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Abstract
The SPIRAL2 project is aimed to produce high intensity radioactive ion beams by adopting the most suitable method for each one of these desired radioactive beams. The radioactive ion beams (RIB’s) will be produced by the “Isotope Separation On-Line” method (ISOL) via a converter (i.e. neutron converter) or by direct irradiation. Combination of both methods (i.e. via fission induced by fast neutrons in a Uranium Carbide target or by direct bombardment of the fissile material) it will allow covering broad areas of the nuclear chart. Moreover, it will allow carrying out promptly significant experiments and activities in both, fundamental and applied Nuclear Physics (medicine, biology, solid state, etc).
This document is describing the present status of the neutron converter, including the results of the R&D on the main critical components and maintenance tools.
1. Introduction
The neutron converter has to produce an intense flux of fast neutrons, mainly in the forward direction respect to the incoming deuteron beam, it must induce 1014 fissions per second all over the Uranium Carbide target, which is located upstream the converter. The primary beam consists of 40 MeV deuteron with maximum current up to 5 mA (200 kW). 
The neutron converter is housed inside the production module and is physically separated from the Target Ion Source (TIS) by a stainless steel panel. During operation time, the production module is located in the production area, inside a shielded bunker. Production module removal must be done only by remote handling device. Disassembling, spare parts replacement, or conditioning of elements have to be conducted within the hot-cell to ensure that the radioactivity is confined. The current design integrating the neutron converter inside the production module is shown in Figure 1.
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Figure 1.  View of the neutron converter integrated inside the production module.

The neutron converter is conceived as a high speed (400 turns/min) rotating graphite wheel operating at  peak surface temperature of 1850 °C. 
Nuclear graphite made of natural carbon is a very suitable material as neutron converter. In fact, natC(d,n) reaction is very prolific, especially in the forward direction where the neutron yield is comparable to that generated by other light material converters. 
The thermal properties of graphite (melting point of 3632 °C) allow a compact geometry and the power dissipation from the converter does not demand a sophisticated cooling system. The heat is exchanged by thermal radiation with the water cooled panels.  An electrical motor allows the graphite wheel to rotate.   
At the beginning, while the performance is assessed, the facility will be operated at reduced power, up to 50 kW.  The suitable neutron converter has been studied for this first period and has been designed based on the 70 kW prototype experience [1].

The design of the Neutron Converter Module (NCM) (mechanical frame, cooling system, delay window, remote handling,…) has been conceived to house both converters (50 and 200 kW), according to the user requirements. In practice, to switch the operative power is required to replace only the graphite wheel, not the module. The cooling panels, the delay window, the driving motor and the servitudes remain the same and may be re-used several times. Neutron converter has been conceived to operate as “nuclear device”.
2. The Neutron Converter Module (NCM)

The NCM consists of a mechanical frame which holds the neutron converter, the cooling panels, the graphite wheel, the delay window and the related servitudes (see Figure 2). The NCM is designed to satisfy the requirements of the “nuclearization”. Its installation, removal and maintenance must be done remotely by telemanipulator. 
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Figure 2.
Left – A general view of the NCM.  Right – a transversal cut of the NCM showing the internal components
At the working position the NCM is fixed on the mechanical adaptation ring with special clamp screws. In the very same way, the ring is fixed to the production module flange. The separation between the converter and the target-ion source is provide by two graphite gaskets, type CEFIGRAF from Garlock. A first gasket provides the tightness between the adaptation ring and the production module flange. A second gasket provides the tightness between the NCM and the ring. 
The removable shielding allows the use of the NCM for different target configurations, by modifying the mechanical adaptation ring.
The active part of the converter is represented by a graphite rotating wheel (see Figure 3). The thickness of the graphite plates is 8 mm, well enough to stop the 40 MeV deuteron beam inside (stopping length 5.6 mm). The working temperature is up to 1850 °C and the disk is divided in sectors to compensate the graphite dilatation. 
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Figure 3.  A conceptual sketch of the graphite wheel and a picture of the 50kW prototype.

The converter wheel is driven by an electrical asynchronous motor, housed under vacuum inside the production module and clamped to the mechanical frame of the NCM.
The driving electrical motor has been specially designed to operates under vacuum and radioactive environment [2]. Two couples of ball bearings specially designed to operate at high temperature, under vacuum and in absence of lubricant, assure the converter rotation [3].
The movement is transmitted to the converter through the transmission shaft (see Figure 4), which length varies on function of the converter’s diameter. 
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Figure 4.
Rotation system for the 50 kW converter. The system has been conceived to replace the block with bearings keeping the converter in place.

The correct rotation of the converter is controlled by monitoring three main parameters, independent from each other, i.e. voltage, motor absorbed current, and shafts rotation by inductive pickups located on the motor shaft and the converter shaft. In addition, a pair of thermocouples are monitoring the motor driver and the converter shaft temperatures.

A collimator is installed in front to the converter to protect the neutron converter from beam instabilities and define the right shape of the beam (see Figure 5).
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Figure 5.
The production module with installed the beam collimator (left) and the set up for the 50 kW converter including the water cooled graphite tube (right) .
The collimator consists of 4 sectors, electrically insulated from each other, mechanically mounted on the production module door. The collimator itself is made of molybdenum and the sectors are water cooled through tubular conductors connected externally by electrical feedthroughs. The measurement of the current on the sectors gives position to the beam and allows the continuous beam monitoring.
A water cooled graphite tube is placed right after the collimator, limiting transversally the beam path and collecting the back scattered electrons from the converter surface. 
The “Delay Window” (DW) is a safety device designed for avoiding the direct interaction of the deuteron beam with the UCx target, in the case of failure of the NC and is located between UCx target and the rear part of the NCM (see Figure 6). 
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Figure 6.
A sketch of the Delay Window (left) and the prototype tested with e-beam (right) .
The DW operation consists in the absorption of the beam power (200kW) for a period of time longer than the time required for stopping the beam operation. The device consists of a tantalum disk, 12mm thick, equipped with a few electrical sensors (wires). The experimental results shown that the DW may withstand the beam power for a time of about 700ms, while the measured intervention time is only of 5ms [4].
3. Maintenance of the Neutron Converter Module
The maintenance of the NCM is planned to be done every three months of operation, according to the facility cycling. During the maintenance operations, some critical components of the NCM are integrally replaced while some others that show a longer lifetime are checked and hence reused in the next cycle of operation. Every single component of the NCM has been conceived to be handled by remote telemanipulators, inside the hot cell (Figure 7).
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Figure 7.
A sketch of the of the maintenance tool (left) and a picture of the production module housing the neutron converter module(right) .
The ball bearings sets for the driving motor/transmission shaft and the must be mandatory replaced. 
The visual inspection of the converter, the water cooling, the delay window and the electrical components, is suggested at the end of each working period, at least during the first operative year. 

The neutron converter has about 10.000 hours lifetime, this is more than 4 working periods, after which the wheel must be replaced.

The motor drivers are submitted to an integral dose about 106 Gy every working period and have to be replaced every year.

The graphite gaskets have to be replaced at every disassembling of the NCM.

The cooling panels, delay window and other mechanical components are submitted to a relatively low radiation rate and the accumulated damage is in the order of 1 dpa per 10.000 hours of operation. Their replacement may be planned after reaching the 5 dpa of damage.
4. Conclusions

The development’s plan for the neutron converter is integrated in the general plan of development for the SPIRAL2 project. The development’s plan is mainly based on the fulfilling of several actions related to the successful completion of the R&D program, the full design of the NCM, the manufacturing and testing of the NCM. 
The manufacturing of the NCM and Delay Window are in progress and they delivery to Laboratori Nazionali di Legnaro is planned in October 2013. 

The acceptance tests are planned to be performed within the end of the 2013 and the delivery of the full complex to GANIL/SPIRAL2 is foreseen within February 2014.
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