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A LARG3-SCm (=ETITER PUMPING EXRlRIMENT USING VAPOR 

DEPOSITED TITANIUM F I W  

R. E. Clausing 

ABSTRACT 

The use of titanium ge t t e r  pumping f o r  large vacuum systems i s  

described. Techniques have been developed which give sorption ra t e s  

approaching the  maximum theoret ical ly possible f o r  many of' the chemically 

active gases. A simple method of determining sticking fract ions i s  

described. Sticking fractions f o r  hydrogen, deuterium, oxygen, ui brogen, 

carbon monoxide, carbon dioxide, and methane are given fo r  various films. 

The capacity and sorption character is t ics  f o r  these films are shown. 

Simple and re l iab le  resistance-heated titanium evaporators are  described. 

It has been demonstrated tha t  the pumping methods described provide 

out standing performance and are both rel iable  and practical.  

INTRODUCTION 

The research on controlled thermonuclear fusion a t  the Oak Ridge 

National Laboratory requires very large pumping speeds f o r  hydrogen or 

hydrogen isotopes a t  very low pressures. The vacuum pumping requirements 

range between lo4 and lo6 l i te rs / sec  a t  pressures from lom4 t o  lom9 mm Hg. 
The attainment of these very large speeds with liquid-nitrogen-trapped or  

zeolite-trapped diffusion pumps i s  feasible but would require very large 

and expensive equipment. The space required by such equ ipen t  places 

severe res t r ic t ions  on the design of experimental apparatus and often 

would require compromising the most desirable experimental arrangement t o  

p r d t  the necessary vacuum manifolding and equipwnt. 

A s  a resul t  of these considerations, several other pumping methods 

were investigated. This report describes the equipuent and resu l t s  

obtained thus far nn a large-scale ge t t e r  pumping experiment. 

CONCEPT OF COMBINED (ZYPlER AND DIFFUSION PUMPED SYSTEMS 

Before describing the experiment i n  detai l ,  it i s  necessary t o  

describe some of the  l imitations on the use of ge t t e r  pumped systems. 

 o or the purpose of t h i s  report, a ge t t e r  i s  considered t o  be an active 

metallic surface on which sorption of gases occurs. Such surfaces may be 



prepared i n  several ways but i n  this instance they are deposited on 

sui table  substrates at  low pressures by evaporation from a heated source. ) 

Since the ge t t e r  surface must he prepared at  low pressures, a suitable 

means of bringing the system t o  t h i s  pressure and maintaining it there 

during ge t t e r  preparation must be supplied. The ge t t e r  w i l l  not have any 

appreciable capacity f o r  sorption of i n e r t  o r  chemically inactive gases; 

therefore, an auxil iary method of removing these gases t o  very low 

pressures i s  a lso  required. These and other considerations lead t o  the 

very useful  combination of a large ge t t e r  pumping s p e d  fn r  +-.he ~ L U  of 

the gas load with a modest s ize  diffusion pump system t o  provide the 

i n i t i a l  ptrmp down and the  pumping of chemically i n e r t  gases. It must be 

emphasized tha t  the  diffusion pump forms an essent ia l  part of the  resul tant  

system i n  tha t  it provides the  only means of handling the chemically 

i n e r t  gases which are  inevitably present t o  same extent. If the diffusion 

pump or another means of handling these gases i s  not provided, they w i l l  

accumulate i n  the system and prevent the  attainment of very low pressures. 

OBJECTIVEE OF THE Ex€'llR7MENT 

The objectives of the large-scale ge t te r  pump expriment were: 

(1) t o  determine whether the concepts outlined above could be applied i n  

a prac t ica l  way t o  large devices; (2) to procure data on the operation of 

such a system f o r  the determination of i t s  usefulness; (3) t o  develop the 

techniques and equipment necessary for  r e l i ab le  operation of a large system 

of t h i s  kind; and (4) a f t e r  the first three objectives were accomplished, 

t o  improve upon the  system, if  possible, by developing new or be t te r  

techniques, materials, o r  system concepts. 

DESCRIFTION OF EQUIPMENT AWD PRINCIPLES OF OPERATION 

Figure 1 shows the  original  experimental equiptent. The vacuum tank 

i s  3.6 in. i n  diameter and 36 in. high. It i s  made of aluminum and has a 

removable, water-cooled copper l i n e r  which f i t s  loosely on the  inside. 

The l i n e r  i s  i n  three sections and i t s  original  purpose w a s  t o  permit 

easy removal of the ge t t e r  deposits. It has not, however, been necessary 

t o  clean the  l i n e r  during approx 150 days of operation. The 6-in. MCF 700 

diffusion pump i s  separated frm the  tank by a Freon-cooled baff le  ( - 4 0 " ~ )  
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and an iso la t ion  valve. A vacuum lock i s  provided t o  permit changing 

the  ge t t e r  evaporator assembly. The vacuum seals  on both the tank and the 

lock a re  neoprene gaskets and O-rings with sil icone vacuum grease 

lubrication. 

For measurements of the absorption capacity of the ge t ter  films, gas 

was metered in to  the space between the tank and l ine r  so tha t  it entered 

the l i n e r  i n  an unknown but more or l e s s  diffused way rather than a s  a 

directed beam. Two Veeco RG75 ion gages were used t o  monitor the pressure 

i n  the system. One gage measured the pressure i n  the l i n e r  whi  1~ t.he 

other measured the  pressure i n  the area between the tank and the liner.  

- Actually, due t o  the many holes i n  the top of the l iner ,  both gages 

normally read very nearly the same pressure. The get ter  i s  evaporated 

from a source near t h e  center of the l i n e r  and deposited on the water- 

cooled l iner .  Once the deposit i s  established, gas i s  admitted a t  a 

known rate and tbe  pressure increase noted. !The volumetric pumping speed 

of the  system may be defined a s  the gas input r a t e  divided by the pressure 

at  which the gas i s  pumped. Provided the sorption ra te  i s  not large ( tha t  

is, only 10$ or so of tbe incident molecules are sorbed on one col l is ion) ,  

no serious e r ro r  i s  caused by the system geometry. Figure 2 i s  a 

photograph of the  equipment showing i t s  size and physical arrangement. 

The evaporation source used i n  nearly a l l  of the experimental runs 

discussed i s  shown i n  Fig. 3. It i s  e lec t r i ca l ly  heated by direct  

resistance. About 450-500 amp are passed through the filament a t  a low 
- 

voltage. Approximately 1000-1500 w are required t o  produce the reqlli r e d  

evaporation. The source consists of a 10-in. tantalum rod, 0.170 in. i n  

diameter, the center 7 in. of which i s  wrapped with one layer of close 

wouncl 0.030-in. -d im colmbium wire and then two layers of 0.035-in. -d im 

titanium w i r e .  The wound assembly was bent in to  the shape shown f o r  

convenience i n  passiug it through the vacuum lock. The purpose of the 

columbium wire i s  t o  a l loy  with the titanium and ra ise  i t s  melting point, 

thereby permitting fas ter ,  more eas i ly  controlled evaporation. This 

source w i l l  evaporate about 3 g of titanium per hour and may be used fo r  

at  l e a s t  4 hr a t  t h i s  rate.  



Fig. 2 Rotograph of the Large-Scctle Getter AMp Test Duz-ng aE &aporation. 



Fig. 3 A murce f o r  Evaporation of ntanium which i s  HeateC by Electr ical  Resistance. 



A larger  version of this filament with an act ive length of approx 

35 in., wound in to  a sp i ra l  shape, required approx 7500-w power input at 

500 amp and evaporated at  a r a t e  of 16 g/hr. 

Titanium was chosen for  these experiments on the  basis  of t h e  

information i n  the literature1, * and a few simple experiments with several 

other materials. It i s  not meant t o  imply t h a t  other materials cannot be 

fauna tha t  w i l l  produce re su l t s  as good or  be t te r  than those reported 

herein. 

Figure 4 shows a homogeneous filament made of an a l loy  of tantalum 

and titanium. Evaporation ra tes  from this filament per un i t  surface area 

are  comparable with those obtained from the  previously described sources. 

These alloy sources are potentially capable of considerably higher 

evaporation ra t e s  than pure titanium wire due t o  the  f a c t  tha t  they can 

be operated at  higher temperalures. The alloys can also be formed in to  

wire and heating power may be supplied d i rec t ly  from a Variac-type auto- 

transformer. A somewhat more detai led discussion of both of the  sources 

described above has been published. 

The feas ib i l i ty  of large-scale ge t t e r  pumping, many of the operating 

characteristics,  and considerable improvement of techniques were 

established with tk equipment described. There were, however, two major 

difficultiew with t h i s  apparatus: mere i s  a serious d i f f i cu l ty  i n  

interpretation of very high sorption rates;  and, also, base pressures i n  

the original  system were limited t o  about 3 x loe8 m a  Hg due t o  outgassing 

of system componente. The base pressure l imitation i s  not serious f o r  

many experiments and has been recently lowered considerably through the 

use of a bakable l i n e r  inside the water-cooled l iner .  The bakable l i n e r  

i s  isolated from the  r e s t  of the system by a zeol i te  trap. The d i f f i cu l ty  

i n  interpretat ion of high sorption rates has been overcome by some 

modifications t o  the gas i n l e t  and measuring systems as  suggested by the 

analysis which follows. 

IS. Wagner, J. Phys. Chem. 9 567 (1956); 6& 267 (1957). 

2 ~ .  M. W. Trapnell, h-oc. Roy. Soc. (London) -J 218A 569 (1953). - 
3~hermonuclear Proj. Semiann. Progr. Rept. July 31, 1'360, ORNL30L1, 

p 122. 





Let us consider the  hollow spher ical  geometry, a s  shown i n  Fig. 5, 

with gas continuously emitted uniformly i n  a l l  d i rec t ions  from a source 

i n  the  center of $he sphere. The ins ide  surface of the  spher ical  s h e l l  

i s  coated with a mater ia l  which absorbs a ce r t a in  f r ac t i on  (a) of t he  gas 

molecules incident upon it each time they s t r i k e  the  wall. One may then 

wri te  t h a t  t he  t o t a l  number of p a r t i c l e s  impacting on t he  wal l  per  

second per un i t  a rea  (%) i s  equal t o  

+ (1-a)ne + (1-a) ne + (1-a]3 ne . . . (1) n~ = ne 

where n equals the  number of p a r t i c l e s  emitted from the  source per 
e 

second divided by t he  ins ide  a rea  of t he  sphere and ( l - a )  equals the  

r a t i o  of the  p a r t i c l e s  leaving the  absorbing surface t o  those s t r i k ing  

it. The .term (1-01)n then equals the  number of molecules t h a t  survive e 
the  f i r s t  co l l i s i on  t o  s t r i k e  the  w a l l  again and (a-1) ne equals the  

number of molecules t h a t  survive t he  second co l l i s i on  t o  s t r i k e  t he  wal l  

a t h i r d  time. This s e r i e s  converges t o  a f i n i t e  l i m i t  f o r  a l l  values of 

Q between zero and one so t h a t  t he  t o t a l  f l u x  against  t he  w a l l  per  second 

per un i t  a rea  i s  given by 

and 

Equation (4) i s  qui te  reasonable since it simply s t a t e s  t h a t  t he  

s t i ck ing  factor ,  Q, i s  equal t o  ne (which i n  the  steady s t a t e  i s  the  

number of molecules introduced i n t o  the  system per un i t  time per un i t  

a rea  and must, therefore,  a l s o  be t he  number sorbed per u n i t  time per 

u n i t  a rea )  divided by the  t o t a l  number of co l l i s i ons  with the  w a l l .  

Now consider the  f l u x  of p a r t i c l e s  onto a small surface (A) such a s  

t h a t  shown i n  Fig. 5 so t h a t  p a r t i c l e s  i n  f r e e  molecular flow from the  

source cannot s t r i k e . t h i s  surface except a f t e r  f i r s t  s t r i k ing  t he  sorbent 

wal l  of t h e  sphere. Due t o  the  symmetry involved, t h i s  surface w i l l  

i n te rcep t  p a r t i c l e s  which have made one or  more co l l i s i ons  with the  wal l  



.Fig. 5 Ideal Spherical reomet.sy. 
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but none of t h e  pa r t i c l e s  d i r e c t l y  from the  source. The f l u x  of p a r t i c l e s  

onto t h i s  surface per  un i t  a rea  i s  the  same as t h a t  onto the  sorbent w a l l  

if the  f l ux  of pa r t i c l e s  coming d i r e c t l y  from the  gas source i s  subtracted. 

The f l u x  of p a r t i c l e s  onto t h i s  surface per u n i t  surface a rea  i s  then 

simply the  summation df a l l  of the  terms on t he  r i g h t  s ide  of Eq. (1) 

except n If t h i s  f l ux  of p a r t i c l e s  i s  defined equal t o  n 
e'  g ' 

then subs t i tu t ing  Eq. ( 5 )  i n t o  (1) 

and subs t i tu t ing  Eq. (6) i n t o  (4) 

Now, n can be measured i f  a metered gas leak i s  used and n can be e g 
determined from an ion gage connected t o  an or i face  i n  t he  plane of the  

s m a l l  surface (A) .  The f l u x  of p a r t i c l e s  i n t o  the  gage or i face  i s  assumed 

equal t o  the  f l u x  out of the  gage oriface;  therefore,  one can determine t he  

f l u x  of p a r t i c l e s  n from c l a s s i c a l  k i n e t i c  theory based on the  pressure 
g 

and temperatiwe i n  t he  gage. 

The small values of a computed from the  o r ig ina l  experiment contain 

only a small er ror ;  however, as a becomes la rger  than 0.1, ca lcula t ions  

based un -I;lle or ig ina l  geometry contain an increasing error .  'Yhe numbers 

reported below are  from a modified experiment which i s  shown i n  Fig. 6 

except where noted otherwise. While t he  geometry i s  not t he  i d e a l  spher ical  

geometry described above, it i s  considered a good approximation f o r  

s t i ck ing  p robab i l i t i e s  up t o  0.5 and should not be ser iously  i n  e r r o r  f o r  

even l a rge r  s t i ck ing  probabi l i t ies .  

The gas source con'sists of many small holes d r i l l e d  near t h e  plugged 

end of a 118-in. s t a in l e s s  s t e e l  tube. There i s  an arrangement t o  p ro tec t  

t h e  source from ti tanium deposit ion whenever required. The ion gage opens 

i n t o  the  system so t h a t  it i s  exposed t o  a large  pa r t  of t he  i n t e r i o r  

surfaces but  not t o  the  primary gas i n l e t .  The ion  gage opening i s  a l so  

protected against  t i tanium deposi ts  both by i t s  sel f -shie lding and a 

mechanical shu t te r  arrangement. 
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DISCUSSION .OF EXPERIMENTAL PROmDURES AND FGSULTS 

For s impl ic i ty  i n  reporting, a l l  of the  data  a r e  reported i n  terms of 

t h e  s t icking factor ,  a. Specif ic  speeds i n  l i t e r s  per second per square 

centimeter a t  2 5 O C  can be obtained by multiplying a! by the  constants 

l i s t e d  i n  Table 1. Total  surface pumping speeds f o r  t h i s  system a r e  

obtained by multiplying a by t he  constants, K25, a l s o  l i s t e d  i n  Table 1. 

The a b i l i t y  of evaporated f i lms t o  sorb gases may be influenced by 

a la rge  number of variables.  The data  reported below a r e  qui te  reproducible 

and t y p i c a l  f o r  the  conditions described. It must be realized,  however, 

t h a t  other condit ions not f u l l y  specif ied herein  may cause s ign i f ican t  

var ia t ions  i n  a. One must therefore  be cautious i n  applying these  da ta  

t o  other systems. 

Sorption During Continuous Evaporation 

The f i r s t  experiments consisted of evaporating t i tanium and 

simultaneously admitting a gas t o  determine i t s  r a t e  of sorption. A 

t yp i ca l  curve f o r  t he  sorption of hydrogen i s  p lo t ted  on this type of 

deposit  and shown i n  Fig. 7. The s t i ck ing  factor ,  a, i s  p lo t ted  as a 

function of the  gas-leak r a t e  f o r  a constant t i tanium evaporation r a t e .  

The ordinate on the  r i gh t  ind ica tes  the  volumetric sorption r a t e  f o r  the  

system. 

The v e r t i c a l  port ion of the  curve at high leak r a t e s  i s  due t o  

sa turat ion of the  f i lm  a s  it i s  deposited. For hydrogen under these  

conditions, approximately one molecule of hydrogen i s  sorbed f o r  every 

t i tanium atom evaporated indicat ing t h a t  TiH2 i s  being formed. The por t ion 

of the  curve a t  lower leak r a t e s  ind ica tes  the  s t i ck ing  factor ,  a, increases  

a s  the  r a t i o  or  hydrogen molecules sor'bed t o  t i tanium atoms evaporated 

becomes smaller. A de f in i t e  s t i c k h g  f ac to r  i s  es tabl ished f o r  each 

titanium-to-hydrogen ra t io .  This sti .cking f ac to r  seems t o  approach some 

l i m i t  a s  t he  hydrogen-to-titanium r a t i o  approaches 0.02. Due t o  

uncer ta in t ies  i n  the  base pressure correction f o r  these  data, t h i s  

conclusion i s  only t en ta t ive ,  however, and w i l l  be ve r i f i ed  by experiments 

a t  lower pressures. Figure 8 i s  a p lo t  of a: vs  the  r a t i o  of gas-leak r a t e  



Table 1. Constants fo r  Convers5on of the Sticking Factor (a )  
t.0 Specific Speeds and t o  Surface Pumping Speeds 

 as Species . F25 (liters/sec-cm2) K25 ( l i t e r s / sec )  . . 

Hydrogen 44.2 1,530,000 

Deuterium 31.2 1,080,000 

Nitrogen 11.9 410,000 

Carbon' MonoxMe 13.. 9 410,000 

Oxygen 1.7.. 1 383,000 
. . 

Carbon Dioxide 9.5  327,000 
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Fig. 7 Sorption of Hydrogen onto the Films Formed During Continuous Evaporation 
of Titanium onto a Surface at 10°C. Titanium evaporation ra t e  = 0.018 mole/hr. 





t o  titanium-evaporation rate fo r  nitrogen, carbon monoxide, and carbon 

dioxide. Methane and several i n e r t  gases are  not measurably sorbed under 

these conditions and are  pumped only by the diffusion pump. 

Sorption onto films produced with higher evaporation ra t e s  have 

somewhat higher sorption rates. These data f o r  hydrogen are a lso  shown 

i n  Fig. 8. 

Tne titanium films formed i n  high vacuum depositions on the  water- 

cooled substrate are metallic i n  appearance and have a well-developed 

crys ta l  structure as evidenced by sharp x-ray diffraction patterns. 

Sorption onto Films Previously Deposited i n  High Vacuum 

A second useful pumping technique requires the deposition of the f i lm 

t o  be completed before the gas sorption is  begun. The data from t h i s  

technique are best  plotted as a! vs Q, where Q i s  the  quantity of gas 

sorbed on the fi lm before the data were obtained. Figure 9 presents data 

f o r  several gases. These data f o r  sorption of nitrogen and carbon 

monoxide cmpare favorably with tha t  obtained by other investigators. 4, 

Note tha t  f o r  hydrogen, two curves are given. The curve with the  larger  

sorption ra t e  was obtained on a f i lm formed with a very high titanium 

deposition ra t e  (16 g/hr). Both hydrogen curves indicate that diffusion 
' 

of m o g e n  in to  the  fi lm occurs readily so tha t  hydrogen has easy access 

t o  a very large portion of the deposit. Although no data are  presented, 

the curves for  the other gases shown are not expected t o  be very dependent 

upon the thickness of the  deposited f i lm since these gases are l ike ly  t o  

diffuse much more slowly in to  the  film. Because of diffusion, the  sticking 

factors  a re  somewhat influenced by the sorption rates.  For most measure- 

ments, these rates were approx loe5 or  lom6 moles/sec. 

If a small amount of oxygen or  nitrogen i s  sorbed onto a fi lm and 

subsequently the  fi lm1 s a b i l i t y  t o  sorb hydrogen i s  measured, it i s  very 

dras t ica l ly  reduced from the  value obtained when hydrogen i s  sorhed onto 

a new deposit. 

4 ~ .  A. Biondi et al. , Ultrahigh Vacuum Techniques, NYO-2904, Annual 
Report (April 30, l z 0 T  

5 ~ .  Klopfer and W. Ermrich, Vacuum 10, 128 (1960). - 





Sorption onto Films Deposited i n  the Presence of Inert  Gas 

Evaporation of titanium films i n  a pressure of approximately a 

micron of helium or  argon pressure produces deposits, i n  the system 

described, which sorb gases much more rapidly than films deposited 

under similar circumstances i n  high vacuum. Data obtained from these 

evaporations are  shown i n  Fig, 10. This improved sorption rate i s  

associated with a very pronounced change i n  the  appearance and structure 

of the films. The films obtained i n  these evaporations have a velvety 

black appearance and are very poorly crystall ized. The increased surface 

area of these fi lms and t h e i r  increased surface ac t iv i ty  undoubtedlly 

favorably af fec t  the  sorption processes. It must be noted tha t  the  

conditions required t o  obtain t h i s  type of deposit may be appreciably 

different  fo r  other system s izes  o r  other geometrical arrangements. 

Sorption onto Films Deposited on Substrates a t  Liquid Nitrogen Temperature 
(-195O C) 

The high vacuum deposition of titanium onto substrates a t  l i qu id  

nitrogen temperatures produces films which have a metallic appearance but 

have poorly formed crystal  structures and high sorption rates. The 

re su l t s  of sorption measurements during continuous deposition are  given 

i n  Fig. 11 (ref  7). Figure 12 i s  a plot of a vs Q f o r  sorption onto fi lms 

a f t e r  their preparation and Pig. IIJ shows data f o r  the sorption of hydrogen, 

deuterium, and nitrogen onto films deposited i n  a 2.5-1.1. pressure of helium 

with the substrate at l iquid nitrogen temperature. These l a t t e r  fi lms had 

the greatest  sorption ra tes  f o r  hydrogen of a l l  of t h e  films tes ted  and had 

the same velvety black appearance and poorly developed crys ta l  s t ructure 

as s i m t l a r  films deposited a t  10°C, 

60. Beeck A. E. Smith, and A. Wheeler, Roc. Roy. Soc. (London) 177A, 
62-89 (1940413. 

- 
7 ~ t  can eas i ly  be shown that no correction f o r  temperature need be made 

i n  the a obtained by the method used i n  t h i s  experiment. The temperature 
of the incident gas must be considered, however, i n  the calculation of 
pumping speeds. The m b e r s  i n  Table 1 are  intended f o r  use i n  room- 
temperature systems only. 
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. " - Fig. 11 Sorption of Gases onto Films Formed During Continuous Evaporation of Titanium . oeto a Surface at -195OC. 
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Fig. 12 Sorption of Gases onto Films Formed by Titanium Evapxa tLa  i n  High Vacuum 
onto a Surface a t  -195'C. 



Fig. 13 Sorption of Gases onto Films Formed by Titanium Evaporation i n  the Presence 
of 2.5 x 10'~ mm Hg Pressure of H e l i u m  onto a Surface a t  -195OC. 



The films deposited a t  l iquid nitrogen temperatures did not r e t a in  

t h e i r  high sorption ra tes  when they were allowed t o  warm up t o  room 

temperature nor were the sorption ra tes  on films deposited a t  roam 

temperature appreciably increased by cooling them t o  l iquid nitrogen 

temperature a f t e r  deposition. Films deposited a t  l iquid nitrogen 

temperature, allowed t o  warm t o  O°C, and then cooled back t o  l iquid nitrogen 

temperature did not r e t a in  t h e i r  high sorption rates. These resul t s  lead 

t o  the  conclusion t h a t  beneficial e f fec ts  of deposition a t  l iquid  nitrogen 

temperatures are not simply due t o  more favorable thermodynamics but tha t  

the f i l m  has a new a t t r ibu te  which anneals out on warming t o  room 

L6~upsaCtzl"e. 

Figure 14 shows the appearance of the films produced under each of 

the conditions described i n  this report. Note the velvety black appearance 

of the f i lms deposited i n  the presence of ine r t  gas and the be t t e r  adherence 

of films deposited i n  l iquid  nitrogen temperatures. X-ray diffract ion 

analysis of these films shows a sharp well-defined p t t e r n  only f o r  the 

high vacuum deposit onto the room-temperature substrate indicating tha t  

t h i s  i s  the  only film with a well-developed long-range crystal l ine 

structure. 

SUMMARY 

Experimental apparatus has been b u i l t  and operated t o  determine the 

f e a s i b i l i t y  and prac t ica l i ty  of using large-scale get ter  pumping i n  

combination with a diffusion pump system t o  obtain high pumping speeds 

f o r  hydrogen and some other gases a t  low pressures. Titanium metal was 

evaporated onto a cooled copper substrate a t  both 10 and -195°C i n  high 

vacuum and under a 10'~ mm Hg pressure of an ine r t  gas. Sorption ra tes  

of gases onto these surfaces were then measured using a new method of 

measuring sticking probabil i t ies  which was developed fo r  these experiments. 

Table 2 summarizes the data obtained f o r  several gases on titanium films 

produced under a variety of conditions. The sorption character is t ics  of 

these f i lms are given graphically i n  Figs. 7 through 13. 



mum- 

DEPOSITED IN HELIUM AT 2.5 X mrn Hg AT 10°C 

DEPOSITED IN HELIUM AT 2.5 X lo-' rnrn Hg AT -195OC 

Fig. 14 Photograph Showing the Apgeasance of Titanium Films Formed by Various Methods. 



Table 2. I n i t i a l  Sticking Factors for  Variosls Gases on Tltanium Films Deposited Under Several. Conditions. 

- 

2-p H e l i u m  2-p H e l i u m  
High Vactarm, 10°C 10" C High 'Ir~.cuum, -195" C -195" C 

Continuous Batch Batch Continuous Batch Batch 
Gas Species Evaporation Evaporation Evaporation Euraporatio2 E-~aporation Evaporation 

ITyarosn 

Deuterium 

Nitrogen 

Carbon Monoxide 

Oxygen 

Carbon Dioxide 

Helium 

Argon 

Methane 

- - 

Whese data are estimated from aeasurements obtained from the or ig ina l  geome-,ry. 

+WThe oxygen used i n  t h i s  measurement contained appreciable quanti t ies  cf argon, thus, producing a much 
lower value of a "ban i s  e x p c t e d  from pure oxygen. 



As a r e s u l t  of these experiments, the  following conclusions can 

be made: 

1. The combination of g e t t e r  iumping and d i f fus ion  .pumping i s  wel l  

su i ted  f o r  obtaining high pumping speeds f o r  hydrogen, deuterium, oxygen, 

nitrogen, carbon monoxide, and carbon dioxide. 

2. Simple and r e l i ab l e  resistance-heated t i tanium evaporators can be 

e a s i l y  fabr icated and operated t o  produce su i tab le  evaporation ra tes .  

Filament replacement through a vacuum lock i s  quick and easy. 

3 .  System maintenance i s  not a problem. New f i lms may be deposited 

over old ones without detrimental  e f f e c t s  t o  system operation within the  

l i i l i t s  of these  experiments. 

4. Sorption r a t e s  f o r  hydrogen and other  chemically 'act ive gases 

may be increased by a l t e r i n g  t he  s t ruc ture  of the  t i tanium f i lms by both 

evaporation i n  the  presence of an i n e r t  gas and evaporation onto l i qu id  

nitrogen-cooled substrates.  S t ick ing . f rac t ions  f o r  hydrogen a s  large  a s  

0.8 have been consis tent ly  obtained on f i lms deposited i n  the  presence 

of helium onto subst ra tes  a t  -195OC a s  compared with s t i ck ing  f r ac t i ons  

near 0.05 on f i lms deposited i n  high vacuum onto water-cooled subst ra tes .  

The author wishes t o  thank J. P. Gordon who obtained the  experimental 

data, R. V. Neidigh who ,developed the  f i r s t  wire-wound t i tanium evaporators, 

'and D. E. Rosson who a s s i s t ed  i n  fu r ther  evaporator developments. 

It i s  a plea.si.~.re t o  al.so acknowledge the  a i d  and encouragement 

received i n  discussions with C. E. Normand, R. A. Strehlow, R. V. Neidigh, 

and E. D. Shipley. 
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