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I. SULIARY

The »Hroblem under investigation is the study of
various chenmlicel commounds cepavle of abeording orygen
from air and belig regeneratable to give nure oxygen
and the original comdsound.

The exmerinental worik carried out in thles arogian
has so far beea chlefly coaccrned with a studr of the
cobalt acetate-salicrleldchyde-ethylencéianine zompound
reportcd by Tsumall zad Calvin. A study of the ~hysicrl-
chemicel proocrtiecs of this materiesl indicatce thrt it
forme 2 looscly bound comdound with oxrgoa Fiving a
¢lvarient systen, i.c., tiac cmount of oxrgon t~kcn un
by the compound is a function of tiac tcmmercturc ~nd
oxygen »artial pressurc. The oropertics of the comdound
arc such that 1t works entiefrctorily in thc temsnrﬂture
reglon of O to 100° C.

A study of thc nbeorntion r~nd Gcecorntlion pronertics
of Co-Sc-EZn in ’=inch i1.d. stccl tubes indicntce thot
by ueing alr nrcscurce of 70 to 125 ibs./ec. in. g-. nnd
absorstion tcnpcrnturus of 20° C. Toilowcd by regcasrntion
with stc~n ~t 100° C., it will bc noreliblc to opcrotc with
complctc eycles of from 6 to 10 minutie. Thac ~besorntion
ratc dccrchs”s r~oidiytith iaerc-el.y tomsorature but
this c¢~n b »Hartly offcnt Ly incrersing "oeorption Dres—
surc. Thc r*gyncrwtcc oxrgen ¢rn 32 cbt~ined under o
pressure of ~ fow ~Gogpiwcree Af this Le Ceslrad.

On the b-sle of thc Gt~ obtalncd with the f-inch
tubc, 1t hne beon cotinnted thnt rn ~wor-tus for wroduc-
ing oxygen at the r.to of r~hout 20 1be./hr. could b con-
etructcd. BSuch ~ unit would vecigh fren 2 0G0 to 2,500
lbs. ~ad would occudy ~ snncc 3% ft. by & ft. br 4 ft.
Thc unit would require frerr ~ grllon to n & 1llon ~néd o
half of gnsolinc »Her haur ~né ~bout 25 '"llcns of cooling
wnter por ninute., YWith the cicontion of these rcquire-
nente, the unit would be self-contaiueﬂ.

A literature seesrcih for inorgrnic comnounds thet
might be used as oxrgen ebrorbente indicates that rnoet
of these operatec in & reclatively high temnerature rcglon.
However, it mey bc nos3ible to usc the a2lkali nitrete-
nitrite system or the drrium oHeroxide-metellic oxide
grstems8 in the t-nmeraturs rogion of 300 to 6000 C. ilo
exncrincental work has bcin carricdvon theec irnorgzg-nic
compounds, out
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iI. STATEIZEIT OF PRO3SLEL

The statement of the »roblcm as given in the con-
trect with KDRC 18 "To study and renort on the availa-
111ty of chemicrl substeacce which take un and glve
off oxygen reveorsidly onéd, Af » mHromising chamicel is
found, to devclop ainn exporincntel unit for the Hroduc-
tioit of gnscous oxygen by ruch neens. Thc investigotion
will not iacludc a studr of oarium »croxidc but will be
dircetcd tovard the difcovary of comounds wirlch bchove
eimilarly dut at lowoer »Hrcssurcs ~nd tcmoerrturcs.

The worlt carricd out on tiile contrnct eso foar hrs
bean Girceted Lato two m~in ficlés:

1. o study of tic cobrlt-snlicyl-ldchydo-cthrlenc-—
dianinc cormound (Co-S-~-En) origin~lly rcrortcd by
Teumrki, (1), cnd

2. o studr of othcr comvounds nrrticulerly thoese
of l.orgrinic u~turc.

1. Bul. Cher:. Soc. Japan 13, 252, (15373)
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iII. COBALT-SALICYLALDEEYDZI-STHTLENEDIANI'Z COLPCULD

A. Prcpnrntion of Co-Sa-Zi

The nojor porticn 2f the oexmerimentnl zffort hns
been exoended on the study of this compound. The Ceotnils
ef the nronar~ticne cmplored ia mrking tiac Co-8-~En
cormound ~rc given in the Appendix, hut the mithod en-—
nloved was essentlelly thet given by Teumeki.™ In thie
nrenaraticn, the covelt acetate was dissolved in wnter
and added tn o solution of ethylenecismize in alcohnl.
The resultiag mixture wes carefully deosxrgeneted and
then trepted with the salicylaldehvée, The reaction
is renid ané the nilxzturc scts to a gel in a few minutes.
This gel slewly changes aver to a cryetalline fornm, and
as indicatcéd by Dr. Calvin, (2) the tyne of cryetals
cbtained can be varied by the temerature and time nf
crvetellizatiorn. Thie product is recrrstellized from
nyridine, znd these lptter crystals then ce»nrridinated
to glve the desired comm~und. The absorotion canaclity
cf the cnmoundé varies with the technicue ~f »nremarcstion
ané the *ighcest crnecitr &1 far obteined 1e that renorted
br Dr. Celvin *™ich wae 4.9 ser cont ~xrgen by weisht,
Thie corres)mnde t~ en abesryticn »~f 1/2 mal of sxygen
ner cnoelt otom.

3. Susncnded Pocwder Ixodcrimonts

The initial w~ork ia the studry ~f the Co-S:-~Zn
ccmpoundé was dirceted to a study of ite 2xrzon abscrn-
tion and descrntion »roncrtice under crunditions of &
fluid suscneisn of the povwdered comround. This fluid
sugrension ojeretion l.volves naesing tiie gases through
a bed of tie finelyr divicel nmateriel at e velocity suf-
ficient to sussead the Harticles in the g rs stresm
but low enough so ag not to elect them from the syrstemn,
This tyoe of oscerotion was ev:lored ciice 1t pives o~
ccllent coatact and mixing of tho eolid Harticles ita

Chen. Soc. Jenan 13, 252, (1935

2, Prelininsry Renort ifay, 1941
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the gas streen. The details of the apparstus used
are indicated in Fiz. 1. During the absorntion cycle
oxygen or an oxXygen-nitrogen mixture was addeé to the
system and this gas recirculated through the unlt by
means of thc recinrocating comprcssor. Additional
oxygen was added from the rescrvoir at a ratd suffi-
cient to maintain constant pressure within tihe circula-
ting system, and this retc of oxyscn addition measured
the rate of absorption within the unit. During the
regencration cycle purc oxygcn wes rceirculated through
the unit end oxygen withdravn from the systcm in order
to maintesin conetrnt Hrcessurc. This unit was con-

structcd of glass ~nd wee only suiltablc for atmosnheric
or lowcr Hressurc oneration.

The Hrelimincry dot: obtrined on this unit nre
wrescnted in Figs. 2, 3, =né 4. Figs, 2 »nc 3 indic~te
the cxt'nt of nbsorhtion ~s n fuiction of thc ~rbsornhtion
tinmc, parti-l Hressurc of thc oxygca, ~nd thce nbrorntion
tcmpernture. In goner-l, it will be noted thot ~t tom-
aerrturcs around 20° the ratc of absor:tion ies very low
for nartiel Hressuree of oxygeon o hroximatiag those in
the normel atmoe-hers. Thic rate of abror:tion increases
relatively re>yidly with the Hartisl Hressure of the oxy-
‘gen or with a decercese in absorstion temnersture. These
rcsulte also inGicetc that the ultimstc enount of orygen
absorbed is a very definitc fuaction of the oxygon npar-
tial -iressurc. Beforc these éata werc obteined, i1t had
been asfurné that the setion of the Co-Se-En conmpound
with oxygen vos nonovariant, 1.c., therc was o definite
cquilibrium Hrcssurc of oxygen ~nt » given tommerature
indcoendent of the degrec of saturation of the natericl.
Howevcr, thc lncrensing v-lucs of the absorhtion asymn-—
totes with 1ncrenging oxypon Hroesurce indicrted thet
the degree of snturntion wns ~ rn~thor imortont verinble
ond thot insterd of »eolag monoverinnt, tine renction wrs
probnbly diveriosnt ~nd w~s cither of the ndsorntion tyne
or thc comnound nnd thc axrgonnted-nroduct formed "solid

The sushended nowder wacthod in a comnerclal unit
would oacretc continuously with the »nowder beoilng intro-
duccd into thc cveor-tion unit with the ~ir, then pass-
ing to . scparator from vhich it would bc introduccd
into thc desorption uanit. In the desorntion unit
hcated oxygin would e circulatcd to give the suencnsion
and thc regeancretcd compound would. v cereled to the
absorntion unit. In such ~n oneration thc heat transfer
to the wolls is gool duc to the fact that the whole
gas-n0owder mixturc b-haves like » turbulcnt fluld,




FIGURE |
SUSPENDED POWDER
APPARATUS




K=Y FOR FIG. 1
SUSPL. DD P04D8R  APPARATUS

FlLO# 1.8TuR 1aNOnLTER

ORIFICE

aN0uiITER FOR S370T.ae PRLSSURE
LaNOlsSTAR FOR O R@SJRVUIR

ValVi - RUGULATLS TO waINTaIlk COWSTANT ~fRESSURE
IN 3YSTan

0z RASZRVUIR

SUSPLnDad POwVIR TU3w

DUST SuPaARATOR
SUSPE&nDeEDd rOwdiR

AIR HBaT _XCHANGIR
JACKLT

DUST FILTZR
C0..PRs5S0R

OIL FILTZR

FLOJ RuGULATILG VALV
STlak AND WallR IN
COLDLNSaL. OUT

STinls aAlND waTal OUT




SELAUIN T GIOIQZEC 2

© o — § 8 s e s e @

DXYO INIDMTL IHAIAM

s
o

i

eotofoss B+

i

aNAOIA0D HI

‘SSYW 3OGRIBWYD “IAY "SSYW OF

.
'S "D H '3¥OLS A9OTONHIIL L* W03




20 MASS. AVE . CAMBRIDGE MASS.

TECHNOLOGY STORE, K C.S.

o T A
Dladek

3

T
-

O

d It

—
<
-

0¥

'
-

o
L

0

el
AL

0

T~
W

ISR 5508 besat
y
o

o

ar

a

'y




NOIJLJHOSEQ

e . @ v &

pot
ersabenan

ANAOdHOD HOMA AEAOWIEY NFOHXXO INFEOVEJ LHOIEM

‘53" H '3301S AOGIONHIIL 1YWyO04

SSYW 3O0UIWYD “IAY SSYW OV




5

solutions®” with each other.

Fig. U pressnte resulte obtained on regeneration
of the oxymonated comound at 100° C., end inéicatecs
thet csscntially complotc rogcneretion can be obtalned
in U minutes includiiag the neatiag ti:c.

C. Study of Physicel-Chcmical Proncrtics

Theesc Hrclirminary rcsultes indicated thet the ratce.
absorption of thc oxrgon from alr at ctrospheric nres--
surc vas probably tos slor to bec »7 any impoitancc
and sincc thc nhysical-chonical characteristics of the
rcaction werc not monoveorinnt, 1t wes £21t desirable
to make A more Getrlled svudy of thesc chnracteristics
in order to bec cble to choosc morc sulteblc oncrrting
conditione. For thie rcnson n boteh ~bsorntlon appnrntus
(Fig. 5) wne conegtructcd for a studyr cf thc cquilidrium
proosertics. of this corpound. In thie unit the oxygen-
ebeorbing comnound wunfe chrrged intos the U-tube, G, ~nd
the oxygcn gae could be circul tcd over the foldd dbnck
~nd forth betwecn thc burcttce € nad G, Constant nros-
surc wne naintoined in the unit during the roeirculntion
and periodicnlly the volurc chrnges wers dctermincd,
Additionrl gnes could bc n~ddcd or rerioved from the srveten
1f this were necessary. Temperature control wes achleved
by immersing the U tube in a Devar of liouild nainteined
2t the desired tennerstur

The results obteined in thie apseretus confirmed

the tentative conclusions rcnchi~d 1 the nrevioue studies.
For cxannlc, thic unit wrs cormletcly cvacuated nnd the
commound dco: rgcnwtro b" herting and wrs then chrrged
with oxrgzn under nn nbsolute nrcsoure of § . Uith
the commound ~t roonm temperrture tho oreesurc slowly
dronped over ~ neriod. of scverrl days to n~round 3 i,
indicoting ~ verr slow but definit- nbsorntion ~t theee
low nresrurce. A preesurc of 5 rii. wag mweh lower thrn
hnd bccon exmectzd for the ronovariant sretcon nt thle
tennernturc. The compound e then trc-ted ith “ure
ox;gcn t 50 en. nrcesurc ~né o tanper~turc of 23.2° C.
for 22 nre., nAnd ~ rclrtivelyr glow nbcorntion of ozvgrn
wne ovtrincd, Thac nrenturc wre dromned n few erie ~né

slow Geforption of oxrrcn rerultcé. A nunber of ruc—
ceaflve decresses in pressure each zave adfitional e-:ounts
of CGesorotion, thus the eriount absorved wes ¢ very definite
functlion of the nresture indlcating a diverlent s ete-.
In these absorntione anc deforatione the ratcs were low
ané. there "ae a viry definits indication of M"auto-catalysis®
i.c., the rate of sbeorotion oftcr 2 &mrll eount of oxy-
gen had beca tzikca un Dy the colimound wee fastcr then the
ratc of absorption vith » coiipletcly dcoxygennted compound.
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D, Absorption i. Packed Tubes

At this stoge of the investigation n confercnce
wag neld rith Dr. Furnes, »nd 1t was deocidcé thet tho
in-cdinto cxpeorincnt-l offort should be dirceted to
the dovcloorient of n s1inll oxygcn-producing unit. On
the brsls of avnrilable 1nfor"~tio1 it wns concludcd
that theo dnt~ ncecssrry for deelgning such ~ unit could
bec rrost cxmeditiouely obtriacd if the tyoc of unit wore
linited to ~ fixod bed of the Co-5--En co'wound, pnrti-
culrrly ~ unit contninliagy -~ nultiplicity of eninll tubans
pocked ith the Co-8-~-En co.'pound throuzh vhich the
air would bz nassecd ~né ~rouni which cooling w-tor would
be circul~ted during the nbeorntion cyclc ~nd stcrn dur-
ing thc dcsorntion cyelc. In ordcr to obtr-in ghorter

nbsorption ti.cs, it w~8 »rozorcd to ctudyr hizhcr rir
preceeurcs,

In order to make these studles,sn asneratus con-
sisting of & sinfle orie-ialf inch i1.4. tube packed with
the Co-8g-Zn com:ouné vas used. This tube war »nleced
in a Jecket so thet 1t could o~ hecated or cooled and e
smell recinsrocating compressor was used for ovtoining
the elr under »resefure. This alr -;as corefullr filtcered
to rcmove ony cntroincé oild boiforc preeing through tho
absorption unit. Thc unabsorbcd nortions of the oir
werc cxprnéed to substantially rtmosueric preseurc ond
then metsrcd. During the ﬂbsorption cvele constnnt nres-
sure ané conftent rate of flowr of the exlt {as were ob-
talned and coolinsy vweter of a constent temnerature weas
circulated throuzh the jacket. At the end of the absorp-
tion cycle tie flow of eir was discontinued ané the nrcs-
sure within the tube veg ellowed to drop to 1 atmosnhore.
The compouné. w6 thcn Tegecneretct br flosing stcam through
the jJackct around thc tubs rad the amount of oxygcn
evolved vae mersurcd volumctricedly br thc disnlescement
of wntrr. This volumc of oxr¥gen was varrccted for the
cxnnaslion »f the ~ir in the volds duc to the henting
oncrrtion. “hen the cvolutlon of oxyrrn hnG becomc CX-
trcmely slov, tuc unit vas cvecuntz?é vhilc etill being
heonted, e£nd =8 thcn coolaé vhile cvnrcuntnd to nrovent
any oxrgon 'osorﬁuiou. Aftsr the unit w-s comnletrly
coolcc, 1t vre roniy for the initirntion of r~nothor ab-
sorntion crcl . Th: nbeorntlon time rinortid in the
following discussion of thls work is thc length of time
from thc >:riod¢ "cn r~ir *ms roa’mitted to the unit,
aftcr cooling, un to tho tinc thnt the flow of ~ir wes
éiscontinucc. Thc Gorormtlon timc 1e mensurcé from the
timec sterm first cintcrs tho Jnelzct up to thc-'time dcsorp-
tion ie dircontiaucd ~né thorcforc thir »neriod includces
the ncrtiag tiac. A al-srm of this unit if given in Fig. 6.
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In the first runs that were made with this epparatus,
it was found that noisture os condensing in the unit dur-
ing the ebsorption cvcle., The air beirnp used hal been
compressed. ané then cooled to apnroximately 20° C. end
wes undoubtedly ssturated with wnter vanor under theo
high nressure at this temmerature. During the oxygcen
abeorntion a proportion of this moisturc condensod due
to the Gecrcesing number of mols of gee. On rogcnerntion
this molsture rcvaporizcd an¢& duc to n nortion of it
rcemaining in the volds at the cad of this ncriod, the
actucl amount of gnz cvolved was somcvhat unccrtnin.

The prescnec of thie moisturc on the comdound nt 100° C.
did not nppecr to dcecrecnse the cbsorntion nctivity. This
cffcet of molsturc on the «bsorﬁtion activity ie not
conclueivs éuc to the fret thrt only 15 dcsorotion runs
of about 5 minutce crch were ande in the nrescnce of
moisturc. 1In ordcr to liicrcrec the accurncy o the re-
sultes nnd to aveld ~ay »osribdbility of lovering the nb-

wtion retivity duc to thc nreecnee of molsture, the
cquipmcnt wre modificé to nredry the ~ir befors CoOmNIree—
elon.,

The "-inchh tube wra chnarged with 40.7 grome cf the
Co-8-~E2n compound, 48 mcch, vhich fillcd it to ~ deopth
of ~bout 3z 1nchcr indiec~tiaz ~n ~roHH~ront tulk dencity
of Ot g./cc. A ecrice of runr wors madc on thie tube
nt preefurce from 10 to 125 1lbe./rq. in. gr. with vory-

(=
ing rﬂtcr of ~ir flov ~ad witn areoration tomper~turce

fron 3.5° C. to 35° C. I" r)l crror the CGerorntlon rune
werc crrricd out ~t 100° C., ~lthough the dceorption
preerure wne v-ricd fron ntunepheric to ~r high ns
115 lbr./rg. in. The resulte of thie series of runs sre
nlotted in Fige. 7 to 15 ~né summarized in Teble I. Two
different chariies of Co-Sr-Zn were ~tudied, one having
an u,bsorption capacity of sbout 1.8 welg2:t per cent
oxyEen, and the other having en ebsorntion c~pacity of

+ welizht »er cent oxyson,

The results for the compound having the 1.8 ner cent
oxygen absoration canacity erc given in Figs. 7 to 1%
Fig. 7 indicatcs thc weight acr cocnt oxygon 1ia the con-
pound as r fuaction of thc abeorption tim: for & con-
stant ratc of flow of oxnil% gee s 1 function of the cb-
sorption prcssurcs .t ~n «beoration tecmdernture of 20° C.
At low prcseurcs 1.c. 10 to 25 1lbe./sg. in. go. the rnte
of absorpiion ie very slov, bDut inercrece rlpidly A th
prcesurc. Thesc curves *lso 11lustr~tc thc "-uto-
catnlytic® ofifcet ot tho lowoer »roecurce in thrt the slope
of thc curves ot 26 ~na U0 1oe. /nq. in. inercneo with the
2<r cent roturction up to "bout 0. ncr ecnt by weight
of oxysen in compowit. The effuet of Hr-scurs if vory
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benoficial up to the order of 100 lbe./sc. 1n. g§~. but
oppenre to bc less adventozcous for further irncronces

in thc pressurc, but ~t the higher srescurce the rote

of ocveorptions ziven dr thls figurc ~ro »rrtislly limitcd
by the etolchiomctry of thc oncrstion. Thus, the naxi-
aur poselble ~osorptlon, 1f 100 »ner cent of the oxygon
were romoved from tihc ~ir, 1s indic-ted by the strright
drenct linc to the loft of thie dirgron. Thc curvee ob-
toined ~t tho hlghcr preesurce ~re ~nro-~ching this
aeymptote 1.adicn~ting thrt o high pereeontrgs of the

oxygen inne been rcemovyé froia thc ~ir ~nd ths oxygon
sup»nl;” limite thc ~bsorntion ~t chort »ncriode of timc.

At loager ~beorhtion timenr, thc comvpound 1f very nerr
enturntion ~ad therofors raors 11ttle ¢ffeet of Hrcecure.
The per cent removel of oirgen from the ~ir ~f » functilon
of thc ~bsorntion ©inc is glven in Fig. 8 for the enme
runs. Fiz, 8 i1llustr-tcre the Righ aercentrge oxrgeon
rcriovel thrnt ¢~n be obi~lacd dr uring high ~brorntion
precerurce., The "ruto-cntrlrtice! cfioet ie clerrly 11-
lurtr-~tcd b tas curver ~t 25, %0, ~ad 70 1b~./ ra. in.
In ordcr to detzrminc the cffcet of the »or cont removnl
of oxrgin from thc ~ir on the rntc of rbrorntion in the
initi-~1l at-gce of tiac cycle, wimil-~r runc werc cnrricd
out ~t the Righor prosrurce for r~ir rotoe of 0.86, 1.56
and 3.35 cu. £4./hr., ~nd th: rorulte of there rune ~re
glven in Figr. 10 to 13. .48 would be crmected the higher
r~tce of ~1i flow incronec the r-~toe of nbrorntion ~nd
imorove the recultr obtrincé ~t 125 1br./fe. in. rclntive

to thc rcrulte for the lowor »Hroerurn..  This immrovemcnt
nt the hijhcr flov roter if undoubtedly l-rgely duc to
the hlghcr rericunl onyoon »Hrceerurces in the cxlt ger.

Oit tiic bordir of thenr dnt~ 1t would Do cipcctod thot
£t111 *igher rater of ~brorptioan cenld o obt~lacd nt
higher »resrurcsrs ~nd r~t:7 of ~1r flow,

Figs. 14 ~nc 15 »rcesat eimil-~r d~t~ for thc morce
active compounc. Thente ranc verce obtninsd ~t ~ir rotce
of .52 cu. ft./Lr. cidt 5°f. Taln earrceronds to the
1.66 cu. Tt./ar. Tor thc 1.8 cominuné, 1.2., 1.66 1¢ to
1.8 roughly -t L.52 ir ¢t~ 4,54,  The curvee ~rc very
fimllnr €2 thorc obtilncd with tic lowveor ~brorb-nt ¢-pr-
clty comanuind ~c iadic~t: -~noprr:dnntely the e~me ner-
ceat~ge ertur~ts. o the crnrund ~g ~ function ~f the
tinc,

A Tew ruar were mnée in oarder t~ dct-ormiac the
cffcet ~f rbaarption teommor~ture ~nd thcose ~re sumnnr-
12c¢d in T~ble II. It vill bc anted thnt inercnring
the tcomernturc te 35 crueer ~ very nnrked deercnfe 1n
the rrte ~f ~brerptien. Thuer, ot thir tonper-~turc nc
flgnific-nt ~brrerption irme obt-incd vhen the t~atrl Hressurc
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of the air was 70 1lbs./sdq. 1n.,and the rate of abso

tion at 125 1lbs./eqg. in. and 35° C. was less than 1 5th
as repld as obtalned ot 20° C. although the partirl nres—
sure of oxygen in the air wess higher. Datn obtrl ned at
absorntion tempernture of 3.5° C. nre also given in
Trole II and tne cbsorntion rates nre hizher thon were
obt~ined ot 20° C., although the per cent oxygen in the
restdurl ~ir hns bccn reduced., Thesc resulte indicrtc
thot vhen using the Co-Sa-IEn compound, 1t will be desir-
able to cmnloy low anbeorption tcmpcrnturcs. If tempere-
turce of the ordcr of 35 must be cmploycd, then etill
highcr »nressurce, Hroonbly of the order of 200 to 300
1bs./ca. in., should bc cunloved curing thc nbrorntion
creclce. .

In all of theec rune ~ ncriod of 4 minutce wne cuf-
ficlicnt to comalcte the dcrorption; this time ineludcs
the time of hoenting.

E. Prclimincry deeign cnlculrntionc on o hent cxchonger
tvoc of unit cmoloring Co-5n~-En.

On tac basls of the dntr nreeconted in Tablere I
~nd II, it npoec-ra thrt n very ornctic~l unit for the
nroduction of oxrscn could be m~nde uriiag the Co-S~-En
comoound ~r thc abrorbent. Thue, 1f thc unit cmploycd
i=inch i.d. tubes »ackced vitn thils met-rinrl, it eshould
be poscible to omernte ~% 26% C. with ~n rb~ ‘orption peor-
1od of ~bout Y minutee, ~lthoush poriods e ehort ne
tvo minuter misht br uccd, With theee timce of rbrorption
1t chould b¢ H0egibls to obtnin s-turn~tious of thc com-
pound of thc ordcr »f 80 »eor cont camploring Hrcscurcs
fomewhere in thc resion of 70 to 150 1bs./fq. in. Simi-
1lar rcsults could probﬂblv bc obtdned ~t hizher abrRorp-
tion tomper~turcs by the usc of higher prescurce. At
the cnd of the ~bearption neriod, it 1ould be derfir-ble
to hnve o canrt ~né rpid cvocuntion of the unit in order
to rcmove the nir from thac voldr ~round thc Cn-S~—~En
. vhans nveid contaminntiosn of the rogencrntcd nxygen
with the reeldu~l -~ir. The arrnngement ~f. the beé ~nd
thc methnd o7 lenting should be rfuch tint the initinl
oxygen evolved roulc tend to sweed any residurl gnees
out of the unit. The desor>tion Dh fe could then be
cerried out at 100° C, by thc usc of ste~m *itk » heat-
ing plus desorption tiiic of 2 to 4 minutcs. The dceorn-
tion woulé then bc followed by a coolin" neriod, ~nd n
complete eyelce would rcouire naout 5 to 10 minutce. The
calculat* ons ere on tie bLasis of 4, 9,, Cp in the saturated compound.

In order to obtrin r Hreliminery oricntntion oe to
vhert ~ oomell ovgoen-nroduciag unit mizht involve, o~ bosls
of 4 cu., ft. of oxysan »er minute wos tatcn. Such o unit
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woulé require from 125 to 175 lbs, of Co-~Sa=En depend=-
ing on the saturation used and the length of the com-
plete -eycle., If this materisl were packed in #-inch
{.d. tubes 3 ft. long, about 1,000 to 1,500 such fubes
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 1lbs, The headers would add an
additional 300 lbs, and the shells would weigh around
100" Xbs, Thus, the total welght of steel involved would
be about 1,000 1bs, These tubes should be arranged in
two or more units tc meke the oxygen supnly continuous,
If two units are employed, the desorption ¢ime 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 desorption time should be

a little longer than half the ccoling plus absorption
time,

The power required for the alr compression would vary
with the pressure employed and the per cent oxygen re=-
moved from the air, but would be from $ 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 ade-
dition, hest and cooling would be needed to the extent
ef 100,000 B, t.u, an hour for the unit 1tsdlf plus what-
ever cooling wes necessary for the engine and compressor,
The major portion of this hest 1s required to raise the
temperature of the steel from 20 to 100° ¢, 1in each cycle
The heat avallable in the exhaust gas of the engine 1s
insufficient for this overation and externasl heat will
have to be obtained, The extra hest could be easily sup-
plied from a small gasoline burner and would require
about 4 lbs. of gasoline per hour, This heat consumntion
could be materlally reduced 1f a type of absorption unit
could be developed which employed lower rstios of metal
to active eopmpound. Larger diameter tubes would reduce
this welght factor but would probably decrease the ab-
sorption rate and therefore might reauire more Co-Sa~En
s0 that the total welght of steel might not be any less,
Other types of absorption units such as large beds with
internal finned cooling colls might be emnloyed or the
material might be placed in a series of thin layers with
@ provision for cooling or heating between the layers,
Such constructions might decrease the welght ratio of the
metal to the absorption compound, but at present data
are not svallable to evaluate such designs,

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

st e e e o - 115+
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between 2,000 and 2,500 1lbe. and could ve conterined in
a space 3’ ft. hizh by 6 £ft. long by 4 ft. wide. Such
a unit would reauire from 2 grllon to n gellon and o
half of grsollne ner hour eond shout 25 gnllons of cool-
ing weter »er minute. Ixecent for-thosc reoulremzants the
unit would be self-contrined.

Futurc Progr,n

The lamedinte :rogr-m of work i1s outlined to furnich
8GCitina~l laformntlon to scrve ne o~ brsis for thc de-

glgin of ~ enrll unit, In thils >rogrem 1t is pl-onncd to
study:

(~) The obsorntion eyelc rt -ressurce w» to 300
lbe./sq. in.

(b) Tho offcet of tubzs ¢irmct.r, =ith » l-inch
Clrpmeter oolan nezt on the »rogron.
Thc leagth of tho Hneted bed.
The cffret of corntion tommerr~ture in morc
dct-il.
Othcr tyoc of Tlzed bods.
Svencnéed no oy onr-tion under high nreecurc.
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IV. INORGAI'IC CC..POUI'DS FCR OXYGTH ABSORITIO!

Although the major cxpcrimcntﬂl cffort hns been
czmendcd on tht Co-S~—En comnound, litornturc etudy
nand ~ emnll amount of nreliminary worl have been ennricd
out on inorgnnic compounds c~o~olc of roversibly robcorb-
ing ~nd dccorbiuag oxysin,

Compounds of thls Xind hnvce long bcen known nnd

the Brin nrocces, involvin[ the borium nxide-barium ner-
oxids rcaction, wne tho vreis of n commecrei-~l oncr- tion
which wne mnde ob=nletr or ~ir fr-oction~tinn. Vhile there
arc 1-rgc nunbcrs »f inorg-nic comnounds thrt ¢nn bec used
X rﬂv~r%iblc nRXYEN ﬂb»o'oﬁnts, cee:ntinlly a1l of them
roquire ronther hi;q t: mycraturce to give cauilibrium pres-
surce of oxyz.n nesr on: “tnern’cr:z., In fact, this is
the moin drnwbrel: to thelr vee. For cx-~mplc, the b-riunm
Dcroniob renetinn i Jverr reoid ~t Soroernturas in the

glon of 8009o 900° C. ~nd tha 7~n0lid c¢~n ~ba2orb ~bout
10 per cont oxygen by vwzight ~o mo-iust thoe 4.9 ncr ccat
for the Co~-85~~-Zn comoound, dut thc ne~ting nnd eonling
~nd cquiosncint would ~11 be at the elevated temoeratures.
If an inorganic comjound could be found thet would ranidly
and reversibl: absoi* oxy.en in the tenerature rangc of

300 to 500° C., it could furaieh the basis of a proctical

oxrygen—-s1rocuecling uait,

Taz 2lteraturce roveele o larsge numb' r of inorganic
conpounde whicn will scorcorb nnd cvolvc o.nrgen and n few
of thc mor: promising arc ¢iscurscd bclow,

(1) Borium pcrosxicc-Barium oxidc
sarlum ncroxics furnishod G:.c brsie of thc Brin
oroeces vhich oncr~tcd comacreélnlly in the lnatter
nart of the 1last c¢cnturrs The rocces wos bascd |
on the fact that in th- to mpar-ture rsglon. of 700°®
to 900° C. tzc barium noroxide-borium oxide systom
will revorsibly ~bsord or zive off oxygen dﬂpunding
on thc nnrti~l oHreseurs. Thus, 3t is -Hoefiblc to
nbsord nt 1 t myzr-oture ~nd reogeancr-tc ~t o higher
tonohersturs, or 1t i1s »ossible to ovcratc nt con-
s8t~nt t mzr~tur:s by ~ verrintion in oricsur:.

é;krli nitr~to-nitritc

The ~1lir1i nltrates,Tor ox-'plc thn godium nitr-tc,
9510 the CVOlution "of oxXygsn ~t ntmosnhiric pree-
suirc ~round M00° C., th- alsr-to el nsing to the
nitritec. Thie dcco~hrormition if nsot complot: duc to
the rolution forncd, but 1t ronc~rs nosrible thnt
dccounocfitionsgnr Hira ne 25 wecr eent misht bo
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obtained st temmeratures below 5000 C. This
partial decomposition wouvld not be a serious
drawbaci: due to the fact tiat the per cent
oxygen by welght evolved in going froam tre
nitrate to the nitrite.ie rather high., Thus,

a 25 ner ccnt decommosition of lithium nitrate
would corrcenond to about T per cent oxrgen by
weight., Thesce nltrate-nitrite syrstoms would be
liquid in thc renge of o=cretling tomderaturcs,
which might e qultc adventsngecous from o mechan-
icnl vicvpoint,

Barium ncroxicc-uctnllic oxidc

Tac llterestura ladicntces thnt tiac decconnoeition
aressurc of beriun vneroxide e-n br gros-tly 1a-
crcnsed by the ndiition cf other nmetol oxidces,
or thc Gecomrosition tcempmers~turs c~n bz lowered
at o glvea Hrescurc.  Such o:tides rcg,codmer
o:1d2, cnlcium oxidce, mrgneeium o:xide, cesium
oxiédc, ~nd n numoor of othcr oxidcs with brrium
neroxide will glve oxygen deconposition nroscures
of 1 ctriosohcere 1.: tac teamersture r-nge 300°to
400° C. Howcv-», thc litor-turs coece rot give
~ny 1adicrtion o6 to vhethcr thcec mixturcs
i1l rcabsord oxXygon in thls toamer-turc rogion.

There ~re » auvb r of oticr commouvadn such g cnl-
clum olunbrtc, ~ nizturc of rodius Hlurd te ~nd rodlum

noanganetc, cudrrous cihlorlde, nnagtiierc dlozdée, ~and nthers,

but tihcy do not ~»2c-r s ronicing ~r the ~lkrli nitrntes,
bariun wecroxide, or bariu: wcroxide-rct~llic oxtide sretoms,

L¥nerinentnl

Only 2 few exserimentsl ivne hrve bdeen carried ocut
on Yeriua neroxide 1in order to obvtrin ra orlcatetion 1n
thies field. An goderatus for the study of thle ebsorn-
tion has veca consftrucied in ~hich osx'geon or olygan-
nitrogen mixtures con be naegsct over the compound belng
studicd at thac deeircd tirmeraturce ané oHressurs, and in
vhlch the retc of orgen abeorntion or cvolution can bce
ncrosurcd., This con~irotue de shiovn schicmatlcrlly in
Flg. 14,

Futurc 2rocran

Tork on thc inorgralc ersioms Line born discontinued
for thc immcdintc Tuturc ia order to coac-ntrats -1
cffort oix thc develonncant of ~ esmrll unlt ueing the Co-So-
Ln compouind. The Tatur: nronr~a oa lnors nic compounds 18
coatlingent uson the ronidity with which theo r-sults nic
ovt~lncd rnd thc o' tr complsoted on tht Co-Sr-in cone-
Q2ound,
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V. APPENDIX

A. Prcorration of the Compound

Add 3.11 liters of CpHgOH and 89 grems 60 pcr cont
ethylcncdi minc to n 5 1litek flnask in o w-ter brth ~t
4o% C. The oxygen is removod by evacuntion nnd shrking
of thc solutiong for 15 minutcs. Add 1.39 litcrs of dis-
ti1llcé w-ter to o 2-1liter flnsk ~nd dcoxygecnntc ns adovc.

F111 the 2 1liter fl-elr with nitrogocn to onc ntmoe-
pherc precssurc nnd aéad 276 gr~ms of covrlt nectate,
GoAcn.h Re-cvrcunrte thce flask ~nd shnke well until
thc solia 15 disrfolved. In order to »rcvent ~any hydro-
lyeis thc solution gchould bec comdiletsd within a weriod
of 5 ninutes aftcr ndding the cobnlt ncct~tc to the wnter.
Immecdi~toly run the cob~lt cfolution into thce ~leohol c£olu-
tion inthc abecncec of o:ygsn., The 2 ~nd 5 litcr Tlneks
arc iantcrconncctcd with rubber tubiag. 8Shnke well ~nd
~dé 276 grrms of er licrlnldchyde to the colution through
n dronping funacl with therough chalingg. All of the
nldchydec must be rdded r~91d1v and thc solutlion rhnlkcn
immc di-~tcly ~o the aixiurc soon cetr tc ~ thick gcl.

It is bclicved that 1t 1s deelirrble %o nvnléd contact
of thc solutione with oxrson. The aniimun oxyson thrt
could bs diecnlved 1n the renctonte whon e~tur~tcd with
alr at one atmosnhere amounts to apj>rorximately .0l mols
per 1 mol of the comyouné or a maximum irreversible ox
dation of 2%. The important factor is probably oxidation
by the alr in contact with the solution. The rnte of
irrevcrsible oxidrtion during the reaction hae not been
determined but 1t 1s not ndvieable to givec it ~n opnor-
tunity to t-ke »nlace ~nd 1t is ¢~sier to nvold oxidrntion
than to dcterminc its coxtent.

Onc of thc v~ri-~uvles 1e the timc-tcmncersturc inter-
vel of st-nding aftcr mixing the rc-ctnants., If flltered
immedintcly the compound 16 r:d ~nd not crret~Iinc rt
970 mronific~tione. Tf tic gel from the initi-~l mixturc
ig nllowcd to rt~ad 2% hourr -t 50 C. 1t forms rcd cry-
6trlc., The 8izc of the cerrri-ls lnercrsces with longer
et~nding. 3Bnteh lo. 9 v~£ rlloved to £tonc 1l dnys rt
room tcmacrature ot vhich tlac the cryst-ls werc of n
black, »nurnplc cclor :nd thcy et-incd tho honds rcd on
rubving tic cryet-ln betucon the fingere.

After etracing in the ronction licuid in ~ vocuum,

the eryst-~1ls arc filtir-d wnilc smmrecd to ~ir ~nd wached
with 3-200 cc. portiong of n~leohiol né 2-300 cc. portions
of diectillcd +-tcr Thz; ~ro then ~1llevwed to rtrnd over
night on filt:or »- 3\r to Cry ~nl then weighnd,. Theee cry-
ctale do not ~bsordb nrpcne The com ~and ir ~ctiv~tcéd by
reeryetolliz-tion from Hyrl! *.u, ~ erturrtol folution belng
proparcet at the bniling point ~nd Tiltyred ~t -100 €. The
prridin: is roasved by o-cvn cuﬂuiﬂn ~t 150" C

S

e
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TAELZ I SCI"TII'UZD

PRESSURZ  EXIT CGAS RATTZ ABSORPTION VEIGHT % 0, CUNULATIVE
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IIIUTES COiPOUND REI.OVZID
FRO.. LIR
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Temperature During Absorntion Runs -
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Iffect of Temoerature

PRISSURS  IXIT GAS RATT ..BSORFTION WEIGHT % O, CUL.ULATIVE
18/6Q.I8.GA, CU.FT./HR.* TI:.E Iil SLOL S0
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