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Advanced ceramic breeder (ACB) pebbles consisting of the two phases Li4SiO4 and LisTiO3 serve as the EU
reference tritium breeding material. In the present study, the phase stability with regard to a lithium-burn-up is
investigated. The loss of lithium due to its transmutation will lead to a compositional change of the breeder
material. Li4SiO4 and LiyTiO3 will partly be transformed to the lithium-poorer phases LizSiO3 and LisTisO12,
respectively. However, from the phase diagram it is anticipated that only Li»SiO3 will occur as a third phase after

a lithium burn-up as the generated Li4TisO12 is expected to further react with Li4SiO4 to form again Li»TiO3 and
more LiySiOs. Therefore, the reaction between LisSiO4 and LisTisO;2 and its temperature dependence were
investigated in detail and its reaction kinetics were determined. It was found that this diffusion-controlled re-
action with an activation energy of 75 kJ/mol (0.78 eV) will slow down at low irradiation temperatures and may
not take place at very low temperatures.

1. Introduction

Advanced ceramic breeder (ACB) pebbles consisting of lithium
orthosilicate (Li4SiO4) with additions of lithium metatitanate (Li;TiO3)
were qualified in the past as favourable tritium breeder material and
exhibit the EU reference tritium breeding material [1]. While Li4SiO4
provides a high lithium density, Li;TiOs improves the thermal and
mechanical stabilities. Additions of up to 35 mol% Li;TiO3 are consid-
ered for its application in ITER and DEMO [2].

In a nuclear fusion power plant, lithium from the breeder blanket is
partially consumed due to the tritium breeding. Hence, a continuous
change in the chemical composition of the initial biphasic breeder ma-
terial occurs, finally leading to a triphasic composition of LisSiOg4,
Li»TiO3, and lithium metasilicate (Li»SiO3) (see eq. (1)).

1
aLisSi0; + bLi, TiO;—a(1 — 2x) — b (Bx) Li;Si0, + a(2x)

1 2 1
+3b (Bx> Li;SiO; + bLi, TiO; + a(2x) + b (§x> <He + §T20> (€D)]

with a and b = molar fractions and x = fractions of burn-up.
Considering a ternary phase diagram [3] only Li»SiO3 should occur
as a third phase after the lithium burn-up. This is shown in Fig. 1, where
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the arrow shows the compositional change up to a lithium burn-up of
50 % for a starting ACB composition of 70 mol% Li4SiO4 and 30 mol%
Li;TiO3. After a burn-up of even 50 % of the initial lithium, the material
would lie in the stability field of the three phases Li4SiOg4, LioTiO3 and
LizSiOs.

In contrast, the reactions of the single-phase materials correspond to
the equations (2) and (3). Here, the tritium breeding going along with a
lithium loss in Li4SiO4 leads to the partial formation of the phase Li3SiO3
[4]. The situation for Li;TiOs is different as its structure is more flexible
with regard to the lithium content. Li;TiO3 has an extended stability
range and can be non-stoichiometric: below 1050 °C monoclinic lithium
metatitanate solid solutions are stable in the range of 49-53 mol% Li;O
[5,6]. For lower LizO contents, lithium titanate (LisTisO;2) is partially
formed. The experimental proof of the formation of LizTisO;15 from
LiTiO3 during neutron irradiation was recently published [7].

1
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Fig. 1. Ternary phase diagram of Li;O-SiO2-TiO; after Hanoar et al. [3]. The
blue star represents the ACB composition of 70 mol% LisSiO4 and 30 mol%
Li,TiO3. The red arrow shows the path for a lithium burn-up up to 50 %. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

with a and b = molar fractions and x = fractions of burn-up.

In the case of a coexistence of Li4SiO4 and LisTi5O15, these phases
further react to LioTiO3 and LiySiO3 (see eq. (4)). This underlines the
lithium burn-up reaction of Li4SiO4 and Li»TiO3 described in equation
(1) leading to only one additional phase after the lithium burn-up.

3Li4Si0,4 + LiyTisOy, —»5 Li, TiO5 + 3 Li,SiOs 4

As the two phases within the ACB pebbles are not finely dispersed as
in a powder, the potential formation of LisTisO12 should be considered.
And therefore, it is important to understand at which conditions the
reaction takes place, especially, as the ACB pebbles experience different
temperatures in the blanket within a broad range of about 400 to
>900 °C [8]. A change in composition and in particular a temporary
existence of Li4TisO12 could lead to a change in the material properties
and might be an important issue to be considered for the behaviour of
the blanket.

First experiments on this topic were accomplished by Xiang et al. [9].
They prepared LisSiO4, LioTiO3 and LigSiO4-LizTiOs powders with a
simulated lithium burn-up and analysed them with X-ray diffraction
(XRD) at room temperature and simultaneous thermogravimetry and
differential scanning calorimetry (TG-DSC) up to 800 °C. Their studies
confirmed that Li4TisO12 could only be detected in the Li;TiO3 sample
with lithium deficiency. The Li4SiO4-Li>TiO3 sample did not show any
occurrence of Li4TisO; even at the highest simulated burn-up of 20 %.
The TG/DSC studies suggested that the reaction between Li4SiO4 and
Li4TisO, 2 takes place at about 655 °C [8].

In the present study, the described results are extended and new
experiments are performed. The kinetics of the reaction between Li4SiO4
and Li4TisO12 were investigated in detail. Therefore, the reactions of
powder mixtures and contacting pellets of Li4SiO4 and Li4TisO12 were
evaluated for different dwell times and at different temperatures. From
the results, the kinetic constants and the activation energy of the reac-
tion were derived.
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2. Material and methods
2.1. Powder samples

The following starting powders were used: Tetraethoxysilane
(TEOS, > 99 %) and titanium tetra-isopropoxide (TTIP, > 98 %) were
purchased from Merck, lithium titanium oxide (Li4TisO13, > 95 %) was
obtained from Siid-Chemie and nitric acid (HNO3, 65 %) was purchased
from VWR. Lithium hydroxide monohydrate (LiOH-H,0, 99.995 %) and
lithium orthosilicate (Li4SiO4, 99.9 %) were purchased from Alfa Aesar.
These chemicals were used as received.

Li4SiO4 was synthesised via a sol-gel route similar to Hanoar et al.
[3] as no material with sufficient purity could commercially be ob-
tained. Therefore, TEOS was dissolved in absolute ethanol
(c = 0.14 mol/]) and stirred for about 20 min at room temperature.
Then, an ethanolic solution of nitric acid (¢ = 0.07 mol/1) was added.
After stirring the solution for about 5 h, LiOH-H30 in the respective
molar ratio was added. After vigorous stirring for almost 24 h, the sol-
vent of the turbid solution was removed under reduced pressure
(40 °C, 175 mbar) and a white, finely pulverised solid was obtained. This
powder was then dried in vacuum (180 °C, 20 mbar, 2 h). As the as-
received powder from the sol-gel synthesis is amorphous, the powder
was calcined (2 h at 600 °C, 5 K/min) and sintered (9 h at 900 °C,
5 K/min) in a covered platinum crucible.

2.2. Pellet samples

Pellets for the contact tests were prepared in the following way. In
order to avoid a strong shrinkage of the pellets and pore formation
during the subsequent temperature treatment, calcined powder was
used (2 h at 600 °C, 5 K/min). The calcined material was pressed into
pellets (Dpellet = 13 mm, hpejler = 13.5 mm, Fpyess = 15 KN) and sintered
on a platinum plate at 900 °C for 9 h (heating rate = 5 K/min).
Commercially available Li4SiO4 was placed next to the sample in the
furnace as sacrificial material during the calcination and sintering steps
to avoid a lithium loss during the temperature treatment.

For the preparation of the Li;TisO;2 pellets, a press granulate (@peltet
= 13 mm, Fpress = 25 kN) was produced from the solid material, which
was then pressed into pellets (@peller = 13 mm, Apejer = 13.5 mm,
Fpress = 15 kN). The pellets were sintered on a platinum plate at 900 °C
for 8 h (heating rate = 5 K/min).

The surfaces of all pellets were ground smooth after the temperature
treatment to enhance the contact within the contact tests.

2.3. Contact tests of LiySiO4 and Li4TisO12

In order to investigate the reaction rate between LisSiO4 and
Li4TisO12, pellets of the two pure phases were brought into contact with
each other and treated in a furnace at 700, 800, or 900 °C for 10-480 h.
The phase composition of the pellets was analysed by XRD before and
after each contact test. The LisTisO12 pellet was placed at the bottom of a
platinum crucible and the Li4SiO4 pellet was positioned centrically on
top. To ensure a good contact, another smaller platinum crucible filled
with alumina weights (approx. 14 g) was placed on top of the LisSiO4
pellet. The outer crucible was covered with a platinum lid and the pellets
were heated in air with 5 K/min to the planned annealing temperature.
After the chosen reaction time, the pellets were cut, embedded in an
epoxy resin under vacuum and the samples were ground and polished.
SEM images of the cross-sectional areas were taken. In Fig. 2 the set-up
of the contact tests and the further pellet procedure is schematically
shown.

In addition, some tests were performed with powders. Therefore,
Li4SiO4 powder was mixed with LisTisO12 powder in a mole ratio of 3:1.
High temperature XRD (HT-XRD) and TG-DSC were used to investigate
the reaction between the two phases in situ. Furthermore, the mixture
was heat treated at 550 °C for 48 h and at 500, 450, and 400 °C for 240 h
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Fig. 2. Schematic of the set-up of the pellet contact tests and the preparation of the pellets for SEM analyses. Both pellets are white, colours are only used to improve

visualisation.

in a furnace and afterwards analysed by XRD.
2.4. Analytical methods

The synthesised powders as well as powders after TG-DSC mea-
surements were analysed with regard to their phase composition using
powder XRD applying a D2 PHASER diffractometer (Bruker AXS) with
Cu-Ka in air (10-85°, 0.02°/step, 1 s/step, 15 rpm). Furthermore, the
phase compositions of the pellets before and after the contact tests were
evaluated using XRD (10-80°, 0.02°/step, 0.04 s/step, no rotation).

For a powder mixture of LisSiO4:LigTisO12 (3:1 mol%) HT-XRD
patterns were recorded. Measurements were performed using a D8
ADVANCE diffractometer (Bruker AXS) with a heating chamber (Anton
Paar HTK 1200 N) using Cu-Ka radiation in air (15-100°, 0.02°/step,
0.6 s/step, no rotation). 20 temperature steps were performed from
room temperature up to 900 °C.

To verify the phase compositions, the following reflection positions
were used as reference data: Li4SiO4 (ICSD-25759, [10]), Li2SiO3 (ICSD-
16626, [11]), LioTiO3 (ICSD-15150, [12]), and Li4TisO;2 (ICSD-185587,
[13D.

The cross sections of the pellets were analysed by SEM (Zeiss SUPRA
55 microscope with angular selective backscattered electrons (AsB)
detector). The embedded samples were sputtered with a thin Au-Pd
layer. All SEM images were recorded with an acceleration voltage of
10 kV and a working distance of about 5 mm. The thicknesses of the
reaction layers of the LisTisO1 pellets were measured with ImageJ (v.
1.52a) from the SEM images. To measure the layer thickness in the
micrograph, a magnification of 300 was used. For each sample, 30
values were recorded and averaged.

For TG-DSC analyses a Netzsch STA 449 F3 device was used. Mea-
surements in platinum alloy (PtRh20) crucibles were performed from
room temperature to 1000 °C in synthetic air within two subsequent
cycles. A heating/cooling rate of 10 K/min was adjusted and a correction
curve was applied to reduce buoyancy effects. The measurements were
performed three times to ensure repeatability.

3. Results and discussion

In order to determine whether a reaction between Li4SiO4 and
Li4sTisO,2 takes place and in which temperature range, the two sub-
stances were mixed as powders and the temperature-dependent change
of the phase composition was monitored by in situ HT-XRD. For the
powder mixture a ratio of LizSiO4:LisTisO15 = 3:1 mol% was chosen to
enable a complete conversion. Fig. 3 displays diffraction patterns at
selected temperatures and reference reflection positions for the different
phases. It has to be considered that the reflection peaks shift to lower
angles at elevated temperatures. At room temperature, only the re-
flections of LisSiO4 and LisTisOpo are present. A decrease of LisSiO4
combined with the formation of Li;SiO3 is observed from approximately
570 °C. The decrease of LisTisO12 and the formation of LiyTiOg is
observable from 590 °C. As a zoom in to the respective 2 theta region is
necessary to see the first effects, they can hardly be observed in Fig. 3 at
the mentioned temperatures. However, in the resolution of the displayed
patterns the first peaks of Li»SiO3 and Li;TiO3 are visible in the next
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Fig. 3. Selected HT-XRD patterns of a 3:1 mol% LisSiO4:Li4TisO12 powder
mixture from room temperature (RT) to 900 °C. Reference reflections show the
two phases Li4SiO4 (blue) and LisTisO;2 (red). With increasing temperature,
Li»SiO3 (green) and Li,TiO3 (orange) are formed (cf. eq. (4)). (For interpreta-
tion of the references to colour in this figure legend, the reader is referred to the
web version of this article.)

higher temperature step at 590 and 610 °C, respectively. At 800 °C no
reflections of LisSiO4 can be observed any more. However, the re-
flections of LigTisO;2 only disappear at 900 °C with the given heating
conditions.

The same powder mixture as the one used for the HT-XRD experi-
ment was tempered at 550 °C for 48 h and at 500, 450, and 400 °C for
240 h to investigate if the reaction takes place at these temperatures
when it is annealed for a longer time. The XRD patterns of the annealed
powder mixtures are shown in Fig. 4. For all annealing temperatures, the
reflections of Li;SiO3 can be detected besides LisSiO4 and LisTisOqo.
Again, the intensity is too low to see the peaks in the resolution of Fig. 4.
The reflection peaks of Li;TiO3 are also obvious in the diffraction pat-
terns performed after 550, 500 and 450 °C, but can hardly be seen in the
pattern after heat treatment at 400 °C for 240 h. However, as the
reflection peaks of Li3SiOs3 are present even only with low intensities, it
can be assumed that the intensity of the Li,TiOg3 is too low to be visible.
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Fig. 4. XRD patterns after the annealing of a 3:1 mol% LisSiO4:LisTisO12
powder mixture at different temperatures for 240 h (550 °C only for 48 h).
Reference reflections show the two phases Li;SiO4 (blue) and LisTisO;2 (red).
With increasing temperature, Li;SiO3 (green) and Li,TiO3 (orange) are formed
(cf. eq. (4)). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Therefore, it can be concluded that the reaction between Li4SiO4 and
Li4TisO;2 also takes place at lower temperatures such as >400 °C.

The phase changes of a 3:1 mol% powder mixture of Li4SiO4 and
Li4sTisO12 were investigated by thermal analysis, where the powder
mixture was heated up to 1000 °C for two times. The DSC curves from
200 to 1000 °C are displayed in Fig. 5, here the curves from thermal
gravimetry were left out for better clarity and because no relevant
changes were observed.

The most characteristic feature with endothermic peaks in both cy-
cles is the triple phase transition in Li4SiO4 between 600 and 725 °C
(indicated as green circles in Fig. 5) [14,15]. These peaks are less pro-
nounced in the second cycle, because more Li4SiO4 is already consumed
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for the reaction with Li4TisO15. Yet the appearance also indicate that the
reaction is incomplete even in the second cycles. Both cycles also show a
prominent endothermic peak at approximately 950 °C, which exhibits a
shoulder to higher temperatures in the first cycle. This peak refers to the
phase transition of the monoclinic p-LisTiO3 to the cubic y-LisTiO3
(indicated as a black diamond in Fig. 5) that is lowered down from
1155 °C to 930 °C in the presence of LisTisO1p [16].

Additional peaks can be observed in the first cycle. Two relatively
broad, endothermic peaks at about 260 °C and 795 °C cannot be
explained. Considering the results from XRD, the first peak below 300 °C
cannot be related to the reaction between Li4SiO4 and LisTi5Oq5. Also,
for the peak at about 800 °C no possible phase transition can be found
for the relevant compositions, neither in the Li;O-TiOy nor in the
Li»O-SiO; phase diagram [4,6,16]. Another broad, asymmetric and more
intense peak at about 490 °C is presumed to be associated with the re-
action between Li4SiO4 and Li4TisO15 (indicated as a red star in Fig. 5).
This reaction was observed to already take place at 400 °C in the
annealed powder mixtures, but is here shifted to higher temperatures
due to the relatively high heating rate of 10 K/min. It seems implausible
that the two further peaks of very low intensity at approximately 370 °C
and 390 °C are also related to the phase reaction, yet it cannot be
completely ruled out that the reaction occurs at different points within
the sample at different temperatures due to a certain inhomogeneity of
the sample. However, if the reaction energy is intense enough to be
observed for partial reactions, the reaction should also be observed in
the second cycle, where Li4TisO2 is still present. In any case, a reaction
temperature of 655 °C observed by Xiang et al. also with a heating rate of
10 K/min but under argon cannot be confirmed here [9].

XRD patterns recorded after the thermal analysis showed the four
phases LipTiO3, LisSiOg, Li4TisO12 and LisSiO4. Although not all Li4SiO4
and LisTisO12 were consumed, a significant reduction of the two initial
phases can be observed. A comparison of the XRD patterns before and
after the thermal analysis is shown in Fig. Al in the supplementary
information.

Contact tests using pellets were performed to examine the kinetics of
the reaction between LisSiO4 and LigTisO15. Before and after each
contact test, XRD patterns of the contact surfaces of the pellets were
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Fig. 5. DSC curves of a 3:1 mol% Li4SiO4:Li4TisO1> powder mixture for two cycles (upper line, black: 1st cycle, lower line, blue: 2nd cycle). The peaks are indicated
as the following: green circles = phase transitions of Li4SiO4, black diamond = phase transition of Li,TiO3 (f — 7¥), and red star = the peak presumed to represent the
reaction between Li4SiO4 and LisTisO;5. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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recorded. Fig. 6 shows diffraction patterns of the Li4SiO4 pellets treated
at 800 °C with different dwell times. Before the contact experiment
(i.e., 0 hiin Fig. 6) the pellets consist of pure Li4SiO4. With an increasing
dwell time, an increased conversion into Li»SiO3 is observed. After
160 h, only small amounts of LisSiO4 are visible in the diffraction
pattern. XRD patterns of the Li4SiO4 from the contact tests at 700 and
900 °C are shown in figures A2 and A3, respectively, in the supple-
mentary information.

The XRD patterns of the LisTisO12 pellets show a similar progression.
The XRD patterns of the Li4TisO12 from the contact tests at 700, 800 and
900 °C are given in figures A4, A5 and A6, respectively, in the supple-
mentary information. With an increasing dwell time the intensity of the
reflections of Li4TisO12 decreases and that of the Li;TiO3 reflections
increases for all temperatures. However and as expected, the phase
transformations take place faster with increasing temperature. The re-
sults confirm that at temperatures between 700 and 900 °C diffusion of
lithium from the LisSiO4 pellet to the LisTisO12 pellet occurs, accom-
panied by reaction and phase transformations.

To investigate the kinetics of these processes more detailed, SEM
analyses of the cross sections of the pellets after the reaction were per-
formed. Fig. 7 gives an example of the cross-sectional area of the pellets
after the contact experiment at 900 °C and 80 h. By using an AsB de-
tector, material contrasts are visualised particularly clearly.

The Li4SiO4 pellet has a higher porosity than the LisTisO12 pellet,
which was already the case before the reaction, and shows the reaction
layer in the lower, slightly lighter part where Li»SiO3 is formed. In the
case of the Li4TisO;2 pellet, the upper, darker reaction layer with
Li;TiO3 shows a better contrast and higher density, why the reaction
front is more clearly defined. Due to its low mass, lithium produces only
a small number of backscattered electrons, so that here lithium-richer
areas appear dark while heavy elements lead to a stronger backscatter
and thus lighter areas. Therefore, the formation of the darker reaction
layer in the Li4Ti5O1 pellet agrees with an increase of lithium due to the
formation of Li;TiO3 in this area. In Fig. 8 the SEM images of the
Li4TisO12 pellets from the experiments at 900 °C and different dwell
times are displayed. With increasing reaction time, an increase of the
layer thickness is observed.

The mean layer thickness (i.e. depth of reaction) d of the Li4TisO12
pellets at 700, 800 and 900 °C were measured (see Table 1) and plotted
against the dwell time (see Fig. 9 (left)). As mentioned before, the
Li4Ti5O12 pellets were used for the determination of the layer thickness

T=2800°C
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Fig. 6. XRD patterns of the contact surfaces of Li;SiO4 pellets before (i.e. 0 h)
and after the contact experiments with different dwell times and reference
reflection positions of Li4SiO4 and Li»SiO3 in blue and green, respectively. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 7. Cross-section images using an AsB detector of LisSiO4 (top) and
Li4TisO;2 pellets (bottom) annealed at 900 °C for 80 h.

due to its higher density and a more clearly appearing reaction front.
Still, the LisSiO4 pellets also show a corresponding, less clearly pro-
nounced growth of the reaction layer.

The growth of the layer thickness in the considered temperature and
time range is reduced with increasing reaction time and can be
expressed by a square root function (eq. (5)), indicating a diffusion-
controlled growth.

d=kt'? (5)

with d = average depth of reaction in the LisTisO;2 pellet, k = growth
rate constant and t = reaction time.

Fig. 9 (right) shows the linearised representation of the graphs in
Fig. 9 (left). From the slope of the linear fits the corresponding rate
constants k were determined for the three temperatures (see Table 1).

The temperature dependence of the rate constant is given by the
Arrhenius diagram (see Fig. 10). The activation energy can be derived
from the slope of the linear fit in the Arrhenius plot (see eq. (6)).

E, 1
In(k) = In(A) — T (6)
with k = growth rate constant, A = pre-exponential factor, E, = acti-
vation energy, R = universal gas constant, T = temperature.

The slope of the fit function is —9.0(6)-10° K and for the intercept a
value of —7.5(6) m-s~ /2 is obtained. From these values, an Arrhenius
pre-exponential factor of 5.4-10* and an activation energy of 75 kJ/mol
are determined.

The derived values were used to estimate the thickness of the reac-
tion layer at 400 °C. As an example, the time of 240 h was considered as
it was used for the heat treatment of the powder mixture. After 240 h,
the thickness of the reaction layer between Li4SiO4 and Li4sTisO;2 can be
estimated to be about 1 pm.

Due to a homogenous lithium burn-up under operation, Li4Ti5O12
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Fig. 8. SEM AsB detector images of Li;TisO2 pellets after the reaction at 900 °C for different dwell times.

Table 1

Temperatures (T) and dwell times (t) of the performed pellet contact tests, the
averaged measured reaction layer thicknesses (d) measured from the Li;TisO12
pellets, and the determined growth rate constants (k).

T/°C t/h d /pm k / um-h~172 k-10®/ms™ /2
700 60 22(1) 3.2(1) 5.3
120 36(2)
180 37(2)
240 51(2)
480 75(2)
800 20 25(2) 6.9(3) 11.5
40 46(3)
80 62(3)
160 80(4)
216 108(3)
900 10 53(2) 15.5(3) 25.9
20 71(2)
40 95(1)
60 126(2)
80 138(2)

will initially be formed as small inclusions within the Li;TiO3 grains.
There will always be sufficient Li4SiO4 for the reaction as it is in any case
the main phase of the ACB material, yet at blanket positions with very
low temperatures (i.e. T < 400 °C), the diffusion-controlled reaction
may be too slow to transform all generated LisTisO1.

140 4 + 900 °C

' . 800°C
1291 : . 700°C
100 - '

=fitd=k- ('~
0 100 200 300 400 500
t/h

4. Conclusions

It is well known that a lithium burn-up will result in the third phase
Li»SiOs for the biphasic ACB material consisting of Li4SiO4 and LisTiOs.
Within this study, the reaction of Li4SiO4 with LisTisO;5 was studied in
order to be able to make predictions of the existence of Li4TisO15 as a
potential fourth phase in the blanket after the lithium burn-up.

Using HT-XRD, the start of the reaction could be observed at about
570 °C in the small sample volume. Further experiments of annealed
powder mixtures show the beginning of the reaction already at 400 °C
after 240 h. Thermal analysis suggests the main reaction at about 490 °C.

The kinetics of the reaction were determined from contact tests with
LisSiO4 and LisTisOj12 pellets. Both pellets show reaction layers of
Li;SiO3 or LisTiOs, respectively, at their contact surfaces. The rate
constants were determined from experiments at temperatures of 700,
800 and 900 °C. From an Arrhenius plot an activation energy of 75 kJ/
mol (0.78 eV) was derived for the reaction of Li4SiO4 with LigTisO15. It
could be confirmed that the reaction takes already place at 400 °C, but
the reaction rate is very low.

Under operation a significant volume of the ACB pebbles will be in
the temperature range of 400 to 500 °C with respect to the current
DEMO HCPB blanket design [8]. Due to the homogenous lithium burn-
up, LisTisO12 will initially be formed as small inclusions within the
Li;TiOg3 grains. There will always be sufficient Li4SiO4 for the reaction as
it is in any case the main phase of the ACB material. Yet, at blanket

140 - . 900 °C
] slope =155(3) + 800°C
120 . 700°C
100 4
= slope = 6.9(3)
S s80- .
T 60+

slope = 3.2(1)
40 -
20
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Fig. 9. Layer thickness in Li4TisO12 pellet vs. dwell time at different temperatures and square root fits (left) and vs. square root of dwell time at different tem-

peratures and linear fits (right).
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Fig. 10. Arrhenius plot of the growth rate constants determined from the layer
thicknesses at the respective temperatures. The activation energy is derived
from the slope of the linear fit.

positions with very low temperatures (T < 400 °C), the diffusion-
controlled reaction may be too slow to transform all generated
Li4TisO,2 immediately, so that the existence of Li4TisO12 on an impurity
level cannot be excluded.
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