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The results of impurity composition determination in lead tungstate raw material and
in the scintillation single crystals at various stages of the technological process are
presented. Iron content in the samples was determined by extraction photometry after the
double-stage sample breakdown. Al, Bi, Cr, Cu, Mg, Mn, Mo, Ni, Si, Sn, and Ti were
determined by atomic emission spectroscopy under arc excitation. The revealed differences
in the concentration levels of the above-listed impurities in colored and colorless crystals
have been demonstrated to be insufficient for make any substantial effect on the crystal
light absorption. These differences have been supposed to be caused by formation of
intrinsic impurities in the course of the raw material solid-phase synthesis.

IIpencTaBiaeHbl pe3yIbLTATEHI ONpege eHNUsA IPUMECHOrO COCTABA CHLIPLA M MOHOKPUCTAJLIOB
BOJL()paMaTa CBUHIIA HA PA3HLIX CTAAUAX TEXHOJOTHMUYeCKOro mpolecca. Comepsxanne xeresa
OIPeeNANN SKCTPAKIIMOHHO-(POTOMETPUUECKUM METOJOM € ABYXCTATMNHLIM BCKPLITHEM 00-
pasmos. Cogepsanme Al, Bi, Cr, Cu, Mg, Mn, Mo, Ni, Si, Sn, Ti onpemensnu merogom
ATOMHO-OMHUCCHOHHOM CIIEKTPOMETPUN € AYTOBLIM MCTOUHWKOM BO30y:KIeHMns. IlokasaHno, uTo
YCTAHOBJEHHLIE PA3JINUYNA B YPOBHE COAEP:KAHUN ITepeurcAeHHLIX IpUMeced B OKpallleHHBIX
U HEOKPAIIeHHBIX KPUCTAJIIAX HeJOCTATOUHLI [IJf CYI[eCTBEHHOT0 BJAWAHNA HA UX CBETOIOT-
Joirenre. BeIckasaHo IpeamoIoMKeHne, YTO YKAa3aHHble Pas3Juuna o0yCIOBIeHLl TOABJIEHIEM
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COOCTBEHHEIX HpI/IMeCEIU/I B IIpo1necce TBepﬂO(pa{iHOI‘O CHUHTE3a CBIPbI.

The scintillation properties of AWO,
tungstates (where A = Ca, Cd, Zn, Pb, Mo,
Co) are known for a long time. The tung-
states were subjected to a intensive studies
first in early sixties in connection with the
need of the radio industry and electronics
for novel laser materials. The practical ap-
plication of lead tungstate single crystals
was started in nineties of 20th century
when large-size, optically transparent crys-
tals and scintillation devices based thereon
were manufactured.

Lead tungstate (PWO) crystals exhibit a
high density, are nonhygroscopic, chemi-
cally inert and show a fast action as scintil-
lators, thus being a material of good prom-
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ise for application in high-energy physics,
in particular, in electromagnetic calorime-
ters. There are numerous works aimed at
detailed study of the growing features, op-
tical and scintillation properties of those
crystals [1-3]. The impurity composition of
the crystals and effect of various techno-
logical operations on the impurity content
(influencing considerably the scintillator
characteristics, such as light transmission,
light yield, etec.) are known to a lesser extent.

The properties of the PWO crystal lumi-
nophor being a compound containing a tran-
sititon d-element may be influenced sub-
stantially by the presence of impurity ions
of elements where the 3d shell is filled par-
tially, including those from Ti%* to Cu?* [4, 5].
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Table 1. Light yield of PbWO, scintillators
made from various single crystals

Single crystal Light yield, eV/MeV

I 3...5

11 10...12

Therefore, it is of a scientific and practical
interest to study of the concentration levels
of the above-mentioned impurities in the
material under consideration at wvarious
technology stages, starting from the raw
material synthesis to the manufacturing of
structurally perfect PWO single crystals.
Such a study is the aim of this work.

The raw material synthesis for those
crystals (being grown by the Czochralski
technique) is based on the solid-phase reac-
tion between lead and tungsten oxides. The
latter contain various impurities accompa-
nying the main components at all the proc-
ess stages in a larger or lesser amount. The
study objects were the initial mixture of
lead and tungsten oxides; the raw material,
i.e., the mixture of the same oxides after
heat treatment: single crystals I grown di-
rectly from the raw material (yellow-col-
ored); and essentially colorless single crys-
tals II grown from ground single crystals I.
The light transmission of the
22x22x180 mm3 scintillators manufactured
from the single crystals I and II is pre-
sented in Fig. 1; the light yield values for
the scintillators differing in transparence
are given in Table 1.

As it is noted in [2, 6, 7], the coloration
of zinc and cadmium tungstates is observed
in the presence of Cr3*, Co2*, Ni2*, Mn2*,
Fe3* impurities even at such concentration
levels that the single crystal perfection is
not deteriorated. The impurity ions located
in the regular sites of the crystal seem to
form an individual set of energy states, the
formation being influenced both by the spe-
cific features of the activator itself and its
binding with the matrix lattice. A similar
situation was observed in the PWO crystals
manufactured during this work. Perhaps
the coloration of those crystals is due to
only one of the mentioned impurities. How-
ever, it is difficult to select a model for the
possible color center, since the processes oc-
curring in the course of crystal growth are
very complex.

The iron impurity determination in most
tungsten-containing materials is rather easy
as a rule. However, in the case of PWO, it
is somewhat difficult to dissolve the sub-
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Fig. 1. Transmission spectra of scintillators
made from PWO crystals grown from initial
raw material (1) and recrystallized one (2).

stance prior to analysis due to differences
in acid-base properties of the oxides consti-
tuting it. The traditional breakdown meth-
ods of low-soluble oxides using fluxes are
unsuitable for subsequent determination of
iron traces; heating of lead tungstate with
mineral acids results in formation of poorly
soluble tungstic acid. The authors have pro-
posed an original two-stage method to break
down PWO including formation of hydrated
tungstic acid by treatment in HCI followed
by its dissolution in the presence of EDTA
and citrate ion. The iron content in the sam-
ples was determined using the extraction
photometric method [8] that was not used
before to determine iron in the material
under study. The iron content value in each
sample was averaged from 6 experiments.

To determine Al, Bi, Cr, Cu, Mg, Mn, Mo,
Ni, Sn, Ti, V, and Mo in PWO single crys-
tals, the atomic emission spectroscopy with
arc excitation source was used. The frac-
tional distillation conditions for the ele-
ments to be analyzed were optimized for the
matrix carbidization occurring directy in
the craters of sample-carrying carbon elec-
trodes (the lower electrode having a 3§ mm
deep crater of 4.5 mm in diameter, the
upper one, with a 5 mm deep crater of
2 mm in diameter). The sample was mixed
preliminarily with graphite powder in 2:1
ratio and evaporated into the arc plasma at
the arc current of 16 A and 40 s exposure.
The spectrum was recorded using a DFS-8
spectrograph. The calibrating samples were
prepared on the basis of graphite powder
standard reference material mixing it with the
PbWO, raw material in the mass ratio 2:1.

In Table 2, presented are the determina-
tion results of the impurity composition for
lead tungstate raw material and single crys-
tals. From these data a trend is seen to
increase of the impurity content in the ma-
terial after each subsequent technological
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Table 2. Impurity composition of lead tungstate raw material and single crystals (p.c. by mass)

Element Initial oxide Re-melted Single crystal I Single crystal II
mixture oxide mixture Sample 1 Sample 2 Sample 1 Sample 2
Fe(+0.3-107%) 2.8.1074 2.9.1074 4.0.1074 4.6.1074 6.6-107¢ 7.8.107%
Ni(£0.5-107%) <5-107° 1.107¢ <5107 <5.107° 5.107%) <5-107°
Cu(£0.5-107%) 21074 21074 1104 51075 3.10¢ 1104
Al(£0.5-107%) 2104 1104 21074 1.107¢ 1-1073 1104
Mg(+0.5.10™%) 21074 21074 1104 1.107¢ 21074 1104
Bi, Cr, Ti, Sn <5107
Mn <2.107°
Si, Mo <2.107°
operation, the trend is most pronounced for References

iron. However, the crystals I that contain
less impurities are colored and charac-
terized by a rather low light yield while the
crystals II are colorless and show a higher
light yield. Batenchuk et al. [9], who stud-
ied the quenching action mechanism of iron
ions on the cadmium tungstate lumines-
cence, has noted that the absorption spectra
of CdWO, single crystals containing 3.310¢
and 8.3-1074 % (mass) of Fe3* were almost
identical while the crystal light absorption
was increased appreciably at iron content of
5.5-1073 % (mass). The differences in the
impurity content between crystals I and II
found by us seem to be insufficient to influ-
ence substantially the light absorption. The
absorption characteristics of those crystals
can be supposed to be defined in first turn
not by concentrations of the foreign impuri-
ties being considered but by appearance of
intrinsic impurities in the course of PbWO,
solid-phase synthesis due to partial loss of oxy-
gen bound with W atoms [10] as well as of
PbO (by analogy with the CdO loss under heat
treatment of CdWO, revealed before [11]).

482

1. B.V.Grinyov, M.B.Kosmyna, V.R.Lyubinskiy,
Functional Materials, 8, 729 (2001).

2. L.V.Atroshchenko, S.F.Burachas, L.P.Gal-
chinetsky et al., Scintillation Crystals and
Ionizing Radiation Detectors Based Thereon,
Naukova Dumka, Kiev (1998) [in Russian].

3. M.E.Globus, B.V.Grinyov, Inorganic Scintilla-
tors: Novel and Traditional Materials, Akta,
Kharkov (2000) [in Russian].

4. A.N.Platonov, The Nature of Mineral Colora-
tion, Naukova Dumka, Kiev (1976) [in Rus-
sian].

5. A.M.Gurvich, Introduction to Physical Chem-
istry of Crystal Luminophors, Vysshaya
Shkola, Moscow (1982) [in Russian].

6. L.N.Limarenko, A.E.Nosenko, M.V.Pashk-
ovsky et al., Effect of Structure Defects on
Physical Properties of Tungstates, Vyscha
Shkola, Lviv (1978) [in Russian].

7. S.F.Burachas, V.G,Bondar, Yu.A.Katrunov et
al., Neor. Mater, 32, 1525 (1990).

8. L.V.Gudzenko, R.P.Pantaler, A.B.Blank, Zavod.
Labor. Diagnostika Materialov, 71, 9 (2005)

9. M.M.Batenchuk, Z.T.Moroz, Optika i Spektr.,
75, 72 (1993).

10. G.A.Babich, E.P.Kisil, R.M.-F.Salikhdzhanova,
Zavod. Labor., 60, 1 (1994).

11. L.P.Eksperiandova, A.B.Blank, N.N.Kukhtina
et al., Vysokochistye Veschestva, No.l, 134
(1994).

Functional materials, 12, 3, 2005



LV.Gudzenko et al. / Quantitative evaluation of ...

KinpkicHa oIliHKA BMiCTy MIKpOZOMIIIOK y BUXimHi#
CHPOBHHI Ta CHMHTHJIANMIMHAX MOHOKPHCTAJIAX
BOJb()paMaTy CBHHI[IO

JI.B.I'yd3enko, P.Il.ITanmanep, 3.B.Illmimenvman,
B.Il.Ha3apenxo, M.B.Kocmuna, A.b.Brank

Hagegeno pesyabTaTy BUSHAUEHHS JOMINIKOBOTO BMIiCTYy Yy CHUPOBMHI Ta MOHOKPUCTATIAX
BOJMLGpPAMATY CBUHIII0O Ha PIBHUX CTAXIAX TEXHOJIOTiYHOTO Ipoliecy. BmicT 3aniza BusHauaau
eKCTPaKIiiHO-POTOMETPUYHNM METOLOM 3 ABOCTAJIMHMM POSKPUTTAM 3paskis. Bmict Al, Bi,
Cr, Cu, Mg, Mn, Mo, Ni, Si, Sn, Ti BusHauaiu MeTOAOM aATOMHO-eMiciiiHOI cnexkTpomerpii 3
IyroBUM [KepeaoM 30ym:xenuda. [loxasano, mo pisuwumili, 110 BCTAHOBJEHO, Ha PiBHI BMmicTy
mepeaiueHrx OOMIIIOK y 3abapBieHHX Ta HesabapBJIeHMX KPHUCTAIAX HELOCTATHBO [IJIA
CYTTEBOrO0 BILIMBY Ha IX CBiTOmoriuHaHHA. BINCIOBJIEHO MPUIIYIIEeHHS, IO BKasaHi
BigminHOCTI 00yMOBJIEHI MOSBOI BJACHUX [IOMINIOK y mpoleci TBepaod)asHOro CHUHTE3Y
CHPOBUHU.
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