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I.   SU:::^RV 

The problem under Investigation is  the study of 
various chemical compounds  aapable of absorbing oxygen 
from air and being rsgeneratable to give mire oxygen 
and the original compound. 

The experimental  work cprried out in this orogram 
has so far been chiefly concerned with a study of the 
cobalt acstate-salicylrldehydc-ethylencdinmine compound 
reported by Teumaki and Calvin.    A study of the physlor.1- 
ohemloal properties of this material indicates that it 
forms r. loosely bound oompound ^ith oxygen giving a 
divariant Bystea,   i.e.,  tho amount of oxygen taken up 
by tho compound is  a function of tho tempcrrturo and 
oxygen partial pressure.     The -properties of tho compound 
are  such that it works satisfactorily in the temperature 
region of 0 to 100° C. 

A study of  the absorption and desorption properties 
of Co-Sa-En in Jt-inoh i.d*.  steel tubes lhdloatcfl that 
by using air pressures of  70 to 185 lbs./sq.   in.   g.~.   and 
absorption temperatures of 20° C.  followed by regeneration 
with stem at 100° C,   it v/ill be possible to operate 'Tith 
complete cycler of fror. 6 to 10 minutes.    The nbsorption 
rate decreases r-pidly.ith inorc^eiiig torapcrnturc but 
this c~n be partly of feet by Increasing absorption -ores- 
sure.    The regenerated oxygen can "oc obtained under r. 
pressure of n fc*: -tr.osphcrcs  If this is desired. 

On the b-sie of the dat- 
tub;, it has been cstlnatod tl 
lng oxygen at the r-tc of aboi 
structcd. Such n unit would 1 
lbs. pad would oooupy n spaoo 
The unit vrould require frcr. a 
half of gasoline per heur and 
'•.^tcr per minute, tilth the. c: 
mentr,  the unit would be self- 

obtained "ixh the  >-inch 
iat rii appar'tue for oroduc- 
;t 20 lbe./hr.  could be  con- 
'cigh from 2,000 to  2,p00 
V  ft. by 6 ft. by 4- ft. 
grllon to " g -lion and n 
."bout 2S ;-llons of cooling 
so option of these rcquirc- 
-contained. 

A literature serrch for inorg-nlc compounds thpt 
might be used as oxygen absorbents indicetes that most 
of these operate In p relatively high temperature region. 
Ho,Tev3r, it may be possible to use the alkali nitrptc- 
nltrite system or the barium peroxide-metallic oxide 
systems in the. temperstur: region of 300 to 600° C.  I'o 
experimental work has be- n cprricd^on these inorg-nie 
compounds. out 

-' * - r. r*. _" 
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II.  STATEIIZrT OF PR03LEI 

The statement of the problem ?s given in the con- 
tract with I'DRC is "To study and report on the avsila- 
blllty of chemical substances which take up and give 
off ojiygsn rcvTsibly r.nd, if R promising chemical is 
found, to develop an exp-.r,imcnt.',i unit for the oroduc- 
tion of gaseous oxygen by euch ncans.  The investigation 
vrill not include a stucVr of barium peroxide but trill be 
directed toward the discovery of conr^ounc's whioh behave 
similarly but at lower pressures and temperrturos." 

The work carried out on this contract so fnr has 
be n directed into two main fields: 

' 

1. a study of the cob.-,lt-Pali'cyl.-.ldchyc"l.c-cthylenc- 
dianinc confound (Co-S~-En) originally reported by 
Tsumaki, (l), and 

2. r.   study c.f  other oonpounds -orrticulrrly thofc 
of inorganic nature,. 

1. Bui. Chea. Soc. Japan 1£, ?52, (15?") 

- 
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III.  COBALT-SALICYLALDEEYDS-STHYLZäESIAlII.'Z COIJCUI'D 

A. Preparation of 0o-8n-gn 

The nr.Jor portion of the experimental effort ans 
boon expended on the study of this compound. The details 
of the prcppJEv.tione employed in making the Co-Br.-En 
compound rxc  given in the Appendix, but the method en- 
ployed '-.'as essentially that given by Tsumakl. In this 
preparation, the cobplt acetate was dissolved In w"ter 
and added to a solution of ethylenediamlne in alcohol. 
The resulting mixture was carefully deoxyt'enated and 
then treated with the ealicylaldehydo. The reaction 
Is rapid pnd the mixture sets to a gel in a few minutes. 
This gel slowly ohanges ^vcr to a crystalline form, and 
as indicated by Dr. Calvin, (2) the type of crystals 
obtained can be varied by the temperature and time nf 
crystallization.  This product is recrystpllized from 
pyrldlne, and these latter crystals then depyridinated 
to give the desired compound. The absorption capacity 
cf the compound varies with the technique of preparation 
and the highest orpaoity so far obtained is that r?oorted 
by Dr. Calvin '-''rich was ^.9 per cent oxygen by weight. 
This corresponds to an absorption ^f 1/2 mol of oxygen 
per cobalt atom. 

3. Suspended Powder Experiments 

The Initial work In the study -f the Co-Sf-Zn 
compound was directed to a study of it? oxygon absorp- 
tion and doscrption properties under conditions of a 
fluid suspension of the pondered compound.  This fluid 
suspension o >erptioa involves pas«!!':.^ the gases through 
a bed of the finely divided, npterial at r velocity suf- 
ficient to suspend the particles in the gas stream 
but low enough so as not to eject them from the system. 
This type of o^err-tion was O'v.loyed ?iace it fives ex- 
cellent contact and mixing of" the solid particles "ith 

1. Bui. Chen. Soc.  Japan !£,  252,  (193") 

2. Prelinin.-ry Report May,  19L'l 

. 
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the gas stream. "  The details of the apparatus used 
are indicated in Fig. 1.  During the absorption cycle 
oxygen or an oxygen-nitrogen mixture was added to the 
system and this gas recirculated through the unit by 
means of the reciprocating compressor.  Additional 
oxygen Has added from the reservoir at a rat<".' suffi- 
cient to maintain constant pressure within the circula- 
ting system, and this rptc of oxygen addition measured 
the rate of absorption Kithin the unit. During the 
regeneration cycle pure oxygen was recirculated through 
the unit and oxygen withdrawn from the system in order 
to maintain const?nt pressure.  This unit was con- 
structed of glass and wae only suitable for atmospheric 
or lower pressure operation. 

The preliminary data 
presented" in Figs. 2, 3, 
the cxt nt of absorption 
time, partial pressure of 
temperature. In ferner-1, 
pcraturcs around 20° the 

obtained on this unit arc 
nd k.    Figs. 2  and 3 indie-te 
r. a function of the rbsorption 
the oxygen, ?nd the absorption 
it will be noted th-t ,-t ton- 

rate of absorption is very low 
for partial prespures of ox,"f;',n approximating those in 
the normal atmos her':.  This rute of absorption increases 
relatively ravldlr wit»: the partial pressure of the oxy- 
gen or with a decrepse in absorption tcm->erpture. Those 
results also indicate that the ultimate amount of oxygon 
absorbed is a very definite function of the oxygen par- 
tial pressure. Before these data were obtained, it had 
been assu-^d that the rction of the Co-Sa-2n compound 
with oxygen was nanovarlant, i.e., there was a definite 
equilibrium jressurc of oxygen at a given tonperrturc 
independent of the decree of saturation of the material« 
However, the increasing values of the absorption asymp- 
totes with increasing oxygen pressure indie-ted that 
the degree of saturation was ä rather important varirblc 
and that instead of being nonov-riant, the rcrction was 
probably divari^nt and y»l cither of the adsorption type 
or the compound ".nd the oxygen'-'tcd-^roduct formed "solid 

1. The suspended powder i.iothod in a comnercial unit 
would operate continuously with the ponder being intro- 
duced into the absorvtion unit with the air, then pass- 
ing to r.  separator from which it would be introduced 
into the desorption unit. In the desorption unit 
heated oxygen would be circulated to give the suspension 
and the regencrrtcd compound would or:  recycled to the 
absorption unit. In such n operation the hept transfer 
to the wells is good due to the fact that the whole 
gas-powder mixture b-haves like r turbulent fluid. 

I 

■ ". - "" . 



FIGURE I 
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8olutlons" vlth each other. 

Fig. k- presents results obtrlned on regeneration 
of the oxygenated ooiipound at 100° C, and Indicates 
that essentially cor.piote regeneration can be obtained 
in k-  minutes including the heating tl:c. 

C. Study of Physical-Choralca1 Properties 

These preliminary results indicated that the rate of 
absorption of the oxygen fror, air at c trosphcric pres- 
sure was probably too slo" to be of any Importance 
and since the physicnl-chonical characteristics of tho 
reaction were not nonovrrlant, it vra felt desirable 
to malte a more detailed study of these characteristics 
in order to be able to choose more suitable opcrrting 
conditions.  For this reason a brtch absorption apparr-.tus 
(Fig. 5) w«"s constructed for a study cf the equilibrium 
properties of this compound. In this unit the oxygen- 
absorbin^' conpound vaf ohr.rged into the U-tubc, &,   and 
the oxygen gas could be circulated over tho solid baok 
."nd forth between the burettes C and CL  Constant pres- 
sure was i^alntainod In the unit durir.c; the rccirculr.tlon 
and periodically tho volur.o changer wer? dctc mined. 
Addltionr.l gas could be added or rer.oved fro-1 the system 
If this were necessary.  Ter/perature control was achieved 
by incersinß: the U tube In a Dewar of llauid nalntfiined 
at the deeirecT tonperr.tui'c. 

The results obtained In this apparatus confimed 
the tentative conclusions rcrcY.'d.  in the previous studies. 
For cxanplc, the unit was comlctcly evacuated and the 
cor-pound cLcoxygcnnted by heating and was then charged 
with oxygen under an absolute pressure of 5 nn« "■'1th 
thc corpound r»t roon tenporature the pressure slowly 
dropped over a pcrlo«?. of sever"! days to arounc". 3 ""•• 
Indicating i very slow but dofinit' absorption ~t these 
low pressure?. A pressure of 5 r'*- ,-"'G ""-uch lo*Tcr th°n 
had been expect;d for the r.onovarlant syster. at this 
tcripcrr>turc". The compound was then treated -1th oure 
oxygen -1 50 ocii pressure and r  tenper^turo of 23*2° C. 
for 22 hrr., and a rclrti-vcly Plow absorption of oxygen 
Has obtained. The profiPuro was drooped a few cr.. and 
a Glow dcForption of oxygen roPultoA. A nunbor of suc- 
cessive decreases In pressure each jave additional amounts 
of desorption, thus the mount absorbed "as r very definite 
function of the oreseure Indloatlng a divs.riant syste--.. 
In these absorptions and desorptions the rates were low 
and there 'as a v-. ry definite indication of "auto-catalysis" 
I.e., the rate of absorption after a snail mount of oxy- 
gon had been taken up by tho oornound was faster than the 
rate of absorption vlth r completely deoxygenated corpound. 

- -i 

. - 



FIGURE 5 
EQUILIBRIUM   APPARATUS 
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D, Absorption 1.» Packed Tubes 

WO.B 
in- 
the 
the 
tha 
be 
11 
cul 
pr.o! 
air 
be 
lng 
p.ba 
pre 

At this stage of the inv 
hold "ith Dr. Furnas, ;<nd 
odlr.to experiment-! effort 
development of r.  0rir.ll 

atlgation n conference 
It was decided th^t the 
should be directed to 

On oxy^cn-produclng unit. 
b-.sis of available information it w.a concluded 

t the dit" necessary for designing such a unit could 
-lost e::pcditlously obtained if the typo of unit wore 
itod to p. fixed bed of the Co-S.~-2n oonound, parti- 
-.rly P. unit cont.nlninK r. : multiplicity of small tubes 
cod '"ith the Co-S"-Sn co:"pound through ','hich the 
would be pissed and "round vfaloh cooling water would 
circulated during the -br-orDtlon cycle -rid stc.T. dur- 
thc dosorption cycle. In order to obtain shorter 

orption ti .CF, it wr.a propor.ed to rtudy hi;;hcr rlr 
csurcs. 

In order to make these studies, rn apparatus con- 
elating of F. single one-half inch l.d. tube racked with 
the Co-Sa-Zn compound vaa used. This tube was ^aced 
in a Jacket so thpt it could be heated or cooled and a 
small reciprocating compressor was used for obtaining 
the air under oresFure.  This air -as carefully filtered 
to remove any entrained oil before prsFing through the 
absorption unit.  The unabsorbed portions of the air 
were expanded to substantially atmospheric pressure and 
then metöred.  During the absorption c'clc constant pres- 
sure and conrtrnt rate of flow of the exit fas were ob- 
taineci and ooollng wpter of a constant temperature was 
circulated through the Jacket. At the end of the absorp- 
tion cycle the flow of air was discontinued and the pres- 
sure 'Tithin the tuba was "llowcd to drop to 1 ntrrioP^'ore. 
The compound was then >«t?oncratcd by florrinp steam through 
the Jacket around the tuba Mvl the amount of oxygen 
evolved was measured " olumetricayly by the displacement 
of water. This volume of oxygen iraa Warrectcd for the 
expansion of the air in the voids due to tho he-.ting 
oocr^tion. '.Tien the evolution of oxygen had become ex- 
tremely slo", the unit "as cvacuat-c" while still being 
heated', and "as then cooled while evacuated to pr-vent 
any oxygen 'bsorption. After the unit was com-fletriy 
cooled, it w-s pcr.d 
Sorption cycl .  Th: 
following discussion 
from the y  riod when 
after cooling, up to 
discontinued.     The  deForpfcion time   is 
time  Btoao first enters  th:  Jic?::.t up 
tion 
the 

ir:  discontinued and 
her tint, tlsae.     A öl". 

for the initiation of .-not'-cr  ib- 
ribeorptlon time report :d in the 
of this -;or!:  is  the length of time 
rlr was readmitted to  the unit, 
the tiao that the flow of ^ir was 

measured from the 
to th:  time desorp- 

"Ghercforc  tltLr  oeriod Includes 
r m of  this unit ir gLvon in Fig. 

■; 

■ • - 
- ■   .. .. 
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FIGURE 6 
APPARATUS   FOR RATE  STUDY 
USING AIR" UNDER  PRESSURE 
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In the first runs that were made with this apparatus, 
It was found that nolsture '--as condensing In the unit dur- 
ing the absorption cycle.  The air being used had been 
compressed and then cooled to approximately 20° C. and 
was undoubtedly saturated with water vapor under the 
high pressure at this temperature. During the oxygen 
absorption a proportion of this moisture condensed due 
to the decreasing number of mols of gas.  On regeneration 
this moisture revalorized and due to a portion of it 
remaining in the voids at the end of this period, the 
actual amount of gas ovolvod wna somovhat uncertain. 
The presence of this moisture on the compound at 100° C. 
did not appear to dccrcr.se the absorption activity. This 
effect of" moisture on the absorption* activity is not 
conclusive due to the fact that only 15 desorotion runs 
of about 5 minutes c^ch vorn made in the presence of 
moisture. In order to lncrcrc the accuracy o:~ the re- 
sults and to wold any posriblllty of lowering the ab- 
sOjTption activity due to the presence of moisture, the 
equipment was modified to prcdry the air before coraprcr- 
slon. 

1 

The -'.-inch tube was ohargod with K-G.J  gram* ef the 
Co-S--_3n compound, 4-g mc^h, which filled It to a depth 
of about 32 lnohce, indie-ting ~n ap 
of 0.4- g./cc.  A scries of runr worö 
at pressures fror. 10 to 125 lbr./rq. 

"ir flo*» and with a":r-or 
to 35° C.  In .-11 error 
out -t 100° C, -1 though th 
vricd fror: atnopphorio  to 

ing rater of 
fron 3.5° C. 
were carried 
prcsrurc wriP 
115  lbr./rq. 

arcn.t bulk density 
made on this  tube 
in.  gr,  with vary- 
tion tcmpcrr.turcfl 
the dcror^tion run.' 

desorption 
hlKh as 

in. The results of this series of runs are 
plotted in Figs. 7 to 15 and summarized in Table I.  Two 
different charges of Co-Sr-Sn '^ere studied, one having 
an absorption capacity of about 1.6  "eight per cent 
oxygen, and tha other having an absorption capacity 
"+.5*^ weight r>er cent oxygen. 

of 

The results for the oompound having the 1.6 per cent 
oxygen absorption capacity are given in Figs. 7 to 13- 
Fig. 7 indicates the weight per cent oxygon In the com- 
pound as a function of the absorption time for a con- 
stant rnto of flow of exit gas as rv funotion of the ab- 
sorption pressures at ->n absorption tompcraturo of 20° C. 
At low pressures i.e. 10 to 25 lbe./sq. in. ga. the rato 
of absorption is very slo'-, but lnorcaeoe r pldly with 
prccGur?. These curves lso illustrate the "-uto- 
catalytic" of foot at th-: lower ores-uroe in that the slope 
of the curves at 25 nnd '!-0 lbr-./eq. in. increase with the 
per cent raturatlon up to about 0.-'!- per cent by weight 
of oxygen in oompound. The offoot of prroruro is v ry 
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7 bonoflcir.l up to the order of 100 lbe./sc.   in. go.  but 
rppcors  to be less advnntr.gooufl for further lr.croorcs 
in the pressure,   but at the higher pressures the rote 
of absorptions given "oy this figure r\ro portlolly limited 
by the etoichiomctry of the opcrr.tion.     Thus,   the mnxl- 
mum posriblc occ-orptlon,   if 100 per cent of the oxygen 
'•rcrc r moved fron the oir,  is indicted by the straight 
dr-.ched line to the left of the di^gr^m.     The curves ob- 
tained r.t the- higher pressures "re  ->opro~chlng this 
n.syaptotc lndionting thrt  n high percentage  of the 
oxygon fcr.e bc.-n removed froia the ~ir r.nd the oxygen 
supply limits the absorption  -t rhort rjrriode  of time. 
At longer obrorption tlnee-,   the compound in very nc~r 
poturotion rjaA therefore  Fhovfl little effect of pressure. 
The per cent rcnovl of oxygen from the "ir T- n  function 
of the   -.bsorptlon  time is given in Fig.   & for the pome 
runr.    Fl~.  8 illuptr-ter  the high percentage oxygen 
removal thrt c~n be obtained by uoing high ~b.Qorptlon 
prcfurc.    The  ".-uto-cotol-'tic" effect i? clcoriy ll- 
lurtr-tcd a;- the curver  ~t 25,  -!-0,  ryjd 70 lb?./ PO.   in. 
In order to determine the effect cf the per cent rrmovol 
of oxygrn from the  oir on the rotr  of ^b~orptio:i in the 
initi-1  pt-gec of  the cycle,   Plmil*".r rune were carried 
out ^t  the higher prrrrur.-p for oir r-trr  of 0.36,   1.66 
r.nd 3*35 3U. ft./hr. |   ond the  rrsultp  of thc^c runp  TC 
given in Fige.  10  to 13«     AB vould be  expected the higher 
rr.tce of r.ir flov inorc.ee the r"t.:p of obrorption ".nd 
Improve the rcrultf  obtained -t 1?5 lbp./pa.  in. relative 
to the results for the lover prerruro".    Thl? improvement 
ot the higher floT? r-tcp  ir undoubtedly largely due  to 
the higher rorldur.1 oxygen prcorurcfl in the exit gn.B. 
On the b-.plp of thcp ■ CLn.tr. it would be oxpeoted thot 
Btlll higher roter  of obrorption could b.-  obtoincd ot 
higher preßpurer  ■ nd ro.tc ~  of iip floWt 

Figs.  lk -«.nd 15 present Pimll-r d^.t • for the more 
active compound.     Thcnc runr wore obtained ~t -ir rotre 
of k-,52 cu.   ft./hr.   c:J.t g-r.     Thin cnrrcppond'-  to  the 
1.66 cu.  ft./hr.  for the l.S compound,   i.e.,  1.66 1P  to 
l.S roughly  oe k-,52 ip.  to k-.^k. ' T?ic curve? ore very 
-imllor to  those  obt lined "1th the loiter obporbnt c-p'»- 
Oity  compound one   indiooto   "pproxinrtely the  e-nr per- 
centage r-tur-Hi..■'-:* the C'r.v.-^und ~s o function  -f the 
time. 

A fow runr  wer'-, no.de in order t- det rni.iC  the 
effect of "bP"irpti^n tcnior^ture ond thcee  rro  p-umrvr- 
lzcd in T"bl"  II.     It will be noted th-t lncre^Ping 
the  tor.pcroturc to  35" OOUPCP   - very r.or!;cd decreorc 
the rr.tc of ~bp~rpti'-n.     Thu*,   ot t 
rignifient  "brerpti^n V-P obtained 

in 
lr trrpcr^turc no 
vhen tho t^tP-1 pressure 
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of the air was 70 lbs./sq. in.; and the rate of absorp- 
tion at 125 lbs./eq. in. and 35° 0« was less than l/5th 
as rapid as obtained et 20° C. although the partial pres- 
sure of oxygen in the air was higher. Data obtni ned at 
absorption temperature of 3»5° 0. are also given in 
Table" II and the absorption rates .ire higher than were 
obtained at 20° C, although the per cent oxygen in the 
residual air has been reduced. These results indicate 
that when using the Co-Sa-En compound, it will be desir- 
able to employ low absorption temperatures.  If tempera- 
tures of the order of 35° must bo employed, then still 
higher pressures, probably of the order of 200 to 3°0 
lbs./so.. In», should be employed during the absorption 
cycle. 

In all of there runs - period of U minutes was suf- 
ficient to oomplotc the desorption; this time includes 
the tine of heating. 

E. Preliminary design calculations on £_ hc.-t exch-nger 
type of unltTmoloylnf-; Oo-Sa-Ün. 

On the basis of the dat." presented in Tables I 
~nd II, it appcrs that a very prnctieal unit for the 
production of oxygen could be made using the Co-Sa-En 
comoound as the absorbent.  Thus, if the unit employed 
'•-inch i.d. tuber cached with this m-trlal, it should 
be possible to opcr-tc "t 20° C. with "n absorption per- 
iod of about H-  minutes, although periods as «short n.p 
two minutes might be used.  With these times of absorption 
it should bc possible to obtain saturations of the con- 
pound of the order of -30 per cent employing •orrs'-ures 
somewhere in the region of 70 to 150 lbs./sq. in.  Simi- 
lar results could probably be obtained -t higher absorp- 
tion temper-cures by the use of higher presourer. At 
the end of the -bsorption period, it would bo dcsir-ble 
to have ?. short and r-pld evacuation of the unit in order 
to remove the air from the voiür around the Co-S^-Sn 
tu', uhvs avoid contamination of the regenerated oxygen 
With the residual ~ir.  The arrangement nf.the bed and 
the moth-.d of heating should be ruch that the initial 
oxygen evolved would tend" to sweep any residurl gases 
out of the unit. The desorptlon phase could then be 
carried out at 100° C. by the use of steam with a heat- 
ing plus desorptlon time of 2 to k  minutes. The desorp- 
tlon would then be followed by a cooling period, ">nd n 
comnlet.^ cycle would rcouire a'.jout 5 to 10 minutes. The 
calculations ere on the'basis of 4.9,., QE iii the saturated compound. 

In order to obt'in a preliminary orientation as to 
«hr.t a small oxygen-producing unit night involve, a basis 
of h  cu. ft. of o::yr;en ocr minute wa.fl tahen. Such a unit 

• 
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weuld require from 125 to 175 lbs. of Co-Sa-En depend- 
ing on the saturation used and the length of the com- 
plete -.•ycle«  If this material were packed In fc-ineh 
l.d. tubes 3 ft. long, about 1,000 to 1,500 such fubea 
would be required.  If these tubes were made of steel 
with a wall thickness of 1/32 Inch, the weight of tubes 
would be from 400 to 600 lbs, The headers would add an 
additional 300 lbs. and the shells would weigh around 
100' lbs. Thus, the total weight of steel involved would 
be about 1,000 lbs.  These tubes should be arranged In 
two or more units tc make the oxygen supply continuous. 
If two units are employed, the desorptlon time should be 
slightly longer than the cooling plus absorption time 
In order to insure the continuity of oxygen flow.  If 
three units are employed, the desorptlon time should be 
a little longer than half the cooling plus absorption 
time. 

The power required for the air compression would vary 
with the pressure employed and the per cent oxygen re- 
moved from the air, but would be from 5 to 10 h.p. The 
small air compressor and gas motor necessary for this 
compression would weigh about 500 lbs. and would probably 
consume from 3 to 6 pounds of gasoline per hour.  In ad- 
dition, heat and cooling^ would be needed to the extent 
•f 100,000 B.t.u. an hour for the unit itsalf plus what- 
ever cooling was necessary for the engine and compressor. 
The major portion of this heet is required to raise the 
temperature of the steel from 20 to 100° C.  in each cycle 
The heat available in the exhaust gas of the engine is 
insufficient for this operation and external heat will 
have to be obtained. The extra heat could be easily sup- 
plied from a small gasoline burner and would require 
about 4 lbs. of gasoline per hour.  This heat consumption 
could be materially reduced if a type of absorption unit 
could be developed which employed lower ratios of metal 
to active «propound. Larger diameter tubes would reduce 
this weight factor but would probably decrease the ab- 
sorption rate and therefore might reaulre more Co-Sa-En 
so that the total weight of steel might not be any less. 
Other types of absorption units such as large beds with 
internal finned cooling colls might be employed or the 
material might be placed in a series of thin layers with 
a provision for cooling or heating between the layers. 
Such constructions might decrease the weight ratio of the 
metal to the absorption compound, but at present data 
are not available to evaluate such designs. 

Thus, on the basis of present data, a unit for pro- 
ducing 4 cu. ft. of oxygen per minute would probably weigh 

I ! 
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betveen 2,000 and 2,500 lbs. and could be contrlned In 
p. space y  ft. high by 6 ft. long by U- ft. wide.  Such 
a unit "ould rrnuirc fron a gallon to a gpllon and a 
half of gasoline per hour an?, about ?5 gallons of cool- 
ing; water per minute. Except for"the no requirements the 
unit '/ould be self-contained. 

Future Program 

The imr.iedi"tc   ;rogr-m of '.-:ork is  outlined to furnish 
additional information to serve as a basis for the de- 
sign of a sm.11 unit.     In this program it is planned to 
study: 

(a) The absorption cycle rt   -.resource up to 300 
lbs./sq.  in. 

(b) The  effect of  tube dirmet.r,  vith r  1-inch 
dimeter bclns next on the -orogram« 

(c) The length of the  v.ohcd bed. 
(d) The off ct of E-orition tcmorfturc in more 

dct-il. 
to)  Other type  of  fixed br.ds. 
(f)  Suepended ponder o-rr-tion under high -jrce^uro. 

- 
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IV.     IITORGAI'IC CCPOUl'DS FCR OXYGEN ABSORPTIO:' 

Although the major experiment"! effort has been 
expended on the Co-Sa-En compound,   a literature study 
and a sm"ll nmount of preliminary work have been carried 
out on inorganic compound!? oap"blc of roveralbly r.baorb- 
lng und doeorblng oxygon« 

Comisounds of  this kind hnvc long been known rnd 
the 3rin procoas, involving the barium oxide-barium per- 
oxide  reaction, was  the braie of a commercial oper-tion 
which w.iB madr obsolete by "ir fraetionationt    T'Jhilc there 
arc ITJO numbers of lnorgnnio compounds that can be used 
as reversible oxygen absorbents,  oesrntially all of them 
require rather high trmocraturcs to give equilibrium pres- 
sure? of oxygen near ^n; atraoppkorc.    In fact,  thir; is 
the main drawback to their u*c.     For example,  the b-rium 
peroxide reaction ir very rapid at tcirooraturoe in the 
region of 300°to 900° C.   arid" the  solid c-n  -"beorb about 
10 per cent oxygen by woight r.o against  the  k.$ per cent 
for the Co-S^-Zn oompound,  but the heating and co->iing 
and equipment would -.11 be at   the elevated temperatures. 
If an inorganic compound could be found thet would rapidly 
and revereibl" absor   oxygen )n the temperature range'of 
300 to 500° C,   it could furniah the basis of  a practical 
oxygon-produoing unit. 

Th'^ literature rovcrls a large numb- r of inorganic 
compounds which will absorb and evolve oxygon and a few 
of the more promising are diaeuasod belo*'. 

(1) Barium peroxide-Barium oxide 
üarlura peroxide furnished    £:c basis of the 3rin 
process '■•hlch operated oomacroinlly in the latter 
part of  the last century.     The   >roccss v^s based 
on the fact that in the terajpor~'ture region.- of 700° 
to 900° C.   the barium peroxide-barium oxide system 
will reversibly abeorb" or give off oxygen depending 
on the partial prcaaurc.    Thus,  it is possible to 
absorb at l t nn-r' turo ^nd rogenor' tc at a higher 
temperature,  or it is   -»ossible to op-rate at con- 
stant t :mporr.ture by a variation in prcaaurc. 

(2) Alkali nitr-t--nitrite 
The  "l':."li liitr tos,for ox~:plc  the sodium nitrate, 
a'-gin the evolution of oxygen at atmospheric pres- 
sure around l!-00° C,  th:  nitrate ohanging to the 
nitrite.     This decoa-»osition is net complete due to 
the rolution formed, hut it appears poePiblc that 
decompositionsar high as   25 per cent" might be 

. 
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o 
obtained at tep-jer,-'tures below 600 C. This 
partial deconposition would not be a serious 
drawbacl: due to the fact that the per cent 
oxygen by weight evolved In going fron tre 
nitrate to the nitrite is rather high. Thus, 
a 25 per cent deconposition of lithium nitrate 
would correspond to about 7 per cent oxygen by 
weight. Thc'sc nitrate-nitrite By atoms would be 
liquid in the range of operating tomcraturcs, 
which night be quite advantageous fron 0 mechan- 
ical vlotrooint. 

(3) Barium ocroxldc-uctr-lllc 
The literature 

oxide 
that indicates that the deconposition 

pressure of bariun peroxide c~n or r:rc-tly in- 
creased by the addition of other metal oxides, 
or the decomposition temperature can be lowered 
at a given pressure.  Such oxides es .copper 
oxldn, calcium oxide, magnosium oxide, ccslun 
oxide, ".nd a number of other oxides with barium 
peroxide will givo oxygen deconposition pressures 
of 1 atciosphorc i.i the tcsnoraturc r~nge JOoPto 
l!-00° C. Howcv r, the literature doer r.ot give 
any indication ar, to whether these mixtures 
will rcabsorb oxygen in this temperature region. 

There ~rc a nunb r of other oonpoundr- such as cal- 
cium plunbatc, a mixture of sodiua plur.b-tc "nd sodium 
nanganatc, cuprous chloride, n-vig-.i.ore dioxide, and others, 
but they do not ."ppo-r as nronlflng ~r  the aLkali nitrates, 
bariun peroxide, or bariun ocroxido-nctalllo oxide systems. 

Sxpcrlnontnl 

Only a fe^ experiment.-1 rune have been carried out 
on barium peroxide in order to obtfln rn orientation in 
this field. An apparatus for the study of this absorp- 
tion has been constructed in which ox"gon or oxygsn- 
nitrogen mixtures crn be passed over the compound being 
studied at the desired tempcraturo and pressuro, and in 
which the rpte of oxygen absorption or evolution can be 
measured. This apparatus ie shown schcnaticlly in 
Pig.  1''. 

Future Prorram 

*."*ork on the inoraynic systems hae ben discontinued 
for the immediate future in order to concntrat  11 
effort on the development of " smell unit using the Co-Sa- 
2n compound. The futur progr a on inorg nie compounds is 
contingent u:>on the raoidity with whioh the results ere 
obtained 
?ound. 

~nc. tne completed on the Co-S--Ln com- 

• - ~ . 
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V.  APPENDIX 

A. Preparation of the Compound. 

Add 3.11 liters of C2H5OH and &9  grams 60 per cent 
ethylencdiominc to a 5 liter finals in p w-tor brth ~t 
ho°  C. The oxygen is removed by evacuation and shaking 
of the solutions for 15 minutes. Add I.39 liters of dis- 
tilled w.-tcr to a 2-litcr flr.sk and dcoxygcn.ito as above. 

Fill the 2 liter flask with nitrogen to one atmos- 
phere pressure and add 276 gr~ms of cobalt acetate, 
CoAcg.4HoO. Rc-evacuatc the flask and shake well until 
the solid is disrolvcd. In order to prevent any hydro- 
lysis the solution should be comlct-d within a period 
of 5 minutes after adding the cobalt acetate to the water. 
Immediately run the cobalt solution into the alcohol solu- 
tion inthc absence of oxygon. The 2 and 5 liter flasks 
arc interconnected with rubber tubing. Shake well nnd 
add 276 grrms of srllcylaldchydc to the solution through 
a dropping funnel with thorough shaking. All of the 
aldehyde must be added r~pidly and the solution r.hakcn 
immediately ae the mixture soon cctr to ~ thick gel. 

It is believed that it is desirable to avoid contact 
of the solutions with oxygen. The maximum oxygen th"t 
could be dismlvcd in the rrr>.ct."ntP when saturated with 
air at one atmosphere amounts to approximately .01 mols 
per 1 mol of the compound or a maximum Irreversible oxi- 
dation of 2%.    The important factor is probpbly oxidation 
by the air in contact with the solution. The rate of 
irreversible oxidation during the reaction has not been 
determined but it Is not advisable to give it an oppor- 
tunity to t-ke place and it is easier to avoid oxidation 
than to determine its extent. 

One of the variablen is the time-temperature inter- 
val of standing after mixing the rc-ctants. If filtered 
immediately the compound is red -nd not crystalline -t 
970 magnifications." If the gel from the lniti.-l mixture 
is allowed to rtand 2J!- hourr "t 500 C. it forms red cry- 
stals. The- size of the cryrt-lR increases with longer 
et'-ndini'. Batch L'o. 9 *T"C allowed to rt.-nd 11 doys ."t 
room temperature at whic?" time the crystals were of a 
black, purple color mc" they et-lncd the h-^ndF reel on 
rubbing" the Ci-yst-lr bct-.:e.-n the fingers. 

After Ftandlng In thi reaction licuid in a vacuum, 
the crystals arc flltcr-d while ;:nrrcd to -ir and wafhed 
with 3-200 cc. portions of alcohol" \nd ?-300 cc. portions 
of Air-tilled wtcr.  They -re then rlle™cc". to st.-nd over 
night on filter p-pcr to cry ~nc". then weighed.  There cry- 
stair do not absorb oxygen. The com •'■'tine'', if ^ctiv^ted by 
rccryptalliz.-tion fiv-n ^yrldi.ie, a fi."turat.:d solution being 
prepared at the boiling -oolr.t an;", filtered ~t -10^ C.  The 
pyrldin.: is rcno'/vc". by rvacu^öi^n -*t lSoo C. 

/ 
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TABjg I 

ABSORPTIG,   RATES  I     0: E-HALF INCH  TUBES 

A.     OJOfGEK ABS0R3I:"Ö CAPACITY - l.<? HEIGHT PER 

PRESSURE      EXIT CAS RATE A3S0?PTI0iT  »ZEIGET £ 
L3/SQ.i:-.CA.     CU.FT./HR.* TIL'S IK 

MINUTES        co?:?ou:: 

Temperature Durln.T Absorption Runs 

125 

it 
ti 
ii 

100 
II 

II 
II 
II 
II 
I 
II 

II 
II 

II 
II 

70 
II 

h 

II 

II 

II 

II 

4o 
II 

II 
II 

P 

"Keaeurod at P^° 

15 

i 
I 
I 
7 

15 
^0 . 

[• 

7 
15 

i 
7 

15 

7 

7 
15 
-i 

7 
17 

-   20£ 0. 

1.01 
1.75 
1.73 
1.15 
l.«9 
1.52 
1.60 
1.54 
1.62 

1.71 
1.73 
1.03 
1.50 
1.73 
1.7s 
1.10 
1.50 
1.31 
1.53 
0.495 
0.914 
1.56 
1.74 
0.57 
1.07 
•I. OO 
0.21 
0.4g 
1.0a 
1.35 
0.06 
0.17 
0.65 

CEI-T 

°2 0K:TJLATIVI 
_     i'OL % OP 
D   REMOVED- 

ü5PiL_AIR 

77.5 
35. S 
20.1 
oR.? 
50.2 
64.1 
40.6 
33.5 
21.3 
70.5 
63.5 
3«.l 
20.7 
5«. 5 
50.2 
26.4 
15.1 
^S.2 
3S.5 
29.a 
20.2 
40. (S 
*3.1 
55.0 
20.2 
34.7 
37.2 
14.3 
13.3 
17.2 
13.3 
II.5 
4.1 
6.2 
9.9 

■^nd 1 fitraofiuhero. 

' -.    r. - • 
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T 

TAEL3 I G0:'TI1TUSD 

PRESSURE      EXIT GAS EATS ABSORPTION WEIGHT % On CUMULATIVE 
LB/SQ.IF.GA.    CU.FT./HR TIKE IE KOL JS 02 

KIHUTES  COMPOUND RELOV3D 
FRO:: AIR 

25                 1.23                3p :   .0 
10                         »                           *4 0.03 

0.04 
2.2 

II                                                  II                                                 -7 

■1:1 n                               it                            15 o.os 
n                            II                         jo 0.25 2.2 

Temperature Durinf; Absorption Runs - 3?    C. 

70                     O'.o6                     4 0 0 
II                                   II                                  y 

125                    "                     4 
0 0 

o.l4 13.1 
II                                                  II                                                 -7 0.3 16.5 

5.     OSfGEE  A3S0R3I: G CAPACITY - 4.54 HEIGHT PER 01 

Tenraeraturo Durinn Absorption Runs . -  20°  C. 

125 'i    -n 4.52 4 3.^7 
4.09 

55.0 
11 II 7 3Ö.5 
11 II 15 '•.3-3 20.0 
11 11 30 4.51 10.5 

100 II 3.24 
£.13 

51.6 
II II 9.5 29.2 
II It 15 f!-39 20.0 
II 11 30 4.50 10.5 

- 
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Ti\BL3 II 

Zffect of  Tesnorrture 

PR3SSÜIC r GAS R. .TZ .»BS0RPTI02 WEI3HT JS Oo CUI.TJLATIVE 
L3/BQ.IE.'0A. ou •FT./KR * TI1.S Ii!         2 

I:OL > On 
:,T:'UTES CO::?CUI:D H3ÜCVZD 

PRO:: AIR 

To.-mcrr.tux'c During . ibsomtion Runs - aal a. 
70 1* 0 0 
it ii I 0 0 

125 II 0.1* 13.1 
II II 7 0.3 16.5 

Tonroorftturc During . i"osorv >tlon Runs - 3.<?° c • 

70 r.    H£ 0. 30 If- 0.92 53-7 
45.5 ii II 7 1.35 

ii !l 15 1.60 26.5 n II 3iJ 1.65 
1.1* 

13-9 
125 II 4 37.5 

II II 7 1.49 DÜ.Ü 
II II 15 1.70 39 
II II 39 1.73 1:0.7 
II 1.23 !»■ l.i'-i 77-5 
II n 7 1.57 52.5 rt !l 15 1.73 2Ö.5 
;i II 30 1.72 14.5 

' i 

OXXO-32! A3S0R5I1-& OPACITY - 1.3 WEIGHT PER CENT I ! 
Rf 
1   vi 

•i.'easurod p.t 25° 0,  nnc1 1 r.tmosphcro. 

I 

/ * 
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