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Microwave hydrothermal synthesis and
luminescent properties of ZnWO, nanoparticles
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Nanosized crystals of zinc tungstate were synthesized by microwave-hydrothermal
method under different conditions of temperature and pH of initial solutions. Emergence
of the nanophase was established in temperature range of the microwave processing from
120°C to 200°C. Change in the morphology of the crystallites synthesized at 120-200°C
and 6 < pH < 10 units were considered. Transformation of the nanograins (size of 10 nm
to 40 nm) to nanorods (length of 50 nm to 200 nm) and their enlargement occurs when
temperature of the microwave processing and pH of the initial solutions rise. The relation
between luminescent parameters of the nanocrystals and their morphological features was
investigated.

TuapoTepMaIbHO-MUKPOBOJHOBEIM METOAOM IIOJYYEeHBI HAHOPasMepHbIe KPUCTAJJIbI
BOoMb(paMaTa IUHKA NPU BAPBUPOBAHUU TEMIIEPATYPHI MUKPOBOJHOBON o0paGorku u pH
MATOYHOTO PACTBOPA. ¥ CTAHOBJEHO 3apoiKaeHre U (OPMUPOBAHVE HAHOKPUCTAJLJIUYECKON
¢as3pl B TeMIEPATYPHOM JHAIIA30HEe MUKPOBOJHOBOM obpadorku or 120°C go 200°C. Paccemor-
peHo usMeHeHre MOP(OJOTruy KPUCTAJLINTOB, cuHTesnpoBanHbix npu 120-200°C u 6 < pH <10
enunuI. Tpanchopmanusa HaHozepeH (pasmepoM oT 10 mo 40 uM) B HAHOCTEePKHU (JIMHOM OT
50 mo 200 HM) 1 X YKPYOHeHNEe MPOUCXOAWT TIPY TIOBBIIIEHUN TEMIIEPATyPhl MUKPOBOJIHO-
BOI1 obpaborku u pH marounoro pacteopa. WcejemoBaHa €BA3h MOP(OJOTHUECKUX OCOOEH-
HOCTE! HAHOKPUCTAJJIUTOB W WX JIOMUHECIEHTHBIX MTapaMeTPOB.

TI'idpomepmanvro-mixpoxeunbosul cunmes i 10 MIHECYeHMHL 61ACMUBOCIE HAHOYAC-

munorx ZnWO,. Adrysoscvra, I.Tyniyuna, JI.Cagpponos”, O.Bosx”, K.Kampynos, AXKyros,
B.Baymep”, A AudpiouseHko.
TigporepMaibHO-MiKPOXBUIBOBUM METOIOM OTPHMMAHO HAHOPO3MIpHI Kpucraiam BoJb(ppama-
Ty HUHKY IIPU BapiloBaHHI TeMIepaTypu MiKpoxBuiboBoi 00pobku Ta pH mMaToumoro posuu-
Hy. BeraHoBiieHo 3apomkeHHS 1 POPMYyBaHHSA HaHOKPHCTAIiuHOI (hasm y TeMIepaTypHOMY
nmiamasoHi MiKpoxBuaboBOi 00pobKu Bixm 120°C mo 200°C. Posraanyro 3miny mopdosorii
KpucTtanitis, cuaTeszopanux mpu 120-200°C i 6 < pH < 10 oxmauns. Tpanchopmaria namno-
3epeH Yy HAHOCTEP:KHI Ta X YKPYIHeHHS Bii0yBaeThCsA NMPHU MiJABUIIEHHI TeMIepaTypHu MiKpo-
XBUJILOBOI 00pobKu i pH mMatounoro posumny. Hocaigskeno 38’ A30K MOpPGOJOTIUHNX 0COOTU-
BOCTEH HAHOKPUCTAJITIB Ta iX JIOMiHECIeHTHUX HapaMeTpiB.

1. Introduction ics and nuclear energetic for radiation

Zine tungstate (ZNWO,) single crystals monitoring and digital radiography, as well

are scintillation materials for detecting and as for registration of rare events [1-5]. The
spectrometric systems used in nuclear phys- scintillation material based on ZnWO, at-

Functional materials, 20, 4, 2013 523



A.Yakubovskaya et al. /| Microwave hydrothermal ...

tracts particular attention because its scin-
tillation parameters are close to those of
cadmium tungstate while it has a low level
of intrinsic radioactivity and toxicity [4].

Modern requirements to scintillators
stimulate the search for new materials to
create the new generation of detectors.
Usage of nanocrystalline materials allows
providing qualitatively new devices includ-
ing scintillators with the required func-
tional characteristics (radiation stability,
sensitivity, spatial, temporal and energy reso-
lution) [6—8]. The properties of the nanomate-
rials depend significantly on the size and
morphology of their particles [9, 10].

Several synthesis methods for obtaining
nanoparticles of alkaline-earth metals tung-
states were introduced earlier: sol-gel [11],
hydrothermal [12, 13], solvotermal [14],
molten salt methods [15] and others. Mul-
tistep method of uniform ZnWO, nanoparti-
cles production by the sol-gel technology
was proposed by J.H.Ryu et al. [16]. In this
case, the MW treatment was used only to
obtain a polymerized metal-citrate complex.
This substance then was heated to 600°C by
traditional way. Formation of ZnWO,
nanocrystalline phase was completed at tem-
perature range 550-600°C (according to the
DTA and the spectra of FT-IR).

The divalent metal tungstates nanoparti-
cles have been synthesized in a microwave-
assisted oven at 100°C and 150°C and corre-
sponding autogenous water vapor pressure
within a time frame from 80 min to 2 h
[17]. The submicrometer crystals formed
equidimensional and needlelike crystals.
Morphology of the synthesized particles de-
pended on both temperature and duration of
the microwave treatment.

MWH synthesis of all divalent metal
tungstates with either the scheelite or the
wolframite structure has many advantages
over conventional techniques [17-19].
Among others: quick and homogenous heat-
ing of the reaction mixture, high speed of
interaction, inverse temperature gradients,
sharp-cut control of reaction conditions. In
addition, under the autogenous water vapor
pressure the boiling point of solvent raises
consequently speeding up phase formation
and lowering the temperature (up to 200°C)
of dispersed phase formation. The disper-
sion and phase composition of the product
could be controlled by varying the synthesis
conditions.

It was reported in [12, 14] that increas-
ing of the hydrothermal synthesis tempera-
ture in aqueous medium and in non-aqueous
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solvents leads to increasing of ZnWO,
nanoparticle sizes. It was also indicated the
influence of pH of the stock solution on the
size of ZnWO, particles under hydrothermal
conditions [14]. However, authors of this
work have not investigated the effect of
synthesis temperature on the nature of the
transition from amorphous to nanocrys-
talline phase at varying pH values.
Therefore, in this paper, we report the
synthesis of ZnWO, nanoparticles by MWH
method and investigation of the influence of
synthesis conditions on morphological and lu-
minescent properties of the nanoparticles.

2. Experimental

We used the following starting materi-
als: Na2WO42H20 and Zn(N03)26H2O and
NH3-H,O of analytical grade purity (98 %)
and HNO3 (p = 1.40) (Merk, GR for analy-
sis). All solutions were prepared in distilled
water without further purification of pre-
CUrsors.

The synthesis was carried out in two
stages. Initially, amorphous ZnWO, was
prepared by co-precipitation of 25 ml of
0.1 M aqueous solutions of Zn(NOj), and
Na,WO, at the room temperature with vig-
orous stirring. pH of solutions was adjusted
by adding dilute aqueous 69 % HNOj3 or
30 % NHg3-H50 solutions. The MWH synthe-
sis was carried out on microwave installa-
tion MARS (CEM Corporation Matthews,
USA) at 120, 160 and 200°C (maximal tem-
perature for a given set of synthesis) and
the frequency of 2.45 GHz for 30 min.
Upon completion of the synthesis the white
precipitate was filtered, washed with dis-
tilled water and dried at 70°C in air for
3 h.

Morphology of the nanocrystals was de-
termined by transmission electron micros-
copy using a microscope EM-125 (SELMA,
Ukraine). Electron accelerating voltage was
125 kV, the survey was carried out in the
bright field mode, the image was 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 powder diffraction
(XRD) on Siemens D 500 powder diffrac-
tometer (radiation CuKa, nickel filter,
Bragg-Brentano geometry). Diffraction pat-
terns were measured in the angular range
10 < 20 < 70° with increments of 0.02° and
accumulation time of 2 seconds at each
point. Search of the phases was executed on
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Fig. 1. ZnWO, XRD patterns. The samples were prepared at pH = 6.5: a — precursor (room
temperature), b — 120°C, ¢ — 200°C; at 160°C: a — pH =6, b — pH =8.5, ¢ — pH = 9.5.

the catalog PDF-1 [20] using the software
EVA and SEARCH, included in the diffrac-
tometer.

X-ray luminescence spectra were meas-
ured by spectrophotometric complex KSVU-
23. X-ray source REIS (Ua<40 kV,
ia < 50 pA) was used as an excitation [21].

3. Results and discussion

According to X-ray structural analysis
the precursor ZnWO, prepared by co-pre-
cipitation of zinc and tungstate salts solu-
tions at the room temperature was amor-
phous substance (Fig. 1). XRD of the product
synthesized in MW field with varying the
synthesis temperature and pH of the me-
dium showed that the nucleation of
nanocrystalline monoclinic phase of ZnWO,
with wolframite structure (JCPDS No.15-
0774) starts at 120°C and continues at
higher temperatures of the synthesis (Fig.
1). The XRD patterns of ZnWO, powders
prepared from the initial solutions with
various pH under the same other conditions
(160°C) have different form of structural
peaks because of their dependence on size
and morphology of the particles. The peak
shapes on the X-ray reflection spectra be-
come more narrow when temperature of the
synthesis increases at constant pH value.
This may point that the length of nanorods
increases with the increase of the tempera-
ture. It was confirmed by studies of the
particle morphology by the method of trans-
mission electron microscopy.

Dispersion and morphology of the parti-
cles of ZnWO, obtained under different con-
ditions are shown in Fig. 2—4.

Formation of the particles in the form of
grains of average size of 10 nm was ob-
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Fig. 2. Transmission electron microscope im-
ages of ZnWO, samples obtained by MWH
synthesis at 120°C for 30 min at pH 5.5 (a),
6.7 (b), 8.5 (c) and 9.5 (d).

served at the temperature of 120°C of the
MWH synthesis (Fig. 2). The effect of pH
of the solution on the particle size at this
temperature was negligible.

Formation of two types of the particles
was observed when the MWH synthesis tem-
perature was raised to 160°C: grains in the
range of 20—40 nm (Fig. 3a, b, ¢) and the
rods with length of 50—60 nm and diameter
of 4-6 nm (Fig. 3d). The formation of the
particles with a granular structure was ob-
served in a wide pH range of 5.6—8 units
and the nanorods at pH above of 9 units.

Formation of the two types of the parti-
cles: the grain of 25 nm (Fig. 4a, b) and
rods with length of up to 100-200 nm and
diameter of 5-10 nm (Fig. 4c, d), was ob-
served at 200°C. A significant factor influ-
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Fig. 3. Transmission electron microscope im-
ages of ZnWO, samples obtained by MWH
synthesis at 160°C for 30 min at pH 5.6 (a),
6.2 (b), 8 (c) and 9.5 (d).

encing the shape of the particles is pH of
the initial solution. The grain structure for-
mation was observed in the pH range of
5.56—6.2 and rod-shape — when pH was in-
creased above 8 units.

At the higher pH the larger rods were
formed: at pH 8 the length and diameter of
the nanorods were 50—-100 nm and 5-7 nm,
respectively. At pH 9.5 the length was in-
creased to 150-200 nm and diameter to 10
nm. The anisotropic growth of the particles
along (021) direction due to the coalescence
process by the Gibbs-Thompson mechanism
[5, 17, 22]. The Gibbs-Thomson effect refers
to observation that small crystals are in
equilibrium with their liquid melt at the
lower temperature than large crystals. It is
known that pH of Zn2* complete precipita-
tion is equal to 8. pH of solution and pre-
cipitate solubility increase then ammonia
adding to the solution [23].

Because of ammonia provides very stable
complexes with Zn2* the dissolution process
can be expressed by equation (1):

ZnWO, | + nNH; — 1)
— Zn(NHg)2* + WO%~, theren = 2,4.

Increase of the zinc ammonia complex
concentration facilitates the rate of recrys-
tallization of zinc tungstate and promotes
the formation of nanorods.

X-ray luminescence spectra of the
nanocrystalline samples with different mor-
phologies prepared at varying temperature
of the MWH synthesis and pH of the initial
solution were also investigated. All samples
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Fig. 4. Transmission electron microscope im-
ages of ZnWO, samples obtained by MWH
synthesis at 200°C for 30 min at pH 5.5 (a),
6.2 (b), 8 (c) and 9.5 (d).
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Fig. 5. X-ray luminescence of the ZnWO,
nanocrystals synthesized at varying MWH
synthesis temperature and pH: I — pH = 9.5
T =120°C; 2 — pH=9.5 T=160°C; 3 —
pH=9.5 T=200°C.

had the same emission peak at A,,,. =
500 nm which is almost identical to that of
the single crystal. Luminescent properties

of ZnWO, correspond to the transitions
within oxyanion complex WOg‘ [24—-26].
However, we observed that the lumines-
cent properties of the nanoparticles were de-
termined by their morphology, which in
turn depends on temperature of the MWH
synthesis and pH of the solution. The most
intensive band of X-ray luminescence is
typical for the samples which were nanorods
with diameter of 10—-15 nm and length of
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150 nm synthesized at 200°C and pH 9.5
(Fig. 5). Similar effect was observed for the
emission spectra under photoexcitation.

4. Conclusions

The nanosized crystals of zinc tungstate
were prepared by MWH synthesis with
varying temperature of synthesis and pH of
the initial solutions.

It is shown that crystallization of the
amorphous phase of zinc tungstate to mono-
clinie structure occurs under the MWH syn-
thesis (frequency 2.45 GHz) for 30 min at
temperatures range from 120°C to 200°C.

It is also shown that the morphological
characteristics of the particles are mainly
influenced by pH of the initial solutions and
temperature of the MWH synthesis. Trans-
formation of the mnanograins into the
nanorods and their integration occurs when
temperature of the MWH synthesis and the
initial solutions pH increase.

The dependency of luminescence parame-
ters on morphological properties of the
nanocrystallites was investigated. With en-
largement of the nanograins the intensity of
X-ray luminescence grows up. The most in-
tensive luminescence band was observed for
the samples which were nanorods with the
length of around 150 nm.
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