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<§)  Improvements  In  closed  circuit  breathing  apparatus. 

®  A  closed  circuit  breathing  apparatus  comprising  a  mouth- 
piece  coupled  to  a  counterlung  to  which  oxygen  is  admitted  on 
demand  by  the  wearer,  a  medium  provided  between  the 
mouthpiece  and  the  counterlung  to  absorb  the  exhaled  carbon 
dioxide  and  a  chemical  heat  exchanger  in  the  form  of  activated 
carbon  to  reduce  the  temperature  and  relative  humidity  of  the 
exhaled  purified  air  resulting  from  the  exothermic  reaction  in 
the  carbon  dioxide  absorbing  medium. 



This  i n v e n t i o n   r e l a t e s   to  c losed  c i r c u i t   b r e a t h i n g   a p p a r a t u s  

i n c o r p o r a t i n g   means  for  removing  carbon  d ioxide   exhaled  by  the  u s e r .  

In  some  forms  of  c o n v e n t i o n a l   c losed  c i r c u i t   b rea th ing   appara tus   it  i s  

usual  to  employ  a  m a t e r i a l   such  as  c a u s t i c   soda  or  soda  lime  to  a b s o r b  

the  carbon  d iox ide ,   the  chemical  being  held  in  a  r e p l a c e a b l e  

c o n t a i n e r .   However  the  exothermic  r e a c t i o n   produced  by  a b s o r p t i o n   o f  

carbon  dioxide  r e s u l t s   in  an  i n c r e a s e   in  t empera tu re   of  the  e x h a l e d  

air  and  an  i nc rea se   in  r e l a t i v e   humidi ty .   Typical   values  for  t h e  

t empera tu re   and  r e l a t i v e   humidity  of  the  p u r i f i e d   exhaled  a i r   a r e  

55°C  and  100%  r e s p e c t i v e l y .   Such  values  make  the  i n h a l a t i o n   of  t h e  

recyc led   exhaled  air   ex t remely   uncomfor tab le   for  the  user .   In  an 

endeavour  to  reduce  both  the  t empera tu re   and  r e l a t i v e   humidity  h e a t  

exchangers   have  been  u t i l i s e d ,   one  example  being  that   d i s c l o s e d   in  UK 

Patent   S p e c i f i c a t i o n   No.  1057155  in  which  a  l i q u i d   or  l i q u i f i e d  

cool ing  medium  is  used  to  cool  the  p u r i f i e d   exhaled  a i r .  

Whilst   such  heat  exchangers  have  often  produced  the  requi red   r e s u l t  

in  making  the  r ecy lced   a i r   more  comfor t ab le   for  the  user  to  i n h a l e  

the  a d d i t i o n   of  a  heat  exchanger  has  i nc r ea sed   the  t o t a l   weight  of 

the  appara tus   to  a  value  which  makes  it   t i r i n g   for  the  user  to  wear 

p a r t i c u l a r l y   when  engaged  in  f a i r l y   s t r enuous   phys ica l   e x e r t i o n ,   f o r  

example  when  f i re   f i g h t i n g   or  escaping  from  a  dangerous  t o x i c  

e n v i r o n m e n t .  

L  _  ,  
Most  of  the  heat  exchangers  used  in  known  types  of  c losed  c i r c u i t  

b rea th ing   appara tus   re ly   on  an  e f f i c i e n t   heat  conductor   in  the  form 

of  a  coolant   or  a  heat  r a d i a t i n g   medium  to  conduct  r ap id ly   the  h e a t  

produced  by  the  exothermic  r e a c t i o n   to  the  environment  to  reduce  t h e  



t empera tu re   of  the  exhaled  a i r .   In  c o n t r a s t   to  th is   and  s u r p r i s i n g l y  

we  have  found  that   using  a  poor  heat  conductor   in  a  heat  exchanger  no t  

only  produces  the  des i r ed   r e s u l t s   of  dec reas ing   the  t empera tu re   and 

r e l a t i v e   humidity  of  the  p u r i f i e d   exhaled  a i r   but,  in  the  form  used 

in  th is   i n v e n t i o n ,   does  not  add  s i g n f i c a n t l y   to  the  t o t a l   weight  of  

the  closed  c i r c u i t   b rea th ing   a p p a r a t u s .  

In  accordance  with  th is   i nven t ion   t h e r e f o r e   we  provide  a  c l o s e d  

c i r c u i t   b rea th ing   appara tus   i n c o r p o r a t i n g   a  carbon  d ioxide   a b s o r b i n g  

medium  c h a r a c t e r i z e d   in  tha t   a  chemical  heat  exchanger  in  the  form 

of  a c t i v a t e d   carbon  is  loca ted   in  a  p o s i t i o n   r e l a t i v e   to  the  c a r b o n  

dioxide   absorbing  medium  to  reduce  the  t empera tu re   and  r e l a t i v e  

humidity  of  the  exhaled  p u r i f i e d   a i r   r e s u l t i n g   from  the  e x o t h e r m i c  

r e a c t i o n   t h e r e o f .  

In  a  pendulum  type  closed  c i r c u i t   b rea th ing   a p p a r a t u s ,   the  a c t i v a t e d  

carbon  in  the  form  of  granules   may  be  con ta ined   in  a  h o u s i n g  

immediate ly   ad jacen t   to  a  housing  con ta in ing   the  carbon  d i o x i d e  

absorb ing   medium  in  the  form  of  soda  lime  whi ls t   in  a  u n i d i r e c t i o n a l  

type  of  closed  c i r c u i t   b rea th ing   appa ra tus ,   a  housing  con ta in ing   soda  

lime  can  be  sandwiched  between  two  housings  each  con t a in ing   a c t i v a t e d  

c a r b o n .  

Two  embodiments  of  the  i n v e n t i o n   wi l l   now  be  desc r ibed   with  r e f e r e n c e  

to  the  accompanying  drawings  in  w h i c h : -  

Figure  1  shows  a  pendulum  type  closed  c i r c u i t   b r e a t h i n g  

appara tus   in  accordance  with  th is   inventon;   and 

Figure  2  shows  a  u n i d i r e c t i o n a l   closed  c i r c u i t   b r e a t h i n g  

appara tus   in  accordance  with  th i s   i n v e n t i o n .  

The  pendulum  type  b rea th ing   appara tus   shown  in  Figure  1  comprises  a 

mouthpiece  1  connected  via  a  b r ea th ing   tube  2  to  a  c a n i s t e r   3  h a v i n g  



t h e r e i n   a  chemical  heat  exchanger  4  in  the  form  of  an  a c t i v a t e d   c a r b o n  

granule   pack  and  a  pack  of  soda  lime  5,  the  c a n i s t e r   3  being  a t t a c h e d  

to  a  coun te r lung   7  having  an  oxygen  in take   valve  8  t h e r e i n .  

Metal  screens   6  covered  with  a  f ine  f i l t e r   paper  are  p o s i t i o n e d   one  

between  the  packs  4  and  5  and  one  at  each  end  t he reo f   to  prevent   d u s t  

from  en t e r ing   the  b r e a t h i n g   tube  and  c o u n t e r l u n g .   Both  packs  4  and  5 

are  p r e f e r a b l y   r e p l a c e a b l e   wi th in   the  c a n i s t e r   3  or  a l t e r n a t i v e l y   t h e  

c a n i s t e r   i t s e l f   may  be  r ep laced   by  a  new  one  having  fresh  a c t i v a t e d  

carbon  granule   and  soda  lime  packs  4  and  5  r e s p e c t i v e l y .  

In  ope ra t i on   air   exhaled  by  the  user  passes  through  the  a c t i v a t e d  

carbon  pack  4  and  the  soda  lime  pack  5  in  which  the  carbon  d i o x i d e  

content   of  the  exhaled  a i r   is  absorbed,   the  exothermic  r e a c t i o n  

causing  the  t empera tu re   of  the  p u r i f i e d   exhaled  a i r   to  r i s e ,  

t y p i c a l l y ,   to  65°C  and  the  r e l a t i v e   humidity  to  100%.  The  i n s e r t i o n  

of  the  chemical  heat  exchanger  4  between  the  b r e a t h i n g   tube  2  and  t h e  

carbon  dioxide  absorbent   soda  lime  pack  5  t r aps   the  moisture   from  t h e  

the  users  exhaled  b rea th .   As  a  r e s u l t   of  the  exothermic  r e a c t i o n   i n  

the  pack  5  the  t empera tu re   of  the  a c t i v a t e d   carbon  granule   pack  4 

r i s e s .   Since  the  a c t i v a t e d   carbon  is  a  poor  conductor   of  heat  a  l a r g e  

amount  of  heat  and  mois ture   is  s tored  t h e r e i n   thus  r e s u l t i n g   i n  

inhaled   t empera tu re   l eve l s   s i g n i f i c a n t l y   lower  than  those  r e f e r r e d   t o  

above,  for  example  between  42°  and  48°C  at  a  r e l a t i v e   humidity  of  70% 

or  l e s s .   Such  l eve l s   of  t empera tu re   and  r e l a t i v e   humidi ty  are  v e r y  
much  more  accep tab le   to  the  user .   The  a c t i v a t e d   carbon  may  be  i n  

g r anu l a r   form  but  other  forms  such  as  e x t r u d a t e   are  also  s u i t a b l e .  

The  chemical  heat  exchanger  can  also  be  used  in  a  c losed  c i r c u i t  

b r e a t h i n g   appara tus   of  the  u n i d i r e c t i o n a l   type  as  shown  in  Figure  2 .  

This  appara tus   comprises  a  mouthpiece  1  coupled  by  b rea th ing   tubes  2 



and  9  having  n o n - r e t u r n   valves   22  and  21  to  a  c a n i s t e r   3  and  a  

coun te r lung   7  r e s p e c t i v a l y .   The  c a n i s t e r   3  has  a  soda  lime  pack  5 

sandwiched  between  two  a c t i v a t e d   carbon  granule   packs  4  and  a  tube  10 

connec t ing   the  c a n i s t e r   3  to  the  coun te r lung   7  which  has  an  oxygen 

i n l e t   valve  11  t h e r e i n .   Here  the  b rea th   exhaled  through  the  mouth- 

piece  1  via  the  n o n - r e t u r n   valve  22  passes   into  the  c a n i s t e r  

c o n t a i n i n g   the  a c t i v a t e d   carbon  packs  4  and  soda  lime  pack  5  into  t h e  

tube  10  and  thence  to  the  coun te r lung   7  into  which  oxygen  is  a d m i t t e d  

through  the  i n l e t   valve  11,  the  mixture  then  pass ing  through  t h e  

b rea th ing   tube  9,  n o n - r e t u r n   valve  21  and  into  the  mouthpiece  1  on 

i n h a l a t i o n .   Again  heat  and  mois ture   are  t rapped  in  the  a c t i v a t e d  

carbon  granule  packs  4  to  reduce  the  t empera tu re   and  r e l a t i v e  

humidity  of  the  inhaled  air   to  a c c e p t a b l e   l e v e l s .   As  in  t h e  

appara tus   descr ibed   with  r e f e r e n c e   to  Figure   1,  the  appara tus   of 

Figure  2  may  also  i n c o r p o r a t e   metal  screens   6  between  the  soda  l ime  

pack  5  and  the  a c t i v a t e d   carbon  granule   packs  4  and  also  at  t h e  

i n l e t   and  ou t l e t   of  the  c a n i s t e r   3 .  



1.  A  closed  c i r c u i t   b rea th ing   appara tus   i n c o r p o r a t i n g   a  carbon  d i o x i d e  

absorbing  medium,  c h a r a c t e r i z e d   in  that   a  chemical  heat  exchanger  i n  

the  form  of  a c t i v a t e d   carbon  is  loca ted   in  a  p o s i t i o n   r e l a t i v e   to  t h e  

carbon  dioxide  absorbing  medium  to  reduce  the  t empera tu re   and  r e l a t i v e  

humidity  of  the  exhaled  p u r i f i e d   a i r   r e s u l t i n g   from  the  e x o t h e r m i c  

r e a c t i o n   t h e r e o f .  

2.  A  closed  c i r c u i t   b r ea th ing   appa ra tus   compris ing  a  mouthpiece,   a 

c o u n t e r l u n g ,   means  for  admi t t ing   oxygen  into  said  c o u n t e r l u n g ,   and  a 
carbon  dioxide  absorbing  medium  loca ted   between  said  mouthpiece  and 

said  coun t e r l ung ,   c h a r a c t e r i z e d   in  that   a  chemical  heat  exchanger  i n  

the  form  of  a c t i v a t e d   carbon  is  l oca ted   in  a  p o s i t i o n   r e l a t i v e   to  t h e  

carbon  dioxide  absorbing  medium  to  reduce  the  t empera tu re   and  r e l a t i v e  

humidity  of  the  exhaled  p u r i f i e d   a i r   r e s u l t i n g   from  the  e x o t h e r m i c  

r e a c t i o n   t h e r e o f .  

3.  A  closed  c i r c u i t   b rea th ing   appa ra tus   according  to  Claim  2,  inc luding   a 

b rea th ing   tube  coupled  to  said  mouthpiece  and  a  c a n i s t e r   having  an  

i n l e t   connected  to  said  b rea th ing   tube  and  an  ou t l e t   connected  to  s a i d  

c o u n t e r l u n g ,   in  which  said  carbon  d ioxide   absorbing  medium  and  s a i d  

chemical  heat  exchanger  are  housed  wi th in   said  c a n i s t e r .  

4.  A  c losed  c i r c u i t   b rea th ing   appa ra tu s   according  to  Claim  3,  w h e r e i n  

said  carbon  dioxide  absorbing   medium  and  said  chemical  heat  exchange r  

are  each  in  the  form  of  r e p l a c e a b l e   packs  loca ted   wi th in   s a i d  

c a n i s t e r   with  the  chemical  heat  exchanger  pack  between  said  i n l e t   and 

said  carbon  dioxide  absorbing  medium  p a c k .  

5.  A  closed  c i r c u i t   b rea th ing   appa ra tu s   according  to  Claim  4  wherein  s a i d  

carbon  dioxide  absorbing  medium  is  s o d a l i m e .  

6.  A  closed  c i r c u i t   b r ea th ing   appara tus   according  to  any  one  of  Cla ims 

4  or  5,  inc lud ing   f i l t e r s   p o s i t i o n e d   one  between  said  packs  and  one  a t  

each  end  the reof   to  prevent   dust  from  e n t e r i n g   the  b rea th ing   tube  and 

c o u n t e r l u n g .  



7.  A  closed  c i r c u i t   b rea th ing   appara tus   according  to  Claim  3,  inc lud ing   a 

f i r s t   non - r e tu rn   valve  in  said  b r ea th ing   tube,  a  second  b rea th ing   t u b e  

coupled  to  said  mouthpiece,   and  a  second  n o n - r e t u r n   valve  in  s a i d  

second  b rea th ing   tube;  and  wherein  said  coun te r lung   has  an  i n l e t  

coupled  to  the  ou t l e t   of  said  c a n i s t e r   and  an  ou t l e t   coupled  to  s a i d  

second  b rea th ing   tube  so  that   exhaled  a i r   passes  through  said  f i r s t  

mentioned  brea th ing  tube  via  said  f i r s t   n o n - r e t u r n   valve  to  s a i d  

c a n i s t e r   where  the  t empera tu re   and  r e l a t i v e   humidity  of  said  e x h a l e d  

air   is  reduced  and  passes  into  said  coun te r lung   which  combines  w i t h  

oxygen  admitted  by  said  means  into  said  coun te r lung   to  pass  via  s a i d  

second  non - re tu rn   valve  in  said  second  b rea th ing   tube  to  s a i d  

mouthpiece  upon  i n h a l a t i o n   by  the  wearer  of  said  a p p a r a t u s .  

8.  A  closed  c i r c u i t   b rea th ing   appara tus   according  to  Claim  7,  w h e r e i n  

said  carbon  dioxide  absorbing  medium  is  in  the  form  of  a  r e p l a c e a b l e  

pack  and  said  chemical  heat  exchanger  comprises  two  r e p l a c e a b l e   packs  

of  a c t i v a t e d   carbon  between  which  is  loca ted   said  pack  of  c a r b o n  

dioxide  absorbing  medium. 

9.  A  closed  c i r c u i t   b rea th ing   appara tus   according  to  Claim  8,  i n c l u d i n g  

f i l t e r s   pos i t i oned   between  said  packs  and  at  each  end  of  said  c a n i s t e r  

to  prevent   dust  from  en t e r ing   the  c o u n t e r l u n g .  

10.  A  closed  c i r c u i t e d   b rea th ing   appara tus   as  claimed  in  any  one  of  Cla ims 

7 ,  8 ,   or  9,  wherein  said  carbon  d ioxide   absorbing  medium  is  s o d a l i m e .  
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