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Progress  Report f o r  January and February on 
Development o f  Test  Unit f o r  Production of 
Oxygen by a Regenerative Chemical 

Work on t h i s  p r o j e c t  a t  A .  D .  L i t t l e ,  Inc .  dur ing  
January and February 1943 has been l a r g e l y  d i r e c t e d  a t  
a r r i v i n g  a t  i d e a l  opera t ing  condi t ions  for t he  shipboard 
unit .  Two f a c t o r s  have been primar'ily considered:  f i r s t ,  
a cycle  t o  produce high hour ly  y i e l d s  and long l i f e  and second 
the  e f f e c t  of a i r  q u a l i t y  e s p e c i a l l y  moisture and o i l  on 
the  l i f e  of the  compound. 

These t e s t s  were made us ing  a cyc le  producing 15 l b s .  
o f  oxygen pe r  hour  per  100 l b s .  of  powder. Desorption 
pressure  was a t  a n  average value o f  10 inches of mercury 
abso lu te .  Loss i n  capac i ty  has been the  lowest f o r  any 
method of opera t ion  t e s t e d  t o  da te .  

The use of undried a i r  f rom a n  o i l  s ea l ed  compressor 
has given longer  l i f e  f o r  Rumford High-High Salcomine than 

e l  d r i ed  a i r  o r  s i l i c a - g e l  d r i e d  and charcoal  
a i r  f r o m  the  same compressor. 

The above t e s t  i s  c u r r e n t l y  cont inuing  w i t h  the 
desorp t ion  pressure r a i s e d  t o  15 inches mercury pressure  
abso lu te .  

Some f u r t h e r  work has been done on Ethomine using 
the  same powder loading employed f o r  the l i f e  t e s t s  descr ibed 
i n  our December r e p o r t .  
reduced from 104°F. t o  5OdF. The r a t e  o f  abso rp t ion  
increased and the  ra te  of d e t e r i o r a t i o n  decreased.  The 
i n t r e a s e  i n  absorp t ion  r a t e  does n o t  check the work of the  
group a t  M.1.T; i n  a d i f f e r e n t  appara tus .  There was con- 
s ide rab le  d i f f e rence  however i n  the  e x t e n t  o f  degradat ion 
of the  Ethomine used by the two groups which might have 
a f f e c t e d  the r e s u l t s  o f  the tes ts .  
water temperature w i l l  continue a s  o the r  f e a t u r e s  of our 
program permit .  

The cool ing  water temperature was 

The s t u d i e s  on cool ing 

A small s ing le-case  medical unit employing Ethomine 
as the absorbent has been t e s t e d .  This u n i t  was based on 
the use of  a Yoemans Bros. r o t a r y  compressor. This pump 
served on p a r t  of the  cyc le  a s  a blower t o  feed  a i r  t o  the  
u n i t  and as an  evacuator on par t  of the cyc le  t o  pe rmi t  
vacuum desorpt ion o f  t he  bed. 

Mechanical d i f f i c u l t i e s  have been encountered which 
have prevented the s a t i s f a c t o r y  opera t ion  o f  t h e  unit. A 
more d e t a i l e d  d e s c r i p t i o n  of t h e  u n i t  w i l l  be given i n  a 
f u t u r e  r e p o r t .  
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Construction has been completed on a small t e s t i n g  
unit f o r  determining the  absorp t ion  and desorp t ion  charac t -  
e r i s t i c s  of small samples of regenera t ive  chemicals. This 
unit c o n s i s t i n g  of a t he rmos ta t i ca l ly  c o n t r o l l e d  powder 
holder ,  a dropping mercury gas c i r c u l a t i n g  pump and an  
oxygen r e s e r v o i r  system has no t  been t e s t e d  a t  th i s  r e p o r t  
w r i t i n g .  Complete d e t a i l s  on this u n i t  and its opera t ion  
w i l l  be given i n  an e a r l y  r e p o r t .  
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Body o f  t he  Report 

un i t  the group a t  Arthur  D.  L i t t l e ,  Inc.  has been asked 
t o  study the  e f f e c t s  o f  a i r  q u a l i t y  and t o  work out  a 
s u i t a b l e  cyc le  f o r  the uni t .  

I n  connection w i t h  t he  des ign  of t he  shipboard 

The problem of a i r  q u a l i t y  cen te r s  around two main 
p o i n t s  name1y;the e f f e c t  of moisture i n  the  a i r  fed t o  the  
beds and the e f f e c t  of o i l  m i s t  i n  the a i r  a r i s i n g  from 
the  use o f  o i l  sea led  compressors. T h i s  i s  important 
as far as the  shipboard u n i t  i s  concerned s ince  i f  i t  i s  
found that moisture,  o i l  o r  both a r e  n o t  de t r imen ta l  t o  
the  l i f e  and performance o f  Salcomine as it i s  proposed 
t o  use i t  i n  the u n i t ,  a considerable  amount o f  dP ie r  
and a i r  p u r i f i e r  equipment can be e l imina ted  

Our s t u d i e s  of a cyc le  t o  use w i t h  shipboard unit 
have been along the  l i n e s  suggested by the work d iscussed  
i n  our December r e p o r t  on the  e f f e c t s  of cyc le  changes. 
That work a l l  po in ted  t o  long l i f e  when hour ly  product ion 
‘was a t  i t s  h ighes t  l e v e l .  I n  o t h e r  words t h e  per iods  of 
non-absorption o r  desorp t ion  were kept  a t  a m i n i m u m .  
That high product ion and long l i f e  should go hand i n  hand i s  
most fo r tuna te  s ince  th i s  permits  the design of a u n i t  of  
minimum s i z e  and w i t h  e x c e l l e n t  l i f e  and product ion capac i ty .  

Fur ther  increase  i n  the  hour ly  p roduc t iv i ty  of the 
f l a t  bed units beyond that obtained w i t h  5 1/2 min. 
absorpt ion,  1/2min. vent  and 2m3~a . .  desorp t ion  cyc le  appeared 
impossible due t o  the lack  of lower  temperature cool ing  
water f o r  absorp t ion .  

This cycle  the re fo re  has been continued and p resen t  
use o f  i t  serves  as a check on the e x c e l l e n t  l i f e  curve 
obtained with it  dur ing  i t s  f i r s t  per iod  of use.  

The r e s u l t s  are  given i n  p l o t s  I, 11, 111, Iv, v, 
V I  and V I I .  In p l o t  I i s  found the  s a t u r a t i o n  and 
p roduc t iv i ty  degradat ion curves.  I n  p l o t  V I  i s  shown the  
s a t u r a t i o n  degradat ion curves p lus  that  c a l c u l a t e d  from the  
da ta  obtained during the  f i r s t  use of t h i s  s h o r t  cyc le .  
I n t e r e s t i n g l y  enough the more c a r e f u l l y  the a i r  i s  p u r i f i e d  
the  more r a p i d l y  the  powder l o s e s  i t s  i n i t i a l  s a t u r a t i o n  
capac i ty .  This i s  the  f i r s t  time th i s  has been repor ted .  

curves obtained a t  var ious po in t s  during the above t e s t s  
while on p l o t s  I11 and V w i l l  be found desorp t ion  curves 
a t  corresponding po in t s  i n  the l i f e  o f  the powder. These 
curves a l l  show the  f a c t  tha t  abso rp t ion  and desorp t ion  
per iods  a r e  being advantageously used during t h e i r  e n t i r e t y .  
T h i s  i s  p a r t i c u l a r l y  t r u e  of abso rp t ion  per iod where the 
r a t e  changes comparatively l i t t l e .  

In p l o t s  I1 and I V  w i l l  be found the abso rp t ion  
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It s h o u l d  be pointed out  that  the i n i t i a l  s a t u r a t i o n  and 
p r o d u c t i v i t y  l e v e l s  were s l i g h t l y  d i f f e r e n t  f o r  t he  two 
methods of opera t ing .  The case us ing  wet a i r  gave i n i t i a l l y  
lower values .  However, since l o s s  i n  s a t u r a t i o n  and product ion 
capac i ty  were l e s s  wi th  the  use of wet a i r  i t  i s  f e l t  t ha t  
t h e  i n i t i a l  d i f f e rence  was due t o  a d i f f e rence  i n  the l o t s  
of powder used t o  f i l l  t h e  two powder beds.  

In the  bed using wet a i r ,  powder received i n  
- November of 1942 was used while i n  the other  bed w i t h  d ry  
air, powder received i n  February of 1943 was used. I t  i s  
i n t e r e s t i n g  t o  note . t h a t  t he  o l d e r  powder, while s to red  i n  
a i r  t i g h t  con ta ine r s ,  shows the  lower i n i t i a l  capac i ty .  

P l o t  V I 1  has been prepared t o  show t h e  dependency 
of degradat ion on hour ly  product ion.  It i s  seen that  when 
the units are s o  operated t o  take full advantage of t h e i r  
h e a t  t r a n s f e r  c a p a b i l i t i e s  that  hourly production i s  a 
d i r e c t  func t ion  of the $ of i n i t i a l  s a t u r a t i o n .  T h i s  i s  
shown i n  the  two por t ions  of curves where an a i r  r a t e  of  
0.42 CFM per  pound of powder and an  a i r  pressure  of 110 p s i .  
ga.  were used. 

In  the  unit ope ra t ing  below the maximum h e a t  t r a n s f e r  
l e v e l ,  s a t u r a t i o n  f a l l s  o f f  markedly wi th  but  s l i g h t  change 
In  product ion u n t i l  the  capac i ty  has f a l l e n  o f f  considerably.  
Then hea t  t r a n s f e r  becomes l i m i t i n g  and the  s t r a i g h t  l i n e  
r e l a t i o n s h i p  mentioned above app l i e s .  

The p e c u l i a r  e f f e c t  of  moisture on the  l i f e  o f  the  
powder i n v i t e s  specu la t ion  as t o  t h e  s ign i f i cance  of the  
data. 

The f i r s t  ques t ion  that  a r i s e s  i s  whether t he  data 
t r u l y  r ep resen t s  the  a c t u a l  f a c t s .  Can these  tes ts  be 
dupl ica ted?  Ava i l ab le  equipment does no t  permit s t a r t i n g  
up two new units on a dup l i ca t e  t e s t .  N o  dup l i ca t e  t e s t s  
have been made i n  the  p a s t  on the  s c a l e  being c a r r i e d  out  
he re .  The M . I . T .  group do n o t  f e e l  they can g e t  check 
l i f e  curves t o  agree much c l o s e r  than those under con- 
s i d e r a t i o n .  Therefore a t  p re sen t  w e  a r e  unable t o  say 
f o r  c e r t a i n  that unpur i f i ed  a i r  does a c t u a l l y  g ive  increased  
l i f e .  All that can be said i s  t h a t  the  p re sen t  t e s t  
d e f i n i t e l y  i n d i c a t e s  such increased  l i f e .  

Assuming the  data t o  t r u l y  r ep resen t  the f a c t s ,  one 
poss ib l e  explana t ion  i s  that  when h igh ly  d r i e d  and p u r i f i e d  
a i r  i s  used the  Salcomine becomes dehgdrated beyond the  
p o i n t  of maximum capac i ty  and a c t i v i t y .  

It seems poss ib l e  t h a t  t h i s  phenomenon might appoar 
i n  the  cases  under t e s t  and n o t  i n  equipment used by others. 
The b e t t e r  heat t r a n s f e r  c h a r a c t e r i s t i c s  of these  cases  
might we l l  tend t o  over d ry  the  beds a t  the end of t he  
desorp t ion  removing water o f  hydra t ion  which would be regained 
during absorp t ion  when wet a i r  was employed. 
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I n  p l o t  I i t  w i l l  be noted that when undried and 

unpur i f ied  a i r  was used tha t  the  p roduc t iv i ty  curve s h i f t e d  
between what appear t o  be two sepa ra t e  curves .  An explana t ion  
has been sought f o r  t h i s  behavior and would seem t o  be the 
fol lowing.  

In  making the p resen t  s e r i e s  of  t e s t s  the  a i r  supply 
proved inadequate t o  operate  the two t e s t s  simultaneously.  
Therefore each case was operated 24 hoLirs and then  shu t  down whili 
t he  other case operated f o r  24 houps. 

Apparently some s l igh t  mechanical d e t a i l  such as the 
e x t e n t  a co ld  o r  h o t  water supply valve opened var ied  
between two p o i n t s  causing the sharp rises and fa l l s  i n  the  
p roduc t iv i ty .  The f a c t  tha t  the  s a t u r a t i o n  curve shows no 
such breaks i n d i c a t e s  q u i t e  s t r o n g l y  t h a t  t he  powder was 
n o t  the cause of these  breaks i n  the  product ion curve.  

The t e s t s  on these  cases  a r e  being continued a t  a 
h igher  absolu te  p re s su re .  The Clark B r o s .  compressor t o  be 
used on the shipboard u n i t  w i l l  take oxygen from the  beds a t  
1/2 an atmasphere p re s su re .  
being made a t  a n  average desorp t ion  pressure  of  15 inches 
abso lu te  of mercury. 

The p resen t  tes ts  a r e  the re fo re  

E f f e c t  of' Lower Temperature During 
Absorption When Using Ethomine 

For  some t i m e  i t  has been apprec ia ted  here  t h a t  one 
determining f a c t o r  i n  the mat te r  of  maxl.mum u t i l i z a t i o n  of 
an absorbent's capac i ty  was the  r a t e  of  h e a t  removal from the 
powder during absorp t ion .  The heat transfer ra te  i s  
dependent upon s e v e r a l  fac tors ,one  o f  the c h i e f  ones being 
the temperature d i f f e rence  between the bed and cool ing  water .  
P l o t  X shows how the  abso rp t ion  r a t e s  vary f o r  Salcomine 
used in  o u r  shallow bed w i t h  var ious  temperatures of cool ing 
water . 

I n  connection with the development of a cyc le  t o  
give the  h ighes t  poss ib le  oxygen production per  hour per  pound 
of powder, the d e s i r a b i l i t y  of improving t r a n s f e r  rates by 
inc reas ing  th i s  A T by decreas ing  the temperature o f  the 
coolan t  became apparent .  I n  the  case of  Salcomine t h i s  
meant using a r e f r i g e r a t e d  b r i n e  s o l u t i o n  which wasnot poss ib l e  
w i t h  the  equipment a t  hand. 

To check the p o i n t  i t  seemed fa r  more d e s i r a b l e  t o  
work w i t h  Ethomine. Here a n  inc rease  of  50'F. i n  t he& T 
could e a s i l y  be obtained without r e s o r t  t o  r e f r i g e r a t e d  br ine  
s o l u t i o n s .  
r a t e s  a r e  shown i n  p l o t s  VI11 and I X .  

The r e s u l t s  on t h e  l i f e  t e s t  and the  abso rp t ion  
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The increase in  rate with the  lower  temperature 
water i s  c l e a r l y  seen i n  the abso rp t ion  curves and longer  
l i f e  a t  h igher  hour ly  product ion i s  &own on the curves of 
loss i n  saturation capac i ty  versus  total 02 produced. 

These tests were made on r a t h e r  h igh ly  degraded 
powder. 
a t  some time i n  the f u t u r e .  

It i s  hoped they may be repeated on f r e s h  Ethomine 

Respec t fu l ly  submitted, 

l Z b 2 1 b 2  

&tLw.% Q. S$keL,L.. 
ARTHUR D. LITTLE, I N C .  
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