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Problem 1.C-12 - The Manufacture cf Oxygen hllhile i n  F l i g h t  
f o r  'Tse of the  Combat Crew. 

Drogress  liepoyt: Eelnr DreDared f o r  d i s t r i b u t i o n .  

?rGblem VL-F?42 - The Development of Chemicals and 
m p a r a t u s  f o r  Regenerative Oxygen D r o -  
duct ion. 

Summary: S t r i c t l y  sneaking t h e  f i r s t  of the  problems 
l i s t e d  above (The 7'aniifacture of ?xygen !fl'hile i n  F l i g h t  f o r  
t he  'Tse of t h e  Gcmbat C r e w )  might be ccnsidered quiescent  
because o f  t he  necess i ty  of  a grea t  d e a l  - f  background work 
befc,re t h i s  ppoblem, which i s  on3 o f  the  most  d i f f i c u l t  i n  
the whole Drogram, can r e a l l y  be handled. However, the 
second of t h e  problems (The develovnent o f  Chemicals and 
Apoaratus f o r  qegenerative 3xygen nroduct ion)  i s  v e r y  a c t i v e  
indeed. The work on the  chemical F tua ies  o f  compounds 
which may be used f o r  regenerat ive oxygen prodllction is 
Dropressing a t  t h ree  d i f f e r e n t  m l v e r s j  t y  l a b o r a t o r i e s  
(Un ive r s i ty  '. f Ca l i fo rn ia ,  Iowa S t a t e  College,  and the  
' Jnivers i ty  of Ca l i fo rn ia  a t  Los Angeles 1. 

The compound which was f i r s t  i nves t iga t ed  i n  
t h i s  study is a cobal t  che la t e  ccmpound made by r e a c t i o n  
between ethylenediamire ,  sa l icy la ldehyde ,  and a cobal t  salt 
wkmich w i l l  r e a d i l y  absorb oxygen i n  the  temperature range 

BEST COPY AVAILABLE 



o f  00 t c  3 ' , O C . ,  m e  :It ai=. p ressures  o f  X, pounds p e r  
square Lnch o r  higy-er, and w i l l  r e lease  gure oxy en a t  
p ressures  above a t m s p h e r i c  and temperatures a t  8 Q ° C .  o r  
higher .  
the  three  w- ive r s i ty  l a b o r a t o r i e s  i s  l a r g e l y  focused on 
prepar ing  the compo-md i n  a more pure s t a t e  than formerly 
and a t t e n p t s  t o  improve the phys ica l  and chemical ch- a rac t e r -  
i s t i c s  by minor changes i n s t r u c t u r e .  No s i g n i f i c a n t  
improvements i n  the compound have ye t  been repor ted  wi th  
the  exception o f  the improvements i n  p u r i t y  and percentage 
y i e l d  of the  synthes is .  

College and Universi ty  of Cal i forn ia)  has a l so  been focused 
on the  prepara t ion  of compounds r e l a t e d  t o  t h i s  one i n i t i a l l y  
used. Various modif icat ions i n  the  organic  p a r t  o f  the  
s t r u c t u r e  have been made a s  we l l  a s  the  use o f  metals  o t h e r  
than  cobal t  i n  tht  ne ta l lo-organic  complex. Thc metals  i r o n  
and manganese have been s tudied  e s p e c i a l l y  i n  t h i s  respec t ,  
The r e s u l t s  may be  summarized b r i e f l y  by s t a t i n g  t h a t  none 
o f  t he  var iance e i t h e r  i n  the  organic  or metal  p a r t s  o f  
t he  molecule have y ie lded  compounds which h o w  any apprec- 
i a b l e  o r  hopoful Charac t e r i s t i c s  as oxygen absorbers .  

s u b s t i t u t i o n  of o t h e r  mctals,  f o r  i t  would be very des i r ab le  
i n  the everit of l a rge  sca l e  use of t h i s  m a t e r i a l  t o  have a 
more common metal  such as  iron which might be usable  i n  the 
prepara t ion  of  the  compound. However, the  p o s s i b i l i t y  o f  
var iance i n  the f i e l d  i s  so g rea t  t h a t  t h i s  should not be 
taken as an ind ica t i cn  t h a t  t he re  i s  no hope of  developing 
o t h e r  compounds which may be equal ly  sa t i s fac , tory  and more 
p r a c t i c a l  f o r  use.  

A s  f a?  as t h i s  compound i s  concerned, the  work a t  

Work a t  two of  the  l a b o r a t b r i e s  ( I o w a  S t a t e  

T h i s  i s  r a t h e r  d i sappoin t ing  pa- r t icu lar ly  i n  the mat te r  of 
- . -  -- 

The ac t ive  l i f e  o f  t h e  compound is a mat te r  o f  
g rea t  importance i n  i t s  appl ica t ion .  Z'reliminary s t u d i e s  
show a d e f i n i t e l f a l i i n g  of f  i n  the  a c t i v i t y  of the compound 
of about 15% i n  a l i f e  of a 0  absorp t ion  and desorpt ion cyc les  
(Univers i ty  of' Ca l i forn ia) .  Prelimimary s tud ie s  on the  
cause of the decrease i n  a c t i v i t y  ind ica t ed  t h a t  the 
presence of smal l  mounts  o f  water  i n  the adsorbed a i r  seemed 
t o  be l a r g e l y  r e q o n s i b l e  f o r  t h i s  phenomenon. Operating 
on t h a t  suggestion, o t h e r  l i f e  ,cycles were run with  care-  
f u l l y  d r i e d  a i r  (M.I .T.) ,  and i t  was found that  the  ac t - lv i ty  
decreased about 10% i n  200 cycles ,  then leve led  o f f ;  a t  the  
end of  1300 cycles  the t o t a l  decrease i n  a c t i v i t y  was about 
20%. Other  s t u d i e s  (Iowa S t a t e  College) &owed t h a t  the  
ma te r i a l  which had been deac t iva tod  because o f  the  presence 
of  water  could be r eac t iva t ed  by hea t ing  i n  a vacuum t o  a 
temperature of 180 t o  1900. Studies  a re  being continued 
the re  t o  see  if this r e a c t i v a t i o n  cannot take p lace  i n  an 
i n e r t  gas in s t ead  of a vacuum. The r e s u l t s  o f  the  decrease 
i n  a c t i v i t y  may be s m n a r i z e d  by saying t h a t  the apparent 
decreaging l i f e  of  the ma te r i a l  i n  use may be sonewhat 
troublesome, bu t  the  Drospects a r e  t h a t  i t  w i l l  be e n t i r e l y  
s a t i s f a c t o r y  for p r a i t i c a i  a m l i c a t i o n ,  
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Another d i f f i c u l t y ,  which i t  i s  hoped w i l l  
only be minor, has b6en found i n  the evolution of small 
amounts of carbon monoxide i n  the  regenerated oxygen. I t  
has not  y e t  becn d e f i n i t e l y  dccided whether t h i s  amount o f  
carbon monoxide i s  i n  a l l  cases below the tox ic  l i m i t ,  but 
i t  i s  evident t h a t  t h i s  item must be inves t iga ted .  A u n i t  
i s  being suppl ied t o  the toxicology sec t ion  f o r  an: .mal t e s t s  
t o  determine the b i o l o g i c a l  e f f e c t s  of the oxygen produced 
by t h i s  chemical. Studies  are  a l so  progressing (A.D.Litt le,  
Inc . )  on the c a r e f u l  ana lys i s  of  the carbon monoxide pro-  
duced a t  d i f f e r e n t  p a r t s  of the regenerat ing cycle. S tudies  
on the  ways and means of e l iminat ing t h i s  srnall amun t  of 
carbon monoxide w i l l  be vigorously pursued. kpparant ly  
the  source o f  i t  i s  the s low oxida t ion  o f  the organic  p a r t  
o f  the compound, and it  thus may not be poss ib le  t o  
entire1;- e l i n i n a t e  i t s  formation. T h i s  i n d i c a t e s  t h a t  
f u r t h e r  s tud ie s  must be made i n  devices  f o r  removing any 
carbon riionoxide which may be formed from the gas stream. 
These precaut ions f o r  the  e l imina t ion  o f  carbon monoxide 
a r e  obviously necessary only f o r  the case where oxygen i s  
t o  be used f o r  breathing.  \{here the appl ica t ion  i s  t h a t  of 
welding o r  c u t t i n g  o r  genera l  r e p a i r  w o r y , i t  w i l l  not  be 
necessary t o  take any precaut ions i n  regard t o  the elimina- 
t i o n  of t r a c e s  of carbon monoxide ( t h e  construct ion o f  the 
f i r s t  t e s t  u n i t  for the use of the Armed Forces using the 
regenerat ive chenical ht;s been he ld  up because o f  p r i o r i t y  
d i f f i c u l t i e s ,  which seens t o  be an o l d  s t o r y  i n  m o s t  l i n e s  
o f  a c t i v i t y .  This u n i t  i s  t o  produce 5 cubic f e e t  o f  oxygen 
pe r  minute f o r  welding and cu t t ing ,  and i s  t o  be t e s t e d  a t  
t he  Naval Research Laboratory).  

A s a t i s f a c t o r y  method for the  production of 
the cobal t  colnplex has been developed without the  use of 
any organic  solvents  (Rumf'ord Chemical Co.). It  has been 
found t h a t  by the use o f  t h i s  method the  chemical can be 
produced i n  a s t a t e  of uniform p u r i t y ,  and i t  can be brought 
i n t o  the proper phgs ica l  s t a t e  f o r  use by pu t t ing  through 
a standard p e l l e t i i s  nachine. Idater ia l  so prepared shows 
a small  though not  s i g n i f i c a n t  decrease i n  the r a t e  of 
absorpt ion o f  oxygen. r T h e  equipment f o r  the production 
o f  t h i s  chemical a t  the r z t e  of sollie 300 pounds pe r  day i s  
now rea&: for use,  but here again a bottle-neck has deveLoped 
i n  the p r i o r i t a  s i t u a t i o n  i n  ob ta in ing  a machine f o r  p e l l e t -  
ing the f i n a l  product f o r  u s e .  
remove these p r i o r i t y  d i f f ' i cu t fes  a s  r a p i d l y  as  poss ib le .  

Steps a re  being taken t o  

The A i r  Corps and the  Engineer 's  Board have 
come forward x i t h  d e f i n i t e  recommendations for new Units 
t o  be developed. A s  a consequence, t h ree  d i f f e r e n t  units 
a re  now an t i c ipa t ed .  One will produce about 1000 CU. f t .  
o f  oxygen pe r  hour, which is t o  be compressed t o  1800 . 

pounds per  sq. in.  f o r  de l ive ry  t o  oxygen b o t t l e s .  T h i s  
u n i t  i s  t o  be designed t o  be conpletely self-contained, 
bo th  a s  t o  power source,  mediums f o r  hea t ing  and cooling, 
e t c , ,  and i s  t o  be placed ona  truck. 
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t h a t  the rnaxi:nur,i weight of su::h a u n i t  s h a l l  not exceed 
6000 pounds. The second type o f  unit i s  one which w i l l  
produce of the order  cf 300 t o  500 cu. f t .  cf oxygen pe r  
hour ccxp~-essed t 3  1800 pounds p e r  sq ,  i n . ,  and t o  be s o  
constructed t h a t  i t  can S c  e a s i l y  dissembled, the ;naximu;;i 
vrefght o f  any one 7 iece  be ins  n o t  o v e r  250 pounds. 
t o  be a type  o f  un i t  which niay be t ranspor ted  by bomber 
o r  t r anspor t  plane t o  i s o l a t e d  bases.  
under ac t ive  considerat ion i s  one which W i l l  produce approx- 
imate13- 100 CU. f t .  of oxygen p t r  hour, which i s  t o  be assemb- 
l e d  f o r  use 3n a bGmber while i n  f l i g h t .  Tha weight 
r e s t r i c t i o n s  here are qui te  severe,  namely t h a t  the u n i t  
s b u l d  no t  weigh more than 300 pounds. The space l i m i t a t i o n s  
a re  also very severe,  The t h i r d  u n i t  p re sen t s  problems which 
will be more d i r f i c u l t  t a  s o l v e  than the o t h e r  two. 

This i s  

The t h i r d  type of un i t  

Active work i s  going forward cn the design o f  
the  f i r s t  two t y p e s  c f  u n i t s  mentioned above by the  NI. W .  
Kellogg C o .  The work has not  y e t  progressed t o  the  poin t  
where any d e f i n i t e  p red ic t ions  on the  d e l i v e r y  da te  c f  the 
f i r s t  u n i t  can be made. 

OXYGEN PXODUCTION BY ME CFIANI CAL METHODS 

Probleln ~ ~ - 3 6  - Equip:nent f o r  Manufacture of Liquid Oxygen. 
F9-o gre s s Fieport s : None 

Smrnary: Three p r o j e c t s  which were formerly under Sect ion 
D-3 a r e  now a c t i v e l y  working under Sec t ion  B-7. These a re  
s tud ie s  of (1) a cascade cycle using a u x i l i a r y  r e f r i g e r a n t s  
(Univers i ty  o f  Cal i forn ia) ,  ( 2 )  a cycle using an a u x i l i a r y  
gaseous r e f r i g e r a n t  ( K i * I . T , ) ,  and a system using a modified 
Claude cycle ( A i r  Reduction Co.). The work on the  cascade 
system (Univers i ty  of Cal i forn ia)  i s  being confined a t  p resent  
t o  a study o f  a system using two r e f r i g e r a n t s :  methane and 
ethane. T h i s  cycle has the advantage o f  being quick 
s t a r t i n g  and may have p a r t i c u l a r  advantages i n  the produc- 
t i o n  of  l i q u i d  oxygen. A system using a u x i l i a r y  gaseous 
r e f r i g e r a n t s  has been in t ens ive ly  s tud ied  some time back, 
and the work has been coupled with the development of f o u r  
naw and unique devices:  (1) a f r e e  f l o a t i n g  p i s t o n  compressor, 
which can operate  i n  a hermet ica l ly  sea led  system without 
l ub r i ca t ion ,  ( 2 )  a corresponding type o f  f r e e  f l o a t i n g  
p i s t o n  cxpander, ( 3 )  a new type of hea t  interchanger  which 
i s  very compact and should be ve ry  advantageous f o r  use on 
board ship,  p z r t i c u l a r l y  i n  confined spaces,  and (4) a 
r o t a t i n g  d i s t i l l i n g  column, rh i c h  f r o m  prel iminary r e s u l t s  
should give high production o f  oxygen i n  a very small  space, 
and should a l a 0  be s a t i s f a c t o r y  f o r  use on board ships where 
the  e f f e c t  o f  p i t c h  and roll must be considered. This 
g s t e m  and the devices a re  now i n  the  s t a t e  where f u r t h e r  
in tens ive  engineering development i s  c a l l e d  f o r .  t 



The work  a t  t he  A i r  Reduction Co. tkus  f a r  
has been confined t o  the study of  distilling columns f o r  
the product ion of  oxygen which might be s a t i s f a c t o r i l y  
opeyated on shipboard under condi t ions of' v io l en t  roll 
and pi tch.  Various combinations o f  packing and bubble 
cap colurms have been s tudied  thus f a r ,  and s a t i s f a c t o r y  
progress  has been made, though the u l t imate  answer has 
probably not yet  been found, .The experimental  work on 
the complete modified Claude oycle for the production of 
oxygen has not ye t  begun. It i s  a n t i c i p a t e d  t h a t  i t  w i l l  
involve the use o f  a turbo-expander, which w i l l  r equi re  
f u r t h e r  development w) r k  although prel iminary experimentation 
has been done on t h i s  device. 

The o r i g i n a l  assignment of these three  p r o j e c t s  
c i t e d  above nos f o r  the production of  l i q u i d  oxygen f o r  use 
on board a submarine f o r  underwater propulsion. However, 
a s  t he  various uses of oxygen expand a s  evidenced by the  
demands from the Services ,  i t  i s  qu i t e  l i k e l y  t h a t  use 
w i l l  be found f o r  the mechanical systems i n  c e r t a i n  l o c a l i -  
t i e s  for the  pi-oduction of oxygen f o r  f i e l d  use.  
q u i t e  c e r t a i n  t h a t  an outgrowth o f  t h i s  experimental  study 
of new cycles  and new pieces  of equipment w i l l  b r ing  about 
a very s i g n i f i c a n t  reduct ion i n  the  bulk and weight o f  
po r t ab le  oxygen equipment. It i s  intended t h a t  the  study 
on b o t h  the  mechanical and the chemical product ion ,  
systems s h a l l  be ca r r i ed  forward vigorously without any pre- 
cpnceived ideas  a s  t o  t h e  p o i n t s  where e i t h e r  type of system 
mag be m o s t  r e a d i l y  appl icable .  A t  t he  present  time the A i r  
Corps has o n  order  45 f i e l d  u n i t s  f o r  the production o f  
1000 cubic f e e t  of oxygen gas p e ~  houi?, the e n t i r e  u n i t  t o  
be mounted on a t ruck or t r a i l e r .  Jhe u n i t s  a r e  to  be 
constructed by three  d i f f e r e n t  coinmercial companies by 
the  more o r  less conventional design, and the allowable 
weight o f  the u n i t  mounted on the t r a i l e r  as s p e c i f i e d  
by the  A i r  Corps may be 40,000 pounds. 
mi t t ed ly  excessive,  and the  A i r  Corps r e a l i z e s  t h a t  such 
heavy and bulky u n i t s  cannot be usable  i n  a l a r g e  proport ion 
o f  the loca t ions  they have i n  mind, but they consider t h a t  
i t  i s  necessary t o  get  a few u n i t s  which can be used i n  
a l i m i t e d  a rea  o f  operat ion,  but they l i v e  i n  the hope 
t h a t  the t o t a l  weight of an oxygen producing u n i t  of t h i s  
s i z e  can be cut down t o  a f r a c t i o n  o f  t h i s  f i g u r e .  It  i s  
a n t i c i p a t e d  t h a t  the developments now going forward i n  the 
NDRC w i l l  be instrumental  i n  the marked reduct ion i n  weight 
f o r  both thc, chemical and the mechanical systems o f  p ro -  
duct ion ,  

I t  i s  f e l t  

.--, 

This weight i s  ad- 

UNDERWATER PROPULSION O F  SUBNARINES 

Problem N G B 6  - Operation of Submarine Engines While 
Submerged. 

( a )  Engine Tests .  
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Progress Report: Being prepar?d fo-;. d i s t r l b u t i o n .  

( b )  Absorption o f  exhaust gases.  

Although i t  i s  a n t i c i p a t e d  t h a t  the eventua l  
propuls ion system for underwater c r a f t  mag be a gas tu rb ine ,  
i t  seems qu i t e  c e r t a i n  t h a t  Diese l  engines w i l l  be one of 
the  modes of prod1;cing power, a t  l e a s t  for a considerable  
time. Hence, a thorough s tudy o f  the  use of oxygen a s  
the  secondary f u e l  i n s t ead  of a i r  on Diese l  engines i s  t o  
be completed before  any s t u d i e s  a re  d i r e c t e d  toward the 
gas  turb ine ,  

l'learly a l l  of the submarines opera te  on two- 
cycle  Diese l  engines,  and i t  has been found t h a t  t h i s  type 
o f  engine o f f e r s  much g rea t e r  d i f f i c u l t y  w i t h  the use o f  
pure oxygen as a secondary f u c l  than i s  the  case f o r  
the  four-cycle  Diese l  mgine  or the gaso l ine  engine. I n  
the  oparc t ion  o f  these Gngines, i t  i s  necessary t o  recycle  
the exhaust g s s e s  i n  order  t o  kaep the  t o t , ? l  oxygen content 
o f  the mixture down approximately t o  t h a t  which i s  found i n  
normal a i r  i n  order  t o  prevcnt excessive temperatures i n  
the  engine. I n  such 2 c a s e ,  vbhen oxygen i s  used as the 
secondary f u e l ,  the working f l u i d  becones  l a rge ly  a mixture 
of carbon dioxide a:-.6 i7;';hter i n z t e a d  c f  carbon d i -  
oxide and n2trogen.  or therniodyrinmic reasons,  t h i s  lowers 
the  opera t ing  e f f i c i c n c y  o f  the engine, and the recyc l ing  
of the gases a l so  causzs d i f f i cu l t ) -  b2cause, i n  the f o r m  
of the loss o f  pa1.t of  the  oxygen supply, of the necess i ty  
o f  scavenging the cy l inder  between each power s t roke.  
However, t e s t s  (The Standard O i l  Development Co.) show 
t h a t  by proper  adjiistment of  in take  and exhaust pressures ,  
i t  i s  poss ib le  t o  cut down the oxygen loss t o  about 6% 
o f  t h a t  suppl ied,  though a t  a loss o f  a c e r t a i n  amount o f  
power and e f f i c i ency  o f  the engine. Systems f o r  the in-  
j e c t i o n  of oxygen in to  the engine arc: t o  be inves t iga ted .  

The second obvious problem i n  underwater 
propuls lcn  i s  t h a t  of  the  absorpt i l ;n  c)r d i spcsa l  o f  exhaust 
gases  i n  o rde r  t o  eliminLte any t r a c e  q f  bubbles which 
might e a s i l y  be de tec ted  while a submarine i s  submerged. 
The wcjrk on t h i s  problem (3l . I .T . )  i s  progress ing  along the  
s8me l i n e s  as prev ious ly  repcrted,  namely the s tud ie s  o f  
funcamentals i n  terms of the maximum bubble s i z e  which 
can be absGrbed i n  the minimum depth Jf  water which will 
occur  i n  underwater propuls ion;  and the  development of  
t a c t i c a l  d i spe r se r s  f o r  use i n  comec t ion  w i t h  engine 
exhaust.  I n  genera l  i t  i s  f o u n d  t h a t  f o r  a submersion of 
30 f e e t ,  the m a x i m u m  bubble s i z e  may range between .6 
and 1 mi l l imeter  depending upon the content  o f  the inso luble  
gases  such as n i t rogen  and oxygen. The r e s u l t s  i nd ica t e  
that a content o f  n i t rogen  p lus  oxygen of as much a s  15% 
i n  the  exhaust gases can be r e a d i l y  handled i n  the d i spe r se r  
system a s  no8 developed. Dispersers  a r e  e s s e n t i a l l y  modi- 
f i e d  types of a s p i r a t o r s  where water i s  pumped i n t o  the 

.,.... ... 
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d i spe r se r ,  and g i v e s  v i o l e n t  shearing a c t i o n  across the gas 
stream, thus  dividing the gas i n t o  very f i n e  bubbles.  
Ext rapola t ions  and small sca l e  t e s t s  i nd ica t e  t h a t  a 
maximum o f  about 45% o f  the power o f  the engines might be 
requi red  f o r  opera t ion  o f  such an exhaust d i sposa l  system. 

Noise de t ec t ion  t e s t s ,  which have been 
performed on small  s ca l e ,  i nd ica t e  t h a t  the noise attendant 
t o  the gas d i spe r se r  i s  neg l ig ib l e  i n  comparison with 
the o t h e r  no ises  which  would accompany the boat operat ion.  

Another method o f  exhaust d i sposa l  which 
suggests  i t s e l f  i s  t h a t  o f  l iquefying or f r eez ing  the 
exhaust gases by means of the l i q u i d  oxygen which  would be 
on board. This,  however, o f f e r s  a number of d i f f i c u l t i e s ,  
and i t  may be t h a t  t h e  f i n a l  system which w i l l  be most  
successfu l  w i l l  be a cornbinztion of both o f  thcse methods. 
A11 phttscs o f  the y r o b l e m  w i l l  be thoroughly inves t iga t ed  
before  the experimental  progra:n i s  completed. 

Problem A C - 1 2  
N L - ~ 6 0  
NL-B& - Engineering Development Work on the 

Product ion o f  Oxygen. 

The M. W ,  Kellogg Co. i s  opera t ing  a s  a 
c e n t r a l  engineering organiza t ion  f o r  the in t eg ra t ed  oxygen 
program, and i s  c c t i v e l y  engaged i n  the  prel iminary 
engineering design involved i n  the  var ious p ro jec t s .  The 
work a t  t h i s  t i m s i s  progressing along th ree  l i n e s :  f i r s t ,  
an in tens ive  study 01- t%e engineering o f  the regenerat ive 
chemical system, p a r t i c u l a r l y  f o r  the production o f  u n i t s  t o  

production of 500 t o  1000 cu. f t .  o f  oxygen per  hour. There 
a r e  various possible  nethods of operat ion.  One i s  t o  pack 
the  regenerat ive chemical i n t o  tubes;  another i s  t o  pack 
the  regenerat ive cheinical around tubes which have m e t a l l i c  
f i n s  for r ap id  heat t r a n s f e r ;  a t h i r d  3s t o  pack the ma te r i a l  
i n  la rge  beds using outs ide  cool ing o r  heat inff  f o r  the 
abs?rpt ion or desorpt ion;  fou r th ,  t o  use the  f l o a t i n g  p 
c a t a l y s t "  type of technicpe f o r  contact ing a gas stream 
wi th  f i n e l y  divided s o l i d  i n  suspension i n  the gas stream. 
All of these methods of  a t t a c k  have been previously con- 
s ide red  by the o the r  i nves t iga to r s  i n  this  f i e l d ,  but it 
i s  now being brought down t o  a much fiiore d b t a i l e d  considera- 
t i o n  e s p e c i a l l y  from the  engineering poin t  of view. The 
optimum condi t ions c f  t h i s  design w i l l  soon be a v a i k b m  
and i t  i s  a n t i c i p a t e d  t h a t  the  cons t ruc t ion  o f  the first 
t e s t  u n i t  f o r  the completely s e l f - m n t a i n e d  systems mounted 
on t rucks  w i l l  very Sion be avai lab le .  

be mounted on t i w c k s o r t o  be por tab le  by plane f o r  the -c 
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Another l i n e  involved i n  thc  engineering work 
i s  the  cons idera t ion  o f  equipment. The xost important 
phase along t h i s  l i n e  i s  t h a t  o f  coliipressors and expanders. 
Work thus f n r  i s  be:ng c a r r i e d  through a very thorough 
i n v e s t i g a t i o n  of all types of equipment b o t h  r o t a r y  and p i s t o n  
which a re  now ava i l ab le  i n  t h e  compressor and expander f i e l d  
which ma7 be immediately adapted t o  both the  mechanical 
and the chemical systems of  oxygen production. Although 
such an i n v e s t i g a t i o n  takes  considerable t i m e  because of 
t h e  l a rge  numbQr of sources of information involved, i t  
i s  a n t i c i p a t e d  that  a program for the  a c t i v e  engineering 
development of improved mechanical equipment w i l l  53 on be 
going forward. 

I n  conjunction with Professor  B. F. Dodge 
(Yale) the  t h e o r e t i c a l  ana lys i s  o f  the var ious poss ib l e  
mechanical cycles  f o r  the production o f  oxygen i s  being 
r a p i d l y  concluded. This o u t l i n e s  the f i e l d  of  p o s s i b i l i t y  
o f  opera t ion  f o r  the var ious cycles under considerat ion.  

I n  cooperation w i t h  the  DuPont Company, s t u d i e s  
a r e  being c a r r i e d  forward on the mat te r  of using "extended 
c a t a l y s t s "  techniques t o  increase the  proport ion of ac t ive  
sur face  o f  t h e  cobal t  complex f o r  oxygen production. I t  
i t  a n t i c i p a t e d  t h a t  the use of such an approach t o  increas-  
ing  the  r a t e  of a c t i v i t y  o f  the compound may very wel l  
involve the in t roduct ion  of some i n e r t  ma te r i a l ,  and hence 
t o  cut down the u l t imate  absorpt ion capac i ty  o f  the compound. 
However, it i s  poss ib le  t h a t  such a s t e p  mag lead  t o  an 
improvement i n  the r a t e  of absorpt ion,  and consequently 
make i t  posgbbe  t o  operate  the compound a t  a lower t o t a l  
p ressure .  This i s  e spec ia l ly  important i n  the considerat ion 
o f  8 u n i t  which may be used on board a plane.  

I n  order  not t o  o v e r l o o k  a l l  p o s s i b i l i t i e s  i n  
t h e  prodbction of ox;rgen fieLC, ca l cu la t ions  have been 
made on the requirements for a poss ib l e  system which woulcl 
be used f o r  oxygen production by s t r a i g h t  phys ica l  
s e l e c t i v e  absorEt,ion i n  a l iquis! m d e r  pressure.  This i s  
one o f  t he  o lde r  systems which has long been considered, 
bu t  it has no t  received a c t i v e  cons idera t ion  i n  l i g h t  of 
t h e  new developments o f  i n d u s t r i a l  process  equipment now 
a v a i l a b l e .  The ca l cu la t ions  ind ica t e  t h a t  even with the 
b e s t  equipment and processes  now ava i l ab le  such  a system 
could not  be successfu l  i n  terms of  power consumption, weight 
and Sulk  o f  apparatus unless  a solvent  f o r  oxygen could be 
found which would absorb about 1 cc o f  oxygen gas pe r  cc of 
l i q u i d  uncler a p a r t i a l  pressure of 1 atmosphere, and have 
t h e  s e l e c t i v e  absorpt ion f o r  oxygen i n  the presence o f  
n i t rogen  a s  much a s  4 t o  1. This e f f e c t i v e l y  e l imina te s  
t h e  use of these systems f o r  any absorbing l i q u i d s  now 
known, but  i t  does ind ica t e  the l i m i t  which must be met for 
' a l i q u i d  absorbing system which might conta in  an oxygen 

absorbing chemical such as the  cobal t  complex now being 
used i n  the s o l i d  form.  Consequently these  engineering 
c a l c u l a t i o n s  t i e  i n  wi th  one o f  the ac t ive  phases o f  the 
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program on the  s tudy of the regenerat ive oxygen chemicals. 
Two of the inves t iga to r s  (Univers i ty  of California and 
Iowa S t a t e  College) s r e  doing work on the consiGeration 
of incorporat ing the c o b a l  complex i n  s o l u t i o n  o r  i n  
suspension i n  order  t o  be l e  t o  use i t  i n  a continuous 
c y c l i c  system which would 
i n  the human body. ions on the l i q u i d  a b w r p t i a n  

cobal t  complex could be inco poratec? i n  a non-volat i le ,  
non-inf‘lammable so lvent ,  e i t  e r  i n  true s l u t i o n  or as a 

analogous t o  the b l o o d  str‘eam 

system ind ica t e  t h a t  if as L i t t l e  as 4% o f  the  a c t i v e  c & i  

permanent f i n e l y  divided s u s i n s i o n ,  then the  continuous 
l i q u i d  c i r c u l a t i n g  sgs’tem wuld stand a chance o f  being 
successful .  
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A r-eeting with the  r ep resen ta t ives  of t h e  various branches 
cf the Navy iiiciicated an ever- increasing exidelice i n  the 
oxygen 2rograci of I'JDRC and a wil l ingness  i f  n o t  an expecta- 
t i o n  for the 3 D R C  t o  handle a l l  of  t h e  p r o b l e x s  i n  connection 
w2th the  aroduction of oxyfseli and many o f  them i n  connection 
1:;ith tke uses. I t  has been requested t h z t  some add i t iona l  
problems should be taken on by the ITDRC. One of  these i s  
t h e  i nves t iga t ion  of the  f e a s i b i l i t y  o f  a sgster,? for the  use 
o f  l i q u i d  oxygen on board planes i n s t e a d  of the oxygen i n  
high-pressure b o t t l e s  as i s  now t h e  system. The Navy i s  
i n v e s t i g a t i n g  and i s  having a pre l iminary  p l a n t  b u i l t  for 
t h e  production o f  l i q u i d  oxygen on board a sh ip  or a i rp l ane  
tender i;Ihich w i l l  be used as the source of supply a t  sea  
for supplying planes which take o f f  f rom c a r r i e r s .  €rowever, 
i n  t h i s  czsc,  the  oxyccn prcvious t o  loading on the plene 
i s  t o  be s torcd  i n  high-pressurc b o t t l c s ,  and i t  would be a 
d i s t i n c t  ::eight advantage i f  t l ic l ia_ . J ic l  oxygcii could be 
c a r r i c d  on board plancs.  T-xrc i s  also tl:t possible app l i -  
ca t ion  o r  the usc of  l i q u i d  oxygen for j e t  propulsion a s  an 
a i d  i n  t&e-off .  

Thc TJav;, now s t andr rd lzcs  on a rebrcatl1t.r s y s t c x  on some 
of  t l i c i r  >lanes which involves thc r c c i r c u l a t i o n  o f  the  
oxyzcn AnLch i s  breathed by the s v i a t o r  through a rebrea ther  
of  sodium pwoxidc which p a r t i a l l y  suppl ies  t h c  necessary 
oxygen. One of  the  problems here  is thc b u i l d  up o f  n i t rogen  
l a r g c l y  tkrough t h e  n i t rogen  exhaled by thc  bod-y. The Navy 
has  prcscr,ted the problcm of  i n v c s t i g c t i o n s  o f  r2can.s o f  
removing this nf trogcn frola  thr. r c b r c a t h t r  sys  t c m .  
th i s  problem on the sur face  looks very d i f f i c u l t  indeed, i f  
n o t  impossible,  i t  w i l l  b c  Givcn considerat ion.  

A1 though 

A r ccen t  i nqx i ry  and roqucst  f o r  information from the  
B r i t i s h  i n d i c a t c  t h a t  a very a c t i v e  p roS lem with them is 
t h a t  o f  conditioning the a i r  o f  submari-rcs before  submosaion 
by i nc reas ing  thc oxygen contcnt  i n  some p a r t s  of the  sub- 
marine t o  a t  l e a s t  28 or 30$, f o r  tlic use of t h e  crew while 
submcrge6. The B r i  t i s h  considcr th i s  a vcry important 
problcm, m d  the ind ica t ions  are t h L t  t h i s  xight soon become 
a mat te r  of high p r i o r i t y  for th.6 :k-,u;icricm r esezrch program 
a l s o .  

It  i s  m t i c i p a t e d  as t'ne i n t e g r a t e d  oxygen p r o p m i  develops 
t h a t  a t  l c n s t  one x o r c  of thc l n r g e  oxygen producing companies 
w i l l  bc brouzht i n t o  the ge r i e rd  ;>roC;rm t o  becorne an a c t i v e  
p a r t i c i p a n t .  The arrangcinents here are s t i l l  i n  the s5age 
of ncgot ic t ion ,  but by t h c  tiric o f  the  next  rxonthly r e p o r t  
i t  i s  a n t i c i p a t e d  t h a t  thcy will bt z c t i v c l y  a t  work. 
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The oxygen program now involves 15 ind iv idua l  
con t r ac t s  s c a t t e r e d  from coast t o  coast  and a l a r g e  
number o f  men and a l a rge  number of l i n e s  of a a c t i v i t y .  
Many complications and d i f f i c u l t i e s  a re  involved, and 
hence the  ful l -speed .ahead cbes not come q u i t e  as quickly 
as might be hoDad. However, i t  must be remembered t h a t  
lalog& th ings  s y s t a r t  slowly. 
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