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Al-rich coatings on 1.4914 martensitic steel, produced by different techniques, have been investigated with 
optical and scanning electron microscopy, X-ray fluorescence and X-ray photoelection spectroscopy. Tests for 
their Pb-17Li compatibility and chermocycling behaviours have been performed on some coated specimens. Up 
to now, none of the investigated coatings can be eliminated on the basis of the tests and analyses performed. 
Further work is required to adapt 1.4914 stetl coating techniques to fusion reactor requirements. 

1. INTRODUCTION 

One of the major concern for the future fusion 
reactors is tritium losses through structural 
materials, losses due to the high hydrogen 
permeability through these materials when heated 
at their foreseen working temperatures. This 
concern is particularly true for the breeding 
blanket. A generally proposed solution is the 
coating of these structures with a material offering 
a very low permeability to hydrogen isotopes. 

Among pure metals, gold and tungsten offer 
hydrogen permeabilities low enough to be proposed 
as permeation barriers although they present strong 
drawbacks [1,2]. Generally, carbon compounds like 
TiC and SiC [3], and oxides like Cr :03 or AfeOj, 
have low tritium permeabilities. However, their 
efficiency as permeation barriers is strongly 
dependant on the way they are produced. The 
in situ growth of oxide layers and a coating on the 
surface of the material are generally two main 
routes considered. 

The selection of a barrier is not only based on its 
ability to decrease the tritium permeation. The 
corrosion resistance to the environment and 
possibly the self-healing property have to be taken 
into account. In addition, considering the specific 
fusion reactor environment, the barrier must keep 
its efficiency under irradiation and cyclic thermo-
mechanical stresses. Finally, the production method 
has to be compatible with any heat treatment of the 
steel and complex structure geometries. 

Previous studies have shown that Al-rich 
coatings may act as a good hydrogen permeation 
barrier. This is due to an Al203 layer formed at the 
outer surface of the coating, A1203 being very 

efficient to decrease the tritium permeation [5]. In 
this paper, metallographic characterizations of 
aluminium rich coatings obtained by different 
deposition techniques on the 1.4914 manensiiic 
steel together with the compatibility of these 
coatings with static liquid Pb-17Li are presented. 

2. EXPERIMENTAL 

2.1. The substrate material 
The specific heat treatments necessary to obtain 

the desired martensitic structure of the 1.4914 steel 
(Fe - Cr 10.6 - C 0.13 wt%) are given in ref.[6]. 

Small plates of metal (30 x 15 x 2 mm) and 
inner and outer sides of tubes (0 24 mm, 20 to 40 
mm in length and 2 mm in thickness) have been 
coated. 

Metallographic observations have been made 
using optical and scanning election microscopy 
(SEM). X-ray fluorescence has been used to 
establish the concentration profiles of elements and 
X-ray photoelectron spectroscopy (XPS) analyses 
performed to detect Al at the electrochemical 
coating surface. 

2.2. Compatibility tests and thermal cycles 
Specimens have been placed in static liquid 
Pb-17Li at a temperature of 400°C during 1500 
hours. After this test and after Pb-17Li removing, 
metallographic observations and weight losses 
measurements have been carried out. 
Thennocycling tests on coated samples have also 
been performed (100 thermal cycles under vacuum 
with the wave form: 260°C - 320°C-260°C and a 
speed of temperature variation of 4°C min"1). 
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T-ibie 1. The investigated coating techniques and the suppliers. 

Sucvher- SOCHATA Supplier. JRC-Ispra, Supplier. Laboratoire des 
PRAXAIR Matériaux de FENSCT 

Vapour phase _ , 
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• Af a Ai) c a m e n t a t i o n ' (Aj) . SeCTetel-VV (Al) • D-gun (A1:03) 

Electrochemical deposition 

• Proprietary process (Al) 

2.3. Coating techniques 
The coating processes which have been 

investigated are summarized in Table 1. This step 
being a preliminary investigation, no optimization 
of the operating conditions to coat the steel has 
been performed. This will be done after the 
selection of the most promising coatings. The 
measured coating thicknesses include the diffusion 
zone, if anv. 20 40 60 

DISTANCE fcim) 

3. RESULTS 

3.1. Vapour Phase Aluminization (APVS, 
Sochata process) 

A detailed description of this deposition method 
can be found in ref.[7]. 

A gas tight box placed inside an oven is filled 
with the material to be coated and an Al-based 
powder, not in contact with the material. 
Aluminium halides of several types are formed 
in situ from the decomposition of powder halide 
compounds at a high temperature. These 
aluminium halides react then at the metal surface, 
liberating the halogen molecule while Al is 
deposited on the surface. This deposition technique 
is similar to CVD, except that for the latter, the 
halide compound is prepared outside the reactor 
box. A micrography of a tube coated with this 
technique (1020°C during 3 h) is shown in 
Figure 1. The coating is very regular with the Al 
diffusing down to 60 urn into the bulk. No ciacks or 
defects were observed in the coating. 

3.2. Pack-cementation process 
This process consists of an aluminizarion [7] 

carried out at 875°C during 5 h with a cement 
containing no moderator and characterized by a low 
aluminium content (~ 1% Al in AI2O3). 

Micrographie observations (Figure 2) show that 

Figure 1. Optical micrograph of an APVS coating 
on 1.4914 martensitic steel and relative element 
concentration profiles. 
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Figure 2. Optical micrograph of a coating obtained 
by high activity pack-cementation on 1.4914 steel 
and relative element concentration profiles. 

the coating has a regular thickness of about 20 urn 
including the Al diffusion zone. At the surface the 
Al content is about 40 at.%. The coating surface, 
though homogeneous, seems less regular than the 
APVS coating. Some defects (voids) are observed in 
the coating. 
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3.3. Paints 
Two paints have been deposited on 1.49H steel 

One type, called Sermaloy-J. which is a mixture of 
water, Al and Al-Mg pigments embedded in an 
inorganic matrix, has been projected with a spray 
gun in a series of layers at room temperature, dried 
up at 80°C and heated up to S75°C for Sh, this final 
heat treatment allowing the aluminium bulk 
difiusioR Finally, the paint matrix is removed by 
sandblasting. 

Métallo graphic observations and X-ray analyses 
show that the coating has a regular thickness with 
only very few thin cracks. The outer layer of the 
Coating (,- 40 urn thick) contains about 40 to 
50at_% Al and is coated with an irregular thin 
A1;03 layer ("Figure 3). Underneath this layer, an Al 
diffusion zone extends down to ~ 150 um. 

Figure 3. Optical micrograph of a Sermaloy-J 
coating on 1.4914 steel and relative element 
concentration profiles. 

Another paint has also been investigated, the 
Sermetel-W paint, which is similar in composition 
and spraying technique to the Sermaloy-J paint. 
However, due to the low temperature of the final 
heat treatment (340°C), no aluminium diffusion 
layer has been observed. 

3.4. Coatings obtained by projection 
Three types of projection processes have been 

explored: air and vacuum plasma sprays (APS. 
VPS) and detonation gun (D-gun). An 
austenization treatment of the 1.4914 steel preceded 
the Al deposition by APS or VPS. In order to 
produce a tempering of the steel, a heat treatment at 
750°C under vacuum during 2 h has been 
performed [8]. Microscopic observations revealed 
the presence on the surface of an irregular layer 

Figure 5. a) Optical micrograph and b) back-
scattered electron image of the electrochemical 
coating. 

with a thickness of about 20 to 35 um (set Figures 
4a and 4b). 

Other specimens have been coated with alumina 
projected by D-gun on the 1.4914 steel. In the 
Figure 4c is shown an alumina layer obtained by 
this technique. The layer is approximately 40 um in 
thickness and appears very dense with a low 
porosity level. Moreover, though the uncoated 
material surface has an irregular shape, all the 
defects have been filled up with alumina and the 
outer surface is regular. 

3.S. Electrochemical deposit 
.After chemical cleaning of the surface, an 

electrochemical deposition has been performed 
followed by a heat treatment (650°C during I h) for 
dehydration and adhesion of the coating. In the 
Figure 5a is shown a thin coating at the steel 
surface. AI2O3 has been detected at the surface by 
X-ray fluorescence as well as XPS 
(thickness<lum). However, back-scattered election 
images show that this is not a continuous film 
(Figure 5b), which is confirmed by the absence of 
Al;03 X-ray diffraction signal. 
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3.6. Pb-17Lï compatibility and thermocycling 
results 

Pb-l7Li compatibility tests at 400 °C have been 
performed with plate type specimens coated with 
APS. VPS and APVS methods. In all cases weight 
losses were negligible. The coating morphology is 
remained unchanged after 1500 h in Pb-17LL 
After 100 thermal cycles, no modification of APVS, 
pack-cementation, A1;Û3 D-gun, APS and VPS 
coatings have been observed. Nevertheless, voids 
already observed in the Sermaloy-J coating seem 
more abundant after the thermal cvcles. 

4. DISCUSSION AND CONCLUSION 

APVS and high activity pack-cementation give 
regular and homogeneous coatings. These two 
techniques are very similar and it is not surprising 
to observe similar coatings. However, it will be 
necessary to perform a steel heat treatment to 
recover the martensitic structure. In order to avoid 
the latter heat treatment, it is considered to coat the 
substrate at a lower temperature: for pack-
cementation technique by using a higher Al activity 
cement and for APVS by performing separately the 
cement decomposition and the chemical interaction 
of halides with the substrate (conditions close to 
CVD process). 

The only techniques which do not significantly 
affect the metallurgical structure of the coated 
material are the projection techniques (i.e. plasma 
sprays and D-gun). APS and VPS coatings, though 
irregular, allow to decrease the hydrogen 
permeation by a factor of - 100 to 500 [8]. 
Promising results are expected from this technique 
though, at the moment, they do not allow to coat 
the inside of a tube smaller than 0 30 mm. As far 
as the D-gun technique is concerned, the hardness 
of the resulting coating is very high and may be a 
concern for this coating resistance to mechanical 
stresses. However the D-gun technique is more 
regular and homogeneous than VPS and APS 
coatings. 

The Sermaloy-J paint is attractive by its easy 
mode of operation and may be considered for 
complex structures. Nevertheless, the heat 
treatment influence on the martensitic structure and 
on the coating itself has to be determined. 

The electrochemical coating obtained by a 
laboratory technique must be adapted for the 1.4914 

steel and extensively analysed with suitable 
techniques (e.g. XPS, Auger). 

Up to now-, no elimination can be made on the 
basis of the Pb-l7Li compatibility and 
thermocycling tests. These compatibility results are 
consistent with previous results obtained with other 
Al-rich coatings [9], Though it will be required to 
adapt most of the tested techniques to the 
martensitic steel structure, it is noteworthy that, 
keeping in mind that different techniques may be 
used with respect to different parts of the blanket, 
most of them yield encouraging results. 
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