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2X1 IB GETTER MATERIAL PROBLEMS* 

G. E. Vogtlin 

University of California, Lawrence Livermore Laboratory 
Llvermore, California 

Introduction 

The 2X1TB machine is implementing a computer con
trolled Getter system using titanium alloy wires. The 
primary objective of the coxpyter controlled Getter 
system is depositing a cl^an titanium coating that 
pumps incident deuterium ions and neutrals. The sur
faces that face ttie incident plasma have been sand
blasted to reduce peeling of heavy accumulations of 
titanium. The sandblasting appears to cause a very 
uneven crystal growth and a large increase 1n surface 
area (see Fig. 1). Point sources of titanium have not 
been considered since the shadowing of the uneven sur
face would be considerable. Line sources, such as, 
the titanium alloy wires are much easier to implement 
when uneven surfaces must be covered with titanium, 

A consideration in the ooeration of the machine 
is ho replacement of titanium getter wire. Usually 
fc- wires are used sequentially in 90 separate loca
tions. The average length is greater than one meter 
with more than 500 meters of .32 cm wire required. At 
present the wire life is about 100 minutes, or less 
than 400 machine operations. At least one minute of 
gettering is utilized before operation. 

2X1IB Getters 

Two types of titanium alloy wires have been used 
on the 2X experiments. The original wire was 85 per
cent titanium IS percent molybdenum alloy wire, 0.2.1 
cm in diameter. The aavantaqe of tnis wire over oth
ers was that the rate of gettering could be varied by 
changing the current and could bf> held relatively con
stant during the wire's lifetime (see Reference 1). 
Larger diameter wire was later used, .318 cm, which 
permitted longer life. At present an alloy of 85 per
cent titanium 15 percent molybdenum, .318 cm in diame
ter, is being utilized (see Reference 2), 

The getter wires are required to lay down a nini-
mum amount of titanium each nachine operation. This 
means that normally the rate is set higher than the 
minimum to assure required coverage. If the wire var
ies in diameter or characteristics, the currents used 
arc determined by the maxima diameter, since this re
sults in the minimum rate. The life, however, is set 
by t'*e minimum diameter, since these areas have the 
highest rate. 

Diameter variations in the getter wire being used 
at present is greater than sU. Ti-Ta Wire purchased 
in previous years had diameter variation of less than 
±0.22. The effect of diameter variation on rate is es
sential to determine an optimum getter lifetime. 

A problem limiting life of the Ti-Ts Wire is the 
change in length with time. Shrinkage late in tim; 
has been as much as 12% and growth over J* early in 
time. The growth combined with thermal expansion of
ten >horts out. the wires due to sagging while failure 
late in tine is frequently due to the wire or supports 
failing 1;i tension. 

Computer Capability. 

The 2X facility has a digital computer assigned 
to machine control. This computer has the capability 
of determining the RMS current through all 90 getters 
to an accuracy of ±0.2%. It also can adjust each pow
er supply as required. At present it is being used to 
initially set the currents and then monitor and detect 
wire failures. If the wire was completely uniform ard 
characterized, then it should be possible to determine 
the optimum current at any time to achieve maximum 
life. 

Mathematical Model 

The usefulness of the computer is limited by the 
variables that are considered. The present method of 
operation uses constant voltage at the power supply as 
the rate determining factor. Hany other variables in
teract. The actual gettering rate is a function of e-
vaporation rate, surface reaction rate and diffusion 
rate (as in Reference 3). The temperature effect on 
evaporation car. be estimated by assuming that the e-
vaporation rate is the same as that for pure tltaniun 
since Lawson and Woodward1" found fair agreement be
tween the Ti-Mc alloy and pure titanium. Carpenter 
and Main3 equation for pure titanium evaporation rate 
1s 

Log ET 1/2 _ -2.42 x 10 + 9.79 O) 
where E is the evaporation rate in gm/cm /sec and T is 
degrees Kelvin. An example of the effect of tempera
ture is that 7° Kelvin would cause a \2% cnarge in 
rate5. 

The energy electrically introduced into the wire 
is equal to the radiated energy if heat of vaporization 
and end effects are neglected. The radiated power can 
be estimated by the "Stefan-Boltzmann" law of total ra
diation {see Reference 6) and is proportional to the 
area, emissivity, and the fourth power of the absolute 
temperature. If the electrical energy 1s equated to 
the radiated energy, then the following relationships 
can be derived for Temperature. 

, i<W>* (~n—' 

T = ( -
1/4 

48K 1 rL < : 

T - temperature degrees Kelvin 
I - Current amps 
r = resistivity 
D = diameter of wire 
6 = total emissivity 
K, = constant 
L = length of wire. 

(?) 

(3) 

* Work performed under the auspices of the United States 
Energy Research 4 Development /Idroinistmion W7405-EHG-48 



These equations show the sensitivity of evapora
tion rate to small changes in the variables. For exam
ple a one percent change in diaweter along the length 
of wire should in the first equation cause a .75'; 
change in temperature or at 1800"K, 13.5*. This in 
turn would cause a rate variation of greater than 20V. 
The variation of wire length by one percent in the sec
ond equation would result in a 0.5« change in tempera
ture or a rate change of 15%. 

The wire in present usage is set up to operating 
current and then held to a constant voltage at the sup
ply during operation. The current decays as the re
sistance of the wire increases. Other variables that 
are changing during the wire's life are the emissivity, 
resistivity, and the length of the wire. 

Another factor that can be important is the re
sistance between the voltage regulator and the wire. 
This resistance modifies the decay current since it 
acts to regulate it. Resistances on the order of one-
third the wires resistance can have a significant 
effect. 

Diameter changes experienced at end of getter life 
on 2XIIB are less than 15S. This indicates volume 
change of 28%. The end of getter life occurs when the 
rate falls below an acceptable level. A goal in 2X se
ries of experiments has been to reduce the heat load. 
This can be accomplished by operating the getters at as 
high a rate as possible without failure. The data 
shown in Figure 2 was taken from Reference 1. It indi
cates rate variation due to time and current. If the 
evaporation rate is integrated until the line AB is 
reached, the integrals vary by less than 55. This in
dicates that another factor may be more important than 
the variables mentioned previously. A mechanism that 
could be responsible is the diffusion rate. Some sam
ples of the titanium molv hire have shown a structure 
of an outer shell with a liquid netal core when they 
fractured. This might indicate a steadily increasing 
layer of alloy that limits the diffusion. If this v/ere 
the determining factor, it would explain the decay in 
Figure 2 and show that if higher rates are desired, 
that less titanium can be utilized. 

Mire Selection 

The choice of a getter wire for computer control 
should be primarily concerned with repeatability. The 
wire must be consistent as possible. Certain variables 
are more important than others; for example, in equa
tion 2 the effect of small charges in diameter is three 
times the same change in emissivity. The diameter var
iation, however, initially is at most like 2% while the 
total emissivity can vary by almost a factor of 2 (see 
Reference 5). The diameter change along the length of 
a wire, however, can be enhanced since the high evapo
ration rate in one area reduces the diameter of that 
area further and increases the rate. 

An example is shown in Figure 3 of the diameter of 
a Tl-Ta wire 36 inches in length. This wire varied o-
riginally from a diameter of 3.223 mm to 3.162 mm. 
Figure 4 represents the change in area versus the ori
ginal diameter. There is considerable scatter which is 
probably due to variations in emissivity, since the 
wire as received has die marks and scratches that vary 
along its length. The line drawn would indicate that 
less than 2% change in diameter results in a factor of 
2 in total metal deposited after 130 minutes of getter-
ing. The 2% difference in diameter has been increased 
to n.ore than 12". Fro- equation 2 it can be seen that 
the temperature is different by a factor of 10~', if all 
other variables are the same. If equation 1 is used, 

this would result in an evaporation rate difference a-
long the length of the wire of greater than 3. More 
probably, the rate is actually diffusion limited since 
the wire is much reduced in size. 

Another consideration that must have an effect is 
the accuracy of the alloy mix. Small percentage dif
ferences could vary the resistivity and the rate of 
emissivlty change with time. 

Conclusions 

The unifo-mity o~ wire characteristics is vital 
to the reliable lor.g-time operation of the titanium al
loy wire. Of particular importance is the diameter, 
total emissivity, and alloy mix. The getter wire must 
be operated at a minimum rate while the life is deter
mined by the maximum rate. 

At a particular current the difference between 
the maximum and minimum rate is determined by varia
tions in wire characteristics. Small percentage vari
ations in these characteristics can result in large 
variations in gettering rate. 
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FIGURE I. 
SCANNING ELECTRON MICROGRAPH OF TITANIUM DEPOSITED IN 2 X 3 3 — B 
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ORIGINAL DIAMETER IN MILS 

W * , Ol 

- r " , r r r T l i " • | . . 1 1 | 1 I T T | < l l 1 1 ' T I T T T T 1 | T 1 1 1 | T T I T ] T n . | I T I T , T r I i | 1 1 ' 1 | ' 1 i T | 1 I I i | i I I i | 1 1 1 1 | 1 1 1 1 | 1 1 T • 

* 
y 

bi / 
© ° / 

o -•n 
5 
3) © / 

0 / © 
x, ra , / 0© 
o 
I 

1* 
C5 

1 

© / / © 
tn - $r O 
5 » 
5 

7 
0 / 

G 0 O 0 ° 0 
G © 

5 „ 0 / 
m © / 
3) © 
to © 

TO 

Q © © 
* '-

/ © 
0 

in -

m -
X> & 


