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A nunber of  a b s o r p t l o n  runs have bcen c a r r i e d  o u t  R t  
temperat1zcu in the r eg ion  Zroa 4 5 O  t o  77OC. arid air w e s -  
s x ' e s  t'p to. 830 Ib. per  sq.in.gags. Desornt1 .m ruu wc?:x 
also mace In 3 i j - s  same t c i u p e r a t u x  x;:&.pn u s i ~ g  d e s o r p t i o n  
pressrtres be%oen 1/4 and 3 a tmosphsra .  Them r u n s  were 
cerried o u t  .1!i an attempt t o  ex-aluete t h o  P e i i s i b l l i t y  of 
operating LI mrrnstl cycle UJ:!.~ 9n a tenperz.ture r m g e  less 
than the  ZCi9 t o  1003c:. rer.g,.e p x o ~ i : O ~ s l y  adopted, and t o  
eveluate t n c  p c s s i ' a l l i t i e  B of aCSaCa3ic operfi t lon.  

An adlabatic x i t  was cons t ruc t cc l  and operEted. The 
prel i rninaq-  r c a u 7 t  s LnC.j-ca%e 3kat such 3. system may be 
operable  tst %kat i t  wculd be r .ecesaary t o  do cond ide rab le  

e devclopnent  WCJY;;~  i n  c r d c r  ts mduce  t h e  voluiie o f  t h e  voids 
t o  a mlnlittrKi< This i s  &.;.e t o  the f e c t  th-t the  $ime nec- 
essary t o  ;-e1.;i"Jve the air i';.nc;n l . 1 ~  v o i &  i s  long encugh that 
a conaidoiiz5!,.c p w t i o i i  02 t h e  oxygen is deso rbed  and l o s t ,  

Tho N a r a J .  Rt?sSercli Unit   AS been conplete3.y assembled. 
The Initial t e s t s  w c x  u n s a t i s f a c t o r y  chiofly due t o  t h e  
mtqp io t i c  valves,  These valves kLa-;e been replaced by air 
operRted v a l v c s  which a q c a r  t o  func t i c n  A S  deslrcd, Pre- 
l i rn innry  t e e t s  have bcen carried o u t  and t h e  wit  appcars 
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t o  be prcduclng oxygen at  about  the c e i l c u h t o d  rate. At 
present t o s t i n g  dsu lces  e x  being lneto.:led such that  the 
total q u m t i t y  ol' oxygen j ~ ~ ~ o d ~ t ~ ~ d  in a given  time csn  be 
measured. I n  a Z d l t i o n  a:.-t;rgt.mml;s heve been qaee f o r  
rnessurlng ~ ~ e s s c ~ o o  a n d  YEW~::ITE E s w e l l  as gna conpositions 
in the VP.i*LalAS beds ?.s c, ~ ' ~ n a t l m  of t h z  t i n e ,  It is be- 
l i e v e d  thet t h e s e  t e s t s  w i l l  gl:ve valaable  engineering 
in f orma Z 1 c c , 
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IT, LIFE-ACTIYITY, ST'L'uIZS 

A considerable p o r t i o n  o f  t h e  work l a 8  been directed 
t o  P. study of t h e  des .c t ive, t ion af t h e  Co-Se-Er, m a t e r i a l .  
An extended l i f e - P c t i v i t y  t e s t  has been carried out i n  
one of  the  1/2'' i .d.  tube u n i t s .  The u n i t  we-6 packea wi th  
40.7 gr8.m ,(oxyger, s p t u r p t e d  ma.terlP1) of 10 t o  20 mesh 
eo-Sa-Gn na3erie1 produced. by t he  Zumford Chenica.1 Company, 
The cyc le  employed irivolved ~n 8.bsari;t ion  pe r iod  of 5-1/2 
rniwtee with air r;t 75 lbs,/sq. i n .  ge . ,  fol lowed by a 
short purging period, t hen  8. deeor i2 t ion  1-eriod o f  a i x  min- 

. u t e s ,  and f i n e l l y  E cool ing  i2eriod o f  1-1/2 minutes .  The 
d e s o r p t i o n  ims c a r r i e d  o u t  e t  r tmosyher lc  p r e s s u r e  3nd 
s t e m  e t  ~tmos-$~eric pressure 7,~e.s erzlployed i n  t he  Jacke t .  
An e i r  flow rFxe o f  3 cu. ft./hr. ( s t a n d p r d  conditions) w R s  
eaployed d u r i n g  the nbsorg t ior ,  p s r i o d .  P e r i o d l c o l l y  the  
cor,tlnuous oI>er? t fon  m e  i n t e r r u g t e a  i n  o r d e r  t o  cheok the 
d c t e r i o r r t i o n .  This d e t e r i o r F t i o n  h E 8  been expressed PS 
t he  per  c e n t  of t h e  o r i g i n e l  _ p c t i v i t y ,  ?*!here p c t i v i t y  is 
defined 26 the  ~ ~ r t o u n t  o f  oxygen produced i n  e. giver, t e s t  
cyc le .  Tkis t e s t  cyciE; wrs I d c n t i c i . 1  w i t h  t h e  c o c t i n u o u s  
cyc le  g ivcn  F ~ V C  vi th  the  except ion thFt the  cool ing  
pc.riod w s  4-1/2 minutes instwcd o f  1-1/2 minute .e .  The 
r e f i u i t s  o f  t L i a  t f ; s t  prc g i v c n  i n  F i g .  1. It w l l l  be 
nott-.d t h p t  tile r c t i v i t y  decrsp,.ses F h 0 6 t  l i n s p r l y  with t h e  
nunbe.r of cycles -?nd hcos dropped t o  20 - 25;; E t  t h e  End 
of  4,400 c y c L e ~ .  This corresponds  t o  c 1068 i n  c c t i v i t y  
of roughly 2;; p&r loci cycles. This result w a  r o t h e r  un- 
expected in thnt P l ogc r i thmic  type of decry vould heve 
bocn exsectc-8 due t o  t h e  i a r c t i v c t i o n  of c' cor,st,-.nt f w c -  
t i o n  cf t he  p c t i v e  r n F t w i P 1  preeerit .  TherP; r r e  c e r t r i r ,  
w b b i e e  i n  tbc &xptr i rx;nt ; I I  p o i n t s ,  end they  fuggcst P 
possible f l ? t t c n i c g  o f  the curvc; .r.round 40C t o  60G cycles  
r n d  CrowG- I b O C  t o  2500 c y c l e r .  It s i e m  l i k e l y  t b t  
these  ? r e  p u r c l y  c ;xpcr insn tc l  incccurnciec, bu t  i t  chouid 
be mentioned t h r t  the ,cir ;>ui - i f icp t ion  bed wrs chrngcd 
r t  the 574th cyclc; rr.d T t  t h e  2 ,141th  cycle, rnC i t  mqy 
be t h c t  t h e s e  chrrigce hpd Gome e f f e c t .  The r i r  p u r i f i c p -  
t i o n  cmployed i n  these. s t u d i e s  involveci p,osc;ing t h e  i n l e t  
gc& r t  rtrnoEpkiEric p r e s s u r e  through r h r g t  crlcium chlor- 
i d €  d r y e r .  It  I'VE thk;n coz:mcsa€d by ? r zc lp rocp t i r ig  type 
C O ~ ~ ~ E E ~ O ~ ,  f i l t e r e d  through g 1 . n ~ ~  ?,:rool, dried Fgrin x i t h  
c.-lcium c h l o r i d 6 ,  fi1tc.rc.d through g1.qe.o m o l ,  d r i e d  with 
e i l l c g  g ~ l ,  r e f i l t e r e d  through g h s e  imol ,  rnd then  in t ro-  
duced i n t o  thc unit. 

The sLn t u r r  t i o n  c r p ~ c i t y  o f  tilo rbso rb r  nt krrc E checked 
0 few t i n e c  & w i n g  t h e  l i f c .  Gtucly Fnd t h e  rceults i n d i c n t e d  
t h n t  t h e  d e c r t r e e  i n  cr:Jpcity mrt or l e s ~  p - r - l l c l c d  the 
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Othcr  a c t i v i t y  s t u d i c s  hav; b i z n  carrlod- o u t  a.nd ir, 
a n o t h c r  C P S C : ,  t h i s  long tiilie tr:st Iilas duplicated excsp t  
th;st a. f l o v  r p t c  o f  8 CFK !me used c u r i n g  abso rp t io r i  i n -  
6 i ; t :~d o f  t h c  3 CFB. It V P S  fou.nd t h e t  t h c  d c t e r i o r p t i o n  
inc reased  2:)out ::roportionsLZy t o  t h e  f low r e t s .  These 
r e s u l t s  PPV. compared i n  k'ig. 2. 3ince t h i s  loss wa.6 
nore o r  2666: prs  L?rt iGn?i  t o  t he  fioillr r e t & ,  i t  vr2.s t hough t  
thpt  d ~ t e i q i o r ~ t i o n  night be: due t o  something brought  i n  
o r  s t r i p p e d -  b u t  by ths ,air d.urfnq tht; e b n o r p t i o n  pr.riod. 
If such '.'ert;' i;hc c 0 6 C ,  t h e  rne.t.trl.al Pt diff! ; r t=nt  i evc , l s  
i n  thcs un i t ,  should hBvc dbtcrlorptcd v i t h  d i f f  c x s n t  r e t s s .  
I n  o r d e r  t c ,  check th i s  hypothesis, t v o  u n i t s  vt-re ope re t sd  
in s e r i e E  c c d  it  i6 found t2if.t bo th  u n i t 6  d e t c r i o r e t e d  
o t  ~ . - p r o x L n c t t l y  t h t  s m c  r r t e ,  i n d i c v t i n g  t h r t  the deccy 
i s  n o t  something pocu1ig.r  t o  the  i n l e t  p i r .  A s h o r t  l i fe -  
a c t i v i t y  t e s t  vcs.  SO c c r r i e d  o u t  :?tith r^ e i m i l ~ r  Cycle 
z r q l o y i n g  3 c u .  f t .  of  r i r  pep hr* b u t  vitki r n  F v e r q p  
ebso rp t ion  p re f su r t ;  o f  ,-bout 250 lbs./sq. i n .  -'bile this 
Pun w s  n o t  7s  s c t i s f r c t o r y  ;'E v.76 d e s i r e d ,  i t  did i n d i c c t c  
th.nt tile r F t e  of  d e t e r i o r r t i o c  ! ~ r 6  s e v i r f l - f o l d  g m c l t e r  
F t t k  iiigh6 r ;:>re e nurs  G . 

- 

N/Co 

I I1 
( C . P l . V i C )  ( C r l v i n )  

Dried 45 a h .  Dried L hr. 
i n  1 l i ) ' C .  oven ;ct 12G0 i n  

53.75, 53.44 

3.66, 3 - 5 2  

8.67, 8.39 

17.22, 27.25 

2.13 

V."CUUlX 

53.211, 53.28 

3.8? ,  3.79 

8.67, 
( K j c Id? inl-6. G 3, 5.9 5 ) 

1'7.13, 16.97 

2.22 

i n -  the f o l l o v i n g  

111 IV 
(Diehl) Theor.  

Dr iod  ? t  li;C°C. 
in vpcuuni 

59.0 

4.31 

"7.70,' 8.06 8.62 

16.46, 1'7.01 18.25 

1.99 



I 

1 2 b 2 4 2 0  



-5- 

ArtsZyses 1 anu 2 s r e  those  r e p o r t e d  by IJrofe6sor  Calv in .  
Anelysls 3 i s  t h a t  re;:jo?ted- bg F r o f e s g o r  Diehl ,  and the 
foui-t l i  col~.:.n;n i r f i i c s . t e s  t h e  t h e o r e t i c e l  va lue .  Frofessor  
C a l v i n  r e p o r t e  ni t roger ,  v s l u e s  o b t z i n e d  b y  bo th  t h e  Dum8.s 
nethod end t h e  Kjeir? . -hl  xethod.  !Ihile t h e r e  ere 601iie d i f -  
ferencee be t r een  the  a n a l y t i c 8 1  r e s u l t s  o b t a i n e d  by  Profes- 
sors Diehl arid C a l v i n ,  they  b o t h  g i v e  t h e  i n d i c e t i o n  t h a t  
t h e  n i t r o g e n  t o  c o b e l t  r r t i o  is epproximate ly  the  s m e  a 6  
or 9It:riieijs hlg3er t k a n  i n  t h e  or ig l : . , a l ,  8.nd t h e y  i n d i c a t e  
t b ?  s m e t h i q :  o t h e ?  t h a n  ca.rbon, hydrogen, n i t r o g e n  o r  
cohFl t  h3.6 hcer, added t o  t h e  meteriz.1.  This l a t t e r  conclu-  
s i o n  i s  r%a,?;ieZ due t o  t h e  f e c t  t b e t  the  weight per cent 
o f  e s e e n t i c l l y  ~ l l  o f  theEe elements  have decref i sed .  
f e s s o r  Ca.iv3.G also l.nd;lco.tee t h a t  " t h e  d e t e r i o r a t e d  c i a t e r i d .  
c o n t e i n s  c k r g e  omount of  c o b r l t i c  cobzllt." 

A number o f  reosorrs Cor xh.e decc t iv ' ? t ion  have been 
proposed cnd they w i 1 L  3;; S ~ j ~ : l : i 1 ~ ~ i Z ~ d  b r i e f l y .  I t  h ~ 8  been 
suggested t k i p t  o i l  vrr.po:- o r  e:nt,rFinrLent f m m  the compressor6 
WDS respons ib le  f o r  tn6 1 0 ~ s  l f i  activity-. It is f e l t  t k E t  
Professor Cc l v i n '  E i7nFlyEe s r u l e  O U . ~ ,  t h i s  coneider2 t i o r ,  due 
t o  t h e  decrec?see i n  both  C p r b O I i  2nd hy6rogcn. It hp.6 ~ 1 E . 0  
been sugg'osted- t h r t  the  w t e r  vrpor  c o n t e n t  of' t h e  6 n t e r i n g  
p i r  VPE z i t h e r  t o o  high o r  t co  low. Agcin, P r o f e s s o r  CPL- 
v in '  E c n ? l y s e s  ~ " r o u l d  i n d i c a t e  t n e t  t h e  & s o r p t i o n  of m t e r  
i s  not  ? contro1li .r .g c c u ~ e .  Professor I l i eh l  hzs suggc;st~;d 
t h r t  t h e  rcrnov-1 o f  e s s e n t i , - l  x t c r  from t h e  cornpound might 
C ~ ~ U . G ~  d e c c t i v s t i o n  nnd tinct l ess  d r y i n g  of  the  cir might be 
d e s i r r b l e .  If +,his i s  tyuk,  somethifig e l s e  would heve t o  
occauni; for the incrkpe6  Ir, w i g h t .  Other p o s s i b i l i t i e s  
sug;;:c;sccd f o r  the i n c r c a s c  i n  w i g h t  were t h e  Y b e o r j t i o n  o f  
CO, i;r oxygkii. Sevw,- l  t e s t 6  were mcCe cont , -c t ing  the  cb- 
cor3e:nt T-ri'ch ' ~ U W  COz E t  p t m .  pressure b o t h  r t  room tenngsrr- 
t u r 6  Fnd p t  1bO.C. 
l o s s  i n  r b s o r y t i o n  c r p 9 c i t y .  However, t h i s  does not  neces-  
s r r i l y  r u l e  o u t  the c r r b o x y l c t i o n  theo ry  e i n c s  t h e  m f t w i r l  
wr.6 n c t  pcosBir,g tkirougi? z, regu1r.r c y c l e .  
r e s u l t s  indic?tc;  th?t ox idg t ion  mry be t -k ing  p k c e  F.nd t h e  
FdSLsd oxTJ.g:n r ~ y  cccount  f o r  thc; dccrcpccd weight per c m t s  
of t h e  o t n s r  6 l L r l i C n t s .  

F ro-  

Iri n e i t h e r  C P S E  7nlr"s t h e r e  r'ny e p p r s c i r b i e  

P r o f e s s o r  Cr . lvin '  E 

O t h e r  C ~ - U C B B  f o r  t h e  d e t k r i o r r t i o n  t h r t  h?ve been sug- 
g e s t s d  includc, d i s r u p t i o n  of t h c  c r y s t r l  l i . t t l .ce  duc t o  t he  
oxygen r b s o r p t i o n  ? l i d  d e c o r p t i o n .  It i s  ougg6stE.d tlvt the  
degrce of d i s r u p t i o n  i s  n func l l . on  of t n e  r r t e  Qt rrnich 
oxygen 16 cdded or rernovcd, Ur, € r e n t i s 6  hPe f iugg~;sted t n p t  
t h e  cn.lcium chlor idL c,ml:loyt:d. mcy give o f f  s rwll  q u r n t i t i e s  
of hydrogc n chloride !irhich poic:Dn t h e  ,obsorbt,nt. 

1 2 b 2 4 2 1  
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f i d d i t i o n a l  life t e s t s  a r e  being ca . r r ied  out i n  an 
attempt t o  rea,ch tl defini '2e conc lc s i an .  Runs undervay 
o r  under c o n s i d e r a t i o n  i ~ i C l . I ~ d Z  cont ;*ol l ing the concen- 
t r a t i o n  o f  r .~a te r  vspor. crnd carbon d ioxide  i n  t h e  e n t e r i n g  
e i r ,  l ower  desorptlon tei i iperstures,  vsr.i,ous e b s o r p t i o n  
pressures, absorp t ion  v i t h  p w e  oxygen a t  a . tmspher i c  
pressures ,  abso rp t ion  cyc le  er;q?-oy.Lr:g pure  n i t r o g e n  a t  
atmospheric pressure, v g r i o u s  f low rcntes, pnd controlled 
r a t e s  of absoTpt iw and deoorptior.:, 

i 
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111. R I G S  T'QJ;;FRATVRE AEISORPTIG? AIIY'D DESORPTION 

It has been sugges t ed  t h a t  t h e  o p e r e t i o n  of  a n  s .d iabc t ic  
u n i t  might be feaslbfc. 
t h e  tcmperrtiirs r e g i o n  trould hcve t o  be r e l a t i v e l y  high i n  
order  t o  o b t - i n  sGt l s f t - c to ry  d e s o r p t i o n  r e t e s .  I n  ordt' ,r 
t o  obt,rir,  ;!-A o r i t n t F t i o n  r t  t k s ?  higher t e n p e r r t u r c s ,  r" 
s e r i e s  of ru'ns rrcre c r r r i e d  o u t  i n  ;he usucnl 1/2" tube 
u n i t s  e t  t e n p e r F t u r e s  of 5 5 O ,  66'; End 77OC. Desorpt ion 
preseures of 1/4, i/2, r n d  1 rtmospherc w r e  employed. The 
d e s o r p t i o n  t e s t s  mrt, mrdr. by s , o t u r r t i n g  ti l6 compound 
u6ing F i r  under  preceure r t  coo l ing  w t c r  tcmperPturc,  Cnd 
t h e  d e c o r p t i b n  w e  c r i - r i ed  o u t  b y  prscing ho t  i v t e r  t h r o u g h  
t h e  Jpcket -round t h c  t u b t .  
i ~ r ~ s  such t h c t  t h e  i n l c t  r n d  o u t l e t  t kmper r tu rc s  were es6en- 
t i r1 l .y  t h e  & m e .  
by  evpcupt ion p r i o r  t o  r c , g t n e r r t i o n .  The d e s o r p t i o n  results 
prc cummrrizcd i n  F i g s .  3, 4 ,  rnd  5. F ig .  3 indicrteg r e -  
s u l t g  ob t7 ined  ?t 55 C, A t  t h i s  t empcr r tu re ,  t h e  p e r  cent 
of oxygen desorbed e t  a given  tiI , ,e is a very d e f i n i t e  func-  
t i o n  of t h e  d-esorption pi*essure,  I n  f a c t ,  the curve f o r  
1 etmosphere i r , d i c s t e s  v e r y  s t r o r g l y  t h e t  e q u i l i b r i u m  i s  
a l i m i t i n g  f e c t o r  a t  t h i s  p re s su re  and  tempera ture .  The 
lower p r e s s u r e s  do not  show t h i s  same f l a t t e n i n g  b u t  prob- 

6 i i i1 i lar  curve f o r  6 6 O C .  These cu rves  i n d i c a t e  tha t  t h e  in- 
cre~sed 'Cez-JerP t u r e  h a s  very d e c i d e d l y  i n c r e a s e d  t h e  r p t e  
of d e s o r p t i o n  and  i n  a d d i t i o n  t h e  equ i l ib r ium p s r t i e l  pres- 
su re  e p p a r e n t l y  is much higher airice t h e  d e s o r p t i o n  curve 
a t  1 r tnosghe re  i s  not  n e m l y  so limitec!.. A f u r t h e r  in- 
c r e s s e  i n  t c a g e r p t u r t  t o  77OC. g i v e s  s t i l l  higher rPtes,  es- 
peci.?liy c t  t h e  h i g k r  p re s su res ,  These cu rves  i n d i c p t e  
t b t  p ra . c t i cz1  C e ~ o r p t i o r i  r a t e s  c8n be ob ta ined  i n  a tem- 
psrFture re;;Sor: 55' to 77OC. A t  5 5 O C ,  t h e  r a t e  of desorp-  
t i o n  F t  1 2tlr.osL.sriert: p r e s s u r e  i s  undoubtedly t o o  ELOW t o  
be of p r p c t i c r l  inportf .nce end, i n  f?ct, Fig. 3 ir idicr tE6 
t h r t  t h e  rxxirilurd rmourit tht-t could  bc desorbed under t h e s e  
c o n d i t i o n s  tlrouiLd be v t r y  s n ~ l l .  A t  this tc,qxri- t u r s  w e n  
v i t h  d e s o r p t i o n  p e a s u r e s  of 1/4 o r  1/2 ?tri ,ospheree t h c  w t e s  
PrF ;  GO 6lob.t t h F t  v e r y  long cyc les  1,~ould hrve  t o  be eiiiployed. 
This  would probFbly mrkr t k  o p c r r t i o n  p t  t h i s  t e q x r c t u r e  
undee i rpble  S t i l l  l ove r  p r e c s u r c e  could p r o b r b l y  give 
f u r t h e r  i nc re8?scs  In cbcorpt iof i  m t e ,  but i t  i c  q u e c t i o n r b l e  
tdicther thcy  m u l d  br, j u s t i f  ikd.  

If such t? u n i t  'Arere ' t o  be operated,  

The r P t 6  of b o t  ??tw f l o w  

The rc,s:dv-rl r i r  T.~C"E removcd from the Void6 

e b l y  m u i d  7Tith longe r  d e s o r p t i o n  t imes .  F ig .  4 i s  a 

The rg teE of d e s o r p t i o n  r t  6 6 O C .  c?rc probrb ly  f p s t  
efiough t o  be of prccticcrl  irnportcricc. 
t r u e  if t h e  d-eEorption prersure i e  1/4 o r  1/2 rtmosphkre. 

This  I s  p c r t l c u l p r l y  

1 2 b 2 4 2 3  
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A t  tcm;;crrturt of  77OC. t h e  d e s o r p t i o n s  T r E  r c l ? t i v c l y  
r m . - j d ,  'aut the, i n i t i r l  d e s o r p t i o n  r p t e  is s o  f ; \ E t  thpt 
di:'f i c u l t y  y ~ o u l d  p robrb ly  be Encountered i n  removing the  
c i r  from t h e  v3 i .2 :~  t r i t hou t  F' s e r i o u s  108s o f  o-xygen. Thsse 
r m u l t c ;  rmv.ld i n d i w t c :  t i ir t  the  o d i a b p t i c  u n i t  shou ld  prob- 
P b l y  @pzr; '~e SfJT;]E' . i rkrL i n  t h e  temperpture  r e g i o n  of  60 t o  
7OOC. i f  erilpLoyilig the ? r e s e n t  Co-SP-Ln ~IIP t e r i r l .  

kbsorpt I.on r u n s  v e r e  nr.de i n  t h i s  h i g h  temperTture 
r eg ion  i n  otrder  t o  check on the p o 6 6 i b i l i t y  o f  oxygen 
reriiovrl under t h e s e  c o n d i t i o n s .  & p i n  t h e  u n i t  IJPC t h e  
u s w l  1/2" i , d ,  s e t u p  with 40.7 of t h e  oxygen?.ted Co--S?-Zn 
w t ? r i r l .  The pcrtl ; l t? s i z e  W T S  10 t o  20 mesh, ?nd the  
per'ciculior s?nplu vr 6 rilch t e r i r l l  pr.oc'uced. by  the  Humford  
Chemical. Com;Jpny. 
t m s  rmde v i t h  F i r  preesl-ires o f  650 pnd 800 I~G./SC:. i n .  
gc.,  nnd v i th  r n  Fbeorptior,  t e a p e r e t u r e  of 65OC. These 

F1.gs. 6 t o  9 i_r,c:.icrte the  rbcorp t ion  
results o b t r i n e d  with o i r  P t  600 l b s . / s q .  i n .  F R ~  with 
c o o l i n g  vFtcc:r c t  6 5 O C .  rnd  coi-rcspand t o  d i f f e r e n t  w t e s  
of  e x i t  F i r  f l ov .  They i f idic7te  t k i r q t  r;:oson?bly good oxy- 
gen .clbsorption CE'K be, ob.trIrikG. under t h e s e  cond i t iono .  
10 i s  f c r  r,n Pbsorp t lon  p e e e u r c ;  o f  606 l b s , / s q .  i n ,  g ? .  
r n d  snows r i Jg rcc i rb lg  b e t  tt:r r b s o r p t i o n c  thrri  those ob- 
t,.-ined z t  600 lbs./sq. i n .  g ~ ,  F ig .  11 i l l u s t r c - t e e  the 
e f f e c t  of Fbso rp t ion  tcri igcrcture f o r  c o c d i t i o n s  of 800 lbsd 
s a .  in . ,  p,!- 4 niiriutec c b s o r p t i o n  t i m e ,  rnd 0.87 CFH of 
e x i t  g ~ s .  r ' iS*  12 g i v e s  t h e  e f f e c t  of  p r e s s u r e  i:t 65OC. 
on - 2 m  m s u n t  of r b e o r j t i o n .  This f'-'qtn i n d i c F t s s  t k i p t  pres- 
SU;--CE( o f  t;ie oTder of 600 lbs .  w i l l  be necessrry i n  t h i s  
tenper.? t u r e  r e g i o n .  

Thc r n ~  j o r  gcrticn o f  t he  clbsorpt ion r u n s  

r e g u l t s  I r e  sumwr ized  i n  T r ~ i s  I ' . ' .  ~- . -  . .  
end Figs .  6 t o  12. 

Fig. 

. .  

I 

I n  a d d i t i o n  tr, t h e  run8 a t  65OC. 1v.r. Robe r t s  of the 
Kellogg Company requeGted t h a t  i f i o t h e r m ~ l  r u n s  be c a r r i e d  
o u t  with e b e o r p t i o n  a t  4 5 O C .  and a n  a b e o r p t i o n  p r e c c u r e  of 
650 lbs./so. i a .  The u n i t  employed i n  t h i s  t e s t  'Arss iden- 
t i c p l  with thcise p r e v i o u s l y  described-. The accu recy  of  the 
2-esu l t s  i s  n o t  2 6  high 8 6  f o r  r u n s  nade 8 t  lower p r e s s u r e s .  
This is due t d  the f a c t  t h a t  t h e  miourit o f  F i r  necess s ry  t o  
f i l l  the  v o i d s  undsr  th.tse c o n d i t i o n s  i s  q u i t e  lerge, acd 
a n  a c c u r a t e  c F l c u l P t i o n  o f  tiits q u a n t i t y  is d i f f i c u l t  and 
t h e r e f o r e  makes a n  unce r t c i r i t y  i n  the r e s u l t .  The cumulat ive 
mol per  c e n t  oxygen r e n o v p l  f r o n  t h e  mir znd! t h e  weight  p e r  
cen t  0, i n  t h e  com;,ound obtrined i n  t h e s e  r u n s  a r e  g iven  i n  
FigE.  13 t o  17 and i n  Table  I i .  h t he  c e s e  of  the run6 of 
F i g .  13, no exit g s s  f l o w  wes er;7.;3loyed.. The u n i t  VWS simply 
charged t o  t h e  d e s i r e d  presslire and  msintc?ir,ed a t  t h i s  con- 
d i t i o n  d u r i n g  t h e  run .  The t h e o r e t i c p l  oxygen a v p i l a b l e  f o r  

1 2 b 2 4 2 1  



TABLE I 

Pressure Temperature Flow Rete Sorption IBt. $ O2 Cumulat ive 
lb/sq.in.ga. OC. C.F.H.  * *  Tine in ha1 $ 0, 

2:inutea Compognd Removed from &r 

--I 100 * 12 1 30 4.0 

200 65 3 5 0.04 0.7 

350 65 3 5 0.65 11.5 

400 65 0.67 4 0.40 20 .o 

600 

II 

II 

lt 

tl 

H 

It 

11 

11 

II 

65 

It 

If 

I1 

II 

I I  

II 

II 

If 

I f  

0.87 
I! 

2 
II 

I1 

11 

II 

2 

4 

1 

2 

4 

7 

15 

1 

2 

4 

0.52 

0.9? 

0.32 

0.70 

1.25 

1.79 

2.74 

0.51 

0.90 

1.79 

28.2 

38.9 

17.5 

26.9 

30.6 

29.6 

24.2 

19.9 

23.9 

26.9 

II (I 6 1 0.50 15.7 

II If If c 0 i.99 19.0 

800 11 0.87 4 1.15 39.4 

tt I1 II 7 1.78 45.9 

II I I  II 10 2.21 45.9 

II If 2 4 1.86 41.3 

II 70 0.87 4 1 .GO 33.8 

It 78 II 11 0.30 10 .? 

* S a t u r a t i o n  Run 
**Ne~,sured a t  room temperature and prescure (40.7 g r m s  

abso rben t )  

1 2 b 2 4 2 8  
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T a b l e  of Data 

5303 Pressure 

45OC. Ab80rption Temperature 
F low Rate Absorption F e r i o d  Cuxx3.atIve L O 1  $ Yeight $ 

C.F.H.*  0 1 62.6 0.83 
Ninui: e s O2 Henovzd From Air 0, i n  Conpound 
c.-- 

1.17 
0 4 99 1.44 

0 - 2  84.1. 

0.475 1 66.6 0.97 

0 , 475 2 80.2 1.41 

0 e 4 7 5  4 82.8 14'78 

0.475 7 77.5 2.13 

2,49 0,475 
I 

10 77 
0.87 1 65.2 1,09 

1.5G 
0.87 4 76.3 2.09 

0.87 7 75.2 2.82 

0.87 

0.87 2 72.a 

10 66.1 3.1 

1.40 1 58.1 1 .O? 

1.40 4 64 2.22 

1.40 2 62.6 1.49 

7 67.2 3.1 1.40 

1.40 LO 56.6 3.71 

2.00 2 61,4 1.75 

2.00 4 6 1  2.66 

4,OC 2 48.3 2.04 

as r a t e  a t  room temperature  and p r e s s u r e .  I 2 b*%h 6 
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absorption was ca.2culated as that 3.n the  z i r  f i l l i n g  the v o i b  
plus t he  anount  equ?--;al-ent t c  t!i2 z l r  t h a t  f lowed i n  t o  
r e p l a c e  t h e  oxygen e.beerSeCi. In t h e  cafie o f  the r e s t  of 
t h e  f i g w e s ,  t h e  c a l c u l a t i o n s  were similar except that 
the oxygen equivalefit t o  t h e  e x i t  gas w8.s i nc luded .  These 
curve6  1ndi.ca.te t h z t  i t  is dj . f ' i i cu l t  under these  c o n d i t i o n s  
t o  obta.5.n bc th  8 high s a t u r a t i o n  and a high pe rcen tage  oxy- 
gen reco'treray u n l e s s  8. slow f l o w  re'i;e s n d  P l o n g  abso rp t ion  
time a-2 enpl=ye6. Thefie r e su l t s  - ' e r e  o b t a i n e d  i n  order 
t o  eval..mte the ; o s s i b j . l i t i e s  o f  opera t ing  t h e  cyc le  a. t  
t e n p w g t u r e s  hetweer, 45OC. and some h i g h e r  desorption tem- 
pe'r:!rv.-rzse :They do n o t  appear very p r o m i s i n g  and i f  a c y c l e  
w L t b  .teEigexsa?cui-e v a r i a t i o n  i s  t o  b e  employed, someiulha.t 
lowcr absoq3tio1-i t empera ture  i s  probably more f a v o r a b l e .  

1 2 b 2 4 4 2  



-10- 

IV. A 2 T A E A T I C  U 3 I T  

01: $he basis of t h e  r e s u l t s  o b t a i n e d  E t  t h e  h i g h e r  
ternpe-3tures a n  a e i a b a t i c  u n i t  was c o n s t r u c t e d .  
co.at;Ib,'c;?d of tz e t e e l  r e a c t o r ,  4-3/4" i . d .  by 8" long. 
Or.!.gj.nail.y, a n  a t t e m p t  was made t o  p l a o e  a l a y e r  of insu-  
1ati:in i rLs ide  t h e  reac+Uar, such as 20 l eave  a.n i n n e r  space 

adis'catic m d  i s c l o t e  it from t h e  sur roundings .  I n s u l a t i n g  
layelas of  ;;i*ansit;e a.ndl p l a s t e r  of Pe . r i s  were employed, b u t  . 
both o f  t h e ~ e  tLp;m;?entiy con te ined  so  many f i n e  vo ids  t h s t  
l a rge  qut1r'i ,l~?jF66 of  gas were s t o r e d  up cad then  evolved 
s l o ~ i l y  during t h e  d e s o r p t i o n  p e r i o d .  This a c t i o n  W ~ S  ob- 
semed with n i t r o g e n  s o  t h a t  i t  ~ ~ r e e  a p p m e n t i y  8. st raight  
hjrdrodyna.nic phenornena.. 
r u i n e d  tile r e s u l t 8  pnd t X s  ty3e  of  c o n e t r u c t i o n  he.d t o  be  
abandoned. The f i 9 a l  c o n s t r u c t i s n  c a a s i s t e d  in foricing a. 
copper gpu;;e tube 3" in d i a m e t e ~ ,  and t h e  space between 
th i s  tube end the  r e a c t o r  was fi:L.le;l w.',th c a r e f u l l y  s i z e d  
sand. This arrcngerchnt Imd a n  urides1.rebl.e f e a t u r e  i n  the 
f a c t  tha t  t h e r e  w2.s a rPi;ner 1p.rge volume o f  v o i d s  Elround 
t h e  sand, b u t  i t  a i d  serve  2 s  f e . i r l y  e f ' f ec t ive  thermal 
insulation. 

This u n i t  

, 3" ic d j -ametw.  This i n s u l a t i o n   WE.^ t o  make t h e  u n i t  

T h i s  slotir gas evolut.ior-i completely 

! 

The space wi th in  t h e  3;' Ld. gauze tube we8 f i l l e d  with 
e. mixture o f  160.7 grcrns o f  oxygenuted, 10 t o  20 mesh 
Runfcrd Co-Ec7-Gn m t e r i e l  t oge the r  with 1,285 grams o f  co7per 
ch tps ,  t h e  latter r n r t e r i a l  be ing  added f o r  the  e x t r a  h e a t  
c a p a c i t y .  This ernount of  ZbGorbefit f i l l e d  the  spa.ce 3" i n  
diarnizer I ' x  ebou t  'i--1/2" and correeponds t o  a l i t t l e  l e s s  
t k - m  ial.-i' t h e  absorben'l; t h e t  could have been placed i n  the  
6 2 r x  vclurne i f  It had been used e l o n e .  

This u c i t  WRS opera t ed  by charg ing  t o  a n  i n i t i e l  p r e s -  
su re  of 600 lbs./sq. i n .  w i t h  no s d d i t i o n a l  f low.  The ab- 
s o r p t i o n  p e r i o d  ws  a l l o w e d  t o  proceed  c?,t cons t en t  p r e s s u r e  
a f t e r  which t h e  bed w p 6  rapidly exhausted o.nd t h e  d e s o r p t i o n  
p e r i o d  i n i t i z t e d .  Fig. 18 g i v e s  r e s u l t s  of 2 r u n s  made w i t h  
a n  i s i t i a l  tempereture  of 60°C. I n  one cese t h e  pbso rp t ion  
peii!:;d v a G  2 fi!i.i?utei; end t h e  t e m p e w t u r e  r o s e  t o  6 5 O C .  
oxygen&T~i.: .at : .~n o f  about 1.1 p e r  c e n t  by weight wgs obtcnined. 
I n  t h e  o ihs r  c m e  an  a b s o r p t i o n  p e r i o d  of abcut  6 minutes 
was employed g i v i n g  a t6m;JerTture r i s e  t o  69OC, and a s a t -  
u r p t i o n  o f  1 . 5  per c e n t .  The Z--mI.nute run  corresponds t o  
26$ oxygen rfriiovsl from the e i r  erounC! t h e  m o t e r i t . 1  end the  
6-minute a b s o r p t i o n  p e r i o d  cor responds  t o  56% rernov,?l. Fig. 
19 i l l u s t r e t e s  t h e  e f f e c t  of desc2y t ion  p r e s s u r e .  It  w i l l  
be noted t h p t  i n  ell case!o t h e  r r t e  o f  d e s o r p t i o n  i s  very  . 

An 
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rapid f o r  t h e  f i r s t  p o r t i o n  o f  t h e  p e r i o d  and t h i s  w i l l  make 
purging of t h e  a i r  from t h e  voida  t i i f f i c u l t .  

Fig. 20 compares d e s o r p t i o n  cu rves  f o r  a d i a b a t i c  
absorIJ t ion r u n s  c a r r i e d  o u t  w i t h  i n i t i a l  t e u p e r a t u r e s  of 
50' and 6O0C. 

Fig. 21.4 r e p r e s e n t s  t h e  r e s u l t s  ob ta ined  i n  e a e r i e s  
of a d i a b a t l c  runs  rrid2.e w i t h  a 1/4-r i n u t e  p r e s s u r e  b u i l d i p  
p e r i o d ,  a n -  a b s o r p t i o n  pe r iod  of 2 n i n u t e s  a t  600 l b s ~ / s q .  
i n .  @;a. !nc, flow) ?oollob.i.sd by a ?./+-minute blowdown and t h e n  
a 4-l/Z--:d.:1u~e d e s o r p t i o n  p e r i o d  a t  1/4 atmosphere.  
end o f  tkis -period-, t h e  c y c l e  was r e p e a t e d  immediately.  This 
type of o p e r a t i o n  was employed i n  an  at tempt  t o  a t t a i n  s teady  
s t e t 6  c o n d i t i o c s .  The62 s-ceady s t a t e  c o n d i t i o n s  would not  
cozar:spc::x2 t o  cclmplete a b s v r p t i o n  o r  d e s o r p t i o n  b u t  s i n p l y  
wu12 (3 g2.w t h e  o p e r a t i o n  %hare conditions would ba lance .  
H o v ~ v e ? ,  this s e t  o f  r u n s  was not  e n t i r e l y  s a t i s f a c t o r y  due 
t o  the  f a c t  t h a t  t h e  temperature  o f  t h e  i n l e t  e i r  w p s  no t  
p r o p e r l y  c c n t r o l l e d  anct pesul ted-  i n  a p r o g r e s s i v e  coo l ing  
of t5e bed amounting t o  about  1°C. o v e r  t h e  seven c y c l e s ,  
i n d i c a t e d  b y  tepperf  tu1-e readings a t  cor responding  times 
i n  eech c y c l e ,  giver, ia F i g .  21B. 

A t  the 

These T e s u l t s  on t h e  adiabatic u n i t  were d i s c u s s e d  with 
the 14. Kell-ogg people ,  and i t  was ag reed  that it would be 
a l m o s t  impossible  t o  des ign  a u n , i t  o p e r a t i n g  wl th  the l e r g e  
ammnt o f  v o i d s  present  %!hen t h e  gi.anular absorbent  i s  mixed 
w i t h  EI g r a n u l a r  heat-ebsorSing m a t e r i a l .  T h i s  i s  due t o  t h e  
f ac t  that  t h e  time necessary  t u  : reFiOVe t h e  r e s i d u a l  air a f t e r  
t h e  a b s o r p t i o n  p e r i o d  would be SO l o n g  tha t  a. l a r g e  p o r t i o n  
of t h e  absorbed oxygen woctld be d e e o r a e d  2nd lost. This ef- 
fec t  i s  par t icu1ar l .y  s e r i o u s  due t o  t he  fa .c t  that t h e  u n i t  
i s  a t  i t s  hl.ghest tempe:.?t?tu?e and t h u s  has i t s  h l g h e s t  de- 
s o r p t i o n  r a t e  ciuririg t he  time the  a i r  is  being removed f rom 
t h e  vo id  volume. It was t h e r e f o r e  Egreed t h a t  a n  adiabatic - 
u n i t  involving an nrrangement hwring much less  void space 
should be employed. The fcn-rri f ' i n a l l y  agreed  on m s  t o  con- 
s i s t  of thii? cakes formed by p r e s s i n g  P mixture of copper 
powder and Co-Sa-Ln material onto  copper acreen6. These t u n  
discs  would have p r 3 j e c t i o n e  t o  pe rmi t  a i r  f l o w  between suc- 
ces s ive  layers  and w u l d  be provided wi th  means f o r  making 
ths a i ?  pa.ss a1.terna.tely back and f o r t h  across  t h e  absorbent  
bed. This u n i t  has nor; been completed and t h e  vork i s  cur -  
ta.>.I.ed a t  prssent ;  b e c m e e  of  more u rgen t  problems. A few 
of the pressed l a y e r s  were formed and looked very promising:, 
they  are h r d ,  sf , rong,  a.nd ve ry  d e n s e ,  g i v i n g  t h e  appearance 
of b&ir+ oiri5jE'G m e t a l l i c .  The abso rp t ion  p o p e r t i e s  of  such 
dmse  mix tu res  of copper end a n  absorbent  have been checked 

1 2 b 2 4 4 b  
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i n  t h e  1/2" i . d .  u n i t 6  p a d  w i l l  be discussed i n  a l a t e r  
s e c t i o n .  

The o n l y  se r ioue  drawbacks thnt  appear  fdr a d i a b a t i c  
o p e r a t i o n  a r e  (1) zhc prcblefi o f  purging e i r  from t he  v o i d s  
without  a n  a p p r e c i a b l e  1066 of oxygen and (2) t h e  weight 
of the h e a t  a b s o r b e n t ,  These prcljieins may be q u i t e  d i f -  
f i c u l t ,  and f o r  t h e  f i r s t  the  most l i k e l y  s o l u t i o n  a p p e s r ~  
t o  be i n  the reductlor,  o f  t h e  v o i d c ,  It might be p o s s i b l e  
t o  work an arrangement i n  which t h e  a i r  i s  swept o u t  by 
oxygen while mainta in ing  a pressure  s u f f i c i e n t l y  high t o  
p reven t  d e s o r p t i o n  b u t  t h i s  vov.ld probably r e q u i r e  very 
fPncy tining--and might be u n s a t i s f a c t o r y  due t o  t h e  f a c t  
that t h e r e  would be some mixing of t h e  air and the oxygen. 
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V. NAVAL ---- RZSEARCH UNIT 

The Naval Reseerch Uni t  has been c o n p l e t e l y  alssemblod and 
a few nrelinliia::~ ~ e s t s  Sp.ri.iccl o u t .  The f i n n e d  arrangzment 

n,c>hnnicai o o n s t r u c t i o a  I n  general 
2hs i n t r o d u c t i o n  of- t h e  a b s o r b e n t  

H rcnl Job. It WRS m R d e  p a r L i c u i R r l y  
t h e  absorbent m a t e r i a l  gives off 
f i n e  dmt while it  i s  b e i n g  
worn 'by p.11 of t he  Fjorkers d u r i n g  
powder p a ~ 6 e d  t h rough  the mesk t o  

cause  i i v i ' c ; n t l o n  of the  nose acd throat, There were no 
par'5icuLar phys i iLcgica1  e f f e c t s  n c t i c s d  by 
b u t  it : q ~  chilf2;,?-Ly a rnat ter  of inccnvenlonce ,  

f a c t o r i l y .  As far as cculd be a s c e r t a i n e d ,  o s s o n t i a l l y  all 
the Oiific~o.l"i,ics w e r e  rc?!.a%ed Lo t h e  o n c r n t i c n  of  t h e  rnQ.g- 
n a t i c  v a l v s s .  These 'valves of i ' s red.  t o o  much reeis%;i.nce t o  
f l o w  i n  must ceses ?ad i n  adSi t ion  f s - squen t lg  f a i l e d  t o  
scat  propt3rl.y. They hRve been r2vle.sed by l.~.rge.r a i r -ope ra t ed  
valve s. 

few tests carrzed a u t  s i n c 5  Zz:y were ir.a'cail-ed, t h e  r a t e  of 
oxygen proCuct ion appears t o  tie ZLGUZ; tkizt which was C R ~ -  
c u l a t c d  from the laSorahr - ,v  CzF;;a, The unit I s  being equinped 
w i t h  ne tevs  t o  inil icate $116 o;.:yp~n traduction for any g iven  
perlioc? o f  t k z e  znd t hese  w i 2 . 1  s e ~ v e  not  on ly  t o  check t h e  
output  o,P t i i t :  v x i t  but  ~ i 1 - 1  a.7.m m k e  i t  possf.Sle t o  determine 
t h e  ya+Je o f  C e t e r i o r a t i o n .  These rnctcrs  Indicate that  the  
p r e s s u r e  Crop f o r  %he air f l m  t h r o u g h  t h e  bed I s  almost 
noglis:fb3.e ttnd t he t  wit;i-t l;he o z i i y i n a l  30 seconds of vurging 
and ~BS.UL!~LZID~,, R - za : .~ i :~ !~  GC about 25 Inches of mercury WRS 
o8ti . incii  011 ti:c VMUL:'~ZL? e r d  o f  t h e  bed and about 17 inches 
v w c ' a :  or1 2.2 ~Lne::a ecd, These evacuzti ons  were obtained 
whiIe t21.3 e.: e ~ t  2 i7 W Z F  operq-ting ~ f ,  below r a t e d  n r e s s w e  find 
uncier reduckd c a ? a o i t y .  Bet^,er vp,cuum w i l l  pro5ably be ob- 
te , ine3  wi*;k mwe fz.vorable o n e m t l n g  coni l fCions f c r  the 

wes Fosaiblr: t o  b r ~ n c  t h z  who13 bed down t o  8 E5 i n c h  vRcuums 
This nrossure i m s  t h e  l i m i t  o f  t h e  vacuum ~u i ip .  

20 lbs .  Tei* sq,, I n ,  gage. This when . t h e  cooling neTf od beg ins  
t h e  bed I s  under t h i s  oxygen nrcsFiirc., It I s  obse rved  tha t  , 

dcr lng  t h e  c o o l i n g  p e r i o d  t h i s  oxygen i s  rsshsorbed Rnd e. vacuum 
of about io i n .  of mercriry is w e d w e d  b o f o r c  t h c  absomt lon  
p e r i o d  beg ins ,  The unit is also being  equ9:pncCi w i t h  a 

any  of t h e  men, 
- 

In its, f n i t i a l  form, the u n i t  di6 n o t  m r f o r m  satis-  

These v a l v e s  a g p e m  t o  G P Z P P , ~ ~  s e 5 i s f a c t o r i l y  and i n  a 
( 

L e j e c t o r ,  By Increasing t h e  evacunt ion  t ime t o  one minute i t  

, ,  

The cy.cl.3.c o:;jcrc,tes t o  qroducc t h e  oxygen a t  about  
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manifold sany l lng  device such thR*t the composi t ion  o f  t h e  
v a r i o u s  gas streams can be fol lowed c l o s e l y  dur ing  the 
cycle, 

c. A n m b m  of t e s t s  cre  plRnncd in o r d e r  t o  obtain 
engineer ink!  dat?. on t h e  u n i t  cnC e. f i e t a i l ed  r m o r t  on 
t h e  dcsik;n, ccns t ruc t ion ,  and or ,e ra t ion  will be r)reeented 
I n  t h e  n e a r  future. 

I 



-14- 

b 

$. Z f f e c t  of Tube Diarne'cez 

t i o n  of 8 1./2" t s b e  s.nd 8 1': di .a in$ter  u c i t ,  In both  c8,seS 
t h e  tubes  %ere  peslcc,c? with 4G.7 ~; .~ms  o f  t h e  oxygenated 
n a t e r i a l , .  The r u n s  were rnaite i n  t h i  u s u e l  manner pnd the  
e f f e c t  of t ube  d i ams tz r  on pbso rp t ion  r z t e  i s  gi.ven i n  
TEble 111, It w i l i  be no ted  th3t  in g e n e r a l ,  t h e  m o u n t  
absorbed by t h e  1'' thbe  u n d w  cor;igarc.ble c o n d i t i o n s  i s  about 
70 t o  83 ;>ei*-.cent of' that o b t a i n e d  with t h e  1/2Ii i .d.  tube .  

The e f f e c t  of tube d iameter  on t h e  d e s o r p t i o n  r e t e  Is 
g iven  i n  Table  IV fclr an : i n i t i a l  s a t u r a t i o n  of 4.4 weight 
p e r  c e n t  oxygen. These r . e s2 l t s  i n d i c a t e  that  a deeorp t ion  
p e r i a d  abou,t 3 t;irres as h r ig  i s  r e q u i r e d  t o  o b t a i n  a g iven  
per' cz!:.t aeao?ptiari f o r  the 1" p ipe  as compared t o  t h e  1/2" 
t u b s ,  i+nd t h i s  r.eI.atiori hcld approxir:lately over  most of  t he  
rGG, ; ,? r i ,  
wizk the  1" pipe when t h e  s team preRsure i n  t he  j a c k e t  was 
held such t h a t  t h e  concensa t i sn  t e E p e r a t u r e  was 115.5OC. 
Ths incpease  r e s u l t i n g  f r r )m t h i s  h i g h e r  t e n p e r e t u r e  is not  
very g r e a t  presumably i n d i c a t i n g  t h a t  a low t e n p e r z t u r e  
diffc2:snce i s  no t  t h e  l i m i t i n g  f a c t o r  i n  the r a . t e  o f  de- 
s o r p t i o n ,  

S e v e r a l  runs  Imve beer. c u r x - i d  o u t  cornpwing t h e  opera- 

T&le  I V  aZso g i v e s  t h e  r e t e  of regener3, t ion obt2.Lned 

B. 1" Tube with - Brass GrLds 
Sibae t h e  r e s u l t s  ob fe ined  wtth t h e  1" p i p e  were s o  

unfav0ra.bJ.e i n  comp3.rj.son with +,he 1/2" t u b e ,  p a r t i c u l a r l y  
du r ing  d e s o r p t i o n ,  1.t wa6 fe3.t t h s t  poor hea t  t r z n s f e r  must 
be the l i n i i t i n g  fac.t,or. I n  8.n attei:ip't t o  improve t h i s  rp t e  
of t r a n s f e r  t h e  1" pipe was rapackefi with cup--shaped br8.sa 
grids. 
.;auze i n  such  a idray th t  :'he cup s i d e s  would s p i n g  ou t  end 
f i t  onug1.y zgainsl;  t he  1ra1.1, In <h? p,.cIiing, about  six o f  
t h e s e  cups were used  p e r  i n c h  of'  t u b e  ler,g$h. The d e s o r p t i o n  
r a t e s  o b t a i n e d  with t h i e  cons t . ruc t ion  when employing ~ t m o s -  
y h e r i c  p r e s s u r e  steam i n  the  3az.ket s r e  g iven  i n  Table V .  
Two r u n s  a r e  g iven:  one for e compound about 50 p e r  c e n t  
s a t u r a t e d  wi th  oxygen a i d  t h e  o t h e r  f o r  cz completely s e t u r -  
a t e d  abso rben t .  These two runs  do no t  check very  6o.tiefa.c- 
t o r i l y  s i n c e  the  mDi-8  s ~ t u r a t e d  n a t e r i a l  i n d i c E t e s  a h i g h e r  
p e r  cc!it desor lxd  f3r a g iven  t h e  than  does  t h e  o t h e r  semple. 
Hm~vi-':~, !.f the v d u e s  f o r  e i t h e r  ssmple e . re  compared with 
t h e  results o f  T a . j l e  I V ,  it will be no ted  that t h e  r a t e  of 
d e s o r p t i o n  i s  q u i t e  good. I n  f a c t ,  i t  a p p e w s  t o  be e q u a i  t o ,  

These b r 3 . s ~  caps xei-e i'9rmeC f r o &  '7:j-nesn brass  

1 2 b 2 4 5 2  



--_. Effect of Tube Diameter on  Absorption Rate 

Percentage V t .  3 0,-Absorbed' Abs. A b s .  Cool. E x i t  - 
P r e s s u r e  T i m e  Tirie Gas 1" std. 1/2" i.d. Rhtio 
p s i .  ga.. Kin. E in ,  Rate Pipe* tube Of 

Ab so  rp t i o n s  C.F.H. 

100 4.0 30.0 4.0 1.93 Z686 68.0 

6.0 -30.0 2.0 2.23 2.96 75,. 3 ti . 
250 2.0 30.0 4.0 2.05** 2.68 76.5 ' 

300 1.0 30.0 8*2 1.57 2.20 71.3 

* i.d. - 1.049" 
** ?OC. insteac of ZOOC. 

i 

1 2 b 2 4 5 3  



T r n i i r :  IV 

--* Z f f  e c t  of  Tube Diameter and Desorpt ion 

T f : i ~ ~ e r ~ ~ . t u r e  on Desorp t ion  Rate  

(Compound s a t u r o t e d  t o  4.40 w t .  p e r  cen t  oxYgen) 

p e r c e n t a g e  D e s o r b e d  
Desorpt icr ,  Tine A t  100OC. .. At 115.5OC. 

X i R .  1/2" tube 1" std. p i p e  1" s td .  p ipe  

0 

4 

6 

8 

10 

15 

20 
5 

25 

30 

0 

32 

56 

76 

90 

99 

100 

0 

14 

22 

29 

35 

45 

53 

61 

76 

86 

93 

97 

0 

17 

31 . 
39 

48 

60 

70 

78 

92 

98 

99 

100 

c 



TABLE V 

100OC. Desorpt ion i n  Tube 'Ltnit with Brass Screens 

(1" s t d .  pipe with 6 screens per Znch) 

Desorption Time P e r c e n t a g e  Desorbed 
Minute 8 2 .3  ?It. $ 4.2 ' T t  , $ 

Absorbed Absorbed 

0 

1 

2 

3 

- 

4 

5 

6 

8 

16 

15 

0 

21.6 

60.5 

84.0 

92.5 

94.5 

95 .o 
98.6 

0 

37.6 

82.2 

97 .o 
97.7 

98.0 

98.5 

99.0 

-N 99.. 5 

100 .o 100 .o 
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L '  

if no t  b e t t e r  t han ,  t h a t  ob tFined  i n  t h e  1/211 t u b e s .  
h e a t  t r a n s f e r  nrrengements cou ld  Se employed i n  a s i rn i lc r  
way. I n  f s c t ,  as 3m.6 i n i i c a t e d  under t h e  e e c t i o n  on adia-  
bp,t!.c oFerat . rcn,  i t  ic p 3 s a i b l e  t o  p r e s s  t h e  -itb&orbent 
d1Tes:;l.y O ~ C O  t he  -4-re g3,u,7,e, Torms  of t h e s e  types $n tubes  
o f  ih-i*s 3..;Etm::tsr should allow t h e  absorbent  t o  be in t roduced  
arAL rermVJed by  a c a r t r i d g e  type o f  arrangement. 

Other  

One ubso=.ption run  wa6 also m:Ae w i t h  t h i s  coTper grid 
arracgement ,  and with a fou2-minute e b s o r p t i o n  p e r i o d  a t  
LOO lb./sq. i n .  ga. and an exit gas ra te  a t  4 CFH, a s a t -  
u r a t i o n  of 2,,,36 weight LJer c e n t  0, ?.rzs obta ined .  This 
compai-es ~ s T ~ . % H  v a l u e  of 1 .93 f o r  t h e  1" t ube  wi thout  the  
griii, and  2-96 with t he  1/2" tube .  
these r e t ; d $ t s  s re  not  s t r l c t l y  com2are.ble due t o  the f ac t  
t h a t  the 11% I! tube  experirrients were nade with a i i i f f e r e n t  
b a t c h  of zbaorbent  a.nd it has been found that t h e  ma.teria.1 
used i n  thz 1" tube shat.is e. r z t e  o f  oxygen s b s o r p t i o n  as much 
as 20 per c e c t  l o w s r .  Th l .2  20 p e r  c e n t  d i f f e r E n w  would 
make t h e  1" tube with gr ids  C O T ~ I ~ : ~ P C  c l o s e l y  with t h e  112'' 
tube .  It i s  planrled t o  mcke r u n s  Xiti.1 b o t h  a r r cngenen t s  
employing t h e  s m i e  absorbent  b ~ t ;  t h e  v o r k  has been c u r t a . i l e d  
f o r  more pres  s ing  o p e r a t i o n s .  

It i s  b e l i e v e d  t h a t  

C .  Absorbent w!L::h Copper Pow?e,z 

I n  o r d e r  t o  check t h e  e f f e c t  of  i n c o r p o r a t i n g  a hea t -  
abosrb ing  m a t e r i a l  such a s  copper wi th  t h e  absorbent ,  a 
mixture  O C  p r e c i p i t a t e d  copper powder and t h e  Co-Sa-Zn 
m a t e r i s l  was p r e s s e d  t o  20,090 lb. /sq.  i n .  i n  a h y d r a u l i c  
p r e s s 4  It 3.6 e&+; l re ted  thst t h e  p a r t i c l e  s i z e  o f  the 
copper pvlrder wzif: a r o m ?  2-00 mem. TKO n i x e s  were m d e ,  
on8 er : .yklyLq:  2 part;s of capper  by weight p e r  par t  of' ab- 
s c r ~ e i : f i  $ m d .  .the o t h e r  4 p a r t s  o f  copper p e r  par t  of ab- 
SCT',:;~;;.~;. ':d?th 3- p r e s e u r e  of  20,OOC lb. /sq.  i n .  t h e  cake 
fLrx?. v a s  h ~ r d  and. hsd P sh iny  copper appeerance;  i n  f e c t ,  
t h e  cake va.s o f  about t h e  spcie c o n s i s t e n c y  as when t h e  
copper powder s l o n e  WRE pres sed .  
sq. i n .  had been t r i e u  with the 8 t o  1 mixture  b u t  i t  d id  
nGt glvc a n  adherent  w k e .  These p r e s s e d  c2kes were 
crushed end Ezreened t o  10 t o  20 mesh. For  the 8 t o  1 mix- 
t v e ;  200 z i b x : . s  o f  t h e s e  p m t i c l e s  f i l l e d  t h e  1/2" i .d .  tube  
f o r  about 2'?--l./2!'+ T h i R  corresponds t o  e bulk  d e n s i t y  f o r  
the  Co-Sp-En  m a t e r i e l  of about 0.27 end  f o r  t h e  copper- 
&>sorbent mixture  6s e whole of 2.42. This  packing r e s u l t e d  
i n  A. tube contJa.ining on1.y 22.2 g r m s  of  ebso rben t .  The 
r e s u l t s  o f  abso rp t ion  runt3 nack i:Ti th  t h i s  arrmgernent  a r e  
g iven  i n  T a b l e  V I .  

A p r e s s u r e  of 3,000 lb . /  

In Runs 1 an& 2 i t  w i l l  be noted  t h a t  t h e  

1 2 b 2 4 5 b  



TABLE VI 

100 p s i  Xbgorpt ion with Copper-Co-Sa-En Mixture 

Run Exit Ga8 Absorption Cooling Cool ing  IJeIght .Cumulative 
80. Rate m m e  T i m e  !rater /'J 0, iv,ol ,$ 0, 

CFH * Linu'ces (air in Tern$. Absorbed Reaoved from a i r  
v o i d s )  " C .  

1 3 30 2 1.0 1u21 2.2 

2 3 15 2 1c 1.15 4.2 

5 3 - 5  2 10 3.42 33.5 

6 3 5 2 LO 3.39 33.2 

7 3 30 2 10 4.01 7.2 

8 4 4 15 20 3.25 30.2 

9 2 ' 6  25 20 3.54 42.0 

* ~ ~ s i . ; a  on 2 2 . 2  g Co-Sa-zn (oxygenated) 
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a c t i v i t y  o f  th i s  a b s o r b e n t  was ve;?g poor .  Duping Runs 3 
and  4 no da.ta. were co17.ecteCLL, XC\feTyCj:2 on tne  subsequen t  
run6  the a c t i v i t y  of t h e  systm xppea-;.s t o  be e x c 2 l l e n t .  
J u s t  what made thisj marked imjrover.;eni; SettFrec,n %ins 2 and 
5 is n o t  known. ':i?iil.e i t  Is d . ~ . . ~ - '  111 ~ c t \ l t  t o  conpa re  these  
d a t a  with these  o b b ~ . i i x G  w:!. t h  tile u s u a l  ararangexent con- 
t a i n i n g  40.7 gr'ari1S of  aSso: ;~Sent :  . h n s  5 t o  9 l n d i c e t e  
activities tha t  c;re pra2aSi.y E;S E;OGC'! as  would have  been 
obtaLned- without t h e  c c ~ y p e ~  powlei- y e e e n t  , These r e su l t s  
would i n d l w t e  thal; incDrpcr:>.t ing t n e  c o p s e r  powder does 
n o t  s e r i o u s l y  ham t h e  r a t e  01' p.bso_rption and tha t  such 
pressed c a k e s  CSUX be used  w i t h  t he  a d i a b a t i c  o s e r a t i o n  
t o  g i v e  a un)t c o n t z i n i n g  r e i a . t i v e l y  small v o i d s .  

futx:icri o f  tl1ie f o r  t hese  coppe r  powders.  This  t a b l e  c a n  
be (xmQwe5 w i t h  r e s u l t s  f o r  the regular  1/2" t u b e  g i v e n  
i Z n  7'.;!h;.e IV, Tt will b e  n o t e d  t h a t  the  d e s o r p t i o n  r a t e  i s  
c o n s i d e r a b l y  ir-;provea, b u t  this may be due i n  p a r t  t o  t h e  
f a c t  that Xes6 n b s c r b e n t  is p r e s e n t  i n  the u n i t  c o n t a i n i n g  
t h e  ccpper powdey c r  i t  rnay b e  e.n a c t u a l  improvement i n  t h e  
r a t e  oi' heat t r a n s f e r .  

Table  V I 1  i l l u s t r a t c s  the p e r  c e n t  d e s o r p t i o n  8 s  a 

D. D i f f u s i o n  Zxperiment 

P ro fes so r  Frzn8.s s u g g e s t e d  t h a t  i t  s h o u l d  be p o s s i b l e  
t o  f o r a  thZn rnentrt7,nse 03' t h e  Co-Be.-Zn a b s o r b e n t  which 
c o u l d  be used  26 diapliragma semi-.. .permeable  t o  oxygen. It 
was f e l t  that by  pi3essirig ~ h s  abi;c:rSerit in'zo 8 hs;.rdened 
s h e e t  that t h e  passege cI' n 2 . t r c ~ e n  czu.ld -be a . l z o s t  comple t e ly  
r e s t r i c t e d  b u t  t k t  oxygzr! voul.d E t , i L l  be a b l e  t o  d i f f u s e  
th rough  due t o  i t s  reE;;:tj.o;? with t k c  sSsorber . t ,  A small 
amount of expsri.i;sn.t,:l. w r k  hTas c a r r i e d .  o u t  s.long these  
l i n e s  i c  which t 3 1 ~  d i5cs  of  t h e  a b s o r b e n t  ~ x r e  made. These 
discs  were s t u d i e d  w i t h  e n  c?-~n:33plnere of  e i t h e r  oxygen o r  
n i t r o g e n  011 one s i d e  m d  a modcr2te ve'3i;um on the Gtner S ide ,  
I n  8-11 68.6e6 t h e  passage o f  ni:;rogen t i yough  the rnembrene 
was mrr,o.pid 3s thsrt o f  :he oxygen.  
e f f o r t  expenC!ed o n  p r e p p r i n g  t r iese  d i a p h r q p e  w c s  r e l a t i v e l y  
sma l l ,  ~ n d  i t  c t i l l  seems possib3.e t h e t  s u i t r b l e  ones  might 
be made. - .Si ich d i a p h r a g n s  i f  t h e y  would o p e r e t e  ,st P prec- 
t i c s 1  m t e ,  would comple t e ly  e l i m i n e t e  the h e a t  t r a n s f e r  
pmblerii. There t.rouid be 8 t e rnperc ture  g r a d i e n t   cross t h e  
di.pL.*s.grn but no n e t  h e a t  would bc: added 02 removed-. F u r t h e r  
w3i-k. O i l  Lhis ides. w a s  d i s c o n t i n u e d  ir, o r d e r  t o  o b t p i n  i n f o r -  
m3tlcn on ad-ii3.i ' tic o p c r z t i o n .  It i G  hoped t h p t  o s t u d y  
o f  t h i s  problem cen be resumed i n  t h e  n e a r  f u t u r e .  

So-$fever, t he  smount o f  
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100°C . Desorption of  Copper  Co-Sa-Zn l i i x t u r e  

(4.13 Yeight p e r  cen t  0,  absorbed) , _  

D e so rp t i o n  T Percentage Desorbed 
Kini?t; e s 

0 0 

1 37.2 
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2 
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98.0 

99.2 

100 .o 
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EA F ? l . l e t  s contPin ing  t a l c ,  preparrd-bj the Rumford Chemical Co. 

t a i n i n g  a small amount o f  t a l c  which we unders tand  was used- 
P S  ~t l i i b r i can t  f o r  t h e  g?il l ing machine. These p e l l o t s  were 
compr.ssned t o  5'30C lb/sq, i n .  and were 0,2"  i n  d i m e t e r  
by 0.13'' thi.ck. They packed i n  t h e  1/2" t u b e s  t o  a bu lk  
der:s':.Zy cf C , 5 2 3 ,  A s  t hey  were ini%ially received they con- 
tained 3..;i'b . w i g h t  0 ;  based on the dbsorbent  mater ia l  
( exc lud ing  t h e  C d c ) .  Absorpt ion t e s t s  were c a r r i e d  o u t  
tsi'th a i r  a t  190 lb./sq, i n .  ga. and 6i1 e x i t  gas flow r a t e  
of 3 cu ,  fL,&ir, The cool i r ig  water tempers.ture was 15OC. m d  
t h e  absorption t i n e  F ~ & S  30 xin:.. 'ts~. Oiily 0.99 weight per  
cen t  oxygen on the a .bsorhent  was o 5 t P i i i e d .  Vith t h e  u s u a l  
Rumford material;  i . e . ,  l.9 t o  2C) nesh granules ,  t h e s e  con- 
d i t i o n s  g i v e  e s6en t i a l l . y  coirpls te  s z t u r z . t i o n .  It appears 
that these g e l l e t s  a r e  dec ided ly  i n f e r i o r  with r e s p e c t  t o  
r a t e  o f  absoTption.  

Tine Rumf'ord Cherfiice.1 Co. has prepmed some, p e l l e t 8  con- 

Desorp t ion  experiments  w e w  a l s o  carried out f e r  t h e s e  
same p e l l e t s ,  ar_d f o r  t h e  mstsrinl w i t h  0.99 weight per  cen t  
oxygen the f 'c l lowing r e s u l z s  w e r e  obta ined- :  

Desorption T h e  - X;;inutes 0 5 10 20 40 70 
P e r  cen t  desorped 0 23 36 60 86 100 

These tesar rp t ion  r 2 t e s  si-e very much s lower than  would nor- 
mally & = b t e i n a 3 g  I n  general complete d e s o r p t i o n  is ob- 
t a ?  i ~ (  C; E, : ~ ~ i ? x ~ - ' ~ e s .  Iz i s  riot kilowr, whether t h e  s lower 
r a z e ?  o f  sSaorption ana  d e s o r p t i o n  a r e  due t o  t h e  i n c l u s i o n  
of the  ta3.r;. o r  due t o  t h e  pill size. 

1 2 b 2 4 b 0  
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VII. FROGRAIJI 

1. The work on the l i f e - w t i v i t y  of the r b s o r b e n t  i s  
be ing  pushed, end i t  i s  hoped t n c t  the  f l o w  of-experimentFl 
results will be F c c e l e r r t e d  i n  the n e m  future. 

2 *  The r :ni t  f o r  t h e  N~vt-11 R e s e ~ r c h  Lnborp to ry  is be ing  
s l t e r e d  t o  o b t p i r .  w t i s f P . c t o r y  oper  . t i o n  end r f t e r  P c e r t c i n  
.moun t  of t.es’;l.ng in our l e b o r r t o r y ,  it i s  p lenned  t o  ship 
t h e  u n i t  t c  t he  Nr.val Reseerch L o b o r c t o r y .  

desorption c o h d i t i o n s  5.9 being o k t c i n e d  t o  P i d  t h e  k. T.:. 
Kellogg Company i n  their design c p l c u l F t i o m .  

3. Additgonnl i n fc rmz t fon  under  v a r i o u s  a b s o r p t i o n  and  

4. It is plEnned t o  r e q m e  work on the d i f f u s i o n  ap- 
peI?e.tuS, copper gr id  Prrengemerlts, rnd P d i a b a t i c  u n i t s  e s  
soon es p o s s i b l e .  I 

i 

i 
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