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SEM characterization of sol-gel-derived precursors, novel
black pigments and glazes
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In the present work, the nanosized yttrium iron garnet (Y,Fe,O,,), yttrium perovskite fer-

rite (YFeO,),cobalt, nickel and zinc iron spinel (CoFe,0,, NiFe 0, and ZnFe 0, respective-
ly) powders were synthesized by an aqueous sol-gel process. These compounds have been
used for the first time as precursors for the preparation of black ceramic pigments. The
possible application of the obtained black ceramic pigments as ceramic glazes was also
demonstrated. The microstructural evolution and morphological features of the obtained
transition metal ferrites, pigments and glazes were studied by scanning electron micro-

scopy (SEM).
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INTRODUCTION

Iron-containing transition metal oxides possess unique mag-
netic, magneto-optical, magnetoresistive, thermal, electric and
mechanical properties such as ferrimagnetism, excellent creep
and radiation damage resistance, high thermal conductivity,
high electrical resistivity, controllable saturation magnetiza-
tion, moderate thermal expansion coefficients, energy-transfer
efficiency, narrow linewidth in ferromagnetic resonance and
others [1-9]. These properties make iron-containing oxides
suitable for numerous device applications. Since these mag-
neto-particles have also been shown to be non-cytotoxic, they
would be suitable for also biotechnological applications.

The preparation and characterization of nanosized struc-
tures have attracted increasing attention of researchers in the
last decade. Moreover, all the mentioned properties of iron-
containing oxide ceramics are highly sensitive not only to
changes in dopant composition or host stoichiometry, but also
to the processing conditions, which are very much respon-
sible for the crystallinity, crystal shape, crystal size, crystal
size distribution and phase purity of the resulting powders.
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To prepare these iron-containing mixed oxides, the oxide-
mixing method, based on the solid state reaction between the
component metal oxides, is still utilized because of its lower
manufacturing cost and simpler preparation process [9-11].
However, this method, in general, requires the calcining tem-
perature higher than 1 000 °C to eliminate the unreacted start-
ing oxides and to obtain the final product of a single phase.
In order to overcome these inevitable disadvantages arising
from the solid state reaction, some methods including sol-gel,
hydrothermal, combustion, spray-pyrolysis, auto-combustion,
polymeric precursor route, solvothermal, co-precipitation and
redox reaction techniques can be used [8, 12-18].

Over the last few decades, the sol-gel techniques have been
used to prepare a variety of mixed-metal oxides, nanomaterials
and nanoscale architectures, nanoporous oxides, organic-inor-
ganic hybrids [19-22]. The sol-gel process has been demon-
strated to offer considerable advantages such as a better mixing
of starting materials and an excellent chemical homogeneity in
the final product. Moreover, the molecular level mixing and the
tendency of partially hydrolyzed species to form extended net-
works facilitate the structure evolution thereby lowering the
crystallization temperature. In this paper, we present results
of the synthesis of nanosized selected transition metal fer-
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rites (yttrium iron garnet (Y Fe,O, ), yttrium perovskite ferrite
(YFeO,), cobalt, nickel and zinc iron spinel (CoFe,0,, NiFe,0,
and ZnFe O, respectively) powders). Also, in this work we have
investigated a possible application of nanoscaled transition
metal ferrites synthesized by the sol-gel method as ceramic
black pigments and glazes. The results of characterization of
the obtained compounds and compositions by scanning elec-

tron microscopy (SEM) are presented herein.

EXPERIMENTAL

Transition metal ferrite ceramic samples (YFeO,, Y,Fe.O,,
CoFe,0,, NiFe 0,, ZnFe 0,) were synthesized by the aque-
ous glycolate sol-gel method. The gels were prepared using
stoichiometric amounts of analytical-grade iron nitrate
nonahidrate Fe(NO,), - 9H,0, yttrium oxide Y,0,, cobalt ace-
tate tetrahydrate Co(CH,CO0), - 4H,0, nickel acetate tet-
rahydrate Ni(CH,COO), - 4H,0, and zinc acetate dihydrate
Zn(CH3COO)2 -2H,0 as Fe3*, Y3, Co**, Ni** and Zn?** raw ma-
terials, respectively. For the preparation of all samples by the
sol-gel process, iron nitrate was first dissolved in 50 mL of
0.2 mol/L CH,COOH at 65 °C. To this solution, yttrium oxide
dissolved in acetic acid, or cobalt acetate, or nickel acetate, or
zinc acetate dissolved in 50 mL of distilled water was added,
and the resulting mixture was stirred for 1 h at the same
temperature. In the following step, 1,2-ethanediol (2 mL) as
a complexing agent was added to the reaction solution. Af-
ter concentrating the solutions by rapid evaporation at 95 °C
under stirring, the Y-Fe-0, Co-Fe-0, Ni-Fe-0 or Zn-Fe-0
nitrate-acetate-glycolate sols turned into brownish transpar-
ent gels. The oven-dried (110 °C) precursor gel powders were
ground in an agate mortar and preheated for 2 h at 800 °C in
the air. After grinding in an agate mortar, the powders were
additionally sintered in the air for 10 h at 1 000 °C without
any intermediate grinding.

For the preparation of black pigments, the obtained fer-
rites were mixed with CuO, Pb,0, and SiO,. The molar ra-
tio of ferrite, Pb,0, and SiO, was constant (see Table) in all
systems. However, the amount of CuO was slightly different
depending on the colour intensity of a black pigment. These
pigments were placed on oven-dried ceramic plates and an-
nealed for 5 h at 800 °C. After heat treatment, black glazes
were obtained.

The morphology of the resultant transition metal ferrite
powders, pigments and glazes was examined with CamScan
or FE-SEM Zeiss Ultra 55 field emission scanning electron
microscopes.

Table. The chemical composition of black ceramic pigments

RESULTS AND DISCUSSION

Figure 1 shows the SEM micrograph of YFeO, ceramics. The
scanning electron micrograph indicates the formation of
nanosized crystallites ~200 nm in width and ~1 000 nm in
length. The crystallites are necked to each other, forming highly
symmetric ornaments. A scanning electron micrograph of sol-
gel-derived Y Fe O , ceramics synthesized for 10 h at 1 000 °C
is shown in Fig. 2. For yttrium aluminium garnet, a similar
microstructure was observed as well. Similar, necked to each
other crystallites of approximately the same size were formed.
However,Y Fe.O,, particles showed a very well pronounced ag-
glomeration, indicating a good connectivity among the grains.
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Fig. 1. SEM micrograph of sol-gel-derived YFeO, ceramics
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Fig. 2. SEM micrograph of sol-gel-derived Y,Fe,0,, ceramics

No. | Composition, mol %
1 Pb,0,: SiO, : YFeO, : CuO = 0.00146 : 0.000973 : 0.000128 : 0.000256
2 Pb,0, : S0, : Y;Fe.0,, : CuO = 0.00146 : 0.000973 : 0.000128 : 0.000128
3 Pb,0, : Si0, : CoFe,0, : CuO = 0.00146 : 0.000973 : 0.000128 : 0.000256
4 Pb,0, : SiO, : NiFe,0, : CuO = 0.00146 : 0.000973 : 0.000128 : 0.000064
5 Pb,0, : Si0, : ZnFe,0, : CuO = 0.00146 : 0.000973 : 0.000128 : 0.000384




SEM characterization of sol-gel-derived precursors, novel black pigments and glazes 21

Interestingly, almost identical surface microstructure was
observed for all spinel crystal structure ceramic samples. Fig-
ure 3 shows a SEM micrograph of CoFe O, spinel obtained
at 1 000 °C. The SEM micrograph suggests that the CoFe,0,
solids synthesized by sol-gel route are composed of spherical
submicron grains (less than 1000 nm). The spherical parti-
cles are formed also in the case of nickel ferrite NiFe O, (see
Fig. 4). However, the particle size of spinel ferrites seems to
depend on the nature of a transition metal. NiFe O, crystal-
lites were mostly composed of nanoparticles with a size be-
tween 100 and 150 nm. A SEM micrograph of ZnFe O, ce-
ramics is presented in Fig. 5. Zinc iron spinel ceramics was
formed with an average grain size of less than 500 nm and
more than 200 nm. Thus, once again we can conclude that the
particle size of spinels depends on the nature of a transition
metal (CoFe,0, > ZnFe 0, > NiFe,0,). Moreover, all three spi-
nels had a mesoporous structure.

The SEM images of novel black ceramic pigments are
shown in Figs. 6-10. As is seen from SEM micrographs,
the main morphological features of all specimens are very
similar and independent on the nature of a transition metal

Signal A= SE2
Mag= 4.00 KX

EHT = 6.00kV
WD= 3mm

Date :4 Mar 2009

Insoration ané Creativity

ferrite. This is not surprising, since the main component in
the composition of a pigment is Pb,0, (see Table). All five
pigments are mostly composed of plate-like crystallites of
different size. However, these plate-like crystals are also
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Fig. 5. SEM micrograph of sol-gel-derived ZnFe,0, ceramics

Fig. 3. SEM micrograph of sol-gel-derived CoFe,0, ceramics
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Fig. 4. SEM micrograph of sol-gel-derived NiFe,0, ceramics

Fig. 7. SEM micrograph of Y Fe 0. -based black pigment
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covered with smaller differently shaped (spherical, nee-
dle-like, sticks) particles. The particle size changes in the
range of 100 nm to 3 um, confirming the broad crystal size
distribution in a ceramic material. Thus, we can conclude
that the morphology of different black ceramic pigments
depends mostly on other constituents (Pb,0,, Si0,) but not

374
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Fig. 10. SEM micrograph of ZnFe,0,-based black pigment

on the sol-gel-derived precursors YFeO,, Y, Fe,O,,, CoFe 0,
ZnFe 0, or NiFe O,.

The prepared five different black pigments were placed on
the oven-dried ceramic plates and annealed for 5 h at 800 °C.
After annealing, novel black glazes based on the transition
metal ferrites were synthesized. The SEM images of the ob-

Signal A=VPSE
Photo No. = 8997

Date :5 Jan 2010
Time :15:20:13

EHT =20.00 kV
WD =105mm

Signal A = VPSE
Photo No. = 8994

Fig. 12. SEM image of black glaze with Y Fe 0
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Fig. 13. SEM image of black glaze with CoFe,0,
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Fig. 14. SEM image of black glaze with NiFe,0,
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Fig. 15. SEM image of black glaze with ZnFe,0,

tained black glazes are shown in Figs. 11-15. It is evident
from SEM micrographs that the surface of glazes from the
YFeO,-CuO and CoFe,0,-CuO mixtures contains separate
crystallites (Figs. 11 and 13, respectively). However, SEM
micrographs of the other three samples (Figs. 12, 14 and 15)
show a fine microstructure with a smooth surface of black
glazes. In conclusion, for the preparation of new black glaz-
es, nanoscaled transition metal ferrites synthesized using a
simple environmentally benign sol-gel method could be sug-
gested.

CONCLUSIONS

In this work, for the synthesis of yttrium perovskite ferrite
(YFeO,), yttrium iron garnet (Y,Fe,O, ), cobalt, nickel and
zinc iron spinels (CoFe O,, NiFe O, and ZnFe,0,, respec-
tively), an environmentally benign aqueous sol-gel process
has been suggested. These transition metal nanoferrites
were successfully used for the preparation of black ceramic
pigments and glazes. The obtained transition metal ferrites,
pigments and glazes were characterized by scanning elec-

tron microscopy (SEM). Scanning electron micrographs

indicated the formation of nanosized YFeO, and Y,Fe O,
crystallites ~200 nm in width and ~1000 nm in length. The
particle size of transition metal spinels was found to be de-
pendent on the nature of a transition metal (CoFe,0, > Zn-
Fe 0, > NiFe,0,). Moreover, all three spinels had a mesopo-
rous structure. The morphology of different black ceramic
pigments, however, depends mostly on other constituents
(Pb,0,,Si0,) but not on the sol-gel-derived transition metal
ferrites. The surface of glazes with YFeO, and CoFe,0, con-
tained separate crystallites. However, SEM micrographs of
the other three samples with Y,Fe O, NiFe 0, and ZnFe,0O,
showed a fine microstructure with a smooth surface of

black glazes.
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ZOLIU-GELIY METODU SUSINTETINTUY PRADINIU
MEDZIAGU, NAUJU JUODUJU PIGMENTU IR
GLAZURU APIBUDINIMAS SEM METODU

Santrauka

Vandeniniu zoliy-geliy metodu susintetinti itrio perovskitinis fe-
.0,,) ir kobalto, nikelio
bei cinko $pineliai (CoFe,0,, NiFe,O, ir ZnFe,0,). Sie feritai buvo

ritas (YFeO,), itrio geleZies granatas (Y Fe

sékmingai panaudoti naujy keraminiy juodyjy pigmenty bei gla-
ziry sintezei. Gauty junginiy bei kompozicijy morfologija tirta
skenuojancios elektroninés mikroskopijos (SEM) metodu. Nu-
statyta, kad susidaré nanoeilés YFeO, ir Y,Fe,O,, kuriy kristality
plotis buvo apie 200 nm, ilgis — apie 1000 nm. Pereinamuyjy metaly
$pineliy kristality dydis nezymiai priklauso nuo metalo prigimties
(CoFe,0, > ZnFe,0, > NiFe,0,). Taciau juodyjy pigmenty morfolo-
ginés savybés tiesiogiai nepriklauso nuo pereinamyjy metaly ferity,
o priklauso nuo kity pigmenty sudedamuyjy daliy (Pb,0,, SiO,). Be
to, gauty juodyjy glaziiry su YFeO, ir CoFe,0, pavirSiuje nustatyti
\» NiFe O, ir
ZnFe,0, pasizyméjo lygiu pavir$iumi ir reikiamomis morfologiné-

atskiri kristalitai. Naujos juodosios glaziiros su Y Fe,O

mis savybémis.



