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C. P. Lungu, I. Mustata, A. Anghel, A. M. Lungu, P. Chiru, C. Porosnicu, O. Pompilian

National Institute for Laser, Plasma and Radiation Physics, Magurele, Bucharest, Romania

2.1.Objectives
Manufacturing of 8 μm Be-coatings of Inconel Cladding and Beryllium tile Markers for installation in JET 

2.2. Beryllium tile Markers coatings
An important goal of the ILW Project is to assess the erosion of beryllium components in order to give best-possible predictions for ITER. To facilitate such studies, so-called marker tiles are being developed. They will be placed in several toroidal and poloidal locations in the vessel. A marker is a regular beryllium tile coated first with a high-Z metal film acting as an interlayer and then with a Be layer of similar density to that of bulk beryllium. To ensure a good adherence and thermo-mechanical (best match of linear thermal expansion coefficients) and physical properties of the marker coatings, nickel (2-3 μm) was selected as an interlayer material to separate the bulk Be tile from a 7-10 μm thick Be layer.  

Due to the bulk-like properties of the coatings prepared by thermionic vacuum arc (TVA) method developed at National Institute for Laser, Plasma and Radiation Physics, Magurele, Bucharest, Romania, this method was used to prepare the “Beryllium tile Markers”. During 2008, the activities for the coating method qualification continued for producing Be-Ni test-samples. Parallelepiped shaped test samples made of stainless steel had to be coated with a Ni layer of 2(0.5(m and then a Be layer of 7-9 (m. 

In this purpose the coating equipment has been adapted resulting in redesigning and manufacturing of the revolving oven for substrates’ heating during coating. It was redesigned and manufactured within “Elementary Processes in Plasma and Applications” laboratory. For the revolving system trimming and for markers’ efficient coating there has been made a stainless steel plate with clipping devices for simultaneous coatings of 3 “marker” plates of 60mm x 100mm x 30mm, each of them containing 60 stainless steel elements replaceable with Beryllium elements, brought by the JET (Culham) collaborators for TVA deposition method qualification. 

To ensure the turning with variable velocity, there has been procured a revolving system with 50:1 scale and three-phase engine powered from the control and power block of TVA deposition chamber. The execution sketch of the sustaining element and the photograph of the revolving system are shown in Figs. 1 and 2. The equipment used for Beryllium tile Markers coatings is shown in Fig. 3.
Using the adapted TVA system, there have been made Ni test coatings using evaporating material of 99,99% purity, acquired from Goodfellow, UK and TiB2 crucibles. There have been obtained Ni layers of 2,3 (m on stainless steel test substrates. To measure the layer there has been used the Balance Quartz Monitor for in situ measurements and depth profiler Mitutoyo device, for ex situ measurements. 
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	Fig.1 The sketch of the sustaining element.
	Fig. 2 Photograph of the revolving system.
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Fig.3 Photograph of the equipment used for Beryllium tile Markers coatings.

The Beryllium layers for tests were made applying negative or positive bias to mass. Figs. 4 and 5 show SEM images of the Beryllium layers morphology
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	Fig. 4 SEM image of the Be film obtained with negative bias on substrate (-200V)
	Fig. 5 SEM image of the Be film obtained with positive bias on substrate (+700V)


The Be films obtained with negative bias show a more dense morphologic structure, which recommends the use of negative bias during deposition. 
AFM measurements revealed also that all the films deposited applying a negative bias were smoother than the ones grown using positive bias applied on the substrate. Figs. 6a and 6b show the AFM images of Be films grown on Si using negative and positive biases, respectively. The average roughness (Rms) of the films grown under negative bias was 7 nm in contrast to the large Rms values (19 nm) of the films prepared under positive bias.
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	Fig. 6  3D AFM for negatively biased (a) and positively biased (b) beryllium films deposited on Si substrate   




During 6-10 May 2008, qualification tests have been developed together with UKAEA Culham, England representatives:  Dr. Paul Coad, Eng. Les Pedrick, Eng. John Vince. The samples received from England for qualification have been:  10 parallelepiped Be blocks of 30x12x12 mm3 and 5 inconel witness samples of 15x20x1.2 mm3. 
There have been made 3 test depositions, using optimized parameters and observing the technological procedure settled together with UKAEA specialists. 

Fig. 6 shows the test samples arrangement diagram for qualification and Figs 7 and 8 show the pictures of the samples on coating device (revolving oven which can heat the samples up to 500oC) before and after coatings, respectively. Fig. 9 shows the profile diagram of a Be layer coated on inconel.  .

The witness samples (inconel tiles) coated with Ni and Be have been tested for adherence by scratching, with the special delivered device by the UKAEA specialists, and have been found proper. The Be thickness layer has been measured with Microderm device from Nuclear Fuel Plant, Pitesti. The thickness obtained was of 8.3 µm, very well matched between the requested limit values: 7-9 µm.

Figs. 10 and 11 show the optical image and the one achieved with the Scanning Electron Microscope (SEM) of the scratches after the adherence test, respectively. Table 1 shows the result of the compositional analysis obtained with the EDS (energy dispersive spectrometry) micro sample, noticing the low content of C and O. 
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	Fig. 6 The diagram for test samples arrangement for qualification
	Fig. 7 Picture of the test samples fixed on the coating device
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	Fig. 8   Picture of the test samples after Ni and Be coatings.
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	Fig. 9 Ni+Be layer thickness, measured with Dektak depth profiler
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	Table 1 Compositional analysis of the Be layer 

	
	
	Elem.  at %

--------------

  Be   94.69 

  C     0.84 

  O     0.47

  Al    0.27

  Si    0.09 

  Ti    2.07 

  Cr    0.09 

  Mn    0.00 

  Fe    1.25 

  Ni    0.22 

  Total 100.00


	Fig.10 Optical image of the Be layer tested for adherence
	Fig.11  Image obtained with the Scanning Electron Microscope (SEM) after the adherence test
	


A sample set (2 Be blocks of 12 x 12 x 30 mm3 and 2 inconel witness samples) have been sent to UKAEA, UK for additional compositional tests.  

2.3. Beryllium coatings on inconel
During 2008, the activities for qualification procedure of the thermal evaporation deposition method have continued, re-examining the qualification documents:

1. The qualification plan: Beryllium coatings on Inconel tiles; 

2. Quality inspection of Beryllium coatings; 

3. Beryllium coatings: technical preparation procedure; 

4. Beryllium coatings: Operating procedure; 

5. Handling, identification and packing the materials; 

6. Beryllium thickness adjustment; 

7. Repairing of the inconel tiles coated with Beryllium.

There have been made Be films coatings on stainless steel test samples and Zirconium alloy tiles, material used in serial production at NFP Mioveni-Pitesti. There have been made new adherence tests to ensure the coatings reproducibility. The samples were measured using the  MICRODERM device of NFP. The values obtained were between the limit values requested by project (the thickness of the Be films 7-9 (m).

During 6-9 May 2008, there have been made Be films coatings for method qualification, on inconel tiles and witness samples, sent by UKAEA, Culham, England, respectively: 2 IWGL Tiles, 4 IWC Tiles, 2 DPC Tiles, 100 inconel witness samples of  6 x 29.5 x 1.2 mm3 and 25 inconel witness samples of 15x20x1.2 mm3.

The tiles and the witness samples have been placed in the deposition chamber, using for Be films coatings the thermal evaporation method, observing the operating procedure approved by UKAEA. 
Figs. 12 and 13 show the photographs of IWGL, IWC and DPC tiles coated with Be and Fig. 14 shows inconel witness samples after the adherence test.  

	[image: image18.png]£
5/30/2008 HV
9:43:17 AM |30.00 kV

a
tilt |
29 ° | INFLPR

spot
3.0

mag
800 x






	

	Fig.12 Inconel  IGWL and  IWC tiles coated with Be by thermal evaporation  
	Fig.13 Inconel  DPC  tiles coated with Be by thermal evaporation  



Fig.14 Inconel witness samples after the adherence test

The thickness measurements (from which resulted that the Be thickness layer was in the range 7-9 microns) and the adherence measurements (from which resulted that the films’ adherence is proper) have been made in the presence of UKAEA specialists.  

An inconel sample set coated with Be has been sent to UKAEA for impurities’ measurements in the coated layers.  

2.4. Conclusions
During 2008 there have been continued the test activities on the beryllium and nickel films deposited on different substrates and also for the beryllium films deposited on inconel tiles to start the fabrication of beryllium markers and inconel tiles coated with beryllium. Using the developed evaporation system, there have been performed beryllium and nickel depositions on inconel test substrates. The samples were tested for adherence by scratching several perpendicular lines with a special device made by  JET Culham. It was observed that the Be films grown using a positive substrate bias presents lower adherence and large Rms roughness, compared to those samples deposited using negative bias. In addition, SEM and AFM measurements revealed that Be films obtained were adherent, compact and smoother when applying a negative bias on the substrate during the deposition. The EDS analyses (Energy Dispersive Spectrometry) made obvious the low level of the impurities included into the prepared films.
To ensure the fabrication fluency, from the moment when the inconel tiles will be received from JET, the experts from the Nuclear Plant Fuel (NFP), Mioveni-Pitesti, have tested the jigging devices adjusted to each inconel tile type for the fusion reactor wall (IWGL tiles,  IWC tiles and DPC tiles respectively). There have been developed new test parts depositions which simulate the real inconel tiles geometry. The test parts were zirconium alloy “appendix”, parts currently used in nuclear fuels production for the Nuclear Fuel Power Station, Cernavoda. Using the MICRODERM device of NFP, there have been determined the deposited layers’ thickness, inclusively in the areas where the samples’ surface is angled in the range 30-60 degrees against the straight line joining the crucible and the sample’s surface. The films’ thickness on these surfaces was in the range 6-7 (m, values admitted within the technical specifications of the project. 

Because JET Culham announced to change the starting date for delivery of marker devices and inconel tiles for production, it was proposed that the budget allocated for the project to be diminished for November and December 2008 and their reallocation for 2009.
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2. Production of Beryllium Coatings for Inconel Cladding and Beryllium tile Markers for the ITER-like Wall project 
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