). Eu
(Tb) content 9 to 10 %

Sample I, %
Photoluminophor Gd,0,S:Tb 100
CaWO,—NaTb(WOQ,), 146
Photoluminophor Y,05:Eu (FL-612) 100
CaWwO,—NaEu(WOQ,), 33
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Fig. 5. Luminescence intensity of CaWO,—
NaEu(WO,), as a function of the continuous
UV irradiation time.

the sublevel of the ground level to which
the transition occurs.

The obtained CaWO,—NaLn(WO,), com-
pounds, as is expected, are characterized by
a high light resistance. The plot of Fig. 5
shows that the luminescence intensity of
CaWO,—NaEu(WOQO,), increases by about
14 % during the first 10 min of UV irra-
diation and then remains constant. Thus,
the results of our study evidence that it is
possible and advisable to use the co-precipi-
tation of Eu3* or Tb3* with Ca (the major
matrix component) with tungstate ion to
produce photoluminophors as a more eco-
nomical alternative to crystal luminophor
production.
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JIroMiHecIleHTHI MaTepiajiu 4epBOHOTO Ta 3€JIEHOTO
KOJBOPY CBiTiHHS Ha OCHOBi BoJb()paMaTy KaJabIlil0

C.BE.Mewxkoea, 3.M.Toninoea, B.I1./]oyenrko,
I.Il.Koeaneecvra, I''B.Kipiak

HocuifgsxeHO yMOBU CIiBOCAJKeHHSA KaJbIlifi-JaHTaHig-BoJMb(GpamMaTiB, BIJIUB HTPUPOAU
JTYKHO3EeMeJbHOTO MeTajly Ta aHiOHiB, a TaKOK TeMIepaTypy MPOMiKaHHS CIOJYK Ha iHTe-
HCUBHICTBH ix JiomiHecHeHIii. PerTreHodasoBuM aHaIi3oM IiATBepa:KeHO BimmoBimHicTh 3m0-
OyTHX TBEPAUX POSUMHIB CTPYKTypi Imeermity. IociigskeHo ymMoBu iX 30ymsKeHHsS, JIOMiHe-
CIIEHTHI BJIACTHBOCTiI Ta (poToCTiifiKicTh mpu OesnepepBHOMY omnpoMinenHi Y®-cBiTiom. Bera-
HOBJIEHO, III0 iIHTEHCUBHICTh JIOMiHeCIeHIil BoabdpamaTy Kaibliiio, gomosanoro Eu, ckiamae
33 % Bin csirimra doromominopopa PJI-612 (Y,05:Eu), a momosamoro Tb — 146 % =ix

ceitrinna xpucranodochopa Gdy,0,S:Th.
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