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ABSTRACT 

 TRASCO-ADS is a national funded program in which INFN, ENEA and Italian 
industries work on the design of an accelerator driven sub critical system for nuclear waste 
transmutation. TRASCO is the Italian acronym for Transmutation (TRASmutazione) of 
Waste (SCOrie). 
One of the most critical aspects of an Accelerator Driven System (ADS) is the interface 
between the UHV environment of the accelerator and the pressurized system of the 
spallation target (a contained plenum of Pb-Bi eutectic at 400°C with a gas ceiling at about 
1 bar). The 'window' is the physical interface between the two environments. 
Thermomechanical and radioprotection issue point out that the window is a critical issue. 
The windowless interface consists of a system where the spallation target and the linac are 
separated only by a progressive dynamic pumping system that connects the vacuum of the 
linac accelerator and the coolant flow of the spallation target. This paper reports the 
theoretical and experimental work that is running to investigate the gas and vapors load and 
their interaction in the interface system. The need for a validation of the model gives the 
motivation for an experimental setup whose results are also presented. The final objective 
of this work is the dimensioning and the validation of the vacuum system of the interface 
region area. 

INTRODUCTION 

 Research and development as well as design activities on a subcritical reactor driven 
by an external neutron source generated by high energy protons impinging on heavy nuclei 
are in progress in several countries following the Rubbia proposal [1]. Such system, called 
Accelerator Driven System (ADS), aims to fission transuranics and to transmute selected 
long lived fission fragments.  
The Italian TRASCO program [2] aims to study the physics and to develop the technologies 
needed to design an Accelerator Driven System (ADS) for nuclear waste transmutation. 
TRASCO is the Italian acronym for Transmutation (TRASmutazione) of Waste (SCOrie). 
 



TRASCO - WINDOWLESS 

The program consists of two main parts, regarding, respectively, the accelerator and the 
sub-critical system. ENEA, INFN, a few qualified Italian firms and other Italian public 
research institutions participate in the project.  
The main objectives of the research program are: 
 

• Conceptual design of a 1 GeV - 30 mA proton LINAC [3].  
• Development of methods and criteria for neutronics, thermal-hydraulics and plant 

design for an EA-like sub-critical system.  
• Materials technologies and development of components to be used in a plant in 

which lead or lead-bismuth eutectic (LBE) acts both as a primary target and as a 
coolant.  

• Experiments to validate and verify proposed technologies for materials 
compatibility with lead and lead-bismuth alloys. 

 
 The present paper refers specifically to the windowless target solution where the high 
vacuum condition required for the vacuum pipe of the proton beam has no structural 
separation from the flowing LBE that shows a free surface at the impinging protons that 
deposit on the liquid metal roughly 80% of their power keeping the free surface 
temperature around 450 °C. The windowless target solution for the ADS foresees two 
propeller pumps forcing LBE, cooled by the heat exchangers, through the target area. LBE 
flows in the interaction area orthogonal to the proton beam axis providing a more efficient 
heat removal and a lower temperature of the free surface. 
The vacuum technology should cope with the requirement of producing excellent vacuum 
condition along the proton beam line and of protecting the accelerator against 
contamination from vapours and gases released from the LBE free surface. The expected 
outgassing rates for TRASCO linac+reactor operational parameters are summarized in 
table 1. 
 

 Outgassing rate 
[g/year] 

Source 

PbBi – LBE 11500 Evaporation (T = 450 °C) 
Po Still unknown Nuclear reaction 
Hg 150 Nuclear reaction 
H2 6 Nuclear reaction 

H2O 48 Oxidation control 
He 4 Nuclear reaction 

Table 1 - Expected gases and vapors load for the TRASCO windowless configuration from 
the different sources: spallation nuclear reactions, LBE evaporation from the free surface 

and control of LBE oxide concentration. 
 
 

VACUUM SYSTEM DESIGN 

The design of the vacuum system for the windowless solution must deal with complex 
geometries, vapor condensation and gas dynamics. 
A suitable numerical approach based on the angular coefficient method[4]has been 
developed to keep into account all these effects. To validate this new tool and to tune the 
free parameters in the model an experimental measurement campaign has been carried out.  



EXPERIMENTAL SETUP AND RESULTS 

 To test the numerical tool developed, we have arranged two different UHV 
experimental setups to measure properties of liquid LBE and its dynamic in a vacuum 
environment at different temperatures. The first approach directly measures the weight loss 
form a LBE sample, while the second studies the evaporation rate at different temperatures 
and the vapor dynamics. Solid LBE (pure at 99.99%) from ingot was melted under Argon 
to reduce oxidation. A gas mixture of Argon with 5% of Hydrogen has been later injected 
into the liquid LBE to reduce oxides, originally present in the ingot, to metal with 
production of water. The measurement of outgoing water is in relation to the oxides 
concentration in the LBE. This process has been carried out discontinuously during four 
days up to 370 °C. The final content of water is about 40 vppm with ~20 vppm expected 
from the carrier gas (Ar). 

WEIGHT LOSS MEASUREMENTS 

The evaporation rate was measured by means of a gravimetric method. A specimen, 
typically weighting about 40 g was prepared by cutting an LBE ingot. The solid sample 
was then positioned inside a Petri quartz crucible held in position through a ¼” tube also 
containing the sample thermocouple hanging over the LBE free surface at a distance of 10 
mm. The system was then sealed and set under high vacuum conditions. The upper part of 
the quartz bulb (φ = 63 mm, height = 400 mm) was kept at room temperature. After a first 
outgassing at low temperature (250°C), the sample was rapidly heated up to the desired 
value (450°C and 560°C). The sample was then allowed to evaporate under vacuum for 15 
h. After a fast cool down, the sample was weighted to evaluate, by difference, the amount 
of alloy lost due to evaporation.  

EVAPORATION AND VAPOR DYNAMICS MEASUREMENTS – MICROBALANCE EXPERIMENT 

To study evaporation rate and vapour dynamics of LBE,  an UHV oven able to reach 650 
°C has been connected to a 2m long vacuum pipe (CF 63) whose temperature can be 
controlled up to 200 °C. Two microbalances (quartz oscillator thickness monitor) fitted in 
the vacuum pipe can be inserted at 685 mm and 1685 mm distance over the LBE liquid 
surface monitoring the deposition rate with an active area of 50 mm2 and 0.1 nm resolution. 
The microbalances are cooled by water flow. The pumping system consists of a Turbo 
Molecular Pump Unit (300 l.s-1), two ion gauges and a Residual Gas Analyzer. The base 
pressure, after a bake-out, is 2.10-7 mbar. Due to complex geometry of the system, this 
measurement is used together with the numerical approach of the problem to validate the 
model and calculate the evaporation rate. 

RESULTS 

The evaporation rate measured with the weight-loss experiment is reported in figure1. In 
the same figure are reported the results of the evaporation rate from the microbalance 
measurements. While the former are a direct measure, the latter has to rely on the numerical 
model developed. The microbalance experiments were made by positioning a single 
microbalance (upper microbalance, located at z=z1=1685 mm and lower microbalance, 
located at z=z2=685 mm) or both microbalances to study the shadow of one on the other 
and hence the vapours dynamic in the vacuum tube. Using the numerical model developed, 
we could predict the outcome of the double microbalance experiments. The computation of 
the evaporation rate of the LBE can be accomplished using the calculated )(/)( 0 TTads νν  
ratios, where νads (T) can be a condensation rate on the bottom or on the top microbalance 



in a single or in a double microbalance experiment while )(0 Tν  is the evaporation rate 
from the free surface of LBE .  
We have compared the calculated )(0 Tν  values, deduced from the microbalance 
measurements, with the evaporation rates measured using the experimental weight loss 
apparatus described in a previous paragraph and with data available on the literature [5]. 
These data refer to single-component liquid/vapour systems. As a first approximation (to be 
verified), we can assume the Raoult law to be valid for LBE, so that we can compute LBE 
evaporation rate using the pure liquid lead and pure liquid bismuth evaporation rates (of 
course, LBE composition is known). 
 

1.E-6

1.E-5

1.E-4

1.E-3

1.E-2

1.E-1

400 420 440 460 480 500 520 540 560 580 600

T (°C)

E
va

po
ra

tio
n 

R
at

e 
(m

g/
cm

2  s
)

Microbilance Weight loss Pb Bi PbBi Raoult approximation

 
Figure 1 - Comparison between the calculated )(0 Tν values and the pure lead, pure 

bismuth, Raoult-based LBE and weight loss LBE evaporation rates. 
 
Figure 1 shows a good agreement between our data and lead data. The agreement between 
the data reported for lead and the values measured questions the validity of the Raoult’s 
approximation in the case of liquid LBE. 

CONCLUSION 

 A suitable numerical tool has been developed to study the gas and vapor evolution for 
the windowless interface of TRASCO. This new tool needs experimental data on liquid 
LBE in an UHV environment not available in literature. For this reason, an UHV 
experimental setup has been built that allows to measure weight loss and evaporation rate 
from free surface of liquid LBE at different temperature. 
 
Once parameter of the numerical code has been set, we have evaluated the evaporation rate 
and compare it with data reported in literature. A good agreement with lead data has been 
obtained, instead of LBE as calculated from the Raoult’s law. 



The future plan is to study in deeper details the properties of liquid LBE in UHV condition, 
to continue the validation of the numerical model, checking the adsorption at different 
temperature, in view of a complete design of the windowless interface between linac and 
reactor. 
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