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An irradiation experiment (90 FPD in S1LOE reactor) has been designed in order to evaluate the in-
situ effect of red-ox power of sweeping gas (helium with 100 vpm of H2/H2O with relative 
concentrations varying from pure H2 to pure H2O) on a) Tritium removal from L1AIO2 and LÏ2Z1O3 ; 
b) Tritium permeation through AIS1-316L SS tubes with bare and coated surfaces. 
The conditions and materials explored were selected in order to test possible improvements with 
respect to critical issues for the "Breeder Inside Tube" (BIT) blanket concept development. 

1. INTRODUCTION 

ENEA and CEA are supporting the R&D for the 
Helium Cooled "Breeder Inside Tube" (BIT) 
Solid Blanket Design for DEMO Fusion Reactor 
[1] in the framework of the European 
Community program. 
One of the critical issues of the BIT concept is 
the tritium loss from the purging to the coolant 
gas because of its permeation through the walls 
of the cladding tubes. TRINE experiment has 
been conceived in order to explore "in situ" how 
to minimize the tritium permeation without loss 
of efficiency in tritium removing rate from the 
Li-ceramics by acting on (i) the purging gas 
chemistry and (ii) the development of tritium 
barrier coatings on the cladding tubes. Helium 
purging gases with 100 vpm of hydrogen in 
several oxidizing conditions (pure H2. H2 + 

H20 mixtures, pure H2O) will be tested and 
compared to the reference sweeping gas (He + 
0.1 % H2) for both tritium removal from the Li-
ceramics and its permeation through the 
stainless steel (SS) dads. This paper describes 
the experimental lay-out of TRINE irradialion, 
the fabrication of the specimens, their 
assembly and the characteristics of the 
materials involved. 

2. EXPERIMENTAL SCHEME AND 
SPECIMENS ASSEMBLY 

The experiment will be performed in SILOE 
reactor (CEA Grenoble) for four cycles (about 

,90 FPD). The irradiation device is a CHOUCA 
type furnace containing three capsules and 

specimens are arranged as sketched in Fig. 1. 
Each capsule contains Li-ceramics for tritium 
generation and SiC pellets stack inside the 
volume of the zone devoted to tritium 
permeation through the capsule wall as shown 
in Fig.2. The fabrication, controls and testing of 
the structural materials, instrumentation, final 
welding by automatic TIG were performed by 
FN (Bosco Marengo, AL) following the 
Guarantee Quality procedure as reported by 
the national norm UNI 29002. 
During irradiation each capsule is heated in the 
tritium breeding zone (400-500"C) and in the 
permeation zone (600°C) and is swept inside 
and outside by He doped gas . The exiting 
gases are reduced by a Zn bed held at 380°C 
to convert all the tritiated species in HT or T2 
before reaching the cold line. 

Figure 1. TRINE sample holder scheme. 
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Figure 2. Drawing (A) and radiography (B) o f the assembled TRINE capsule. 

In the inner side, the gas removes the 
generated tritium from the ceramic breeder 
pellet stack. Then tritium is swept to the high 
surface SS tubing (the membrane of the 
capsule) through which permeation is favoured 
by higher temperature. The part of the 
sweeping gas flowing outside the tube carries 
the permeated tritium. The total tritium 
released from the ceramic breeder specimens 
is shared in the two lines due to the permeation 
of tritium through the SS membrane and is 
measured "on line". 

3. Cladding tubes 

3.1. Bare specimens 
Commercial AISI-316L tubes (diam. 19.1 mm, 
thickness 1.63 mm) have been reduced to the 
needed dimensions {diam. 10.0 mm, thickness 
0.5 mm) by several cold drawing and annealing 
steps (at 1050°C) in order to have a final 
solubilization and austenitic recrystallization. 
This work was performed by T.A.I. manufacture 
(Como, Italy). Chemical analysis of final 
specimens were performed using optical 
emission spectroscopy (ARL3400) and a 
LECO-CS244 analyser (for carbon and sulphur) 
to chech that the composition of alloying and 
impurity elements meets the AISI-316L 
specifications. 

3.2. Coated specimens 
The aluminide coating on the 316L steel 
capsules has been obtained by pack 

cementation [2]. The process includes two 
tteps: 1) the pieces to be coated are immersed 
in an aluminum rich cement under hydrogen 
and heated at 750°C (deposition of a brittle 
aluminum rich layer) 2) after cooling they are 
removed from of the cement and heated at 
900°C under argon for 6 hours (diffusion 
treatment). 
The micrograph in Fig.3 shows a cross section 
of the coating on the substrate; the total 
thickness is about 60u,m. It consists of different 
parts. A thin superficial layer very rich in 
oxygen and aluminum and two main layers, the 
outer containing about 20 wt% AI and the inner 
about 6 wt%. Some cracks in the main outer 
layer were observed. 

_A 
B 

Figure 3. Two main parts (A,B) of the 
aluminide coating on 316L substrate (C) 
(magn. 250x). 
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4. CERAMIC SPECIMENS 

4 .1 .L i 2 ZrQ 3 

The preparation process is based on the solid 
state reaction method finalised at CEA for both 
UAIO2 and Li2Zr03. The process leads to 
materials with small and homogeneous grain 
size which, so far, have exhibited good 
behaviour with respect to tritium release [3] and 
thermomechanical performance; the main 
characteristics are reported in Tab.1. The 
process includes the following steps: 
1) blending a mixture of screened U2CO3 and 
ZrC>2 powders in proportions corresponding to 
5% lithium deficiency compared to theoretical 
proportions. The Zr02 powder (supplied by 
Pechiney) has specific surface area 20 m^/g 
and Hf content less than 50 ppm. 2) Twice 
decomposition/synthesis at 700°C for 3 hours 
followed by sieving and blending. 3) Heating at 
800°C for 3 hours sieving and blending. 
4) isostatic pressing at 300 MPa. 5) Sintering at 

1025°C for 3 hours. 6) Machining to obtain the 
required dimensional specifications. 

4.2. L iA I0 2 

The research at ENEA on UAIO2 ceramics is 
mainly directed toward the development of a 
"wet" fabrication route [3,4] which is particularly 
interesting for re-processing ceramic breeder 
materials partially depleted in Li-6. The UAIO2 
specimens prepared for TRINE (A~4) were 
obtained by a "wet" preparation route. The 
method is based on the dehydration and 
denization of Li and Al nitrates solution in 
microwave oven, followed by calcining at 
800°C. The lithium and aluminum nitrates 
solution with atomic Li/AI ratio below the 
stoichiometric value, is continuously stirred 
during the decomposition step in order to obtain 
a very fine homogeneous powder and good 
sintered pellets at 1010°C for 2 hours. The 
main characteristics are reported in Tab.1 and 
Fig.4. 

Figure 4. SEM fractographies of L1AIO2 ceramics for TRINE. 

TABLE 1 Main characteristics of the YL1AIO2 and LÎ2Zr03 sintered pellets. 

Properties L i A I 0 2 L i 2 Z r 0 3 

Apparent density (% of TD) 

Surface Area (m2/g) 

Grain size (u.m) 

80.0 

4.8 

0.5 

79.6 

1.2 

1 



4.3. SiC pellets 
To maintain constant the flow-dynamic 
conditions for the inner sweeping gas line, 
silicon carbide pellets and rods have been 
inserted in the high temperature (600"C) 
permeating zone of the capsules. SiC has 
been chosen because it is expected to be 
inert with respect to tritium and for its 
potential interest as a Low Activation 
Material. The exposure to typical ceramic 
breeder blanket environment will allow to 
confirm its compatibility with tritium and to 
evaluate the effect of neutron irradiation on 
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TABLE 2 Main characteristics of the SiC pellets. 

Starting Apparent Dynamic M.O.R Thermal Sintered 
materials density modulus of conduct. materials 

elasticity 20°C main 
(%T.D.) Ed (GPa) (MPa) (W/mK) phase 

a-SiC 96.6 400 81.7 a 
(B+C) 

a-SiC 98.3 430 370-425 75.8 a 
(B-f-C+AI) 

0-SiC 96.0 380 360 64.5 a 
(B+C) 

a-SiC/ 90.7 250 200 68.0 a 
Graphite 
(B+C+AI) 

LASER 95.0 110 p 
BSiC 


