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INVESTIGATION OF OXYGEN FRODUCTION BY #ETAL CHELATESY

by

R F. STeulu-ﬂrf,d'Jr P oA Estep,if and 1. J. 5 Sebastiond’

BUMMARY AND CONCEUSIORS

4 key step 1n changing coals to fluid fuels and chewicale is the comver-
sion of ¢oal to synthesis gas by gasificarion with steasm and oxygen. As oxy-
gen represents one of the largeset single expenses in gasificaticm, itas casgt is
s vital Factor in the economy of the process. At present, the most econcmical
method for producing tomnage oxygen is by the ronventional reetifiecation of
Liguefied air. Seversgl alternate zethods have been propesed for producing
oxygen frow air: (1) methods based on physical or chemical sorption of axygen
from air by bigquids or solids or (2) the oxldation of certain inorsanic com-
pounds £o higher oxides unstable at higher temperature levels. Economic limi-
tatioms are discussed by which these methods may be evaluated.

Chelated metals of the salcomine type arc promising chemical sorbents of
oxygen L[rom alr., This report covers 4 study of the reversible sorpbion of
gxyegen by salcomine and other chelates. The presence of water in the galco=
mine strocturs was verifled; it is the loss of this water that causes alow
detorioration of saleomine during eycling.

The metal chelate process 1s not economical at this time foxr producing
tonnage oxygen required in coal gasificaticn. Howaver, the salconine procass
may possibly bhe used in small-scale production of exygen, such as faor wolding
on shipbnard, whare cost is not a2 primary consideration. The most favarable
ponditions for such applications are discussed. & biblicgraphy of absrracted
references on the production of oxygen by chewical processes Ls included in
thizs report.

TNTRODUCT LON

The objeet of this praject was to explore the possibility of developing
a process for producing tomnage oxygell by a uethod other than conventional

1/ Work om manuscript completed Howvember 1558.

2/ Supervisory physical rhemist, fureau of Mines, Morgantown, W. Va.

3/ Chemist, Bureau of Kines, Margantown, W. Ve,

4/ Chief, Speclal Problems Section, Brauch of Coal Gasificatlon, Bureau of
Mines, Horgantown, W. Va.



rectification of ligquefied slr. The oxygen was Lo be usad for gasifying cogl
with steam vnéer pressure. LE the operating cost fow ths Prﬂddﬂtiﬂﬂ of Oxyien,
$5-56 per ten im & S00-ton-per-day convestiomal plant (73], 2/ could be Lﬂwered
the cost of liguid fuels from coal would be aflfected te a conslderable extent.
Alsn, availability of low-cost tommage oxXypen might aid the steel industry hy
peTmitting an increase ln eutput from existing blast Surnaces, open heartns,
and similar equipmen:.

Several methods have been proposed from time te time for producing ocwmp-
gen from air. Some inveolved physical, others chemdcal sorption aof oxypen by
liquids or sollés, and some were besed on the oxidarion of inerganic compournds
ta higher oxides. In zll iostances amygen was to be recovered hy desorptizn
pr by a reversal of reaction {reductien} brought abow! by stean strizping, in-
crease of temperature, or decreasc of pressure. Noms of the propossd methods
has been developed to commerelal produceion.

Amopg the chemical sorbents proposed #s oxygen cartlars, the chelated
metals of the salcomine type appeared to be the most prowising.

Salcomine, & coordinate covalent compound of cobait with 1 mole of echyl-
enedlamine and ? mwelez of salicylaldshyde, in which cohalt forms the center of
three organie rings, had been tested as oxygen sarbent by the U, 5, Mavy dur-
ing World War IL (44} . Oxyeen was produced aboard e desiroyer tender for sev-
nral months in rether crude equipment with the granular absorbent packsd Loto
three halders. In spite of unfavorable conditions, exygen was produced at &
cost not exceeding that of cylinder oxygpen and was utilised [for welding and
cutting operations. However, its use was disconticued because of the wariime
shorbage of cobalt and the limited life of the sorbent, Thirteen Jdeclassified
Hational Defense Kesearch Councill reportaﬁf oz the development of oxygen-
carrying chalates by various investigators at the University of Galiforois,
Iowa State College, Massachusetts Instituis of Technology, Unlwepaity of
Peunsylvania; E. L. du Foni de Wemours & Go., Rockefeller Imstitute, Bumford
Chemlcal Works, and Arthur D, Little, Inc. and & pumber of publications by
Melvin Calvin and associates, Harwey Diehl, 1, &, Geisswan, Benjamin B.
Fogler, and others, describe most of the wark which was dome during World
War I to produce axygen by chawdcal means.

Bureau corraspondence with those whe developad the cheolstry of chelates
under the broad program sponsored by the Keilonal Defense Research Cormittee
indicated that some of the investigations have been continued beyond the war-
time prugram. Calvin stated that fluozine ard certain alkoexy derivatives of
pobalt =zalcomime have a greatly imcreased l1ife and utllity for oxygsn produc-
tion. Geissman referred to wmore recently developed methods of sorption and
felt that the process has possibilities that should be investigated,

The establishment of certain ecomomwical limitations (listed under Process
Eoomond.es) indicated thst 2 process based on the producticn af oxygen by re-
versible sorption offered promlsing economic pessibillrics,

5/ Underlined numbers in pazreatheses refer to items in the Bibliocgraphy at
the cnd of this report,
6/ Bee intreductlom ta Biblicgrawhy.




tnly a few coordination compounds can combine revexgibly with molecular

1 oxygen without any structural change {i7). Among these few are the metal-
porphyrin-protein corplexes, suck metal chelates sz hemoglobin end hemocyanin,

_ which transport oxygen in living orpanisms. AllL of them being protelns, in-
vestigation of their sorption properties ia difficult, due fo their compli-
sated structurc. The development of aynthetis axygern-careying coordination

 compounds is zeecent; thus far, only certain chelates of cobalt hawve bheon

. found promising, yet & Telatively large number of cobalt chelates (14, 1013,

_ both In solution (5§) and in the soiid state (3, 64) , have been reported

" gapable of reversible rcaction with oxygen.

Figure 1 shows two general
0 0 types of bis-salleylaldehyde
~, S imine-cobalt chelates acting as
i Co reversible oxygetn carriers.
By N Type T, bis~zalicylaldehyde
- CH=N N=0CH othylenadiimine-cobalt, &s com-
wmly callted saleomine snd ab-
GHE.._ EHE breviated Co-Sal-en; type 1L 1s
bie-salicylaldehyde-3,3"diinina~
di-n-propylamine cobalt. Ist
general , compounds of type T ean

- TYPE | ghaorb 1 moleculse of oxygen per
L 2 atoms of cobalt, thoze of type
& o 9] T sbzorb 1 molecule of oxygen
: ~ for each atom of cobalt. These
: Co two structural types appear to

zf/ | ™~ ba tho only chelactes that offer
CH=N N=CH economle possibitities for pro-
' ,i'f NH \ duecing azygen.
HEG /\ GHE
Y f Work on these types of com-
HEG—GHE GHE_GHE pounds during Woerld War IE em-

phasized practical results.
Little fundamental research was
carried out, and ouch of the

TYPE |1 information has not besn corre-
tated. Following the war, more
 FIGURE 1. - Generaf Types of Cobalt Chelates. fundamental work was reported,
- principally by Dishl and co-

Workera. Virtually no chemlcal methods of oxygen production have heen Inves-
i flgated during the past few years.

. Although a salecmine process had been developed for naval usc =o that Lr
s could be operated with any inlet-air pressure, for convenience il was operated
'%_"ith %-100 p.s.i.g. air, which greatly increased the cost. As ancther exam-—

R

ﬂ.-&-,;_'_PLE, among several hundred salcomine dérivatives jinvestigated, soms showed
Fo.tonsiderably oetter properties than the parent compound. Hewewer, in nene of
“F the published reports was rhe additional cost of aynthesis cansidered inm the

da
. 9%erall cost of producing oxygem.

Y
=5
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This report describes a limited amount of experimental work to (1} deter.
mine optimam economic conditions for some technically feaslble procesaes, (27
resvlve confliicting reports regarding optimum process conditions, and (3) tegt
new compounds.

APPARATIS, EXPERTMENTAL FEDCEMRE , AND RESULTS

Several types of apparatus were used or developed for the expariwvental
work. A pokarograph and a small glass apparatus were used for rapid screening -
of metal chelates for their activity in reversible sorptien of oxygen. Specfa] ?
apparatus was comstructed for cycling In solution and suspsnmsicn, for qualita-
tive and gquantitarive invesrigation of deterioretion, for speciric recovery,
and for analveical determinsbions.

A Sargzent Model XXI polarograph was used to test the ease of reduction and -3
the revarsibility of oxvgenation of commercial chelates, walnly versenes, which
had never hefore been tested for their capabilitins for reversihle sorption of
oxygen. A& sclvent was chosen om the hasis of the snlubility of the ciiekate,
but with full consideration of the dielectric constant ané electrolytic prop-
erties of the solvent. Half-wave reduction potentials for Ehe unoxygenated
and oxygenated chelate weoxe then determined. Reversibiliky of the reacticon i
at the dropping wercury electrode (d.e.) was indicated by & slope of 0.05% {45
for the plot of Eg o, a5 a functlow of the log of 1/(ig-1); id 15 the limiting . 3
value of the diffusion current, and i is the diffusion currcnt when the poten- J
tial of the dropping electrode 1s Ej -

fnother test of voyeraihiliry 1= bazed on the constancy of the halE-wave
petential with variatlon im the concentration of the salution tested. The
helf-wave potential is independent of concentration, if am ion is reverzibly
reduced. For the irreveraible yeduction of an ion to 3 lower valenr or mele-
ctlar state, the half-wave poteatial vsually becomes wore positive with In-
creased concentralbion (40) .

PR T AL S Y.

KHal f-wave potentlals obtained for the reductior of absorbed or bound
oxygen from typical soluticns are shown in Teble 1.

TABLE 1, - Half-wawe reductivs poteptlals for cxyeen in the
presence of versene-tvpel/ metal chelates

- TR T Lt S L

First waove ' Second wave R

{reduction of 03] i {reduction cf_Egggl ;

Oygen I s0lution, vueiasniacasannanans -0.250 -1.080 |
Cupric disedium versenate + Op.ucarans - 253 ~1.040
Manzancus discdium versenate + Dya.... - 330 ~1.230
Cobaltous discdium versenate + ﬂz ..... ~- L2897 : -1.133
Mickelous discdium versenate + Ogp..... | - L300 =1.186
Perma-Kleer Iroa (iron versenate} 1 Oz I - L300 i -1,060

s
1/ Polyamino-palycarbozylic acids (ueually polyanlnn-polyacetic acids) are
used a3 complexing or chelating agents.




I» the presence of these chelates oxygen has & moTe negative hal f-wave
reductien potential than in their absence. According to Feber (40), this Im-
dicates more difficult reduetion of owygen and thus shows poor gsorption and
carrying characterlstics. Oxygen carriers ahould show less negablve half-wave
potertial. Tar exarple, salcomine caused the nalf-wave porential for the re-
dactlon of dissolved axyzen to shift from -0.48 to 0.28, indicating a greater
sagse of reduction {ar sorptiom} of oxygen, which 1= charactexistic vf a goeod

oXygen carrier.

To verlfy certals results of polarcgraphic screening and to test vcom-
pounds which are only avatilable in small quantities, a simple glass apparatus
‘was assembled fgee fiz. 2}, This apparatus permitted testing of promising
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EIGURE 7. - Gloss Apparatus for Preliminary Oxypen Sorprion-Desorption Tests.

compounds within an esperimental crrar of 5 percent under widely varled con-
ditions of temperature and pressure. The general testing procedurs Wwas as

Eollows:

: 4 S-gram sample of chelare was placed in a stoppered side-arm teat-tube
and was igmersed in a bath of glvycerin agitated by means af an air stirrer.
Turing desorption the bath was heated electrically at a predetermined rate.
4 elpzed-end mercury manometer indicated the pressure in the system. Fure
tylinder oxysen was measured and Lntroduced by a calibrated gas bureite
=~ filled with mercury, with smether bureble of the s size used a laveling
i bulb. A high-vacuum punp reduced the pressure during activation of the sor-
" bent and before sorptiom of oxmygest. All comuecticns were segled with wan to
.. Bake the gystem leskproof.




The chewmicel compounds tabulated below have been tested, sithar by polar.
agraphic methods oT jn the glass apparatus shown in figure 2, without any eyi-
denue of reversible oxygea sorphbion: N

Agprium disodiue versenate.
Cupric disudiem versenate.
Cabaltous disodium versenskbe.
Dispdivn caleium versenate.
Lead disadivm versendte.
Magnesium disodlum versenate.
Manganous disodium versaenate.
Nigkelous diasdium vergenate.
Stroptium dispdium versenate.
7inc disodiom versenate.
Tarma-kleer iron {an lrcn varsanate} .

Typical curves for oxygen sorption and desorptiod by salcomine ate shown
in figures 3 and 4. Salcomine steadily removes oxygen Iiruom alr at a rate
propertlonal to the pressure above the sorbent and the removal af the heat of
sorption from the system. Oxygen Ls then raleased by heating the aranular
saleomine to B1°-%C0° €. The Line required for oxygen scrpbion itz a highly
essential variable frem the standpalot of pracess peonnmics. 1t determines
equipment smd plant slze, which are roflected in the uvitimate cost of toanage
oxygen. The time gequired for oxygen sorptlom depends upon 2 nunber af inter-
related factors, such a5 synthesis procadure, size of sakeomine granules,
procedure [or activatien, partlal pressure of oxygen, and tepperatuze of the
sarhent .

Saleseine can he synthesized by several methods. Considerabls care must
be used im tha pfeparation to produce this sorhent ir Lts most aetive physical
gtate, in ordex to appreach its theoretical oxypen-carrylng capaclty. The
factors imnvelved in the preparation have besn well described by Dishl (3.
Even under apperently Ldent Leal somdibions, there iz copgiderable Lot varla-
t{on in small-scale bateh synthesis. For example, two lots of zalcomine
prepared by Diehl's mathod & required 11C and 128 minutes, respectively, te
reach 95-percent oXygen sgturation. The particle size af the gpranular salco-
mine alsp afferts the rate of oxygenatlon. Fins crystals from the second
filtration of one af the ghove lots were found to be meoTe actlve, reaching
45-percent saturatiun in only &) mlautes. Varigtions in sorpilon tims as
high as 100 pereent can be expected for dLfferent tats of salconinz.

Following preparation, salcomine must be activated to rsmove the chewi-
cally bound solvent and permit reversible oxygen sorption. Saleomine 1s ac”
tivated by heating to 130° C. under reduced pressure of leas than L . Hg
(abs.) for at least 1 hour. Table 2 gives the effect of variatiom in actiwva-
tion conditions on the time required fer salcomine to reach 95-percenl oxXyaET
saturation. Wo imcrease in sorption time has besn sbtained by activation at
temperatures zbove 13G° . under reduced pressure. An Lncreased ammint of
deteriorarion cccuxrad at higher temperatures.
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TABLE 2. - Effect af activgtlon condifiens on oxygesnation of saleomice

Sorpriva Lime,

Terp., - &, Pressure  |Turailon. hours cirutas
10 . cisvavnnenaiasnnanas | Reduced 1 250
130, crncaunarenrrrsasans: de, 1 145
1B v s mecmraramnnnssira do. 4 145
120 suevoarecceananansanar | Atmospheric 1z Inactive.
180 . s uwrecssumngnreaunas do. 12 | Slisht.

The eEfect of nxyzen pressure is shown in Teble 3. The tesults show Chat
the tims required to rzach %3-perceni axympen zaturation decreasses with in-
crease in air pressure, but the cust of air compression alsa 1mcreases (see
rocess Economics) . The vplimum ecomumle pressure L[5 as littke above atmos-
pheric as 1§ necesasry to overcome the presgure drop meross the sorhent bed.

T4BLE 3. - Effect of oxygen prassure on oxygenation of saleomins

Partizl pressure I Total pressure of | Sorption tiume,
of owygen, mm. Iig i aly, p.2.1i.48. | minutes
188 vaneamannararaneaneans | 13.3 135
100 e wumncmeasnsnmrmrmnnnns 14 .4 (from £ip. 3) 45
PO uvannmcssvaranannmsaas | 22 ! 120
L I I B4.4 (pure oxyzen) | 9

Table &4 shows the esfect of the temperature of salcomine ov the time re-
guired to reach 95-percent oxygen paturation.

TABLE 4. - Egfect of temperacvre of galeomine on gorprion time

Temperature, " . iSprption rime, minutes
K T T L 164
T T T LT 145
IS cansnnsmmmatraraneessssabaseananrss 110
10 e iasonanmcasaanararmasrsananrrmnas | 96

B s idurarrresaasmaraprremtatnarnansnnn &0
B 13 I T T L L T a5
R P PP PR T T TR T Ty 2 8 T | 105

The rate of oxysenation is seen to decresse abt either higher ar lower
temperatures; the gptimm Lz zpproximately 0* GC. However, tho temperalidres
measured are esstimated to be withiz E07, owing to Imaccupacics caused by the
heat vroduced during sorptisa. Both bulb-type mercury themwonecters and
thermocouples placed in the granular salcomine bed showed a Leupcrarure that
is probably between those of the Elewing air and the slowly heatiug salcoming
pacticles. It is appaszent, however, that the optimum remperature ol oXygends
tion Ls 0° to 10% C.or slightly higher. A similar optimume temperature of
about 15° ©. has been reported (30}, with litcle difference in saturatiom
time between 5% and 23° €.

5
]
;
;
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Stnee the rate of vxygenation of granular salcomine is strongly dependent
on oxRygen pressure and on the rate of diffuslon of vaygen to the sglcomine,
the velocity cf air through a packed bed ur 8 fluidized column greatly affeets
the sorption time. Table 3 gives & comparison af the results obtained in
staric and Ia [lowing air under sewveral conditions. The apparatus was the
same as shown in Iigure 2, consisting of a wvertical tfube with an air inlet =t
tha luwer end to retain a packed bed of salcomine. Compariscn af tests with
approximately the sama amount of ailr, shown in items 1 and 2, indicared a
large Increase in the rakte of oxygenation whenm ailr waz moved through the sal-
comlng hed.  1f the air-Ifiow rate iz inereased until not quite all of the oxy-
gen 1s sbsorbed, as in item 3, the time required to reach 55-pervent satura-
tion iz only id minutes.

TABLE 5, - Effect of alr welocity throush granvlar salcomine

Flow conditicnz at 20° Q. and Sorption
armeapberic pressure tima, adnutes
Statiec air 145
Flowing air, witon 99% 02 remnoval 23
Flowing air, with 96% O; removal 1n
. [Flowing oxpgea (equivalent te air at 70 p,s.i,a.}, &£.5

Flowing air through packed bBed =zt BO to 90 p.sg.i.a,
pressura, above 23° L., from reference (44} E to 8

b. 0. Plowing air through fluidized colwnmn of saleomine at 5
' std. cu. fr. per hour, with 4- ta S-percént oxygen
renoval . 4 to 8

l;;..|$ame as iten & at 15 sgd, eu. ft./hr. 7.2

Less than 5 minutes was required fur saturation in the test shown in irem
- &; although pure oxvgen was sovbed in this test at acwmospheric pressurc, the
effect would haye been the same as if air at 70 p.s.b.z2. had been employed
(the partial pressure of oxygen in the latter case being 14.7 p.s.i.a.). In
this instance Lhe oxygenation rate depends larsely on the rate of heal removal
firom the salecamine bed.

For comparative purposes, sorption daca from a large ghipboard cnit hav-
- ing cpergted under similar conditicms are included in item 5. In items 6 and
7 fluidized colums of seloomine were tested in a lavge excess of aiw, which

. it=elf provides the ccoling medium for the fluidized salcemice, A significant
decrease in sorption time was obtaimed compared with item 3. Trobably the
‘Wiform ceooling would decrease salcomine deterioration, but the compression
Eost of the large ¢uceds of air would be prohibitive io commercial applicatiom.

Une effeet, group substitufion in saleomise, was not investipated expazi-
Tentally but is included hege for cormparison. Of hundeeds of derivatives rhalb
have been synthesized, a few have properties superior to the parent compound.
Typical tewults are shown in table 6. The rate of oxygenaticn of cectaia of
these derivatives of salcomine, particularly the 3-pitro derivative, {5 Caster




L

fhen that o salcomine undsr &hz sene conditicns: but the zost of any of thess

derivetives is much highse than that of tha parsnt compound, Fow cxanple, the
mitration of satieylaldehyde in the synthesiz of 3-nitro saleomine iz esti-
pated to incrzase the cost of the sorheni frem §2.25 ta $10-520 cer pound.
With some compounds, such as the =flucre derivative, daterinration of sorbent
Lz teported to be conaiderably less than thar of ssleowine, but accuraks mezs-
uremants of the zate of dalerinration have not hean reportad,

YAGLE f, - Effect of group substizutian in zalcrains on gnzotion time

Sorption
Ttem Derivative and testing conditlons | bime, minutes
1...,|d=nitro salcomine, =t 76° . Sorplilon from flewirnyg wet
azygan af atmospheric pressure L 507% gatursllony Eran
veference €55} - compare with item &4, tabls 5. Loto 2
3....|3-wechoxy salecomine, at 07 L, Sprprion from fiowing alre
at atwospheric pressure ta 38% saturatian; froe refer-
ence Cil). 7
. ..,.|3=etbaxy szleomine, at a5* . Sorpilon from Erowing atr
N ' ap stnospherlc prassure ta 5% saturation; Srow relfzr-
ence (32 . i3
feew.|3-Flunvo seleomine at 75° . Sorption fvom [lowing owy=
gen at 150 mm. Hg. prossure to 03% saturation; LTom
j referance (3 - o

An evaluation of these results, compared with conclusions published by
Diehl, Calvin, Fogler, Gelsspan, and others, pormitted the esrablishment GE
teniative ootimum economic conditlons fur uzing chelates:

{1) Salcomine itself, rathor than ona of ibs many derlvatives, sheuld
be used, as improvements io operating conditions are not compensated for by
the greatly incrzesed vost af syothesizing derivatives.

f2) Saleomine should be synthesized by direct mixing oi reactants, &8c-
cording to methed A of Diehl (28), to producs “fipng-grained” material of gran~
nlar size.

(3) Ax absorption temperaturs of 70° to 25° 0. should 3= used. Laower
temperatures increase the rate of oxygen sprpoion but also consideraly in-
crease bhe oparating casts. '

{4y A4lv at 1.1 p.s.i.g. sihould Le used during sarption, which shawld
be sufficient to compensate for pressure losses ncross the sorbent bed snd
comsectivng. Higher pressurcs inerease the rate of oxygen sorptlan but glso
increase compression cocats (see Process Economics) .

Cyeling in Gplution

in oovieus approack Lo prewveut detariorabion was the cycling of saleca-
mine in solutlon. Another reasom for this approach was that, Erom an eTzi-
acering standpoint, problens of heat transfer are preatly lesssmed in golution.
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Furthermoxe, lacal overheating, which incresmses deterioration, would be con-
siderably reduced.

Varicus workera (Rl, 14, 56, 77} in this field have reported that salco-
mine-type cheleles can react reverslhly wich oxypen in solution. In most ioe
stances, however, the chelate bec¢ame inactive after a few cycles, yet, in
certain cases (56} = high percentage of activity has been reported for the
seeond and third cycles. o atlempt has been made to cycle further, GCalvin
and his associates {14} reporied that a lappe number of schalt grmpounds ab-
sorb oxygen whan disseived in nonaquecus solvents, but 411 last activity sfter
a Pew cyeles. Thay preparcd certain types of ecohall chelates which were water
soluble &nd succeeded in ¢ycling thewm as many as 20 times, with less than 5-
percent deterioratlon. Uzfortunately, the work had been terminated before
gefimite concluagions could be reached, and no further details have Seen
published,

. Figure 5 15 a sketch of the glass apparatus for continucus cyeling of
7 gorbents in gelutlon. The solution {for example, saleomine disselved in
" xylene} was cycled countercurrently to air. UOxygen was to be absorbed Lrom
the air by the cold solution. The selution wes then fo bhe hezsted and the
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desorbed axygen collected and measured. With = pure solution of saleomine ii
xylene or pyridizne, no oxygen was produced. Howewer, when the sclution egp.t
tainsd suspended salcomine (normslly the case because of the low 5::}3.1.11::5_11_1::‘r
of salcomlﬂn}, o¥ygen was Lnitlally produced in proporition to the amgunt gf

suspanded sobid. L

In all instances in which a mizrere of salcomine dn either xylene or
ryridine was Iirst filtered to remove undissclved particles cof salcomine, ppt
oxygen was prodused. Whenewer the cycled sclurion containced suspended salegy
mine, a smell awount of oxypen was colleeted Iinleflally, butb the sorpiion asmg’
desorption somm stapped. Saleonine mixed with xylene formed a black, viscouss
sugpeansion; the suspeaded particles did not seitle and were removed only by °
[ileration. Initially £ tTue solution of salcomine in wylene did take wp a':
amall smowva: of oxygen, bub the sorpticon wes apparently an irreversible ox{-:
dation, since the solution desorbed no pas below the boiling point of the
solvent.

Salcomine is only very slightly scluble in orgcanie sclwvents, slthough
ite solub{llty 1= somewhat hetter in polar solwvents, such zs pyridine. But -
in all! thsse solwvent=s, the "open baond" {in position I, sec helow) attracks
solvent nolccuies and prevents reversible oxyesen sorpiion 20ber Che first
Bew cyeles, Evesn with less polar solwvents, such as bensens or xylens, a
saolvent molecule is apparently preferentially sorbed in place of oxygen, and
tha chelate hecames inactive to further owygen =morprion after & few cycles,
according to the present interpretacion of the mechanism of scrastion., IE i3
belleved that all reported cases of reversible sorpticn in solution sra dus
Lo absstption by sorbents suspended im saturared solutions,

n

Another peossibilicy is ¢yeling of salcomine suspendsd in oils or other
inere fluids, Qonsldersble work on this method of aperation haz showm wvery
Hirtle fmprovement in deterioration of sorbents, The method ofilere mo cco-
nomic advantage, as the rolacively large quantitles of suspending mediums
require a wuch larger quantity af heat during desorptiom.

fitar fhe cause of deveriorgtion ~ loss of bonded water - had been dis-
coveread, several possible preventatives became spparent, the most preuolsing j
being ths wse of moist inlet air during sagpélon; however, none of these
n=thods has been Iavestigated,

Fresence o Weter in Salcominc

In 1%£7 Diekl (303 reported the probable presence of wacer in salcowine
and stated thep Lts presence iz &he compound could not de proved or disproved
by chemieal snalwsia for lack of a satisfactory aethod of recpvstallising the'
vompound for purification; nor by melecular welsht determination, since %
mzss units {oce-half male HoU per abam of Ca) in 325 (molecular weight of
szleoning) would result in questionabie accuraey with campounds oF veriasble
purdity . Bemaval of water st =levated remperatures for its deterwination by
welghl difference was squally difficult because af the decompositlon of sal-
gcomine with liberaticn of salicylaldehyde. Determization of the chemiczl
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F.  geructurs i3 complicated furilsr by the presence of eryszalline modilications
.. of saleowlne (27, 74 that nave similar chemical compositions yel arc com-
pletely inactive toward coygen.

lowewer, Diehl was zble to show the prescence of water by heating salico-
aine in ashydrous pyridine, cullecting the distillate, and deferniaing - By
peehs of Karl Fisher reageat - the weter cxpelled IZrom the compound and dig-
tilled over with the pyridine. We hsve confirmed these results by a similar
procadure. Using salcoming preparcd by the Runford €hemical Woxks and haviog
an cxzygoa-carrying capacity of 4.32-percent we found 2.ES, 2.16, and 2,20
" percent wWater by weight; Ereshly prepared salcomine heving an oxygen-carrylag
capacity of 4.8-percent shewed, in correspunding successive fests, a water
coatent of 2.31. 2.30, and 2,30 poreecnt.

We daveloped a rapid direct method for deternining the presence o water
!in galeonine. This gualitative test Ls based om the Laet that pyridine re-
ﬁﬁﬁplaces bonded water in Lhe molecule. To 2 2-gram sample ol salconines, which
-Eﬁfhad been activated =& 180° C. im wacuwn [or 2 hours, was added 300 ml. of
fﬁ;anhydruus pyridine, prepared by distillatlon fron potassivm hydroxide pellets.
{The solutisn was heated, and the distillate {(still protected Lrome atmospheric

'jﬁnisture) waz tested for water hy red litmus paper. Fyridine changes Che
;Eﬂlor aF this indicator to biue in the presence of water only. 2efore addi-
_;«gtiﬂn ty saleomine, pyridine had oo effect on red litmus. The accuracy of

B

LR
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Logs of Water During Deteriorgtiz

) {n tepeated cyeling zt atmospheric pressure, z contismurus decrease was
ohserved in the amount of oxygen produced, which is= typical of the resules
reported im the literature, as seen from table 7.

TAELE 7. = Detericrativa of salcoming on evelizns

L__ Sorpticn Desorphtlon at atmospheric pressure

Cyele | Temp., | Pressure, | Tesp., | Dxyzen Dxvgen produced,
Yo, ° G, atm. abs, T C. collanted, ml. welghf-percent
l..... 26 1 152 172 .41

k2..... 27 1 130 160 £.08

2340 2% 1.1 175 LAz .13

G ... 29 1 158 135 i 3506

5 Sevoral subseguant experiments were so deslzmed that the cause of this

ﬁﬁftreasing activity, oresumably deterlozation by iesa of chenicelly comained
; Water, might be verifisd, An appatates was assembled, shoem in fipure &, En

# PEEg pure, dried oxygen through salcomine at 100° C. with simulrascous meas-
Urement of changes in the sorptive capacity. Water removed firom salcomine

¥e2a collecbed fin U-tubss filled with selective deving agenta. Thelr gain in
Weight served zg an indication of the amomt of water lost. The dsta chtalned
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13.8923 grams of salcomine with time of exposure ta oxyg
0.5797 granw {4.17 percent;, indicating that ewxygen was belng
up; thet iz, salcomine was undergeing destructive cxidatica. Tha s=mple -
regcked a constant welght after B4%4 hours.
determined volunerriczlly, dropped ts nll.

bent sained
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GURE 4. - Apparatus fer Study of Deteriaration of Salcomine at 100 C.

% shows the decrease in sorpiiom cepacity and increase in weight of
gn arx 100% &,
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Ar that time the sorptive capacifys
Tne pailz in welght of the U-iubes
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FIGURE 7. - Effeet of Expesare Time to Oxygen on Scrption Capacity and
Destryetive Oxidotion of Selcomine. {Drising) mass ohout 14
crams.’

in the train ([{g. 6) may be altributed to watsr losz, and to a deposit of

teknown material. The latter may have consisted of decomposition prodects

tesulting from the oxidation of the sorhens, thus invalidating this sethed

for direct determination of water glvern up by salcoudme. The drylng sgents
8t the time of powplete deterioration kad gained weight as follows:

Grans

GaCLE+.... Q6162
Folc.vara, .?ﬁ?S
KOH. v vanue L2457
Total L.8244
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Wome of the desiccacls reached a comstant weighe when che sorptive capacity
of salcomine dropped Lo zerw. This suggests that salcomine may have eoatiguegd
its slow, destroctive oxidatlon with slmiltanecus lozs of watexr, dasplie cone
piete loss of activity for oxysen sorpbion (oxyganation}. 4w =ppreclable
amount. of black decomporsition products deposited at the inler end of the Py,
tube snd a pimk enlaratisn were also noted, Pregumably a devomposition pro-
duct, pussibly & hasiec gas, reacied with Pais, while it left the preocediag
Caitls unaifected. The XOH may have ahsorbed acidic geses resulting from the
decowpasition. ‘Tthe serond PgO3-filled U-tube, serving as @ ¢heck for Lhe
efficiency of removal by the firs: Pylg tube vemainzd constant in weight
throughauk the test rua. :

To relase the luss of wabter to detervioratieam, one muost show that water
ig lost while deterioratlon is in progresd, and that & cospletely deterio-
rated sewple contalns no coardinated wazer. A gawple of salecomina, deterio-
rated complately over a period of several weeks until it would neither fake
up nor desorb oxygen, was Iound to be water-fres by the pyridino-water re-
placement test. The sacple could not be reactivated to any extent by adding
WRLCY .

To show that loss of wacer cccurs during "omygenation” in ecycling sod
not on exposure to elevated Cemperatyres, We heated a fresh sample at 110° €,
under @ vacuun of Tess then 1 swm, of mercury for 55 hours. This semple suf-
fered neitner loss iz welghe, ner less in activity., The cause of deteriors-
tion iz thus reasonably well established as loss of a coordinated water-
wolecule, followed by the decomposition {"oxidation") of salecomins by pure
DHP LM .

DISCUSFI0N OF RESULTS

Sgleawine wes Found to be the most prouising oxygen carrier investigated.
None of the versene-bype compounds and other chelates iavestigated or any af )
the inorganic compounds previcusly proposed olfer as favorsble economic pos- %
zibiliries as salcomirne. :

Among the saleimico-type cowpounds investigated, the parent compound,
bis-salicyialdehyde efhylenediimine cobalt, ks the least expensive and has
relatively favagable properties, sxcept for its glow but si&ill appreciable
deteriaration. Certain derivatives of this compound end those of type II
{sem fiz. 1} perform better in cycling amd Jeteriarates leas, bt are muck
more expsndive. Of geweral bundred salcomine derivatives prepazed by Calvin,
Dizhl, Geigsgmazn, and others (L, 9, 11, 23, 24, 41, 48), vnone appears o have
ecopouic advantages over the parent compuund,

Structure and Detericratios of Salcomine

e

The deterioration ol salcomine is intimately related to its chemical
structure. The structure shown in figure § of an active oxygonated molecule
ol salcomine, pustuiated azd discussed by Dichl (30}, diffess from sarlier
stTuctures in that bridaing groups or coordinating compounds counect twa
adjacent saleowine melecules, The structure might ke daubted on prounds
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that no other cade £5 known of &

H _"___lﬁ water molecule sharing more than
CH GH one palir of electroas in coordi-
l | nabion compounds.

HC = N N oH

Trering preparaiion of salco-
wine the coopdisating group In
\\\ position I i3 Delieved Lo he a

gsolvent molecule {for example,
pyridine op gthanel), which is
remaved during activetlon at

10° €, and ! mm, pressure for
2 hours, leaving unoonded the
gixth coordination bond of sal-

HGZN -‘“\N ©:H comine. This site 15 thourht to
be responsible for tae reversible
! gsorption of oxygen, forming the

HG"*“‘GP& cxygenated compeound shown Ia
H H flgure B, The following list of
reasona, based chiefly oo Dichl's
FIGURE 8. - Hypathetical Structural Formufa  ipvestigations end our swn work,
of Salcarine. supparts this theory:

L, When salcemine iz synthesized in ncnagueous solvents, a complex co-
ordiration compound forms, sfmilar te the structure In figure § but probably
containing solvent wolecules im both positions I znd IX. The stacllity of
thege ¢ompounds depends upon the polerity of the solvent molecules; with
prridine a felrly stable compound is formed, in alechal & less stable one
tesults, and that forwed i beazene or xylere 1s very unstable. Thess coi-
pounds were completely inactive to oxygen sorption. Following activation, in
which the solwent molscule im pouslidon I is romoved, the compounds tend to he
exidizad destructively, furming de¢ouposition products, and will aot rever-
sibly react with oxygen. However, when Lhe sawe cowpounds are prepared im
nongquegus solyvents and subseguently treated with water, pasifion I will be
oecupicd by a solyent wmalecule and position XL Ty a water molecule. On ac-
tivation, this waoter-bearing compound loses the remaining solwvent moleculs
and becomes a reversible sorbent for ocxygen. Two examples of this behavior
have been reported sy Harzlson and Diehl (37},

) 2. When sslemiine is syathesized from & partly agwzecus solvent {as 70-
- percent alcohol vy S0-pareant pyridine}, the compound formed is similar or

» identical with saleomlne pregared in neonaqueous solvent and subgequently

U troated with water; thal ls, a2 water molecule is bonded hetween the Luo
cobalt aroms in sositlon IE, and pasiticn I is occupied by ailhev an aleohol
i 0T pyridine molecule. This selvent malaeule in position I appears Lo be

Y quaneitatively reowoved during activation, su measured by a suitable selvent
* Bhsorher. An exact quantitatiwve determinstion has noié becn possible becamse
g 0f {mpurities in the compound, =nd reczystallizaricas have Led te Surthez

2 decompasition.
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3. Pyridine can react with the active compound by dispiaelng the wateg
molecule in position II; the dizplaced water ¢an be collected and measvred.
The pyridine-substituted comprund no longer absorbs omygen revorsibly but is

destructively oxldized like the compounds mentioned under point 1.

4. The deoxypgensgted form of sebive zelonwmine 15 paramagnetic; the oxy-
gemated one is diamspnetic (i5). Quantitative weasurements indicate one un-
paired electroz per cobalt atom as rxpected from the propnscd structure fwith
coordination position I nat [illed 4= the active deaxveenzted form). 1o the
95 clectrans sround the bivalent cobalt stom sre added & elsctrons from the &4
covalent lluksges with tze ovgenle substance ans 2 from the oxygen of the
hridging watar mokesule, maklng a total of 33, the vdd 4p #leetron rewaining
unpaired. The oxygen molecule is paramagretic, having two unpaired cloatrons,
Coupling of one oxygen molecule to two deoxypenated salcomine molecules proh-
ahly involves pairing of the uncoupled electrons, two cobalt atoms belag re-
gulred for the two wnpelred electrons uf the axyvgen molecule to Lotm a &la-

mwagnetic compound.

3. 4m eassily remaved peroxo-limkage betweor Lwo cobalt atoms Iotming @
polynuclear coordination rompound iz well known. A process based em the re-
covery of oxfygen [rom the atmespharve by acidifization by bhivalent cobalt
zalts ia the presence of ammmmla has becn imvestigated by Cluud, ¥ellsr, and
Worst (52), who concluded that the process was vneconamical because of the
irreveralble oxidation of bivalent cobali to the trivalemi state. & similar
process uslng hexemmine cohalt {I1) chloride wzs palented by Warnc and Wool-
cock (98). Their proceduts was based on the exculaio: of ammonila by axygen,
which was subseguently expelled From the sercxu-cobalt cempound by incressing
the amonla concenization.

&. Bocause of the extreme diEficulty of obtaining a pure saloooine comi-
pound, chemical gnalysis has not permitted an undisputable conclusion on the
exact composition af saleomine. Confirmetion of the binvclear composition of
salcomine could he obtzined from the wolecular woeight of the material. Iloer=
ayer, in addition to Lhe diffleolcy with purificaticn, rsplacement of the
bended-warer maleculs by salvent complicates moleculay weight determinations
by elther the cryeseopic or the boiling-point methed. Diskl and others {30 ,
for exemple, found a depressiom of the toiling point imstead of the expected
elevation in chloroform and pyrldine sclwents. The agparent explanation was
that water hed been expelled frou the cowpovnd. In aay solvent that docs neot
replace the water melecule, saleouine is too inscluhle to glve a signlBicant
change cither in freeaing or 'in heiling poknt, Io the few solvents in which
salcomine is sligkicly soluble, water is replaced by solvent.

One wight determine the moleeulst weight of ths golvant-gchstituted nale-
cule mEier complote Temoval of water, or that of the inactive forw of salco-
mine prepared anhydrously. & search nf the literaturz indicates that no at-
tompt has yet been wade to deteraine the moleculay weight oF the imactiwve,
gsolvent-gubstituied compound.

7. Lozs of chemically combined weter with subseguent oxidaticn has baen
shown ta cause the slow detericraticn during eyeling. The gorptive capaclty
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of salcomine decreases in proportion to the Loss of water. However, owing

to 2 nearly simultanscus destructive oxidativm, the additional water produced
precludes exact correlaticn between water loss and decrease In sorptive
papacity.

IRMLERS ECOROMICS

To be cempetitive with couvesticnal rectification of liguefied air,
4 process using an ouygen carriler must comply with all of the following
conditions:

(1) FPor a sorbemt or carrler compound having a wolecular weighr of 300
end & specific hear of 0.2 B.t.u.flb.~" F. (average valuss of several possi-
ble compounds), the differsnce between the tenperatures of sorption and de-
sporptien should ot exceed 400° to 500° F, A yreater differcncee is econami-
cally prohibitive. For example, the cost of heating a permanganate mixtuere
feontaining 63 percent NelH to keep the melten mazs fluild), to produce L tam
of omyyen is toughly $0,.73 per 106" F. temperatuge difference.

| {2) The heat uvf reaction should be reascnably low, the upper limit being
~abgut 300 B.t.u. per pouad of serbent, producing (.04 pouvnd of oxygen. This
" is equivaleat te a reacfloa heat of 15 millios B.t.u. per ton of uxygen pro-
duced, which muat be removed during sorpilen snd supplied during desorpriom,
At $0.25 per wmillion B.t.u. the total cost of supplying reaction heat would
be $3.75 per ton of oxygen. Very litrle, if any, of this reaction heat is
recoverable during sorption at the lower temperature,

(3} Oxygen rust be absorbed from air ar pressures below &0 pos.i.gz.,
because the cost al compressing % tons of alr to this pressure is epproxi-
mately $4.40, baged on 0.01 per kw.-hz. (65).

(4} Uxygzen should be desorbed at pressures abave approximatcly 1 inch
of mercury =bs., as cvacwatilon costs below this pressure become proliibitive.

{3) The process should be ¢argied vut in relatively simpls eguipnent,
For example, several processcs proposed in the rast requite extepsivae syg-
temz for solvent recovery., Others requwire slass equipment that cannot be
replaced by high-grade alloy steels because of corrasfion. Selid sorbeats
mizf be casily handled grenular or powderced larm, Liquid sorbents must have
2 low vapor pressure, Obviocusly, the use of stendard equipment or machinery
iz preferakle whesever possible.

(&) The sorbent smist not deterlorats appreciably con eveling. Based on
2,000 cyeles required to produce 80 tows of axygen per tom of salcomine,
with the latter assumed to cest $5.00 per pound, detericration, 2L a rate
uf wnly 40,001 pereent per cycle, Tepresents 2 cost of $2.30 par ton of pxygen.

Among ineorganile oxygen carriers, the hot sodivn manpanatc process merits
fonsideraticon. The coverall zegeticn taking place during oxzygen sorption at
606" F, snd desorptien at 1,200°-1,400° F. is:

Mo, & Mal, + 1/2 0
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However, ihke process iLs muck morc complicaled, Na®H is gdded to keep e may.
ten mass fluld, and an intricate heat-recovery system must be used. %his ra.
sults in excessive processing cost, as well as a high cost of lnvestmont, ;
The proccss would thus excead the economic limitations far several conditiong . .
listed abowva.

fr. comparlson, the barium peroxide process Erequently proposed and oega-
sionally used in the past:

Bal + L/2 G, 2 Baly

is within the economic limits of each conditicn enumerated above, excepl the
first ane. The cost of heatimg the sorbent material frem #00° F., maintained,
durinz the sorption step, to 1,600° F. for deserptioa is prohikitive. .y

Alkaii salts of pyrogallle acid are highly efiective oxygen sorbents up-
der auy pressure ab axdinary temperatures, but a high vacuun i1s reguwired Eo -«
vrelease absorbed oxygen. Beczuse of the lack of conformity wlith condition 4;-
such a procass would alsa he propibilive cconomically.

In vowparison with the inerganic oxygen carriers discussed above, metal
chelates comply much betfter with the conditions that defins process cconowy, . .

Salcomine 1s well wilthin the limliations of the first five condlblons,
Howewer, for the time beimg dts slight rate af deterioration places it beyomd:
the cconomic limits, regardless of other cost factors. 1

Practical Process Pringiples

4 praliminagy cost eatimate for a 200-ton-per-day oxygen plant wslng
salcomine has shown Chat oxygen would cost at least $6 per tom, even with
the most aptimistic assumptions. HWevertheless, the salconine proccsas has &
otwnher of practlcal advantages:

1, Plants of any size or capacity can be constructed to produce comi-
mercial-prade oxygen., The equipwent may be starred to cperafe on short
notice,

7, Once stareod, the unlt produces oxygen almost fmmediately and is,
thus, ideakly adapred to intermittent service.

3. The plant can be provided with actomatic provess controls, Loclud-
ing starting and stopping dewvices fer zll plant uwnlts in predetermlned se-
quence. Az & result, manpower requlrements cam be tedured to A minloum.

4. The equipment i1z 1ight and cowpact, compared with convertbiezal
systamy.

In view of these advenlages, such a process might £ind applicatiom fer
producing oxygen on ships or planes, in isolated or temporary installations
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where oxvgen is needed for cutting and welding or medleal uses, and in spe-
cial applications where cylindar oxyzed catnot We readily supplied,

To avolid operaicing difflculties, such ms clogging snd lecal overheating,
fleidization of salcoumine appeaxs to be one possibility. One advantage ot
fluidizatlon is improved tewperalure coutrol, which would tend to prevent
igeal overhesating and deterioration, Pertisl fluidizaticm of the sorbsnt
ped may be sufficienk.

To wake the progess continuous, pairs of surption towars can be con-
necked o operate intermitiently on complementsry halz eycles. While the
gorbent vessel Yon stream” selectively removed oxygen from the air, the "ofi-

 stresw’ veszel delivers it ta a slople product-treating train aad relief
¥ holders. LEnough moist alr would be passed through the on-strean wessel to
tesp the temperature below 30° . untik the salcomins became geturated with
UXFLen. simultanecusly, saygen recycled from the storapge holder may be pre-
- feated to 110°-L13° €. znd pulled By &0 pyhauster~blower through the oxygen-

saturated salcomine in the off-atrean Ebower fo heat this bed fo 80°-553° C.
" at slightly below atmosphoric pressurc. Oxygen is descrbed from the bed un-
der such conditions, thet is, while the heat of sorptlen {20 keal. per gram-
mole O5) iz being trancferred to the sorbent.

Ome disedvantage is that spent szlewuine nust be replaced at intervals.
4lso, fluidizing requires approximetely 11 times as amch air (ke keep the bed
balow 30% C.} during sorpticn 2s would be ncceasary to simply saturate the
salcomine, Howewver, by this methed of adding =znd remeving heset from the sor-
bent, deterioraticn cam e reduced considerahly. Such & process would producs
| oxygen at $20-330 per tsa.

SAFETY COMSIDERATIONS

Cranular salcomine soutaing a gmall amoent of fines. The dust formed in
handling should not be inhaled, as it frritarcs the respiratory system and
gives symptoms similar to those of a heavy head cold (F2}, In one cass, such
gm irritation may hawe sontributed to the death of & worker. In i year af ex-
perimental work at the Bureau of Mines, no Jifficulties were found in handling
small gquantities of salcomine {a few pounds) by normal laboratory procedurss.
hdditional references to the toxicity of salcumine =re ligted im the bibliog-
graphy {2, 12, 21, 4L, B2, 96 .

The handling of cylinder oxygen requires certain weil-knowa safety pre-
eautfong. In addlticm, the use of oXygen shove raom temperature requires
addit{cnal precautions bacause of the higher reactivity of heated oxyszen. In
our experimental work, iavolving only relatively small guantities of materials,
| 0 precauticns Were necessary beyond mormal safely practicas.

In pilot-plant work with salcomine (44) , at temperatures up to 1187 U.,
the only corrosion reporbed was of coppex tubes In the coeling system at the
2ilver-soldered rerurn-bernd joints. They were replaced by cupronickel tubss
after asbout 3 months of operatism.
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BIRLLOGRATIY

The following pages contain Che nore gignificant recent refersnces om
uxygen sorpkion by retal chelates.

Many references periain to reparis on prajscis spousored by ths Maliocaal
bafensae Begearch Counell (MDRCY of the COffice of Scientilic Hesearch and De-
velopment (OSEDY, =z wartlwe agency of the U, 5. Governmeal. The OFMsr refer-
gnces pertals fo OSKD contract aumbers, wnder which monthly and quarterly
reports were publizhed. The Chao references dre a series pf reporbs cnfitled
"Ches Reports,” available from Purdes Uniwversity. Masi Governament reports
fave beem glven FE mumbers by the Feblicatlon Board, which are listed in
"Mz 5, Governments Research Baparts,” formezly "Biblingrapey of Technical
Feports,” azd “Biblicgraphy of Sclentific and Industrial Reports," publlshed
by the OFfice of Technleal Services, U. 5, Departmeat o Comterce, Washizgton
25, 0. C.

Titles in parentheses arc tracslations Erom the language in wiicre the
citation was originally pubLlished,




1, BAFLES, H. H., 1"11'1.'-3' CALVIN, M, The Owywen-Carrying Synthetic Chelate Com-
pounds. VIE, Eparatia‘ Juur. Am. Chem. Soc., wvol. &3, 1947, o, 188G,

Fresents methods for preparisg a selected group of chelate compounds in
all thelr furmz. Describes those conpounds, prepared for the examination o1
~ their oxygen-carrying properties, that were identified sufficieatiy Lo ha cer-
" tain of their chkemical strueture.

2. BANWELL, 2. W., STECHER, H. 4., AND MILLER, T, &. Infarmal Report an
Salcomine Poisoning of Dr. T. A. Geissman, Vniversity of Pennsylyania,
OEMsr-934 , 1944,

3. BARKWELEW, C. H., AFD CALVIM, M., Oxycen-Carrying Synthelic Chelste Com-
pounds. II. The Bates of Oaypenatiloen of the S5lid Compound=. Jour,
Am. Chem. Soe., wval. &8, 1946, p. 2257.

B Presents a study of the kinetics of the oxypgenation of chelate compounda.
" Degaribes the rate~umeaguring apperatus end discusses rato laws for the reac-
tion. Temperature dependence oi rate, activation energy, effect of pressure,
optimum temperature, nechanisw of oxygenation, and inducticn period are in-
“eluded. I1 graphs.

4. BECK, W. W. Froductlon of Oxygen by Repeneratiye Cheadeals. PE 98749,
Agust 1942, .

-

Fenews borh air geetiification and chemfcal methods. Describas the cham-
fstry of salecomine and its use as & repgenerative oxyzen carrier,

3. BLISS, H., 4KFD DODGE, B, F. ?Progress Report on "Regenerators™, fug. 1,
1942 to March 1943, O3KD 1443, PB 9350, 44 pp.

s Presents experinencal data on the use of regeserators as heat ecxchengors

_:and ajir purifiers in connecticn with oxygen-producing «guipment. Discusscs

" ¥arious types of regenerators with refarsnce to the charscteristiecs af various

- Packings of scveral tested assewmblisa, flow Tates, cyole times, feed Lempara-
tures, and cther cocoditlens. Alse includes a detafled treztwent of mechanical
difficulties and 2 discussion of methods for removing carbon divzice and other

 Impurities from air.

& &, BLI3S, 4. Progresas Report on Results of Tests on Regenerators. OSED 1851,
B 9387, August 1943, 50 pp.

Reports experimental work with 4-1/Z-inch-dismeter, copper-packed regen-
© Brators desigped by M. W. Kelloge Company. The effscts of the major independ-
.. BLE variables, imlet temperaturs, cyele time, and flow rates were studiad in
© 35 vuns., fMrawings, photegraphs, and tableas,

- T. BUTTOM, J. C. £., AND DAVIES, A. J. Apparatus for Automatically Recordlag
g Abporption of Qmygen. Jour., Sei. Instr., wol. 30, No. 19, September
1353, pp. 307-310.
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£. CALVIN, M. Mamwfacturc of Oxygen by Use of Regenerative Chemleals. Uaiy
ol Californin, Pept, of Chendstry, OSED 403, PB 98745, December 1241,

Givea an improved method for preparing salcumine; describes an epparakug
for recovering oxygon from air with thils sorbent. Jacketed copper tubesz are
recomendnd for abaorpticm of axygen st BD-1GJ p.s.i. and at the temperature
of tap water, and for desurztion at atmespheric pressure and a0® .

9. . Chelate Oxygcn Compounds and Squipecnt for Their Fge, EI.  OSHE
821, OEMsr-279, Seplember 1842,

This report, on progress made [n [undameatal studies of oxyegen production
by chewical means, includes discussions of the preparation and testing ok 25
new metal chelate compouads, a cnemleal study of dsterivzated parent compotnd,
axd operastion of salcowine oil-suspension equipment.

10. . Chelate Oxygen Compounds azd the Maechanlsm of the Absorptlon Reac-
tipn. OSED 398, PB B3lh, October 195Z,

The authar describes experimental work on the preparation and chewlecal
betavior of chelate compounds capable of ebsarblag oxygon from the etmosphere,
including a eriticzl physicel-chemical analysis of these reacticons. FPresents
graphs of data and sketck of an appavatus for the meazurement of the heat of
oxygenation.

11. . The Development, Properties and Uze of Chelace Comperendy £ox tha 1
Froduction of Owzygen. OSRD 4161, Scotember 15944,

Surmarizes the work carried oul ab e University of Calllornia om or-
manlc oxypes-carrying materfals with special emphasis on thelr regeneration.
Discussion includes egquipment syatems for use, physical chemiatry of the
miygenation reaclion, and chemicsl synthesis. Gives an account of pllat-plant
production of J-Flunrosalicylaldehyde and tae cowresponding chelate.

12, . Dxyzen-Carrving Synihatlec Ghelate Compourds. Chem. Prod,, wvel,
19, Janwvary-Pebruary 1947, pp. 19-22,

Reviews the preparatlon of various mstal chelate g¢owpoands, the thagme-
dynamics and kinetica of oxvgen sorpiion on solid chelates, Izcluding x-ray
gxaweination, magnetic measurensnts, cycling properties, and o¥ygenation in
solutdion,

13, CALVIN, M., WD BATLES, K. E. Stebilicy of Chelate Cowpoundsz, IX.
Folarographic Reduction of Copper Ghelates. Jour. &m. Chew. Soc., vel.
68, 1946, pp., 949-954.

The reduction polentials of 37 chelace compounds were determdned by
polarography at the érapping mercury elecirtede. Solvent conditions for the
cuprous—compound heave been established.




14. CALVIM, M., BAILES, H. H., AND WILMAREW, W. K. The Oxypen-Cayrying Sym-
theric Cheiate Gompousnds. I. Jour. 4m, Chem. Boc., waol. BE, 1946, p.
2254 .

Describhes the gereral physical snd chemicel properties of the oxygesn-
earrying synthetic wmetal chelate compounds. Gives methods [or preparing wvar-
inus wetal chelates. Discusses thermodynamics and kinetics of amyyen sorpbion
by solid chelates, x-rsy sxenlnations, magnetic measurcaoentes, crcling propel-
fies, =nd oxygznaties in scluticm.

15, CALVIN, M., &MD BARKRLEW, ©, H., The Owygen-Carrying Synthetic Chelate
Compaunds . IV, Magzetle Properties. Jour. Ar. Chea. Soc., wol. 5E,
1846, p. 2247,

Magnetic susceptbibilities of a mumber of transition-element (Fe, N1, and
€u} chelates heve been measured by the asthors ar room tempersture., Variation
of magnetic susceptibility with temperature hag been studied; charscteristic
anomalics are discussed with respect to crysial symmetzy.  Susceptibility 2s a
functlion of oxygenation has beon studied for twe vdyges cerriers. Magnetic
susceptibility was measursed by sugpending weighed, filled tubes in a bhowb and
exposing to oxygen for various intervals of time. Describes a device for tem-
" parature control.,

16. CALVIN, M., AWDE LAYIMER, W. . <obalt Salicylaldeshyde Ethylenediinine.
¥, 5. Patent 2,508,350, May 23, 1930.

17, CALVIN, M., 4D WILSOM, K. W. Stabiliiy of Chelate Compounds. Jour, da,
Chewm. 30c,, wol. &7, 1945, pp. 2003-20407.

fiives & Teport oa the stabilities of 2P chelsie compowsids of copper. The
stability of these compounds depended not ouly on their charvacter as bases but
also on a resonance effect invalwing the copper atom im the cenler of the
chelate molecule.

13. CHAG, T. 5., AND DIEYL, H. Chav Reports i-7 from Qci. Z0, 19385 to Apr.
26, 1939, Purdue University.

An early series of munthly reports descriving the preparativa snd proper-
tles of cabalt, iron, manganesa, copper, cnrteomium, and tin derivatlves of
" salieylelethylenediimine and relacted compounds.

15, CooN, J. M., GLASS, H. &., AND LUSHBAUGH, ¢, €. Toxicity Tests on Saleco-
mine Oxygen and on Salcomine Powder, Uniwversity of Chircage Toxicity
Labhoratory, OSRD 892, Sept, 22, 1342,

20, DEWEY, D. R. II. Report on the KORD Oxypen Unit ab the 3. 5. Waval Engi-

neering Expsrimental Statien, Annapolis, ¥d., Massachasetts Inst. Techmol.

Canbridge, Mass., Oet. I8, 10942,

21, DICHE, 3. H., ALLEN, G. §., AND RICHTER, C. B. The Acute Toxicity of
Thioureas and Relared Compoundz bo Wild Domestic Mepway Racs. Jour.
Pharmacelk., wvol. 90, 197, pp. 260-27i.
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27. BIEHL, E. Dovelopment of Owygea Carciers. HMentkly Report VII, FB BEBOY,
Feb. 14, 1947,

Hitpous uxide and nitrogen dioxide were quantitatrively abzorbed by OX¥ ren.
carrying digalicylalethylenediimine cebelt chelate. A gtudy was made of the
oxyger-carrying cazpaclty of this cosprund in pyridine solutiva.

23. - Developrent ol Qwygen~Carrying Chemicsls. OZED 374, PR 8317, May
14, 1942,

Thls study of saleomine znd related chemical oxygen carriers includes
wethads of preparation, physical and chemiczl propepties, and wechenism of
vesction with owypen. Detalled discussios is given of the action of Edzesg
other than axyzea oo the surbenrt; the presence of water in salcomine ig dis-
cussed. Several Zerravs irvoa chelates of compasition analegous to that of
the cobalt compound were studicd, bur yielded noching of immediete fnterest.
An apparatus for wessuring oxygsen-carrying capacily and one for determining
tha useful life of oxygen carriers ave deseribed.

24 - Developuent of Owygen-Carrying Compommds . OSRD $45, PR 9386,
Oct. 16, 1947,

Contaims a general weview, & sumnary, and & discusszion of the propata=
tion and properties of compounds of eobalt with substituted salicylaldehydes
and gimilar carbonyl coupounds, such as propylenediauine, tetrancehylelhylene-
diamine, wethylenedianine, and 2-bydruxy-3-methorybenzaldehyde. Several sub-
sections are devoted to the discussien of a larze number of other compoinds
investigated for fheir oxygon-carrying properiles.

25, + Develapment of Oxygen-Carrying Chemicals. Parc IET, Frogress
Report Frowm Sept. 1, E947 fo Apr. 20, L9G5. 0SRD 1448 PR 9389,

Sumnarizes work on oxygen-carrying echalt compounds: most of the rosults
were reported in earlier papezs of the szme series. Sigaificance is attached
to the dlscovery that certain mixtures af algenydes result in conpounds of
particularly sdvantag=ous ramperaturc-pressure characterlstics as compaged
with pure aldehydes. Tneludes structural formalas,

26, - Final Report on Development al Oxygen-Carryiss Chemicals, OSED
18530, F8 2397, Gct. 13, 1943,

Thiz wepart is a2 swmarv-sugplemect to four pravious progreus reports
cavering various phases of the game subject; a table of contents For ail
provious repocts is Included. Notewortly are the daca wlven on various sub-
atituted disalicylalethylepediinine cobalt compoinds and on aralpzoua chelates

in which cobalt has beecn substituted by other metals, such s capper, icom,
and chromivm.

7. - Gtudies ou Owgrgen-Sarrying Cobalt Cempounds. I Oxyzen-Carrylog
Metallo-Orpanie Compounds. Their Usc in the Manufacture aof Uxyzonr.
Lows State Gollege Jour, Sci., wol. 2@, 1947, pp. 271-277.
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In this introductury report the auchor states that 15 pEpers are planned
ty report the date from a study of salcomine and its derivatives, with speeial
emphasia on the poasible utilization of these sorbents im the comereigl pro-
ductfon of Jxygen from air.

28. DIEAL, H., HACH, ©, C., HARRESON, G. C,, AND LIGOETT, L, M. Studles on
Oxpgen-Carrying Cobalt Compounds. IT. The Methods of Preparing Ri-
{Disaliaylalethylenediimlne)-auﬁqun-ﬂicobalt, Co-Ut. Towa State Col-
lege Jour. Sei., wal. 21, 1947, pp. 278-286.

Discusscs 4 nunber of factors affecting the gualicy in the FTeparation
of Co-Ox, Optimum conditivms were found for elirirating undssirable side ve-
actions, maintaining maximm oxygen-carrying capacity of sorbent, and incpeas-
irg vield and decreasing cost,

- 29. DISHL, H., HARRISON, G. C., HAGH, C. C., HENSELMEEER, L., AND LIGGETT, L.
M. Monthly Reports I -~ XITT From Feb. L7, 1841 to Mag. 9, 1942. Towa
State College.

Series of detalled wonthly reports on the development of oxypea-carrying
¢ chemicals: Preparation of chelate compourtds , mechanism of owygenatifon, ef-
# fect of light of warious wave lomgths on salcomine im the presence of water,
valence af cobale, rato of oxygonation, apparetus Cor contirucusly circulag-
ing eclids, explesibillcy, density, effect o wolsture, effecr of variables
on preparaticn of salcomine and related compounds, eflsct of gases, esta. ALl
have been smmwarized in later reports.

30. DIEHL, W., HAGH, C. C., HARRISON, G. C., LIGGETI, L. M.,k AKD CHAD, T. &,
Studies on Cuygon-Carcving Cobalg Compounds.  TIL, The Composition and
Chemical Properties af Bi~{Disalicylalethylenediimiue}-g-ﬂqua-ﬂicobalt,
Co-0x. TIowa State Collego Jour. Sci., vol. 2L, 1947, pp. 287-309,

Presents data to support the structure of this cobalt chelate snd les
. themical properties, Discusses the presence of water wolecules in the struc-
fura,

il. DIEHL, H,., AND LIGGETT, L, M. Studies on Cuygen-Larrying Gabalt Con=
- pounds. VI Di-{2~Hydrnxyu3—Hathuxybenzal}-Ethylenediimina Cobalt,
3-Methoxy Co-Ox. Iowa State Coliege Jour. Sci., wol, 21, 197, TP
3r6-334,

Yhe properties of 3-wethoxy Co-0x are discussed, and methods are given
fer its prepararion. Gives detsils of mctivation and emphasizes congldecaly
- Improved oxyges sorption over that of the parent cowmpound,

32. DYEML, H., BROUKDS, R. J., HARRISON, G. C., aND LIGGETT, L. M. Strudies
oo Oxygen-Carrying Cobalr Compound, TVIT. 0i- (2-Hydroxy-3-Ethoxybenzel) -
Ethylenediimine Cobalt and Higher 3-Alkoxy Anslogues. J-Ethoxy Co-Dx and
Co-0x 55. Iowa Siate College Jopur. Sel., vol, 21, 1947, pp. 335-349.

Reports wethods for preparing J-ethoxy Cu-0x and Co-0x 55,
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33. PIEHL, H., LICCETT, L. M., HARRISON, 4. C., MACH, G. C., AND CURTTS, R, 4
3tudies on Owygen-Carrying Cobalt Compounds. VIIL. Atalopues of Digo
alicylalethylenediimine Cobalt Wich a=Hydroxycarbonyl Compounds Other
Than Salteylaldehyde. Towa State College Jour. Sei., wol, 22, 194%, pp,
9l-101%,

Analogues of disalicylalethylenedlimine eobals were prepared =nd tesged
for oxygen-carrying capacity. Trncludes methods for preparing Schiff bascs,
In genexral, methods af preparation asd of treating rhe compounds affact tha
sorption of oxygen. Jubstituents larager than ethyl oz the ring oxr the alds-
hyde group prevenl activity, WNol more than one sUbstitvent, alkyl, nitro,
chlazo, browo, or alkoxy may be introducod: the d=zosition 1z the Ifavoraed
for substibtution.

34. DIEML, H., LIGGETT, L, M., HACH, G. C., HARRISCN, . C,, HENSELMUEER, 1.,
SBCHWANDT , R. W., AND MATHEWS, J., JR. Studles on Cygen=-Carrying Cohals
Compounds.  IX, Anslopues of Dlsalicylalethylenadiimine Gobalt Witch
Diamines Other Than Ethylenedlsmine. Towa Srate College Joup. 8cz1,,
vol. 22, 15847, pp. 110G-123,

The authors discues 19 cokalt diamines, prepared preferably from khc
Schiff base in alcchol by additien of aqueous cobalt mcetate, Direct mixing
af the diamine, salicylaldehyde, and echalt salp and fornation of a pyrridine
compeund and its decompoaitlcn by heat were also employed. All pcompounds
were hsated at temperatures up to 170° €. and expassd to oxygen at 200-1b,
Predgure, bet nons absorbed cxygen. HWo general criteria, =uch as color,
method of preparatlon, or position or t¥pe of substituent, geened o Lndicate
capability uf zreversibly absorbing owyget.

35. DIEHL, H., AND CHAOD, T, 5. Studies of Oxygen-Cersying Cobali Compounds.
X. LCobalt Derivatives oi the Sc¢hiff's Bases ol selicylaldehyde With
Alkylamines. Iowa State College Joer, Sei., wol. 22, 1947, pp. 126-126.

When a cobalt salt, szlicylaldebyds, and sp alicylanine are hrought
together, only Co-ddsalicylaldehyde formws. Mo amine appears to be combined
with the cobalt, When, subseyuently, the salicylaldehyds and alkyl amine ra-
act, the corrosponding Schiff bases are formed. These bases react in part
with cobalt salts and in part are hydrolyvzed and some cchalt disalicylalde-
byde forms. All Schiff bascs were yollow-oils.

Hone of the cobalt complexes of the Schiff bases wes an OXYEen carrier.
The compounds prepared were: digalicylalmethylimine, -ethyl-, -propyl-, 3
itsapropyl-, -butyl-, and -amylimine cobalt, alue disalicylalanil cobalt.

36. DIEML, 1., BROUNS, R. J., HARRISON, . C., AND LIGGETT, L, W. Studies
o hyeen-Carrying Cobalt Compounds. X1, Oxygea-Carrying Compounds
Derived From Mixturas of o-Hydrowyaldehydes. Towa Statc College, Jour.
Sek., wol, 22, 1948, pp. 129-140.

The suggestion La advanced that bxyzen-carrying cobalt chelates nade from
mixed aldehydes might be less costly and would change the preoperties of the
sorbent; oxygen sorption and desorption ey be lLoproved,
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37, DIEHL, H., HACH, €. C., HARRISON, &. C,, LIGGEET, L. M., 4AND BROUNS, R. J.
Studies on Oxygen-Carrying Cobalt Compounds. XIET. dpparatus for Deter-
mining the Capacity and Rete of Owyyemation of S0lid Materials., Iowa
State Callege Jour. Sei., wol, 22, Mar. 4, 1847, »p. L50-164,

Frescnts disgrams of three volunetric apparatus wsed for measuring the
rate af oxygenution of cobalt chelates. Alsn includes a diagram of a mana-
metric apparatus for determinire capacity. Gives scver nethods for determin-
ing the capacity and vate of oxygenaticn, including three methods for capacity
deternination: Direct gravimetric method, gas-evolution nitrometar method,
and differential menometric apparatus.

38, DIEIL, H. K AKD HEMMN, J, The Prescoce of Warer ig Mxygen-Cerryving Cobalt
Compoundg. lLowa State Gullege Jour. Sci., wvol. 23, 1945, pp. 273-278.

Describes a wethod For determiming chemically bovnd water by titrating
with "Karl Fischer reagent.' Two diiferent tests indicated appreximately Lf2
rul of water per each atom of cobalt,

389, DU POKRT BE NEMOARS & C., E, I. Final Report un Analysis and Degradation
Study of Salecmine. UOSRD 1951, PB 9355, Oct. 25, 1943,

Reports methods for the quantitative analysis of fresd as well as de-
graded saleamine; the results of these analyses ave given. froposes a meeh-
anism for the fermation of the observed degradation Lragments.

40. ¥ERER, R, ., JR. 4 Polarocgraphic Study of Some Metal Inaer Complex Salrs,

Ph.D. thesis, University of Calilornia, Berkeley, 1947,

Prezents the results of 2 study on solarographic reductien potentialy of
axygen in the presence of warioua salicylaldebyde alkylens diamine deyivatives.

41, FIELD, E., BELL, C. D., AND RARDY, J, V. E. Salcomine as sn Absorbent for
Separating Atmospheric Oxygen. OSRD 1616, PR 388, July 16, 1943, pp.
fi-h3.

Reports investigatioms by the du Pont Ca. Deserlhes a pilot plane for
Pruoducing oxygen with a eirculating suspension of saleemine in ail. Studies
were made alse of chemlcal stzueture, reaction rates, ard life of sorbent.
The system had no adventages in welght and bulk over dry-bed operation, Es-
Pecially notewnrthy is 2 brief digcuwssion of safety hazards with salcowine .

%2, FIELD, E., AKD SMITH, D. M. Investigations for Jct. 1-Dee. 12, 18242,
VM- 0G4 ,

43. FOGLER, B. B., AND MAREK, L. F. Process for Production of Owygen. U. 5.
Patent 2,450,276, Hept. 28, 1448,

Deseribas oxygen shsorptiun-desorptlon by a chemiral nxysen carrier.

A_ Miscusses salcomine and its derivatives in detall.
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&4 . FOGLER, B. B. HRegeneracive Unit for Generating Uxygen, Iad. Eng. Chen.,
vol, 39, 1947, pp. L353-1360.

& report on the study of salcomice for producing oxygen of sufiicient
purity for cetting and welding., The study includes selection of heat trazssfar
equipment for cooling and heating sorbent and prefarred operacing cyeles to
aobtain high bourly yields and long operating 1Lie for the sorbect. Dlscusses
desizgn and opcrating characteristics of a pilet unit baving an sverage produc- :
tion capacliy of 264 cublc feet of ocxygen of 98-%9% purity. 23 references, i

43. FURNESS, W., CRAWSILAW, R., AND DAVIES, W. €. Polarographic Determination
of Fthylencdianice-Tetrazcetie Acid. Analyst, wvol. 74, 15949, pp, 629-A35.

46, GEISSMAN, T. A. Oxygen-CGarryiag Metallic Conplexes uF the Salconine Type,
OSRD 5927, PB 8613, OEMsr~034 June 30, 1945, 139 pp.

Covers the chemistry of saleomine and related compounds, including the
effect of chewical structure upon activity, the manufactvere of salcowine and
related eompounds, and oxygenarion-denxygenation reactions are discuzsed.
Other subjects include a progess-engineerlng eveluation, a discussion of the
thermal properties of saleomine, nethads of operation by cyeling, =nd deterd-
oration of salcomice. Final report under contract with University of California, .

&7 . GEISSMAN, T; A, AND OTHEKS. Freparatrion of Internedlsies for Qumygen-
Carrylng Chelate Complexcs, OSRD 4345, PB 9378, Mar. 23, 1945,

In this report thc aubhors review and sumarize their findingz. A neoher
of compounds, embracing a variety of structural types, have been prepared as
poaaible substitutes for szlicrviaidehyde in salcomine. An attempr was wade fo
establish the =fructural requirements for aectiwvity in complexes of the saleo-
mine type and thus ta furnish a logical basis for the deaign ol highly scblve
oxygen-carriers, A preliminary study was wmade of the polsntialities of trans-
annular perioxide of substituted anthracenes as practical oxygan-produckng sub-
stances. No final eonclusions wers reachad, except that thase compounds showed
gome promisc and further study might demonstrate methods by widch they could
be used. Deteriorativm im use of salcomine asd ethowing was studied from the
standpoint of chemical changes icwvolved ir degradation. A mmber of factors
were Tegognlzed, the control of which in seleciing the operating canditions 1s
of great Importance in the effielent wtilizaticn of these complexes.

48. GEISSMAN, T. A., SOHLATTER, M. J., WELB, I. D,, &D ROBERTS, J. D. The
Zynthesis of Some Latermediates for Use in the Preparatlon of Aznalapues
of Salicylaldehyde Ethylenediimine Cobalt (Salcoming). Jour. Org. Chem.,
voel, 11, 1946, pp. T741-750.

Describes preparaticns of a pumber of aromaric and heterscyelic s-hydrox-
waldehydes and some 2-(s-hydroxyphenyl) pyridine derivatives. ALl were of the
salecoming Cype; emphasis was placed on developrment of metal chelates of prazbel
stablilitv than that of salcomine.
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. 49, GILLLLAND, £, R, Invostigation of Uxygen Supply. Prugress Report ta Hav.
1, 1941. DSRD 291, P% 8311, Dec. 8, L8041,

Experizents were chiefly concerncd wilh a etudy of the cobalt acetate-
salicylaldehyde-ethylenedimning chelare reported by Tzumaki and Calvin. Re-
pores the principsl features of the design of a self-contaiced cycling wnit fo
produce 4 cuble feet of oxygen per minuce.

50, GILLILAKD, E. R., AND OTHERS. Iavestigation of Qxyrgen Fupply,  OIRD 439,
PB 8312, Mar. 1, 1942,

Reports further progress an the dovelopment of chemical sorption units
for producing owygen, Including detailed desipn calculations for packsd-tube
and finned-tube units, and construction for the Naval Rescarch Laboratory of

4 it Producing & eu. ft. of cxygen per minute, Charts and schematic diagram,

.5l - Investigation of Oxyzen Supply. OSRD 613, PB 8313, ¥ay 31, 1942,

Deserlbes the separation of ataospherie cayEen with salcomine under var-
(ious conditions of operatieon, and a test unit. Tables =nd zraphs.

“3d. GLUUD, W., FELLER, K., AND KORDT, H. (The Prodvetivn of Oxyzen by Medns
- of Ammoniacal Cebalt Solutions.) Ber, Gesall. Eohlentechnol., vol. &,
1833, pp. 2R0-234, :

;53. HACH, ©. C., AND DIFEWT, H. 5Studies on typen—Carrying Cobalt Compotnds.
XLV. The Deslgn of Apparatus for the Manufecture of Oxypen Uzing Co-0x

and [ts Dorivatives. Zowa Stete College Jour, ci., vel. 22, 1948, pp.
lg5-178.

:
¥

Repores the design cof an apparatys for manufacturing oxygen, nsing Co-Ox
‘or its derivatives. Diagrams snd describes the temperature-variation process
and the 2diabatic process in detail.

f 3%. HACH, C., AKD DIERL, H. a Circularing Solid Apparatus €at Manulacturs of
‘L Oxygen. OSRD i911, PB 9395, May 20, 1943,

Describes daveleprenl of z circulating-zolid type of appavabus for Lhe
®xtraction of atmospherie oxygen by oxygenation of a hizhly hydroscopie com-
Pound at room temperature, followed by deaxygenation at a higher temperature,
Jboth Fragesses taking place at stmospheric pressore. Blueprint drawings,
diagrams, and photowraphs.

23, MACH, C. €., LIGGETT, L. M., AMD DEESL, II. V. Studies on OUxygen-Carrying
Cebalt Compovrnds, bi- (2-hydruxy-3-nitrobenzal) -cthylenediimine Cobair.
3-Nitro Co-Ox. fowa State College Jour. dcil., wol. 21, 1947, pp. 318-325.

Reports preparation and properties of 3-Nitro (Un-Ox in detail.

8. HARLE, 0, L., AND CAIVIN, M. The Oxygen-Careyinz Synthetic Chelate Com-
;- pounds ., VI, Equilibrium in Solution. Jour. Am. Chem, Soc., wol. BB,
¥y 1946, p. 2613.
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Fquillbrium has besn measured for reversible oxyperation of certain pp.t:
balt chelstes dizsolwed in orgenle splvents. Describes tae dpparatus,; inglng
ing toe reactlom wessel, which is skown In diagran.

37. MARRISON, G. ., AND DIETL, H. Owrgen Problem. XXIV, Report 20 to KDRL,
Iowa State College. OFMsr-215, PE 98622, July 1942, :

Reviews & slkudy of the reaction of cobali chloride and disaliuylalethyL,:ﬂ
enediimine under anhydrous conditions. 3

58. . Oxygen-Garryiag Cobslt Compounds. IV, The Resction of Disalicy]-
alethylenediiminge and Gobalt Chloride Under Aohydreus Conditions.  Fowa
State Uollege Jour. 5ei., wobl. 21, 1947, pp. 311-3%3. b
Reactions of disalirylaletbylenediimine and cobalt chloride under anhy- =

drous conditions led to an inactive compound which did net absorh oxygen at

200 1b. pressure. However, if was converted to Co-0x [bls(W E'-disalicyial-

efiylenediimine) -p~agua-dicobale] by treatment with water.

59, HEAD, J., HACH, ©., aND DIKHL, H. @&xygen Problem Report XXI. lowa State
College, QEMap-2Z15, FB 98731, May 19542,

daveong the various compounds lmvestligated, propylenediamine, phesylens-
dfaweine, decamethvlensdienine, heqsmsthylencdiamine, ronamethylenzdiawnice,
and benzidine proved to be satlsfactory intermediates ir the chelation of
cobalt and othev metals.

0. HENSEIMEIER, I.., AND DIEML, II. Oxyzon Problem XVIEF. Iowa State College,
Rept, 13 to NDRC, OEMsr-215, PR 98734, sprll 1962, 20 pp.

Degerlbes preparation of substituted ethylenediamine-cobalt compounds.

£1. HETHERINGTON, C. L., &0 CATIZRALL, W, E, 3Speclal Engineering System i
Utilizing Chelate Chemical Absorbente fuor Oxygen Production. OSED 1579,
PE 9402, July 9, 1943, 152 pp. -

Besals with rechnicsl and enpineering phazes of oxyzen-generating edqulp-
ment. The mgin problom was heat transfer. Several recormendatilons are made
as to constructlom of axygen-producing units to meet botk theoretical and -~
practicel requirements. ’

.
i
=

62. HOLST, K. A. Preparation and Properties of Mixed Aldehyde Cobalt Deriva--
tives. Bumford Chem. Co., East Providence, R. I,, UEMsr-603, PB 98059,
Jantuary 1943, p, Z1.

Marufacturing procedures have been developed for the production of saleo- ;
mine, mathomine, and erhomine to be used for separating atoospheric oxygen.
These, Eogether with testing methods and. other chemical studies, dare raportﬂd
in Jdetail.



ai. « Production vf Salcomine and Related Compounds. SRR 8032, BB B&0L,
Oet. L, 1945,

Reports in detall menulacturisg procedures for saleomine, methomlne, and
ethomine; alsoc describes fest mebhods and releted chemical studies. Gives a
procedure for preparing 50-pound Satches of salcomine and prepering methomine
ard ethomine.

64. HUCEEE, E, W., WILMARTH, W. K., ANIF CALVIK, M. Thc Oxygen-Cerrying Sym-
theeie Chelate Compounda. V. Aquilibrivm With the Zo0lfd Compounds. Jour.
Age, Chem, Sae., vol., 68, 1%46, p. 2273,

Equilibrium pressures of cxysen over icur crystalline ocxygen-carrving
chelates have been measured as a Funclion of degree of oxypenatbom. X-rvay
powder diagrams were nade for ovne of these compounds after vxyzen sorptiom,
with extent of oxygenation ranging from 0 to 92 parcent.

62>, KATELL, 8., AMD MCGEE, J. P, Ao Economle Study of Air-Lompression Costs.
Cost ¥ngineering, vel, 2, Wa. L, 1957, pp. 5-%.

Eatiwates casts al alr compression up to 120 p,=.i.p. for variocus-size
umiits. Tables and graghs.

Bo. LATIMER, W. M. The Production of Oxygen by Use of a Recgeacrative Chemical.
OSRD 64, PE 5314, 1941,

Deseribes the properties of salecomine, although much detzil included in
the more complete final reports has been owitred,

67. LIGGETIT, L. M., ANB BIEHL, H. The Duff Reactiox Tfor che Ireparation of
Hydpoxy Aldehydea. Proc. Lowa Acad. Sei., wol. 5%, 1945, pp. 191-197.

6. . Brudies on Cxygen-Carrying Cebalt Compounds. XIT. An Artcupred
Syathesis of an Unsvmmetric Bchiff's Base of Ethylenediamine. Iowa
Stste Collasge Jour. Seci., wel. 22, 1948, op, 141-1409,

Differences between wixed condensation products of aldehydes, athylezue-
dismine, with cobalt compouads and any pure composnd sroused curiosity ro-
. Barding the possible behavier of a cobalt compound formod by condenalng two
different aldehydes to Form an unsymmetric molecule. Ko stable unzymmatric
Schifi hase could be prepared,
Go, » Uxygen Problem. XLV, Towa State Gollage, OEMsr-215, FB 98697,
Septeomber 1942,

Treszents the results of various expersiments pertaining o oxygen produc-
. Mon, Di(salicylal) wmethylensdiimine snd its cobalt derivatives were pre-
- Mred.  Two sauples of Go-Ox were analym=ed for oxygea and wolature comient.,

“*70. LIGEETT, L. M. AND DTHERS. Owyeen Problem. I¥XXVIIL. P 98621, July
1942,
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The known mebhods of preparing di(Erhydrﬂxy-j-methmxybenzal} ethylene—
diimine cobalt (CO-Ox M) were studied and, certain improvements made. Appara-
rus was dssembled for producing 30 pounds per day, and the recommended proce-
dure was tested, Daoth the deoxygenated and the oxygenated forms of Co-lx M
weTe very hygroscopic.

71. LITTLE, A, II., EC. Final Report on Dsvelopment of Tesat Unit for Produc-
tien of Oxvgen by Regenerative Chewmical. OCarbridge, Mass,, Jan. 31,
1944,

72, . Report on the Elfect af Salcomlae on Workmez With Swmiaries af
Froysical Exsmuinatioa. DEMsr-26%, Feb. L, 1944,

73. LoBG, W. E., AND BOCKIES, C. Owygen Flant Developoent TrpLloving Regener-
arive Chemicals. OSED 5154, PB B339, May 31, 194&5.

suthors describe a plant fIar separating exygen frow alre by means of sal-
comipe, and related research. The report contalns a wiblipgraphy, pertinent
¢orTespondsnce , memoranda, Feparis, and speeificalions dealiag with egquipment
details end cperating experiments. Detailed process cdalculatrions and a list
of all drawimgzs are shown fox the ghipboard unit.

74 . LORGWELL, J. F., AND CATTERALL, W. E. The Bsgenerative Chemical System
for Oxygen ProducCion ot Poard Alrcraft. YIL. O0SED 1620, July 19, 15943,

Deagribes development of an aircraft-carried oxygen-produeing it emo-
ploying erganic sorbents. This development Was discontimeed because of indi-
cation of unsatisfactory welght For chemical equivment comparzd with the
weight of a Collins unlt tmeed on rhe mechanical produeclbica pf owvgen. It was
eoncluded that for aireraft, liquid-oxygen storage ig superior te any ather
5vstem.,

75, LYOEs, €. J., SMD BATCHELGER, HW. R. Toonage Oxygen Produrtion, L%56. A
Cas Asgoc. Operating Bee. Paper CEP-56-16, May 16-15, 1536.

76. MARTFLL, E. Metal Chelate Compounds. Dept. of Chemistry, Ciark Univer-
Gity, Worcester, Mass. From Amnual Review of Physlecal Chemistry, wol. 6,
19%%, pp. 239-260.

Includes bibliography of 72 references.

77. MARTELL, A. E., AND CALVEIN, M. Chemistry of the Metal Chelate Cowpounds.
Preptice Hall, Inc., New York, W. Y., 1932, pp. 336-352.

Dizcusses the mechanism of cxygern porption and desorptlon by several
chelates im detail., Freasents geveral physlcal wmeasurement studies. Sections
are devoted o crygkal structure amd polarographic studies.

78 . MATHEWS, J., AND DIEHL, H. Oxygen Problem. XLIV. OFMsT-215%, PR 98606,
September 1342, 6 pr.
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Hexa-allylamine pervxedihydrozoic cobalt-trilechloride and its intermediate
were prepared by the authors, but this sorbent ¢{d not sord oMysen reversibly.

79. MATTHEW, C. J, Developrmenat of Test tnit for Production of Oxygen by a
Repenerative Chemical. 32I. OSRD 150, PB 83423, May 31, 1945,

An aceount of diLflealties {in engineering a test unit for prodecing owxy-
gen in the limited space on poard warships. Recommeodations ave given for im-
provements in design.

80. PFEIFFER, P,, BRELFH, E,, LUBBE, E,, sND TSUMAKT, T. ({(fricyelic Ortho-
Condenged Parrial Valence Rings.,) 4Ann. Chemie (Liebig), wol. 503, 1933,
Pp- B4-130.

Discusses three types of partial wvalence rings, gemerally recognized, and
- . glves examples of ML, Cu, and Fa cowpounds prepared in their atudies,

. 81, PFLEFTER, P., AND GLASER, H. (Exchange ol the Amine Residue In the Inner
i Complex Salts of Schiff Bases.) J. prakt. Chem., wol. 133, 1939, pp.
- 265-284.

_ This peport describes preparation of the salcomine molecule with an atom
v of Cu instead of Co in the molecule.

5" 82. RENSHAW, B. Summary Report oo Miscellansous Toxbeooleglfczl Studies. OSED
506%, PR 5937, Sept. 13, 1945,

3 This report describes studies on the texielty of salcomine dusts, whick
Y . were one-fourth to ome-twentdeth as toxic ag mistard-gas vapor, With reason-
:ﬁ ghle precautions, including use of dust respirators, no narked indusfrial haz-
[ ard can be cxpected.

£ 83, RISHTON, J. #,, AKD OTHERS. Lentral Ezg. Lab., Kat. Defense Research Com-
" mittee (Omymend. OSED 4452, PB 1965%, Oot. 1 to 31, 1944,

The authors describe, in six repocts, ressarch for subuarices pertfaining
-~ to foyr malm categories: mechanical unics for owyrgen preductlon; chemical
$£. wmiry for oxygen production; submarine air conditioning; mizcellarneous prob-
o lems,  salcomine unlts are included,

. 84, RUSHTOM, J. M., AND OTHERS. Central Eng. Esb., Kat, Defensc Rescarch Com-
. mittee (Oxygen). Mar. 1, 1944 through March L8945, except Octobay 1344,
OSRD &732, &879, 5040, 4316, 4623, 4207, 4142, 3523, 3632, 3760, 3EA6L,
3972, 4302; PB 9377, 194445,

These 13 progbeds Tepoxrts for March 1944 to Msrch 1945 describs work un-
dertaken at the Uaniversity of Yennsylvenia cn the prohlem af exygen producCipn
b chemical and other meszs. The work covecsed: (1} Low-pressure wsits - oxy-
Ben pilo: plant; airhomme oxmygern wmlbt, liguld-oxygen plant for submerine pro-
Pulaion, etc. (2) High-pressure axygen unif fop biqueifed gas {LeRouget cycled.

A3 Chemical units, singla-case saleosmine plloet-plant, peroxide oxrgen-pemersinr
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and chlorate candles, regensrative saleowine chemicals, and liguid oxryzen
vaporizers. (4) Subwarire alr conditicning; removal of C0, from air. (5) Mis-
aallaneous removal of acetyleve aad othsv hydrocarbons from compressed air;
ligquid oxygen vaporizers, rectiiying column problems, eguilibrium systems for
oxypen-sltrogen end oxygen-argon.

E5. SCHWANDT, E. W. &nD DIEHL, H. Owygen Problem, XRKEV. Iowz State Callpege,
Ear-215, BB 95703, August 1942, .

The identity and purity of tetramethylenediamine were determined. TFetrg-
methylencdianine and salicylaldehyde were condensed. The product , éisalicylal. %
tecra~mathylene-sthylene-dliimine, was characterized, The oxygen-carrying pros-
crties of disa1icylalEthyleuEdiimine-uﬂbaLt were deatroyed when other diamines
were substltuted for cthylenedlamine.

86. SMETS, G. {(Chelate Compounds.) Ceem. Zentralb. TT (1943}, wol. 708, pp.
9F-107.

A review of the literacure, with emphasis on pelaregraphic studies.

L e L

§7. SMITH, 4. M, Decerioration oi the Organic Uxygen Ahsorbents Salcowine
and Ethomine. Massachuserts Insi. Technol. Rept., 1943,

S5imilar to lster reports.

55, SMITH, A. M., AND CATTZERALL, W, E. Properties of Sateomine and Ethomine
and the Seperationm of Atmespheric Oxygen Therewith. DSED 1539, PB B3AT,
June 25, L943.

ST T AT L L S TR T a

4 detailed coverage ol studi=s made from an esgineering standpoint of
the propexties of salcomine and ethomine and their use in & eyclic syztem for ..
absorbing atmospherle oxyzen. & study iz fncluded of the various factors im- -
fleencing capacity and reactivity of these compounds. Senple calculations are
presented. The intraduciion and procedure sections present information com-
cerning esparatus. Horptiom pate curves arc presented.

89, SIUIRES, L. Swmmary ol Izvestigations for September 1842, OEMsE-604.

9. TSUCHEIDA, R., AND L8IBMAKL, T. (ibsorpilon Spectra of Salicylaldehyde-
ethylenediimine ané Belated Gompounds.) Bull. Chem. Soc. Japan, vol. 12,
1936, pon. 252, SE7-533. .

Absorpbion spectra were me2sured; the spectra are gualitatively explained
hy the theories of absorpricn spectra al coordinated compounds.

4] . TSUMAKL, FOKIFECHI, (Soms Iron Cowpounds With Secondary Valency Rings.)
Jour. Chem. Sg¢. Japan, veb. 55, 1934, pp. 1245-1251. Bull Chem. Soo.
Jegan, wak. 19, 1935, pp, 74-8l. (In Cerman. )

8z, . (Coordinate Valency Rings. IIL. Sums Inner Complex Salts of Iren
and Mangazmcse.) .Jour. Chem. $es. Japan, wol. 3B, 1935, po. 1329-1331.
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63, v Baordinate Valency Rings. IV. Some Ioner Complex Sales of Hydrox-
valdimines ) Jour, Chem. Socc. Japan, vel. 58, 1937, pp. 1228-12%%. Bull.
Chem. Sec, Japan, vol. 13, 1938, pp. 252-280.

Dicpusses cprtain derivatives of salcomine.

:ga, UENOQ, K., AND MARTELL, A, E. Iafrarcd Srudy of Mctal Chelates of Bis-
: acetylacetone~ethylened! imine and Related Compaunds. Jour. Phya. Chem.,
vied . 59, Detober 1935, p. 998,

. 5. HATIONAL TEFENSE RESEARCH COMMITTEE, Oxygen Problems, ERescarch on
Oxygen Generation and Utilization for Military Purpozes, Summary Tech.
Rept. FB 30482,

i Describes research um generatlon and use of oxyoen Zor sillitary purposcs.
. The following aspects of the problem were lmvestigated: (1) Development of
jﬁcump&ct, lightweipht portable units for separating cxygen from air; (2} devel-
fﬁpmant af equipment for supplying oxypen for specialized uses, such as air-

= craft breathing, and develepmeoant of instruments for testing oxygen intended
‘for the specialixed uses: {3} generation of oxygen aboard submarines for use

as a2 secondary fuel, and operation of interral combustion enginea while sub-

A detailed study was made of liquid-air cycles and equipment for sepa-
Tating atmospheric oxypgen. The posszibility was studied of utilizing organic
Erfithelate compounds which had a reversible zction with cxyzen., Sslcomine and

'f substitubed saleomine compounds, scch as ethomine, methomine zod flucmine,
okere conaldered. Tables of data on many of these compounds are shown. The
process utillizing the chelates was fnefficient ceowmpared with units based an
witectificatien of liguefied alr. MWevertheless, a mit was develoved and tested
-}fnr shipbeard use for cubilng and welding-oxygen supply. Several sy:tems were
ttudied for generating oxygen from chemlcals,

295, U. 5, RATIONAL DEFENSE RESEARCH COMMITTEE. Meonth. Preg. Reports on Tox-
ik icity of Chenical Werfare Agents. University of Chicago Toxdicity Lab-

£ crabory, E. ¥, K, Geiling. Inf, MDUre-132, Oet. 10, 1944, op. 21-25,

i

97. VOK BERC, K. L., AND CATYERALL, W. E. Characteristics of the Oxyzen Ab-
3 sorbents Etnwomine and Fluomine. ©O5RD 3207, PG 23446, 1945,

; Degcribes the behaviar of air-vr-owygen-ethomine and atr-or-axrgzn-
fluomine aysiems. The purpnse of Lhe tegearch was {1) to ohiain data Eox
d85iming large-scale units ubilizing ethomine and flvowlone; (20 Lo collect
daca fur sredicting the behavior of a given system with respect to wariables
ch 2s temperature, pressure, chemical composition, mmd time. A List af
feropees iz ineluded.

h

- WARNE, K. C., AND WOOLOOCK, J. W. Recovery of Oxyszen Frum $asecus Mixtures,
U. §. Patent 2,217,830, Ock. 15, 1940,
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40, WEINEAUEF, 0. JF., AMD KYRIDES, L. P. Frocess for Froducing g-Ethavaz.
QSRD 1580, PB BA0Z, OEMsp-903, 1943,

Ethavan is the trade name for epnmerceial ethoxy-hydroxy-benzaldehyde, an
inteymediate raquired in the productiss of the oxygen-absorhent cthomine. The
paper describes s workable process for tire industrial manufacture of Ethavan,
from Ethacol (3-ethony-4-hydroxy benzene), through its arthoallyl-ether.

100, WHEELEE, T. L. AND FOGLER, B. Development ol a Test Tnit for Produsiiom
af (heygen by Hegenerative Chemicals. O0SRD 3359, PB 9406, OEMsr-269, Jan,
31, 1644,

Final report on work by Arthur D. Littls, Tme., in developing &n oxygen-
producing unit, The report covers studies of engincering varlables. Equip-
ment is recommendad to carry out such a process when ewploying cartain cios-
lates. Describes a shipboard samit in dstaill, This report alsc covers work
on several relared preblems: Evaluaticen of apparacus for seasaring ratcs of
aborption of chelates, investipation of an axygen purity tester based an the
wvoe of regenerative chelates, and g bricf study of countaminants in the oxygesn
produced with regenerative chelates.

101, WILMARTH, W, K., ARANOFF, 5., AND CALVIN, M. The Ouygen-Carrying Syn-
thetic Chelate Compounds. IEL. Cyclimg Properiies and Owygen Produwc-
rion. Jour. Aum. Chem. Soe., wol. 68, 1946, p. 2263.

Discusses factops that imfiucnee the cyeling propertics and stability
of CoSafn and 3=F-CoSafn chelates; the causes of deterforation of CoSaln are
analyzed and deterivration graphs are shawn; and presents some x-ray diffrac-
tion date on the fresh and deteriorated sorbezar.




