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In  going ove r  o u r  December r e p o r t ,  we note 

with r e g r e t  the omission of the  t i t l e s  f o r  the  v a r i o u s  

columns of Table I on page 4 .  We a r e  enclosing herewith 

a cor rec t ed  copy o f  t h i s  t a b l e .  

W i l l  you please remove t h e  corresponding 

page of the December Report, r ep lac ing  i t  w i t h  the  

enclosed page. 

J. 

ARTHUR D. LITTLE, I N C .  
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Offlce o f  D i v l s i o n  11 ~ E m s r  -269 
Nat ional  Defense Research Committee Supplement No. 1 

Progress Report f o r  December on 
Development of Test  Unit f o r  Production 
of  Oxygen by a Regenerative Chemi,cal 

The work on t h i s  p r o j e c t  a t  A r t h u r  D.  L i t t l e ,  Inc .  
during December has included f u r t h e r  s t u d i e s  of Salcomine; 
a prel iminary eva lua t ion  of Ethomine i n  35 pound powder f l a t  
bed cases ;  a s tudy of the  q u a l i t y  of the oxygen produced by 
these two powders with p a r t i c u l a r  emphasis on carbon con- 
t a i n i n g  ma te r i a l s  i n  the gas;  an eva lua t ion  o f  the e f f e c t  
of a i r  q u a l i t y  on the p r o d u c t i v i t y  o f  Salcomine; and the  
designing and cons t ruc t ion  o f  a n  a i r  ac tua ted  bellows valve.  

been d i r e c t e d  towards obta in ing  the maximum oxygen y i e l d  per  
hour per  pound of  powder. Furthermore i t  was d e s i r e d  t o  
know what f a c t o r s  l i m i t  the y i e l d  over and beyond the  powders 
own inhe ren t  maximum capac i ty .  It now appears  t h a t  w i t h  
Rumford High-High Salcomine a y i e l d  of 15-17 weight percent  

e r  hour from f l a t  bed cases  i s  f e a s i b l e  when using a i r  at 
80-100 p s i .  ga .  cool ing  water a t  50°F. f o r  abso rp t ion  and 
h o t  water a t  2 0 4 " ~ .  f o r  desorp t ion  wi th- ra te  o f  0 .42 CFM 
pe r  pound. The y i e l d  appears t o  be c h i e f l y  c o n t r o l l e d  by 
the  hea t  t r a n s f e r  c h a r a c t e r i s t i c s  of the  powder bed. 
Methods of opera t ion  which increase  the hea t  t r a n s f e r  capacity 
of the bed increase  the r a t e  of abso rp t ion  and consequently 
the  y i e l d .  

A life t e s t  has been run  on Ethomine i n  the  35 pound 
shallow bed cases .  A n  a i r  r a t e  of 0 .6  CFM per  pound w i t h  
a i r  p ressure  of 20 p s i .  ga.  vas  used i n  conjunct ion w i t h  
cool ing  water a t  102OF. f o r  abso rp t ion  and 15 p s i .  ga. s t e m  
f o r  desorp t ion .  
maintained during desorp t ion .  
15 pounds of oxygen pe r  pound of powder i t s  s a t u r a t i o n  l e v e l  
was 37% of its i n i t i a l  s a t u r a t i o n  and i t s  p r o d u c t i v i t y  was 
41% of  i t s  i n i t i a l  p r o d u c t i v i t y .  

by Salcomine and Ethomine t o  determine the  amount and na ture  
of  the carbon conta in ing  m a t e r i a l s  i n  the oxygen. These 
t e s t s  have included the palladium ch lo r ide  t e s t ,  carboxy- 
hemoglobin t e s t ,  and the  use o f  an absorp t ion  t r a i n  and 
combustion\ furnace.  Our presen t  data i n d i c a t e  th2.t the 
oxygen from Rumford High-High Saleornine conta ins  C O 2 ,  bu t  
no CO o r  o the r  carbon conta in ing  m a t e r i a l s .  
i s  about l2OO-l5OO ppm. 
conta ins  l e s s  C 0 2 ,  namely a b o u t  540 ppm., b u t  appears t o  

I n  cont inuing the s t u d i e s  on Salcomine i n t e r e s t  has 

An average vacuum of 20" o f  mercury was 
Af t e r  the  powder had produced 

A number of t e s t s  have been run on the  oxygen produced 

The C02 content  
The oxygen from Rumford Ethomine 
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con ta in  about 10-15 pprn. of CO and some o the r  carbon and 
hydrogen conta in ing  m a t e r i a l .  
salicyaldehyde . T h i s  l a t t e r  may be ethoxy- 

Tests  have been run on the prod7,ictivity o f  Salcomine 
i n  the 1/2" tube u n i t s  using i n  one cas(.  air passed through 
s i l i c a  g e l  d r i e r s  and then  f u r t h e r  puri i ' ied by passlng 
through charcoal  con t r a s t ed  w i t h  a i r  only passed. tl-iTough 
s i l i c a  gel, 
al though there  i s  a n  i n d i c a t i o n  that  the charcoa l  t r e a t e d  a i r  
i s  t o  be p r e f e r r e d .  
i n l e t  a i r  i n ,  the charcoa l  t r e a t e d  a i r .  

The data obtained does no t  appear conclusive 

O i l  w a s  d e f i n i t e l y  removed from the  

- 
A second t e s t  on Salcomine i n  the  1/2" tubes has  a l s o  

been run using air w i t h  a dew p o i n t  of -3 .5"C.  compared t o  
s i l i c a  ge l  d r ied  a i r  w i t h  a dew p o i n t  o f  a t  l eas t  -30°C. The 
curves of p r o d u c t i v i t y  vs .  cyc le s  whtle d i sp laced  one above 
the o ther  run p a r a l l e l  and do no t  t he re fo re  seem t o  show 
any p o s i t i v e  advantage f o r  one type of  a f r  over the o t h e r .  

Rumford High-High Salcomine was used on the above 
two t e s t s .  

Som5 difficulty has been experienced w i t h  the  air 
operated cup washer p i s t o n  type valves used cn the  p i l o t  
p l a n t  s e t  up. 
and b u i l t  and put  i n t o  c y c l i c  use on stecm s e r v i c e .  
valve incorpora tes  a Hydron Bellows as th,: a c t u a t i n g  member. 
Service t o  da te  has been e x c e l l e n t .  

A new a i r  operated v a l v e  has been designed 
T h i s  
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Body of the Report 

I. Salcomine S tud ie s  

i 

A s  a p a r t  o f  the s t u d i e s  be ing  c a r r i e d  on with 
Salcomine i n  connection w i t h  i t s  use i n  a shipboard u n i t  an hour& 
19 y i e l d  of 10 weight percent  was s e t  as a g o a l ,  Inspec t ion  
of abso rp t ion  curves such as shown i n  p l o t  I1 i nd ica t ed  that  
t o  g e t  the h ighes t  absorp t ion  r a t e  the compound should no t  be 
allowed t o  pick up too  much oxygen per  cyc le .  

In spec t ion  of the  deso rp t ion  curves such as given 
i n  the previous r e p o r t  indicated that 2 minutes was probably 
q u i t e  s u f f i c i e n t  time f o r  desorp t ion .  

d e s i r a b l e  t o  c u t  down the cool ing  per iod  as much as p o s s i b l e .  

complete data taken  on each.  The var ious cyc le s  t r i e d  a r e  
t abu la t ed  In Table 11 and the po in t  i n  the powder l i f e  a t  
which they  were run i s  i n d i c a t e d  i n  Table I (cyc les  281-358). 
The powder used f o r  these  c y c l e s  had been previous ly  run t o  
determine the  e f f e c t  of cool ing  water temperature.  

In  Table 11 the column l abe led  "Actual 02 y i e l d  pe r  
hr., w t .  $I '  i s  co r rec t ed  f o r  oxygen p u r i t y  w f ; l i l e  the column 
l abe led  " W t .  $ 02 per  hour 2 min. desorp t ion  
valde assuming the abso rp t ion  and cool ing  time i n d i c a t e d  but  
with two minutes desorp t ion .  
given i n  P l o t s  11, 111. 

For the Shallow Bed cases  used a t  Cambridge and cool ing 
water a t  50°F. c e r t a i n  f a c t o r s  appear e s t a b l i s h e d .  
r a t e  of over 0 .42  CFM per  lbs .  of powder i s  without b e n e f i t .  
Phe use of a cool ing  per iod  does not increase  the  y i e l d  per  cycle  
s u f f i c i e n t l y  t o  warrant i t s  use.  

TO b u i l d  up f u r t h e r  the hour ly  y i e l d  It seemed 

A v a r i e t y  of cycles were accord ingly  t r i e d  and q u i t e  

i s  a c a l c u l a t e d  

P l o t s  of some of t h i s  data a r e  

A n  a i r  

The heason f o r  th is  i s  seen 
i r l  p l o t  11. 

About 5-6 minutes abso rp t ion  time appears t he  b e s t .  
The use of h igher  a i r  pressure  g ives  a very r e a l  increase  i n  
y i e l d  pe r  hour .  
number of  cyc le s  were run t o  e s t ab l i sh  the  sltope of l i f e  
t e s t  s a t u r a t f o n  curve: abso rp t ion  time, 5 1/2 min.; vent, 
1 /2  m i n . ;  desorp t ion  t ime, 2 min. A marked improvement i n  
the  s a t u r a t i o n  curve was noted over the o r i g i n a l  long cycle  
used on the  previous work w i t h  t h i s  case .  
t e s t  per iod w i t h  the  .new cycle  80 psi. &a. air was used a t  
0.42 CFM a i r / l b ,  powder. 

and the same a i r  r a t e  used. 
curve improved. 

A cyc le  was chosen as follows and a s u f f i c i e n t  

In  the f i r s t  

Next the a i r  p ressure  was increased  t o  110 p s i .  ga. 
Again the l i f e  t e s t  s a t u r a t i o n  
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Work a t  M.I.T. i nd ica t ed  tha t  the use of var:uum 
during desorpt ion would improve the l i f e  of t h o  comfjound. 
To check t h i s  on o u r  u n i t s  a Nash Wytor pump used c7.3 an  
evacuator  was connected t o  the case and a n  averzge v a C U W  
of 20 Hg used during desorp t ion .  No improvcment i n  the 
s a t u r a t i o n  l i f e  curve was noted.  

In consider ing poss ib le  reasons f o r  the noted i m -  
provement i n  the l i f e  of  Salcomine c e r t a i n  f a c t o r s  seemed 
indica ted .  
oxygen a t  a much h igher  r a t e .  Secondly, the powder was 
never heated as h o t  during desorp t ion  as on the p rev ious  
long cyc le .  The quest ion i t r o s s  as t o  whether. us ing  cooler  
water during desorp t ion  and vacuum might not  f u r t h e r  improve 
the l i f e  wi thou t  m a t e r i a l l y  reducing the desorp t ion  r a t e .  

The e f f e c t  on desorp t ion  r a t e  and l i f e  is SKown i n  
p l o t s  I V  and I. 

F i r s t  the powder was being s o  used as t o  produce 

Reducing the water temperature f r q m  204' t o  180'~. 
caused s l i g h t  if any reduct ion i n  desorpt-ion r a t e .  
f u r t h e r  reduct ion t o  1 6 0 ~ ~ .  however d i d  show Sam,? d e f i n i t e  
lowering of t h i s  r a t e .  However, a d e f i n i t e l y  poor2r l i f e  
curve was obtained.  It i s  no t  c l e a r  j u s t  why t h i s  should 
be unless  e i t h e r  moisture gradual ly  accumulates reducing 
the a c t i v i t y  of the ma te r i a l  o r  p o s s i b l y  o i l  knawn t 3  be 
i n  the a i r  accumulates on the powder and c t  the reduced 
temperature i s  not burned out  as  completely as when 204'F. 
water i s  used. 

A 

Thus a t  the a i r  p ressures  and cool ing water '2nd 
hea t ing  water temperatures a v a i l a b l e  we  seemed t o  h:.ve 
reached a f a i r l y  good f i g u r e  a s  t o  maximum y i e l d  p z r  hour 
t h a t  could be hoped f o r .  This lies betveen 3.5 ts 17 w t .  
$ per  hour.  
l i m i t i n g  this  y i e l d .  

The ques t ion  that  n s t u r a l l y  ar ises  i s  what i s  

Two r a t e s  a r e  l imi t ing ,  namely absorp t ion  and 
desorpt ion.  The absorp t ion  r a t e  i s  a func t ion  o f  the degree 
o f  s a t u r a t i o n  of the  compound and the hea t  t r a n s f e r  charac te r -  
i s t i c s  of the bed, That this  i s  so can be seen froin P l o t  V.  
It i s  noted t h a t  a s  the  w t ,  $ absorbed increases  the 
instanteneous s t r i p p i n g  of the a l r  f a l l s  o f f .  Again i t  i s  
seen that  when the a i r  r a t e  i s  increased from 0.22 CFM t o  
0.42 CFM w i t h  a i r  pressure maintained a t  80 p . s . i ,  ga. the 
instantaneous volumetric e f f i c i e n t y  (1,V.E.) falls o f f .  
Yet when the pressure i s  increased t o  110 p s i .  ga. the 1,V.E. 
curve i s  the same as for 80 p s i .  a i r  and 0.22 a i r  r a t e ,  
It i s  known that  with 110 p s i .  the bed can operate  hotter 
and s t i l l  absorb.  This gives  a higher  T o r  i n  o the r  words 
it higher  hea t  t r a n s f e r  r a t e  s o  tha t  more lieat can be removed. 
The lower 1 , V . E .  with the 0.42 cfm./lb.  a i r  r a t e  and 80 p s i .  
appears t o  be due t o  i n s u f f i c i e n t  hea t  t r m s f e r  capac i ty .  
With the grea ta r  amount of a i r  and higher  hea t  r e l ease  the 
bed becomes heated t o  such n degree t h a t  the absorp t ion  l a  
slowed down. 

l Z b 2 1 1 5  
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The desorptj-on r a t e  a g a i n  i s  a func t ion  of  t he  
amount  o f  oxygen on the  compound and the  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 the  bed. Unlike absorp t ion ,  h ighes t  
desorp t ion  r a t e s  occur when the  'compound has cons iderable  
oxygen on i t .  

Thus t o  ge t  h igh  y i e l d s  pe r  hour the  h igh  r a t e  
per iods o f  both abso rp t ion  and desorp t ion  should be used, 
and the compound should be no t  completely desorbed nor 
completely s a t u r a t e d .  Doubtless the i d e a l  cyc le  would 
work i n  the  range of about 10% s a t u r a t e d  t o  60-7@ sa tu ra t ed .  

P r a c t i c a l l y  t h i s  i s  somewhat d i f f i c u l t  t o  do. If 
one e s t a b l i s h e s  a cyc le ,  a i r  r a t e  and pressure ,  and cool ing  
and hea t ing  media temperatures f o r  any po in t  i n  the powder 
l i f e  such that  the 10-60$ s a t u r a t e d  range i s  used as the 
powder ages,  one w i l l  absorb less  and less  per  cyc le  and 
desorb more and more of the  base lo$ unt i l  the compound i s  
completely desorbed each cyc le .  Thus, as the  powder ages 
the  range w i l l  d ev ia t e  more and more from the  ranges of 
maximum absorp t ion  and desorp t ion  rates.  

A p r a c t i c a l  s o l u t i o n  which appezrs f e a s i b l e  i s  t o  
s e t  up a cycle  s o  t h a t  the  powder i s  used a t  the  h ighes t  
r a t e s  of' abso rp t ion  and desorp t ion  during i t s  u s e f u l  l i f e .  
This would be done by e s t a b l i s h i n g  a f i x e d  cyc le  w i t h  f i xed  
temperature c o n t r o l l i n g  medias and then  t o  vary the  a i r  
pressure  during the l i f e  o f  the  powder. A low pressure  
would be used when the powder was f r e s h  and then  a s  the  
powder degraded the pressure  would be increased .  

11. Studies  on Ethomine - 
A s e r i e s  o f  p re l iminary  runs wa:: made on Ethomine 

t o  determine the proper  opera t ing  condi t ions  f o r  the f l i z t  
bed-type o f  case .  M . I . T .  data ind ica t ed  100OF. as being 
the p r e f e r r e d  cool ing  m t e r  temperature and 130°C. steam 
as s a t i s f a c t o r y  f o r  desorp t ion .  A n  a i r  pressure  of 20 
p s i .  ga. was used and the  a i r  r a t e  var ied  f r o m  0.22 t o  0.8 
CFM. per l b .  of powder. No b e n e f i t  wa3 obtained by 
inc reas ing  the  a i r  r a t e  above 0.6 CFM. 

The case during these prel iminary t e s t s  became 
a c c i d e n t a l l y  f i l l e d  with water and s tood overnight  i n  
t h i s  condi t ion .  The case was dra ined  and then  hea ted  
f o r  half an hour w i t h  40 p s i .  steslm w i t h  a vacuum on 
the  powder. It recovered n e a r l y  a l l  of  i t s  o r i g i n a l  
a c t i v i t y  a f t e r  th is  d r a s t i c  t rea tment .  I t s  s a t u r a t i o n  
l e v e l  was about 2 .9  W t .  $. 

The case was reloaded w i t h  f resh  Rumford Ethomine 
and p u t  on the following cycle  f o r  l i f e  t es t ;  Absorption, 
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5 m i  
rnin. 
a i r  
was 
An 8 

.n . ;  venting, 1 min.; desorpt ion,  2 min.; cool ing,  2 
An a i r  r a t e  o f  0.6 CFM per  lb,. was used and an 

pressure  of 20 p s i .  ga. Cooling water f o r  abso rp t ion  
a t  100-104'F. and steam f o r  deso rp t ion  a t  15' p s i .  ga.  
,verage vacuum of 20" Hg was used f o r  desorp t ion .  

The l i f e  t e s t  da ta  i s  given i n  !lot V I .  
checks w e l l  w i t h  the M . I . T .  data on 1/2 tubes .  

The data 

No at tempt  has been made t o  da t e  t o  determine the  
cycke and mode of opera t ion  which w i l l  give the maximum 
y i e l d  per  hour f o r  Ethomine. This work w i l l  be done i n  
the near  f u t u r e .  

Typical  abso rp t ion  and desorp t ion  curves f o r  Ethomine 
a r e  given i n  p l o t s  VI1 and IX. P l o t  VI11 shows abso rp t ion  
and desorp t ion  on the same p l o t .  
desorp t ion  i s  a t  Q higher  r a t e  than absorp t ion .  Why this  
should  be t r u e  i s  n o t  c e r t a i n  unless i t  i s  simply that  the  hea t  
t r a n s f e r  capac i ty  of  t he  unit i s  less dur ing  abso rp t ion  than  
desorp t ion .  If this  be t r u e  lowering the coo l ing  water 
temperature should increase  t h e  abso rp t ion  r a t e .  This i s  
t o  be i n v e s t i g a t e d .  

A s  w i t h  Salcomine, 

Readings were taken of t he  v a r i a t i o n  i n  vacuum as 
desorp t ion  progressed. These a r e  t abu la t ed  below: 

Time R u n  689 Run 947D R u n  946D 
s c c s .  Vacuum Vacuum V a c  u r n  

o u t l e t  s i d e  i n l e t  side Out le t  s ide  
o f  case o f  case of cese 

15 
30 
45 
60 

2 1  i n .  Hg. 

18 1/4 
17 1/4  

2 1  114 
25 
26 
26 1/2 
26 1/2 

i n .  

It i s  noted t h a t  on ly  s l i g h t  v a r i a t i o n  i n  vacuum 
e x i s t s  ac ross  the  powder f e d .  







-- 
I 
I 
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111. - Q u a l i t y  o f  Oxygen f r o m  Salcomine and Ethomine 

Ear ly  t e s t s  by the  palladium method a t  Arthur  D .  
L i t t l e ,  Inc .  i nd ica t ed  the  presence of CO i n  the  oxygen made 
wi th  Salcomine, bu t  on the  basis of r e c e n t  work, th i s  e m l y  
t e s t  r e s u l t  i s  now be l ieved  t o  have been caused by aldehyde 
i n  the oxygen. Tes t s  were no t  made on Ethomine-derived 
oxygen a t  t h a t  t ime. Present  i n t e r e s t  i n  t h e  use of 
Ethomine f o r  a n  a i r - f l o w n  un i t ,  has  n e c e s s i t a t e d  a review 
and extens ion  of  t h i s  work. 

The palladium t e s t ,  depending on the r educ t ion  t o  
b e t a 1  o f  a palladium sa l t  i s  n o t  s p e c i f i c  t o  CO bu t  i s  
a f f e c t e d  by reducing agents  l i k e  aldehydes which may be 
r e l eased  f rom imperfec t ly  p u r i f i e d  powders. This t e s t  
has  been r e run  on oxygen made from Rumford High-High 
Salcomine, and on oxygen f rom Ethomine desorbing both under 
vilcuum and atmospheric pressure  wi th  r e s u l t s  a s  fol lows:  

Desorp. Pressure P.P.M. o f  CO 

Salcomine 
Ethomine 

11 

1 atm. 
1 a t m .  

1/3 I' 

0 
6-10 
10-15 

It i s  t o  bz noted t h a t  th i s  t e s t  sh13wed no CO i n  
the  oxygen from Szlcomine. The palladium t e s t  i s  known no t  
t o  be s p e c i f i c  for C O  bu t  w i l l  bs a f f e c t e d  by any e a s i l y  
oxidized m a t e r i a l .  The e a r l y  Salcomine prepared by Rumford 
was not  e n t i r e l y  f r e e  of excess aldehyde which came o f f  
g radua l ly  i n  the oxygen dur ing  desorp t ion .  This lass of 
aldehyde i s  also q u i t e  apparent  i n  the c u r r e n t  Rumford  
Ethomine. Present  Rumford High-High Salcomine on the o ther  
hand i s  f r e e  of excess aldehyde and y i e l d s  an oxygen with 
s l i g h t  i f  any odor. It  i s  the re fo re  be l ieved  that  the e a r l y  
palladium t e s t  for CO i n  the oxygen f rom t h i s  e a r l y  Salcomine 
was Cue t o  such aldehyde. 

A more s p e c i f i c  t e s t  f o r  CO was sought as wel l  as 
2 means of determining j u s t  what carbon conta in ing  m a t e r i a l s  
were a c t u a l l y  i n  the oxygen. The l i t e r a t u r e  ind ica t ed  
t h a t  the r e a c t i o n  of hemoglobin, CO, and pyrotannic a c i d  t o  
be s p e c i f i c  f o r  C O .  This  t e s t  depends on a c a l o r  change 
t h a t  occurs when pyrotannic a c i d  i s  added t o  hemaglabin 
con t r a s t ed  t o  t h a t  which occurs w i t h  cartboxyhemoglobln. 
With hemoglnbin a grey brown c o l o r  develops while with 
cmboxy hemoglobin a carmine c o l o r  occurs .  Gas t o  be 
t e s t e d  i s  passed thraugh the  blosd d i l u t e d  i n  the  r a t i o : l  
p a r t  o f  b lood  t o  20 p a r t s  o f  water,  w i t h  a defoaming agent  
such as o c t y l  a lcohol  p re sen t  and then  pyrotnnnic a c i d  added. 

1 2 b 2 1 8 3  
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The oxygen from p resen t  Rumford High-High Salcomine 
showed no CO while the oxygen from Ethomine appa ren t ly  
showed some G O .  No a t tempt  was made t o  use t h i s  t e s t  i n  
a q u a n t i t a t i v e  manner a l though this  can be done. 

tubes f i l l e d  w i t h  i i s ca r i t e  were used t o  remov3 G O 2  i n i t i a l l y  
p re sen t  i n  the axygen. 
as a c a t a l y s t .  Water and G O 2  formed by combustion were 
absorbed i n  CaC12- and A s c a r i t e - f i l l e d  tubes,  r e s p e c t i v e l y .  
Resul t s  t o  da te  on th i s  t ra in  do n o t  appear conclusive.  
I n  Salcomine oxygen t o  da te  no C02 has been formed i n  the  
combustion furnace while there has been some i n  Ethomine 
oxygen. 

GO i n  Salcomine oxygen and 6-15 ppm. of GO i n  Ethomine 
oxygen 

A s  a n  a i d  t o  determining t h e  volumetric throughput 
i n  the combustion t ra in  a spo t  C02 determina t ion  has been 
made on a 5 g a l l o n  sample of the  gas under t e s t  i n  the  t r a i n .  
A barium hydroxide-oxalic a c i d  t i t r a t ion  procedure was used. 
The oxygen f rom Salcomine con ta ins  1200 t o  1500 ppm. of' 
C02 while that  from Ethomine con ta ins  510-650 ppm. 

A combustion t r a i n  has been assembled. Absorp t ion  

Combustion was a t  8 0 0 0 ~ .  w j  t h  CuO 

- 
Thus a l l  the da t a  t o  da t e  i n d i c a t e s  the  absence of 

I V .  
- Rumford High-High Salcomine 

E f f e c t  of A i r  Qua l i ty  on P roduc t iv i ty  of 

I n  the normal ope ra t ion  of t he  35 l b .  f l a t  cases  
a t  Cambridge the a i r  d r i e r s  are  used cont inuously f o r  8 
hours and then  regenerated.  No v a r i a t i o n  i n  oxygen 
p r o d u c t i v i t y  i s  noted when a f r e s h l y  regenerated d r i e r  i s  
pu t  on stream.. Dew p o i n t s  have been determined on the  
a i r  t o  the units during the pe r iod  o f  use of the  two d r i e r s  
i n  the  system. 

Time #1 D r i e r  #2 B r i e r  
dew po in t ,  O C .  dew po in t ,  "C . 

11 min, -70 

-60 
25 min. 
1 1/4 hr .  
2 h:-. Below -63 
2 1/2 h r .  . -67 
6 h r .  -42 
6 1/4 hr. 
7 hr .  -35 

-60 
-69 

-58 
-30 
-28 
-28 

Thus i t  would appear t ha t  i n  th i s  range of dew 
p o i n t s  moisture has l i t t l e  i f  any e f f e c t  on the p roduc t iv i ty  
of e i t h e r  Salcomine o r  Ethomine. 

1 2 b 2 1 8 4  
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c 

The compressed a i r  a t  Cambridge i s  known t o  con ta in  
some o i l  m i s t ,  The 1/2" tube units were f i l l e d  with 
Rumford High-High Salcomine and run both on the r egu la r  
d r i e d  a i r  conta in ing  o i l  m i s t  and on th i s  a i r  f u r t h e r  
p u r i f i e d  by passage through a n  a c t i v e  charcoa l  bed. 

The da ta  taken on t h i s  t e s t  i s  shown i n  p l o t  X I .  
While the slope of the  l i f e  curve f o r  a i r  passed through 
a c t i v e  charcoa l  i s  l e s s  than  that  f o r  the a i r  passed only 
through s i l i c a - g e l  during the  f irst  500 cycles ,  beyond 500 
cyc les  the two curves become p a r a l l e l  indicatLng no  
advantage of one over the o t h e r .  Furthermore, t he  data 
on l i f e  t e s t  #3 f o r  the Thermek bed shows as good o r  b e t t e r  
a l i f e  than t h a t  f rom the charcoa l  t r e a t e d  a i r  t e s t  dur ing  
the f i r s t  1000 cyc les  of  opera t ion .  The t e s t  does not  
seem t o  be conclus ive .  

P l o t  X shows data taken w i t h  same 1/2" tubes loaded 
w i t h  f r e s h  Rumford High-High Salcomfne, In  t h i s  t e s t  two 
tubes were run on a i r  conta in ing  + 0.37 g r a l m o f  moi.sture 
pe r  cu.  f t .  while the o the r  two tcbes  used the r egu la r  
s i l i c a - g e l  d r i e d  a i r  wi th  an average moisture conten t  of + 
0.04 g r a i n s  per cu.  f t .  Again the t e s t s  appear inconclugive 
s ince  t h e i r  s lopes a r e  s o  nearly the  same. The i n i t i a l  
d i f f e r e n c e s  i n  p roduc t iv i ty  and the  d i p s  i n  both curves at 
350 cycles  would seem t o  be due t o  some f e a t u r e  o f  opera t ion  
other than  moisture conten t  of  t he  air. 

V .  Bellows Actuated Valve 
z 

The valves  used on the Cambridge units have been 
Lunkenheimer Quick Acting valves  opened by a i r  pressure  
on  l e a t h e r  cup washers mounted i n  p i s t o n  chambers. On 
l i n e s  ca r ry ing  h igh  temperature media such a s  h o t  water and 
steam d i f f i c u l t y  has been experienced with drying out  of the 
l e a t h e r  cup washers. This permits  the  a i r  a c t i n g  on the 
washers t o  by-pass the washer s o  that  the v a l v e  f a i l s  t o  
@en. A l s o  extended when the  units a r e  not  oporsted f o r  
per iods  the l e a t h e r  washers d ry  o u t .  

Figure 1 shows a new valve cons t ruc ted  a t  Cambridge 
incorpora t ing  a Hydron metal  bellows i n s t e a d  of the cup 
washer t o  a c t u a t e  the valve.  No problem o f  drying out 
e x i s t s  w i t h  t h i s  u n i t  e i t h e r  i n  opera t ion  o r  upon s tanding  
dur ing  per iods.  of i d l eness  f o r  the u n i t .  The valve has 
been i n  se rv i ce  on both 15 and 80 p s i .  steam and has proved 
most  s a t i s f a c t o r y .  The dss ign  i s  compact and can be made 
more compact s ince  the packing nut-nayb&ljusted without 
disassembling the  v a l v e .  

1 2 b 2 1 8 5  
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The bellows used i n  the  p re sen t  unit i s  
h y d r a u l i c a l l y  formed and has according t o  the  manufacturer 

cyc le s .  
i n  a l l  p r o b a b i l i t y  increase  t h i s  l i f e  expectancy t o  over 

. a l i f e  expectancy, as we are us ing  it, of a b o u t  15,000 
Bellows a r e  a v a i l a b l e  on the market which could 

1,000,000 cyc le s .  

Respec t fu l ly  submitted, 

ARTHUR D. LITTLE, INC. 
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