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Tritium distribution in various metals presenting 
components of the JET vacuum vessel are being studied 
using samples loaded with tritium at a temperature, gas 
pressure and tritium concentration covering the range of 
the JET machine operation parameters. This paper 
presents the first results of the study. 

I. INTRODUCTION 

Operation of the JET machine with tritium plasma [1] 
led to contamination of the construction materials of the 
vacuum vessel and auxiliary systems with tritium. Large 
quantities of metals, such as inconel, stainless steel, 
copper, beryllium and aluminium alloys, present in the 
vacuum vessel will create the stock of radioactive waste 
arising from the machine disassembly. Knowledge of 
tritium activity and distribution in those metals is crucial 
for their decontamination and disposal. Recent analysis of 
stainless steel withdrawn from the tritium collection 
system used for the Preliminary Tritium Experiment 
showed a noticeable level of contamination. That system 
was employed in 1991 and operated at room temperature 
for processing hydrogen containing only 200ppm of 
tritium. Analysis of metal samples withdrawn from the 
auxiliary devices of the vacuum vessel demonstrated a 
level of tritium contamination considerably exceeding the 
Low Level Waste (LLW) threshold, which is 12KBq/g in 
the UK. The withdrawal of samples from the operating 
machine is impracticable. Therefore the study of tritium 
behavior in various metals is being carried out using 
samples loaded with tritium via exposure to hydrogen 
containing large tritium concentrations. This paper 
presents the first results of the study. 

II. EXPERIMENTAL 

Plates of the same size 100mm*40mm*6mm made of 
different metals were prepared and cleaned using the 
procedure adopted for the cleaning of the JET in-vessel 
components. Most of the samples present non-forged 
metals with unpolished surface. The samples were baked 
at a temperature of 770K under vacuum for 12 hours prior 

to loading with tritium. Other samples present either 
forged metals or metals with polished surfaces or were 
not baked prior to loading with tritium. Those samples 
were used to assess the effect of forging, surface polishing 
and heat treatment with respect to tritium distribution. 
The list of the metal samples and their characteristics are 
given in Table 1. The samples were loaded with tritium 
through exposure to gaseous protium, which contains 
tritium. All sample surfaces were exposed to tritium at the 
same time. The range of exposure parameters simulate the 
conditions for tritium contamination at JET. 

Tritium concentration on the surface was measured 
using radioluminography and radiography techniques. 
These techniques were also employed for analysis of 
tritium distribution in the depth of the samples. To do so, 
samples were cut across and tritium concentration along 
the obtained surface was measured. It was confirmed that 
the effect of cutting on tritium depth profile is acceptably 
small. Electrochemical etching was also used for 
measuring tritium depth profile. Side surfaces of the 
sample to be etched were covered with hydrophobic 
coating preventing its reaction with acid. Different 
samples, but loaded with tritium at the same conditions, 
were employed for different analytical techniques. As an 
example tritium depth profiles in the sample S10 
measured using all three techniques are shown in Fig.1. 
Due to its convenience analysis of most samples was 
performed using the radioluminography technique. 
Tritium concentration measured by this method was 
several times larger or smaller than that obtained using 
acid etching or radiography. Both radiography and acid 
etching reveal a possible sharp change in tritium 
concentration near to the surface. The radioluminography 
device employed reads the images in steps of 50 m. This 
did not allow analysis of tritium distribution in the sub-
surface layer of <50 m thickness where the effect of 
sharp increase in concentration was observed [2]. Tritium 
distribution in a thin layer very close to the surface will be 
studied using acid etching with small steps, BIXS [3] and 
secondary ion mass-spectroscopy techniques. 
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 Comprehensive description of the experiments and 
tritium measurement in metals will be given somewhere 
else [4]. 

III. REVIEW OF RESULTS 

Tritium depth profiles shown in Fig. 2 demonstrate no 
obvious effect of forging, polishing and heat treatment on 
tritium distribution in the stainless steel. The same was 

TABLE I. List of metal samples 

ID History of 
samplea)

Tritium loadingb) Tritium 
concentrationc),

MBq/g

Xd),

 F P HT T,K CT,
%

P,
MPa 

CS CSS m

Stainless Steel SS316L 
S1 F NP YES 470 50 0.05 150 170 390 
S3 NF P YES 470 50 0.05 150 515 250 
S4e) NF NP NO 300 50 0.05 1570 360 125 
S6 NF NP NO 300 50 0.05 180 50 130 
S7 NF P NO 300 50 0.05 170 40 110 
S8 NF P YES 300 50 0.05 60 10 110 
S9 NF NP YES 370 50 0.05 110 70 180 
S10 NF NP YES 470 50 0.05 130 240 280 
S11 NF NP YES 300 50 0.05 95 6 150 
S12 NF NP YES 770 50 0.05 545 N/A 
S13 NF NP YES 470 50 1E-4 40 4.5 230 
S14 NF NP YES 470 50 1E-3 40 10 200 
S15 NF NP YES 470 50 1E-2 80 20 370 
S16 NF NP YES 470 1 0.05 20 5 220 
S17 NF NP NO 470 50 0.05 900 180 300 
S18 NF NP YES 470 98 0.05 1170 110 310 
S19f) NF NP YES 470 50 0.05 200 190 350 

Inconel 600 
I1 F NP YES 470 50 0.05 160 320 340 
I3 NF NP YES 470 50 0.05 16O 250 430 
I4 NF NP NO 470 50 0.05 820 245 450 
I5 NF NP YES 300 50 0.05 180 80 140 
I6 NF NP YES 370 50 0.05 450 60 225 
I7 NF NP YES 570 50 0.05 220 490 780 
I8 NF NP YES 770 50 0.05 680 N/A 

Oxygen-free copper 
C1 F NP YES 470 50 0.05 410 10 150 
C2 F NP NO 470 50 0.05 1840 17 140 
C3 F NP NO 300 50 0.05 890 -- -- 

Aluminium Bronze (CuAl10Ni5Fe4) 
A1 F NP YES 470 50 0.05 270 13 125 

a) F, NF, P, NP, HT stand for forged, not forged, polished, not polished, heat treatment 
b) T, CT, P stand for temperature, tritium concentration and gas pressure during exposure. Usual exposure time was 8 hours 
c) CS is tritium concentration on the surface, CSS is tritium concentration in the sub-surface layer of 50 m. Both 
concentrations were measured using radioluminography.  
d) X is the width of the tritium concentration profile at concentration of 0.5CSS
e) Exposure time was 100 hours 
f) All samples were made of metals manufactured in UK, except sample S19 made of Japanese stainless steel 
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Fig. 1. Tritium depth profiles measured in sample S10. 

observed for Inconel 600. Profiles measured in steel 
supplied by English and Japanese manufacturers were 
found to be very similar. Comparison of samples S6 and 
S4 confirms the already reported [5] phenomenon that 
tritium concentration on the surface of metal exposed to 
tritium at room temperature increases substantially with 
duration of exposure. 
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Fig. 2. Tritium depth profiles for samples of different  
            history. 

Fig. 3 and Fig. 4 show the effect of temperature on 
tritium depth profiles in stainless steel and Inconel 600.  

Fig. 5 and Fig. 6 demonstrate effect of pressure and 
tritium concentration in the gas on tritium depth profiles 
in stainless steel.  

The comparison of tritium depth profiles in different 
metals loaded with tritium at the same conditions is 
shown in Fig. 7. 

Table 2 presents a good agreement between diffusion 
coefficients evaluated using experimentally measured 
tritium depth profiles for temperature >370K and that 
calculated using data reported in the literature [6]. The 
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Fig. 3. Tritium depth profiles in stainless steel. 
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Fig. 4. Tritium depth profiles in Inconel 600. 
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Fig. 5. Tritium profiles in stainless steel exposed to 
           different gas pressures 

diffusion coefficient was evaluated by comparison of 
measured tritium depth profiles with that calculated using 
the equation of diffusion into plate [7] 

C(X,t)/C(0,t) = erf[X/(2 (D t)0.5]  (1) 

Where X is distance from the surface , t is time.  
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Table 2 also shows good agreement of CS with 
tritium concentration in the metals calculated using the 
database for tritium solubility in metals [6]. 
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Fig. 6. Tritium depth profiles in stainless steel exposed to 
            gas of different tritium concentration 
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Fig. 7. Tritium depth profiles in various metals 

Table 2. Comparison of solubility and diffusion 
coefficients for stainless steel and Inconel 600 evaluated 

from the experimental data and calculated 
ID From depth profile Calculated [6] 

 D CS D S 
S11 2.8E-9 95 4.4E-12 -- 
S10 3.0E-8 130 8.8E-9 410 
S16 1.8E-8 20 8.8E-9 8.2 
S18 3.7E-8 1170 8.8E-9 825 
S12 -- 545  1540 
I5 2.4E-9 180 9.4E-11 -- 
I6 1.9E-8 450 2.4E-9 -- 
I3 7.1E-8 160 4.7E-8 175 
I7 2.3E-7 220 3.2E-7 330 
I8 -- 680 -- 740 

* D is diffusion coefficient in cm2/s, CS is in MBq/g, S is 
solubility in MBq/g. 

IV. CONCLUSIONS 

Tritium depth profiles in metals exposed to tritium at 
temperature >370K were found in a good agreement with 
classical equations of hydrogen diffusion in metals. Deep 
penetration of tritium in metals at low temperature, 
contradicting the diffusion mechanism, was observed. The 
tritium distribution in the sub-surface layer of thickness 
<50 m might be quite different from that expected from a 
classical approach based on loading rate controlled by 
diffusion. This phenomenon will be studied in the future. 

No obvious effect of metal forging, polishing and 
heat treatment was observed for stainless steel and 
inconel. Large impacts on tritium depth profiles in the 
metals were found for temperature, pressure and tritium 
concentration in the hydrogen, to which the samples were 
exposed to. 

A tritium inventory in stainless steel and inconel 
much larger than that in copper and aluminium bronze 
was observed. 
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