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3. Blanket Neutronics Experiments

3.1 Tritium Breeding Experiments with Lithium Titanate in Thermal-type

Mockups
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3.1.1 Introduction

Tritium is a fuel for fusion reactors based on the Deuterium-Tritium (DT) fusion reaction.

It must be produced artificially in a lithium'compound in the breeding blanket which surrounds

the fusion zone. A sufficiently high tritium production performance is an important design

parameter for the breeding blanket. To maximize the tritium production rate (TPR), the lithium in

the blanket is usually enriched in 6Li in current conceptual designs since the reaction cross

section for the tritium production is so high for low energy neutrons compared to that of 7 Li

which is a threshold reaction, see Fig. 31-1. Therefore, the blanket designs contain also neutron

moderating and -multiplying materials for enhancing the tritium production. A primary candidate

for moderation and multiplication is 100
:,Source: FEN DL-2:beryllium. But other materials in the blanket,

E
such as structural materials d

C� 10
impurities may reduce the TPR by neutron

capture reactions such as (n,7) and (n, c.p.

Mock-up experiments with blanket -0
materials are therefore conducted which

ry

0.1allow to study the effects on the TPR
Li na) T

experimentally and also to validate computer 'Li (nna) T ... .. .... ...... ...

code and nuclear cross section data which are 1 E-6 1 E-4 0.01 1 100

essential tools for the R&D work. Figure 31-1 Cross section of tritium production

Recently, integral mock-up experiments reactions in lithium.

with candidate materials for the future DEMO

fusion reactor have been done at Fusion Neutronics Source (FNS) of JAERI. The breeding

assemblies consisted of layers of low activation ferritic steel F82H, lithium fitanate enriched in

1c.p.: charged particle
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6Li, and beryllium. They were irradiated with the DT neutron source of the 80 degree beam line.

3.1.2 Local TPR measurement

A method has been developed which allows to measure tritium directly in lithium

titanate by means of small pellet detectors which can be inserted into holes in blocks of lithium

titanate used to build the breeding layers, see

Figure 31-2. It is expected that the application

of TPR detectors made of the same material as

the breeding layers will reduce uncei ainties in

the measured TPR caused by inhomogeneities2"
6especially in the Li concentration. This is

important because in such a thermal-type

blanket (most of the TPR from thermal and

P ithermal neutrons), the thermal neutron

spectrum and hence the TPR change

substantially within short distances due to the
(6presence of strong neutron absorbers LO.

The method is described in more detail in Refs.

Fig.3.1-2 A block of lithium titanate and a pellet

detector.

3.1.3 Application in mock-up experiments

A typical setup for the initial series of experiments with one breeding layer 40% and

95% 6 Li enriched lithium titanate) is shown in Fig. 31-3 A more detailed description of the

experiments can be found in Refs. 34]. The assembly consisted of sheets of F82H steel,

beryllium blocks and lithium titanate blocks. It was surrounded by lithium carbonate blocks for

shielding off room-retumed neutrons. Measured TPR profiles are shown in Fig. 31-4.

The obtained TPR profile is typical for a thermal-type blanket. It can be seen that the

TPR on the surface of the breeding layer next to the beryllium is substantially higher than in the

middle of the breeding layer. This difference is caused by a self-shielding effect, the very high

macroscopic cross section for tritium production causes the absorption of neutrons entering the

layer with energies below I eV so that they cannot contribute to the TPR deeper in the breeding

layer. These neutrons produce tritium near the surface instead.
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Fig. 31-3 Photograph and cross sectional view at the experimental assemblies with one breeding layer.

Table 3 1 -1 The layer configurations used in the experiments. All thicknesses in mm.

Configuration 6Li enrichment F82H Be F82H Lithium titanate F82H Be

a) 95.00% 0 0 6 1 2 3 200

b) 0 0 6 2 9 200

C) 6 50 3 1 2 9 150

d) 40.00% 6 50 3 2 9 150

3.1.4 Analysis

The TPR in the pellet next to the beryllium layer is about five times higher than in the

deeper positions in the breeding layer. This illustrates the self-shielding effect which is especially

pronounced in case of the 95% enriched lithium titanate. After changing the F82H sheet between

the breeding layer and beryllium from 3 mm to 9 mm the surface TPR drops to four times the

value inside the layer. This effect is caused by absorption of thermal neutrons in the F82H ferritic

steel which containes absorbers such as tungsten 2 and chromium (8%). In case of the

breeding layer sandwiched between beryllium, the TPR on both surfaces is higher than inside the

breeding layer due to thermal neutrons entering from both sides now.
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Fig. 31-4 Tritium production rates measured in assemblies with 95 % (a-c) and 40% (d) enriched lithium titanate,

F82H, and beryllium. For configuration see Table 31-1

The spatial TPR profile looks similar for 40% enriched lithium titanate. However, it can

be seen, that the profile is more flat since thermal and epithermal neutrons can penetrate deeper

into the breeding layer.
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Numerical simulations were done with MCNP-4C [5], the library FENDL/MC-2.0 61

and the dosimetry file JENDL-DOS91 7 For the lithium density, a value of 94 wt% and 11.8

wt% for 40% and 95% enriched lithium titanate, repectively, was used as obtained from an ICP

mass spectroscopy analysis performed at JAERI. The 6Li concentration in the material was

calculated from the enrichment given on the data sheet of the manufacturer. The measured and

calculated tritium production rates are also shown in Fig. 31-4. The calculation/experiment ratio

(C/E) was within the error estimate of 15% (combined experimental and calculation error) for the

mock-ups with 95% 6Li enrichment in the breeding layer. Larger discrepancies were seen for the

mock-ups with 40% enriched lithium fitanate.

3.1.5 Summary

Lithium titanate, an advanced tritium breeding material, is currently investigated in

integral mock-up experiments at FNS A method was developed which allows to measure low

tritium concentrations directly in this material. The local tritium production rate was obtained by

small lithium fitanate pellet detectors inserted into the breeding layers which are dissolved after

irradiation of the assemblies, and the accumulated tritium was counted by liquid scintillation

techniques.

The measurement method was applied in mock-up experiments with candidate materials

for the future DEMO reactor breeding blanket. Experimental assemblies consisted of sheets of

low activation ferritic steel F82H, lithium titanate, and beryllium. Tritium production rate profiles

were obtained and compared with results from calculations with the Monte Carlo neutron

transport code MCNP-4C. In case of the mock-ups with 95% enriched lithium fitanate, the C/E

ratios were within the error estimate while larger discrepancies were observed in case of 40%

enriched lithium titanate.
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