
Accelerator Department 
BROOKHAVEN NATIONAL LABORATORY 
Associated Universities,Inc. 

Upton, N. Y. 

AGS DIVIS ION TECHNICAL NOTE 

N o .  74 

C.L. Gould 
March 3 ,  1970 

PROPOSAL FOR INCREASING THE LIFETIME OF 
A SPUTTER-ION PUMP WHEN PUMPING HYDROGEN 

Under normal conditions of pumping on an air system, water vapor and 

Hydrogen is rarely a nitrogen are the main constituents of pumped gases. 

problem. However, when hydrogen is the main gas pumped various deleterious 

effects occur. 

When a brand new sputter-ion pump is used on a pure hydrogen gas, such 

as in the ion sources, no problem exists for a period of time. The hydrogen 

pumping speed is usually 200 to 300% of the rated air speed and good ulti- 
mate pressures are attained. Within a few hundred hours, continuous decrease 

in pumping speeds are encountered with a rise in gas evolution 

in the ultimate pressure. 

and a rise 

These effects occur because hydrogen does not of itself sputter but the 

pumping mechanism is a diffusion process into the crystal lattice of the 

cathode and formation of a spongy material, titanium hydride. 

coating resists the penetration of further hydrogen into the cathode and de- 

creases the pumping speed and if the decomposition temperature rises past 

25OoC at the cathode surface, which can easily happen, then hydrogen is re- 

leased which causes the pump to stall. 

This cathode 

Attempts have been made by the manufacturers to overcome some of these 

difficulties. They have made the cathode extra thick to allow more titanium 

volume. They have strengthened the supports of the cathode because the ti- 

tanium hydride sponge is very fragile and under high temperature conditions, 

cracks and distorts. These improvements are not sufficient though to permit 

a continuous high pumping speed for hydrogen because while the total volume 

of titanium is important, the available volume for hydride formation is the 

critical parameter. 
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A t  t h i s  t i m e ,  only two recommendations from t h e  pump people  can cu re  

One i s  t o  remove the  pump and t r ea t  i t  wi th  argon a t  s p u t t e r i n g  t h i s .  

p re s su res  t o  r e a c t i v a t e  t h e  sur face .  I f  t h e  sponge formation has gone too  

f a r  t h e  only o the r  a l t e r n a t i v e  i s  t o  r e -e l ec t rode  t h e  pump, a time consuming 

and expensive procedure.  

I propose t h e r e f o r e  t o  admit a mixture  of hydrogen and argon t o  t h e  

pump. The-hydrogen t o  come from the ion  source and t h e  argon t o  be  admit ted 

r i g h t  a t  t h e  pump mouth through a c o n t r o l l e d  leak. I don ' t  know what per-  

centage argon t o  hydrogen mixture  w i l l  cause s u f f i c i e n t  s p u t t e r i n g  t o  a l low 

complet,ely f r e e  d i f f u s i o n  of t h e  hydrogen i n t o  t h e  t i t an ium.  

what e f f e c t  t h i s  w i l l  have on t h e  t o t a l  p re s su re  a t  t h e  i o n  source bu t  i t  

would probably be only 1/10 of a decade i n  whatever p re s su re  range w e  are 

i n .  

l i e v e  i t  might i n c r e a s e  t h e  e f f e c t i v e  l i f e  of t h e  pump by a f a c t o r  of 10 o r  

100. 

I d o n ' t  know 

This  a rgon ' f low might b e  continuous o r  i t  might be  p e r i o d i c  b u t  I be- 

I would l i k e  t o  se t  up a t e s t  us ing  one ion  pump wi th  argon and one 

wi thout  as a con t ro l .  

a c o n t r o l l e d  l e a k  of pure hydrogen a t  a ra te  c o n s i s t e n t  wi th  t h e  hydrogen 

ra te  of a source.  A f t e r  a hundred hours o r  so,  speeds and u l t i m a t e s  recorded, 

t h e  cathodes could b e  microscopica l ly  examined t o  determine g ross  phys i ca l  

e f f e c t s  . 

This  could be done on e i t h e r  a t e s t  ion  source o r  j u s t  
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