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Physical-Chemical and Chemical Engineer ing Problems 
Summary of Progress  September 1 5  t o  October 15,  1942,  

Subsec t ion  B-7-b: Oxygen Problems - E. P. Stevensmn, 
C ha i rman 
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Problem NL-B-42: 

Problem AC-12: 

Problem N A - 1 1 1 :  

Problem NS-116: 

Problem NS-117 : 

Problem CE-29: 

Progress  ReDort : 

C ~ I F I C A T I O N  CANCELLED OR 

CHANGED TO & 

Development of Chemicals and Ap- 
p a r a t u s  for Regenerative Pro-  
duc t ion  o f  Oxygen. 

hlanuf act7ire of Oxygen while i n  
F l i g h t  f o r  'Jse of t h e  Combat 
Crew. 

Por t ab le  TJnit f o r  Supplying Oxygen. 

Po r t  ab le  TJni t f o r  Producing 
Oxygen f o r  Welding and Cut t ing ,  
and f o r  Breathing Oxygen Aboard 
A i r c r a f t .  

Oxygen Producing Apparatus f o r  
Repair Ship I n s t a l l a t i o n .  

F i e l d  Generat ion of  Oxygen Gas 

S e r i z l  No. 365, September 17, 
1942,  "Report on Chelate Oxygen 
Compounds and Equipment f o r  
t h e r r  TJse", by Melvin Calvin.  

The fo l lowing  r e p o r t s  a r e  being 
prepared  f o r  formal  r e l e a s e :  
"Chelate Oxygen Compounds and 
the  Mechanism of  Absorption Re- 
ac t ions? '  cover ing  the  p e r i o d  
August 1 t o  September 1, by 
Melvin Calvin: "Development of  
Oxygen Carrying Chemicals", 
A - r i l  15 t o  September 1, by 
Harvey Diehl.  

PreDarat ion and Equiva len ts  

Considerable  e f f o r t  has been d i r e c t e d  towards 
the preDara t ion  of  3-ethyl  s a l i cy la ldehyde .  I n  
view of  encouraging r e p o r t s  of p re l imina ry  t e a t s  
Qn C0-4-hydroxg-6-methyl salicylpropylenetriamine, 
some samples of which show an a c t i v i t y  of 7.3$, i t  
baa become a ma t t e r  o f  i n t e r e s t  t o  cons ide r  
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. . .  

sa l icy la ldehydes  o f  t h i s  genera l  s t r u c t u  

O f  a number o f  new c h e l a t e  compounds which have 
been prepared r e c e n t l y  only two show s u f f i c i e n t  ab- 
s o r p t i o n  o f  oxygen t o  be i n t e r e s t i n g .  These a r e  
Co-3-methyl-6-chloro-salicyl-propylenetrlam~ne, a 
red  c r y s t a l i n e  mat te r  which l o s e s  one molecule of 
water on hea t ing  and absorp t ion  about 3% by weight of 
oxygen a t  an oxygen pressure  of 150 p.s.1. ; Cobalt 
Co-3-ethoxy-salicyl-~ropylenetriamine, brown-yellow 
c r \ f s t a l s ,  absorp t ion  about 2% by weight of oxygen 
at’an oxygen Dressure of 150 p .3 . i .  

General methods for t he  syn thes i s  of  metal  
che la t e s  have been s t u d i e d  with a view not only t o  
produce a chemical spec ie s  but  a l s o  t o  p r e c i p i t a t e  
t h e  ma te r i a l  i n  the c o r r e c t  c r y s t a l  s t r u c t u r e  t o  
g ive  a maximum of a c t i v i t y  towards oxygen, The 
fol lowing t r i a l  methods of DreDaration have been 
used experimental ly:  (1) The reagents  and i n t e r -  
mediates a re  reac ted  i n  a water  s o l u t i o n  and a 
s tudy  i s  made of t he  o rde r  of adding the  reagents ,  
( 2 )  c e r t a i n  of t h e  che la t e s ,  i n  p a r t i c u l a r  the 
parent  compound, form pyr id ine  s o l v a t e s  which can 
be desolvated t o  h igh ly  a c t i v e  com~ounds, (3) the  
simple p reoa ra t ion  may be c a r r i e d  out i n  a lcohol  
o r  water-alcohol mixtures.  After t he  new molecular 
spec ie s  has been obtained,  the  Droblem then  becomes 
one of t e s t i n g  var ious c r y s t a l  f o r m s ,  inc luding  an 
a c t i v a t i o n  t reatment  c o n s i s t i n g  o f  hea t ing  the  com- 
pound t o  temperatures ranging f r o m  10O-17O0C. If 
the  compound t r e a t e d  i s  not  a c t i v e  a t  t h i s  s t a g e  
of t reatment ,  i t  i s  c r y s t a l i z e d  from a v a r i e t y  of 
so lven t s  and desolvated a t  a v a r i e t y  of  temperatures.  
A f u r t h e r  t e s t  f o r  a c t i v i t y  would be a s tudy  of 
the  oxygen ebsorp t ion  of  s o l u t i o n s  of t h e  metal  
c h e l a t e s ;  s o  f a r  very l i t t l e  a t t e n t i o n  has been 
pa id  t o ’ t h i s  l a s t  method. 

The d e n s i t y  of the  pa ren t  compound has been 
determined by both  gas and l i q u i d  displacement 
methods, and while t h e r e  i s  not  exact  agreement 
s i n c e  t h e  t w i ,  methods a c t u a l l y  measure d i f f e r e n t  
t h ings ,  i t  would seem t h a t  t h e r e  i s  a t  l e a s t  a 
small  d e t r e a s e  i n  d e n s r t g  du r ing  oxygenation in-  
d i c a t i n g  ‘an expansion of  t h e  c r y s t a l  l a t t i c e .  The 
i n a c t i v e  form i s  cons iderably  more dense than e i t h e r  
t he  a c t l v e  o r  t he  peroxide.  

A schedule i s  now i n  ope ra t ion  whereby th ree  
men a re  producing about 575 lbs. of Saleornine gran- .i 

u l e s  i n  a 40-hour week. T h i s  p roduct ion  i s  probably 
ample f o r  our  present  experimental  program 
some i n d i c a t i o n  as  t o  what might be done o 
s c a l e  production. 
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- 
A careful study was made of the raw materials used 

in the prenarstiop of Salcomine to find the reason 
for some non-uniformity in the oxygeq capacity of the 
material produced cn a large scale. This was traced 
to non-uniformity and impurities in the diamine, the 
other components being stsndard. 

exlslosion hazard and found to be equivalent o r  a 
little worse then corn starch wE.,ich is considered 2 
serious hezerd in industry. 

propylenetrlamlne has been measured as a function Of 
oxygen uptake et room temperature, and the vslue ob- 
served to corresnond to three unpaired electrons be- 
fore Oxygenation and two unpaired electrons at a usual 
one to one absorption. The exact values of suscep- 
tibilities at intermediate points of oxygenetion are 
s omewha t unc e rt 8 in. 

A sample of Salcomlne was tested for its dus t  

The magnetic susceptibility of Co-3-methylsalicyl- 

The heat of oxygenation of Co-3-methoxy-salcomine 
has recently been determined at 20.8 Calories per 
mole, this value agreeing quite well with the value 
20.4 Cals. per mole previously obtained. Other 
heats of oxygenetion are: Salcomine, 19,600 Cals.'; 
3 ethoxy Salcornine, 18,900 Cals.: 3 nitro Salcomine, 
17,300 Cals. 

Measurements of thermal conductivity and rates 
of oxygen absorDtion and desorption were made on 
-cakes and grenules of Salcomine contafnlng UR to 
10% of aluminum f l a k e s ,  bronze flakes and copper 
Dowder: very little, If my, effect of the metals 
was observed. 

Recent efforts on behalf of the nreparstion of 
di(2-hydroxy-3-ethoxybenzal)ethylenedl€mine cobalt 
-(CO-OXBT) - have centered around the preparation 
of 2-hydroxy-3-ethoxybenzaldehyde, the intermediate, 
a suitable commercial source for which has not  yet 
been found. 
phenol is being studied with a view to preparing 
this intermediate on a large scale.. The maximum 
yield of aldehyde obtained so  far is about lo%, the 
amount of  unreected phenol recovered being about 50% 
under the moat favorable laboratory conditions. 

capacity of 3.6-3.7-3 oxy en has been prepared in 
yields of better than 9 $ p f rom the commercial source 
of the aldehyde re fer red  t o  above, 

The Reimer-Tiemann reaction on 0-ethoxy- 

This ethoxy derivative of Salcom'ine having a 

<. 
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Section B-7 ( p . 5 )  

observed that a unit opesated at e high rate of 
absorption will give a fair yield of oxygen over 
100-150 cycles, and then deteriorate so rap'idlg 
that production nractically ceases in a few more 
cycles, 

indicate that further consideration of the chemical 
system might tend very definitely towerds lower 
degrees of saturation, which in turn would be re- 
flected in larger equipment, Inasmuch as some of 
the observations made in the past, for example, a 
higher rate of deterioration at high absorDtion pres- 
surest may be traced directly to degrees of satura- 
tion, and should now be re-examined for modifications 
which may retain some of the advantages origlnally 
attributed to the pronosed systems, and so adjusted 
to avoid the diffi,culty of high rates of deterioration. 
Among these might be considered the so-called adlaw 
batic cycle in whiich absorption and desorption were 
controlled through variations in Dressure and con- 
sistent temperature, such a system being dependent 
upon high absorntion nressures. 

suspensions of the parent Salcomine with samples 
representing the original com-oound, a compound 
ground in a bell mill, and the compound ground In the 
ball mill and subjected to cyclic oxygen absorption 
and desorption; the capacity has fallen to approxi- 
mately 1/4 of its orlginal value. The last named 
sample would seem to represent another samnle of 
material whose deterioration (in capacity) is not 
matched by l o s s  c f  recoverable aldehyde. The de- 
teriorated compound was found to be slightly rejuv- 
enated upon heating for a number of hours at 17OoC. 
The extent of  reaction was so small, however, that 
the treatment does not seem to be practical for re- 
covery of spent material. 

The above observations and explanation would. 

An analytical study is being made of white oil 

YJhen moist air is used t o  oxygenate Co-Ox-BT- 
( (dl (2-hydroxy-3-ethoxybenzal )ethylenedlimine cobalt 1- 
and the material cycled continuously in the manner in 
which it would be used employing oxygenation tempera- 
tures of 20° and deoxygenation temperatures Of 120'. 
a more or less cohsfstent amount of water is absorbed 
for a given aTr humidity, and the oxygen oarrying 
capacity of the material is appreciably decreased in 
the higher humidity, but in each case assumes a defi- 
nite value which is a function of the humidity. This 
I s  using air having a humidity of  47% where 3% of 
water is maintained in the compound by the material 
continuously and carrying reversibly about 2% of oxygen, f 
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A considerabie  amount o f  wobk has been done on 
r e a c t i o n  r a t e s  and equi l ibr ium pressure  on those 
compounds which absorb oxygen a t  h igh Dressures 
only; i n  p a r t i c u l a r  the compound Co-3-methylsalicyl- 
propylenetriamine has been s t u d i e d  i n  some d e t a i l .  
Ind iv idua l  p r e p s r a ~ i o n s  seem t o  vary i n  a c t l v € t y  and 
absorpt ion r a t e ,  and cons iderable  d e t e r i o r a t i o n  takes  
place upon cycl ing,  The equi l ibr ium p res su res  bo th  
a t  O°C. and 2OoC. bre s t i l l  unce r t a in ,  although t h e r e  
i s  evidence t h a t  a t  OOC. t he  r a t e  of  oxygenation in-  
creases  w i t h  pressure.  

A s e r i e s  of t e s t s  have been made of the e f f e c t  
of  water  bo th  cold and hot  on the r a t e  of  d e t e r i o r a -  
t i o n  of Salcomine. Salcomine soaked i n  cold water 
f o r  a per iod of  15  days had i t s  capac i ty  f o r  oxygen 
absorpt ion reduced from 4.53% t o  4.18%. Hot water 
causes the  oxidized,  or r a t h e r  t he  ma te r i a l  which 
has been deoxidized i n  t h e  presence of water,  t o  de- 
t e r i o r a t e  much more r ap id ly .  Treatment wi th  steam 
i s  a l s o  math more d e s t r u c t i v e  t o  the  oxidized form 
than  t o  the  unoxidized form. Apnarently t h e  pre- 
sence of hot water o r  steam has a s e r ious  e f f e c t  on 
the  oxygen ca r ry ing  capac i ty  of Salcomine. Fu r the r  
work i s  under way t o  i n v e s t i g a t e  the  e f f e c t  of oxy- 
gena t ion  of s l u r r i e s  of Salcomine a t  d i f f e r e n t  temp- 
e r a t u r e s  and 8lSO t o  t e s t  the  e f f e c t  of hydrogen 
peroxide and formaldehyde on aqueous suspensions of 
S a1 comine ., 

Toxic i ty  Tes ts  

Nothing t o  repor t .  

Experimental Oxygen Producing TJnits 

(1) O i l  Suspensions - 
Two runs were made dur ing  t h e  p a s t  month each 

w i t h  a fresh charge of Salcomine o i l  suspension. 
run  was made a t  absorp t ion  p res su re  of 150 p. s .1 ,  
gauge i n  s t i r r e d  autoclave.  The o the r  run was made 
a t  a pressure  of 450 p.s.1. gauge i n  a 10" I .D.  by 
7' high tower absorbent o f  20 ga l lons  capac i ty  em- 
ploying co-current up-flow of a i r  and suspension, 
I n i t i a l l y  the tower was operated without b a f f l e s ,  
b u t  l a t e r ,  because of' the poor r e s u l t s  obtained, 
the tower was packed w i t h  140 h o r i z o n t a l  b a f f l e s  
spacbd v e r t i c a l l y  9" apart .  The desorber  c o o l s  
pump and compressor a i r ,  t he  same as  used In prec  
vious tests.  

One 
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Operation of t he  s t i r r e d  autoclave a t  150 p.s.1. 
p ressure  and a t  s eve ra l  i n l e t  a i r  r a t e s  and susgen- 
s ion  r a t e s  confirmed the c o r r e l a t i o n  obtained l a s t  
month, v i z ,  t h a t  t h e  oxygen product ion n e r  pound of 
Salcomine circul . ted i s  a unlque func t lon  o f  t he  i n -  
l e t  a i r  r a t e  t o  l i q u i d  c i r cu la t7on  r a t e .  Tests  of 
t he  co-current tower show t h a t  the b a f f l e  tower i s  
only about ha l f  as  e f f i c i e n t  as the s t i r r e d  auto- 
c lave a t  the  s2me pressure  a t  450 p . s , i .  gauge, how- 
ever ,  t h e  tov:er has aDDroximately the  same e f f i c i e n c y  
as the  autoclc.ve a t  150 F . S . ~ .  Also  the time of gas 
contac t  i n  an oDen unbaff led tower i s  too  s h o r t  t o  
ob ta in  a reasonable product ion period. The b a f f l e s  
i nc rease  the  l e n g t h  of t h e  gas pa th  through t h e  sus- 
pension f r o m  6 f e e t  t o  about 115 f e e t ,  and more then 
double the  production. The a d d i t i o n  o f  t he  c o i l  of 
115 f e e t  of &” Dipe preceding and i n  s e r i e s  w i t h  the  
tower r e s u l t s  i n  an a d d i t i o n a l  increment of production. 
These observat ions i n d i c a t e  t h a t  w i t h  absorp t ion  a t  
h igh  Dressure a s i n g l e  co-current  t u b u l a r  absorber  
opera t ing  a t  hlgh v e l o c i t y  and i n  t u r b u l e n t  flow would 
be p r a c t i c a l .  

Unfortunately a l l  of the  runs on G I 1  suspension 
were made a t  h igh  degrees of s a t u r a t i o n  of t h e  Salco- 
mine s o  t h a t  the  r a t e  of d e t e r i o r a t i o n  4n capac i ty  
was high. A s  i s  now r e a l i z e d ,  t he  degree o f  s a tu ra -  
t i o n  must be kept i n  seme reduced value i n  order  t o  
extend the  l i f e  o f  t he  Salcomine t o  a p r a c t i c a l  po in t .  

( 2 )  C i r c u l a t i n g  S o l i d  

The N.D.R.C. has now assumed the  r e s p o n s i b i l i t y  of 
f u r t h e r  development of oxygen nroducing equir>ment 
which was o r i g i n a l l y  designed and b u i l t  f o r  t he  Naval 
Research Laboratory. This u n i t  d i f f e r s  somewhat 
from those  p rev ious ly  descr ibed  i n  having a mass Of 
t he  powered absorbent moved by means o f  screw con- 
veyors through s t ages  o f  absorDtion and desorpt ion.  
The absorbent chemical i n  t h i s  case i s  the  methoxy 
d e r i v a t i v e  of Salcomine. The absorp t ion  and desorp- 
t i o n  chambers a re  l a r g e  diameter  p ipes  t i l t e d  some- 
what from the ho r i zon ta l  and t h e  powered m a t e r i a l  
which f l l l s  about 1/3 of t he  p ipe  1s moved c o n s t a n t l y  
up h i l l  by means of screw conveyors. The absorp t ion  
chamber is  coo led ,  bu t  t h e  deso rp t ion  chamber i s  
heated. A back p res su re  of oxygen i s  maintained on 
the c e l l s  between t h e  two chambers t o  prevent  contam- 
i n a t i o n  of t he  Droduct w i t h  a i r .  There has been a 
cons iderable  problem i n  hea t  t r a n s f e r  t o  t h e  absor- 
bent  m a t e r i a l ,  and as t h i s  i s  be ing  solved t h e  r a t e  
Of oxygen product ion has increased  from about 12  CU. 
ft. p e r  hour i n  the  i n i t i a l  t e s t s  t o  ove r  90 CF’H. 
This type of u n i t  has some advantages over  t he  s t a t i o n -  
a r y  bed type p r i n c i p a l l y  r e l a t i n g  t o  continueti  opera- 
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t i o n  ratke-r t k E x  by t k e  ba tch  p rocess ,  end i t  i s  f e l t  
t h a t  vs lueble  c=ntrib,: t ions t o  t h e  Droblems cf oxygen 
production m a y  Be r a d e  s long these  l l n e s .  I t  i s  a l s o  
proposed scme elements of t h i s  system may be combined 
w i t h  t h e  "f luiCized" s g s t e n  descr ibed  below. 

( 3 )  Fluid ized  SyVgtem 

An examinEzion of t h e  so-ca l led  " f lu id ized"  
system i s  being again taken up. 
t h a t  some work ivas done about a yea r  ago on t h i s  
method, ELnd t k t  t h e  srograrn was abandoned because of 
t h e  then-known c h a r a c t e r i s t i c s  of the rns te r la l  Salco- 
mine. The Droper t ies  of the newer d e r i v a t i v e s  of S a l -  
cornine, es93eciElly tke rnethoxg CornnoUnd, make t h e  
f l u i d i z e d  s y s t e z  seen  a t t r a c t i v e .  
absorbent ma te r f a l  i n  f i n e l y  n u r i f i e d  form 3s suspend- 
ed i n  the  cu r ren t  of gas and caused t o  c i r c u l a t e  i n  
t h i s  gaseous s t ream frcm one s t a g e  of opera t ion  t o  
the next  i n  the  cycle ,  This has t h e  double advantage 
of  g iv ing  contir;uous cDerat ion and a l s o  h e a t  t r a n s f e r  
thrcugh the g2s nediurl. ? r e l imina rg  experiments on a 
l a r g e r  s c d e  heve involved absorp t ion  and deso rp t ion  
s t u d i e s  cn a2ur:ximately 20 gms. s a r n ~ l e s  of the  rnethoxy 
compound i n  a tTJbe 22 mm. i n  d iameter  and 50 cm. long, 
jacketed w i t h  E heat  t r a n s f e r  f l u i d  t h a t  can be e i t h e r  
hea ted  o r  cooled. The i n i t i a l  t e s t s  were made w i t h  no 
n e t  f low of the s o l i d  such as would take p lace  i n  a 
continuous u n i t ,  and, t h e r e f o r e ,  t h e  d a t a  approximates 
t h a t  which woulc! be obtained i n  the  s t a t i o n a r y  bed 
r e a c t o r s .  The 5us t lng  of the compound anpeared t o  be 
g r e a t e s t  i n  the  i n i t i a l  ope rz t ion  and t o  beccme Dro-  
g r e s s i v e l y  low, which w o d d  i n d i c e t e  t h a t  i t  was due 
t o  the  dus t ing  i n  the  o r i g i n a l  m a t e r i a l  and probably 
not  t o  a t t r i t i o n  during the  f l u i d i z e d  operat ion.  The 
r a t e  of absorp t ion  is  very  h igh  f o r  the f i r s t  f i v e  
minutes and then t ape r s  o f f  asymptc t ica l ly .  The par- 
t i c u l a r  ma te r i a l  used i n  these  t e s t s  d i d  n o t  have a . 
high s a t u r a t i o n  va lue  and i t  is  be l ieved  t h e t  more 
favorable  r e s u l t s  might be obtained w i t h  mor: reac- 
t i v e  m a t e r i s l s .  The r a t e  of absorn t ion  a t  0 C. was 
very c lose  t o  t l - a t  a t  -12OC. bu t  t h e r e  was consider- 
ab le  decrease  i n  r a t e  o f  absorp t ion  a t  S r 7 O C .  

I t  w i l l  be remembered 

I n  t h i s  system the 

F i e l d  Oxygpen Producing TJnits 

The t e s t s  upon the 300 CFH u n i t  a t  t he  Engineer= 
ing  Experimental S t a t i o n  at Annapolis a re  cont inuing  
s a t i s f a c t o r i l y .  The r a t e  of oxygen product ion has 
now been increased  t o  something over t he  r a t e d  capa- 
c i t y  of the u n i t .  A maximum product ion  of 325 CFH 
has  been obtained and product ion  s t anda rd ized  a t  about 
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305 CFH. E a r l i e r  t e s t s  on t h i s  u n i t  d i d  not approach 
t h i s  prcduct icn.  

Prcgpess ,-n the  600 CFH shipboard u n i t  has been 

Improved in spec t ion  f e c i l i t i e s  a re  now ava i l -  
henpered. by l a c k  of shcp f a c i l i t i e s  and poor workman- 
sh ip .  
able  and i t  i s  hoped t h a t  the  a u a l i t g  o f  t he  work w i l l  
b e  s a t i s f a c t o r 7 .  
been congleted,  a l tbough the  have not y e t  been s a t i s -  
f z c t o r i l y  pressure  t e s t e d .  
necessary bu t  i t  i s  hoped t h a t  t hese  two r eac to r s  w i l l  
be ready f o r  f i l l i n g  ?n a week o r  two. Not a l l  of t he  
suppl ies  have been obtained for t h e  l a s t  two r eac to r s ,  
ar.d f a b r i c a t i o n  of these u n i t s  i s ,  t he re fo re ,  held up. 
Other equipment inc luding  dry ing  equipment i s  now ava i l -  
able.  

The f i r s t  two r e a c t o r s  of f o u r  have 

{om, reworking w i l l  be 

The two po r t ab le  chemfcal u n i t s  i t  i s  now be l ieved  
will be ready sometime i n  December. B o t h  the  r e a c t o r  
ard comnressor t r a i l e r  l a y o u t s  e r e  being worked on, and 
the p ip ing  layout  for t he  r e a c t o r  t r a i l e r  i s  p r a c t i c -  
a l l y  cor?plete. 
i n  s ecu r ing  the necessary  t r a i - l e r s  for mounting these  
un i t s .  

However, d i f f i c u l t y  is being experienced 

Caiculat ions and f lowsheets  have been completed 
on a package r e a c t o r  Salcomine u n i t  t o  be t ranspor ted  
on a plane.  
minimize t h e  arncunt of f i e l d  e r e c t i o n  required.  The 
package u n i t  would con ta in  two r e a c t o r s ,  two blowers, 
and a r e f r i g e r a t i o n  hea t ing  and cool ing system and 
timer.  A number of r e a c t o r  packages wculd be hooked 
up i n  p a r a l l e l  t o  t h e  a i r  and oxygen d rye r s  and a i r  
and oxygen compressors t o  f o r m  a s i n g l e  u n i t  of any 
d e s i r e d  caoacity.  Although the package i t s e l f ,  as  
now l a i d  c u t ,  meets t h e  space requirement f o r  an a i r -  
t ranspor ted  package w i t h  s tandard  a v a t l a b l e  equinment, 
i t  is a g r e a t  dea l  heav ie r  t han  the  minimum weight 
s p e c i f i e d  f o r  such a package. By the  use of  s p e c i a l  
l ight-weight  equipment which might be found o r  devel- 
oped, i t  might be ;- iossible t o  c u t  dcwn the  excessive 
weight. The system u t i l i z e s  gas r e c i r c u l a t i o n  f o r  
bo th  h e s t i n g  and cooling. This r e s u l t s  in decreas ing  
the size of t he  equipment, a l though i t  inc reases  the  
power consumption. However, i t  was thought t h a t  t he  
u n i t  s i z e  was of g r e a t e r  importance. No f u r t h e r  work 
is being  done along these  l i n e s ,  as  we are await ing 
engineer ing da ta  on t h e  3-methoxy corngound which 
annears t o  be a g r e a t  d e a l  more promising. 

The 'thought behind t h i s  design was t o  

' 

The oxygen producing u n i t  u t i l i z i n g  the  methoxg 
d e r i v a t i v e  of Salcomine a t  low temperatures f o r  mount- 
ing on board bombers has now been d d i v e r e d  t o  Wright 

- _  .. 
? _  . 
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F i e l d  and i s  being t e s t e d  t h e r e  'In a s n e c i a l l y  con- 
s t r u c t e d  low temperature l abora to ry ,  

OXYGEN PSOIYJCTI or] 3 y  r.:.=ci;mIcu METHODS 
Problem No. AC-12: The Manufacture of Oxygen whfle 

i n  F l i g h t  f o r  Use of a Combat 
Crew. 

Problem IJA-111:  

Problem NS-115: 

Problem NS-116: 

Problem CE-29: 

Progress  Report: 

Progress  Report: 

Apparatus Study 

The t e s t s  on 
packing have been 

Por t ab le  TJnit f o r  SupDlying 
Oxygen. 

The Eevelopment of Equipment f o r  
t h e  Product ion of  Liquid Oxygen 
aboard a Submarine. 

Po r t ab le  '?nit  f o r  Producing Oxy- 
gen f o r  Velding rind Cut t ing ,  and 
f o r  Breathing Oxygen Aboard A i r -  
c r a f t .  

F i e l d  Generation o f  Oxygen Gas. 

"? re l iminary  i3esults of Tes t s  on 
Regenerators",  by B. F. Dodge, 
August 1, 1942 ,  being prepared 
f o r  formal r e l ease .  

" R e c t i f i c a t i o n  of A i r  i n  a 2-inch 
Packed Column", by B. F. Dodge, 
be ing  prepared f o r  formal r e l ease ,  

t he  7" r egene ra to r s  w i t h  aluminum 
comr,leted, The r e s u l t s  have been 

analyzed and it  was found as expected t h a t  i n  h igh ly  
s a t u r a t e d  a i r ,  t e m p r a t u r e  has a very g r e a t  d e l e t e r -  
ious  e f f e c t  on r e g e n e r a t i v e  performance. The equip- 
ment has now been dismantled and the  r egene ra to r s  
f i l l e d  w i t h  sma l l e r  crimn, more compact s t e e l  nacking. 
It is hoped t h a t  some a d d i t i o n a l  e s s e n t i a l  d a t a  may be 
soon a v a i l a b l e  f o r  t h e  p r o p e r  des ign  o f  r egene ra to r s  
f o r  some of  the l a r g e  s c a l e  u n i t s .  

Tes t s  of packed r e c t i f i c a t i o n  columns a r e  cont i -  
nuing and i t  i s  hoped t h a t  f u r t h e r  in format ion  w i l l  
i n d i c a t e  t h a t  t h e  columns designed f o r  the  me,chanicrl 
low p r e s s u r e  t r u c k  u n t t  w i l l  produce oxygen of the  
q u a n t i t y  and p u r i t y  c a l c u l a t e d ,  a l though a t  t he  moment 
t h e  i n d i c a t i o n s  a r e  t h a t  i t  w i l l  f a l l  somewhat s h o r t  
of t h i s  production. I n  view of t hese  r e s u l t s ,  some 
a t t e n t i o n  i s  being g iven  t o  t h e  des ign  of a t r a y  co l -  



umn f o r  t h i s  u n i t ,  and s e v e r a l  types of  bubble caDs 
a re  being examined. One of the types o f  columns 
considered i s  t h a t  of the  Aluminum Plant  and Vessel 
ComDany of England, which comprises a s e r i e s  Of 
bubble p l a n t s  a l t e r n a t i n g  w i t h  pe r fo ra t ed  p l a n t s  f o r  
which g r e a t e r  capac i ty  and cons iderably  b e t t e r  per- 
formance is  claimed. 

Tes t s  were run on 8 small  column backed wi th  brass  
These gave an H,E.T.'P. about 1/3 g r e a t e r  shoe eye le t s .  

than g l a s s  r ings  o r  Berl saddles ,  bu t  had a consider-  
ab ly  lower hea t  capaci ty .  The advantage i n  lower 
s t a r t i n g  time (because of  reduced hea t  c a p a c i t y )  may 
out-weigh the  disadvantage o f  a longer  column. 

Fur the r  t e s t s  on the  r o t a t i n g  column r e c t i f i e r  
have been conducted and a new form cf r o t a t i n g  c o l -  
umn i s  under t e s t .  The pre l iminary  r e s u l t s  obtained 
with the  new column a re  promising. 

Oxygen Producing TJnit s 

The d i f f i c u l t y  i n  secur ing  m a t e r i a l  f o r  t he  
t r a i l e r  mounted mechanical u n i t s  w i l l  undoubtedly 
de lay  the  comnletlon of these  u n i t s  u n t i l  some time 
i n  November, A g r e a t  d e a l  of d i f f i c u l t y  i s  met i n  
t r y i n g  t o  obta in  the  tub ing  and r e t u r n  bends f o r  the 
high p res su re  oxygen af te r -cooler .  The f a b r l c a t i o n  
of such  tub ing  seems t o  be new t o  the  Aerofln Company 
handl ing t h e  job  and some develonment work i s  nec- 
e s s a r y  t o  p e r f e c t  the technique,  

A new model of  1000 CFH por t ab le  t r u c k  mounted 
oxygen u n i t  € 3  being  designed. I t  i s  hoped t h a t  from 
the  e a r l y  work on the  f i r s t  two t ruck  u n i t s  and addi- 
t i o n a l  information which has s i n c e  been obta ined ,  par-  
t i c u l a r l y  i n  view of the  p re s su re  obta ined  by Profes-  
s o r  Co l l in s  on his small  u n i t ,  descr ibed  below, i t  
w i l l  be poss ib l e  t o  b u i l d  an improved u n i t  us ing  t h i s  
capac i ty  on a s i n g l e  12' t r a i l e r .  I n  such  a u n i t  it 
w i l l  probably be necessary  t o  e l imina te  most of the  
t e s t  ins t rumants  and s a f e t y  f a c t o r s  which w i l l  be in-  
corDorai;ed i n  the f i r s t  u n i t ,  I n  o r d s r  t o  keep the  
s i z e  down t o  a minimum, i t  may be d e s i r a b l e  t o  cut  t he  
f l e x i b i l i t y  of the  u n i t  somewhat, t h a t  i s  lower the  
severe  opera t ing  ccndi t ions  under which it might have 
t o  work, namely, 1200F. ambient a i r  wi th  the  dew poin t  
of 195OF. 

Design and t e s t i n g  of a t r a i l e r  mounted oxygen 
u n i t  producing 99.5% l i q u i d  oxygen equiva len t  t o  100 
CFH of  gas  i s  progressing.  Considerable  d i f f i c u l t y  
i s  had i n  obta in ing  d e l i v e r i e s  on the  needed equip- 
ment, most of t h i s  equipment being promised f o r  de l iv-  
e r i e s  sometime between now and January 1 s t .  So f a r  
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i t  has not been poss ib le  t o  ob ta in  t h e  promise of a 
s u i t a b l e  gasol ine engine f o r  powering the u n i t .  P r o -  
vided the  d e l i v e r y  premises on the  equipment a re  made 
good, i t  i s  very l i k e l y  t h a t  t h e  comgleted u n i t  can 
be assembled f o r  t e s t i n g  by March 1, 1943. The b e s t  
p re sen t  es t imate  of weight i s  t h a t  t h e  u n i t  w i l l  weigh 
l e s s  than  10,000 l b s .  and the t r a i l e r  about 5,000 lbs .  
This u n i t  will operate  a t  approximately 2500 p.3. i .  
a i r  w i t h  an a u x i l i a r y  ethane and butane r e f r i g e r a t i o n  
cycle.  Experiments a re  under way t o  develos  a l i q u i d  
vapor izer  f o r  charging cy l inde r s  a t  2000 p , s . i .  and i t  
i s  bel ieved t h a t  t h i s  eqlllipment w i l l  f u n c t i o n  s a t i s -  
f a c t o r i l y  i n  place of  the usual oxygen gas compressor. 

Design and lay-out drawings f o r  the two submarine 
p i l o t  p l a n t s  i s  proceding s a t i s f a c t o r i l y .  The regen- 
e r a t o r  s i z e s  have no t  ye t  been s e t  as  i t  i s  s t i l l  
hoped t o  ob ta in  informetion from the t e s t  work on r e -  
genera tors  which w i l l  permit amewhat smal le r  s i z e  f o r  
these  un i t s .  

Approximate s i z e s  and weights o f  a l l  t h e  equip- 
ment on ba th  the  l o w  pressure  and in te rmedia te  ores -  
su re  systems of a f u l l  s c a l e  submarine p l a n t s  a r e  being 
obtained f o r  sirbrnission t o  the Navy t o  permit  them t o  
compare the r e l a t i v e  m e r i t s  of an oxygen producing 
p l a n t  and a l a r g e  l i q u i d  oxygen s t o r a g e  system. On the 
l o w  pressure  u n i t  t h e  r egene ra to r  s i z e s  a r e  being es- 
t imated as c l o s e l y  as Dossible  wi th  the  information 
a t  hand. 

Progress i n  the cons t ruc t ion  o f  the  submarine 
a i r  condi t ion ing  u n i t  adapted f o r  use wi th  t h e  s tand-  
a rd  3000 p.s.i. compressor i s  s a t i s f a c t o r y ,  Two auto- 
matic expansion valves  a r e  being prepared f o r  t r i a l  
on the u n i t  a t  the Naval Sesearch Laboratory,  and a 
design h a s  been drawn i n  o t h e r  r e s p e c t s  i n  a way t o  
permit t he  ca r ry ing  out o f  comprehensive t e s t s  f o r  
secur ing  engineer ing information which does not ap- 
pea r  t o  be ava i lab le .  The a n i t  is designed,  of  
course,  f o r  ac tua l  slibrnarine ope ra t ion  wi th  and with- 
out precool ing of t h e  compressed a i r .  

A l l  work on the  column f o r  the  400 CFH t r a i l e r  
mounted u n i t  has been comFleted. The t r a i l e r  will be 
d e l i v e r e d  about October 5 and the  compressor about 
October 25. P r a c t i c a l l y  a l l  t he  remaining m a t e r i a l  
is on hand and it i s  hoped t h a t  f i n a l  assembly w i l l  
be completed shor t ly .  

Some design c a l c u l a t i o n s  have been made on an 
a i r - t r a n s p o r t e d  low pressure  mechanical u n i t .  
u n i t  is being f i g u r e d  both  w i t h  a s i n g l e  a i r  feed 

This 



Sectl.on B-7 ( p . 1 3 )  

* 

system as on the Col l ins  u n i t  as wel l  as w i t h  a 
double feed  system. I n  b o t h  cases  cons ide ra t ion  
i s  given t o  t he  use of the Co l l in s  exchangers as 
wel l  as regenera tors .  The m o s t  d i f f i c u l t  p a r t  i n  the  
des ign  o f  t h i s  u n i t  is the  columne 
the  use  of mul t ip le  packed tubes w i l l  permit  an e f f i -  
c i e n t  column o f  small  o v e r a l l  height .  

I t  is honed t h a t  

The reconscructed Mond u n i t  (h igh  pressure  u n i t  
t o  produce 100 CFH oxygen) toge the r  wi th  a u x i l i a r y  
a m a r a t u s  f o r  ope ra t ion  w i t h  the Ricardo compressor 
i s  now on t e s t  a t  Kright  F i e ld .  The Ricardo compres- 
s o r  has  j u s t  been received and w i l l  be a v a i l a b l e  f o r  
t e s t i n g  w i t h  t h i s  u n i t ,  

A new high  p res su re  bomber u n i t  has been designed 
and t h e  p a r t s  a r e  about t o  be cons t ruc ted ,  T h i s  u n i t  
i s  being designed f o r  a c t u a l  i n s t a l l a t i o n  and t r i a l  
on a i r c r a f t  using the Ricardo compressor. It w i l l  be 
provided wi th  automatic  means f o r  prevent ing  d i s tu rb -  
ance O f  the  r e c t i f y i n g  regime dur ing  v a r i a t i o n  i n  
a1 t i t u d e  . 

The small  l ow prepsure oxygen u n i t  designed and 
b u i l t  by Professor  Col l ins  has  Derformed ve ry  s a t i s -  
f a c t o r i l y  on t e a t s  producing approximately 300 CFH 
oxygen of 906% p u r i t y ,  w i th  somewhat lower nroduct ion 
f o r  h ighe r  degrees of p u r i t y .  This u n i t ,  comprising 
small  expansion engine,  r e c t i f i c a t i o n  column and heat  
exchangers,  i s  very  compact and weighs 320 lbs. It 
i s  es t imated  t h a t  a combination a i r  compressor and 
engine can be obts ined  wefghing around 250 lbs, giv ing  
a completely se l f con ta ined  u n i t ,  excelst f o r  f u e l ,  
weighing between 500 and 600 l b s .  Fur the r  t e s t i n g  and 
development of th i s  u n i t  i s  being c a r r i e d  on a t  t he  
F r i g i d a i r e  ComDany w i t h  a view t o  g e t t i n g  i n t o  pro- 
duc t ion  wi th  such u n i t s  a t  t h e  e a r l i e s t  Dossible  date .  
It i s  expected t h a t  the  u n i t  w i l l  be slightly modified 
t o  produce around 100 CF'H w i t h  a consequent sav ing  i n  
weight and thereby meeting t h e  requirements  of oxygen 
product ion on bombers. Another mod i f i ca t ion  w i l l  l e ad  
t o  a u n i t  producing around 500 CFH, thus  f u l f i l l i n g  
requirements  f o r  an e a s i l y  t r a n s p o r t a b l e  f i e l d  u n i t .  

ENGINES AND COMPRESSORS 

Problem Nos. : NL-B-42; AC-12;  NA-111; NS-115; NS-116; 
NS-117, 

The f i r s t  of t h r e e  compressors f o r  t he  low nres-  
sure 1000 CFH oxygen p l a n t s  has  been assembled and r u n  
a number of hours on t e s t .  Some changes aDpear neces- 
sary i n  t h e  valve des ign ,  des ign  o f  the cross head and 
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the  o i l  s c rape r  r ings  on the  pis ton-rod packing. It  
is expected t h a t  these changes can be made i n  two or 
t h ree  weeks End the  compressor u n i t s  made a v a i l a b l e  
f o r  use on t h e  low pressure  mechanical t r a i l e r  mounted 
u n i t s  and the two chemical trailer mounted u n i t s .  

The 3000 p . s . i ,  compressors f o r  the  h igh  pressure  
t r a i l e r  mounted mechanical u n i t  and f o r  the l i q u i d  
oxygen producing u n i t  a r e  wel l  under way, and i t  i s  
s t i l l  hoped t h a t  the f i r s t  of t hese  two  u n i t s  w i l l  be 
completed about November 1st. 

The f i r s t  of t he  small  150 p . s . i .  engine com- 
p res so r  combinations w i l l  be de l ive red  t o  Ifidright F i e l d  
f o r  t e s t i n g  with the  Col l ins  low pres su re  u n i t  descr ibed  
above. This machine w i l l  be completed wi th  sub-base,  
six v o l t  b a t t e r y ,  and s t a r t i n g  equipment. The u n i t  w i l l  
a l s o  have some form of  a i r  j n t e r c o o l i n g  and a f t e r c o o l i n g  
b u i l t  linto the machine, It i s  hoped t h a t  t he  u n i t  w i l l  
be ready f o r  t e s t i n g  by November 1st .  

The compressor f o r  the  high pressure  submarine 
p i l o t  Dlant (600 p.s,i.) will soon be d e t a i l e d  and con- 
s t r u c t i o n  of the p a r t s  w i l l  be s t a r t e d .  It i s  hoped 
t h a t  the u n i t  w i l l  be ready f o r  t e s t i n g  by the  middle 
of January. 

The compressor f o r  t he  low pressure  submarine 
p i l o t  p l a n t  has been designed and a c t u a l  cons t ruc t ion  
w i l l  gc forward i n  a sho r t  t ime, 

The 200 CFN r o t a r y  a i r  compressor w i l l  be ready 
f o r  t e s t i n g  by November 15, i t  i s  estimated. 

Z f f o r t s  a r e  s t i l l  being made t o  assemble a l l  of 
the m a t e r i a l  requi red  f o r  t he  high pressure  oxygen . 
compressor. The major p a r t s  of t h e  f i r s t  t w c ,  s t a g e s  
a r e  a l ready  assembled, and hence the l b w  pressure  
oxygen comm-essor comprising these f i r s t  two s t ages  
should be ready f o r  t e s t i n g  wi th in  t e n  days. 

The p a r t s  of the 1700 CFH low temperature  ex- 
pander have been f i n i s h e d  and a pre l iminary  t e s t  run 
on t h e  o i l  s e a l  and bea r ing  assembly by opera t ing  the  
s h a f t  w i t h  a s t e e l  d i s c - i n s t e a d  of the  tu rb ine  wheel. 
The s h a f t  i s  of s t a i n l e s s  s t e e l  and t rouble  was encoun- 
t e r e d  here which was co r rec t ed  temporar i ly  by p lac ing  
a carbon s t e e l  j acke t  o v e r  the  p a r t  not s u b j e c t  t o  low 
temperature. One of t h e  tu rb ine  wheels i s  being over- 
speeded t o  des t ruc t ion .  I f  i t  f a l l s  below expecta- 
t i o n s  another  wheel of  s t ronge r  a l l o y s  i s  ava i lab le .  
The expander loading  mechanism c o n s i s t s  of  two 5 H.P. 
d.c. genera tors  each b e l t e d  t o  t h e  expander wi th  spe- 
c i a l  canvas b e l t s .  
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The f i r s t  of  the Coll ins  type expanders has been 
s e t  up i n  Yale l a b o r a t o r i e s  f o r  t e s t i n g  and i n  connec- 
t i o n  with the  low temperature work there .  T h i s  expand- 
e r  i s  being t e s t e d  i n  connection w i t h  the  swi tch  ex- 
panders f o r  pu r i fy ing  the  a i r 2  The e f f i c i e n c y  of t h i s  
u n i t  i s  es t imated a t  about 80;b based on enthalpy drop. 
A. second u n i t  now on t e s t  f o r  some reason does not per- 
form as wel l  as t he  first u n i t ,  and I s  being i n v e s t i -  
gated.  A t h j r d  expander w i l l  be completed wi th in  a 
week. 

The h igh  l e v e l  r ec ip roca t ing  expander f o r  t he  
high Dressure submarine p i l o t  p l a n t  has been designed 
and d e t a i l i n g  i s  under way. It i s  expected t h a t  the  
machine w i l l  be ready a t  about the same time 8s the  
high pressure  compressor. It  has been designed t o  
u t i l i z e  a hydraul ic  brake t o  absorb the work of t he  
expanslon of  t h i s  u n i t .  

The low l e v e l  expander has been dormant i n  t h e  
p a s t  month pending the  accumulation of d a t a  on the  
pre l iminary  t e s t s  of the f i r s t  two Col l ins  type ex- 
panders. It is  expected t h a t  t h i s  expander w i l l  be 
ready f o r  opera t ion  i n  Jenuarg. 

Problem NLB-1 (Item f ) :  Development of  an Instrument  
f o r  t he  Measurement of Oxy- 
gen P a r t i a l  Pressures  - 

UNDERVA-TER P ROPTJLSI ON 

Problem No, NL-B-6:- Operations of b i e s e l  Englnes on 
Recycled Fuel and Exhaust Gases. 

The recent  dec i s ion  of the Bureau of Ships  as 
ru l ed  o u t  the use of Giesel  engines f o r  submerged 
propuls ion of submzrines. Upon t h i s  b a s i s  t h e  program 
on oDeration of  L ie s01  engines with recycled f u e l  and 
exhaust gases i n  summarily dropped. 
being glven t d  s u b s t i t u t i o n  of a program on opera t ion  
of gas tu rb ines  and steam tu rb ines  on recycled exhaust 
gases and f u e l ,  bu t  d e t a i l s  o f  such a program have 
not as ye t  been worked cu t ,  

Some 1 thought is 

The program on d i s p e r s i o n  o f  exhaust gases i n  
sea water i s  f e l t  t o  be a t  l e a s t  a s  f u l l y  advanced 
as  the  opera t ion  bf power p l a n t s  under submerged con- 
d i t i o n s ,  and I t  i s  planned t o  hold i n  abeyance f u r t h e r  
work on d i spe r s ion  of exhaust gases f o r  t he  time being. 

MIS CELLANEOTJS 
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Problem EA-106 : ' Development of Oxygen Breath- 

(Item 1):  Development of Oxygen Breath- 

ing Equipment pnd Associated 
Apparatus 

ing Apparatus f o r  use w i t h  
Liquid Oxygen. 

Problem AC-32: 

( I t e m  4 ) :  Development of Means f o r  
Automatical ly  El iminat ing 
Nitrogen i n  Oxygen Rebreath- 
lng  Equipment. 

(No r e p o r t s  t o  be r eoor t ed )  

Pevelopment of  Pipe Thread 
Sea l ing  Compounds. 

During the month prel iminary work h a s  been car-  
r i e d  out on the  adap ta t ion  of the  oxygen meter on 
a i r p l a n e s  and l i g h t e r  than a i r  c r a f t .  I n  add i t ion  
some prel iminary work on another  device f o r  conven- 
i e n t l y  d e t e c t i n g  dangerous concent ra t ions  of oxygen 
and hydrogen has  been under way, This device com- 
p r i s e s  a means of measuring a change i n  the d e n s i t y  
of  t h e  hydrogen upon contaminat ion w i t h  oxygen, and 
f o r  t h i s  purpose a change i n  the  p i t c h  of  a wh i s t l e  
i s  suggested.  

It  i s  hoped t h a t  instruments f o r  t he  conversion 
of  l i q u i d  oxygen t o  gaseous oxygen a t  cons tan t  pres -  
s u r e  upon demand w i l l  be ready f o r  t e s t i n g  wi th in  the 
next few tmska. This equipment i s  designed t o  supply 
gaseous oxygen upon a i ro l anes ,  

A survey  i s  being made of t he  nroduct ion of oxy- 
gen f r o %  non-regenerat ive chemicals such a a  potassium 
c h l o r s t e ,  sodium peroxide,  p o t a s s i u m  peroxide,  e t c . ,  
and t h e  p o s s i b i l i t y  of developing genera tors  f@r 
handl ing  these  ma te r i a l s  i n  the f i e l d .  This s tudy i s  
d i r e c t e d  p r i m a r i l y  t o  supplying a source of  oxygen 
f o r  f i e l d  medical use i n  the  absence of  a s u f f i c i e n t  
supp ly  of s t e e l  cy l inde r s  f o r  compressed gas and 
pending the  development and product ion of s u i t a b l e  
equipment f o r  s e p a r a t l n g  atmosnheric oxygen. 

.,- -.  . . . . - _. . . . .-. .. . .  

A survey i s  being made of t he  e l e c t r o l y t i c  pro- 
duc t ion  of oxygen (and hydrogen) from water  I n  por t -  
ab le  u n i t s .  
neighbayhood of 4000 t o  5000 pounds producing 1000 
CFH of oxygen has  r e c e n t l y  come t o  our  a t t e n t i o n ,  
and t h e  f i e l d  of low vol tage  h igh  amperage e l e c t r h a l  
eqUfDment is  be ing  canvassed f o r  equipment f o r  a 
f i e l d  u n i t ,  

of a means f o r  au tomat ica l ly  e l imina t ing  n i t rogen  i n  

A l i g h t  weight c e l l  weighing i n  the 

I. .' 

NO progress  has been made upon t h e  development 

1 2 b 3 5 8 2  Oxygen b r e a t h l n g  equlpment 


