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Nanosized crystals of zinc tungstate (ZnWO,) were obtained in the form of elongated
grains of width 80—40 nm and lengths up to 80 nm and nanorods of cadmium (CdWO,) of
width 25-30 nm and lengths up to 120 nm. The molten salt method in LINO; at a low
temperature was used. It was shown that the scintillation materials based on nano-sized
crystalline powders of zinc tungstate have light output comparable with single crystals
(~80 %) and have improved kinetic characteristics of luminescence (afterglow 0.07 %
after 3 ms and 0.05 % after 20 ms). The possibility of obtaining composite films based on
nanocrystalline ZnWQO, and polymer matrix is discussed. Their main application area is the
detectors for computed tomography.

HuskoremneparypaeiM MeTogoMm B paciase LINO; monyuensr HaHOpasMepHBIE KPHCTa-
ael Bonbpamara nuEKa (ZNWO,) B Bume mpogoirosaTsix sepeH mupuHoii 30—40 HM m
nnuuoit mo 80 mM m mamocrepsxkmm kKaamusa (CAWO,) mwupumoir 25-80 HM u mauHO# KO
120 HM. YCTaHOBJIEHO, UTO CIUHTHJJISIMOHHBIE MATEePHUAJbl HA OCHOBE HAHOPA3MEPHBIX
KPHUCTANINYECKUX [OPOIIKOB BOJb()PAMATOB IIMHKA HMEIOT CBETOBOM BBIXOJ, COM3MEPUMBII
¢ mouokpucraimaamu (~ 80 %), u obnagaOT yAYUIIeHHBIMA KUHETHYECKIMHU XapPaKTEePUCTH-
kKamu BoicBeunBaHus (mocuecseuenue 0,07 % uepes 3 mc u 0,05 % uepes 20 mc). ITokasauna
NPUHIUINAJILHAS BO3MOXKHOCTb IIOJYYEHHA KOMIIOSUTHOM IJEHKM  HAHOKPHUCTANINYECKUI
cuuaTHIATOP ZNWO, — mDomumMepHas MAaTPUIA”, KOTOPAasg MOXKeT ObITh MCIOJNL30BAHA B
IeTeKTopax IJs KOMIBIOTEPHON ToMorpadum.

© 2011 — STC "Institute for Single Crystals”

1. Introduction

Single crystals of zinc tungstate ZnWO,
(ZWO) and cadmium tungstate CdWO,
(CWO) prepared by the Czochralski method
from a melt are widely used as scintillation
materials in detection and spectroscopic sys-
tems for nuclear physics and nuclear ener-
getic. They are also widely utilized in to-
mography and X-ray scanning systems [1 — 3].
Furthermore, crystals of zinc tungstate are
attractive as material for cryogenic phonon
scintillation detectors. Due to low intrinsic
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radioactivity they can be also used for reg-
istration of rare events such as 2p-decay of
nuclei, radioactive decay of isotopes with
very long lifetime, and interaction with
non-baryonic dark matter [4].

The production of nanosized scintillators
is a topical problem today. Their scintilla-
tion parameters may differ significantly
from the bulk scintillators due to behavior
of electronic and atomic excitations created
by ionizing radiation in nanoscale solids [5].
In addition, production of nanocrystalline
materials is technologically much simpler
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than growth of bulk crystals by melts meth-
ods [6-10].

The most straightforward synthesis of
nanocrystalline materials is the low-tem-
perature method in molten inorganic salts
as a reaction medium, which can provide a
controlled size distribution of particles with
unique morphology [6]. The molten salt syn-
thesis method does not require any special
expensive equipment and can be charac-
terized by a short period of heat treatment.
Correlation of the fusion time and weight
ratio between the salt and basic substance
allows to control morphology and size of the
product [6—9].

The reactions are usually controlled by
chemical equilibriums in the melt. They are
much faster than the diffusion-controlled
solid-state reactions. The use of molten al-
kali metal nitrates is justified by the low
cost of the reagents. Molten salts accelerate
the diffusion of ions in the mixture and
decrease the free energy of phase formation
of crystallites, and hence reduce the overall
temperature of the heat treatment. This al-
lows to avoid the sublimation of wvolatile
components of the initial mixture during
the synthesis process [9, 10]. It should be
noticed that single-phase of nanocrystalline
zine tungstate is formed at temperatures
above 500°C at a normal pressure [11].
Products of the molten salt synthesis are
not worse to materials obtained by more
complex hydrothermal or microwave synthe-
sis (in self-generated high pressure) by pho-
toluminescent characteristics [11-13]. Fur-
thermore the scintillation characteristics of
these nanoparticles are absent.

The aim of this work is to synthesize the
nanocrystalline compounds of zinc and cad-
mium tungstate with a homogeneous chemi-
cal composition and to study of their optical
and scintillation properties.

2. Experimental

We used the following initial materials:
Na,WOQO,-2H,O0 and Cd(NO3),-4H,O and
Zn(NO3),-6H,0 of analytical grade purity
(98 %); LINO; was prepared by dissolving
the powder of Li,CO; of analytical grade
purity in an aqueous solution of HNOj;
(p = 1.40) (Merk, GR for analysis).

The synthesis process was carried out in
two stages. Initially, the amorphous ZnWO,
was prepared by co-precipitation of 1 M
aqueous solutions of Zn(NOj), and Na,WO,
at room temperature with constant stirring
(Fig. 1a). Then the white precipitate was
dried at 70°C in air and mixed with lithium
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Fig. 1. X-ray diffraction of powders obtained
under different conditions: a) ZnWO, — co-
precipitation from the aqueous phase; b)
ZnWO, — from amorphous powder (a) in the
melt of LiNO3; ¢) CdWO, — co-precipitation
from the aqueous phase; d) CdWO, — from
powder (c) in the melt of LiNOs.

nitrate in a weight ratio of 1:10. The mix-
ture was calcined at 270°C for 6 h in ce-
ramic crucible. The product was washed by
distilled water and ethanol several times,
filtered and dried at 70°C in air for 3 h.
X-ray diffraction of nanocrystalline ZnWO,
showed in Fig. 1b.

Nanocrystalline cadmium tungstate was
prepared by a similar way. Co-precipitation
of 0.1 M aqueous solutions of cadmium ni-
trate and sodium tungstate were carried out
at room temperature and constant stirring.
The product was heterogeneous in composi-
tion, but nanocrystalline monoclinic CdWO,
was a dominated phase (Fig. 1¢). Product
was mixed with the lithium nitrate in a
weight ratio of 1:10 after drying at 70°C in
air. The mixture was calcined at 270°C for
8 h in ceramic crucible. The product of the
synthesis (nanocrystalline CdWO, with
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b)

Fig. 2. Electron microscopy image: a) ZnWO, particles, obtained by solid-phase synthesis at T' = 900°C;
b) ZnWO, nanoparticles, obtained in LINO5 melt at T' = 270°C; ¢) ZnWO, nanoparticles, obtained in
LINO; melt at T = 400°C; d) CdWO, nanorods, obtained in LiINO; melt at T = 270°C.

structure of wolframite (Fig. 1d)) was
washed by distilled water and ethanol sev-
eral times, filtered and dried at 70°C in air
for 3 h.

XRD analysis of the samples showed the
absence of significant changes in the inten-
sities of the XRD bands when we vary the
amount of lithium nitrate and base sub-
stance or ZnWO, or CdWO,.

Lithium nitrate was chosen as the molten
salt due to a sufficiently low melting point
(253°C) [3, 7, 9, 14]. It was taken into ac-
count that the doping of CdWO, with Li* ions
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up to 3 at.% causes increment in photolu-
minescence intensity, while the doping with
Na* ions causes the opposite effect [3, 14].
Optical-luminescence properties were
measured on samples of 2 mm films pre-
pared by addition nanocrystaline ZnWO, or
CdWO, to polymerized transparent or-
ganosilicic rubber in a weight ratio of 3:5.
Similarly prepared films obtained by the in-
troduction of solid-state synthesized pow-
ders (size ~400 nm (Fig. 2a)) and scattered
crystals of ZnWO, (<250 um) were used for
comparison of optical-luminescence proper-
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ties. X-ray luminescence spectra were meas-
ured by spectrophotometric complex KSVU-
23. X-ray source REIS (U <40 kV,
i,<50 pA) was used as an excitation. After-

glow level (M(%)) was measured with a
measuring-computing system for the study
of kinetic characteristics (IVKK). The light
output of the samples was determined by
the current method with X-ray excitation
source IRI (U, =100 kV, i, =1 mA) [15].
The luminescence decay time was measured
using the method of correlated in time
counting individual photons. Excitation of
luminescence of the samples was carried out
the fourth harmonic of YAG:Nd laser
(266 nm). FEU-136 used as photodetector.

Morphology of the nanocrystals was de-
termined by transmission electron micros-
copy using microscope EM-125 (SELMA,
Ukraine). Electron accelerating voltage was
125 kV, the survey was carried out in the
bright field mode, the image recorded by
CCD matrix. We used thin carbon films
coated with water suspension of the investi-
gated powders for electron microscopy.

Phase purities of the samples were char-
acterized by X-ray diffraction (XRD) on
Siemens D 500 powder diffractometer (ra-
diation CuK,, nickel filter, Bragg-Brentano
geometry). Diffraction patterns were meas-
ured in the angular range 5<26<90° with
increments of 0.02° and accumulation time
2 s at each point. Search of the phases was
executed on the catalog PDF-1 [16] using
the software EVA and SEARCH, included in
the diffractometer.

3. Results and discussion

Morphology and size of the crystal grains
were measured by electron microscopy.
Nanosized monoclinic ZnWO, in the form of
elongated grains of width 80—40 nm and of
length up to 80 nm (Fig. 2b) was obtained
by chosen method of synthesis (see Experi-
mental part). Faceted crystallites were ob-
tained when temperature of the melt was
raised up to 400°C during 8 h (Fig. 2¢). The
typical form of crystallites for CdWO, is an
elongated nanorod of width 25-30 nm and
of length up to 120 nm (Fig. 2d). XRD
analysis confirmed the results concerning
the size of the crystallites and identified
the samples as a monoclinic lattice with the
structure of wolframite (Fig. 1b, 1d).

X-ray luminescence spectrum of nano-
sized ZnWO, is similar to the spectrum of
single-crystal and has a broad band with
Amax — 480 nm (Fig. 3a). X-ray spectrum of
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Fig. 3. The spectra of X-ray luminescence: a)
ZnWO, samples: I — single crystal; 2 —
product of solid-phase synthesis; 3 —
nanosized crystalline sample (signal for pow-
der obtained by co-precipitation from aqueous
solutions are absent); b) CdWO, samples: 1 —
single crystal; 2 — product of solid-phase
synthesis; 3 — the original powder obtained
by co-precipitation from aqueous solutions of
corresponding salts, 4 — nanosized crystal-
line sample.

CdWO, is shifted toward the longer wave-
lengths by ~ 20 nm (Fig. 3b). This result is
in good agreement with published data [17].

Luminescent properties of ZnWO, and
CdWO, particles are similar and are caused
by the transitions within oxyanion complex
[12, 18, 19]. In the work [19] emission peak
position at 500 nm was associated with

transitions in tungstate group Wog* and

emission with A, = 570-580 nm was asso-
ciated with defect tungstate group with
oxygen vacancies [19]. The ratio of contri-
butions from main and defect bands deter-
mines the maximum of integral lumines-
cence band. So, the red shift of the emission
peak position for CdWO, indicates the pres-
ence of significant number of defect lumi-
nescence centers. This phenomenon was ob-
served for the nanorods obtained by hy-
drothermal synthesis [17]. We believe,
however, that it may be a result of the
CdWO, morphology.

Measurements of scintillation parameters
showed the following results. Nanocrys-
talline samples ZnWO, have light output
comparable to the single crystal (~ 0.8 from
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Table 1. Optical and kinetic properties ZnWO, and CdWO,

Sample Dimensions Light Decay Afterglow , %

of grains Ou;pﬁt’ time, us 3 ms 5 ms 10 ms | 15 ms | 20 ms

Crushed single crystal <250 um 1 - 0.14 0.103 | 0.068 | 0.053 | 0.045
ZnWO, (etalon)

Nanosized crystal ZnWO, ~20-50 nm 0.81 27 0.072 | 0.064 | 0.055 0.05 0.047

Nanosized crystal CdWO,| ~20-70 nm - - 0.027 | 0.021 | 0.015 | 0.012 0.01

Solid phase synthesis [~0.4-1.0 um 0.61 21 0.858 0.747 0.618 0.553 0.512
product ZnWOQO,

I, a.u.
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Fig. 4. Luminescence decay time for ZnWO,:
1 — nano-sized crystalline sample; 2 — prod-
uct of solid-phase synthesis; 3 — single crystal.

crushed crystal). At the same time, kinetic
characteristics of luminescence decay are
improved in comparison with single crys-
tals. The afterglow level of nanocrystalline
ZnWO, and CdWO, in the time range from
3 to 20 ms (the most important range for
computer tomography) is lower than in
crushed single crystals (see Table) and is
close to ~ 0.05 % . Decay time for all the
samples of ZnWO, was approximately iden-
tical and was about 20-30 us (Fig. 4).

The high conversion efficiency and low
afterglow of nanocrystalline ZnWO, makes
it promising material for digital X-ray to-
mography. In particular, it can be used in
the form of a composite film “nanocrys-
talline scintillator ZnWO, — polymer ma-
trix” which was used in the present study.
Using such film, the detection surface can
be made much larger than for single crystal
detector. In addition, the scintilaltor made
of dispersed substance provides better uni-
formity of the light output which is very
important for computer tomography appli-
cations. We confirmed this statement by
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Fig. 5. Distribution of the light output for
area: a) composite scintillation films based on
ZnWO, nanocrystalline; b) polished ZnWO,
single crystal.

measuring the distribution of the light out-
put over the surface for the composite scin-
tillator film (Fig. 5a) and for the polished
single crystal (Fig. 5b). Output parameters
of such detector can be further improved by
selecting the optimum composition of poly-
mer compositions, component concentra-
tions and other process parameters.
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4. Conclusions

Nanosized crystals of zinc and cadmium
tungstates are obtained using the method of
co-deposition from aqueous solutions of the
salts. The melting inorganic salts were used
for crystallization.

We showed a possibility of obtaining the
scintillation materials based on nano-sized
crystalline powders of zinc tungstate with
light output comparable to single crystals
(~-80 %) and with improved kinetic charac-
teristics of luminescence (afterglow 0.07 %
after 3 ms and 0.05 % after 20 ms). For
afterglow is 0.01 % after 20 ms.
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Hanoxkpucraagiuni BoabdpamMaT IUHKY Ta KaaMilo:
Mop@oJIoTisA, JIOMiHECIeHTHI Ta CHMHTHIAIiiHL
BJIACTHBOCTI

I'.l' Axy6oé6cvra, K.O.Kampynos, I.A.Tyniyuna,
M.I' Cmapacuncerkui, J.JI1.Hazopra, A.B./Kyxkoes,
I.M.3ena, BM.Baymep, O.M.Boéxk

Husproremmeparypaum Merogom y posmiasi LINO,; omepmxano mamoposmipmi kpucramn
Boab(pamary nueKy (ZNnWO,) y Buraazgi gosractux seped mupuxoio 80—40 M i g0BXKMHOIO
mo 80 mm i mamocrepskmi rammito (CAWO,) mupunono 25-30 mM i moBxumnoo mo 120 HM.
BceraHoBiieHO, [0 CIMHTHUAAIINHI Marepiasum Ha OCHOBI HAHOPO3MIPHMX KPHCTAJIIUHHX IIO-

pomikiB Boab(pamMariB IMUHKY MalOTh CBiTIO0BUII BHUXinm,

CyMipHMH 3 MOHOKpPHCTAJAMU

(~80 %), i xapaKTepusyIOTLCA MHOJINIIEHUMH KiHETHYHMMH XapaKTepPUCTHKAMM BHCBiUuyBaH-
Ha (micasceitimaa 0,07 % uepes 3 mc i 0,05 % wuepes 20 mc). IloxasaHO IPUHIUIOBY
MOXKJIMBIiCTh OJlepP:KaHHA KOMIIOSUTHOI IUIIBKM ~HaHOKpHCTANiYHMX cruHTHIATOP ZNWO, —
nmojliMepHa MAaTpPUIlg , SKa MOKe OyTH BHUKODPHUCTAHA y [JETeKTOpax IJd KOMII I0TepHOl

Tomorpadii.

Functional materials, 18, 4, 2011

451



