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Abstract

Nano-sized Li,TiO; powder was fabricated by an organic-inorganic solution route. A steric entrapment route employing ethylene
glycol was used for the preparation of the nano-sized Li,TiO3 particles. Titanium isopropoxide and lithium nitrate were dissolved in
liquid-type ethylene glycol without any precipitation. With the optimum amount of the polymer, the metal cations (Li and Ti) were dis-
persed in the solution and a homogeneous polymeric network was formed. The organic-inorganic precursor gels were turned to crystal-
line powders through an oxidation reaction during a calcination process. The dried precursor gel showed the carbon-free Li,TiO3
crystalline form which was observed above 400 °C. The primary particle size of the carbon-free Li,TiO3 was about 70 nm, and the struc-
ture of the crystallized powder was porous and agglomerated. The powder compact was densified to 92% of TD at a relatively low

sintering temperature of 1100 °C for 2 h.
© 2007 Elsevier B.V. All rights reserved.

1. Introduction

Lithium-containing ceramics have been considered as
tritium breeding materials of the ITER test blanket module
(TBM) for the DEMO reactor [1]. To date, considerable
work has been done on the fabrication of Li,TiO5; pebbles,
characterizing the tritium release behavior and developing
a properties database [2-4]. The previous research has
shown that Li,TiOj3 has attractive properties that are better
than those for other Ilithium-containing compounds.
Li,TiO3-sintered body can be prepared by various meth-
ods. The most commonly employed method is an indirect
mixing of the two oxides followed by compaction and sin-
tering [5]. For this application, highly sinterable Li,TiO;
through a processable powder-synthesis method is
necessary.
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Ceramic powder processing is evolving in the direction
of a chemical synthesis of the powders [6]. Methods based
on a soft-solution processing provide powders with the
desired properties. Recently, an organic-inorganic solution
technique using PVA (polyvinyl alcohol), PEG (polyethyl-
ene glycol) or EG (HOCH,CH,OH, ethylene glycol) as a
polymer carrier has been developed to make the soft-solu-
tion processing easier and more productive [7-15]. The
polymer ensures a homogeneous distribution of the metal
ions in its polymeric network structure and it inhibits their
segregation or precipitation from the solution. In the solu-
tion involving a polymer and nitrate ions, a continuous
long chain polymer prevents a contact between the cations
and it limits their agglomeration and precipitation [9-19].
In a water—soluble system, the PVA polymer only works
with systems. However, by applying an EG polymerizing
agent, the process can be extended to chemicals that
decompose in water, such as metal-alkoxide (titanium iso-
propoxide). In particular, the ethylene glycol can act as an
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effective solvent for a wet chemical synthesis of a titanate
powder because the water—soluble titanium salt is not
available commercially [16,20]. At the optimal amount of
an EG polymer, the metal ions are dispersed in a solution
and a homogeneous polymeric network is formed.

In the present study, nano-sized Li,TiO; powder is
prepared by the EG method, and the effect of the polymer
content, the crystallization behavior and the powder
morphology are examined.

2. Experimental procedure

Titanium(IV) isopropoxide (Ti(OCszH;)4, TISO, Alfa
Chem.) and lithium nitrate (LiNOs, Aldrich Chem.) were
dissolved in stoichiometric proportions in liquid-type ethyl-
ene glycol (Fisher Chem.). The amount of EG was calcu-
lated by using a ratio of the total weight of the metal
ions from cation sources to weight of the EG. In this exper-
iment a 1:4 ratio was tried. The transparent solution was
then allowed to gel for 48 h in a drying oven at 80 °C.
The dried gels were then calcined at various temperatures.
The inside of the furnace was monitored through a window
in the low temperature range (100-300 °C) to observe the
explosive reaction. Finally, the calcined powders were plan-
etary milled with a dia 5 mm zirconia media for 12 h. Iso-
propyl alcohol was used as a solvent for the milling, and
the milling speed was 200 rpm.

The crystallization behavior of the gel-type precursor
powders was examined as a function of the temperature,
by using an X-ray diffractometer, with a scanning speed
of 4°/min and a sampling interval of 0.02°. The crystallite
size of the particles was calculated using the following
Scherrer’s equation from XRD data, B— b= (x-\)/(d"
cosf)), where, B is the half-value breadth (rad), b is the
half-value breadth for materials of which crystallite size is
larger than 100 nm, k is the shape factor (x=0.9 at

sphere), A is the wave length of X-ray (Cu Ko
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Fig. 1. Schematic diagram of the ethylene glycol method.

A =0.15418 nm), d is the crystallite size of Li,TiO3 (nm)
and 0 is the angle of diffraction (rad). The pyrolysis and
decomposition behavior of the dried precursor were moni-
tored by DTA-TG up to 1000 °C at a heating rate of 10 °C/
min in an air atmosphere. The morphologies of the porous,
crystallized powder and planetary milled powders were
examined by scanning electron microscopy. Fig. 1 shows
the details of the preparation process. In the case of pebble
preparation, the polyvinylalcohol (PVA) solution was fab-
ricated by dissolving 2 wt% of PVA in deionized water and
spraying it onto the calcined and milled powders while they
were being rolled with 150 rpm in a plastic jar. The primary
wet-powder was sieved with 50 mesh screen. The sieved
powder took the shape of granule-type spheres. For high-
green density pebbles, these spheres were rolled again for
several hours at various rolling speeds.

3. Results and discussion

During the synthesis of lithium monotitanate, soft-pre-
cipitates were formed in the solution of the ethylene glycol
containing Ti-isopropoxide, due to the water in the precur-
sor solution but they were dissolved after a stirring. The
precursor solution with dissolved titanium isopropoxide
and lithium nitrate has a pale yellow color. During the
drying process at 80 °C, the transparent sol turned to a soft
gel. The application of heating to the gel resulted in a
charred foam structure.

Simultaneous DTA/TG results of the precursor gel from
room temperature to 1000 °C are given in Fig. 2. In the
TGA curve, the mass change occurred in three stages (1)
135°C to 191 °C, (2) 210 °C to 257 °C and (3) 260 °C to
300 °C. The DTA showed two exothermic peaks at
170 °C and 235 °C, and one endothermic peak at 280 °C.
In general, polymer decomposition occurs by two steps
[21]. The first step is degradation of the polymeric structure
by pyrolysis, which is then followed by oxidation of resid-
ual carbon. In the EG method, the first mass change was
due to pyrolysis of EG resulting in breaking of bonds,
removal of free organics from metal-ion sources and
release of N,O, gases. An exothermic at 235°C in the
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Fig. 2. DTA/TG curves for the dried precursor prepared by the ethylene
glycol method (mass ratio of metal ions to EG is 1:4).



Download English Version:

https://daneshyari.com/en/article/1568786

Download Persian Version:

https://daneshyari.com/article/1568786

Daneshyari.com


https://daneshyari.com/en/article/1568786
https://daneshyari.com/article/1568786
https://daneshyari.com

