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©  Method  for  producing  gaseous  oxygen  and  a  cryogenic  plant  in  which  said  method  can  be  carried  out. 

A  method  for  producing  gaseous  oxygen,  preferably  at 
pressures  in  excess  of  35  bars  A,  by the  fractional  distillation 
of  air  using  a  conventional  double  column  having  a  high 
pressure  column  (6)  and  a  low  pressure  column  (11).  Liquid 
oxygen  is  withdrawn  from  the  bottom  of  the  low  pressure 
column  (11)  and  is  pressurized  to  just  above  the  desired 
product  pressure  by  pump  (13).  The  liquid  oxygen  is  then 
vapourized  in  heat  exchanger  (15)  using  nitrogen  from  the 
top  of  the  high  pressure  column  (6).  The  nitrogen  is 
compressed  in  compressor  (28)  to  41  bars  A  and  in 
compressors  (32  and  34)  to  80  bars  A.  The  stream  (35)  is 
sub-cooled  in  heat  exchanger  15  and,  after  expansion  at 
valve  (36),  the  liquid  nitrogen  is  returned  to  the  high  pressure 
column  as  reflux.  The  stream  (31)  is  cooled  in  heat  exchanger 
(15)  and  is  expanded  in  an  expander  (40).  The  gas  leaving  the 
expander  (40)  is  used  to  cool  the  stream  (35)  in  heat 
exchanger  (15)  and  is  subsequently  recycled  to  the  inlet  of 
compressor  28. 





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  to   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  

can   b e  c a r r i e d  o u t .  

In  our   UK  P a t e n t   A p p l i c a t i o n   No.  7 9 3 6 6 3 7   f i l e d   23  

O c t o b e r   1 9 7 9 ,   we  h a v e   d e s c r i b 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   w h i c h   m e t h o d   c o m p r i s e s   t he   s t e p s   of  f r a c t i o n a t i n g   d r y  

c o m p r e s s e d   a i r   in  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   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   5  and  9  b a r s   a b s o l u t e  

and  a  low  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   1 .3   and  3  b a r s  

a b s o l u t e ,   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  t h e   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   h a s  

been   r e m o v e d   f rom  t he   t o p   of  the   h i g h   p r e s s u r e   c o l u m n   a n d  

c o m p r e s s e d   to  s u c h   a  p r e s s u r e   t h a t   i t   i s   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  the   e v a p o r a t i o n   of  the   o x y g e n ,   and  w h e r e i n   a t  

l e a s t   p a r t   of  t he   l i q u i f i e d   n i t r o g e n   i s   e x p a n d e d   and  r e t u r n e d  

to  t he   h i g h   p r e s s u r e   c o l u m n   as  r e f l u x .  

The  p r e f e r r e d   e m b o d i m e n t   d e s c r i b e d   in   t he   s a i d   UK 

P a t e n t   A p p l i c a t i o n   i s   s p e c i f i c a l l y   d e s i g n 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   2 .8   b a r s   a b s o l u t e   a l t h o u g h   i t   i s   i n d i c a t e d  

t h a t   t h e   g e n e r a l   m e t h o d   is   a p p l i c a b l e   f o r   much  h i g h e r  

p r e s s u r e s .  

We  have   f o u n d   t h a t   if   t he   g a s e o u s   o x y g e n   i s   r e q u i r e d  

a t   p r e s s u r e s   in  e x c e s s   of  35  b a r s ,   t h e   a m o u n t   of  p o w e r  

c o n s u m e d  b y   the   p r e f e r r e d   e m b o d i m e n t   d e s c r i b e d   in  t he   s a i d   UK 

P a t e n t   A p p l i c a t i o n   i n c r e a s e s   r a p i d l y   o v e r   a  c o n v e n t i o n a l   a i r  

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

in  such   c a s e s   t he   v a l u e   of  t he   a d d i t i o n a l   p o w e r   o u t w e i g h s   t h e  

s a v i n g   in  c a p i t a l   c o s t .  

In  o r d e r   to  r e d u c e   the   amoun t   of  power   c o n s u m e d   by  o u r  

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

n i t r o g e n   r i c h   gas   f rom  t he   h i g h   p r e s s u r e   c o l u m n   and  d i v i d e   i t  

i n t o   a  f i r s t   s u b - s t r e a m   and  a  s e c o n d   s u b - s t r e a m .   The  f i r s t  

s u b - s t r e a m   i s   c o o l e d   a g a i n s t   the   v a p o r i s i n g   l i q u i d   o x y g e n   a n d  



i s   t h e n   e x p a n d e d   to  p r o d u c e   a  m a i n l y   (on  a  m o l a r   b a s i s )  

l i q u i d   p r o d u c t   a t   l e a s t   p a r t   of  w h i c h   i s   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   as  r e f l u x .   The  s e c o n d   s u b - s t r e a m   i s   c o o l e d ,  

e x p a n d e d   in   an  e x p a n d e r ,   and  a t   l e a s t   p a r t   of  t h e   p r o d u c t  

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

s u b - s t r e a m   and  i s   t h e n   r e c y c l e d   to   t he   c o m p r e s s o r .   T h e  

n i t r o g e n   r i c h   gas   i s   p r e f e r a b l y   t a k e n   f r o m   t h e   t op   of  t h e  

h i g h   p r e s s u r e   c o l u m n   w h e r e   i t   i s   s u b s t a n t i a l l y   p u r e .   T h i s  

e n a b l e s   a  s u b s t a n t i a l l y   p u r e   s t r e a m   of  n i t r o g e n   to   be  d r a w n  

o f f   t h e   p l a n t   a t   an  e l e v a t e d   p r e s s u r e   i f   d e s i r e d .  

W h i l s t   t h i s   m e t h o d   w i l l   work  a t   a l l   p r e s s u r e s   i t   i s  

p a r t i c u l a r l y   a d v a n t a g e o u s   a t   p r e s s u r e s   of  35  b a r s   A  a n d  

a b o v e .  

The  f i r s t   s u b - s t r e a m   and  t h e   s e c o n d   s u b - s t r e a m   may  b e  

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

s u b - s t r e a m   w i l l   be  c o m p r e s s e d   to   a  p r e s s u r e   7  to   40  b a r s  

a b o v e   t h e   s e c o n d   s u b - s t r e a m .  

We  have   f o u n d   i t   p a r t i c u l a r l y   d e s i r a b l e   to  a r r a n g e   f o r  

f l u i d   l e a v i n g   t he   e x p a n d e r   to  c o n t a i n   up  to   15  mole   p e r c e n t  

l i q u i d   and  p r e f e r a b l y   b e t w e e n   8  and  10  mo le   p e r c e n t   l i q u i d .  

In  s u c h   a  c a s e   t he   l i q u i d   i s   p r e f e r a b l y   s e p a r a t e d   f rom  t h e  

gas   and  t h e   l i q u i d   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   a s  

a d d i t i o n a l   r e f l u x .  

T y p i c a l l y ,   the   p r e s s u r e   of  t h e   f i r s t   s u b - s t r e a m   w i l l  

be  b e t w e e n   40  and  80  b a r s   a b s o l u t e   w h i l s t   t h e   p r e s s u r e   of  t h e  

s e c o n d   s u b - s t r e a m   w i l l   be  b e t w e e n   30  and  50  b a r s   a b s o l u t e .  

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 ,  

a  h e a t   e x c h a n g e r   in  w h i c h   l i q u i d   o x y g e n   can   e v a p o r a t e ,   a  pump 

f o r ,   in   u s e ,   r e c e i v i n g   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   and  i n t r o d u c i n g   i t   i n t o   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  c o n d u i t   f o r   c a r r y i n g   n i t r o g e n   r i c h  

g a s   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   to  s a i d   c o m p r e s s o r ,   a  

c o n d u i t   f o r   c o n v e y i n g   a  f i r s t   s u b - s t r e a m   of  c o m p r e s s e d  



n i t r o g e n   r i c h   gas   f rom  s a i d   c o m p r e s s o r   t h r o u g h   s a i d   h e a t  

e x c h a n g e r   in  c o u n t e r c u r r e n t   f l o w   to  s a i d   l i q u i d   o x y g e n ,   a n  

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

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

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

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

i s   p r o v i d e d   f o r   c o n v e y i n g   a  s e c o n d   s u b - s t r e a m   of  c o m p r e s s e d  

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

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

a l l o w i n g   c o m p r e s s e d   n i t r o g e n   r i c h   gas   f rom  s a i d   h e a t  

e x c h a n g e r   t o ' e x p a n d ,   a  c o n d u i t   f o r   c o n v e y i n g   n i t r o g e n   r i c h  

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

c o o l i n g   s a i d   f i r s t   s u b - s t r e a m   of  c o m p r e s s e d   n i t r o g e n   r i c h   g a s  
and  a  c o n d u i t   f o r   c a r r y i n g   s a i d   n i t r o g e n   r i c h   gas   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 .  
T h e r e   i s   a l s o   p r o v i d e d   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 ,   a   h e a t  

e x c h a n g e r  i n   wh ich   l i q u i d   o x y g e n   can  e v a p o r a t e ,   a  pump  f o r ,  

in   u s e ,   r e c e i v i n g   l i q u i d   o x y g e n   f rom  t he   b o t t o m   of  s a i d   l o w  

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

g a s e o u s   n i t r o g e n   f r o m   the   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   t o  

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

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

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

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

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

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

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  s a i d   h i g h  

p r e s s u r e   c o l u m n ,   c h a r a c t e r i z e d   in  t h a t   a  f u r t h e r   c o n d u i t   i s  

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

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

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

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

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

e x c h a n g e r   to  a s s i s t   in   c o o l i n g   s a i d   f i r s t   s u b - s t r e a m   o f  

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

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

The  p r e s e n t   i n v e n t i o n   f u r t h e r   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 ,   a  f i r s t   h e a t   e x c h a n g e r   in  w h i c h   l i q u i d   o x y g e n   can   e v a p -  

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

s a i d   f i r s t   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  c o n d u i t   f o r  

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

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

of  c o m p r e s s e d   n i t r o g e n   r i c h   gas   f rom  s a i d   c o m p r e s s o r   t h r o u g h  

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

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

n i t r o g e n   r i c h   gas   l e a v i n g   s a i d   h e a t   e x c h a n g e r   and  a  c o n d u i t  

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

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

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

of  c o m p r e s s e d   n i t r o g e n   r i c h   gas   f r o m   s a i d   c o m p r e s s o r   to  a  

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

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

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

h e a t   e x c h a n g e r   to   a s s i s t   in  c o o l i n g   s a i d  f i r s t   s u b - s t r e a m   o f  

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

n i t r o g e n   r i c h   gas   f rom  s a i d   f i r s t   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 .  
T h e r e   i s   a l s o   p r o v i d e d   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 ,   a  f i r s t   h e a t  

e x c h a n g e r   in  w h i c h   l i q u i d   o x y g e n   can  e v a p o r a t e ,   a  pump  f o r ,  



in   u s e ,   r e c e i v i n g   l i q u i d   o x y g e n   f r o m   t h e   b o t t o m   of  s a i d   l o w  

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

p u r e   g a s e o u s   n i t r o g e n   f rom  t he   t op   of  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   c o m p r e s s o r ,   a  c o n d u i t   f o r   c o n v e y i n g   a  f i r s t  

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

s a i d   c o m p r e s s o r   t h r o u g h   s a i d   f i r s t   h e a t   e x c h a n g e r   in  c o u n t e r -  

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

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

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

p u r e   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  s a i d   h i g h  

p r e s s u r e   c o l u m n ,   c h a r a c t e r i z e d   in  t h a t   f u r t h e r   c o n d u i t   i s  

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

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

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

n i t r o g e n ,   an  e x p a n d e r   f o r   a l l o w i n g   s u b s t a n t i a l l y   p u r e   c o m p -  
r e s s e d   n i t r o g e n   f rom  s a i d   s e c o n d   h e a t   e x c h a n g e r   to  e x p a n d ,   a  

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

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

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

r e s s e d   n i t r o g e n ,   and  a  c o n d u i t   f o r   c a r r y i n g   s a i d   s u b s t a n t -  

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

s a i d   c o m p r e s s o r .  

P r e f e r a b l y ,   t h e   f i r s t   h e a t   e x c h a n g e r   i s   a  wound  c o i l  

h e a t   e x c h a n g e r   and  t he   s e c o n d   h e a t   e x c h a n g e r   i s   a  p l a t e - f i n  

h e a t   e x c h a n g e r .  



For  a  b e t t e r   u n d e r s t a n d i n g   of  t he   i n v e n t i o n   r e f e r e n c e  

w i l l   now  be  made ,   by  way  of  e x a m p l e ,   to  the   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  is   a  s i m p l i f i e d   f l o w s h e e t   of  one  e m b o d -  

i m e n 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  

i n v e n t i o n ;   a n d  

F i g u r e   2  i s   a  s e c o n d   e m b o d i m e n t   of  such   a  c r y o -  

g e n i c   p l a n t .  

R e f e r r i n g   to  F i g u r e   1,  a i r   at   a  f l o w r a t e   of  5934  Kg 

m o l e s / h o u r   i s   c o m p r e s s e d   to   6 .5   b a r s   a b s o l u t e   ( b a r s   A)  i n  

c o m p r e s s o r   1  and  i s   s u b s e q u e n t l y   p a s s e d   t h r o u g h   m o l e c u l a r  

s i e v e   a d s o r b e r s   2  w h e r e   w a t e r ,   c a r b o n   d i o x i d e   and  any  h e a v y  

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

m o l e c u l a r   s i e v e   a d s o r b e r s   2  t h r o u g h   c o n d u i t   3  a t   6 .1   b a r s   A 

and  10°C.   I t   i s   t h e n   c o o l e d   to  - 1 7 2  C   in  h e a t   e x c h a n g e r   4 

w h i c h   i t   l e a v e s   t h r o u g h   c o n d u i t   5  a t   a  c o n d i t i o n   c l o s e   t o  

s a t u r a t i o n .   The  s t r e a m   in  c o n d u i t   5  is  t h e n   i n t r o d u c e d   i n t o  

the   h i g h   p r e s s u r e   c o l u m n   6  of  a  d o u b l e  c o l u m n   7 .  

A  c r u d e   l i q u i d   o x y g e n   s t r e a m   is   w i t h d r a w n   from  t h e  

b o t t o m   of  t he   h i g h   p r e s s u r e   co lumn   6  t h r o u g h  c o n d u i t   8  a n d  

a f t e r   b e i n g   s u b c o o l e d   to  - 1 7 7 ° C   in  s u b c o o l e r   9  i s   e x p a n d e d   t o  

1 .5   b a r s   A  a t   v a l v e   10  and  i n t r o d u c e d   i n t o   low  p r e s s u r e  
c o l u m n   11  w h i c h   i s   p r o v i d e d   w i t h   a  r e b o i l e r   12.  L i q u i d  

o x y g e n   a t   98  m o l a r   %  p u r i t y   a c c u m u l a t e s   in  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   11  and  p a s s e s   to  the   i n l e t   of  pump  13  

t h r o u g h   c o n d u i t   14.  The  l i q u i d   i s   t hen   pumped  a t   a  r a t e   o f  

1162  Kg  m o l e s / h o u r   to  h e a t   e x c h a n g e r   15  where   i t   v a p o r i z e s  

and  l e a v e s   t h r o u g h   c o n d u i t   16  at  69  b a r s   A  and  20°C  to  f o r m  

the   g a s e o u s   o x y g e n   p r o d u c t   s t r e a m .  

G a s e o u s   n i t r o g e n   i s   w i t h d r a w n   from  the  t op   of  the   h i g h  

p r e s s u r e   c o l u m n   6  t h r o u g h   c o n d u i t   17.  A  p o r t i o n   of  t h i s  

n i t r o g e n   is   c o n d e n s e d   in  r e b o i l e r   12  and  r e t u r n e d   to  the   h i g h  

p r e s s u r e   c o l u m n   6  t h r o u g h   c o n d u i t   18  and  the   r e m a i n d e r  

t h r o u g h   c o n d u i t   19  and  s u b - c o o l e r   9  to  p r o d u c t   a t   the   r a t e   o f  



17  kg.  m o l e s / h o u r .   The  r e m a i n i n g   n i t r o g e n   in   c o n d u i t   17  

p a s s e s   t h r o u g h   c o n d u i t   20.  I t   i s   j o i n e d   a t   j u n c t i o n   21  b y  

n i t r o g e n   f rom  c o n d u i t   22  and  t h e   c o m b i n e d   s t r e a m   i s   p a s s e d  

t h r o u g h   c o n d u i t   23  to  h e a t   e x c h a n g e r   4.  A f t e r   b e i n g   w a r m e d  

to  - 1 2 5 o C ,   a  p o r t i o n   of  t he   n i t r o g e n   i s   w i t h d r a w n   t h r o u g h  

c o n d u i t   24  and  t h e   b a l a n c e   l e a v e s   t he   h e a t   e x c h a n g e r   4 

t h r o u g h   c o n d u i t   25  a t   6°C.  I t   i s   j o i n e d   by  n i t r o g e n   f r o m  

c o n d u i t   26  a t   j u n c t i o n   27  and  t he   c o m b i n e d   s t r e a m   i s   i n t r o d -  

uced   i n t o   t he   f i r s t   s t a g e   28  of  a  c o m p r e s s o r   29.  T h e  

n i t r o g e n   i s   c o m p r e s s e d   to  41  b a r s   A  and  l e a v e s   t he   f i r s t  

s t a g e   28  t h r o u g h   c o n d u i t   30.  A  s e c o n d  s u b - s t r e a m   31  i s   t h e n  

w i t h d r a w n   and  t h e   b a l a n c e   i s   c o m p r e s s e d   to   61  b a r s   A  i n  

s e c o n d   s t a g e   32  and  p r o d u c t   n i t r o g e n   a t   a  f l o w r a t e   of  1367  Kg 

m o l e s / h o u r   i s   w i t h d r a w n   t h r o u g h   c o n d u i t   33.  The  r e m a i n i n g  

n i t r o g e n   i s   c o m p r e s s e d   to  80  b a r s   A  in  t he   t h i r d   s t a g e   34  o f  

c o m p r e s s o r   29  w h i c h   i s   l e a v e s   t h r o u g h   c o n d u i t   35  as  a  f i r s t  

s u b - s t r e a m .  

The  f i r s t   s u b - s t r e a m   is   c o o l e d   to  - 1 6 9 ° C   in  h e a t  

e x c h a n g e r   15  w h i c h   i t   l e a v e s   as  a  s u b - c o o l e d   v a p o u r   as  i t   i s  

a b o v e   i t s   c r i t i c a l   p r e s s u r e .   I t   i s   t h e n   e x p a n d e d   to  5 .9   b a r s  

A  a t   v a l v e   36  and  t h e   two  p h a s e s   t h u s   f o r m e d   a r e   s e p a r a t e d   i n  

p h a s e   s e p a r a t o r   3 7 .  

L i q u i d   n i t r o g e n   i s   w i t h d r a w n   f r o m   t h e   b o t t o m   of  t h e  

p h a s e   s e p a r a t o r   37  and  i s   r e t u r n e d   to  t he   h i g h   p r e s s u r e  
c o l u m n   6  t h r o u g h   c o n d u i t   39  as  r e f l u x .  

T u r n i n g   now  to  t he   s e c o n d   s u b - s t r e a m   31,  t he   n i t r o g e n  

a t   41  b a r s   A  i s   c o o l e d   to  - 1 2 3 ° C   in  h e a t   e x c h a n g e r   15  and  i s  

t h e n   e x p a n d e d   t h r o u g h   g e n e r a t o r   l o a d e d   e x p a n d e r   40  to   5 . 9  

b a r s   A.  The  two  p h a s e   n i t r o g e n   l e a v i n g   t he   e x p a n d e r   40  

t h r o u g h   c o n d u i t   41  c o n t a i n s   8  mole   p e r c e n t   l i q u i d   and  i s  

i n t r o d u c e d   i n t o   p h a s e   s e p a r a t o r   37.  The  g a s e o u s   n i t r o g e n   i n  

t he   p h a s e   s e p a r a t o r   37  p a s s e s   to  j u n c t i o n   42.  G a s e o u s  

n i t r o g e n   i s   p a s s e d   t h r o u g h   c o n d u i t   22  to  j u n c t i o n   21  w h i l s t  

t h e   b a l a n c e   i s   i n t r o d u c e d   i n t o   t he   c o l d   end  of  h e a t   e x c h a n g e r  

15  t h r o u g h   c o n d u i t   43.  A f t e r   b e i n g   warmed  to  - 1 2 5 ° C   t h e  



n i t r o g e n   i s   j o i n e d   by  n i t r o g e n   f rom  c o n d u i t   24  a t   j u n c t i o n  

44.  The  c o m b i n e d   s t r e a m   i s   t h e n   warmed  and  e n t e r s   c o n d u i t  

2 6 .  

Of  t he   r e m a i n i n g   f e a t u r e s   a  n i t r o g e n - r i c h   l i q u i d  
f r a c t i o n   i s   t a k e n   f r o m   t he   h i g h   p r e s s u r e  c o l u m n   6  t h r o u g h  
c o n d u i t   44  to  s u b - c o o l e r   9  w h i c h   i t   l e a v e s  t h r o u g h   c o n d u i t  

45.  I t   i s   t h e n   e x p a n d e d   a t   v a l v e   46  and  t he   r e s u l t i n g   t w o  

p h a s e   m i x t u r e   i s   i n t r o d u c e d   i n t o   t he   low  p r e s s u r e   c o l u m n   1 1 .  

W a s t e   n i t r o g e n   l e a v e s   t he   t op   of  t he   low  p r e s s u r e   c o l u m n   1 1  

t h r o u g h   c o n d u i t   47  and  a f t e r   b e i n g   warmed   in   s u b - c o o l e r   9 ,  

e n t e r s   h e a t   e x c h a n g e r   4  v i a   c o n d u i t   47.  The  w a s t e   n i t r o g e n  

l e a v e s   h e a t   e x c h a n g e r   4  t h r o u g h   c o n d u i t   48  and  a  p o r t i o n   i s  

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

i s   v e n t e d   to   a t m o s p h e r e   t h r o u g h   c o n d u i t   4 9 .  

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

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

e x c h a n g e r s   4  and  15  w i l l   n o r m a l l y   be  p l a t e - f i n   h e a t  

e x c h a n g e r s   w h e r e   p r e s s u r e   p e r m i t ,   i t   may  be  n e c e s s a r y   f o r  

h e a t   e x c h a n g e r   15  to  be  a  wound  c o i l   h e a t   e x c h a n g e r  

( g e n e r a l l y   w h e r e   t he   p r e s s u r e   of  t he   o x y g e n   s t r e a m   e x c e e d s   81  

b a r s   A).   H o w e v e r ,   s i n c e   wound  c o i l   h e a t   e x c h a n g e r s   a r e  

r e l a t i v e l y   e x p e n s i v e ,   i t   may  be  d e s i r a b l e   to  u se   a  p l a t e - f i n  

h e a t   e x c h a n g e r   in   c o m b i n a t i o n   w i t h   a  wound  c o i l   h e a t  

e x c h a n g e r   in   p l a c e   of  a  s i n g l e   wound  c o i l   h e a t   e x c h a n g e r   1 5 .  

In  t h i s   c o n n e c t i o n   r e f e r e n c e   i s   made  to  F i g u r e   2  w h i c h  

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

shown  i n   F i g u r e   1  e x c e p t   t h a t   t h e   l i q u i d   o x y g e n   i s   pumped  t o  

98  b a r s   A  by  pump  13.  In  t h i s   p a r t i c u l a r   e m b o d i m e n t   t h e  

s e c o n d   and  t h i r d   s t a g e s   of  t he   c o m p r e s s o r   have   b e e n   c o m b i n e d  

i n t o   a  s i n g l e   s e c o n d   s t a g e   51  w h i c h   c o m p r e s s e s   t h e   n i t r o g e n  

to  74  b a r s   A.  For  t h i s   e m b o d i m e n t   t he   h e a t   e x c h a n g e r   15  i s   o f  

t h e   wound  c o i l   t y p e .   B e c a u s e   of  t he   c o s t   and  c o m p l e x i t y   o f  

b u i l d i n g   a  wound  c o i l   h e a t   e x c h a n g e r   w i t h   t he   f l o w s   a r r a n g e d  

as  shown  in  F i g u r e   1,  t h e   s e c o n d   s u b - s t r e a m   31  i s   c o o l e d   in  a  

s e p a r a t e   p l a t e - f i n   h e a t   e x c h a n g e r   52  b e f o r e   b e i n g   e x p a n d e d   a s  



b e f o r e .   C o o l i n g   of  t he   s e c o n d   s u b - s t r e a m   i s   e f f e c t e d   by  a  

s t r e a m   53  t a k e n   f r o m   c o n d u i t   24,  p a s s e d   t h r o u g h   p l a t e - f i n  

h e a t   e x c h a n g e r   52  and  r e t u r n e d   to  c o n d u i t   26  as  s h o w n .  

If  d e s i r e d ,   in  e i t h e r   of  t he   c r y o g e n i c   p l a n t s  

d e s c r i b e d ,   h e a t   e x c h a n g e r   4  may  be  r e p l a c e d   w i t h   a  r e v e r s i n g  

h e a t   e x c h a n g e r   t he   and  m o l e c u l a r   s i e v e   a d s o r b e r s   o m i t t e d .   I n  

such   an  e m b o d i m e n t   i t   w i l l   be  n e c e s s a r y   to  p l a c e   a  h y d r o -  

c a r b o n   a b s o r b e r   in  c o n d u i t   8  d o w n s t r e a m   of  s u b c o o l e r   9 .  

If  d e s i r e d   t h e   s e c o n d   s t a g e   32  a n d / o r   t h i r d   s t a g e s   34  

of  t he   c o m p r e s s o r   2 9  c o u l d   be  s e p a r a t e   and  d i s t i n c t   f r o m   t h e  

f i r s t   s t a g e   28  and  d r i v e n ,   f o r   e x a m p l e   c o m p l e t e l y ,   or  i n  

p a r t ,   by  e x p a n d e r   4 0 .  



1.  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   w h i c h   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 o u b l e   d i s t i l l a t i o n   c o l u m n   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   5  and  9  b a r s   a b s o l u t e   and  a  low  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   1 .3   and  3  b a r s   a b s o l u t e ,   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 r o m   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 ,   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  n i t r o g e n   r i c h   gas   w h i c h   has   b e e n   r e m o v e d   f rom  t h e  

h i g h   p r e s s u r e   c o l u m n   and  c o m p r e s s e d   in   a  c o m p r e s s o r  
c h a r a c t e r i z e d   in  t h a t   t h e   c o m p r e s s e d   n i t r o g e n   r i c h   gas   i s  

d i v i d e d   i n t o   a  f i r s t   s u b - s t r e a m   and  a  s e c o n d   s u b - s t r e a m ;   t h e  

f i r s t   s u b - s t r e a m   i s   c o o l e d   a g a i n s t   t he   v a p o r i s i n g   l i q u i d  

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

b a s i s )   l i q u i d   p r o d u c t   a t   l e a s t   p a r t   of  w h i c h   i s   r e t u r n e d   t o  

t he   h i g h   p r e s s u r e   c o l u m n   as  r e f l u x ;   and  t he   s e c o n d   s u b - s t r e a m  

is   c o o l e d ,   e x p a n d e d   in  an  e x p a n d e r ,   and  a t   l e a s t   p a r t   of  t h e  

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

f i r s t   s u b - s t r e a m   and  i s   t h e n   r e c y c l e d   to   s a i d   c o m p r e s s o r .  
2.  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   w h i c h   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 o u b l e   d i s t i l l a t i o n   c o l u m n   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   5  and  9  b a r s   a b s o l u t e   and  a  low  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   1 .3   and  3  b a r s   a b s o l u t e ,   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  t he   b o t t o m   of  t h e   l o w  

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   h a s   been   r e m o v e d  

f r o m   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   and  c o m p r e s s e d   in  a  

c o m p r e s s o r   c h a r a c t e r i z e d   in  t h a t   t he   c o m p r e s s e d   n i t r o g e n   i s  

d i v i d e d   i n t o   a  f i r s t   s u b - s t r e a m   and  a  s e c o n d   s u b - s t r e a m ;   t h e  

f i r s t   s u b - s t r e a m   i s   c o o l e d   a g a i n s t   t he   v a p o r i s i n g   l i q u i d  

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

b a s i s )   l i q u i d   p r o d u c t   a t   l e a s t   p a r t   of  w h i c h   i s   r e t u r n e d   t o  

t h e   h i g h   p r e s s u r e   c o l u m n   as  r e f l u x ;   and  t he   s e c o n d   s u b - s t r e a m  



i s   c o o l e d ,   e x p a n d e d   in  an  e x p a n d e r ,   and  a t   l e a s t   p a r t   of  t h e  

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

f i r s t   s u b - s t r e a m . a n d   i s   t h e n   r e c y c l e d   to  s a i d   c o m p r e s s o r .  
3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1  o r   2,  c h a r a c t e r i z e d   i n  

t h a t   t h e   f i r s t   s u b - s t r e a m   i s   c o m p r e s s e d   to  a  h i g h e r   p r e s s u r e  
t h a n   t he   s e c o n d   s u b - s t r e a m .  

4.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  o r   2 ,  c h a r a c t e r i z e d   i n  
t h a t   s a i d   s e c o n d   s u b - s t r e a m   l e a v i n g   s a i d   e x p a n d e r   c o n t a i n s  u p  

to  15  m o l e  p e r c e n t   l i q u i d .  

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m  1 ,   2,  3  or  4 ,   c h a r a c t e r -  
i z e d   in  t h a t   t he   p r e s s u r e   of  s a i d  f i r s t   s u b - s t r e a m   i s   i n  

e x c e s s   of  4 0  b a r s   a b s o l u t e .  

6.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2,  3,  4,  or  5 ,  
c h a r a c t e r i z e d   in  t h a t   t he   p r e s s u r e   o f  s a i d   s e c o n d   s u b - s t r e a m  

is   in  e x c e s s  o f  3 0   b a r s   a b s o l u t e .  

7.  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  a n d   a  l o w  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 ,   a  h e a t   e x c h a n g e r   i n  w h i c h   l i q u i d  

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

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

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

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

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

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

and  a  c o n d u i t   f o r   c o n v e y i n g   l i q u i f i e d  n i t r o g e n   r i c h   gas   f r o m  

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

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

s e c o n d   s u b - s t r e a m   of  c o m p r e s s e d   n i t r o g e n  r i c h   g a s   f rom  s a i d  

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

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

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

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



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

s u b - s t r e a m  o f   c o m p r e s s e d   n i t r o g e n   r i c h   gas   and  a  c o n d u i t  f o r  

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

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

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

o x y g e 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   a n d  

i n t r o d u c i n g   i t   i n t o   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  

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

the   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   to  s a i d   c o m p r e s s o r ,   a  

c o n d u i t   f o r   c o n v e y i n g   a  f i r s t   s u b - s t r e a m   of  s u b s t a n t i a l l y  

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

h e a t   e x c h a n g e r   in   c o u n t e r c u r r e n t   f l o w   to  s a i d   l i q u i d   o x y g e n ,  

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

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

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

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

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

c o m p r e s s e 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   to   e x p a n d ,   a  

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

f rom  s a i d   e x p a n d e r   to  s a i d   h e a t   e x c h a n g e r   to   a s s i s t   in  c o o l -  

ing   s a i d   f i r s t   s u b - s t r e a m   of  s u b s t a n t u a l l y   p u r e   c o m p r e s s e d  

n i t r o g e n   and  a  c o n d u i t   f o r   c a r r y i n g   s a i d   s u b s t a n t i a l l y   p u r e  

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 .  

9.  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 ,   a  f i r s t   h e a t   e x c h a n g e r   in   w h i c h  

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

l i q u i d   o x y g e n   f rom  the   b o t t o m   of  s a i d  l o w   p r e s s u r e   c o l u m n  a n d  

i n t r o d u c i n g   i t   i n t o   s a i d   f i r s t   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  c o n d u i t   f o r   c a r r y i n g   n i t r o g e n   r i c h   gas   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   c o m p r e s s o r ,   a  c o n d u i t   f.or  c o n v e y i n g   a  

f i r s t   s u b - s t r e a m   of  c o m p r e s s e d   n i t r o g e n   r i c h  g a s  f r o m   s a i d  

c o m p r e s s o r   t h r o u g h   s a i d   f i r s t   h e a t   e x c h a n g e r   in  c o u n t e r -  

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

in   u s e ,   e x p a n d i n g   c o l d   n i t r o g e n  r i c h   gas   l e a v i n g   s a i d   h e a t  

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

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

c h a r a c t e r i z e d   in   t h a t   a  f u r t h e r   c o n d u i t   i s   p r o v i d e d   f o r  

c o n v e y i n g   a  s e c o n d   s u b - s t r e a m   of  c o m p r e s s e d   n i t r o g e n   r i c h   g a s  
f rom  s a i d  c o m p r e s s o r   to  a  s e c o n d   h e a t   e x c h a n g e r   to  c o o l   s a i d  

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

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

e x p a n d e r   to  s a i d   f i r s t   h e a t   e x c h a n g e r   to  a s s i s t   in   c o o l i n g  

s a i d  f i r s t   s u b - s t r e a m   of  c o m p r e s s e d   n i t r o g e n   r i c h   g a s ,   and  a  

c o n d u i t   f o r   c a r r y i n g   s a i d   n i t r o g e n   r i c h   gas   f rom  s a i d   f i r s t  

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 .  

1 0 .   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 ,   a  f i r s t   h e a t   e x c h a n g e r   in  w h i c h  

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

l i q u i d   o x y g e 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   a n d  

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

f r o m   t he   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   to  s a i d   c o m p r e s s o r ,  

a  c o n d u i t   f o r   c o n v e y i n g   a  f i r s t   s u b - s t r e a m   of  s u b s t a n t i a l l y  

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

f i r s t   h e a t   e x c h a n g e r   in  c o u n t e r c u r r e n t   f l o w   to  s a i d   l i q u i d  

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

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

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

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

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



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

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

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

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

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

s a i d   f i r s t   h e a t   e x c h a n g e r   to  a s s i s t   in   c o o l i n g   s a i d  f i r s t  

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

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

f r o m   s a i d   f i r s t   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 .  

l l .   A  c r y o g e n i c   p l a n t   a c c o r d i n g   to  C l a i m   9  or  1 0 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   f i r s t   h e a t   e x c h a n g e r   i s   a  w o u n d  

c o i l   h e a t  e x c h a n g e r   and  s a i d   s e c o n d  h e a t   e x c h a n g e r   i s   a  

p l a t e - f i n   h e a t   e x c h a n g e r .  
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