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Outgassing, induced by very long RF waves injection (up to 6000s ) at high power density , is studied 
with a module, able to be used for a lower hybrid frequency antenna. 

A large outgassing data base is provided by 75 shots cumulating 27 hours of RF injection. 
Outgassing rate is documented after different thermal pre-treatments, and in various conditions of 

cooling, RF power level..Relevant parameters are identified and values of outgassing rates are given in order to 
design pumping system for a large antenna. 

^INTRODUCTION. 

Non inductive current drive is an important 
issue for a fusion reactor operating quasi 
continuously. Lower hybrid waves are an attractive 
candidate since they provide, so far, the highest 
experimental current drive efficiency. 

In order to design large antennas, able to 
launch severals tens of MW, different technical 
choices have to be assessed. One of these is related 
to the ouigassing of the waveguide walls induced 
by RF losses during high power injection. 

For this purpose, a multijunction type test 
module was fabricated by JAERI with reactor 
relevant material and tested at high RF power (up 
to 20 kW/cm2 at a fequency of 3.7 GHz) at the RF 
test facility of Cadarache (CE A). 

2.THE ANTENNA MODULE 

The mullijunction-lype module [1] is 
composed 4 adjacent waveguides (dimensions : 7.5 
x 57.3 mm2) fed by a main waveguide (dimensions 
: 36.0 x 57.3 mm2). The total length is 1.0 m 
and the outgassing surface is 0.93 m2. Water flow 
channels allow a temperature control and CW 
operation. The module (Figure 1) is made from 

materials with high mechanical strength up to 
500°C: dispersion strengthened copper (DSC) and 
copper-coated stainless steel for the waveguides, 
stainless steel for the cooling channels. The 
waveguides are bonded by a high pressure diffusion 
technique [2]. Pumping holes insure a large 
conductance and a low pressure gradiant in the 
waveguides. 

septum plates_ 
cooling channel- (copper clad DSC) 

brazing _ '-diffusion bonding 

Figure 1. The antenna module. 



3.0UTGASSING 
PROCEDURE 

EXPERIMENTAL 

The module is installed in a large vacuum tank 
(0.142 m3), bakable up to 450°C The module is 
connected, at die input and output to low RF losses 
waveguides with thick walls to insure low 
temperature increase and low parasitic outgassing 
from these parts during experiment. Effective 
pumping speed is 0.2m^/s and base pressure is of 
the order of 10"5 Pa at 2O0°C. 

Outgassing rate of the module during long RF 
pulses is documented after different thermal pre-
treatments, performed either at the base pressure or 
at a pressure of 10 Pa with H2/D2 prefilling as 
indicated in table 1. 

Table 1 
Thermal pre-ireaiments of the module 

Treatment 1& 2 

Treatment 3 

Treatment 4 

Treatment 5 

300°Q60h 

300°C/50h + 
300°C/10h/PH2=10Pa 

400°C/45h + 
450°C/10h 

400°C/45h + 
450°C/8h/PD2=10Pa 
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4. OUTGASSING EXPERIMENTAL 
RESULTS 

4.1. Outgassing evolution during an RF 
injection 

RF losses induces a heating of die walls of the 
module at a constant rate dT/dt (no cooling case), 
proportional to the input RF power. Under diese 
conditions, a quasi-exponential increase of die total 
pressure is measured (Figure 2). The same trend is 
deduced for partial pressures and concentration of 
main desorbed species (H2, H20,CO, CC7) is just 
slightly changed, when the module is heated up 
from T = 200°C to T = 400°C, whereas ihe total 
pressure increases by more than one order of 
magnitude. 
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75 shots are achieved with RF injection 
duration ranging between 1 and 101 min. (between 
5 and 30 min. for most of die shots ) cumulating 
11.5 GJ of injected energy during experiment. 
Maximum temperature is limiied to 500°C for 
protection of die module. The main experimental 
parameters which are varied are : 

- RF power level (5,10,15 and 20 kW/cm2) 
- Thermal kinetics (no cooling and air /water 

cooling) 
- Gas puffing before/during RF injection 

At the same time, the effect of conditioning, 
provided by the shots, is also studied. 

Figure 2. Time evolution of temperaure, total 
pressure and gas composition during RF injection 
(lOkW/cm2) 

The specific effect of the waveguides wall 
temperature T is studied by varying die temperature 
kinetics and comparing shots, for example, at 
different RF power levels. When plotting the 
outgassing rate, on a logaritmic scale, versus 1/T 
(Arrhenius plot), experimental points lay on die 
same line for the 3 RF power densities (Figure 3). 
The same result is obtained when comparing shots 
with cooling (injection time : 6000 sec.) and no 
cooling (injection time : 1900 sec.). 
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Figure 3. Arrhenius plot for 3 shots at 
different power levels 

4.2. Outgassing evolution with 
conditioning and thermal treatment 

The baking provided by the large temperature 
excursion, up to 500°C, during RF injection, is 
efficient to reduce the outgassing rate : after 
treatment 1, the outgassing rate measured at 400°C 
is reduced from 4.10"4 Pa-m.s*1 to 10'5 Pa.m.s*-
(Figure 4). After air exposure and a new thermal 
pre-neatment, benefit of the previous series of 
shots is partly lossed but quickly recovered and 
important reduction of the outgassing is always 
observed from shot to shot 
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Figure 4. Histogram of the outgassing flux 
measured at 400°C. 

400/450cC baking is found to be efficient to 
reduce the outgassing rate ; for the first shot (closed 
circle of figure 3). the outgassing rate is reduced 
from 10"4 Pa.rn.s-1 to 10-5 Pa.rn.s~1. "Ultimate " 
outgassing rate is also reduced, from 4.10"^ 
Pa.m.s-1 to 10"6 Pa.m.s*\ The same evolution of 
the outgassing is measured at 300°C and 500°C. 

Pre-treatment in H2/D2 atmosphere has a weak 
effect on global outgassing, but in the case of D2, 
deuterium atoms are desorbed (D2, HDO, D2O) all 
along the following series of shots. 

4 3 . Outgassing of a cooled module 

In order to change the thermal kinetics, air and 
water cooling of the module are tested. 

Air cooling allows to extend the time injection 
to 6000 sec., at the 5kW/cm2 level, before reaching 
500°C, but stationnary outgassing is not obtained 
since temperature is still increasing at the end of 
RF injection at a rate dT/dt S 0.025 K/s (Figure 
5). 

SN 936 - 5kW/cm2 with air cooling 

1 0 0 •• . • --! 2 0 
incident p o w e r -

reflected power-— 

0= 
"Q I O H . — D 2 injection 

2000 4000 
time (s) 

6000 

Figure 5. 6000sec. RF injection (5kW/cm2) 
with air cooling of the module. 

Water cooling leads to the demonstration of 
stationnary outgassing during a 1800 sec. RF 
injection, at the IS kW/cm^ level. Temperature rise 
rate is very low (dT/dt S 5.10"3 K/s) and the 
outgassing rate is 3.1G"7 Pa.m.s"1 for a maximum 
temperature of 180°C (Figure 6). 
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Figure 6. Time evolution of RF power, 
temperature and pressure for a water-cooled module. 

5.Desorption model 

Outgassing can be described by a surface 
desorptiofl model 

<X0- -y -v n . o«« . exp( j j | ) (1) 

where O" is the molecule coverage, E the 
activau'on energy and vn a constant. 
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Figure 7. Computed outgassing rate (a) and 
molecules coverage o* 0)) as a function of 1/T for 
2nd order reaction and 3 initial coverages OQ. 

Computation of equation (1) shows a linear scaling 
of Ln Q vs 1/T for 1st order reaction (n=l) as well 

as 2nd order reaction (n=2) in a wide range of 
temperature Trj<T<0.9Tm. Q saturates when the 
molecules coverage a is depleted by 50% from the 
initial coverage ag for T= Tm, and further falls 
off (Figure 7). 

Experimental data fit this model up to 400°C, 
with an activation energy E = 0.35 eV (±0.15 eV). 
However, saturation expected between 350 and 
400CC is never observed because other mechanisms, 
such as readsorption, occur. 

Above 400oC, experimental points lay 
above this linear dépendance (Figure 4), suggesting 
a transition from s surface limited desorption to a 
bulk limited desorption. Because of the very low 
diffusion coefficients for H2O, CO and CO2 in 
metals, this bulk desorption may rise only from a 
thin layer of a typical thickness of about 5.10"° m 

6.Conclusions 

During high power RF injection, the 
parameter controlling the outgassing is the 
temperature of the waveguides walls. Strong 
decrease (by 2 orders of magnitude) of the 
outgassing rate is obtained by thermal baking 
provided either by a pre-treatment or the RF 
injection itself. Stationnary outgassing can be 
obtained by control of the temperature (cooling). 

These outgassing measurements are consistent 
with previous results obtained on Tore-Supra [3], 
with low baking temperature, and on TdV [4], with 
high baking temperature. 

In order to design the pumping system of a 
large lower hybrid waves antenna, the following 
ouigassing rates, for a copper alloy (DSC) antenna, 
can be given : 

300°C baking q = 1.10"5 Pa.m/s at 300°C 
q=1.10-4Pa.m/sat400°C 

450°C baking q = 3.10"7 Pa.m/s at 300°C 
q= 1.10"6 Pa.m/s at 400°C 
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