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©  Method  and  cryogenic  plant  for  producing  gaseous  oxygen. 
A  method  of  producing  gaseous  oxygen  comprises  the 

steps  of  fractionating  dry  compressed  air  in  a  distillation 
system  (9)  having  a  high  pressure  column  (8)  operating  at 
between  4  and  8  bars  gauge  and  a  low  pressure  column  (15) 
operating  at  between  0.3  and  2  bars  gauge.  Liquid  oxygen  is 
withdrawn  from  the  bottom  of  the  low  pressure  column  (8) 
through  line  (40)  is  pressurized  by  static  head  and/or  a  pump 
(41)  and  is  evaporated  in  vessel  (43)  against  a  stream  (27)  of 
substantially  pure  nitrogen  which  has  been  removed  from 
the  top  of  the  high  pressure  column  (8)  and  compressed  to 
such  a  pressure  that  it  is  at  least  partly  liquified  by  the 
evaporation  of  the  oxygen.  At  least  part  of  the  liquified 
nitrogen  formed  in  vessel  (43)  is  expanded  and  is  returned  to 
the  high  pressure  column  (8)  as  reflux. 





T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   f o r   p r o d u c i n g  

g a s e o u s   o x y g e n   and  a  c r y o g e n i c   p l a n t   in  w h i c h   s a i d   m e t h o d   c a n  

be  c a r r i e d   o u t .  

In  t he   p a s t   l a r g e   u s e r s   of  g a s e o u s   o x y g e n ,   such   a s  

s t e e l   p r o d u c e r s ,   h a v e   r e q u i r e d   t h e i r   o x y g e n   to  be  s u p p l i e d   a t  

l i t t l e   more   t h a n   a t m o s p h e r i c   p r e s s u r e .   A c c o r d i n g l y ,   t h e r e  

a r e   a  l a r g e   number   of  c r y o g e n i c   p l a n t s   a v a i l a b l e   w h i c h   w i l l  

p r o d u c e   g a s e o u s   o x y g e n   a t   a b o u t   0 .2   b a r s   g a u g e .  

More  r e c e n t l y   we  h a v e   r e c e i v e d   e n q u i r i e s   fo r   c r y o g e n i c  

p l a n t   c a p a b l e   of  p r o d u c i n g   g a s e o u s   o x y g e n   a t   f rom  1  to  4  b a r s  

g a u g e .   In  o r d e r   to   m e e t   t h i s   demand   we  have   p r o p o s e d  

(1)  u s i n g   a  c o m p r e s s o r   to   c o m p r e s s   t he   g a s e o u s   o x y g e n  

p r o d u c t   to  t h e   r e q u i r e d   p r e s s u r e ;   o r  

(2)  r a i s i n g   t he   p r e s s u r e   of  t he   w h o l e   c r y o g e n i c   p l a n t  

f rom  t h e   main   a i r   c o m p r e s s o r   to   t h e   g a s e o u s   o x y g e n  

o u t p u t .  

W h i l s t   b o t h   a l t e r n a t i v e s   s a t i s f y   t he   n e e d ,   t h e   f i r s t  

a l t e r n a t i v e   has   t he   d i s a d v a n t a g e   t h a t   o x y g e n   c o m p r e s s o r s   a r e  

r e l a t i v e l y   e x p e n s i v e   ( t y p i c a l l y   £ 1 0 0 , 0 0 0   to  E 1 8 0 , 0 0 0 )   a n d  

r e q u i r e   s p e c i a l   s a f e t y   p r e c a u t i o n s .   The  s e c o n d   a l t e r n a t i v e  

i s   r e l a t i v e l y   i n e x p e n s i v e   in  t e r m s   of  c a p i t a l   e x p e n d i t u r e   b u t  

has   t he   d i s a d v a n t a g e   t h a t   t h e   power   c o n s u m e d   by  t h e   main   a i r  

c o m p r e s s o r   i n c r e a s e s   d r a s t i c a l l y .  

I t   is   an  o b j e c t   of  a t   l e a s t   p r e f e r r e d   e m b o d i m e n t s   o f  

t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  c r y o g e n i c   p l a n t   w h i c h   i s  

l e s s   e x p e n s i v e   to  c o n s t r u c t   t h a n   a l t e r n a t i v e   (1)  and  c o n s u m e s  

l e s s   power   t h a n   a l t e r n a t i v e   ( 2 ) .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   t h e r e   is   p r o v i d e d   a  

m e t h o d   of  p r o d u c i n g   g a s e o u s   o x y g e n ,   which   me thod   c o m p r i s e s  

s t e p s   of  f r a c t i o n a t i n g   d ry   c o m p r e s s e d   a i r   in  a  d i s t i l l a t i o n  

s y s t e m   h a v i n g   a  h i g h   p r e s s u r e   c o l u m n   o p e r a t i n g   at  b e t w e e n   4 

and  8  b a r s   g a u g e   and  a  low  p r e s s u r e   co lumn   o p e r a t i n g   a t  

b e t w e e n   0 .3   and  2  b a r s   g a u g e ,   and  w h e r e i n   l i q u i d   o x y g e n   i s  

w i t h d r a w n   f rom  the   b o t t o m   of  s a i d   low  p r e s s u r e   c o l u m n ,   i s  



p r e s s u r i z e d   and  i s   e v a p o r a t e d  a g a i n s t   a  s t r e a m   of  s u b s t a n t -  

i a l l y   p u r e   n i t r o g e n   w h i c h   has   b e e n   r e m o v e d   f r o m  t h e   t o p   o f  

s a i d   h i g h   p r e s s u r e   c o l u m n   warmed  in  a  h e a t   e x c h a n g e r ,   c o m p -  
r e s s e d ,   c o o l e d   in  s a i d   h e a t   e x c h a n g e r ,   a t   l e a s t  p a r t i a l l y  

l i q u i f i e d   by  t h e   e v a p o r a t i o n   of  s a i d   o x y g e n ,   a n d ,   a t  l e a s t   i n  

p a r t ,   e x p a n d e d   and  r e t u r n e d   to   s a i d   h i g h   p r e s s u r e   c o l u m n   a s  

r e f l u x .  

W h i l s t   t h e   m e t h o d   of  t h e  p r e s e n t   i n v e n t i o n   was  s p e c i f -  

i c a l l y   d e v e l o p e d   f o r   p r o v i d i n g   g a s e o u s   o x y g e n   a t   b e t w e e n   1  

and  4  b a r s   g a u g e ,   our   p r e l i m i n a r y   i n v e s t i g a t i o n   s u g g e s t s   t h a t  

t h e   m e t h o d   can   be  u s e d   f o r   p r o d u c i n g   g a s e o u s   o x y g e n   a t   m u c h  

h i g h e r   p r e s s u r e s ,   f o r   e x a m p l e   55  b a r s   g a u g e .  
The  l i q u i d   o x y g e n   may  be  p r e s s u r i z e d   by  a  p u m p   or  b y  

s t a t i c   h e a d ,   f o r   e x a m p l e   by  r a i s i n g   t h e   h e i g h t   o f   t h e   l o w  

p r e s s u r e   c o l u m n   so  t h a t   t h e   l i q u i d   a t   g r o u n d   l e v e l   i s   j u s t  

a b o v e   t h e   r e q u i r e d   d e l i v e r y   p r e s s u r e  o f  t h e   g a s e o u s   o x y g e n .  

A l t e r n a t i v e l y   a  c o m b i n a t i o n   of  s t a t i c   h e a d  a n d   p u m p i n g   may  b e  

u s e d .   C r y o g e n i c   p l a n t   u s i n g   the   s t a t i c   head   p r i n c i p l e   w i l l  

be  s o m e w h a t   t a l l e r   t h a n   t h e i r   c o n v e n t i o n a l   c o u n t e r p a r t s   a n d  

f o r   m o s t   a p p l i c a t i o n s   we  a n t i c i p a t e   t h a t   t h e   b o t t o m   of  t h e  

low  p r e s s u r e   c o l u m n   w i l l   be  a t   l e a s t   1 5 m  a b o v e   g r o u n d   l e v e l .  

P r e f e r a b l y ,   t h e   h i g h   p r e s s u r e  c o l u m n   i s  o p e r a t e d   a t  

b e t w e e n   4 . 5   and  7  b a r s   g a u g e .  

A d v a n t a g e o u s l y ,   t he   low  p r e s s u r e   c o l u m n   i s   o p e r a t e d   a t  

b e t w e e n   0 .5   and  2 .0   b a r s   g a u g e .  

In  t e r m s   of  c o s t ,   t he   n i t r o g e n   c o m p r e s s o r   r e q u i r e d   i s  

c o n s i d e r a b l y   l e s s   e x p e n s i v e   t h a t   t h e   a l t e r n a t i v e   o x y g e n  

c o m p r e s s o r .   F u r t h e r m o r e   t h e r e   a r e   f e w e r   p o t e n t i a l   h a z a r d s  

a s s o c i a t e d   w i t h   i t s   u s e .   In  t e r m s   of  p o w e r   c o n s u m p t i o n   f o r   a  

c r y o g e n i c   p l a n t   d e s i g n e d   to   p r o d u c e   g a s e o u s   o x y g e n   a t   1  to   4 

b a r s   g a u g e ,   t h e   p o w e r   c o n s u m e d  b y   p r e f e r r e d   e m b o d i m e n t s   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   a p p r o x i m a t e l y   t h e  s a m e   as  t h a t   w h i c h  

w o u l d   be  c o n s u m e d   by  a  p l a n t   u s i n g   a  p r o d u c t   o x y g e n  c o m p -  

r e s s o r .  



The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  c r y o g e n i c   p l a n t  

f o r   p r o d u c i n g   g a s e o u s   o x y g e n   w h i c h   p l a n t   c o m p r i s e s   a  h i g h  

p r e s s u r e   c o l u m n   and  a  low  p r e s s u r e   c o l u m n   f o r   d i s t i l l i n g   a i r ,  

an  e v a p o r a t o r ,   a  p i p e   f o r   c o n v e y i n g ,   in  u s e ,   l i q u i d   o x y g e n  

f r o m   t he   b o t t o m   of  s a i d   low  p r e s s u r e   c o l u m n   to  s a i d   e v a p o r -  

a t o r ,   means   to   e n s u r e   t h a t ,   in  u s e ,   t h e   p r e s s u r e   of  l i q u i d  

o x y g e n   a t   s a i d   e v a p o r a t o r   i s   h i g h e r   t h a n   the   p r e s s u r e   o f  

l i q u i d   o x y g e n   l e a v i n g   s a i d   low  p r e s s u r e   c o l u m n ,   a  p i p e   f o r  

c a r r y i n g   g a s e o u s   o x y g e n   f rom  s a i d   e v a p o r a t o r ,   a  h e a t  

e x c h a n g e r ,   a  p i p e   f o r   c o n v e y i n g   g a s e o u s   n i t r o g e n   f rom  s a i d  

h i g h   p r e s s u r e   c o l u m n   to  s a i d   h e a t   e x c h a n g e r ,   a  c o m p r e s s o r ,   a  

p i p e   fo r   c o n v e y i n g   g a s e o u s   n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r  

to   s a i d   c o m p r e s s o r ,   a  p i p e   f o r   c o n v e y i n g   c o m p r e s s e d   g a s e o u s  

n i t r o g e n   to  s a i d   h e a t   e x c h a n g e r ,   a  p i p e   fo r   c o n v e y i n g   c o m p -  

r e s s e d   g a s e o u s   n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r   to  a  h e a t  

e x c h a n g e r   w i t h i n   s a i d   e v a p o r a t o r ,   an  e x p a n s i o n   v a l v e ,   a  p i p e  

f o r   c o n v e y i n g   l i q u i d   n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r   w i t h i n  

s a i d   e v a p o r a t o r   to   s a i d   e x p a n s i o n   v a l v e   and  a  p i p e   fo r   c a r r y -  

i ng   e x p a n d e d   l i q u i d   n i t r o g e n   f rom  s a i d   e x p a n s i o n   v a l v e   to   t h e  

t o p   of  s a i d   h i g h   p r e s s u r e   c o l u m n .  



For   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   i n v e n t i o n   and  t o  

show  how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e   w i l l  

now  be  m a d e ,   by  way  of  e x a m p l e ,   to   t h e   a c c o m p a n y i n g   f l o w s h e e t  

of  a  c r y o g e n i c   p l a n t   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t -  

i o n .  

R e f e r r i n g   to   t h e   d r a w i n g ,   a i r   i s   p a s s e d   t h r o u g h   a  

f i l t e r   1  and  i s   c o m p r e s s e d  t o   5  b a r s   g a u g e   by  a  ma in   a i r   c o m p -  

r e s s o r   2.  The  c o m p r e s s e d   a i r   l e a v e s   t h e   m a i n   a i r  c o m p r e s s o r  

2  t h r o u g h   l i n e   3  and  a f t e r   b e i n g  c o o l e d   and  s c r u b b e d   w i t h  

w a t e r   in   d i r e c t   c o n t a c t   a f t e r c o o l e r   4,  i s   p a s s e d   t h r o u g h   l i n e  

5  to   r e v e r s i n g   h e a t   e x c h a n g e r   6 .  

As  t h e   a i r   p a s s e s   t h r o u g h   t h e   r e v e r s i n g  h e a t   e x c h a n g e r  

6  w a t e r   and  c a r b o n  d i o x i d e   f r e e z e   o u t   and  t h e   r e m a i n i n g   a i r ,  

t o g e t h e r   w i t h   t r a c e s   of  u n c o n d e n s e d   h y d r o c a r b o n s ,   i s   p a s s e d  

t h r o u g h   l i n e   7  a t   - 1 7 2 ° C   and  4 .7   b a r s   g a u g e   to   t h e   h i g h  

p r e s s u r e   c o l u m n   8  of  a  d o u b l e   d i s t i l l a t i o n   c o l u m n   g e n e r a l l y  

i d e n t i f i e d   by  r e f e r e n c e   n u m e r a l   9 .  

A  v a p o u r   f r a c t i o n   i s   w i t h d r a w n  f r o m   t h e   h i g h   p r e s s u r e  

c o l u m n   8  t h r o u g h   l i n e  4 8 ,   c o n d e n s e d   in   s u p e r h e a t e r   28,   a n d  

r e t u r n e d   t h r o u g h   l i n e   11.  C r u d e  l i q u i d   o x y g e n   i s   w i t h d r a w n  

f rom  t h e   b o t t o m   of  t h e   h i g h   p r e s s u r e   c o l u m n   8  t h r o u g h   l i n e   1 0  

and  a f t e r   b e i n g   j o i n e d   by  s t r e a m   11  i s   s u b - c o o l e d   i n  

s u b - c o o l e r   12  w h i c h   i t   l e a v e s   t h r o u g h   l i n e   13.   A f t e r   p a s s i n g  

t h r o u g h   h y d r o c a r b o n   a d s o r b e r s   20,  t h e   l i q u i d   i s   t h e n   e x p a n d e d  

to  a p p r o x i m a t e l y   0 .5   b a r s   g a u g e   a c r o s s   v a l v e   14  and  e n t e r s  

t he   low  p r e s s u r e   c o l u m n   15  of  t h e   d o u b l e   d i s t i l l a t i o n   c o l u m n  

9.  S u b s t a n t i a l l y   p u r e   o x y g e n   c o l l e c t s   in  t h e   s u m p  1 6   of  t h e  

low  p r e s s u r e   c o l u m n   15  w h e r e   i t   c o o l s   t h e   r e f l u x   c o n d e n s e r   1 7  

a s s o c i a t e d   w i t h   t h e   h i g h   p r e s s u r e   c o l u m n   8 .  

G a s e o u s   n i t r o g e n   i s   r e m o v e d   f rom  t h e   t o p   of   t he   h i g h  

p r e s s u r e   c o l u m n   8  t h r o u g h   l i n e   22.  P a r t   of  t h i s   n i t r o g e n   i s  

c o n d e n s e d   in  t h e   r e b o i l e r   c o n d e n s e r   17  and  p a r t  o f   t h e  l i q u i d  

is  r e t u r n e d   to   t h e   h i g h   p r e s s u r e   c o l u m n   8  t h r o u g h   l i n e   23  a s  

r e f l u x   w h i l s t   t he   r e m a i n i n g   l i q u i d   i s  p a s s e d  t h r o u g h   l i n e   1 8  

to  s u b - c o o l e r   12  w h i c h   i t   l e a v e s   t h r o u g h   l i n e   19.  T h i s  



l i q u i d   is   t h e n   e x p a n d e d   to   a p p r o x i m a t e l y   0 .4   b a r s   g a u g e   a t  

v a l v e   21  and  i s   i n t r o d u c e d   i n t o   t h e   t o p   of  t h e   low  p r e s s u r e  
c o l u m n   15  as  r e f l u x .   The  b a l a n c e   of  the   g a s e o u s   n i t r o g e n  

l e a v i n g   t he   h i g h   p r e s s u r e   c o l u m n   8  is  p a s s e d   t h r o u g h   l i n e   24  

to  p o i n t   25  w h e r e   t h e   f l o w   is   d i v i d e d   i n t o   a  f i r s t   s t r e a m   26 

and  a  s e c o n d   s t r e a m   27.  The  f i r s t   s t r e a m   26  is   p a s s e d  

t h r o u g h   s u p e r h e a t e r   28  w h i c h   i t   l e a v e s   t h r o u g h   l i n e   29  a t  
- 1 7 5 ° C .   I t   is   t h e n   i n t r o d u c e d   i n t o   t he   c o l d   end  of  r e v e r s i n g  

h e a t   e x c h a n g e r   6.  A  s i d e   d r a w e r   30  is   e x p a n d e d   t h r o u g h  

e x p a n d e r   31  and  a f t e r   j o i n i n g   s t r e a m   32  is  r e i n t r o d u c e d   i n t o  

t he   c o l d   end  of  t he   r e v e r s i n g   h e a t   e x c h a n g e r   6.  The  b a l a n c e  

of  s t r e a m   29  l e a v e s   t h e   r e v e r s i n g   h e a t   e x c h a n g e r   a t   a p p r o x i m -  

a t e l y   a m b i e n t   t e m p e r a t u r e   and  i s   used   fo r   i n t e r   a l i a   p u r g i n g ,  

r e a c t i v a t i n g   a d s o r b e r s   22  and  n i t r o g e n   p r o d u c t .  

S e c o n d   s t r e a m   27,  w h i c h   is   at   - 1 7 8 ° C ,   is   warmed  t o  

a p p r o x i m a t e l y   a m b i e n t   t e m p e r a t u r e   in  h e a t   e x c h a n g e r   33  and  i s  

t h e n   c o m p r e s s e d   to  1 0 . 3   b a r s   g a u g e   in  c o m p r e s s o r   34.  T h e  

r e s u l t i n g   warm  n i t r o g e n   i s   c o o l e d   by  w a t e r   in  h e a t   e x c h a n g e r  

35  and  is  t h e n   f u r t h e r   c o o l e d   in  h e a t   e x c h a n g e r   33  w h i c h   i t  

l e a v e s   t h r o u g h   l i n e   36  at   - 1 6 9 ° C .   The  v a p o u r   i s   t h e n  

c o n d e n s e d   in  h e a t   e x c h a n g e r   38  and  e x p a n d e d   to   4 .5   b a r s   g a u g e  
at   v a l v e   49.  The  l i q u i d   and  v a p o u r   t h u s   f o r m e d   a r e   s e p a r a t e d  

in  p h a s e   s e p a r a t o r   37  and  t h e   v a p o u r   is   r e - c y c l e d   to   h e a t  

e x c h a n g e r   33.  The  l i q u i d   f rom  p h a s e   s e p a r a t o r   37  i s  

r e i n t r o d u c e d   i n t o   t h e   h i g h   p r e s s u r e   c o l u m n   8  of  t he   d o u b l e  

d i s t i l l a t i o n   c o l u m n   9 .  

L i q u i d   o x y g e n   f rom  t he   sump  16  of  t he   low  p r e s s u r e  

c o l u m n   15  is  p a s s e d   t h r o u g h   l i n e   40  at   a p p r o x i m a t e l y   0 .5   b a r s  

g a u g e   to  pump  41  w h i c h   i t   l e a v e s   t h r o u g h   l i n e   42  a t   2 .1   b a r s  

g a u g e   wh ich   is  a  l i t t l e   a b o v e   t he   f i n a l   s u p p l y   p r e s s u r e  
d e s i r e d .   The  l i q u i d   o x y g e n   i s   t h e n   v a p o r i z e d   in  v e s s e l   43 

w h i c h   is  warmed  by  h e a t   e x c h a n g e r   38.  G a s e o u s   o x y g e n   l e a v e s  

t h e   v e s s e l   43  t h r o u g h   p i p e   44  and  is  p a s s e d   t h r o u g h   r e v e r s i n g  

h e a t   e x c h a n g e r   6  w h i c h   i t   l e a v e s   t h r o u g h   l i n e   45  as  p r o d u c t  

a t   1 .8   b a r s   g a u g e   and  a p p r o x i m a t e l y   a m b i e n t   t e m p e r a t u r e .  



Of  t h e   r e m a i n i n g   f e a t u r e s ,   i m p u r e   n i t r o g e n   a t   a p p r o x -  

i m a t e l y   - 1 9 3 ° C   l e a v e s   t h e   t o p   of   t h e  l o w   p r e s s u r e   c o l u m n   1 5  

t h r o u g h   l i n e   46.  I t   i s   t h e n   warmed   i n  s u b - c o o l e r   12  w h i c h   i t  

l e a v e s   t h r o u g h   l i n e   32.  A f t e r  m e e t i n g   t h e  n i t r o g e n   l e a v i n g  

t h e   e x p a n d e r   31,  t h e   m i x t u r e   i s   d i v i d e d   i n t o   two  s t r e a m s  

w h i c h   a r e   e a c h   p a s s e d   t h r o u g h   r e v e r s i n g  h e a t   e x c h a n g e r   6 .  

One  s t r e a m   is   v e n t e d   t h r o u g h   p i p e   50  w h i l s t   t h e   o t h e r   i s  

p a s s e d   t h r o u g h   c o l u m n   47  w h e r e   i t   c o o l s  t h e   w a t e r   u s e d   in  t h e  

d i r e c t   c o n t a c t   a f t e r c o o l e r  4   by  e v a p o r a t i v e   c o o l i n g .  

V a r i o u s   m o d i f i c a t i o n s   t o   t h e   p l a n t   d e s c r i b e d   c a n  b e  

m a d e ,   f o r   e x a m p l e ,   low  p r e s s u r e  p r o d u c t   n i t r o g e n   f rom  l i n e   29  

c o u l d   be  i n t r o d u c e d   i n t o   s t r e a m   27  i m m e d i a t e l y   u p s t r e a m   o f  

c o m p r e s s o r   34  and  w i t h d r a w n   d o w n s t r e a m   (or  f rom  a n  i n t e r m e d -  

i a t e   s t a g e )   to  g i v e   h i g h   p r e s s u r e   n i t r o g e n   p r o d u c t .  



1.  A  m e t h o d   of  p r o d u c i n g   g a s e o u s   o x y g e n   wh ich   m e t h o d  

c o m p r i s e s   t h e   s t e p s   of  f r a c t i o n a t i n g   d ry   c o m p r e s s e d   a i r   in  a  
d i s t i l l a t i o n   s y s t e m   h a v i n g   a  h i g h   p r e s s u r e   c o l u m n   o p e r a t i n g  

a t   b e t w e e n   4  and  8  b a r s   g a u g e   and  a  low  p r e s s u r e   co lumn   o p e r -  

a t i n g   a t   b e t w e e n   0 .3   and  2  b a r s   g a u g e ,   and  w h e r e i n   l i q u i d  

o x y g e n   is  w i t h d r a w n   f rom  t h e   b o t t o m   of  s a i d   low  p r e s s u r e  

c o l u m n ,   i s   p r e s s u r i z e d   and  is  e v a p o r a t e d   a g a i n s t   a  s t r e a m   o f  

s u b s t a n t i a l l y   p u r e   n i t r o g e n   w h i c h   has   been   r e m o v e d   f rom  t h e  

t o p   of  s a i d   h i g h   p r e s s u r e   c o l u m n   warmed  in  a  h e a t   e x c h a n g e r ,  

c o m p r e s s e d ,   c o o l e d   in  s a i d   h e a t   e x c h a n g e r ,   a t   l e a s t   p a r t l y  

l i q u i f i e d   by  t h e   e v a p o r a t i o n   of  s a i d   o x y g e n ,   a n d ,   a t   l e a s t   i n  

p a r t ,   e x p a n d e d   and  r e t u r n e d   to  s a i d   h i g h   p r e s s u r e   c o l u m n   a s  

r e f l u x .  

2.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   t he   p r e s s u r e  
of  s a i d   o x y g e n   is   r a i s e d   by  a  p u m p .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1  or  2,  w h e r e i n   s a i d   l o w  

p r e s s u r e   c o l u m n   is   r a i s e d   so  t h a t   i t s   b o t t o m   is   a t   l e a s t   15m 

a b o v e   g r o u n d   l e v e l .  

4.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3,  w h e r e i n   - s a i d  

h i g h   p r e s s u r e   c o l u m n   is  o p e r a t e d   a t   b e t w e e n   4 .5   and  7  b a r s  

g a u g e .  
5.  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m ,   w h e r e i n  

s a i d  l o w   p r e s s u r e   c o l u m n   is   o p e r a t e d   a t   b e t w e e n   0 .5   and  2 . 0  

b a r s   g a u g e .  
6.  A  c r y o g e n i c   p l a n t   fo r   p r o d u c i n g   g a s e o u s   o x y g e n   w h i c h  

p l a n t   c o m p r i s e s   a  h i g h   p r e s s u r e   c o l u m n   (8)  and  a  low  p r e s s u r e  

c o l u m n   (15)  fo r   d i s t i l l i n g   a i r ,   an  e v a p o r a t o r   ( 4 3 ) ,   a  p i p e  

(40)  fo r   c o n v e y i n g ,   in  u s e ,   l i q u i d   o x y g e n   f rom  the   b o t t o m   o f  

s a i d   low  p r e s s u r e   c o l u m n   (15)  to  s a i d   e v a p o r a t o r   ( 4 3 ) ,   m e a n s  

(41)  to  e n s u r e   t h a t ,   in  u s e ,   t he   p r e s s u r e   of  l i q u i d   o x y g e n   a t  

s a i d   e v a p o r a t o r   (43)  is   h i g h e r   t h a n   t h e   p r e s s u r e   of  l i q u i d  

o x y g e n   l e a v i n g . s a i d   low  p r e s s u r e   c o l u m n   ( 1 5 ) ,   a  p i p e   (44)  f o r  

c a r r y i n g   g a s e o u s   o x y g e n   from  s a i d   e v a p o r a t o r   ( 4 3 ) ,   a  h e a t  



e x c h a n g e r   ( 6 ) ,   a  p i p e   (33)  f o r   c o n v e y i n g   g a s e o u s   n i t r o g e n  

f r o m   s a i d   h i g h   p r e s s u r e   c o l u m n   (8)  to   s a i d   h e a t   e x c h a n g e r  

( 3 3 ) ,   a  c o m p r e s s o r   ( 3 4 ) ,   a  p i p e   f o r   c o n v e y i n g   g a s e o u s  

n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r   to   s a i d   c o m p r e s s o r ,   a  p i p e  

f o r   c o n v e y i n g   c o m p r e s s e d   g a s e o u s   n i t r o g e n   to   s a i d   h e a t  

e x c h a n g e r   ( 3 4 ) ,   a  p i p e   (36)  f o r   c o n v e y i n g   c o m p r e s s e d   g a s e o u s  

n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r   (33)  to  a  h e a t   e x c h a n g e r  

(38)  w i t h i n   s a i d   e v a p o r a t o r   ( 4 3 ) ,   an  e x p a n s i o n   v a l v e   ( 4 9 ) ,   a  

p i p e   fo r   c o n v e y i n g   l i q u i d   n i t r o g e n   f rom  s a i d   h e a t   e x c h a n g e r  

(38)  w i t h i n   s a i d   e v a p o r a t o r   (43)  to   s a i d   e x p a n s i o n   v a l v e  

( 4 9 ) ,   and  a  p i p e   f o r   c a r r y i n g   e x p a n d e d   l i q u i d   n i t r o g e n   f r o m  

s a i d   e x p a n s i o n   v a l v e   to   t h e   t o p   of  s a i d   h i g h   p r e s s u r e   c o l u m n .  
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