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Fabrication of Li,TiO3; spherical microparticles
from TiCl,; by a classical, inorganic sol-gel route;
characteristics and tritium release properties
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Medium sized spherical particles of Li, TiO3 (with diameters below 100 um) can be
fabricated by a classical, inorganic sol-gel process, from commercially available TiCl,.
Elaborated process consists of the following main steps: (1) dissolving of TiCly in
concentrated aqueous HCI; (2) formation of sol emulsion in 2-ethylhexanol-1 containing the
surfactant SPAN-80 (EH); (3) gelation of emulsion drops by extraction of water with partially
dehydrated EH; (4) impregnation of gel to Li: Ti molar ratio (MR) =2; (5) thermal treatment
at 1200°C. This temperature can be significantly lowered (to 750°C) by chemical treatment
of chloride precursors (gels or starting solution TiCl,) with ag. ammonia or better with nitric
acid. Tritium release from sol-gel made Li,TiO3; micro-spheres were found very close to that
observed for other traditional materials, however for the first sample process starts slightly
earlier. © 2002 Kluwer Academic Publishers

1. Introduction

The world wide actual projects of the future Fusion Re-
actor (FR) power plants are based on the overall nuclear
fusion reaction (1)

°Li + D — 2He + 22.4 MeV (1)

The role of the lithium-6 fuel is that of generating tri-
tium by the following °Li(n, «)T nuclear reaction (2)

°Li+n — (He+2.1 MeV) + (T +2.7MeV) (2)

inside the blanket of the thermonuclear reactor by ex-
ploiting the fast neutrons (n) coming out from the D-T
fusion (3) as vectors carrying out of the plasma most of
the produced energy in this stage

D+ T — (He+ 3.52 Mev) + (n+ 14.1 Mev) (3)

Since the fission (2) products (tritons (T) and « particles
(He)) will release they energy (4.8 MeV total) inside the
blanket, the engineering of the step (2) must provide
removal and recovery of both the tritium needed for (3)
and of the heat which amount is an important fraction
(21.4%) of that of overall process (1).

One of the research lines to make this process (2)
feasible for the FR is based on blanket engineering
concepts using Li-ceramics in a way similar to that de-
veloped for the fission reactor power plants using U-Pu
oxide ceramics as fissile fuels. The works performed in
the last two decades in this field has been reviewed by
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Johnson [1] who pointed out the lack of data concerning
Li,TiO;3 as one of the most promising candidate.

Within the frame of Fusion European Program the
evolution of the Li-ceramics based blanket design
leaded to concentrate the efforts on the “Helium Cooled
Pebble Bed” (HCPB) blanket, for which the envisaged
Li-ceramics are LisSiOy4 (reference material for FzK
[2]) or Li;TiOs (under development at CEA [3] with
ENEA involved in its re-processing [4]) in form of
dense spheres (pebbles) with diameters ranging about
1 mm. These last Li-titanate pebbles are fabricated at
size of about 1.2 mm in diameter by the “extrusion-
spheronization-sintering” [3] of the powder obtained
by the solid state reaction (4).

The density of the pebbles being optimized to val-
ues close to 95% of TD (theoretical density, based on
the Li,TiO5 single crystal density of 3.43 g/cm?). The
smear density of the pebble bed however cannot exceed
the theoretical value of 62% for a packed bed of spheres
with near the same radius. Li density is in the fact an
important parameter in the economy of FR, an increase
in this value leads to a reduction of the lithium-6 en-
richment needed to ensure “self-breeding” of the stage
(2). A significant increase on the pebble bed density
may be obtained by a bimodal distribution of the peb-
bles size, that is optimized by introducing pebbles with
dimension scaling down a factor ten in respect to that
characterizing the original one (diameter ~1 mm), the
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smear density achievable in principle being 88% of TD.
So fabrication of dense Li; TiO3 spheres with a diame-
ter ranging about 100 pm is an interesting objective for
the fusion technology, and the development of a real
Sol-Gel process could be the suitable one to achieve
it. Years ago this route was tried to obtain LiAlO; ce-
ramic granules [5]; this material is however not more
considered for tritium breeding blankets since Al was
discovered to produce long life beta-emitting isotopes
under the very energetic (14 MeV) neutron flux from
(3). The necessary precursor for sol-gel Li; TiO3 micro-
spheres preparation has to be a stable Li and Ti salts
aqueous solution, that is difficult to achieve because of
the very strong resistance to the acidic attack of TiO,.
Recently Alvani et al. [4] where able to completely
dissolve Li; TiO3 pebbles in commercial hydrogen per-
oxide (H,0;, 40% by volume) at room temperature,
the Li-Ti complex solution being stabilized by bidental
acetic or citric acid addition. This solution was suc-
cessfully used [6] in so named IChTJ variant of sol-gel
process described in the papers [7, 8] for production of
Li;TiOs. In this process spherical powders with dia-
meter <100 pum are generally fabricated using ex-
traction of H,O from inorganic hydroxyl sol’s emul-
sion drops in ethylhexanol (EH) following by thermal
treatment.

The aim of this work is to demonstrate the feasi-
bility of a mentioned sol-gel route to prepare Li; TiO3
pebbles (from commercial TiCly) with an average dia-
meter close to 100 wm and to test their tritium release
properties by fast Temperature Programmed Desorp-
tion (TPD) methods applied to shortly neutron irradi-
ated specimens, with tritium implanted at room tem-
perature by the process (2). As a source of Ti we would
like to application of TiCly, which is practically the
one, low price commercial product, commonly used
for large-scale production of titanium dioxide.

2. Experimental

Commercial TiCly was used for production of spher-
ical particles of TiO, (with diameters <100 um) by
mentioned sol-gel process [7, 8]. The process consist
of the following steps: (1) dissolving of TiCly in con-
centrated HCI to solution of 2 M; (2) preparation of
concentrated hydroxide sol (~3 M.) of Ti of compo-
sition TiO(OH); 7Cly 3 by extraction of chlorides us-
ing Primene JMT; (3) formation of sol emulsion in
2-ethylhexanol-1 containing the surfactant SPAN-80
(EH); (4) gelation of emulsion drops by extraction of
water with partially dehydrated EH; (5) non-destructive
thermal treatment at 900°C.

For preparation of mixed oxides or compounds as for
example LiAlO,, via the mentioned above process, salts
of cations, are added to sols. Consequently, we decided
to introduce into a Ti sol initially LiCl and later LiOH
to decrease CI~ content. Evidently chlorides content in
a final ceramic blanket is not allowed. Further exper-
iments confirmed that removing chlorides by thermal
treatment of Li-Ti-OH-CI gels is a relatively difficult
problem. Consequently, we elaborated an alternative
chemical removing procedure of chlorides from these
spherical powders.
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Potentiometric titrations were carried out with a
Labor-pH-Meter, Knick-type 646/647/647-1 using In-
gold combined electrodes. Sols were sometimes pre-
pared and concentrated under vacuum using a Buchi
RE 121 Rotavapor. In this equipment impregnation of
Li deficient gels and chemical dechlorination of sam-
ples have been carried out. The viscosity of sols was
measured using Ubbelohde capillaries.

Gels and the products of their thermal treatment (in
a programmed Carbolite furnace type CSF 1200) were
characterized by the following methods:

e thermal analysis (TG, DTA) using a Hungarian
MOM Derivatograph (sample weight—200 mg,
heating rate—10°C/min., atmosphere—air, static,
reference material—Al, O3, sensitivity: TG-200,
DTG-1/5, DTA-1/5),

e X-ray diffraction (XRD), Cu K, (Philips Diffrac-
tion System).

e SEM using a scanning electron microscope (Zeiss
DSM 942).

Li, Ti and chlorides in gels were determined analyti-
cally. Li and Cl in calcined products were evaluated by
those determinations in aqueous solution obtained by
leaching with water.

The Li-ceramics tritium release testing was per-
formed by TPD methods as described in details in [9].

3. Results and discussion
Sol Ti, white in color, prepared by extraction of an-
ion from TiCly aqueous solution (150 g Ti/l, Cl:Ti
molar ratio, MR ~4:1) has very low pH < —0.7, MR
Cl: Ti=0.5 and concentration 200 g Ti/Cl. This in-
dicates that together with chloride anion water is ex-
tracted. Because extraction process is relatively labori-
ous and pH obtained very low we tried to prepare Li-Ti
sols directly by neutralization TiCl4 aqueous solution
with 4.5 M LiOH. Potentiometric titration curve, shown
in Fig.1, indicates that white sols without precipitation,
can have MR of Li : Ti more 3: 1.

For preparation larger quantities of sols stoichiomet-
ric volume, LiOH was sucked to TiCls solution into
bulb in Rotavapor. The resulting sol concentration of

pH gelation in
whole volume

1.6
12

partially
0.8 precipitation

\

0.0 2

04 Li/Ti

~1.2

Figure 1 Potentiometric titration curve of TiCly aqueous solution with
LiOH.
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Figure 2 SEM photomicrographs of spherical particles of Li-Ti gel and Li> TiO3 obtained in various steps from TiCly solution.

~1 M Ti has relatively low viscosity 2 cSt, too low Sols were than gelled to spherical particles (Fig. 2A).
for the next step being the gelation to microspheres [7, ~ Unfortunately after the process MR of Li : Ti decreased
8]. Consequently, sols were concentrated under vacuum  to value ~0.3, presumably due to extraction by EH of
approximately 4 times in a volume to viscosity > 10 cSt. Li chloride, together with water. In order to prepare a
Concentrated sols were stable for several days. stoichiometric gel we applied an impregnation process
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Figure 3 Thermal decomposition of Li-Ti gel before and after impreg-
nation. gel before impregnation, 50°C, 22 h; wiuveesecenn gel
after impregnation, 50°C, 2 h (vacuum).
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Figure 4 X-ray diftraction plots for C1~ containing Li> TiO3 precursor
heated at 750°C for 24 h.

used for spherical powders [8]. The desired quantity
of LiOH solution was introduced into gel microsphers
placed in Rotavapor. It was observed (Fig. 2B) that after
water evaporation the shape of microspheres remained
unchanged.

The thermal decomposition of both gels is shown in
Fig. 3. It can be seen that the weight loss is lower for the
impregnated gel. After similar exothermic effect also
weight stabilization after 700°C is more effective for
the impregnated gels. Unfortunately, after calcination
at 750°C considerable quantities (~20%) of chlorides
remained in a product. The chlorides are presumably
homogeneously distributed, because LiCl bands are not
observed in XRD patterns (Fig. 4).

Further thermal analysis of this material, shown in
Fig. 5, confirmed this conclusion. Final weight stabi-
lization with endothermic effect is observed in 1200°C
with a weight loss which corresponds with loss of chlo-
rides. This temperature is significantly lower than the

2552

RYITTTI
PR el

R Rataition ~ '....
RO
€gzo0 ";"
DTA WY
.
endd
|
N
TG
9% Am el L T TTYTT FTTTT PP csunfnasnphanan
0] ol A A RS e faae e
~N
20
30
500 700 900 1100 1300

temperature, °C

Figure 5 Thermal decomposition of various Li,TiO3 precursors.

Li;TiO3 (Cl) precursor, 750°C, 1 h; = = = = LiyTiO3 pre-
cursor treated with NH4OH, 750°C, 24 h; wuavsesceansn Li, TiO3 precursor
treated with HNO3, 750°C, 24 h; coceverenernas Li;TiO3 precursor from

HNOj3 stabilized titania sol, 750°C, 24 h.
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Figure 6 XRD patterns of LixTiO3 obtained from CI precursor at
1200°C for 2 h.

temperature of sublimation of LiCI (1383°C). XRD re-
sults (Fig. 6) confirmed that at 1200°C lithium titanate
is present and chlorides content is very low (<0.03%)
comparable with the quantities (0.02%) introduced to
synthesis with LiOH (Fluka p.a. 0.01%Cl) applied in
our work.

In order to lower the temperature of formation we
carried out the following experiments to remove chlo-
rides in various stages of a process:

I. Gel precursor containing chlorides, heated at
750°C was treated with agq. ammonia and water from
slurry was evaporated to obtain a solid. After thermal
treatment at 750°C only small quantities of Cl (~1%)
were found and XRD data confirm lithium titanate
structure (Fig. 7). It confirms that during heating NH4Cl
undergo sublimation (T.s. 338°C). Thermal analysis
(Fig. 5) of dechlorinated material has shown that practi-
cally no weight loss in temperature range 900—1200°C
was observed during removal of chlorides (see Fig. 5).
Evidently thermal effects are absent.

II. Gel precursor heated at 750°C was treated in
Rotavapor with concentrated HNO3; and evaporated
under vacuum. The process was repeated a few times
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Figure 7 XRD patterns of Li;TiO3 obtained at 750°C for 24 h from Cl
precursors treated with NH4OH.

(generally 4) until chlorides were not longer observed in
the evaporated solution. Chemical analysis (Cl <0.04)
as well as thermal analysis (Fig. 5) indicated that this
procedure is more effective than (I). XRD patterns was
identical as shown in Fig. 7.

III. Starting aqueous solution of TiCly was treated
with concentrated HNO3 in a similar way as described
above in (II). Concentrated solution TiO?T nitrate
(~200 g Ti/l), white in color, was prepared. To this so-
lution LiOH can be introduced easily to MR Li: Ti =2,
pH =0.4. In higher pH precipitation takes place. Stoi-
chiometric 2Li-Ti nitrate sol, after concentration in Ro-
tavapor (concentrated sol: 230 g/1, viscosity 15 cSt) was
gelled to microspheres and than supplied routinely to
impregnation. Results of the thermal analysis of precur-
sor heated at 750°C (Fig. 5) as well as content of chlo-
ride are similar as observed for the previous material.

Gel, 50°C

Gel after impregnatio

n, 50°C

Figure 8 SEM photomicrographs of Li; TiO3 spherical particles prepared from Li-Ti-NOj3 sol in various steps of production.
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Figure 9 Flow-chart for preparation of spherical powders of Li> TiO3 by the sol-gel process.

XRD patterns was identical as shown in Fig. 7. Micro-
graphs of microspheres in various stages of fabrication
are shown in Fig. 8.

These results indicate that the effective possibility of
chemical, low temperature removal of chlorides from
Ti-Li-Cl systems exists. All the described procedures
do not change the spherical shape of particles.

The above processes of fabrication of LiyTiO;
medium size microspheres (with diameters below
100 pm) are shown in Fig. 9. Itis necessary to underline
[9] that the formation of medium sized microspheres is
practically not possible by powders agglomeration pro-
cesses routinely used for pebbles fabrication.

Our preliminary experiments indicated that the de-
scribed variant of sol-gel can be easily used for prepa-
ration of other titanates (e.g. Li4TisO},, BaTiO3) or ir-
regularly shaped powders by evaporation of Li-Ti-NO;
sols and thermal treatment of resulting gels (European
patent pending, 2001).
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Figure 10 Out of pile TPD tritium release rate from different Li; TiO3
samples (heating rate 5°C/min).



Sol-gel (this work)

I v

940 .65 nm
297 .9 1im|

10KV T mm
ICHTJY

Figure 11 SEM photomicrographs of polished cross section of sol-gel and ENEA samples Li;TiO3 (see Fig. 10) used for tritium release rate

measurements from different Li; TiO3 samples.

Results of preliminary tests of tritium release rate
from various type of blankets are shown in Fig. 10.
Performance of the sol-gel made Li, TiO3 (sample 11,
Fig. 8) micro-spheres were found very close to that
observed for other materials, however for the first sam-
ple process starts slightly earlier. It seems that it could
be connected with morphology of specimens. Polished
cross section (Fig. 11) indicates evidently lower grain
size and more interconnected pores. Results of the tri-
tium release indicate moreover that avoids to intro-
duce important modification in the tritium recovery
modeling from the blanket in which a bimodal, more
dense (~88%TD) pebble bed in respect of the actual
unimodal [1].

4. Conclusions

1. Medium sized spherical particles of Li;TiO3 (with
diameters below 100 pm) can be fabricated by classic,
inorganic sol-gel process from commercially available
TiCly. Impregnation of gels to Li: Ti molar ratio=2
is necessary. Scaling up from laboratory to pilot plant
1 kg/h level seems to be possible.

2. Full removal of harmful chlorides can be carried
out by thermal treatment of CI containing precursors at
1200°C.

3. This temperature can be lowered (to 750°C) by
chemical treatment of chloride precursors (gels or start-
ing solution TiCly) with aq. ammonia or better with
nitric acid.
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4. The described variant of sol-gel can be easily
used for preparation of other titanates (e.g. LisTisOy»,
BaTiO3) or irregularly shaped powders by evaporation
of Li-Ti-NOs3 sols and thermal treatment of obtained
gels.

5. The feasibility of a sol-gel route to produce
Li; TiO3 micro-spheres with a diameter ranging about
a factor ten less than the actual size of the “extruded-
spheronized-sintered” pebbles, allowing in principle an
increase in the smear density of the bed hence in the
lithium density in the FR blanket, without any apparent
modification in the tritium release properties of the peb-
ble bed as purged by s slowly flowing He + H; (0.1%)
gas carrier.

6. Tritium release process starts slightly earlier for
sol-gel samples what could be connected with mor-
phology of specimens.
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