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Description

[0001] The present invention relates to a method for
producing ZnGa,0O, ceramic powders and, in particular,
to the area of luminescent phosphor ceramics developed
e.g. for use in a vacuum fluorescent display or a field
emission display, and a chemical method for the synthe-
sis of a ceramic phosphor material.

[0002] Vacuum fluorescent displays (VFDs) are well
known as emissive, digital display modules, operating at
low voltage. Major drawbacks of VFD are the lack of color
and matrix addressability. As a result, the conventional
cathode ray tube (CRT) still continues to function as the
emissive display of choice. However, the CRT needs to
be operated at high voltages and is not flat. Recently, the
field emission display (FED) has been developed as a
flat panel vacuum emissive display device. The goal of
manufacturing a low voltage FED basically relies on the
development of highly efficient low voltage phosphor ma-
terials.

[0003] The phenomenon of electroluminescence (EL)
[1] can be described as the non-thermal conversion of
electrical energy into luminous energy. In EL devices,
light is generated by impact excitation of a light emitting
center present in the material by high energy electrons,
which gain their high energy from an electric field. In gen-
eral, phosphors, whether being used for EL or cathode
ray tubes (CRTSs), consist of a host material doped with,
e.g., Mn atoms for the light emission centers. To be a
phosphor host lattice, a material must satisfy the basic
condition of having a band gap large enough to emit vis-
ible light without absorption [1]. This narrows the choice
of possible materials down to large band gap semicon-
ductors (E;>2.5 eV) and insulators.

[0004] Sulphide phosphors have been in widespread
use in CRTs and vacuum fluorescent displays (VFDs).
However, sulphide-based phosphors release sulphide
gases during electron excitation, subsequently causing
the cathode filament to deteriorate and the luminance
efficiency of phosphors to decrease as well. ZnGa,O,
(zinc gallate) powder phosphor has been studied [2] as
an alternative of blue cathodoluminescent phosphor of
ZnS:Cl phosphor. ZnGayQ,, crystallizing in the spinel
structure, has a band gap of 4.4 eV, and gives emission
from green to red when it is doped with Cr and Mn, and
also shows blue emission even in its pristine form [3].
Therefore, ZnGa,0, has been considered [4, 5] as an
excellent material for multicolor emitting thin-film EL
(TFEL) devices.

[0005] The optical [6, 7], electrical [8-11] and structural
[12-14] characteristics of ZnGa,O, ceramics have been
previously studied in significant depth. The experimental
conditions of growing single-crystals of ZnGa,O, have
also been documented [15-17]. On the other hand, pro-
duction of thin films of ZnGa,0O, phosphors for TFEL ap-
plications was achieved mainly by sol-gel [18], solvent
evaporation epitaxy[19], and radio-frequency magnetron
sputtering techniques [20-23].
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[0006] Various dopants have been tested for the pur-
pose of altering the characteristic emission peaks of
ZnGay0, phosphor hosts. The effect of Cd-doping on
the photoluminescence (PL) and/or cathodolumines-
cence (CL) spectra of ZnGa,O, were studied by several
researchers [24-26]. It was claimed that the emission
color was tunable between 352 and 520 nm in
Zn,.,Cd,Ga,0,, where x was varied between 0 and 0.6
[24], and with increasing Cd2+ the emission and excita-
tion wavelengths of self-activated Zn,_,Cd,Ga,O, were
observed [26] to exhibit a red shift. Krebs, etal. [27] have
studied the crystal chemical aspects of Fe3+-doped
ZnGa,0, samples by electron paramagnetic resonance
(EPR) spectroscopy, and a superposition model analysis
has been performed on the same by Bravo, ef al. [28].
Suh, et al. [29] found that the characteristic emission
peaks (under UV excitation) of compositions of (1-x)
Lig.sGas s04-xZnGa,0, shifted from 406 to 440 nm as x
increased. Onthe other hand, Yang, et al.[30] concluded
that the doping of Li* increased the oxygen vacancy con-
centration, and therefore enhanced the luminance and
conductivity of ZnGa,O, phosphors. The same authors
found [30], in contrast with the case of Li+, that the doping
of Cu2+ (by increasing the scattering and trapping prob-
abilities of electrons) decreased the conductivity and lu-
minance of ZnGa,0,:Cu phosphors. Few studies related
to the determination of the influence of Co2*-doping on
the luminescence properties ZnGa,O, have also been
encountered in the printed literature [31-34]. Most of the
earlier studies on the activation of zinc gallate phosphor
hosts mainly used the Cr3+ dopant [35-38]. Jeong, et al.
reported [39], in testing the effect of In3+-doping, that the
photoluminescence of ZnGa,O, host, which peaked at
432+ 15 nm, has not decreased nor shifted under the
presence of InGaZnO, up to a couple of percent in the
powder mixture. Finally, Mn 2+-doped ZnGa,0, ceram-
ics have been extensively investigated [40-51] as poten-
tial low-voltage cathodoluminescence phosphors for
high-definition television (HDTV) and vacuum fluores-
cent displays.

[0007] The preferred route of synthesis for pure or
doped ZnGa, 0O, ceramic phosphors has commonly hap-
pened to be the solid-state reactive firing (SSRF), of the
appropriate amounts of ZnO and Ga,O4 (and the dopant
oxide) powders, inthe majority of the previous work[2-11,
24-53]. Nevertheless, this old technique of ceramic man-
ufacture required temperatures well above 1000°C (for
prolonged firing times typically in the vicinity of 24 h) to
formthe single-phase, spinel phosphor phase [52]. Since
the volatilization of Zn at high temperatures (owing to its
high vapor pressure) is a serious problem, a robust way
of synthesizingZnGa, 0, at lowertemperatures is strong-
ly needed.

[0008] Jung, etal.[54] used an aqueous precipitation
method which actually employed the pyhsical wet-mixing
(followed by filtering and solid-state high-temperature
calcination) of separately formed GaO(OH) and
Zn-oxalate precipitates. The resultant powders consisted
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of a three-phase mixture of ZnO, Ga,0Og, and ZnGa,0,
at 600°C, but the authors claimed that they obtained sin-
gle-phase ZnGa,0, after 700°C calcination. Hsu, et al.
[65] added Ga,O4 powders into an alcoholic solution
stirred at 75°C, containing dissolved zinc nitrate and
urea, to coat their surfaces with ZnO after 5 to 15 h of
wet-mixing, and the precursors calcined at 1100°C for 5
h still consisted of two-phase mixtures of ZnGa,O,, to-
gether with small amounts of either ZnO or Ga,Og3. Hy-
drothermal synthesis has also been studied [56, 57] for
the manufacture of ZnGa, O, powders. Li, et al. [56] have
been the first to study the hydrothermal formation of zinc
gallate powders by keeping GaClg solutions and elemen-
tal Zn powders (in excess of the stoichiometric amount)
in an autoclave at 150-170°C for 10 h, followed by HCI
washing of the formed precipitates. Hirano, et al. [57], on
the other hand, recently repeated the hydrothermal meth-
od (without even citing the work of Li, et al. [56] by using
Zn- and Ga-sulphates as the starting materials, and they
studied the influence of autoclave temperature and re-
actiontime onthe phase purity of products, overthe rang-
es of 150° to 240°C and 48 to 100 h (under constant
stirring), respectively. Beauger, et al. [58] have recently
studied, by using thermogravimetry, the synthesis of pure
and Mn-doped ZnGa,O, ceramics by starting with a mix-
ture of the nitrates of all the elements involved. However,
they reported that the zinc gallate spinel phase was
formed only at temperatures above 350°C.

[0009] It was therefore an object of the present inven-
tion to provide an economical and robust method of pro-
ducing ceramic powders, e.g. ZnGa,O, ceramic phos-
phor powders, and to eliminate the need for the use of
hydrothermal synthesis procedures to be performed at
temperatures higher than 200°C, at high pressures, and
for prolonged aging times over the range of 72 to 100
hours. It was a further object of the present invention to
ZnGa,0O, provide ceramic powders having an average
particle size in the nanometer range which are particu-
larly useful in coating suspensions.

[0010] These objects have been achieved according
to the invention by a method for producing ZnGa,O, ce-
ramic powders comprising the steps:

(a) preparing a precursor solution by

(i) providing an aqueous solution of nitrates of
Zn and Ga and

(i) adding urea and optioanlly urease to said
aqueous solution of (i),

(b) subjecting said precursor solution of (a) to atem-
perature from 80 °C to 130 °C,

(c) separating the particles formed in (b) from the
solution and

(d) optionally drying the obtained powder.

[0011] By means of the method of the invention single
phase ceramics and, in particular, single phase ceramic
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phosphor material can be produced. To this end, accord-
ing to the invention, a precursor solution is formed first,
said solution being an aqueous solution of metal nitrates
and urea with or without enzyme urease. The aqueous
precursor solution preferably contains at least 50 vol. %
water, more preferably at least 70 vol. % water and most
preferred at least 90 vol. % water. Although it is preferred
to use solely pure water for preparing an aqueous metal
nitrate solution, water/solvent mixtures containing e.g.
organic solvents, acids or bases, besides water, may be
used as well. It is most preferred to use deionized, de-
carbonated water. The use of decarbonated, deionized
water prevents the ratio of the metal ions of the metal
nitrates from being changed by the formation of unsoluble
metal carbonates.

[0012] Inafirststepinpreparingthe precursor solution
an aqueous solution is formed which contains metal ni-
trates of the metals which are constituents of the ceramic
oxide to be produced, i.e. an aqueous solution of Zn ni-
trate and Ga nitrate is provided. If doping elements are
to be incorporated into the ceramic, said doping ele-
ments, too, are preferably added in the form of the metal
nitrates of the aqueous solution.

[0013] The metal nitrates, i.e. Zn nitrate and Ga nitrate
are preferably dissolved in the aqueous medium, e.g. by
stirring or moderate heating. Subsequently, urea with or
withoutenzyme urease is added to said aqueous solution
containing the metal cations of the ceramic. Homogene-
ous decomposition of urea (H,N-CO-NH,) for the hydrol-
ysis of cations and for the consequent synthesis of pow-
ders of ceramics from aqueous media has previously
been tried and documented for various matetial systems
[59-68]. However, the use of this technique in combina-
tion with metal nitrates and treatment of such a solution
at low temperature for forming single phase powders has
not been precedented.

[0014] To promote decomposition of urea preferably
urease is added, a urea-cleaving enzyme, also referred
to as urea amidohydrolase (EC 3.5.1.5), which cleaves
urea via carbamic acid to give carbon dioxide and am-
monia.

[0015] The molar ratio of ureato total amount of metal
cations in the precursor solution is preferably > 10, more
preferably > 20 and most preferred > 25.

[0016] The absolute concentration of metal cations in
the precursor solution is preferably from 0.001 to 1 mole/I,
more preferably from 0.01 to 0.1 mole/l.

[0017] The precursor solution is subsequently treated
at a temperature from 80°C to 130°C. Heat tretment can
be effected, for example, in a temperature-controlled ov-
en. An important advantage of the method of the inven-
tion is that the desired ceramic material can be obtained
attemperatures clearly lowerthan 200°C, at normal pres-
sure and at relatively short incubation times of < 72 h.
The incubation time preferably is from 24 to 48 h.
[0018] If the heat treatment is carried out at < 80°C,
the desired materials can be obtained, however, it takes
a very long time, e.g. 96 h or more until the desired ma-
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terials are formed.

[0019] Increasing the temperature, with incubation
times being similar, merely leads to larger particle sizes
of the powdery material obtained being formed.

[0020] Preferably, the precursor solution is treated at
a temperature from 90°C to 110°C. In said temperature
range powdery materials having very small particle size,
i.e. preferably < 100 nm, more preferably < 50 nm, most
preferred < 30 nm and even more preferred < 20 nm, can
be obtained. When producing ZnGa,O, powder heat tret-
ment from 90°C to 110°C for 24 to 48 h, for example,
leads to a powder having an average particle size from
1510 18 nm.

[0021] The precursor solution is preferably transferred
to a sealable container prior to the heat treatment, e.g.
inan ordinary screw-capped glass bottle. Since the meth-
od of the invention is performed without applying external
pressure and at relatively low temperatures, no specific
vessels are required.

[0022] The temperature is preferably kept constant
during the heat treatment, e.g. atthe predeterminedtem-
perature of = 20°C, more preferably = 10%, even more
preferred =5° and most preferred + 1 °. Particularly fa-
vorable conditions for the formation of ZnGa,0, powder,
for example, are treatment at 90+ 1 °C for 24 to 48 h..
[0023] During the temperature treatment the solution
is preferably left to stand still, i.e. not stirred, to allow
precipitation of the desired ceramic materials.

[0024] In a step following heat treatment the particles
formed, especially powdery ceramic particles, are sepa-
rated from the mother solution. Separation can be effect-
ed by measures known to the skilled artisan such as fil-
tration, centrifugal filtration etc. The resulting ceramic
powders can be washed, if desired, e.g. with an alcohol
such as isopropanol.

[0025] The powder obtained can be directly processed
ordried priorto being further employed, if desired. Drying
preferably can be effected at elevated temperature, e.g.
at 40 to 100°C over a predetermined period of time, e.g.
overnight (i.e. 10 - 20 h).

[0026] The ceramic powders produced according to
the invention consist of only one crystalline phase.
[0027] The method of the invention preferably serves
to produce ZnGa,O, having spinel structure. Examples
of spinel-type compounds of the state of the art are
MgAl,O, (spinel), Cr-doped MgAl,O, (red, ruby gem spi-
nel), ZnFe,0Q,, ZnAl,O,, (Ni, Zn)Fe,0O , (Mn,Zn)Fe,0,,
MgFe,O, (magnesioferrite), MgCr,O, (magnesiochr-
omite), Liy,,Mn,, 0,4, and Li,Zn,Mn,Fe,O,, wherein x,
y, z and w are the molar amounts of the metals present
whichin sumin each case must correspondtothe amount
of oxygen present while considering the valence of each
element. Examples of perovskite-type compounds of the
state of the art are single-phase or doped (typically with
divalent cations of alkaline earth elements as well as with
divalent or trivalent cations of transition metals) LaGaOg,
LaCrOg, LaMnOg, LaFeO4 and LaCoOg. Such ceramics
are typically used in solid oxide fuel cell technology as
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solid electrolytes and electrode material.

[0028] Besides the production of pure ZnGa,O, pow-
ders, the production of ZnGa,O, powders doped with
metal ions, is possible according to the invention. Suita-
ble doping materials comprise, for example, Sr, Mg, Zn,
Mn, Fe, Cr, Co, Cd, Li, Cuand In. These doping elements
areincorporatedintothe lattice instead of the actualmetal
atoms of the ceramic material, with the single phase
structure of the materials being preserved.

[0029] According to the invention the metal ions are
preferably employed in the stoichiometric ratio in which
they are to be present in the desired ceramic material,
with a preferred deviation of = 10 vol.%, more preferred
+ 5 vol. %, most preferred = 1 vol.%. When using a
doping element the latter is used instead of the corre-
sponding amount of metal which it is to displace. Favo-
rable doping amounts, expressed in terms of the ratio of
doping elementto displaced element, preferably are from
0.001 to 0.5, more preferably from 0.002 to 0.2.

[0030] if desired, the ZnGa,O, ceramic powders ob-
tained according to the invention can be post-treated,
e.g. by calcination. Preferably, the powders are calcined
isothermally at temperatures in the range of from 200°C
to 1500°C, more preferably at a temperature of from >
750°C to 1200°C. By said calcination any impurities con-
tained in the materials such as carbonate ions can be
further eliminated, with the amount of carbon in the ma-
terials of the invention being reduced to less than 0.05
Wt.o/o.

[0031] It is possible according to the method of the
invention to produce ZnGa,O, ceramic powders and, in
particular, ceramic phosphor powders having lumines-
cent properties which have a small particle size advan-
tageous in many applications. For example, for using
ZnGa,0, ceramic materials in phosphor applications a
suspension is prepared to coat articles therewith. The
finerthe phosphor ceramic particles contained in the sus-
pension are, the better suspension properties generally
are. Conventional size reduction techniques usually al-
low only the production of powders having average par-
ticle sizes of > 1 um. By the method of the invention,
however, ZnGa,0, ceramic powders having an average
particle size of < 100 nm can be obtained.

[0032] A still further object of the present invention,
therefore, are ZnGa,O, ceramic particles obtainable by
the above-described method, having an average particle
size of < 100 nm. The ceramic particles preferably have
an average particle size of < 50 nm, more preferably <
30 nm and most preferred <20 nm, with the average size
of the largest dimension of the nanocrystals of the single
phase ceramic material being understood as measure of
the average particle size.

[0033] A preferred embodiment of the present inven-
tion relates to a chemical method to synthesize pure,
nanosized and crystalline pure or MnZ+-doped (over the
range of 0.09 to 1.4 at%) ZnGa,O, phosphor powders
at 80-130°C, preferably at 90°C, following a 24 to 48 h
aging of clear, agueous solutions of urea (in some cases,
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containing enzyme urease to catalyze the decomposition
of urea), and Zn- and Ga-nitrate (or Mn-nitrate, in case
of doping) simply contained in screw-capped ordinary
glass bottles in a laboratory oven. Further purification
can be achieved by post-synthesis calcination of the
as-recovered (from the solutions) ZnGa,O, powders.
[0034] Pure or Mn2+-doped ZnGa,O, ceramic phos-
phor powders have been synthesized at 90°C by using
urea- and optionally enzyme urease-containing Zn-, Ga-,
and/or Mn-nitrate solutions of proper stoichiometry. Sin-
gle-phase pure or Mn2*-doped ZnGa,O, phosphor pow-
ders obtained had an average particle size in the range
of 15to 18 nm.

[0035] Said ZnGa,O, powder preferably is a spi-
nel-structured, crystalline zinc gallate, either pure or
Mn2+-doped.

[0036] The present invention will be described in more
detail in the Examples and Figures below with reference
to the production of pure or Mn2+-doped ZnGa,0,.

FIG. 1 is a chart showing X-ray diffraction pattern of
powders produced in Example 1;

FIG. 2 is a chart showing X-ray diffraction pattern of
the powders produced in Example 2;

FIG. 3 is a chart showing X-ray diffraction pattern of
the zinc gallate produced in Example 3;

FIG. 4 is a chart showing X-ray diffraction pattern of
the zinc gallate produced in Example 4;

FIG. 5 is a field-emission scanning electron micro-
graph showing the particle morphology of the zinc
gallate powders produced in Example 4;

FIG. 6is a chart showing the X-ray diffraction pattern
of the Mn-doped (0.086 at%) zinc gallate produced
in Example 5;

FIG. 7is a chart showing the X-ray diffraction pattern
of the Mn-doped (1.43 at%) zinc gallate produced in
Example 6;

FIG. 8 is a collective chart showing the X-ray diffrac-
tion patterns of calcined zinc gallate powders pro-
duced in Example 7;

FIG. 9 is a chart showing the results of thermogravi-
metric and differential thermal (TG/DTA) analyses
performed on the zinc gallate powders produced in
Example 7;

FIG. 10is a group of field-emission scanning electron
micrographs showing the change in particle mor-
phology of the zinc gallate powders produced in Ex-
ample 4, as a function of increasing calcination tem-
perature;
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FIG. 11 is a, chart showing the Fourier transform
infrared spectroscopy data of the zinc gallate pow-
ders, as a function of calcination temperature, pro-
duced in Example 7.

EXAMPLES
1. Starting Materials

[0037] The Zn source is zinc nitrate hexahydrate (Zn
(NO4),*6H,0). As the Ga source, gallium nitrate (Ga
(NO4)4#4H,0) is used. A manganese nitrate ICP stand-
ard solution (whose concentration was 9.95 mg/mL) is
used as the Mn source. Urea and enzyme urease used
were of reagent-grade.

[0038] Specifically, the molar ratio of Zn/Ga was 0.50
for producing pure, undoped zinc gallate powders. Man-
ganese doping is studied over the range of x =0.006 to
0.1 where the value of x should be conceived in the fol-
lowing formula: Zny_,Mn,Gas0y,.

2. Method of Production

[0039] 0.3704 M Ga3+ and 0.7404 M Zn2+ stock solu-
tions were first prepared by dissolving the required
amounts of gallium- and zinc-nitrate salts in deionized,
decarbonated water. The use of decarbonated, deion-
ized water during synthesis prevents the Zn/Ga ratio from
being changed by the formation of carbonates thereof.
A starting cation solution is prepared by stirring an ap-
propriate mixture of the above-mentioned stock solu-
tions. Urea and optionally enzyme urease is then added
to the cation solution, and the resultant mixture is trans-
ferred into an ordinary glass bottle. The capped bottle is
finally placed into a drying oven whose temperature is
kept constant at 90+ 1 °C for aging times of 24 to 48 h.
After completing the reaction, the reaction mixture is
cooled down to room temperature, and filtered to collect
the powdery product. The powdery product is washed
with isopropanol and dried in a drying oven to obtain a
powder of zinc gallate.

EXAMPLE 1

[0040] A 6.5 mL aliquot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution and 1.62 mL (i.e., 0.0012
mol Zn2+) portion of the zinc nitrate stock were placed
into a 150 mL-capacity glass beaker, followed by the ad-
dition of 89 mL of deionized water. The solution was
mixed at RT for 15 minutes, and then 2 g of urea powder
was added to this solution, followed by 5 minutes of stir-
ring at RT. The molar ratio of urea-to-cations correspond-
ed to 9.25 in this case. Following the rapid dissolution of
urea powder in the solution, the liquid mixture was im-
mediately transferred into a screw-capped (plastic), or-
dinary glass bottle of 100 mL-capacity, and then placed
into a microprocessor-controlled laboratory oven at 90+
1 °C. The solution in the bottle was kept in the oven at
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90°C for 24 h. Formed powders were finally separated
from their mother liquors by centrifugal filtration (@5000
rom), followed by washingthree times with reagent-grade
iso-propanol. Washed powders were dried in an oven at
90°C, overnight. The X-ray diffraction pattern of the dried
powders is shown in FIG. 1. The powder consisted of a
phase mixture of ZnGa,O, spinel phase and GaOOH.

EXAMPLE 2

[0041] A 6.5 mL aliquot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution and 1.62 mL (i.e., 0.0012
mol Zn2+) portion of the zinc nitrate stock were placed
into a 150 mL-capacity glass beaker, followed by the ad-
dition of 89 mL of deionized water. The solution was
mixed at RT for 15 minutes, and then 2 g of urea powder
was added to this solution, followed by 5 minutes of stir-
ringat RT. The molar ratio of urea-to-cations correspond-
ed to 9.25 in this case. Following the rapid dissolution of
urea powder in the solution, the liquid mixture was im-
mediately transferred into a screw-capped (plastic), or-
dinary glass bottle of 100 mL-capacity, and then placed
into a microprocessor-controlled laboratory oven at 90
+ 1 ° C. The solution in the bottle was kept in the oven
at 90°Cfor 72 h. Formed powders were finally separated
from their mother liquors by centrifugal filtration (@ 5000
rpm), followed by washingthree times with reagent-grade
iso-propanol. Washed powders were dried in an oven at
90°C, overnight. The X-ray diffraction pattern of the dried
powders is shown in FIG. 2. The powder still consisted
of a phase mixture of ZnGa,O, spinel phase and a small-
er amount of GaOOH.

EXAMPLE 3

[0042] A 6.5 mL aliquot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution and 1.62 mL (i.e., 0.0012
mol Zn2+) portion of the zinc nitrate stock were placed
into a 150 mL-capacity glass beaker, followed by the ad-
dition of 89 mL of deionized water. The solution was
mixed at RT for 15 minutes, andthen 5.5 g of urea powder
was added to this solution, followed by 5 minutes of stir-
ringat RT. The molar ratio of urea-to-cations correspond-
ed to 25.44 in this case. Following the rapid dissolution
of urea powder in the solution, the liquid mixture was
immediately transferred into a screw-capped (plastic), or-
dinary glass bottle of 100 mL-capacity, and then placed
into a microprocessor-controlled laboratory oven at 90+
1 °C.

[0043] The solution in the bottle was kept in the oven
at 90°C for 48 h. Formed powders were finally separated
from their mother liquors by centrifugal filtration (@ 5000
rpm), followed by washingthree times with reagent-grade
iso-propanol. Washed powders were dried in an oven at
90°C, overnight. The X-ray diffraction pattern of the dried
powders is shown in FIG. 3. The powders were found to
be single-phase ZnGa,0,, with a cubic spinel structure
(Fd3m) and lattice parameter of a = 8.3351 A.
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EXAMPLE 4

[0044] A 6.5 mL aliquot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution and 1.62 mL (i.e., 0.0012
mol Zn2+) portion of the zinc nitrate stock were placed
into a 150 mL-capacity glass beaker, followed by the ad-
dition of 89 mL of deionized water. The solution was
mixed at RT for 15 minutes, and then 5.5 g of urea and
0.05 g enzyme urease were added to this solution, fol-
lowed by 15 minutes of stirring at RT. The molar ratio of
urea-to-cations corresponded to 25.44 in this case. Fol-
lowingthe rapid dissolution of urea powderinthe solution,
the liquid mixture was immediately transferred into a
screw-capped (plastic), ordinary glass bottle of 100
mL-capacity, and then placed into a microprocessor-con-
trolled laboratory oven at 90+ 1°C. The solution in the
bottle was kept in the oven at 90°C for 24 h. Formed
powders were finally separated from their mother liquors
by centrifugalfiltration (@5000 rpm), followed by washing
three times with reagent-grade iso-propanol. Washed
powders were dried in an oven at 90°C, overnight. The
X-ray diffraction pattern of the dried powders is shown in
FIG. 4. The powders were found to be single-phase
ZnGa,0,. FIG. 5 shows atypical field-emission scanning
electron microscope photomicrograph of these powders,
and the average particle size in the said powders was
found to be in the range of 1 5to 18 nm.

EXAMPLE 5

[0045] A 6.5 mL aliguot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution, 1.61 mL (i.e., 0.00119 mol
ZnZ+) portion of the zinc nitrate stock, and 0.04 mL of Mn
stock solution were placed into a 150 mL-capacity glass
beaker, followed by the addition of 89 mL of deionized
water. The solution was mixed at RT for 15 minutes, and
then 5.5 g of urea was added to this solution, followed
by 10 minutes of stirring at RT. The molar ratio of
urea-to-cations corresponded to 25.44 in this case. Fol-
lowingthe rapid dissolution of urea powder inthe solution,
the liquid mixture was immediately transferred into a
screw-capped (plastic), ordinary glass bottle of 100
mL-capacity, and then placed into amicroprocessor-con-
trolled laboratory oven at 90 + 1°C. The solution in the
bottle was kept in the oven at 90°C for 48 h. Formed
powders were finally separated from their mother liquors
by centrifugalfiltration (@5000 rpm), followed by washing
three times with reagent-grade iso-propanol. Washed
powders were dried in an oven at 90°C, overnight. The
X-ray diffraction pattern of the dried powders is shown in
FIG. 6. The powders were found to be single-phase
ZnGa,0, spinel with the lattice parameter a = 8.3349 A.
Inductively-coupled plasma atomic emission spectrosco-
py (ICP-AES) analyses on the said powders produced
the following molar ratios of elements: Mn/Zn = 0.006
and Mn/Ga = 0.003.
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EXAMPLE 6

[0046] A 6.5 mL aliquot (i.e., 0.0024 mol Ga3+) of the
gallium nitrate stock solution, 1.46 mL (i.e., 0.00108 mol
Zn2+) portion of the zinc nitrate stock, and 0.66 mL of Mn
stock solution were placed into a 150 mL-capacity glass
beaker, followed by the addition of 88 mL of de-ionized
water. The solution was mixed at RT for 15 minutes, and
then 5.5 g of urea was added to this solution, followed
by 10 minutes of stirring at RT. The molar ratio of
urea-to-cations corresponded to 25.44 in this case. Fol-
lowingthe rapid dissolution of urea powder in the solution,
the liquid mixture was immediately transferred into a
screw-capped (plastic), ordinary glass bottle of 100
mL-capacity, and then placed into a microprocessor-con-
trolled laboratory oven at 90=1°C. The solution in the
bottle was kept in the oven at 90°C for 48 h. Formed
powders were finally separated from their mother liquors
by centrifugalfiltration (@ 5000 rpm), followed by washing
three times with reagent-grade iso-propanol. Washed
powders were dried in an oven at 90°C, overnight. The
X-ray diffraction pattern of the dried powders is shown in
FIG. 7. The powders were found to be single-phase
ZnGa,0, spinel with the lattice parameter a = 8.3349 A.
ICP-AES analyses on the said powders produced the
following molar ratios of elements: Mn/Zn = 0.110 and
Mn/Ga = 0.050.

EXAMPLE 7

[0047] A powder of zinc gallate was produced in the
same manner as in Example 3. The dried (at 90°C) pow-
ders were first finely ground by hand in an agate mortar/
pestle, and then isothermally calcined, as loose powder
compacts in alumina boats, in a stagnant air atmosphere
at temperatures in the range of 250° to 1200°C. Each
calcination batch was heated to the specified tempera-
ture at the rate of 5°C/min, soaked at this temperature
for 6 h, and then cooled back to room temperature at the
same rate.

[0048] X-ray diffraction patterns of the calcined zinc
gallate powders are shown in FIG. 8. Increasing the cal-
cination temperatures to above 750°C caused a signifi-
cant increase in the crystallinity of the powders. Thermo-
gravimetric and differential thermal (TG/DTA) analyses
performed on the produced (as is) zinc gallate powders
are given in FIG. 9. Scanning electron micrographs given
in FIG. 10 show the variation in the morphology of the
zinc gallate powders as a function of calcination temper-
ature.

[0049] Fouriertransform infrared spectroscopy data of
the zinc gallate powders, as a function of calcination tem-
perature, are also given in FIG. 11. The IR bands, seen
in samples calcined at 750°C, inthe interval of 1450-1405
em? (including those in the range of 880 to 800 cm™)
indicated the presence of structural CO42" ions. Nitrate
ions were not detected in these samples, in accordance
with the results of elemental N analyses. However, the
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presence of carbonate ions in the powders, which obvi-
ously resulted from the use of urea during aqueous syn-
thesis, has also been confirmed by the elemental carbon
analyses: samples dried at 90°C had 0.530+0.020% .
C, whereas forthe samples calcined at 1000°C the same
figure dropped to 0.015 £0.010%.
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Claims

A method for producing ZnGa,O, ceramic powders
comprising the steps:

(a) preparing a precursor solution by

(i) providing an aqueous solution of nitrates
of Zn and Ga, and

(i) adding ureaand optionally urease to said
aqueous solution of (i),

(b) subjecting said precursor solution of (a) to a
temperature from 80°C to 130°C,

(c) separating the particles formed in (b) from
the solution and

(d) optionally drying the obtained powder.
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The method according to claim 1,

wherein a doped ZnGa,O, ceramic powder is pro-
duced, said dopant being selected from the group
consisting of Sr, Mg, Zn, Cd, Fe, Li, Cu, Co, Cr, In
and Mn.

The method accordingto claim 2, wherein the dopant
ist Mn.

The method according to any of the preceding
claims,

wherein the precursor solution is subjected to atem-
perature from 90 to 110°C in step (b).

The method according to any of the preceding
claims,

wherein the heat treatment in step (b) is performed
for 24 to 48 h.

The method according to any of the preceding
claims,

wherein the molar ratio of urea to metal ions in the
precursor solution is > 10.

The method according to any of the preceding
claims,

wherein the precursor solution is transferred to a
sealable container before the heat treatment in step

().

The method according to any of the preceding
claims,

wherein a powder having an average particle size
from 15 to 18 nm is prepared.

The method accordingto any of the preceding claims
wherein the ceramic powder has a spinel crystal
structure.

A ceramic powder obtainable according to any of
claims 1 to 9, having an average patrticle size of less
than 100 nm.

Patentanspriiche

1.

Verfahren zum Herstellen von ZnGa,0,-Keramik-
pulvern, umfassend die Schritte:

(a) Herstellen einer Vorlauferlésung durch

(i) Bereitstellen einer wéssrigen Lésungvon
Nitraten von Zn und Ga, und

(i) Zugeben von Harnstoff und optional
Urease zu der wéssrigen Lésung von (i),

(b) Aussetzen der Vorlauferldsung von (a) einer
Temperatur von 80 °C bis 130 °C,
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(c) Trennen der Teilchen, die in (b) gebildet wer-
den von der Lésung und
(d) optional Trocknen des erhaltenen Pulvers.

Verfahren nach Anspruch 1, worin ein dotiertes
ZnGa,0,4-Keramikpulver erzeugt wird, wobei die
Dotierung ausgewahlt wird aus der Gruppe, beste-
hend aus Sr, Mg, Zn, Cd, Fe, Li, Cu, Co, Cr, In und
Mn.

Verfahren nach Anspruch 2, worin die Dotierung Mn
ist.

Verfahren nach einem der vorhergehenden Ansprii-
che, worin die Vorlduferldsung einer Temperaturvon
90 bis 110 °C in Schritt (b) unterzogen wird.

Verfahren nach einem der vorhergehenden Anspri-
che, worin die Hitzebehandlung in Schritt (b) flir 24
bis 48 h durchgeflihrt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, worin das molare Verhéltnis von Harnstoff zu
Metallionen in der Vorlauferldsung > 10 ist.

Verfahren nach einem der vorhergehenden Anspri-
che, worin die Vorlauferlésung in ein verschlieBba-
res Behaltnis vor der Hitzebehandlung in Schritt (b)
Ubergefiihrt wird.

Verfahren nach einem der vorhergehenden Anspri-
che, worin ein Pulver mit einer mittleren Teilchen-
gréBe von 15 bis 18 nm hergestellt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, worin das Keramikpulver eine Spinellkristall-
struktur aufweist.

Keramikpulver, erhaltlich nach einem der Anspriiche
1 bis 9 mit einer mittleren TeilchengréBe von weniger
als 100 nm.

Revendications

1.

Procédé de production de poudres de céramique de
ZnGa,0, comprenant les étapes consistant a :

(a) préparer une solution de précurseur en

(i) fournissant une solution aqueuse de ni-
trates de Zn et de Ga, et

(ii) ajoutant de l'urée et éventuellement de
luréase a ladite solution aqueuse de (i),

(b) soumettre ladite solution de précurseur de
(a) a une température de 80° C a 130° C,
(c) séparer les particules formées dans (b) de
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la solution et
(d) sécher éventuellement la poudre obtenue.

Procédé selon la revendication 1,

dans lequel une poudre de céramique de ZnGa,O,
dopée est produite, ledit dopant étant choisi dans le
groupe constitué de Sr, Mg, Zn, Cd, Fe, Li, Cu, Co,
Cr, In et Mn.

Procédé selon la revendication 2, dans lequel le
dopant est Mn.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la solution de précurseur
estsoumise & une température de 90°a 110 °C dans
létape (b).

Procédé selon 'une quelconque des revendications
précédentes,

dans lequel le traitement thermique dans I'étape (b)
est effectué pendant 24 a 48 h.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le rapport molaire de I'urée
aux ions métalliques dans la solution de précurseur
est>10.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la solution de précurseur
est transférée dans un conteneur scellable avant le
traitement thermique dans I'étape (b).

Procédé selon 'une quelconque des revendications
précédentes, danslequelune poudre ayant unetaille
moyenne de particules de 15 a 18 nm est préparée.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la poudre de céramique a
une structure cristalline de spinelle.

Poudre de céramique pouvant étre obtenue selon
Fune quelconque des revendications 1 a 9, ayant
une taille moyenne de particules inférieure & 100 nm.

10

15

20

25

30

35

40

45

50

55

11

20



EP 1227 139 B1

Fig.1

08

Y .i:a_.mi-._ﬁeﬂ_::. :___1._; [N " ...:—.:._

0. 09

i bl

aseyd 'O’eguz «

&

I

(eydie-»-nD) B0y} 2
0S ov

._q,w_.—...._ﬂ._...u___ M_.::_,:_‘ .—._m] “ ) rr
YL FRTAIT

W
i J

oe

g _.._ AEITENNS Y

i

(174

ir: _a‘" irperie ﬁ.f.;

ot
0

— 00S

= 0004
— 00S1
r 000¢
— 00Ss¢

— 000€

(sdD) Aysua; Q¥X

12



EP 1227 139 B1

Fig.2

(eydje-4-nD) eRY Z
08 oL o

mwmca ..Ommmch ¥ .

.: _5_« ;_ ; _ﬁg_;_i;é

0

— 00S

— 0004

— 00S1

— 000¢C

00se

(sdD) Aysusu) QYX

13



EP 1227 139 B1

Pig 3

(eydje-y-nD) ejouy ¢

— 0001

— 000¢

— 000€

— 000¥

000S

(sdD) Ausuaju| gyx

14



EP 1227 139 B1

Fig.4

08 0L
..___.:_.;__=_.:_;;_..._E:E:.

(eydie-y-nD) &2y 2

09 0S
At T ,._ﬂ:.f,.t:;__; L)

i

oy

i

11> 02 o

IO~ NSERLATARINR — VU]

— 002

— 00V

— 009

— 008

— 0001

— 002}

(sdD) Ausuau) @YX

15



EP 1227 139 B1

Fig.5

2a6 uso
S NMO0G' T
B oy

U1 HWIANSOTIV/ AN
o, wWUQQ2
T )

]

TTOELOH

.. 00000TXx

s
CEN 4

16



EP 1227 139 B1

Fig.6

08

0L

b .._ﬂ_.:___a ey

09

.,:_.,‘ 1

"kl

(eydie-y-nD) el 2
0§ oy

T L

W

. aﬁﬁ.« »
[

0t 0¢
TP __:__,__.___J._ TR

ot
— 0

— 00S

— 0001

— 00S¢

(sdQ) Ausuaju| QUX

— 000¢

[~ 0052

17



EP 1227 139 B1

Fig.7

08 0L

«..~. LI ST ;_ oo

S

e e g

09

XENTAT

(eydje-)-n) ejoyy 2

05

L

1) 4

]

I

oe

i

0C

oo .__...,.._

113

PN .!4~4’:~

— 00S

— 000}

— 00G1

~ 000¢

— 00SG¢

000¢€

(sdD) Ausuaiuj gux

18



EP 1227 139 B1

Fig.8

(eydie-y-nD) eloy) ¢

00004

0000t

(sd9) Ansuauj gux

19



EP 1227 139 B1

(D.) @anjesedwa |
000} - 006 008 004 009 00s 10)4 00t 002 00}

F-P------L-:tbb-—h--—-F-—--———-n———-:—--h------P---P—-----—---D-P-—IP

Fig.9

vid

v 2
(%) $S07146iam

(8]
'

lTlIIIlI’ITlIIf'T‘I’Ill(lll‘l'llllrll’lilﬁﬁ1‘lllll'lﬂlllll'IUFTI_UIII

20



EP 1227 139 B1

Fig.10

Py
[l E DY

> rtens e
a0 Lol P

M IOOBAY  FOGm e -
BLIJOSE M IsnLbsuLn (N

1000°C 1200°C

21



EP 1227 139 B1

Fig.11

, WD "JaqUINUAABAA

005 000} 0051 0002 005z 000€ 00S€ 000t

—--h--br---n-p-n--—-—|-’—-»bptr—-prrmn--—tbbh--—-----

J.0001

— 00
— 20

=

% ‘@Juejiuisues |

22



	Bibliography
	Claims
	Drawings
	Description

