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DEGASSING RATES OF AS-RECEIVED 
A N D  PREVIOUSLY DEGASSED GRAPHITE 

W .  J .  Gray 

Graphi te  has po t en t i a l  f o r  use i n s i d e  the vacuum chamber o f  fu s ion  
r e a c t o r s  a s  l i m i t e r s ,  wall armor, o r  a s  a c u r t a i n  o r  l i n e r  t h a t  s tands  

between the plasma and the f i r s t  s t r u c t u r a l  wal l .  I t  remains t o  be 
demonstrated, however, t h a t  t h e  dega.ssing r a t e  o f  g r aph i t e  can be 
reduced s u f f i c i e n t l y  f o r  use i n  the high-vacuum ehviionment of  magnetic 

. fus ion  r e a c t o r s .  The small. amount of  information a v a i l a b l e  i n  the l i t e r a -  
tu re*  does show t h a t  gas  conten ts  comparable t o  those  of metals  can be 
achieved f o r  g r aph i t e s  t h a t  have prev.iously been well degassed, but t h e r e  

is  almost no information on degassing r a t e s .  A l s o , . i t  is not  c l e a r  
whether degassing the g raph i t e  p r i o r  t o  i t s  i n s t a l l a t i o n  i n  a fu s ion  
r e a c t o r  w i l l  be adequate o r  i f  i t  w i l l  somehow have t o  be degassed a f t e r  

i t  i s  a l ready  in  p lace .  

Degassing r a t e s ,  i n  the p re sen t  s tudy ,  have been measured on cy l in -  
d r i c a l  samples 19 mm d i a .  x 25 mm long of  a nuc lear  grade of  g r aph i t e .  

A p r e s su re - r i s e  method was used toge the r  w i t h  a capac i tance  manometer 

vacuum gauge. Pressures  were t y p i c a l l y  i n  the range 1 t o  Pa 
(7.5 x t o  7.5 x t o r r )  except  f o r  degassing r a t e s  less than 

3 about 4 x 10-l1 Paom 1s.g ( 3  x t o r r - 1 1 s - g )  where t h e  p re s su re  never 
rose  above Pa. 

Data i n  F i g s . . l  and 2 were taken sequen t i a l l y .  That is  f o r  example, 
curves labe led  "1" a r e  f o r  a sample t h a t  was f i r s t  a t  293 K f o r  one 

hour, then a t  1273 K ' fo r  one hour, then a t  2073 K f o r  20 minutes and 
s o  o n . .  None o f  the da t a  presented i n  these f i g u r e s  a r e  co r r ec t ed  f o r  

3 the system's  degassing r a t e  which was on the o rde r  o f  lo-''' Paem 1 s - g  a s  

shown by the cross-hatched band. The impl ica t ions  of  this a r e  d i scussed  
be1 ow. 

3 Fig. 1 shows t h a t  degassing rates l e s s  t l lar~ lo-' '  Pa-m / s a g  can 
be achieved a f t e r  degassing f o r  16 hours a t  773 K and then f o r  one hour a t  

2273 K. Th i r t y  minutes a.t 2273 K i s  near ly  a s  good when subsequent . 

*See, for ,examp1 e ,' re fe rence  1 . 



degassing rates are measured a t  temperatures of 1773 K or less.  Degassing 

rates less  than those measured for  the system alone imply that  the 

graphite i s  actually adsorbing gas coming from the system. I t  follows 

that  the degassing rates shown, particularly when they are less than 

for the system, should be considered as upper bounds on the degassing 

ra te  of the graphite. This i s  because measured degassing rates a re  the 
resul t  of a dynamic process wherein some molecules are  being adsorbed 
while others are being desorbed. Thus, i f  the system pressure were 

lowered substantially,  the adsorption ra te  would decrease, b u t  the 
desorption rate  would remain unchanged a t  leas t  i n i t i a l  ly. 

I t  i s  unlikely that  the h i g h  temperatures used to  achieve the low 

degassing rates shown in Fig. 1 can be employed once the graphite has 
been installed inside a fusion reactor. Therefore, data of the type 
i l lus t ra ted  i n  Fig. 2 were taken to show degassing rates a f t e r  more 

modest pre-heat treatments or hi gh-temperature treatments that  might 
be performed prior to  instal la t ion.  "Thoroughly degassed" means the 
sample was degassed for  16 hours a t  773 K, then 80 minutes i n  the range 

1273 to 1673 K,  and f inal ly  for  30 minutes a t  2273 K. I t  i s  shown that  
the room temperature degassing rate  of a previously degassed sample that  
was then soaked in room a i r  i s  not much- different  from an as-received. 

sample. All other conditions shown resul t  in degassing rates orders 
of magnitude less  than for as-received samples though s t i l l  substantially 
above that  for  freshly degassed samples as shown in Fig. 1. 

As a point of reference, the'degassing rates presented here can be 

compared approximately w i t h  room temperature values for  degassed s tainless  
3 steel") of about 5 x Pa-m /s*cm2 even though the rates are  ex- 

pressed per . u n i t  mass for  graphite and per unit area for  s ta inless  s tee l .  

Much higher rates for  s ta inless  steel can be expected a t  the elevated 
temperatures required for. power producing reactors. 
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F i g .  1 .  Degassing r a t e s  o f  f r e s h l y  degassed g r a p h i t e .  
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Fig .  2 .  Degassing r a t e s  o f  as-received and prev ious ly  degassed g r a p h i t e .  

1273 K 

7. THOROUGHLY DEGASSED, SOAKED IN ROOM AIR FOR 1 WEEK, THEN DE-ZASSED 16 HOURS o 773 K 
\ rm SYSTEM DEGASSI NG RATE 

- 

- 

- 

I I I E I I I 1 1 I I I 1 I 




