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I ABSTRACT

A number of tests meacuring the deterioration of the
CO-Se-En ahsorbent have Leea carried out. In one run the
material wae carried through 4,400 absorption and desorp--
ticn cycles empioylag alr at 80 los. oer sg.in. and using
gteam at atmospheric pressure. The activity and saturation
capacliy of tThe absorvent wae tested periodically. It
was found Thas beoth the activicy zad apecsity deterlorated
at the rate of aboul 2 per ceunv of the original value per
hundred cycies. Other testa 1ndiceve this deterioration
increases more.or lecg proporiionalliy with the amount of
air empleyesd during the absocrption perlod. It also increases
rapldly with increased pressure. Lwo unlts werc tested in
series in order %o check the pcssibility of some undesirable
constituent in the entering eir. However, boith units lost
activity at aboul the same rate. The absorbent from the
test that extended 4,400 cycles has been analrzced by beth
Professors Calvin and Diehl. The analyticai rasults are
not completely cenclusive as touwhether selective strinping
has occurred, but they do indicate that somsthing other than
carbon, hydrogen, nitrogen or cobalt was taken up during the
test.

4 number of absorption runs have bcen carried out at
temperatures in the region from 45° to 77°C. and air nres-
sureeg up to. 800 1lb. per sq.in.gags. Desorption runs were
elso made in tnls same temperature rexi~n using desorption
preesures betwasen 1/4 and 1 atmosphers. These runs were
carried out In an attempt to evaluate the ieasibility of
operating & ncrmal cycle unlt in a temperature range less
than the 207 to 100°(G. range previously adopted, and 1o
egvaluate the pessibllitles of aciabatic operation.

An adliabatic unit wae constructed and operated. The
preliminary results indicate that such a system may be
operable but That 1t would be rececsary to do condlderable
development work in order tc reduce the volume of the voids
to a mininum. This ls due to the fact that the time nec-
egsary to reuove the &ir I:om the void is long encugh that

1

a consgiderzble portion of the oxygen 1s desorbed and lost.

The Naval Research Unit has been completely assembled.
The initial tests were unsatisfactory chiefly due to the
magnetic valves. Thesc valves have been replaced by air
operated valves which anpear to functicn as degired. Pre-
liminary teets have been carried out and the unit appears

12b2415
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to be prcduclng oxygen at about the celculated rate. At
present testing devices are being lnetalled such that the
total quentity of oxygen produced in s glven time can be
measured. In addltiocn arrongements heve been made for
measuring nressures and vaocuums s well as gas compositions
in the variocus beds 28 o Tunction of ths time. It is be-
lieved that these tests willl glve veluable englneering
informaticn.

A number of miscelilancous nroblems have also been
studied including (A, the effect of tube dlameter; (B)
the incluslion of metal gauzes L0 imnrove heat transfer
in larger tubes; (C) incormorating fine copner nowders with
the absorbent; and (D) dltrrfusicn exmeriments through
membranceg of the CO-Sa-En absorbent,

12b24 b
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IT, LIFPE~-ACTIVITY STU.IES

A considerable portion of the work has been directed
to & study of the deactivation o the Co-Sa-Zn materisl.
An extended life-cctivity test has been carried out in
one of the 1/2" i.d. tube units. The unit was pscked with
40.7 grams (oxygen saturated material) of 10 to 20 mesh
Co-Sa-in meteériel produced by the Rumford Chemical Company.
The cycle employed involved an sbsorption period of 5-1/2
minutes with air at 75 lbs./sg. in. ga., followed by a
short purging period, then a desorption eriod of six min-
utes, snd finelly e cooling period of 1~1/2 minutes. The
desorption was carried out gt stmospheric prescsure end
steem st stmosvheric pressure wes employed in the jacket.
An eir flow rete of 3 cu. ft./hr. (standerd conditions) was
employed during the aebsorption period. Perlodicelly the
continuocus overstion wee interrupted in order to check the
deterlorction. This deteriorstion hes been expressed os
the per cent of the originsl ectivity, where ectivity is
deflned ee the r~mount of oxygen wproduced in s givern test
cycle. Thie test cycle wrs identicesl witih the continuous
cyvcle given ebove with the exception thet the cooling
period wrs 4-1/2 minutes instesd of 1-1/2 minutes. The
resuits of trnis teet ere given in Fig. 1. It will be
noted thet tihie retivity decrenses rlmost linerrly with the
number of cycles snd hee dropped to 20 - 25% =t the end
of ¢,400 cyelee. This corresponds to o loss in zctivity
of roughly 2% per 100 cycles. This result wss rother un-
expected in thrt » logeorithmic type of decey would heve
been expected due to the insctivetion of 2 constrnt froc-
tion d the rctlive moterisl preegent. Thers« ore certein
webblee in the experimentsl pointe, =nd they esuggest o
poseible flrttening of the curve sround 40C to 600 cycles
end rround 180C to 280C cyclec. It sceme likely thet
these rre purcly experiment-l inecccurncies, but it should
be mentioned thet the rir purificetion bed wrs chenged
ct the 574th cycle rnd ot the 2,141lth cycle, rnd it moy
be thrt theee chrngee hrd eome effect. The rir purifice-
tion employed 1n theee¢ studies involved preeing the inlet
gre rt rtmoepheric preesurce through ¢ lrrge crleium chlor-
lde dryer. It wre then comvressed by » reciprocsting type
compreesor, filtered through glres wool, dried rgrin with
¢rlcium chloride¢, filtered through glorss wool, dried with
€ilics gel, refiltered through gless wool, rnd then intro-
duced into the unit.

The srturrtion crprcity of the rsbsorb:nt wre checked
o few Timee during the 1life study r~nd the results indic-ted
th~t the decreree in ceprcity nore or leses prrrlleled the

12b24 17
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decress:« in activity.

Other activity studics have bion carricd out end in
another cese, this long time test was dupliceted except
thaet a flow rete of & CFH was used during 2bsérption in-
stead of the & CFH., It was found thet the deterioretion
increseed sbout croportionaliy to the flow rate. These
results rrc compared in Fig. 2. Since this loss was
more or less pro ortionel to the flow rete, it wes thought
thet deterlorstion might be due to something brought in
or stripped but by the e#ir during the ebeorption period.
If such were the cese, the meterial ot Aiff:irent levels
in the unit: should have deteriorated with diffsrent retes.
In order to check this hypothesie, tvwo units were opersted
In series cnd it is found thet both units deteriorsted
ot e proximetely the eesme rote, indiceting thet the decey
le not something pecullisr to the inlet air. A short life-
ectivity test wre ~lso cerried out with 2 simller cycle
employing 3 cu. ft. of oir per hr. but with en sverage
ebesorption preesur: of svout 250 1lbs./sq. in. “hile this
run wes not »g sctisfectory ee wre desired, it did indiccte
thrt the rrte of deteriorr-tion wrs severrl-fold greoter
£t the nigher »receures.

The deteriorrted meterirl from the 4,400 cycle run
woe divided into seversl portions snd srmplee were sent
to Profescor Celvin st the University of Crlifornir snd
rrofesgeor Lienl of Iowe Strte College. Both Professors
Dieal »nd Crlvin enelyzed the deterlorrting meteri-l rnd
their erelyticrl resulte ore summrrized in the following
trble:

I II JII Iv
(Calvin) (Crlvin) (Dienl) Theor.
Dried 45 min. Dried 1 hr. Dried ~t 1LC°C.
in 110°C. oven a2t 120° in in vecuum
vocuum
C 53.75, 53.44 53.31, B53.28 58.0
H 3.66, 3.52 3.87, &.79 4,31
N 8.67, 8.32 8.67, 7.70, 8.06 8.62
(Kjeldenl-6.03, 5.95)

Co 17.22, 17.25 17.13, 16.97 16.46, 17.01 18.15
N/Co 2.13 2.22 1.99

1262419
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Anslyses 1 and 2 esre those reported by Professor Calvin.
Anelysis 3 Ls that re.orted by Frofessor Diehl, and the
fourth column indicetes the theoreticel value. Frofessor
Calvin reporte anitrogen vealues obteined by both the Dumas
method end the Kjeld-hl method. VWhile there gre some dif-
ferencee between the analyticel results obtained by Frofes-
sors Diehl and Calvin, they both give the indicetion that
the nitrogen to cobelt retio is epproximately the seme as
or verneps higher then in the original, snd they indicate
thet something other than cerbon, hydrogen, nitrogen or
cobelt has bhcen added to the material. This latter conclu-
slon ise reacined due to the fact that the weight per cent
of escentlielly e1l1 of thece elements have decreased. Pro-
fessor Calivin also indicates that "the deteriorated meteriasl
contelns & large smount of cobeltic cobelt."

A number of repsons for the desctlvetion have been
proposed end they willi be summerized briefly. It has been
suggested thet oil vepor or entreinment from the compressors
wes resronsible for the loss in activity. It is felt thet
Professor Cslvin'e snolyees rule out this coneideretion due
Yo the decressee in both csrborn ond hydrogen. It has eolseo
been suggested thet the weter vepor content of the entering
air wee cither too high or tco low. Agecin, Professor Col-
vin's snelyses would indicete thet the asbsorption of water
is not =~ controlling cruse. Profescor Diehl has suggested
thet the remov-l of essentiecl weter from the compound might
cruge derctivetion snd thet lees drying of the oir mignt be
desirsble, If this is true, something e¢lse would heve to
sccouni for the increose in weight. Other poseibilities
sugieeted for the incresse 1n welight were the cbsorption of
CO, ur oxygen. Severrl tests were made contecting the sb-
sorvent with pure GO, 2t otm. pressure both 2t room tempers—
ture rnd ot 10C°C. In neither cese wrs there nny apprecirsbie
loss in rbsorption crpacity. However, this does nct neces-
serily rule out the crrboxyletion theory since the meteriel
wee not paeeing through ¢ reguler cycle. Professor Calvin's
results indicrte thrt oxideotion mey be trking plrce snd the
rdded oxygin mry ccecount for the decrereed weight per cents
of the other eloments.

Other cruces for the deteriorrstion thrt hove been sug-
gested include disruption of the crystel lrttice due to the
oxygen sbeorption snd deecorption. It is suggested thot the
degree of disruption is » function of the rrte ot vhich
oxygen is edded or removed. Dr. Frentiss hee suggested thet
the crlcium chloride cmizloyed mey gilve off smrll qurntities
of hydrogen chloride which poison the oboorbent.

1262421
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Additional 1life tests are being carried out in an
attempt to reach e definite conclusion. Runs undervay
or under consideration include controlling the concen-
tration of water vepor and carbon dioxide in the enterlng
2ir, lower desorption temperstures, various ebsorption
pressures, absorption with pure oxygen at stmospheric
pressures, absorvtion cycle employirg pure nitrogen at
atmospheric pressure, verious flow retes, and controlled
rates of absorption snd desorptiorn,

12b2422
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III. BIGE TEMF-RATURE ABSORPTICN AND DESORPTION

It has been suggested that the operstion of aen adiabetic
unit might be fessible. If such e unit were to be operated,
the temperrture region would heve to be relatively hign in
order to obtrin sstisfectory desorption retes. In order
to obtein ~n orientstion et these higher temperstures, @
gseries of rune were cerried out in the usuel 1/2" tube
unite =t temperstures of 55°, 66°; end 77°C. Desorption
pressures of 1/4, 1/2, rnd 1 rtmosphere were employed. The
desorption tests were mede by setursting the compound
using rir under pressure ct cooling weter tempereture, eond
the deesorption vwre cerried out by peseing hot wrter through
the jecket rround the tube. The rete of hot woter flow
weg such thet the inlet r~nd outlet tempersturce weére e€ssen-
tirlly the erme. The residusl eir wes removed from the volds
by evecurtion prior to regenerstion. The desorption results
sre cummerized in Figs. 3, 4, ¢nd 5. Fig. & indicrtes re-
sulte obtrcined ~t 65°C. At this temperrture, the per cent
of oxygen desorbed et a given tiue 1is a very definite func-
tion of the desorption pressure. In fsct, the curve for
1 atmosphere irndicaetes very strongly that equilibrium is
e limiting fector at this pressure and tempersture. The
lower pressures do not show this same flattening but prob-

ebly would with longer desorption times. Fig. 4 is a
similar curve for 66°C. These curves indicate that the 1in-
creased tempersture has very decidedly increased the rete
of desorption and in eddition the equilibrium partiel pres-
sure apparently 1s much higher since the desorption curve
et 1 stmosphere is not nesrly so limited. A further in-
cresse in teupersture to 77°C. gives still higher rates, es—
peclelly et the higher pressures. Theee curves indicate.
thaet practicsl decorption rates can be obteined in a tem-
persture region 58°to 77°C. At 55°C, the rate of desorp=
tion ot 1 etmosuvhere pressure is undoubtedly too slow to
be of precticel importence end, in fact, Fig. 3 indicetes
thet the meximum emount thet could be desorbed under these
conditions would be very smell. At this temperr-ture even
with desorption preé&sures of 1/4 or 1/2 stmospherees the retes
sre 60 slow thet very long cvcles would hrve to be employed.
This would probrbly meke the operction at this teapersture
undesirable. Still lowsr precsuree could probevly give
further increcses in rcbeorption rete but it is quecstioneble
whether they would be Justified.

The rrtee of desorption »t 66°C. are probrebly frst

enough to be of prrcticsl importence. This 1s prerticulerly
true if the decorption precsure ie 1/4 or 1/2 ctmosphere.

12b2423
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At ¢ tempersture of 77°C. the desorptions rre reletively
reuid, Put the initirl desorption rete is so fret that
difficulty would probebly be encountered in removing the
eir from the voide without e serious loss of oxygen, These
results would indicrte thiet the adisbetic unit 'should prob-
ebly operste somewherc in the tempersture region of 60 to
70°C. if employing the present Co-~Se-zn materirl.

Absorption runs were made in this high tempersture
region in order to checx on the possibility of oxygen
removr1 under these conditions. 4gein the unit wrs the
usurl 1/2" 1.4. eetup with 40.7 of the oxygenated Co-3a-En
metericrl. The perticle size wrs 10 to 20 meeh, #nd the
perticulsr scmple wre metericl produced by the Rumford
Chemical Compeny. The mejor porticn of the ebsorption runs
was mede with air pressures of 600 and 800 1lbs./sc. in.
ge., end with ~n rbrorption temperature of 65°C. These
results sre summerized in Tebis I ~ . - . .

snd Figs. 6 to 12. Figs. 6 to 9 inclcrte the rbeorption
results obtrined with rir st 600 1lbs./sq. in. enrd with
cooling weter ot 65°C. rnd correspond to different rotes
of exit cir flow. They indicete thrt ressonsbly good OxXy-
gen sbsorption cen be obirined under these conditlons. Fig.
10 is for rn rbsorption rressure of 800 1lbs./sq. in, gr.
cnd shows roprecisbly better sbsorptions thrn those ob-
teined st 800 loe./sq. in. ge. Fig. 11 illustrestes the :
effect of ebsorption tempersture for conditions of 800 1bs./
0. in. gr,, 4 minutes ebsorption time, snd 0.87 CFH of
exit gre. Fig. 12 gives the effect of pressure &t 65°C.
on ins smount of ebsorption. Thisfiowe indicstes th-t ovres-
surcs of the order of 600 lbs. will be¢ necessery in this
temper-ture region.

In addition to the rune at 65°C. lr. Roberts of the
Kellogg Company requested that isothermel runs be cerried
out with absorption at 45°C. and an abeorption pnreceure of
550 1be./sq. ia. The unit employed in this test was iden-
ticel with those previously described. The accuracy of the
results is not o8 high se for runs nade at lower pressures.
This is due to the fact thet the smount of eir necessary to
£fill the voids under thase conditions ig quite large, and
2n accurate celculestion of this quentity is difficult and v
therefore makes an uncertszinty in the result. The cumulative
mol per cent oxygen removel from the rir znd the weight per
cent O, in the compound obtsined in these runs are given in
Fige. 13 to 17 and in Teble II. In the case of the runs of
Fig. 13, no exit gss flow wes emnloyed. The unit was simply
charged to the desired pressure and mainteined at this con-
dition during the run. The theoreticel oxygen avelilable for

12b2427



TABLE I

Pressure Temperature Flow Rete Sorption Wt. % O Cumnlgtive
1b/sq.in.ga. °C. C.F.H. ** Tinme in Mol % O,

Minutes CompOupd Removed from Alr

100 * 12 1 30 4.0 —
200 65 3 5 0.04 0.7
350 65 3 5 0.65 11.5
400 65 0.87 4 0.40 20.0
600 " 65 0.87 2 0.52 28.2
" " u 4 0.97 38.9
u " 2 1 0.32 17.5
! " " 2 0.70  26.9
" u u 4 1.25 30.6
" ! " 7 1.79 29.6
! " ! 15 2.74 24.2
! u 4 1 0.51 19.9
" " " 2 0.90  23.9
n n " 4 1.79 26.9
" " 6 1 0.50 15.7
! " " ) 0.99 19.0
800 " 0.87 ¢ 1.15 39.4
" " ! 7 1.7¢ 25.9
! " " 10 2.21 45.9
" " 2 4 1.86 41.3
" 70 0.87 4 1.00 33.6
" 78 " y 0.30 10.7

* Saturation Run
**Mepsured at room temperature and pres:cure (40.7 groms
absorbent)
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Table of Data

550# Pressure

45°C. aAbsorption Temperature

Flow Rate Absorption Period Cumalative Mol % Weight
C.F.H.* Minutes O, Removed From Air Op in Compound
o 1 62.6 0.83
0 - 2 84.1 1.17
0 4 99 1.44
0.475 1 66.6 0.9%7
0.475 2 80.2 1.41
0.475 4 82.8 1.78
0.475 7 ?7.5 2.13
0.475 10 77 2.49
0.87 1l 65.2 1.09
0.87 2 72.8 1.50
0.87 4 76.3 2.09
0.87 7 75.2 2.82
0.87 10 66.1 3.1
1.40 1 58.1 1.07
1.40 2 02.8 1.49
1.40 4 64 2.22
1.40 7 67.2 3.1
1.40 10 56.6 3.71
2.00 2 61l.4 1.75
2.00 4 61 2.66
4,00 2 48.3 2.04

,\gl

&1‘3 gas rate at room temperature and pressure.
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absorption was calculated as that in the e2ir filiing the volds
plus the anount equivalent te ths gir that flowed 1in to
replace the oxygen sbscrbed. In the case of the rest of

the figures, the calculastions were similar exeept that

the oxygen equivalent to the exit gas was included. These
curves indicate that 1t 1s difricult under these conditions
to obteina becth & high saturation snd a high percentage oxy-
gen recovery unless s slow flow rate snd 2 long absorption
time are enployed. These results ere obtained in order

to eveluate the possibilities of aperating the cycle at
temperetures between 45°C. and some higher desorption tem-
perztures. They do no%t appear very promlsing and if a cycle
with tempersture varistion is to be employed, somewhat

lower ebsorntion temperature is probably more favorsble.
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IV, ADIABATIC UNIT

Or: the hasis of the results obtained £t the higher
tenperatures an aliabatic unit was constructed:. This unit
consisted of a steel reactor, 4-3/4" i.d. by 8" long.
Originally, an attempt was made to place a layer of insu-
lation inside the reactor, such as to leave an inner space
3" in dismeter. This insulation wes to make the unit
adigtalic end isclate it from the surroundinge. Insuleting
layers of transite and plaster of Paris were employed, but
botn of thess upnarently conteined so many fine volds that
large quantitizs of gas were stored up and then evolved
slowly during the desorption period. This action wes ob-
served with nitrogen so that it wee apoerently a straight
hydrodynamic phenomena. This slow gas evolution completely
ruined the resulte end this tvpe of conrtruction hed to be
abandoned. The final construction consisted in forming a
copper geugze tube 3" in dlameter, and the space between
this tube and the reactor was filled with carefully sized
sand. This arrangement had an undesirable feeture in the
fact thet therc was a rether large volume of volds around
the sand, but it 4dld serve as feirly effective thermal
insulation.

The space within the 3" 1d. gauze tube wes filled with
a mixture of 160.7 grems of oxygenated, 10 to 20 mesh
Rumfcrd Co-8a-En materiel together with 1,285 grems of covuer
chips, the latter msterial belng added for the extra heat
capacity. This amount of absgorbent filled the space 3" in
diamster ror aebout 7-17/2" and corresponds to a little less
tran hall the absorbent thet couid have been placed in the
same velume if it had been used slone.

This unit was operated by charging to an initisl pres-
sure of B60C 1lbs./sq. in. with no additionsl flow. The ab-—
sorption period wes aliowed to proceed at constant pressure
after wnhich the bed wes rapidly exhausted and the desorption
period initieted. Fig. 18 gives results of 2 runs made with
an initial tempersture of 60°C. 1In one cese the ebsorption
pericd was 2 minutes and the tempersture rose to 65°C. An
oxygen sturation of about 1.1 per cent by weight wes obtained.
In the oilhsr cese an absorption period of sbcut 6 minutes '
was employed giving a tempersture rise to 69°C. and & sat-
uration of 1.5 per cent. The 2-minute run corresponds to
26% oxygen removal from the eir sround the meteriel snd the
6-minute absorption period corresgonds to 36% removel. Fig.
19 1llustretes the effect of descrption pressure. It will
be noted thet in ell casec the reote of desorption is very .

12b2443



12b244y

WEIGHT PER CENT DESORBLD
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FIGURE 19

EFFECT OF DESORPTION PRESSURE
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rapld for the first portion of the period and this will make
purging of the air from the voids difficult.

Fig. 20 compares desorption curves for adiabatic
absorption runs carried out with initial temperatures of
50¢ gnd 60°C.

Fig. 21A represents the results obtained in a series
of adiabatic runs made with a 1/4-rinute pressure buildup
period, an’ abeorption period of 2 minutes 2t 600 1bs./sq.
in. ga. (no flow) followed by a 1/4-minute blowdown and then
8 4-1/2-ainute desorption period at 1/4 atmosphere. At the
end of this-period, the cycle was repeated immediately. This
type of operation was employed in an attempt to attaln steady
stete conditions. These steady state conditions would not
corezspend to complete absorption or desorption but simply
woeuld give the operation where conditions would balance.
Howvver, this set of runs was not entirely satisfactory due
to the fact that the temperature of the inlet sir wss not
properly ccntrolled and resulted in a progressive cooling
of the bed amounting to about 1°C. over the seven cycles,
indicated by tempersture readings at corresponding times
in eech cycle, given in Fig. 21B.

These results on the adlabatic unit were discussed with
the M. W. Kellogg people, and it was agreed that it would be
almost impossible to design a unit operating with the lsrge
amount of voids present when the granular absorbent is mixed
with a granular heat—egbsorbing material. This is due to the
fact thet the time necessary to rermove the residual air after
the absorption period would be so long that s large portion
of the abgorbed oxygen would be desorbed and lost. This ef-
fect 1s particularly serious due to the fact that the unit
is at 1ts highest ftemperature and thus has its highest de-
sorption rate during the time the air is being removed from
the vold volume. It was therefore agresd that an adiabatic
unit involving an arrangement heaving much less void space
should be employed. The form finally agreed on wae to con-
gist of thin cakes formed by pressing a mixture of copper
powder and Co-Sa-En material onto copper screens. These thin
dilscs would have projections to permit air flow between suc-
cessive layers and would be provided with means for meking
the alr pass alternetely beck and forth across the absorbent
bed. This unit has not been completed and the work is cur-—
tailed at present because of more urgent problems. A few
of the pressed layers were formed and looked very promising:,
they are haerd, strong, and very dense, giving the appearance
of btelng piméet metallic. The absorption poperties of such
dense mixtures of copper and an absorbent have been checked

| 2b2u b



FIGURE 20
EFFECT OF INITIAL ABSORPTION
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in the 1/2" 1.d4. units end will be discussed in a later
section.

The only serioue draswbacks that appear for adiasbatic
operation are (1) the prcblem of purglng eir from the voids
without an appreciable loss of oxygen and (2) the weight
of the heat absorbent. These problems mey be quite dif-
ficult, and for the first the most likely solution appeers
to be In the reduction of the voide. It might be possible
to work an errangement in which the air 1s swept out by
oxygen while maintalnlng a pressure sufficiently high to
prevent desorption but this would probably require very
fency timing and might be unsatisfactory due to the fact
that there would be some mixing of the air and the oxygen.

12b2449
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V. NAVAL RESEARCH UNIT

The Naval Research Unit has been completely assembled and
a few prelininary tests darried out. The finned arrangement
of the cooling surfase and mezhanical construction in general
anpesr te be satlslfastory. The Aintroduction of the absorbent
materia2l into the beds was a real job. It was made particuiarly
difficult hy the fact that the absorbent material gilves off
coneiderable cuantitlies of fine dust while 1t is beilng
handled. Heeplrators were worn bty a£ll of the workers durlng
the nacking hut sulficient powder pacsed through the mask to
cause irritation of the nose and throat. There were no
particuliar phrsioslegical effects ncticed by any of the men,
but it was chinsily a matter of inccnvenlence.

In 1ts initial form, the unit &14 not nerform satis-
factorily. As far as could be ascertalned, essentially all
the difficulties were rcelated to tue oneraticn of the mag- -
netic valves. These valves offered too much resistance to
flow in most cases and in addition fregquently falied to
seat properly. They have been repieaced by larger air-onerated
valves.

These valves apnear to copzrate saftlisfactorily and in &
few tests carried oul since thay were instailed, the rate of
oxygen production appears to be avoul that which was cal-
culatecd from the laboratory dava. The unit is being equinned
with meters to indicate the ozygen rroduction for any given
period of time and these willl serve not only to check the
output of tie unit but will alze make 1t possible to determine
thhe rate of deteriorsticn. These meters indicate that the
pressure dror for Tthe eir flow through the bed 1s almost
negligible and thet witih the originel 30 seccnds of nurging
and evacuavion, a vacuum of about 26 inches of mercury was
obteained ocu tihe vacuunr end of the bed and ebout 17 inches
vacuan on oshe cother end. These evacuatlons were obtained
while tvue ejecicr wag operating at below rated nrescsure and
under reduced canaclty. DBetter vacuum will probably be ob--
talned wiith more fevorable operating conditions fer the
elector. By increacing the evacuation time to one minute 1t
wes rosslible to bLring the whols bed down to a 25 inch vacuun,.
This nreseure wag the 1limit of the vacuum pumn.

The c¢yeclce cperates to nroduce the oxygen at about
20 1bs. ner sa.l1ln. gage. Thus when the cooling nert od begins
the bed ls under this oxygen pressure. It is observed that
during the cocling rerlod this oxygen 1g reabsorbed and & vacuum
of about 10 in. of mercury 1s nmrcduced before the absomtion
reriod begins. The unit is also being equipvned with a

1Zb2450
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manifold eamnling device such that the composition of the

various gas strcamg can ve followed closely durlng the
cycle,

A number of tests are nlanned in order to obhtain
englneering data on the unit 2and a detailed rernort on

thie desi¢n, ccnstructicn, and oneration will be nresented
in the necar future.

I2b245)
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VI. MISCELLAROUS HEXPERIMENTAL WORK

&, Bffect of Tube Diameter

Several runs have been coarried out compering the opera-
tion of & 1/2% tube and & 1% diam2ter unit, In both cases
the tubes were pecksd with 40.7 grems of the oxygensted
material. The runs were made in the usual masnner and the
effect of tube diamster on egbsorption rate 1s given in
Teble III. It will be noted that in general, the amount
absorbed by the 1" tube under comparable conditions is about
70 to 80 per icent of that obtained with the 1/2% 1.d. tube.

The effect of tube diameter on the desorption rate 1is
given in Table IV for an initial saturetion of 4.4 weight .
per cent oxvgen. These results indicate that a desorption
perisd about 3 times as long is required to obteln a given
per cent desurption for the 1" pipe as compared to the 1/2"
tube, and this relation hcld approximately over most of the
réglon. Table IV also gilves the rete of regeneration obtained
with the 1 pipe when the stesm pressure in the jacket was
held such that the condensaticn temperature was 115.5°C.
The increase resulting from this higher tempérsture 1is not
very great, presumably indicating that a low fTempersture
difference 1s not the limiting factor in the rate of de-
sorption.

B., 1" Tube with Brass Grids

Sikce the results obtsined with the 1" pipe were so
unfavorsble in comparison with the 1/2" tube, particularly
during desorption, it was felt that poor heat transfer nust
be the limiting factor. 1In an attenpt to improve this rate
of transfer the 1" pipe was repaciked with cup-shaped brass
grids. These brass cups were formed fron 7l-mesh brass
sauze ln such a way that the cup sldes would spring out and
fit osnugly egainst the wall. In the pecking, about six of
these cups were used per inch of tube length. The desorption
rates obtained with this construction when employing atmos-
pheric pressure stesm in the Jacket are given 1n Table V.

Two runs are given: one for a compound about 50 per cent
gaturated with oxygen and the other for a completely satur-—
ated absorbent. These two runs do not check very satisfac-
torily since the more seturated materisl indicates a higher
per cent desorbed for s given time than does the other semple.
Howevar, if the values for elther semple ere compared with
the results of Tanle IV, 1t will be noted that the rate of
desorption 18 quite good. In fact, it appears to be equal to,

|2b24352



TABLE III

Effect of Tube Diameter on Absorption Rate

Wt. % O,-Absorbed

Abs. Abs. Cool. Exit Percentage
Pressure Time Time Gas 1" std. 1/2" 1.d. Ratio
pei. ga. M¥in. Min. Rate pipe* tube of

C.F.H. Absorptions

100 4,0 30.0 4.0 1.93 2.86 68.0

" 6.0 .30.0 2.0 2.23 2.96 75:8
250 2.0 30.0 4.0 2.05** 2.68 76.5
500 llo 3000 802 1057 2-20 71.3

*

1.4. = 1.040"

**x 709G, instead of 20°C.

| 2b
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TABLE IV

Effect of Tube Diameter and Desorption

Temperature on Desorption Rate

(Compound satursted to 4.40 wt. per cent oxygen)

Percentage Desorbed
Desorpticn Time At 100°C. - At 115.5°C.
¥in. 1/2" tube 1" std. pipe 1" std. pipe

0 0 0 0

1 32 14 17

2 56 22 31

3 76 29 39

4 90 | 35 48

6 g9 495 60

8 100 53 70

10 61 78

‘ 15 76 o2
20 86 98

25 | : 93 998

30 ‘ - 9% 100

12b2454




TABLE V
100°C. Desgsorption in Tube Unit with Brass Screens

(1" std. pipe with 6 screens per inch)

Desorption Time Percentage Desorbed

Minutes 2.3 Wt. % 4.2 WE,
Abso?bed Absorbed
0 ) 0
1 21.6 37.6
2 60.5 82.2
3 84.0 97.0
4 92.5 97.7
5 94.5 98.0
6 95.0 98.5
8 98.6 99.0
10 99.5 —
15 100.0 100.0

12b24355
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1f not better than, that obtained in the 1/2" tubes. Other
heat transfer arrangements could be employed in & similar
way. In fact, as was inidicated under the esction on sdia-
batic operaticn, 1t ie posaible to press the -absorbent
directly onto the wire gaurze. Forms of these types &n tubes
of 1his diametsr should @llow the absorbent to be introduced
ara removed by a cartridge type of arrangement,

One absorption run was also m:i.de with this copper grid
arrangement, and with a four-minute ebsorption period at
100 1b./sq. in. ga. and an exit gas rate at 4 CFH, a sat-
uration of 2.36 weight »er cent O, was obtained. This
cempares with a value of 1.93 for the 1" tube without the
grid, and .86 with the 1/2" tube. It is believed that
these resuits gsre not strictly compareble due to the fact
that the 1/2 " tube experiments were made wlth a different
batch of absorbent gnd it has been found that the materisl
used in thes 1" tube shows a rate of oxygen ebeorption as much
ags 20 per cent lowsr. This 20 per cent difference would
make the 1" tube with grids compsre closely with the 1/2¢
tube. It is planned to meke runs wilth voth arrangements
employing the same absorbent but tie work has been curtailed
for more pressing operations.

C. Absorbent wish Copper Powder

In order to check the effect of incorporating a hest-
abosrbing material such as copper with the absorbent, a
mixture of precipitated copper powder and the Co-Sa-En
materisl was pressed to 20,000 1lb./sqg. in. in a hydraulic
press. It is eetimated that the particle size of the
copper pouder was around 100 mekh. Two mixes were made,
one enr.oying € parts of cocpper by weight per part of ab-
scruent, end the other 4 parts of copper per part of ab-
scrizent. With a preseure of 20,00C lb./sq. in. the cake
forned was hard and had s shiny copper gppeerance; in fect,
the cake was of gbout the seme consistency as when the
copper powder slone was pressed. A pressure of 3,000 1b./
8q. in. had been tried with the 8 to 1 mixture but it did
not give an edherent ceke. These pressed cakes were
crushed and ecreened to 10 to 20 mesh. For the 8 to 1 mix-
ture, 200 grows of these particles filled the 1/2"% i.4. tube
for about 27-1/2". This corresponds to a bulk density for
the Co-Sg-En materiel of about C.27 and for the copper-
abgorbent mixture as e whole of 2.42. This packing resulted
in a tube conteining only 22.2 grams of sbsorbent. The
results of absorption runs made with this arrsngement are
given in Tevle VI. In Huns 1 and 2 it will be noted that the
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TABLE VI

100 psi Absorption with Copper—Co-Sa-En Mixture

Run Exit Gas Abcorption Cooling Cooling Weight .Cumulstive

lo. Rate Time Time vater % Op ol % Oy
CFH* inutes (alr in Temp. Absgorbed Removed from ailr
voids)  °C.
1 3 30 2 10 1.21 2.2
2 3 15 2 1C 1.15 4.2
5 3 <5 2 10 3.42 33.5
6 3 5 2 10 3.39 33.2
7 3 30 2 10 4,01 7.2
8 4 4 15 20 3.25 30.2
°] 2 6 5 20 3.94 42.0
*Based on 22.2 g Co-Sa-En (oxygenated)

F2b2457
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activity of this absorbent was very poor. During Runs 3
and 4 no dats were collected. Hcwever, on the subsequent
runs the activity of the systam appears to be excellent.
Just what made this marked improvement between Runs & and
5 18 not known. Waile 1t is diificult to comosre these
data with thcse obteined with the usual srrangement con=-
taining 40.7 grams of absorbent, Runs 5 to @ indicste
activities that are provsbly as gocd as would have been
obteined without the copper powdler nreegent. These results
would indicate that incorpcereting tne copper powder does
not seriously harm the rate ot shsorption and that such
pressed caxes coull be used withh the sdlabstlic operation
to give a unit conteining relatively small voids.

Teble VII illustrates the per cent desorption as a
functivn of time for these copper powders. This table can
be coumpaced with results for the regular 1/2" tube given
in Tablie IV, It will be noted that the desorption rate is
considerably improved, but this may be due in part to the
fact that less abscrbent is present in the unit contesining
the ccpper powder cr it may be an actual improvement in the
rate of heat transler..

D. Diffusion Experiment

Professor Furnas suggested that 1t should be possible
to form thin memkranee of the Co-Ea-£n absorbent which '
could be used as diaphragms semi-. psrmeable to oxygen. It
was felt that oy pressing the abscrbent into e hsrdened
sheet that the passege ¢ nitrcgen could be almost completely
restricted but that oxygen would etlll be able to diffuse
through due to its resction with the sbsorbent. A small
amount of experi.entel. work was carried out slong these
lines in which thin diescs of the ebsorbent were made. These
discs were studied with an etmosphere of elther oxygen or
nitrogen on one side and a moderste vecuum on the other side.
In all caeses the passage of nitrogen through the membrene
was as repld as that of the oxygen. However, the smount of
effort expended on prepering thnese diaphragme wss relatively
small, and 1t still seems possible thet suiteble ones might
be made. “Such diaphragms 1f they would opereste at a prac-
ticel rete, would completely eliminate the heat transfer
problen. There would be & temperature gradient across the
diaphragm but no net heat would be added or removed. Further
wors on this i1des was dlscontinued in order to obtein infor-
matlen on adliabstic operation. It is hoped that & study
of this problem can be resumed in the nesr future.

12b2458



TABLE VII
100°C. Desorption of Copper-Co-Sa-cn Mixture

(4.13 Weight per cent O, absorbed) .

Desorption Tine Percentage Desorbed
Minutes
0 o)
1 37.2
T2 79.0
3 95.8
4 98.0
5 99.2
S 100.0

1262459
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E. Fellets containing tale, prepared by the Rumford Chemical Co.

The Rumford Chewmical Co. has prepared some pellets con-
taining a small amount of talc which we understand was used
es a lubricant for the pilling machine. These pellsts were
compresned to 500C 1t/sq. in. and were 0.2" in dlameter
by 0.13" thick. They packed in the 1/2" tubes to a bulk
density of £.823. As they were initially received they con-
tained 3.76 weight O based on the absorbent material
(excluding the talc). Absorption tests were carried out
with air at 100 1lb./sq. in. ge. and an exit gas flow rate
of 3 cu. ft.Ahr. The cooling water temperature was 15°C. and
the absorption time was 30 minutes. Only 0.99 weight per
cent oxygen on the absorhent was obtsined. ith the usual
Rumford material, i.e., 10 to 20 mesh granules, these con-
ditions give essentially couplete saturation. It appears
that these pellets sre decidedly inferior wlth respect to
rate of absorption.

Desorption experiments were also carried out for these
same pellets, and for the material with 0.99 weight per cent
oxygen the fcllowing results were obtalined:

Desorption Time -~ Minutes 0 5 10 20 40 70
Per cent desorped 0O 23 36 60 86 100

These cdesorption reates are very much slower than would nor-
mally o= obteined. In gensral complete desorption is ob-
tained in & minuves. It 1s not known whether the slower
rates of gbsorption and desorption are due to the inclusion
of the talc or due %o the pill size.
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VII. FPROGRAM

1. The work on the lifeQQGtivlty of the rbsorbent is
being pushed, end it is hoped that the flow of experimentsl
results willl be rccelerrsted in the neesr future.

2. The unit for the Neval Reseerch Leborstory is belng
eltered to ohtein srtisfactory oper:tion end efter o certoin
amount of testing in our laboretory, it 1s planned to ship
the unlt tc the Neval Research Laborstory.

3. Additional infcrmation under various absorption and
desorption cohditions is being orteined to o1id the 4. V.
Kellogg Company in their design celculstions.

4. It is plenned to resume work on the diffusion ap—

paretus, copper grid errangements, end sdliabatic units es
soon es possible.
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