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ABSTRACT 

The global recombination rate coefficient kr for hydrogen has been measured in 

the TEXT tokamak vacuum vessel for various surface conditions. An attempt was 

made to correlate the measured values of kr with residual gas analyzer (RGA) data 

taken before each measurement of .kr and with the power radiated during tokamak 

discharges produced after each measurement of kr. The results show that k, in- 

creases during a series of tokamak discharges, k, is relatively insensitive to power 

radiated during tokamak discharges, and kr increases with the RGA measurements 

of mass 28 and 40 but not with those of mass 18. In addition, it wm found that the 

mass 18 (H20) signal decreased as glow discharge experiments with hydrogen were 

performed. 
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1. INTRODUCTION 

TI10 liytfrogcn isotopvs chitcriiirn and tritiiini arc iiwd as fiicl for magnctically 

confined fusion reactors. In the interaction of hydrogen with thc reactor wall and in- 

vessel components (e.g., limiters), important areas of concern are fueling, recycling, 

and hydrogen inventory in the solid materials. The hydrogen inventory in the walls 

builds up mainly through hydrogen's surface recombination rate at the wall, its 

diffusion in the solid bulk of the wall, and its solubility in the bulk wall material. 

The effective parameter is alc,/D, where o is the surface roughness factor, k, is the 

surface recombination rate, and D is the bulk diffusion coefficient. 

Laboratory measurements have been made of ok, and D. The results for ak, 

for stainless steel are found to vary by up to four orders of magnitude at any given 

temperature' depending on, with decreasing uncertainty, surface condition, specific 

type of material, and technique of measurement used. Reported values of k, are 

in actuality measurements of o k r a  Experimental measurements of (I have yielded 

values greater than the geometrical area by up to a factor of 20 depending on surface 

conditioning (e.g., mechanical polishing and electropolishing). The results for D in 

stainless steel have been measured but have an uncertainty of pcrhaps a factor of 2 
(ref. 2). 

The largest uncertainties observed in alcr are in all probability associated with 

that is, oxide layer t h i c k n e ~ s , ' ~ ~  oxygen surface c o ~ e r a g e , ~  and surface conditions 

any deposited surface impurity layers. 

The purpose of this experimental work was to study the effects of surface con- 

dition, as determined by outgassing measurements and powcr radiated during toka- 

mak plasma discharges, on the measured values of olc, for various vacuum conditions 

experienced in the Texas Tokamak (TEXT) vacuum vessel. The remainder of this 

paper describes the tokamak and the experimental method, presents the experi- 

mental results, and discusses the implications of the results. 

2. THE TEXT TOKAMAK 

The TEXT tokamak is a moderate-size device with a major radius of 100 cm, a 

minor plasma radius of 27 cm, a centerline field of 3 T, a nominal plasma current of 

300 kA, a pulse length of 500 ms, and a firing period of 2 min. The vacuum vessel is 

type 304 stainless steel with 14 straight bellows sections and no insulating breaks. 

The vacuum vessel is of all-welded construction and uses metal seals for all ports. 
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The vessel is circular in cross section with a volume of 2.5 x lo6 cm3 and a surface 

arcs of 3.7 10' c m 2 .  Thc. ve\scl is p i i m p d  hy two turbornolccular piinips with 

isolatioii va1vc.s. A rcsidual gas analyz(~r ( R  (;A) is provided for monitoring vac- 

uum cleanliness. The nominal cleaning technique is Taylor-type discharge cleaning 

provided by a 400-Bz generator. At  present only ohmic heating is used. 

The facility has a wide range of plasma diagnostics. Of particular interest to 

this experiment is the bolometer system used to measure the power radiated during 

plasma discharges. This system is described in ref. 6. 

3. EXPERIMENTAL METHOD 

The experimental method used in this experiment to determine a k ,  is sim- 

ilar to that used to measure ak, in the Impurity Study Experiment (ISX-B) 

tokamak.' The object is to measure the time evolution of the H2 number den- 

sity in the vacuum vessel during a glow discharge and correlate it with ok,/D. 

This is acconiplished by measuring the time evolution of the pressure. The experi- 

mental method is to pump the vacuum chamber to  its ultimate pressure, usually 

-lob6 torr; make an RGA scan to determine the composition of the background 

gases: then close off all pumping ports so that there is no pumping. The wall out- 

gawing rate is then determined by measuring the pressure rise as a function of time; 

typical outgassing rates range from 5 x 10 l 2  to 1 x lo-'' torr/cm2.s. Following 

this measurement HJ gas i.; admitted to a pressure of about 30 rntorr, and a glow 

discharge is struck by applying a dc voltage between the torus wall and a stainless 

steel electrode inserted into the central volume of the torus. The gas i s  ionized 

to only a few percent, and the discharge current is sustained by ions accelerated 

across the dark space hitting the wall, with the concomitant emission of secondary 

electrons that are in turn accelerated from the wall across the dark space and into 

the glow region. 

Usually the glow discharge was started with approximately 30 mtorr of Hz 

in the vessel. At this pressure and down to about 15 mtorr the glow became 

somewhat unsteady, and usually the glow discharge was purposcly terminated above 

tliis pressure. At  an applied voltage of 440 V the current was steady and constant 

down to pressure below 15 mtorr. 

In those cases where the glow discharge was not uniform and steady, the experi- 

ment wa5 terminated and restarted at a later time. When a nonuniformity was 

visually observed it generally occurred at one of the large diagnostic port openings. 
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The relationship between ak , /D  and the time evolution of the H;! number den- 

sity tliiring t,he glow discharge is given lq 

ak,/Doc ( T w A  v x  L)2 #o , 

where K is the measured slope of the vessel pressure vs the square root of time 

from the beginning of the glow discharge, T, is the wall temperature, A and V are 

the vacuum vessel area and volume, and $0 is the incident ionic hydrogen flux. The 

analytical derivation of Eq. (1) is given in ref. 7. Thc incident flux is determined 

directlv from 

where I is the discharge current, A is the vessel area, f is the average number of 

hydrogen nuclei per incident charge, and y is the secondary electron coefficient.* 

Values of y for HL and H on Hz gas-covered stainless steel are difficult to predict, 

but indications are that 7 may be fairly low (i.e., less than 0.05) because of the 

low electron density in the absorbed hydrogen layer.g Previous measurements of 

the ion energy distributions for hydrogen glow discharges have shown that Hj- is 

the dominant ion at ~ 8 5 %  while M t  was found at a level of ~ 1 5 % ;  therefore an 

appropriate value for f is 1.75 (ref. 1).  Using these two values yields 

For all Irieasurements in this series, the discharge current was held constant a t  

0.87 A so that Eq. (1) becomes 

1 

h - 2  
uk,/D 14.85 x ~ cm2 , 

where the units of K are (mtorr/min1/2). 

Each measurement of ak, /D was preceded by RGA measurements of masses 2, 

14, 15, 16, 17, 18, 28, 40, and 44 and followed by a series of standardized tokamak 

discharges to determine a value for the radiated power. 

4. RESULTS AND CONCLUSIONS 

Data were taken during three separate time periods. The first period started 

November 11, 1985, and lasted four days; the second period started April 6 ,  1986, 

and lasted three days; and the third period started April'21, 1986, and lasted three 
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days. During the first period no radiated power measurements were made due to  

opcrntiorial ~ ) ~ - o l ) I ( ~ r i s  with thv  1)oloriictc.r sptcrri .  Tliv sccond period was terminn tcd 

o i l  April 9. 1986. lwcausc~ of a sorious leak in tlic vc~.\sc~l wall c a u d  by interactiori of‘ 

the tokamak plasma with a weld joint. The iriitial indication of this leak occurred 

on April 8, 1986, with significant increases in the RGA signals of masses 16, 28, 

and 40,  indicating that the leak initially occurred sometime on April 7. It should 

be noted that while the signals from masses 6 16, 28, and 4 0  increased, the mass 18 

signal decreased. The third operating period was terminated due to  the schedule of 

other experiments. 

The first measurements of akr were made during a day of tokamak discharges (1) 

before discharges were begun, (2) during the noon break, and (3) after completioii 

of discharges. The experimentally determined values of ak, /D increased during the 

day from 1.2 x to 2.3 x cm2. Similar data taken on succeeding days 

confirmed the result. Previous work has shown that alc,/D increased with vacuum 

vessel cleanliness over long time periods (;.e., a period of days).’ The present result 

indicates that tokamak discharges clean the vacuum vessel during a day’s operation 

and can therefore lead to varying recycle conditions throughout a day. 

Analysis of R G A  data taken just before and after the vacuum leak leads to  the 

conclusion that the vacuum vessel was initially in a relatively clean state and that 

oxygen entering through the leak was pumped, probably chemisorbed, by the walls, 

while nitrogen and argon were not pumped to  any large extent by the walls. 

As only a very limited amount of data  on the radiated power, PR, was obtained, 

no definitive concliisions can be drawn about a correlation between radiated power 

and ak,. However, it appears that large changes in ak, are not reflected as large 

changes in 1’~. 
Finally, it appears that operation with hydrogen glow discharges removes oxygen 

from the vacuum vessel wall via the interaction of hydrogen with oxygen to form 

water, which is subsequently pumped.” 
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