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ABSTRACT

This up-to-date compilation of data for lithium titanate, Li;TiO3, is part of a study
to construct a database for breeding blanket of a fusion reactor, where existing data for

breeding materials and neutron multipliers have been collected from as many literature
as possible.

This compilation includes physical properties, thermal and mechanical properties,
chemical stability and compatibility, tritium solubility and transport, irradiation effects,
afterheat characteristics, thermal cycling effects, waste disposal and other miscellaneous
properties of lithium titanate.

1. Introduction

A wide variety of data on the properties of reference materials is required to design the
breeding blanket of a fusion reactor and to evaluate the blanket performance. Those data
are physical, thermal and mechanical properties, chemical stability and compatibility with
relating blanket materials, interaction with tritium, irradiation effects and other properties

that are inherent in breeding material, cooling material, purging gas and so on.
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However, some properties were extensively investigated by many research groups,
while the others were done by only one group or not reported. Many requisite data are
under exploration. Under such circumstances, however, it is significant to construct the
data base which should be indispensable for designing the breeder blanket. From this
viewpoint, the authors have collected and reviewed data reported for various breeding
materials. As the first step of this effort, material data for LiyO were compiled in
our previous paper!). Similar compilation was made for Li;ZrO3 and Li;TiO;?. These
reports have made it clear what kind of data is available, when and by whom the data
were obtained. It was also recognized that relevant data for lithium titanate, Li;TiO3, are
quite limited?, in spite of its importance as an attractive alternate of Li;O. The authors,
therefore, have concentrated their effort to collect more data for this ceramic breeder

material. This up-to-date compilation is supplementary to the our previous reports.

2. Data Collection and Arrangement ‘

The material properties cited in this compilation were selected from collected papers
and literature from a viewpoint of their importance for designing the breeder blanket and
for the analysis of blanket performance. The authors, however, cited all of the reported
values of a material constant or property, even if there is a considerable discrepancy

between them. Those data appear in principle in order of publication.

3. Selected material properties

The primary functions of the breeding blanket are 1) tritium production by n + SLi
— T + *He reaction and tritium release into purge gas, 2) heat generation and its
transfer to liquid or gas coolant for power generation, 3) neutron shielding. Beside the
properties relating to the above functions, other kinds of material properties are also
quite important; they are chemical stability, compatibility and interaction with blanket
materials, irradiation effects and so on. ‘

In addition, the safety assessment requires such data as the irradiation effects, the
waste disposal and afterheat characteristics. Moreover the effects of thermal cycling on
strength of Li;TiO; is an important material property. The items appearing in Table 3.1
are selected from the above mentioned viewpoint as primary important material properties
for designing the blanket and the performance analysis.
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Table 3,1 Data Item List of Ceramic Breeder Material(LizTiba)

Physical properties

- Crystalline structure

« Molecular weight

« Density

- Melting Point

> Thermal conductivity

- Thermal expansion

- Specific heat

- Heat capacityt

- Vapor pressure

« Pebble bed thermal
conductivity

Mechanical properties

Chemical stability and

compatibility

- Compatibility with
water
- Compatibility with
structure material
- Compatibility with Be
- Interaction with
reprocessing liquid
- Interaction with
acid Li dissolution

Irradiation effects

- Young’ s modulus

- Poisson’s ratio

» Tensile strength

- Comprssive strength
- Bending strength

- Rupture strength

« Crush strength

- Thermal creep rate
+ Vickers hardness

Tritium solubility and
transport '

- Li transport

* Titium diffusivity

- Hydrogen solubility

- Hydrogen adsorption

* Tritium solubility

* Tritium desorption

«Tritium release

« Grain growth

- Swelling

- Physical integrity

«Li transport

* Therma! conductivity

- Thermal expansion

- Young' s modulus

- Compressive strength

» Bending strength

*Helium retained

*Tritium diffusivity

«Tritium residence time

- Afterheat

- US Class C waste
disposal rating

» Therma! cycling effect

4, Data Representation

Tables below summarizes the data for selected material properties. The main parts of

the tables are "Data", "Formula Expression" and "Remarks". The first one represents
material constants, the second the variation of the properties with a given parameter,
and the third the validity of the formula. In the case that experimental data points
arc available as function of a parameter which is mostly temperature, they are shown
in Figures with calculated curves from the formula expression in a range from room
temperature to the maximum temperature under the normal operation conditions. The
presence of these figures are indicated in the column of "Reference Figure". In addition
to the above, reference literature and papers are listed in the table, for readers conve-
nience to investigate more detail the experimental methods, conditions, data precision,

data analysis and so on.
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Namely, the followings are given in Tables 4.1 ~ 4.5,

Item: selected property

Data number: ordinal number of data the source

Data; () indicates the extrapolated value.

Unit: principally in C.G.S unit, otherwise the unit used in the source
report

Formula Expression: parametric expression of the property by a selected variable

Range of Validity: applicable range of the formula; if necessary additional comments

are given in this column as remarks
Reference Figure: diagrammatic presentation of the formula, or the source data
References: reference papers and literature

Table 4.6 summarizes author's observations of the effect of thermal cycling on com-
pressive strength of lithium titanate spheres, where two types of spheres were examined.
One was sintered at 1498 K for 4 hours, which is denoted as Sample No.1, the other
at 1573 K for 4 hours, being denoted as Sample No.2. They were subjected to 15
thermal cycles from room temperature to 1273 K with a temperature ramp of 200 K/h.
Sample No.l1 appears to be suffered little dégradation by thermal cycling. On the other
hand, Sample No.2 was considerable degraded in several cycles, but recovered by further
cycles to the as-sintered values. Those observations indicate that the Li;TiOs spheres

are inherently much more stable to thermal cycling than Li,ZrO; spheres under similar

conditions.
Table 4.1 Physical properties of Li,TiO, (B)
The Range of Validity or | Reference
Item Data No. Data Unit Data of Formula Expression Remark Figure | References
4.1.1 - 3,4.7)
Crystalline Structure 1 | Monoclinic ), 4),
- Sintered at 1050°C -3h 2
2 Monoctinie 0.95 Li,TiO; (monoclinic)
4.1.2
Molccular Weight ! #g-mol |109.93(1-1.82X1075) 97
413 2.0(0) .
Density 1 3430 | gor’ a=cubic, B=monoclinic, y=cubic )
2579
2 3.438) 3 2)
3 glem’_|3-44(1-1.82 X 10-25) 5=SLi fraction in Li 4.7
4.1.4 n
Melting Point ! 1535 T
2 1535 T Li/Ti=2.0, 100%T.D. 2)
3 1535 T 4.7
4.].. . IR
Lilosensny ! glem® |0.378 for °Li, 0.44(1-5) for 'Li =°Li fraction in Li 9,7
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The Range of Validity or Reference
Item Data No. Data Unit Data of Formula Exp Remark Figure | References,
416
Thermal Conductivity | ! 2 Wim-K 1000K, 85%T.D. I
2 1955 | wmK Li/Ti=1.9, 30%T.D. 2)
3 Wim-K |3.258(1-€) {monoclinic, e=porosity (0.1-0.3) -
rosity, 0.18S p<0.25,
4 WinK |(1/(355.2.26X I0T+1 51X 10°T) |onSTSI400K Figal | 3.8
porosity, 0.14SpS0.25, )
5 WK |(1.)2(5.35-4.78 X 10°T+2.87 X 10°T") | 400 < T< 1400K P Fig4.1 9
4.1.7
Thermal Diffusiviy |+ | Fg43) Fig4.3 4
4.1.8
Thermal Exp ! 16x10¢ ] XK X
2 J1x10° | 1K Li/Ti=1.9, 80%T.D. (linear) 2)
3 1.2 % Room Temp. ~ 700°C {lincar) 3
4 %  1-0.4119+1.154X 10°>T+5.505X 10°T> _ |Linear expansi 3),9)
5 1K [1.154X 10°+1.101 X 10°T 1 Coefl. 3),4)
6 K [(04119+1.154X 10°T+5.505 X 107T*):{ Mean coeff., 373 S TS 1073K 3)
(T-27%)
7 K [(0.4119+1.154X 107 T+5.505 X 107T):{Mean coeff., 373 ST 1073K 4)
(T-27%)
The Range of Validity or Reference
Item Data No. Data Unit Data of Formula Expression Remark Figure | References]
419 _ K 1
Specific Heat 1 1.0 kJ/kg-K 300! )
2 kI/kg-K {06440 0013T-S0X 101 298 ST S 1400K 2)
3 IKEK [acerr.10m 414037 3005 TS 1400K
4110 g Li/Ti=19, 80%T.D. Fig4.2 4
Heat Capacity 1 1428 JxgK =19, g )
4111 investizals 1
Vapor Pressure 1 No data Pa ‘(:Mu invi lzatm) - )
em,
839+(305+87.3l0g (100pD;0)- e v'“". w‘ pm"‘“"" )
2 K |783l0g (pDDK1+2.55% 10 0.001P2. 105pD;0S 100Pa 2
log (100pD,0)'*%) ial of Dy
4.1.12 73)43.3% 107 ‘07121.1:mdi
Pebbic Bed Thermal . WK |(1-EX0.74+0.00015(T-273)43. 071, 30; m?ioox 3
yed . . 1MPaHe, 8
nductivity (T-273y 052 04355048
1.2mm pebbiles, 82% dense.. 2.9
2 W/m-K 63% packing fraction, X
04745.5%10°T 0.1MPaHe, 300S TS 1300K
Table 4.2 Mcchanical properties of Li,TiO; (B)
The Range of Validity or Reference
{tem Data No. Data Unit Data of Formula Expression Remark Figure | Referencey
4.2.1 Li/Ti=1.9, 80%T.D. (£=0.2)
) 1 1233 GP: _&)(1-1.26)? 2)
Young's Modulus 1 1266(1-)(1-1.2¢) e=porosity :
) 0.1=€=0.3, 300K
2 GP: 2 ! 4)
1 1266.8(1-e)(1-1.2¢) 1 241m grains
222
Poissons's Ratio 1 0.3(1-8) 0.15€50.3, 300K 2,49
;eznzd ¢ Strength No data (under investigation)
424
Compressive No data (under investigation)
Strength
425 -
Bending Strength 1 60 MPa  (3.44(1-1.82X 10-25) 300K, 85%T.D.,10 pm grains 3)
226 .
Rupture Strength 1 92 MPa  }170(1-2.27¢) Li/Ti=1.9, 30%T.D., (6=0.2) 2)
0.15e50.3, 300K
2 MPa  |170(1-2.27€) es ) 4)
1.2um grains
427 4-10 pum grains, 85% dense. 3),4)
Crush Strength ! 3 N 1.2mm pebbles (weibull) 13), 14)
40~140 pm grains, 78% dense. 3.9
? “ N 1. 2mim pebbles (weibull 13),14)
~20 pm grains, 67% dense.
3 40 N ; L 4
0.376 for °Li, 0.44(1-8) for 'Li 1.6mm pebbles (mean) )
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The Range of Validity or Reference
Item Data No. Data Unit Data of Formula Expeession Remark Figure | Ref
e mal Croep Rate Nodau | 1 (under investigation)
\‘i;chm Hard ! 192 MPa  |363(1-2.36¢) 80%T.D., £<0.2 2
2 1/K  |363(1-2.36€) 0.15€e=0.3, 300K 4)
Table 4.3 Chemical stability and compatibility of Li,TiO, (B) (Interaction with other material)
The Range of Validity or Reference
Ttem Data No. Data Unit Data of Formula Expression R k Figure | References)
43.1 No interaction with water.
Compatibility with 1| Excellent D e e octablc after 2)
Water 40 days immersion.
Low
2 solubility in << l%lkw after 6 month exposure to ::plo? u‘:ept:okc ‘ﬁunﬁr .month 4
water
4.3.2
. . f .
Compuitiieywits | ey vl sl ot o | e oge vt b
aterial 31655 +Ni at 600°C. 400-820C.
{steel)
<7 Steel reaction layer S00C, 10%h,
2 ’ 3)
(steel) m 10Ps H.O
3 No compatibility concemn with steels.  [-800C 2)
316SS. Penetration depth
4 a3 2 0.1MPa He, 823 STS923K, 3),4), 8)
{3600t exp (-5000M) 41051510230
433 . L
Compatibility with Be No data (under investigation)
434 . L
ineracion vit UKL movery S refsingn55% 919
Reprocessing Liquid
435 90%Li after 4 h in 95% aqua-
Interaction with Acid regia+S%HF. 4
: Li Dissoluti 84% after 15 h in IM HNO3 at 323K,
Table 4.4 Tritium solubility and transport of Li,TiO, (8)
The Range of Validity or Reference
Item DataNo| Data Unit Data of Formula Expression Remark Figure | Ref
‘l‘.;‘ Tlrmsm No data (under investigation)
44.2
Tritium Diffusivity ! -10° | cm’s 600C )
2 5.16 7 1 . Li/Ti=19, 80%T.D. (e=0.2)
107 m'ys [6455(1-) (Thermal diffusivity) 2
Not
3 available 3.4
443 B Interaction with hydrogen
Hydrogea Solubility S3X 107 exp (+3600/T) mol-ft/Pa 573STS 773K, 2~100kPa 3.4
444 -
Hydrogen Adsorption No data (under investigation) 3).4)
4.5 . .
Tritium Solubility No data (under investigation)
44.6 Iﬁg.
Tritium Desorption Expression Fig4.42 16)
4.4.7 . Fig. Release rate rapid by increases
Tritium Release Expression %hm heated from 2007C to 250 |Fig.4.4.1 17
2 [Fe Figdd3 | 15)
Fg. .
3 g £ con Fig4.4.4 17)
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Table 4.5 liradiation effects of Li,TiO, (B)

The Range of Validity or Reference
Item Data No. Data Unit Data of Formula Expression Remark Figure | Referencesy
éi:n Growth No data (under investigation)
;.‘vslflling No data (under investigation)
l"ims':s’ical Integrity No data (under investigation)
e No data (under investigation)
455 o Cond y No data (under investigation)
4.5.6 JE No data (under investigation)
o o's Mot No data (under investigation)
4538
Compressive No data (under investigation)
S!rﬂlgth
459 ——
. No data (under investigation)
Bending Strength
oo 100138 i rmp s 9.9
2. | ram| s W)
Helium Retained 4 ((37731()) * Bum up stom % : 0.007
4511 Not
Tritium Diffusivity Available (under investigation) 4)
The Range of Validity or Reference
Item Data No. Data Unit Data of Formula Exp Remark Figure | References
45.12
Tritium Regidence 1 <t h 1 um graing, 400C, 80%T.D. 3)
Time
2 Roughly similar to Li,ZrO, 4
4513 1SMWeyr/m’, 1 h cooling, o
After Heat 0.05 W/iem® 85% dfue. 2~100 times lower
65,14 ore 10 times Tower than
US Class C Waste 0.17 Li;Zr0;. 3),4).6)
Disposal Rating 1SMWeyz/m’, 10yr coolin
Table 4.6 Effect of thermal cycling on strength of Litium titanate spheres
Samples Compressive Number of thermal cycles
strehgth
0 3 6 9 12 15
No.1 sample Strength(N) 40.9 4.9 43.1 42.7 42.3 2.7
1498 K/4h .
Weibull modulus 7.4 4.7 5.4 4.7 4.0 5.3
No.2 sample | Strength(N) 35.6 4.4 9.8 33.4 32.5 3.1
1573 K/4h -
Weibull modulus 4.4 4 2.3 4,4 3.2 3.8
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Specific heat, J/kg-K
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Roux 87%
Davis 86%
T&F 81.4%
T&F 80.2%
T&F 75.4%
T&F 72.3%

— Fit, 86%
—Fit, 81.4%

500 1000

T, K

1500

— Fit, 75%

Fig.4.1 Thermal conductivity data for Li2Ti0a. The curved lines® 12 .17
are from the fit given in Table 4.1.
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Fig.4.2 Specific heat data for LiaTiOs. The dashed curve is the?-'¥®
fitting equation given in Table 4.1.
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Pig.4.3 Measured thermal diffusivity of 87X dense LiiTi0:. The - !®
values for each group are an averlay of two or three separate runs.
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Fig. 4.4.1. Isothermal tritium release at 300°C, 280°C, 250°C, 200°C in He + 0.1% Ha
purge gas, flowrate 2.4 Ih-! for Li,TiO; * .
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Fig. 4.4.2. Tritium desorption curves for Li2ZrOs and
LizTiOs at a linear heating rate of 2 K/min, pure He

sweep gas .
20000 T T T T T T T
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200 300 400 500 600
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700 800 900 1000

Fig.4.4.3. Effect of purge gas composition on tritium release from'”
sample sintered at 1498K and heating rate of 2K/min. (Li1Ti0s)
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Pig.4.4.4. Effect of siatered temperature on tritiwm release for a '"
purge gas of pure helium and heating rate of 2K/min. (Li2Ti0s)

5. Concluding Remarks

In this compilation, the authors did not review and evaluate the collected data on
the properties of Li;TiO3. This is because that there might be still some oversight of
existing data which are believed to be important, and hence it is premature to make
review and evaluation. From this viewpoint, the authors will continue to direct their
efforts to collect relevant data not only for Li;TiO3; but also other candidates of breeding
materials, neutron multiplies, construction materials, cooling and so on.

However, owing to the limitation of our research and searching activity, there may
be still oversight of existing data. So the authors are very much grateful for being
notified existing data as well as being assisted for collecting the data and/or supplied

with them. Only with such collaboration, we can construct the complete database on
breeding blanket materials.
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