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Lithium Oxide of highly active surface area (10m2/g or better) has
been prepared.  This materisl can absorb up to 1.25 tlmes its weight of
carbon dioxide, thus waking the most efficlient €O, abgorber on the basis
of its weight. For e{ficient opceration, the molar ratio of water vapor
over carbon dioxide in the gascous atmosphere should be at least unity.
At 5 psis of oxygen and 507 rclative humidity, the temperature of the gas
should be at least 50°F (10°C) to approach this molar ratio value.

A "passive~dynamic' atmosphere regeneratfon unit was designed wich
a small motor blower that circulates the gaseous envivonment through a
cone shaped granular bed of lithium ox‘de (4-14 megh). The unit weighs
4-1/2 pounds and has been shown to absoib the dally carbon dioxide output,
or more, of oune wman. The outflowing gas 18 {rce of irritating dust due
to efficlent filters and thlic gas tempervatures are at comfortable jevels.
The cffects of weightlessness, vibration and acceleration on the functioning
of the unit, have been considered In fts design. An adequate amount of
safety of operation also was imparted te the urit. The uanit can easily be
recharged with fresh llthium oxide granules.
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SECTION 1
INTRODUCTION

General Considerations

The present investigation deals with the efficiency of lithium oxide,
Li,0, as an absorber for carbon dioxide, CO,. The specific advantage of
lithium oxide would be its capacity on a weight basis which surpasses all
known absorbents for carbon dioxide.

The absorption of carbon dioxide by an oxide, such as lithium oxide,
is actually an acid-base interaction in the definition of G. N. Lewis (vef. 21).
For the purpose of clarity, the term absorption is used throughout this
publication with the understanding that the nature of the reaction falls
into the category of acid-base interaction.

The removal of carbon dioxide from the atmospheres in sealed environ~
ments 1is necessary to avoid hypercapnia (ref. 14), an excessive accumulation
of carbon dioxide in body tissues. The condition cof hypercapnia is highly
undesirable for its well known effects on the human metabolism.

The composition of the atmosphere of the manned spacecraft was fixed
in relation to carbon dioxide: 0.0735 psia. The total pressure was fixed
at 5 psia, consisting mainly in oxygen and water vapor. The relative
humidity should be 50%, therefore, the partial water vapor pressure will
depend entirely on the temperature which can vary between 40 and 120°F.
The corresponding partial watexr vapor pressures fall between .058 psia
(40°F) and 849 psia (120°F), or between 3.1 mm of mercury at 4,4°C and
43.9 mm of mercury at 49°C. The ambient at the median temperature of
75°F or 24°C would censist of

€O, 3.8 mm of mercury (0.0735 psia)

H,0 11.2 mm of mercury (0,216 psia)

Q, 244 mwm of mercuxy {4.7115 psia)
Totale-- 259 mm of mevcury {5 psia)

The concentration of €0, in this atmosphere would be 1.47% by volume.
The usual maximum limit of carbon dioxide allowable in spacecraft atmosheres
of 14.7 psia is 1% by volume, or 7.5 mm Hg (ref. 17 and 18).

The production of CUy per day is given as 2.4 lbs., or 21.2 cubic
feet (at 14.7 psia and 80°F), or 1090 grams or 600 liters (at 760 mm lg
and 26.7°C). The absorption unit specified by the contract should be
able to absorb this quantity of CC, with a minimum of weight and volume
requirements.

Solid CO, Absorbents

A fair number of solid absorbers for CO, have been described and have
found application in various fields. Among the well known products, the
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following merit special mention.

Ascarite, a sodium hydroxide impregnation on an asbestos base.
Baralyme, & mixture of calcium and barium hydroxides.

Soda lime, a mixture of sodium and calcium hydroxides.
Mikohbite, sodium hydroxide on exploded mica.

Lithium hydroxide, Navy grade L.C.A,

Numerous publications have described the function of these products
as CO; absorbents., A comparison of these products has been published by
S. Marshall (ref., 26). These data stem from a report by R. J. Walker
(ref. 34).

A recent publication by G. P. Allen (ref. 2), describes the
efficiency of lithium hydroxides, anhydrous and monohydrate, soda lime

and others in the "start-up" of an absorbent bed.

Comparison of Absorption Capacities

The theoretical abscrption capacities of many of the commercially
available GO, absorbents are not knowin. In the following Table, these
are listed as they are available, together with performance figures,

Weight of €O, Absorhbable (gm./gm.)

Sample Theoretical Practical
Baralyme la*
Mikohbite J15%
Soda Lime ,50% AT
LiOH .92 L 76%

* Data (ref. 26).

Lithium oxide has a theoretical capacity of 1.47 g. of CO, per g.

The theoretical capacity of Li,0 is twice that of the practical
capacity of LiOH anhydrous, its nearest competitor. This is why the

application of Li,0 is attractive.

Synthesis of Lithium Oxide

There are numerous methods of preparation of Li,0. In the more recent
literature the following merit attention:

1. From Li,CO,

The thermal decomposition of lithium catvbonate has been described by
L. Brewer and J. Margrave (ref. 11).

The product was obtained by heating Li,CO; in a Pt boat at 1000°C,



This method was criticized by Berkowitz-Mattuck (ref. 7). Thesc
authors claim that the product obtalned by the Brewer-Margrave method
contained appreciable quantities of platinum and that it had a grey
color.

Another method was described by E. Zintl (ref. 36)., Heating under
vacuum to 700°C in a Pt boat led to pure oxide.

2. From Lithium Hydroxide Monohydrate

A Russian patent, U.S.S.R. No. 146,730, by A. I. Vulikh (ref. 33)
in 1962 claims that up to 997 pure Li,0 could be obtained by a programed
vacuum heating technique:

First, for 2 to 3 hours at 250 to 300°C, then for 5 to 6 hours at 900°C
to be terminated by a final heating period at 10060°C.

3. From Anhydrous Lithium ilydroxide

Anhydrous lithium hydroxide is heated in a silver-1i.ied boat in a
tubular furnace to 675°C; 96% Li,0 is obtained according to J. Bravo
(ref. 10).

4.  From Lithium Peroxide

Lithium peroxide is easily accessible and numerous methods are avail-
able for its synthesis. The literature up to 1961 mentions the following:

P. Pierron (ref. 29)

P. Winternitz (ref., 35)

H. H. strater (ref. 32)

A. J. Cohen (ref. 13)

S. E. Stephanou and J. Kleinberg (ref. 31).

All these methods are based on the interaction of hydrogen peroxide
on lithium hydroxide. They differ greatly in the way the water is removed
from the mixture, according to the following equation:

(1) 2LiOH + H,0, —> Li0, + 2H,0

Recently, new methods have become available which were developed in
the laboratory of the Lithium Corporation of America. They are the following:

R. 0. Bach (ref. 3)
R. 0. Bach and W. W. Boardman, Jr. (ref. 4)
W. W. Boardman, Jr. and R. O, Bach (ref. 5).

These are one-step operations with the reactants in stoichiometric
proportions; hence, they are very economical. Lithium percaide is
commevcially available from Lithiium Corporation of America.




The thermal decomposition of lithium peroxide leads to lithium oxide.
This reaction has been thc object of numerous studles, among which the
foliowing have to be mentioned:

P. Pilerrcn (ref. 29) hests lithium peroxide under vacuum In a pyrex
tube to 300°C,

Heating in a hellium atmosphere to 450°C for six hours is described
as a convenient means by S. E. Stephanou and J. Kleinberg (vef. 31) and
A. J. Cohen (ref. 13).

This reaction was investigated in greater detail. The dissociation
pressure of lithium peroxide would be one means to characterize the
system.

M., Blumenthal (ref. 9) measured the oxygen pressure above lithium
peroxide at different temperatures by a "dynamic method". He reported
one atmosphere of oxygen at 195°C and ebout 70 mm oxygen pressure at
100°C. However, we have dried the Li,0, produced in our laboratories
for prolonged periods at temperatures above 100°C in vacuum, without
observing any loss of active oxygen. We conclude that this Li;0, 1s
more stable than that available to Blumenthal.

In a technical report, M. M. Markowitz and E. W. Desmelyk (ret. 25)
of Foote Mineral Company, state: '"A number of ambiguities exist, which
cagt doubt on the validity of (Blumeathal®s) data". On page 68 of the
same report they say: "It is felt that new determinations of the oxygen
vapor pressure of lithium peroxide are in ordcr'.

Since no other measurements of the oxygen pressure above lithium
peroxide, except those of Blumenthal are extant in the literature, we
believe that values derived from recently published thermodynamical data
would be of interest at this point. The method of derivation 1s outlined

below:
©
Compound - All; AN Fe
11,0 142.4 133.4 (ref. 23)
Li,0, 151.9 138.1  (ref. 15)

The standard frec-energy change at 298°K of oxygen evolution can be
arrived at as follows:

(2) AFO = ZAFE - 24 Fg = 9,4 Kcal
Li,0 11,0,
The factor 2 centers because the reaction must be written as

(3) 2 Li,0, = 2Li,0 + 0,

4




taking into account the evolution of 1 mole of oxygen gas.)

According to van't Hoff{'s isotherm

4 - P = - I
) AF RT In Kp RT In PO:
= 9400
(5) log PO = 4,57 x 298 =« -6,89
2

The enthalpy of oxygen cvolution, according to lless' law, 1s
) AH=2 Au; - 2 AHF = 19.0 Kecal

Li,0 Li,0,

1
The Clausius-Clapcyron equation allows us to obtain the log p to T
relationship from the above data.

o)) dinp = _ - AH
dT RT?

or

(8) log pl-log Py ) - Al
T,-T, 4.57 T.T,

The temperature at which p = 1 atmosphere of oxygen can be calculated:

9 log 1 - log Pygge . -19,000

T} aem, - 298 &.57 x 1'1 N 298
(10) + 6,89 _ 19,000

T - 298 4.57 x 298 x T

T = 589°K = 316°C

It has been observed by several authors, among others, K. J. Notz
and R. 0. Bach (ref, 28), T. V. Rode, T. A, Dobrynina and G. A. Golder
(ref. 30), that thermal decomposition of pure L1,0, is a fast reaction
at arouund 350°C. This salue is i{n fair agreement with the value, 316°C,
calculated from equation (10), but is obviously different from
Blumenthal's value of 190°C for oxygen pressurc of one atmosphere.




In the wadjoined Figurce 1, the clausius-Clapeyron curve for P0 in
the system 18 shown. 2

A simple formula representing the oxygen pressures in wam Hg i3 as
follown:

(i 4200
log ?02 s 10.02 -

It must be pointed out that these calculations arc based on the
agsumption that equilibrium does exiast., It has been stated above that the
system behaves phenomcnologically as if 1t were irreversible. Markowitz
and collaborators measured the encrgy of activation of the decowposition,
arriving at the extremely high value of 44,700 cal/wole. Irreversiblity
is frequently tantamount to an extvremely high value of cnergy of activation.
A rough calculation of the pressure equivalent of this energy leads us
to values one order of magnitude higher than the ones applied by Markowitz
in their attempts to obtain peroxide from oxide by pressure synthesis.

It might be possible, therefore, to convert oxide to peroxide by
heating it to 250 to 300°C under an oxygen pressure of 50,000 to
100,000 psia.
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SECTION IT
EXPERIMENTAL

Preparation of Lithium Oxide

General Considerations

Lithium oxide obtained according to most of the procedures above
mentioned 18 not suitable for atmosphere regeneration. The reaction
with CO; and l;0 is extremely limited. The reason for this is that
the dense form in which it is obtained will be covered with a layer of
carbonate which impedes penetration of €O, into the inside of the
lithium oxide particle. In order to obtaln an active material, one
must expose a large surface area to the gas Lo be prwrifled. One mesus
to achieve that is to prepare a highly subdivided oxide, a fine powder.
This, for obvious rcasons, 15 not fcasible becauac of an extremely high
pressure drop observed when gases have to be passed through fine powdere.

The other solution is offered by the concept of a highly porous mass,
through which the gases can permeate without too large an impediment.
This coucept was used in the present research,

The outstanding example of the application of this principle is the
preparation of anhydrous lithium hydroxide by careful dehydration of lithium
hydroxide monohydrate., Not only is the carbon dioxide absorption capacity
of the monohydrate very much lower than that of the anhydrous hydroxide,
but also the respective active surface measurements show an encrmous differ-
ence. The molar volume ratio of LiOH over LIOH.H,;0 i3 .59: this is
equivalent to 41% voild space in the LLiOH configuration, asvuming that the
conversion does not affect the dimensions of the original! munchydrate
structureg. ‘“Navy grade LiCH'" (ref. 22) has an active surface {vide i{nfra)
of 3.3 m2/grmnA

The molar volume ratio of lithium oxide over lithium peroxide ia .76.
This ratio is not very favorable for producing a highly porous, high
active surface structure. Additional difficulties arise from the
observations of sinteriung and partial fusion at tempevatures not much
higherthan the one rvequired for thermai decomposition (ece Wotz and Bach,
(ref. 29)] . The impurities causing this reaction, lithium carbonate and
hydroxide, are usually present in small amounts of lithium peroxide. At
temperatures slightly above 400°C, this rcaction has been observed with
considerable concomitant shrinkage and loss of active surface. Furthermorc,
the connective character of the porous structure might be lest. Therefore,
the peroxide used should have a high degree of purity.

Even 1f this thermal decomposition would be carefully controlled, and
thus, the above mentioned deterioration prevented, the f{inal oxide will not
have the necessary degree of porosity to allow the location of CO, in the
framework of the porous structure, unless unexpected pores are c¢reated
during carbonation. We conclude this because the product of the molar
volume ratio of Li,CO,y over Li,0, 2.36, aud the wmolar volume ratio of Li,0
over Li,0,, .76, is 1.8 rather than less than |, as it would have to be for
C0, to fit into the framework of the porous structure.




Therefore, it is nccessary to prepare a peroxide which alveady has
a structure auff{iciently porous and with s high active surface. This can
be achieved by removing the volatiles from addition compounda of l{thium
peroxjde and water and hydrogen peroxide., Compounds of this nsture have
been deseribed In the lilerature bLy:

A. J. Cohen (ref. 13)

A. Aguzzi (ref. 1)

S. E. Stephanou and J. Kleinberg (ref. 31)
8., Z. Makarov and T. A. Dobrynina (ref. 24).

A product having the general formula, L1,0,.H;0,.2H1;0 18 the most
commen of the described productz. Its density has been glven as 1.60
g/ml. from calculations. It was measured as 1.69 g/wl. by A. Cohen
(ref. 13).

The molar volume ratio of cavbonate over this peroxide hydroperoxide
dihydrate is .485, Thus by starting wicth this complex, the f{inal product
would have 51.5% vold space.

The atructural solidity of course would be greacly affected by an
exceas ol volatile component. It ig felt that this would cccur when the
hydroperoxide dihydrate would be subjected to thermal decomposition or
“drying" as it will be called hencefovrth. For this reason, we uged an
initial material, later [ound to be very satisfactory, having the following
formula:

L1,0,.H,0,.0.82H,0

Its formula weight is 95, Assuming a density of 1.6 g/ml., the
molar volume 18 59 ml. The molar voluwme ratio of this material over
lithium carbonate is 0.60, so the completely carbonated final preduct
would have a 40% void space.

Nevertheless, this might be excessive, and further explorations
might yield denser and still very accive material. It wis not possibie to
investigate this due to limitations in time and manpower.

The procedurce employed in the preparation of active lithium oxide
was then

1- To synthesize 1i,0,.H,0,.0.820,0. This was achieved by
interacting a pentane slurry of commercial lithium peroxide with 70%
H,0, at temperatures between 0 and +10°C,

2- To dry the addition compound thereby removing pentane; water
and hydrogen peroxide and thus reclaiming a porous structured 1ithium
peroxide.

3«  To dacompose thermally the peroxide to the oxide,



Thege stepe have to be carried out without permitting siutering or
chamical side reactions to occur.

While thia has been successful, not all of the variables could be
determined in the course of this investigation. 1t is posaible that
alternate procedures could be devised.

Description of Equipment

t-  For the preparation of Li0,.H,0,.0.81,0, This reaction was carried
out In conventjional laboratory equipment: Three-neck glass round-bottom
flask, stirrer, funnels, etc.

2- "Dryiug" of L1i,0,.1,0,.0.8H,0. Thls was done In a vacuum drying
oven purchased from National Appliance Company, Model 5850. This oven has
a capacity of 1-1/2 cubic feet. and can be heated up to 185°C,

3- Thermal Decowmposition of Li,0,. In Figure 2 a diagram iz shown
deacribing the small scale decomposition furnace used initlally to
investigate the approximate parameters of this thermal decomposition.

In Rigures 3 and 4, the larger size furnace for production of up Lo
2 pounds of lithium o.ide is shown.

The Raw Material

Lithium peroxide is a commercial product of Lithium Corporation of
Amervica. It hes an assay of about 98% L1,0,, containing 1.5% LiOH and
0.5% L1,00,. 1Its active oxygen content Is between 33.8 and 34.27., It
18 produced according to a method described in a pending patent to
R. 0. Bach and W. W, Boardman, Jr. (ref. 5). It has a light tan color,

Conversion of Li,0, into L1,0,.H,0;.U,0

4564 g. Litbium peroxide is suspended in i-1/2 1. pentane in a 3-neck
flask. Vigovous stirring is provided and the slurry {s cooled in a dry
ice-hexane bath to 0°C.

488 g. 70% H,0, i3 rdded at a rate at which the temperature remains
between 0 and 10°C. This requires between 5 and 10 minutes of time.

The {ollowing visual obsgervations can be made:
When about 100-150 g. of hydrogen peroxide arve added, the particle

turns from tan to a lighter color and agglomerates to larger aggregates
where the H,0, enters the slurry., This is dispersed by vigorous stirvring.

10
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As the addition progresses, the speed of the stirrer has to be increased
in order to avoid ronsolidation of a large lump of additjon compound
around the stirrer and the sides of the flask. The lightening of the
color continues throughout the addition of the hydrogen peroxide and will
end up, if not with a slurry of white solids, with a slurry of much
lighter color than the original peroxide.

The slurry is homogeneous.,

For a successful further treatment of the product, a particle size
should be strived for which will ultimatcly be the one obtained as
lithium oxide. This was determinea tn be vetween 4 and 20 mesh. Excessive
fines will have to be screened off and will be lost for the process.

With practice, the speed of stirring and the speed of addition can
be adjusted in such a way that 75% of the slurry consists in solids of a
mesh size of 4 to 14. The undersize, most of which are between 14 and
20 mesh, should not be larger than 25% of the total.

After addition, the mixture is cooled to -5 to 0°C. The cooling
bath is removed and most of the pentane is decanted. The pentane-moist
solids are placed in a pyrex drying tray and stirred intermittently in
order to avoid caking and crust formation resulting irom the ensuing
endothermic reaction and concomitant evolution of volatiles. Without
this stirring it was found that the yield of the right size fraction
decreases because the larger chunks could not be subdivided efficiently
enough.

After about one hour the temperature of the mass which had risen
to about 60°C, begins to decrease. Then, all the pentane has evaporated
and the reaction is terminated.

The color should be almost completely white.

The product is sieved and the size fraction 4-14 mesh 1s retained
for further processing.

The most important condition to maintain is that the addition of
hydrogen peroxide must be effected at a temperature of 0 to 10°C,

The molar proportions of Li,0, to H,0, to H,0 in the quantity of
reactants was set at 1:1.02:0.825.

A typical product obtained in this step had the following composition:

47.8% Li,0,

31.6% 1,0,

19.4% H;0
1.2% Li,C0,,

which corresponds to msiar ratios of 1:0.9:1.04,
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So apparently some hydrogen peroxide is decomposed during the reaction.
After screening off the fines from the 4-14 mesh sizc fraction, the yleld
was 80%.

This procedure was not investigated with respect to all the parameters.
It was repeated frequently and a total of forty pounds of lithjum peroxide

was converted with entirely consistent results.,

Preparation of High Active Surface Peroxide

The addition compound described above can be decomposed thermally and
lithium peroxide is reclaimed. Unlike the starting material, conmervcial
Li,0,, this reclaimed product, obtained on a mesh size of 4-14, has a high
active surface area., Tt 1s an extremely porous granular material.

The reaction equation is the following:

(12) LizOz .11202.H20(S)—-——-> L1202(8)+ HzOz(g)"‘ HQO (g)
The molar volume ratio, Li;0,/Li,0,.H,0,.H,0, is .37.

The active surface of the addition compound is about 1 m2/g, a common
value for a granular salt., Upon decomposition, the resulting peroxide has
values between 6 and 8.5 m“/g, exceptionally high values. A seven~fold
increase of active surface in this reaction has to be contrasted with
approximately a three-fold increase in the thermal decomposition of lithium
hydroxide monohydrate. The molar volume ratio, LiOH/LiOH.H,0, for this
latter reaction is .59.

The decomposition was carried out by heating the addition cowmpound
under a pressure of 7.6 mm of Hg absolute to 100°C for 16 hours. This
was the final "drying" procedure which was settled upon after some initial
investigation.

The addition compound is placed in the vacuum drying furnace at room
temperature and the temparature is raised from room temperature at a rate
which allows the volatile components to be pumped off, This preccess
could be conducted much faster in appropriate installations.

The product is obtained in essentially the same physical form as
the raw material, except that the particles are extremely soft.

The analysis of the product shows that it is essentially of the

composition of lithium peroxide, wherecas., the carbomnate and hydroxide
impurities are slightly increased over the initial peroxide.
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Thermal Decomposition of Peroxide

The thermal decomposition of the peroxide was carried out in the
cquipment shown in Figure 2. primarily; Notz and Bach (ref. 28)
determined that reaction is fast at around 350°C and found also that
carbonate (present in all preparations) will cause partial melting or
sintering at a temperature slightly above 400°C. We decided therefore,
that the temperature at which the decomposition is carried out must be
controlled very carefully.

The rate a: which the decomposition is occurring wili also depend
greatly on the temperature as well. This was investigated. The rates
of decomposition of lithium peroxide at different temperatures were
investigated by Markowitz and Desmelyk (ref. 25). These results became
known after our work on this phase was completed.

The course of the reaction can be followed very closely by monitoring
the evolution of oxygen.

Testing of Lithium Oxide

General Considerations

The method (MIL~L-20213A-SHIPS) being used by the U, S. Navy to
evaluate the capacity of anhydrous lithium hydroxide employed to control
carbon dioxide levels aboard submarines is utilized in the laboratories
of Lithium Corporatioun of America for control of the production of
"Absorption Grade Lithium Hydroxide - Anhydrous." In this method, the
capacity of the lithium hydroxide as a cerbon divxide abscrbent is tested
by passing 4% CO, in air at about 85% R.H. at 20°C through a specified
column of absorbent (3 cm. diameter by 15 cm. depth) at a linear velocity
of 500 cm. per minute until the effluent gas from the absorbent registers
2% CO, on the monitoring equipment. The wmonitoring equipment cmployed
in the Lithium Corporation of America laboratories is a relative indication
instrument; the output of two thermoconductivity cells are bucked against
one another in a typical bridge circuit, the bridge imbalance being read
out on a dial meter or on a recorder. Throughout the test, one cell is
in contact with a flow of the 4% CO, in air while through the other cell
flows the effluent gas. The absovption efficiency, grams CO, absorbed
per gram absorbent, 1is calculated from the results of carbonate analyses
on the lithium hydroxide made before and after the test.

In the present investigation, the same general method has been used,
adapted to the special requirements of the atmospheric pressure, relative
humidity, and €O, partial pressure. The total pressure is set at 5 psia
or 0.34 atmospheres. The partial pressure of CO, is set at .0735 psia
or 0.005 atmospheres. This corresponds to 1.47 vol.% of CO,.
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Test gas was purchased from the Matheson Company, Inc.: 1.8 to 2.0%
GO0, in dry oxygen. This test gas was saturated with water vapor to the
desired degree of relative humidity. This lowered the percentage of CO,
in varying degrees, The maximum cffect is observed at 100% R.H. at
120°F. This woul! dilute the carboun dioxide concentration from 1.8 to
about 1.6%. Thus the testing was performed at alightly higher CO,
councentrations at one atmosphere.

Several tests were run at 5 peia. The same gases were used and were
saturated with water vapor to the desired degree in the same manmer.
Since the relative humidity 1is dependent on the temperature and not on
the total pressure of the system at any given temperature, the water
vapor exerts triple the dilution effect on the gas at one~-third atmosphere
as at one atmosphere total pressure., Thus under the limiting conditions
of 100% R.H. and 120°F the 2% €O, becomes 0.9 vol.%.

In order to account for the exact volumes of gas metered into the
system, the flow rates were determined before humidificetion.

The initial testing was performed at one atmosphere pressure.. This
served to establish the conditions under which lithium oxide can be
considered an active carbon dioxide absorbent, this being the main concern
of this investigation. The two parameters which change considerably
when the total pressure is decreased to 1/3 atmosphere are the linear
flow rate of the gas and the amount of water vapor present in the test
gas. Both variables were investigated and allowed valid conclusions to
be made from the one atmosphere test results, The few tests at 1/3
atmosphere confirmed these conclusions.

Description of Equipment

Three block diagrams of the apparatus, Figures 5, 6, and 7 depict
the alterations on the absorption equipment found necessary as this
investigation moved through the following three major stages:

l- Tests at one atmosphere on small research samples of Li,0.

2- Tests at 1/3 atmosphere on small research samples of Li,0.

3- Tests at one atmosphere on the full-scale absorption unit.

We shall discuss the equipment in the above order.

1~  Tests at One Atmosphere on Small Research Samples of Li,0.

Although this apparatus as shown in Figure 5 was altered slightly
in the course of this investigation according tc the experimental
necessities it was essentially as shown throughout the tests run on

17
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teat-tube amounts of oxide at one atmosphere. The test gas, nominally
2% €0y 1in oxygen, was metered into the syatem through flow ueter, Fys
the gas pressure being noted on the U-tube mercury manometer, APD,.

The gas wus equiltbrated to the desired temperature and corrcuponéing
humidicy by flowing through the heat-exchangers and humidifiers all
contained in a constant temperature bath. The equilibrated gas was
allowed to flow up through the sample of Li;0 in the Absorber tube,

and the variations of the temperature of the inlet and outlet gas and
of various sites in the L1i,0 were monitored continuously on A.P.I.-
Temprint Recorders by feeding the output of iron-constantan (lmm. 0.D.)
th-rmocouples, Ty, T,, T3, T, and T * i{nto the Recorders, The pressure
drop across the Abserber and the preassure difference between the gas
comlng out of the Li,0 bed and the atmospheric pressure was observed
perlodicaily on the dibutyl phthalate U-tube manometer, AP,. The bulk
of the spent gas was permitted to flow through flow meter, §2’ stopcock -
7 and out through the manifold to the atmosphere. A certaln amount of
the gas was bypassed to the sample cell of the Gow Mac, Model SC-500.
The output signal of the Gow Mac was recorded continuously on a Leeds
and Northup Speedomax-ll as percentage CO, in the effluent gas stream.

Gow Mac SC-500 Operation:

The Gow Mac was a rescarch unit which has been fitted with gas
chromatographlic thermal conductivity cells. It was zeroed by passing
pure dry oxygen through both standard and sample cells at the same
pressure and flow rates. The instrument was standardized at the known
CO, content of the "2%" CO; in oxygen gas by allowing the "2%" CO,
standard gas to flow into the sample cell at the same flow rate at
which the oxygen flowed in. Of course, the dry oxygen flow was main-
talned at the same counstant rate through the standard cell.

After standardization, the Gow Mac was then ready to yield reliable
percentage CO, in the effluent gas as the Gow Mac output was read out
on the Leeds and Northup Speedomax<H.

Humidificvs:

The relative humidity of the test gas was controlled at approximately
50% by dispersing the gas through two "humidifiers" containing respectively
600 wl. and 100 ml. of 25 welght perceniage of lithium chloride in water.

* The 1 nm. Q.D. Iron-<Constantan couple monitoring the effluént gas
stream at T, was replaced by a very sensitive .005 mm. 0.D. Chromel-
Constantan couple after test No. 35.
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The velative hunidity of gascs fully equilibrated over 257 lithium
chlovide solution from 0°C to 50°C are shown in the following table:

Temp. Mlilligrvams H,0 per Liter ki
o) _over 25% LiCl  over l,0 (Calc'd.)
5 3.6 6.8 53
10 4.9 9.4 52
20 2.0 17.3 52
30 17.0 30.4 56
40 30.2 51.1 59
50 49.5 83.2 59.5

When a known voluwe of humidified test gas was passed through drying
tube No. 1, it was found that the weight gain was 11 -+ 17 wore than that
expected from the gbove table. This was thought to be due to the catrain-
ment of mist by the gas stream.

2- Tests at One-third Atmosphere on Small Regearch Samples of
Li;0.

The apparatus employed in the tests at one-third atmosphere on
small semples of Li,0 is outlined in Figure No. 6. This system was
essentially the same as that used in tests at one atmosphere, see
Figure 3, except that the lines to the Gow Mac were eliminated and
several pleces of equipment necessary to the maintaining and rcgulation
of a constant pressure of sbout one-third of an atmosphere were added.

[he fore-pressuvre in the system was maintained at approximately
55 em Hg by means of a Metheson Vacuum Regulator No. 49. The pressure
in the manifold was waintained at about 25 cm ilg by mcans of a Roger
Gilmont Monostat No. C-2100. The pressure and rate of flow of gas
Into the system were measured on the differential mercucy manometer,
HF ., and the flow wmeter, F,. The pressure drop acroes the absorber
tube"was detected on & differential di-butyl-phthalate manometer, AP,,
and the quantity of gas leaving the absorber tube was calculated from™
readings oblained on the absolute mercury manometer, Pl’ and the
flowmeter, FZ'

3- Tests at Ounc_ Atmosphere on the Full-Scale Absorption Unit.

Avsorption tests on the full-scale absorption unit were run on the
equipment shown schematically in Figure 7. Laboratory compressed air
(approximately 60 psig.) was fed into the system through a needle
valve*., The air then took the path shown in the figure. The main flow
of about 20 1/min., was moultored on flow meter No. F-1, whereas the

* The pressure variations in the laboratory air were directly tvauns-
mitted to the system, so prior to test No. 3, a single stage presgure
regulator was installed which eliminated this defect.
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pressove at this poiut was noted on the differential mercury manometrr
No. APF,. The alr temperature snd humidity were adjusted to known
values while flowing through the heat exchanger and humidifiers. The
cavbon dioxide was Lntroduced Into the air stream at about 200 ml./min.
at the point indicated. The CO, flow and pressure weve monitored on the
differentisl manometer, A\P}, and flow wmeter, F,. The humidified
COy-alr mixture passed up through a spray tower“and through a 2=-inch
diameter extra-course siuntered glass dlsk into the absorption unic
containing the lithium oxlde. The temperatures at Indicated sites
within the lithium oxide were monjtored continuously on Temprint
recorders, T., T,, T., and T,. The 1 mm. Q.D. iron-~constantan junctions
were inserteé 7i¥ cm? inside the wall of the absorption unlt through
rubber stoppers. The temperature of the effluent gas was monitored at
Ty by feeding its output of a 0.005 wm. 0.D. chromel-constantan couple
into a Temprint recorder. The pressure differences betwecen the atmos-
phieric pressure, Py the pressure of effluent gas, P,, the fore-pressure
to the absorption unit, Pl, and the presgure ilmmedistely inside the small
filter of the absorption unit were monitored occasionally throughout
each test on the differential mercury manometer, ABPZ. The CO, content
of the effluent gas stream was monitored nearly continuously on the

Gow Mac, Model 210. The CO, content of the i{nlet gas stream, on the
other hand, was recorded only occasionally during each run., The output
of the Gow Mac cells was tecorded by connecting a Leeds and Northrup,
Speedomax-l Recorder civcuit across the meter of the Gow Mac. The

Gow Mat was zeroed by adjustment while dry air flowed through boch cells
and {t was gtandardized when 4% COjs-air wixture flowed through the
standard cell.

Gow Mac Model 210, Operation:

The Gow Mac (Model 210) is an instrument designed for routine
laboratory or plant gas analyses. 1t is not as sensitive as the Gow Mac,
8C-500, however, we discovered that when the signal to the meter was
fed into the Leeds and Northrup Recorder, that a full-scale (one
mitlivoit) deflection was obtained when & 2% CO;-2ir mixture was {iowing
through the sample cell of the Gow Mac. One other advantage which the
Model 210 has over the Model SC~500 is that the fc-mer is not sgsemsitive
to rather large variations in rate of flow in the range of the flow
meters on the instrument panel.

Humidifiers:

In test No. 1 and 2, the gas was brought to about 50% R.H. by
bubbling through five liters of 25% LiCl solution (distributed in
three successive flasks: 3 liters, 1 liter and | liter respectively).
The humldifiers were not placed in the constant temperature bath, but
were allowed to adjust to che room temperature, About 300 mi. of water
were placed in the pre-trap to replace the H,0 loss expected during each
test.
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The humidity of the gas stream was held at about 100% R.H. by the
dispersing of gas through about 2 liters of water contained in two flasks

as pictured in the figure. The constant temperature bath was held at
25.2°C.

Chemical Analyses

In order to obtain a general view of the analytical requirements,
the following recapitulation of the essential chemical reactions pertaining
to this project are given below:

(13) Prep. of LizOz: 21410"..“20 + HzOz ——-> LizOz + 4!]20

(14) Prep. of LizOz.HzOonzO:
LizOz + 1{202 + Hzo —’9 LizOz-HzOz 'Hgo

(15) Prep. of Li,0,%:
11,0, .H,0,.H,0 —> Li,oz*+uzc¢ + Hzoﬁ‘

(16)  Prep. of Li,0%: 1Li,0,*% —> Li, 0%+ 1/2 0,
(17)  Absn. of CO, by Li,0%: Li,0% + CO, =3 Li,CO;

* Li,0,* designates lithium peroxide of high active surface.
Li,0% designates lithium oxide of high active surface.

The chemical analyses of the principal chemical entities appearing
in the above equations resolwe into determinations of Total Alkali as Li,0,
L1,C04 and active oxygen (0Oa). The contained H,0 was obtained in each
case by subtracting the sum of the above three constituents from 100%,

. -
since the mon-lithium impurities woere generally quite negligible,

1- Sampling Procedures:

Ease of obtaining a respresentative sample of chemicals involved in
the above equations decreases with the order in which the e¢ ations are
listed. No special sampling effort is required in obtaining samples for
analysis of LiOH.H,0, H,0; or Li;0,. However, due to spatial in-
homogeneities of constitution the products of equations 14, 15, 16 and 17,
were mixed, carefully sampled, and the large sample pulverized and remixed.
The procedure followed in all of the small-scale testing of CO, absorption
of Li,0% waa to pulverize the entire final product in the absorption tube,
or each separate layer of product which ever was appropriate to the
requirements of the test being run. 1n the large-scale tests the entire
product was mized in a lavge polyethylene bag, then about 250 grams were
carefuliy sampled and pulverized.

24




2= Analysis for Ackive Oxygen:

The products of the equations 14 through {7 require an analysis for
active oxygen, either as a major constituent or as a possible impurity.
The size of the sample employed in each analysis must be determined by
the required accuracy. The method employed is outlined as follows:

a. Transfer weighed sample into 100 ml. of water containiung
3 rkl. of concentrated phosphoric azid, Kolthoff and Belcher (ref. 20)
and one drop of 0.025M Ferroin solution. Mix well.

b. Add 8 to 15 ml. of 1 to 1 sulfuric acid, depending on the
alkali content of the sample, and titrate rapidly to Ferroiu end peint
with 0.2 N KMnO, with adequate stirring.

c. Calculations:
(ml. KMnQ,) (N of KMn0O,) 0.8
(18) wt.% Oa = Sample Wt.

3- Analvsis for Total Alkali as Li,0 and Li,CQ,:

The size of the sample in each analysis was determined by the accuracy
required, The following technique was employed:

a. The finely pulverized sample was weighed under dry nitrogen
and transferred to a beaker containing about 400 ml. of water and 0.2 ml.
of 0.1IN NaOH. The solution was blanketed with dry N, or argon and stirred
with a teflon-coated magnet until the sample was dissolved or nearly so.

b. If the sample coantained over 5% @4, one drop of 0.25N 0s0,
in 0.1N H,S50; was added to decompose the peroxide.

c. 0.5N HCl was added at a rapid dropwise rate until a pH of
9.0 was indicated on 2 pH meter.

d. At this point, if the sample contained less than about
10% Li,C0,, the titration was continued with O.IN HC! very carefully to
a pll of 7.8 to 8.0. If the sample contained more than 10% Li,C0,, the
titration was continued with O0.5N HCIL.

e. The titration was continued carefully to a pH of 3.8 to
4.0, employing either .1N or .5N HCl according to the rule indicated
in step d. above.

f. Repeat steps a. through e. omitting only the sample ijin
order to determine the titration blank to pH-8 and pH-4. These blanks
will be different for titrations in which osmonium tetroxide is present.
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g Calculations:
(MB-B8) - (M,-B,)
Sample Weight

(19) Total Alkali as wt.% Li,0 = x 1.494

where - MB represents the millequivalents of HC1l to pH-8 for the sample,
By represents the millequivalants of HCl to pH-8 for the blark,
My represents the millequivalents of HCl to pH-4 for the sample,

and
B; represents the millequivalents of HCl to pH-4 for the blank.
(20)  wt.% Li,C0, = 2 (M4 ~By,) x 3.695
Sample Weight
or 4t

wt.% C0, = wt.% Li,C0, x
s 2V 73.89

4- Experimeantal Parameters Calculated from the Aualytical Results:

Two parameters, wt. CO, absorbed and wt. H,0 absorbed, were derived
by difference between the contained weights of CO, in the Li,0 sample
before and after passing the humidified 2% CO, gas through the sample.

The percentage of Li,0 converted to Li,C0; was calculated in two
ways as follows:

a. Calculated from the decrease in total alkali as Li,0
before and after passing humidified 2% CO0, through the sample of LI1,0
by the equation:

(21) % Li,O0 converted to Li,C0, =

{wt. total alkali as Li,0 before - wt. total alkali as Li,O after) x 100
wt. Total Alkali as Li,O Before

b. Calculated from the increase in Li,C0, content by means of
the equation:

(22) % Li,0 converted to Li,C0; =

(wt. Li,C04 after - wt. Li,C0, before) 29.88 x 100
wt. Total Alkali as Li,O before x 73.89

The results of calculations from equations (21) and (22) reflect the
errors in analytical determination of total alkali and lithium carbonate.

The percentage Li,0 converted to LiOH was calculated by means of the
foliowing procedures:

Case Wo. 1, Lf % H,0 after x 1.66 is greater than Total Alkali as
% Li,0 after, then,
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(23) % L1,0 Converted to LiOH =

wt. of Total Alkali as Li,0 after - wt. of H,0 before x 1.66 <
wt. Total Alkali as Li,0 Before

100

or according to

Case No. 2, if % H,0 after x 1,66 1is less than Total Alkali as
% Li,0 After, then,

(24) % 11,0 Converted to LiOH =

(wt. H,0 After - wt, H,0 Before) 1.66 x 100
wt. Total Alkali as Li,0O Before

When the carbon dioxide reacts with all of the Li,0 present in the
original sample and part of the LiOH, then, the % Li,0 converted to LiOH
calculated from equation (24), will yield negative values. Here, no
LiOH is formed, On the contrary, LiOH present as impurity in the original
Li,0 sample is partially converted to carbonate and the chemically bound
water in that LiOH is swept away. Note that the "wt. H,0 before" can only
be present as LiOH.

Physical Analyses

Flow Rate Determinations:

The rates of flow of the various gases employed were determined by
readings from Brooks Float Type Rotameters. The variations in reading
during one trial were plotted against time and the average reading obtained
by integration. The average reading was converted to liters/min. by
reference to a set of curves published by the Brooks Rotameter Company.
These values were corrected for the density, pressure and temperature
pertalning to ecach gas used at each Rotameter site. However, the f{iow
rate reported in the tables of thls report were corrected to the
conditions of temperature and pressure of the gas flowing into the
absorption column of tests 1 through 41, or those small-scale tests
made at about atmospheric pressure. The flow rates for tests 42
through 45 were corrected to the temperature and pressures of the gas
coming out of the top of the absorption column.

The total €O, flow was calculated by multiplying the density of
CD, at 760 mm. Hg and 273°K by the total test gas volume in each test
corrected to 760 mm and 273°K.

The water transported in the tests 1 through 41 was calculated by
multiplying (see Description of Equipment, Humidifiers) the value of
liters of gas flowing into the bottom of the absorption column by the
grams of water per liter of gas as determined by experiment.. The water
transported in the tests at 1/3 atmosphere pressure, e.g., tests 42

EEEE——————



through 45, was calculated by multiplying the volumé of gas at the
average of the fore-pressure and the pressure of the gas coming out of
the top of the column by the grams of water per liter of gas as
determined experimentally.

Pressure Measurement:

The types of pressure measurement devices and their sites have
already been discussed previously under the Description of Equipment.
In both the large and small-scale tests performed at about atmospheric
pressure vertical differential, open-end, U~tube manometers were used
to measure the difference in pressure between two sites within the test
equipment or between such a site and the atmespheric pressure, The
manometric fluids employed were either mercury or dibutyl phthalate,
In tests at 1/3 atmosphere, these same manometers were employed with the
addition of one absolute mercury manometer. In the large scale tests,
one dial manometer was employed.

Active Surface Determinations:

The active surface (A,$.) of the lithium oxide was determined
according to the theory of absorption of Brunauer, Emmet and Teller
(ref, 12). This is commonly called the BET method. A slight modifi-
cation of the technique of Nelson and Eggertsen (ref. 27) was used.

The thermal conductivity cell of an Aerograph Model A-%0-P Gas
Chromatograph was used. The signal was recorded on a Leeds and Northrup
Speedomax G with disc chart integrator. The integrator count was
standardized with the gas from calibrated loops. The test gas was 25%
nitrogen in helium,




SECTION IIX

RESULTS

The Decomposition of Commercial Litchium Pexoxide

At the beginning of our cfforts it was thought feasible to decompose
lithium peroxide as produced commercially. 1In order to obtain a coarse
particle of an sdequate mesh size, pelletizing seemed to be the obvious
golution. Lithium peroxide cannot be pressed into a compact pellet unless
some water is added to it ag a binding agent.

After compacting the pellets were dried again under vacuum at avound
100°C. They were broken up and screened. The size fraction between 4
and 14 mesh (usually around 67% of the total) was thermally decomposed.
In Figure 8, the evolution of oxygen from about a 200 g. batch of peroxide
pellet fractures 18 shown during a decomposition heating.

////r-— Run - 23

Effluent
%

Oxygen

1
200
Time - Minutes

Figurc 8 Oxygen Evolution During Li,0, Decomposition



It can be stated that a 7~hour heating period is adequate. The
decomposition was carried out in the equipment shown in Figure 2.

In the following Table I, these oxide samples are described.
The following observationscan be made:

Pelletizing Pressure

There is no discernible influence of pelletizing pressure on the
density nor active surface in the range of 1000 to 3000 psig.

Temperature of Decomposition

The maximal temperature of decomposition seems to be reflected to
some degree in the active surface values. The lowest temperature
(Sample 15) has the highest active surface and the two highest tempera-
tures have the lowest active surface (Samples 19 and 23). The range of
temperatures is somewhat unarrow (27°C) and the quantity of runs is
insufficient to allow for a definite statement.

Density
In general, the density increases with the temperature of

decomposition; whereas, the active surface decreases with decreasing
values of density.

Hydrolysis

When lithium peroxide is moistened, a concentrated solution of LiOH
and H,0,-is formed;

(25) Li0, + 2H,0 —> 2LiOH + H,0,

Hydrogen peroxide is not stable .dn alkaline solutions and decomposes:
(26) B,0, —> H,0 + 1/2 0,

Those combined reactions, (25) and (26), can be called hydrolysis.

The following Table IT shows the chemical analyses of the samples
and the degree o¢f hydrolysis.

The amount of lithium hydroxide generated is appreciable. It is
the least in Sample 19 where the water addition for pelletizing was
lowest (7.8%) and hydrolysis is highest in Sawple 33, where the most
water was added (15.4%). There is also a noticeable increase in Li;CO,
due to handling in air in the moist state.
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The Preparation of High Active Surface Li,0 From High Active Surface Li,0,

The tesults of the tests are entered in Table III.

The final procedure of obtaining a grade cf oxide, which has a high
value of active surface arca and also good performance characteristic
has been described above. Many runs were made according to this procedure
and they are found in Table III, under Sample No. 123-17 through
Sample No. 123-24.

Several facters iufluence the quality of our final vroduct. These
can be classified in three catagories.

1. Factors in the preparation of Li,0,.H,0,.1,0.

2.  Factors in the drying of Li,0,.H;0;.1,0 for obtaining high
surface Li 0, (h.s. 11,0;).

3. Thermal decomposition of h.s. Li,0,.

Under category 1. we list the following:
a. Temperature of addition.
b. Quality of L1,0; used.
C. Agitation.
d. Storage time of product.
Concerning category 2., the following:
a. Temperature of dryiung.
b. Gaseous atmosphere (vacuum) when drying.
c. Speed of drying.
Finally, category J., the following:

a. Temperature of furnace operation.
b. Gaseous envivommeni during the thermal decomposition.

Evidence of many of these factors can be found in the earlier
preparations of Li,0.

Hydrolysis (Formation of LiOIl)

In many of our preparations, we noted high LiOH contents in the
final produc¢. It 1is possible to convert hydroxide into oxide:

(27)  2Li0H —>» Li,0 + H,0

This reaction, however, does not occur in the temperature range of




PRINCTPLY DATA TAKEN DURING THE PREPARATION OF

TABLE IIT

L1,0 SAMPLES

_ Max.
Vacuum Wt. Lip0, Temp. wt. 4-14

Sample Drying Taken for of After Wt. Mesh Density
No. Temp.“C Decomp. g. Decomp. Decomp. Loss Bulk of
°C g. % pensity Li,0

g/ml Granule
g/ml
36 45 42.8)° 370 26.6 65.6% .21 .38
38 - (323)% 373 203 62.8% .19 .36
39 --- (298)° 440 136 54,58 —-- e
43 40-45 (174)€ 433 88 - 475 .87
45 90 140 390 83 55,02 .40 74
48 90 100 357 65.5 67.82 .15 .27
50 90 106 380 70 68.0° .47 .86
51 90 119.5 377 76.5 69.42 .26 47

{determ., .38)
55 100 373 390 261 67.8% .31 .56
(determ., .74)

58 100 152.5 368 161.5 74.0% .22 .40
61 100 253 367 169 61,22 .23 42
64 120 390 377 260 61,52 KK .60
66 120 394 355 263 ca. 67.0° . 145 .26
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TABLE III (Continued)

Tetal
Active Surface Alk.

Area mz/gLf as Li,C0, LiOH

Li,02 Li,0 LL,0 % % % Structure Remarks

~—- 11.9 96.0 1.8 5.3  Soft Pelletized material

~-- 5.4 83.5 2.9 306.0 Powdery Not pelletized, Dried
for 2 bhrs. at 25-200°C
in argon.

——— - 68.6 0.6 82.4  Hard Not pelletized. Dried
foe 3C mins, at 25-
200°C in argon.

~em .26 95,7 2.1 5.8 Hard sintered. Not pelletized.

- .57 91.0 2.3 17.9 Mixed hard & soft. Not pelletized.

- 9.8 95.2 1.7 6.6 Soft, powdery. Not pelletized.

-~ 1.4 93.7 2.2 10.8 Somewhat sintered. Not pelletized.

-~ 7.4 94,0 2.8 8.6 Mixture hard & Pelletized material,

soft.

.- 5.8 92.0 6.0 5.4 Somewhat sinteved. Pelletized material.
Decomposed in large
furnace.

--- 3.8 89.8 3.3 18.2 Quite soft. Not pelletized, 1/27
$10, added.

- 3.7 93.3 3.7 8 Harder than No.58. Same as above.

-- 23 92.3 4.7 7.9 Hard sintered. Not pelletized.
Loaded fine & large
particles together.

--- 9.5 86.7 3.7 27.5 Soft. Not pelletized. 1%
Si0; added; dried
before pentane
vaporized.
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TABLE III (Continued)

Max. 4-14 Density
Temp. wt. Mesh of
Vacuum Wt. Li,0, of After We. Bulk Li,0
Scmple Drying Taken for Decomp. Decomp. Loss Density Granule

No. Temp. °C Decomp. g. °c 8. % g/ml g/ml

118 90 860 354 589 31.5° .096 .156
123-1 105 1075 348 825 23.3> . ---
123-2 105 1075 343 750 30.2° .153 can
123-3 107 1425 343 925 5.1 119 -

123-4 107 1425 354 950 3. L2 .19
123-6 90 1400 343 925 33.9° .126 ---
123-7 109 1319 354 925 29.9° .096 ---
123-8 111 1300 3s7 925 28.9° .140 -—-

123-9 108 725 359 450 37.9° .161 .280
123-10 111 1400 362 950 2.1° .12 ---
123-11 111 1550 359 1025 33.9°  .160 ---
123-12 111 1175 163 894 23.9° .162 ——-
123-13 90 1890 335 1300 31.2%  L1ss ---
123-15 99 1550 340 1075 0.7 .- -
123-16 1300 357 925 28.8° 166 ---
123-17 113 850 357 575 2.4 107 .202
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TABLE III (Continued)

Total
Active Surface  ,qq.
Area ml/g as L1,C0, LiOH
11,0, Li,0 Li,0 % % % Structure Remarks
- 9.9 91.8 3.1 13.3 Very light blocks.
Firm. ———
——- 4.8 86.3 2.1 30.2 1loose, soft particles. -
- 4.0 90.7 2.0 18.4 Large, loose particle:. -—-
- - 94.9 1.9 7.6 Loose, soft particles. .-
- 7.2 95.2 2.5 6.1 Very light blocks. Firm. .-
-—- 6.9 95.0 2.8 4.7 Loose particles. -——-
--- 10.1 93.0 4.3 7.1 Very light blocks. Firm. -
- 4.9 87.4 2.6 26.5 Lnose particles. ---
.-- 8.3 95.6 2.4 5.1 Very firm blocks. ——-
-—- 6.2 95.9 3.9 0.5 Soft blocks. -
o~- 7.4 95.8 3.8 1.0 Firm blocks. -
- 4.3 91.9 4.3 10.0 Soft particles. Decomp. pot was a
cylinder. This was
an attempt to form a
cylinder of firm
oxide.
- 5.7 91.6 2.5 15.3 Soft particles. -
——- 5.0 93.1 3.0 10.0 More dense and Will not meet
harder particles. specifications.
-——- 5.5 89.1 3.2 20.1 |Loose particles. -———
--- 10.0 95.1 3.7 2.8 Firm blocks. L1,0,.H;0,.H30 was

prepared at -10 to¢ 0°C
with slow stirring.
Sieved into mesh size
4-14.
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TABLE IIT (Continued)

Max. 4-14 Density
Temp. We . Mesh of
Vacuum Wt. Li,04 of After Wt. Bulk Li,0
Sample Drying Taken for Decomp. Decomp. Loss Density Granule
No. Temp. °C Decomp. g. °C g % g/al g/ml
123-18 100 1248 360 825 33.9° 119 246
b
123-19 98 1350 360 900 33.3 .101 . 200
123-20 100 1325 360 835 37.0P .086 .201
123-21% 100 1265 360 850 32.6b .093 192
123-22 99 1450 360 950 34.5P .119 .215
123-23 99 1450 360 950 34.5° .082 .191
123-26 99 1450 360 950 34.5° .073 190
NOTES: a - Referred to initial lithium peroxide addition compcund;
b - Referred to intermediate lithium peroxide;

PYartially decompored addition cowpound.

The active surface of the peroxide hydroperoxide hydrate, first
step material of this run, is 0.7 m“/gram.



TABLE IU (Concluded)

Total
Active Surface Alk.
2 as
Area m /g Li,C0, LiOH
Lig_Oz ngO Lizo % 7:; ?’; Structure Remarks
7.0 9.1 91.4 4.9 9.8 Firm blocks, Same as 123~17.
Except, temp. was
"5 tO 0°C0
8.2 12,1 92.6 5.0 6.4 Tirm blocks. Ditto. Temp. from
=5 to +5°C.
8.5 10.6 93.9 2.7 8.7 Firm blocks. Ditco. Temp. from
-10 to +10°C.
5.9  10.7 92.8 5.0 5.4 Firm blocks. Ditto.
6.6 10.3 93,5 4.0 6.4 Firm blocks. Ditto. Temp., -5 to
+5°C.
--- 10.2 9.6 3.0 0.7 TFirm blocks. Ditto. Temp. 0 to
+5°C.
7.1 ii.zZ 95.8 2.5 4.2  Pirm blocks. Ditte.
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up to 400°C, but at much higher temperatures out of a melt. It could
hardly be expected that such an oxide would have a high active surface,
which 1s necessary for elficient CO, absorption.

The reaction of hydrolysis of lithium percxide

must therefore be considered as irreversible. Anhydrous LiOH is a powerf
C0, absorber but its capacity is oniy .96 1b. of C0,/1b., whereas the oxide
has one of 1.47 1b. of CO,/1b., or 153% of that of the hydroxide.

It is well known that the decomposition of peroxidic oxvgen is
influenced powerfully by the hydroxyl ion concentration and the temperature
of the system. The former factor is set in our system: it is a strongly
alkaline medium where peroxidic oxygen is not very stable in aqueous media.
Therefore, when the lithium peroxide is reacted with the 70% aqueous hydrogen
peroxide to form Li,0,.H,0,.H,0 the formation of intermediate aqueous
solutions should be avoided.

It has been noted that when the addition is performed at very low
temperatures (i.e., =40 to <50°C) the formaticn of the complex does not
occur. An intimate mixture of Li,0, and fro-. 70% H,0, results.

Subsequently, when this solid is allowed to warm up a sudden erothermic
reaction takes place giving a very high temperature rise which will result
in loss of active oxygen and concomitant hydrolysis. The high LiOH content
of Sample No. 45 and 50 was traced to this condition.

The addition temperature should thererore never fail below -10°C. On
the other hand, it should not be allowed to rise above 60°C which is a
critical point observed by the investigators earlier. (. 0. Bach and
I. M. Paige, unpublished resecarch (ref. 6)). It has been found that
solutions of Li,0;, giving LiOH and H,0, in the aqueous phase, are
relatively stable up to 60°C but lose oxygen very vrapidly above this
temperature.

We did not conduct extensive studies on the stability of the addition
compound or its tendency to hydroiyze on standing, so assumed it to be
less stable, either exposed tc the room air or stored in air-tight containers,
than our lithium peroxide. Usually the time interval between the formation
of the addition compound and the initiation of H,0 and H,0, removal was
somewhere between two and three hours. On one occassion, the addition
compound was stored for twelve hours in a refrigerator at 6°C without any
evidence of hydrolysis having taken place. A glance at the % LiOH column
of Table IIT should indicate that hydrolysis of lithium peroxide prior to
its complete decomposition is onc of the major problems in obtaining high
purity lithium oxide by this route. However, the existence of oxides

40

§




such as Nos. 123-23, 123-10 and 123-11 is evidence that high purity oxides
can be obtained.

Early in this investigation, 71 grams of the addition compound was
placed in the vacuum oven at 45°C for about twelve hours during which
time it became according to analysis, Li,0,.0.5#,0,.0.04H,0. This was
placed in the decomposition furnace and with a slow stream of argon
flowing through it, the temperature was programed from 25° to 200°C within
30 minutes, and then up to a maximum of 370°C. We were encouraged by the
results shown in Table IIT. However, when we tried to eliminate the vacuum
drying step completely in producing oxides No. 38 and 39, we found considerable
evidence of hydrolytic reaction, these oxides contairing 36 and 82% LiOH
respectively. Argon flowed through the bed during the entire process in
both cases. The reason for the big difference in percentage lithium
hydroxide in the product oxide is that the tempevature was programed to
rise from 25° to 200°C in two hours in the case of Sample No. 38, whereas,
the temperature rose from 25° to 200°C within thirty minutes in the case
of Sample 39. The obvicus conclusion was reached that a vacuum drying
process at or near 100°C was essential for converting large amounts of the
lithium peroxide hydroperoxide hydrate to high surface lithium peroxide.

There is the danger in a vacuum drying operation that the water (and
hydrogen peroxide) vapors are not carried away fast enough, either due to
a fast rigse in temperature, or insufficient pumping capacity or a
restriction due to small size valves and also due to a combination of these
factors. This was the case in several of our sample preparations: No. 06,
No. 123-1, No. 123-2, and No. 123-8.

Finally, it must be stated that high surface lithium oxide reacts
with water vapor and with carbow dioxide. Therefore, air exposure of the
oxide was Leld to a minimum. For example, transfer from the decomposition
pot to volyethylene storage bags was accomplished in a hood through the
air. Here the oxide in the pot was kept blanketed with dry nitrogen and
the storage bag was purged with dry nitrogen prior and during the transfer.
The pulverizing and sieving was done in an argoen-filled dry box.

Active Surface Area

The Lemperature of decomposition plays a major role in the formation
of an active surface. Lithium peroxide obtained from the "drying'" operation
has usually an active surface of 5 to 8.5 m2/g. It was found that only
samples of oxide with active surface values above 9 m“/g showed good
periormance.

The temperature of the furnace was set at 360°C. This temperature,
at least on low impurity sawples, guaranteced a reasonable rate of
decomposition with the result of an active surface of above 10 mzlg.
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When comparing the influence of temperature on active surface, products
of the same impurity content (Li,CO; and LiOH) must be chosen.

The following general conclusions can be drawn:

1- Less lwpurity coumtent means higher active surface,
2- High firing temperature means low active surface.
3- At impurity contents of not more than 5% Li,CO, and not

more than 6% LiOH, temperatures should not be higher
than 360°C to obtain active surface of 10 mZ/g or higher.

4~ The firing temperatures in excess of 380°C, always lead
to very low active surface values, whereas even with
extremely high LiOH values medium active surface values
can be obtained with low firing temperatures.

Generally speaking, the active surface determinations and the furnacing
temperatures recorded are not reliable enough to make really quantitative
statements.

Tests on Granular Beds

The Li,0 obtained either by direct decomposition of commercial Li,0,,
or the high active surface material was tested by exposing granular material
to a stream of 2% CO, in oxygen. 1In a few cases, compact solid material
and compressed pellets were tested. Relative humidity, temperature and
flow rate were varied and the influence of these factors on the conversion
of Li,0 to Li,C0, were observed. Most of these tests were performed under
1 atmosphere pressure, conly a2 fow at 5 peia. Chemical reaction proceeds
at high energy levels and the pressure difference of 1 atmosphere to 1/3
atmosphere did not significantly influence the direction or rate of these
reactions. The results at 1 atmosphere are meaningful, if interpreted
correctly. Valid conclusions can be drawm by extrapolation to the condition
of 1/3 atmosphere.

i- Test at One Atmosphere

The data of the first series of tests at one atmosphere are found in
Tables IV and V.

1t is evident that absorption efficlency increases with increasing
surface arcas. Buns 4, 10 and 11 were the first products tested with
high active surface areas. High percentages of retention of €O, are
combined with good conversions to Li,C0,. Of course low flow rates
contributed to the success of tests 10 and il.

The influence of the linear flow rate is clearly shown by the
following comparison.
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TABLE V

PRINCIPLE DATA OBTAINED FROM ABSORPTION TESTS?
ON LITHIUM OXI1DE SAMPLES

% €Oy

Linesar Cap. Absd,

Flow Flow Test Gas of of

Test Sample Mesh A.S. Rate Rate Time Vol. Col. In Absd. Co,

No.  No. Size m%/g 1/m cm/sec Min. 1 g Co, g CO; g CO, In

1.05 9.0 2%3

12

3 15 416 5.7 5% 29 3 --- 18.7 11.3 5.5 49
s 15 414 5.7 0.537 9.8 300 161  6.03 5.73 1.56 27
6 19 8-20 4.8 0.484 4.2 222 108  6.75 4.58 0.6] 13
1 61 416 3.7 oo B8 1S a8 265 64 29
2 61  4-14 3.7 0.9 8.2 145 =--=  4.81 4.85 1.95 40
7 61 8-20 3.7 0.528 4.6 316 167  S5.61 6.00 2.26 33
8 61 4-8 3.7 0.496 4.3 486 241  7.12 8.65 3.09 36

© 61 48 3.7 0.085 .73 1131 97  3.86 3.48 2.5 72

13 61 8-20 3.7 0.078 .67 1455 114  4.43  4.13  3.22 78
9 43 4-8 .3 0.528 4.6 120 633  7.02 2.29 0.25  1I
4 66 ncd 9.5 0.97 8.3 435 --- 13.9 15.2  9.75 64

1 48 8-20 9.8 0.115 1.0 1237 142  4£.53  S.13  4.32 84

10 48 8-20 9.8 0,076 .64 3210 239  6.15 8.5  5.76 68

-3
’

Tests all run at room temperature in 2 test columm of 22.2 mm.
Internal diameter.

b - Smaller diameter tube.

Absorptiorn was cowmplcte after 997 min.

Not classified.
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TABLE V (Continued)

% 11,0 % L1,0 % €O,
Converted Convd. Mole  in Eff.
In Absd. % 4,0 to L1,C0s to Ratlo Gas at R.H.
g B0 g H,0 Absd. ALi,0  ALi,C03  LiOH  H,G/CO, End %
3.46 2.01 58 29 30 26 .75 .- -
2.53 .73 29 20 26 35 1.08 .- 68
1.58 .55 35 13 9 20 .84 2.0 64
8.7 2.06 24 62 59 17 .80 ——- .-
1.63 0.35 22 32 40 17 .82 .- ——
2.15 0.427 20 40 40 19 .87 1.2 56
3.10 0.733 24 50 44 26 .87 1.0 56
1.26 0.294 24 66 65 19 .87 2.0 56
1.47 0.425 29 69 73 23 .87 0.8 56
0.81 0.148 18 0 4 5 .86 2.0 56
4.80 1.55 32 62 69 21 .77 —— -
1.75 0,587 23 96 96 ~0.3 .83 1.3 54
3.08 1.50 49 93 9% 3.8 .88 0.2 56
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lest

No. Linear Flow Rate Average Conversion % CO,

to L1,C0, Retained
2 8.2 36 40
7 4.6 40 33
8 4.3 43 36
12 0.73 65 72
13 0.6 71 78
Theseztests were all performed with the same oxide semple No. 61,
a.s. 3.7 m/g.

A comparison of tests & and 11, different samples but both of high
a.a., shows the same trend: decrease of conversion with increase of flow

rate,
Mesh size does not seem to influence the yield within the range 4
to 20 mesh.
Placement of the T/C in Tube‘\out
95 | \
Y No. 1 T/C
85 . No. 3
s 12
. cm
75 - N
e N po. b
~ Ll Fiber Class Ne. 2 T/C —3 .
:63 . _!. \ Packing — 6 cm
pa hod \ i
i ! - N -
g:SS-« R \ No. 3 T/C —1’ ?
A I N oen o 13
4 N " // . —— No. 4 T/C —*—- :]'4 m
45 - ‘./',:’\' . . T 4L cm J
RN N ~ No. 5 T/C —%»
MY | N, No. 5 N, ~ {
15 ‘Jr/f '\ \‘ AN
N
0. e, S, Y oy o O,y .
25 \-.--—‘-w—-oqq_o. - wﬁ-—a—ﬁo, 27, CO2
- O.
in 02
~-Fiber Glass
Packing
0 2(;0' /4(‘70’
Time (Minuteas)
Figure No. 9 Temperature Profile of Test No. 4
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n Figure 9 the temperature profile of test No. 4 shows clearly the
race of progress of the reaction. The thermocouples were located at the
bottom, in the middle and on top of the column. The gae, being passed
upward through the bed, produces a peak temperature 30 minutes after
fultiat {on of the test; the peak at the middle of the bed occurs 75
ainutes atter begianing and the correaponding peak in the top layer is
observed at 160 minutes. The temperature of the effluent gas (T.C. No. 2)
is a good measure, whether the reaction is still going onjlt veturns to
normal at arcund 440 minutes and at that point, the resction was constdered
concluded.

In Figure L0 correspounding to test run No. 12, a typical recording of
€O, in the effluent gases 13 shown.

1.8 -
1.6 4
Flow rate .085 L/Min.
75°F -~ 50% R.H. b
This curve is a
reproduction of L2 o
the recorded one.
S 1.0 4
O
e
a 0.5 -
(3]
V)
as
0.6 =
0.4 -
0.2 ]

U 1
0 400 800 1200
Time - Minutes
Flgure 10O Abscrptioun Curve of Run
Number 12
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In most cases, enough CO, was passed through vhe column to cowmpliciely
convert the material te Li,C0;, the noteble exceptions, referring to the
pertinent data listed in Table V, are ag follows:

1. Test 9, which Litustrates the extreme inefficiency of a
highly {ived, extremely low surfacz area Li,N. Complete breakthrough
occurred very iast, absorption of CO, was almost nil.

2. Tests 4, 11 and 10, where slightly less €O, was passed
through, but ecxcelleat absorption was obscrved.

The sum of the % Li,0 converted to Li,C0, and LiOH is near 100% in
the case of active oxides. This simply wmecans that practically all the
material is accessible to the reacting components in the test gas (11,0
and C0;). This 18 the case in tests 4, 11 and 10 (the high a.s. material).
All other tests show brecakthrough of CO, after very little Li,0 had
reacted.

As a result of the data, it is evident that Li,0 reacts first with
water, forming LiOH. The lattey then reacts readlly with €0, to form the
carbonate,

The military specifications for LiOH for absorption purposes places
emphasis on the "hardness" of the matcerial. It was assumed that this
might be important for lithium oxide as well. 1In several preparations,
we added silicate to the reacting mixtures with the hope that the SiO,
content of the final oxide would confer strength and Lardness to it. This
was nol so. In addition, no noticecable cffect was observed in the
absorption capacity: compare tests | and 2 with 7 and 8. The effort was
abandoned.

The effect of flow rete on a high active surface lithium oxide is
shown in tests 18, 19 and 20. The data ave found in Tables VI and VII.

Up to a linear velocity of 8 cm/sec the conversions of Li,0 to
L.1,C0, are quite high, concurrent with a 90% retention of €0,. A slight
eficct of deteriovatrion is cbserved at 11 comfscc, where in the teop iayer

some Li1,0 remained unreacted.
The column had three layers of Li,0 separaced by plugs of glass wool.

With.n each layer a thermocouplie was imbedded, whicli monitored the heat
ol reaction.
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TABLE V1

COMPO STION OF LITiiUM OXIDE SAMPLES ne. 48 BEFORE AND AFTER TESTS

Total Alk.

Tegta Sample W, (g) as L1,0 (%) LizCQE (%) 1,0 (%)

No. Before Alter Before After Before After Before Alter
18-B8 0.71 .75 95.2 7.0 1.7 83.2 2.5 9.5
18-M 0.85 1.99 95.2 4.0 1.7 90.6 2.5 5.1
18-T 1.19 2.75 95.2 5.4 1.7 88.0 2.5 6.3
18-0 2.75 0.49 95.2 5.4 1.7 87.4 2.5 6.8
19-B8 1.01 2.31 95.2 3.7 1.7 92.3 2.5 3.0
19 1.37 3.20 95.2 4.5 1.7 91..06 2.5 3.6
19-T 1.43 3.22 95.2 6.9 1.7 87.9 2.5 5.0
19-0 3.81 8.73 95.2 5.2 1.7 90.4 2.5 4.1
20-B 1.8 4.2 95.2 7.7 1.7 83.2 2.5 8.8
20-H 1.72 3.96 95.2 6.4 1.7 89.5 2.5 3.8
20-T 1.68 3.75 95.2 10.0%% 1.7 89.3 2.5 0.4
20-0 5,20 11.91 95.2 8.0 1.7 87.2 2.5 4.5

* Symhols B, M, T and O refer to bottom, middle, top and overall.

%% Thig result is apparently in error.

The temperature profiles of these tests are shown in Figuvres 11, 12
and L3 which are actual reproducticns of recordiungs.

Exhaustion of the oxide is reflected by a return of the bed tempera-
ture to a constant level slightly higher than from the gas inlet tempera-
ture. This exhaustion of the layers occurred at different times.
Expressed in per cent of total test time, the time required for exhaustion
for each layer In three typical tests are listed as follows:

Tesr No. i8 No. i§ No, 720
Bottom 55 62 77
Middle 70 89 92
Top 100 100 100

1t is seen that with increasing flow rate the end of the vecaction is
extended timewise. This significs considerable bypass of CO,. The top
layer never reached complete exhaustion.
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TABLE Vil

PRINCIPLE DATA ODTAINED FROM ABSORPTION TESTS ON Li,0, SAMPLE NO. 48%

Linear Total
Test**¥* Flow Rate Flow Duration  Gas CO, eq. Co,
No. 1/min. Rate of Test Passed of L1,0 Passed CO,
cm/ 8ec. min. thru in col. in Absorbed
L 4 8 8
18~B 0.452 3.9 300 135.6 0.99 3.75 0.86
18-M 0.452 3.9 300 135.6 1.19 3.75 1.06
18-1 0.452 3.9 300 135.6 1.66 3.75 1.43
18-0 0.452 3.9 300 135.0 3.84 3.75 3.35
19-B 0.953 8.2 190 181 1.641 5.02 1.26
19-M 0.953 8.2 190 181 1.91 5.02 1.73
- 19-T 0.953 8.2 190 181 1.99 5.02 1.67
19-0 0.953 8.2 190 181 5.32 5.02 4.66
20-3 1.29 11.1 203 262 2.51 7.26 2.00
20-M 1.25 11.1 203 262 2.40 7.26 2.09
20-1 i.29 il.1 203 262 2.3¢ 7.26 1.9?
20~0 L.29 i1.1 203 262 7.26 7.26 6,12
* Sample No. 48 had the foliowing character%stics: Mesh size, §-20;

Bulk Density, 0.15; Active Surface, 9.8 m~/g.
These tests were ran at room temperature. The test gas had a
relative humidity of 00%.

** Apparent error in analysis.

*%% gymbols B, T and O designate the bottom, top aand overall sample
data respectively. Symbol M designates the middle sanple.




TABLE Vil {Coniinued)

% LL,0
Converted
1,0 to Li,CO, 11,0
Co, Passed  i1,0 11,0 Calc. Calc. Converted Mol, Ratio
Absorbed  in  Absorbed Absorbed from from to LiOH 11,0/C0,
% g g A AL, 0 AL1;CO, %
22.9 1.93 0.15 7.7 81.9 86.5 13.8 -
28.4 1.93 0.08 4.1 90.2 89.5 5.0 ---
38.1 1.93 0.l4 7.4 86.8 85.8 8.7 -
88.4 1.93 0.%7 19.2 87.5 £6.1 2.1 1.22
25.0 2.52 0.06 2.3 91.0 86.1 4.7 -
34.5 2.52 0.08 3.2 88.8 90.3 7.9 —--
33.3 2.52  0.12 4.9 83.8 83.5 il1.8 R
92.8 2.52 0.26 10.5 87.5 87.5 8.5 1.26
28.4 3.52  0.32 9.2 81.2 81.9 14.5 —e
28.8 3.52 0.11 3.1 84.5 87.0 11.1 -
27.1 3.52 (-0.03 %% 76,4 4.1 (-2.9) -
84.3 3.52 0.40 11.5 80.7 84.3 7.8 1.22
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The effect of flow rate is also shown in the level of the initial
peak Lemperatures in the bottom layer (inlet):

Test Flow Rate Temp. °C
1 /min.
18 0.452 66
19 0.953 80
20 1.29 91

The peak temperatures of the top layer (exit) show the cummulative
effect of the flow rate:

Test Flow Rate Temp. °C Occurs at % of
1/min. Test Time
18 452 77 40
19 .953 90 45
20 1.29 80 60

The greater the flow rate the later the peak temperature is reached.
Furthermore, the peak regiocns are flattened as the flow rate increases.

In Tables VIII and 1X a further illustration of the effect of active
surface and flow rate on ‘the conversion of Li,0 to L1,C0y is shown.
TABLE VIII

COMPOSITION OF Li,0 SAMPLES BEFORE AND AFTER TESTS

Total Allk.

Test Sample Sample Wt. as % Li.0 % L1i,CO4 % H,O0

No. No. Before After Before After Before After Before After
21 118 4.46 10.1 91.7 3.2 3.1 93.1 5.0 3.7
23 123-1 2.50 4.40 86.3 22.4 2.1 67.7 11.3 9.6
24 123-9 2.05 3.39 95.6 29.0 2.4 65.6 1.9 8.4
25 123-9 1.22 2.33 95.6 17.8 2.4 76.5 1.9 5.7
26 123-1 1.01 1.88 86.3 15.6 2.1 76.3 11.3 7.9
27 123-4 2.13 4.23 25.2 17.7 2.5 76.2 2.3 6.0

Outstanding is test 21: Sample 118 has an active surface of 9.9 mzlg,
97.5% of the incoming CO, was retained, whereby over 907% of the Li,0 was
converted to the carbonate. A compariscn can be made with tests 23 and 24,
with samples of lower a.s. and with equal flow rates. These tests showed
much lower conversions.
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TABLF QX

PRINCIPLE DATA GDTAINED FROM ABSORPTION TESTS® ON 15,0 SAMPLES

o,
Lincar Capacily

Active Flow Flow fest Total of €0, Co,

Teat Sample  Syriace  Rale Ratye Time Vel. Column in Agorbed
No. No. we/g L/win., cm/rec min. 1 8 I ¥

21 iid 4.9 1.06 9.1 212 225 L0 5.05% 5,41
23 123-1 4.8 1.07 9.2 143 153 L .82 1.74
24 123-2 8.3 1.4t 9.6 79 47.8 2.87 1.0 1.29
25 123-9 8.3 .25 2.2 157 19.9 1.721 1.37 1.04
26 123-1 4.8 25 2.2 180 a4, 7 1,27 1.53 .84
27 1204 7.2 .54 4.6 180 9.6 2.97 3.29 1.88
* These teats were run at 25°C and the gas employed had a relative

humidity of 59%.

The moegh size of the oxtde samples was G-16,
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TABLE IX (Continued)

% L1,0
c0, H,0 H,0 H,0 Converted % 11,0 _
Absorbed in Absorbed Absorbed to Li,C0, Converted wol. Ratio
% g g % ALL12C0; ALLL0 to LiOH H,0/C0,
97.5 2.97 .15 5.0 92.3 91.8 -1.2 1.28
33.4 2.1 .14 6.7 54.3 54.9 10.7 .98
43.1 1.2 «25 20.5 49.7 45.0 20.9 .96
75.4 .53 .11 20.6 64.4 60.9 15.7 .93
55.0 .61 .03 5.6 66.2 66.1 6.7 .96
57.3 1.35 .23 15.3 63.1 63.2 17.0 .99

57



The effect of flow rates .s shown by ccomparing tests 23 and 26
(both or Sample 123-1), where by decreasing the flow the vield rose
from 54 to 60%. The same observation holds for Sample 123-9 in tests
24 and 25 whereby decreasing the flow rate from 9.6 cm/sec to 2.2 cmfsec
the yield increased f{vom 50 to 64%.

In test 21 we observe a negative value in the column % Li,O0
converted to LiOH. 'This means that some of the LiOH preszent originally
in the Li,0 was converted to Li,CO,. Whenever there is a very high
degree of conversion, this can be cbserved.

Sample No. 118 showed excellent performance and it was decided
therefore, to use it tov determine the influence of temperature of the gas
at 60% relative humidity on the degree of conversion of 1,0 and retention
of C0,. The results are shown in Tables X and X1.

The analysis of Sample No. 118 is

Total Alkaliunity 91.75%
Li,C04 3.13%
Water 4. 98%

The composition therefore is the following:

Li,0 83.45%
LiOH 13.28%
L1,C0, 3.13%

In the preliminary run (tesc 28) it was found that at about 60% R.H.
and at 5°C (41°F), the absorption of CO, was very low: about 9% of the
incoming €0;. Only 11-1/2% of the Li,0 had been converted to the
corresponding carbonate. This change in temperature of the incoming gas
had a profound effect on the efficiency of the oxide sample 118. The
comparison of the results of test 21 (Table IX) with test 28 (Table XI)

shows this dramatically.

Th¢ temperature change however is not the only factor. As the
temperature was changed from 25° (test 21) to 5° (test 28), the mol ratio
H,0/C0, of the incoming gases changed from 1.28 to .24. This change is
much more relevant than the mere temperature change, as will be shown
further on. It should be pointed out that the relative humidity of the
test gas was very nearly 100% in both cases.

In the subsequent tests No. 29 tbwough 35, the whole arca from
5°C to 50°C (41°F to 122°F) was explored. The overall % conversion
figures are plotted in Figure 14 against the temperatures of the incoming
gases, in Fizure 15 against the absolute water vapor pressures.
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A steep rise in the conversion is observed up to about 25°C, which
at about 60% R.H. is equivalent to about 14 wm of Hg. Our test gas was
about 2% CO; in oxygen, or approximately 15 mm of Hg. This means that at
25°C, 607, R.H., the mole ratio H,0/C(,; attains the value of 1. From this
point on there 1s still a further increage in conversion as the tempera-
ture 1is increased, but the slope f8 decreased considerabrly.

It seems as 1if the mole ratio is the overriding factor at values
lower than unity. The temperature effect bzcomes noticeszble at mole
ratios of unity or larger.

The temperature recordings ave reproduced in Figures 16 through 20.
The peak temperatures of the bottom laver, observed shertly after inittating
the gas flow, will reflect che degree of reaction tsking place. Heat losses
are not very i{mportant at this point yet. The relationship of peak
temperature and incoming gas temperatures {8 secen in Figure 21 and the one
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of peak temperature and water vapor presgure is seen in Figure 22. The
latter relationsiip is linear. Thie meang that the amount of water
introduced into the Li,0 bed 18 directly proportional to the amount of
€0, reacting with the Li,0.

This i3 equivalent to proving that C0O, can react with Li,0 only
vhen water vapor is present. Quantitatively 1t leads to the conclusion
that for complete reaction the mole vatio H;0/C0, 1n the incoming gases
must be at least unity.

Further tests seemed necessary to affirm this conclusion. Tests

36 through 41 were performed with different samples, high and low on
active surface area. The results ate given in Tables XII and XIII.
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TABLE X

ANALYLICAL DATA OM Li,O sAMPLE 118 AFTER TESTS

1 |
1

[Tt

Total Alk.
as Li,0 L1,C0, H,0
Test* Sample Wt. (g) % A A
No. Belore Alter After After Afcer
28 2.05 2.51 66.5 26.2 9.1
29-B 0.93 1.29 54.0 36.2 1.6
29-T 1.18 1.45 63.5 26.3 10.0
29-0 2,11 2.74 59.1 30.9 10.9
30-B 1.04 1.63 38.8 44.0 17.0
30-1 1.05 1.4Q 56.4 30.0 13.4
30-0 2.09 3.03 47.0 37.5 15.4
31-8 1.07 2.04 20.0 69.6 10.2
31l-T 1.01 1.64 38.9 46,5 14.5
31-0 2,08 3.68 28.5 59.3 12.1
32-8 1.16 2.35 14.3 78.3 7.2
32-T 1.16 2.04 29.9 57.5 12.6
320 2,31 4.39 21.5 68.5 9.7
33-p 1.03 2.28 6.6 89.2 4,1
33"T 1.0& 2-21 10.4 8318 507
33"0 2007 4.[48 804 86i5 4.9
34-B 1.05 2.41 3.0 92.3 4.6
34-T 1.03 2,32 6.2 89.2 4.5
340 2.08 4.74 4.6 90.7 4.6
35-B 1.02 2.47 1.7 92,6 5.5
35-T 1.01 2,34 3.3 91.1 5.5
35-0 2.03 4.81 2.5 91.9 5.5
* Symbols B, T and O designate the bottom, top and overall sample
data respectively.
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TABLE X1

PRINCIPLE DATA OBTAINED FROM ABSORPTION TESTS#
ON 11,0 SAMPLE NO. 118

COZ cq
Temp . Test Gas of Li,0 CO, COq 11,0
Test of Gas  Tiwme Pasgsed In Col. CO, In Absd.  Absd. Pagsed
No. °C Min. thru L. g - g- . % In g.
28 5 90 92 2.76 3.35 0.32 9.6 0.338
29-B ] 121 119 1.25 4.30 0.25 5.6 0.45
29-T 5 121 119 1.59 4.36 0.21 4.7 0.45
29-0 5 121 119 2.83 4,36 0.45 10.3 0.45
30-8 10 115 118 1.40 4,67 0.41 9.1 0.63
30-T 10 115 118 1.4) 4,47 0.23 5.1 0.63
30-0 10 115 118 2.81 4,47 0.64 14.2 0.63
3i-B 15 125 139 1.44 4. 84 0.82 17 0.98
3i-T 15 125 139 1.36 4.84 0.43 9.0 0.98
31-0 15 125 139 2.81 4.84 1.26 26,0 0.98
32-B 20 122 131 1.56 4.52 1.07 23.7 1.29
32-T 20 122 131 1.56 4.52 0.68 15.0 1.29
32-0 20 122 131 3.11 4.52 1.75 38.7 1.29
33-B 25 125 139 1.38 4.71 1.19 25,2 1.9
33-T 25 125 139 1.40 4,71 1.08 23.0 1.9
33-0 25 125 139 2.79 4.71 2.27 48.2 1.9
34~B 30 115 130 1.41 4.33 1.31 30.1 2.46
34-T 30 115 130 1.39 4.33 1.21 28.0 2.46
34~0 30 ii3 130 2.8¢ 4.33 2.32 58,1 2.46
35-B 50 149 167 1.37 5.27 1.34 25.4 9.55
35-1 50 149 167 1.36 5.27 1.25 23.7 9.55
35-0 50 149 167 2.73 5.27 2,59 49.2 9.55
*

Sample mesh size: 4-14; sample sactive surface: 9.9 mzlg.

Test gas data: Nominal Relative Nuwaidity, 60%; Flow Rate, 0.99 to 1.13
1/min,

Linecar Flow Rate, 8.5 to 9.7 cm./sec.

62



TABLE XI (Continued)

% LizQﬁUSC’d L120

1,0 H,0 Calc. Cale. Conv. Mol.
Absd. Absd. from from to LiOH Ratio

e % ALL,O ALL;CO,4 % 1,0/CO,

0.1.:6 37.3 1.6 11.7 11.1 2%

0.103 22.7 18,3 19.6 20.2 “as

0.087 19.2 14.6 13.0 13.2 -

0.190 41.9 i6.2 15.9 16.6 .25

: 0.225 35.4 33.8 29.0 39.2 sen )

0.136 21.4 17.6 16.4 23.5 .- )
0.361 56.9 25.7 22.7 3.4 .35

0.154 16.0 58.6 56.9 26.4 ——-

0.181 19.1 31.3 31.8 33.4 -

0.341 35.1 45.3 44.8 29.9 .50

0.111 8.6 68.3 68.8 17.5 .- -
0.198 15.4 42,6 43.4 3L.0 .- :
0.309 24.0 55.5 56.1 24,3 .70

0.042 2.2 84.1 85.8 6.9 .-
0.074 3.9 76.1 76.9 12.7 --- )
0.116 6.1 80.1 81.3 10.0 .98

0.059 2.4 92.5 92.3 2.5 een

0.053 2.2 84.8 87.0 6.1 .--

0.112 4.6 88.7 89.7 4.3 1.39

0.083 0.9 95.4 97.7 4.3 ---

0.079 0.8 91.7 $1.7 -0.3 ---

0.164 1.7 93.5 9.7 -2.4 4.4
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TABLE X111

PRINCTVIE DATA -OBTAINED FROM ABSORPTION TESYTS ON Li,0 SAMPLES

Lincar

Bulk Gas Gas Flow Flow Test Gas
Test Sample Dens. Mesh Temp., R.H. Rate Rate Time Passed
No. No. g/cc Size A.S. °C % 1/mia  om/sec  Min. In g.
36-p  123-16 0.166 4-14 5.5 25 60.4  1.07 9.3 173 186
36-T 123-16 0.166 4-14 5.5 25 60.4  1.07 9.3 173 186
36-0 123-16 0.166 4-14 5.5 25 60.4 1,07 9.3 173 186
37-B 123-24 0.073 4-14 11.2 21 58.5 1.12 9.7 117 132
) 37-T 123-24 0.073 4-14 11.2 21 58.5 1.12 9.7 117 132
37-C 123<24 0.073 4-14 i1;2- 21‘77 58.5 1.12 | 79.? il? B 132
38-3 123-23 0.082 4-14 10.2 20 58.5 1,13 9.7 142 160
ig-T 123-23 0.082 4-14 10.2 20 58.5 1.13 9.7 142 160
38-0 123-23 0.082 4-14 10,2 20 58.5 1.13 9.7 142 160
39-B  123-24 0.073 &4-14 11.2 25 59.0 1.23 10.6 129 159
39-17 123-24 0.073  4-14 11.2 25 59.0 1.23 10.6 129 159
39-0 123-24 0.073 4-14 1.2 25 59.6 1.23 10.6 12¢ 159
40-B  123-24 0,073 4-14 11.2  14.8 100 1.16 10.0 136 158
40-T 123-24 0,073 4-14 11.2  14.8 100 1.16 10.0 136 158
40-0 123-24 06.073 4-16 11.2 14.8 100 1.16 10.0 136 158
41-B  123-24 0,073 4-14 11.2 10 160 1.10 9.5 125 137
41-T 123-24 0.073 4-16 11.2 10 100 1.10 9.5 125 137
41-¢ 123-24 0.073  4-146 11.2 10 100 1.10 9.5 125 137
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TABLE Xi1I (Continued)

. €COg eq. CO, H,0 % Li,0 Used L1,0 Mol.
of Li,0 Passed Passed Calc. Calc, conv, Ratio
In Col. In GO, Absd. In H;0 Absd. From From to LiOH 1,0/CO

g- g g. % g- g. %  ALL.0 AL1i;CO, %

1.4 6.45 .96  14.8 2.58 .18 7.1 78,3  66.1  20.1  ---
1.42  6.45 .75  11.6 2.58 .198 7.7 62.8  52.6  35.7  ==-
2.86  6.45 1.70  26.4 2.58 .382 14.8 70.5  59.5 27.8 .98
2.25 4,57 1.81  39.5 1.42 .171 12.0 83.9  80.2  13.4  ---
2.25 457 0.95 20,9  1.42 .404 28.5 42.7  42.3 544 --- 7
4507 4,57 2,76 6004 1i42 5757 40,5 633 0 613 339 76 - -
2027 5.55 1,76 31.6 1.62 .22) 13.6 78.8 77.4  20.7  ~--- 7
2.27 5.5 0.9  17.0 1.62 466 28,8 46,5 414 53,1  ---
4,54 5,55 2.70  48.6 1.62 .687 42.4 64,9  59.4  36.9 .71
2.25  4.95 2.06  41.6 2,16 ,116 5.4 92,4 9.5 4.8  ---
2.25  4.95 1.84  37.3 2,16 ,182 6.4 82.5 81.9 1.7  ---
4.50 4,95 3.91  78.9 2.16 .298 13.8 87.5 86.7 9.8  1.0¢
2.25  5.38 2.09 38.8 2.1 110 5.2 93.0 92,8 4.3  ---
2.25  5.38 1.40 26,1 2.1 .314 15.0 61.9  62.3  35.5  ---
4.50 538 3.49  64.9 2.1 424 20.2 77.4  77.5  19.9 .95
2.25  4.95 1.48 29,8 1.33 .250 18.8 68.1  65.6  29.1  ---
2.25 4,95 0.67  13.5 1.33 .37 26.1 31.1  29.7  65.5  ---

4.50 4.95 2.15 43.3  1.33 .597 44.9 49.6 47.6 47.3 .66
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In test 36, a low surface area material (5.5 mzlg) was employed.
The yields can be compared with the results of test 29, carried out under
equal conditions but with an oxide, which had 11.2 .Z/g of a.s. Yields
rose from 70 to 87%. It is interesting to note that a large excess of

C0, was pasgsed
active surface
enough time is
of gas through
place.

In tests
retention % of

over the oxide in test 36. This means that even low
material can capture appreciable quantities of CO, when
allowed. This surely is not a surprising result: Transport
narrower pores is slowed down, but is definitely taking

28 through 36, a large excess of C0O, was employed and the
CQ, was relatively low. In tests 37 through 41 only as

much GO, containing gas was Introduced as would have been necessary to

coavert 100% of the Li,0 to Li;C0,. Consequently the % CO, absorbed was
larger and reached 80% in test 39, which represents approximately a room
temperature, 50% R.H. condition and can be compared with test 2! and 33.

The results fall into the pattern found in the previcus series.

If the partial
Figure 15, the

watey vapor pressure is plotted versus the yield, as in
points fall directly on the curve established there. This
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of course proves again that at molar ratios H,0/C0; below unity the
partial water vapor pressure is the factor governing the percentage
Li,0 reacted with C0,. Qualitatively this is scen in the results of
tests 39 and 40, which both employed gases having a2 molar ratio around
unity and gave resuits siightly above or below 80% in conversion.

Test 39 however, was at 25°C and 59% R.H. whercas test 40 was at
14.8°C and 100% R.H. Test 41 (10°C and 1007 R.H.) gave results
equivalent to results obtained at 26°C and 60% R.H.

The influence of the temperature of the incoming gas alone can be
seen from a comparison of tests 38 and 41, employing gas at 25 and 10°C
respectively. Both have similar mole ratios H,0/C0,, but 38 has a yield
of over 60% whereas 41 shows a conversion of about 48%.

The tempevature profiles of tests 36, 39, 40 and 41 are reproduced
from the recordings in Figures23 through 26. 1t is scen that the top
layers of tests 39, 40 and 41 were still reacting when the test wag
concluded. Further proof is the large differences in the % Li;0 used in
top aud bottom layers.
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The bottom layers of Loth tests 39 and 40 had conversions ofi over
90% veraua 82% and 62% respectively In the top layers. 7This means that
there i{s atill abundant capacity for €0, obsorptlon.

The strong influence of pavtial water vapor presaure is cleavly
secn In data asgssembled in the following table:

Test ;0 Mole Ratio €O, Abgorbed 11,9 Absorbed
No. m lig {H30/C04) % 9%

41 9.2 .66 43 66.9

38 10.0 Ik 48 42.4

37 10.9 .16 60 40.5

40 12.8 .95 o4 20.2

39 14.C 1.06 79 13.8

Here one noltices that, as the water vapor pregsurs Increases; the
€0y absorption increases and the 1,0 absorption decreases. The decrcase
in H;0 absorption is related to CO; shsovption Ila the following manner:
a8 L1,0 ie converted to Li,;C04, the water originally absorbed is releasul
] again. Supporting cvideuce s seen in the saalytical dats preaented for
S those tests made on Li,O0 samples separvated into two or three layers. In

these cases the CO, absorbed falls off and the H,0 rstained increascs
from the bottom to the top layers. This 1s especially noticeable when
the temperature of the incoming gas is low and the relative humidity is
high.

2- fests at One-Third Atwmosphere

The atmosphere of the manned spacecraft is oxygen at 5 psia. Up to
this point all the work was performed under 1 atwosphere pressure. 1In
Tables XIV and XV, the results of four tests under 5 psia pressure (from
226 to 234 mm Hg) are given. The test gas prior to humidification,
contained 2% CO, and 98% 0, by volume.

Overall 1t can be stated that absovrption is successful at 1/3
atmosphere. The temperatures of the gas used in these tests were in che
range of 10 to 20°C. At 20°C and 76% R.M. (test 42) the bottom layevr had
a couversion of over 92%. It 1is seen that {n all cases the amount of CO,
introduced was vwot equivalent to the theovetical capacity of the column.
This f8 because the Gow Mac lnstrument for recording the eff{lucut conteat
in GO, could not be used and the amount of gas Lo be percolated was
estimated. Very high conversions were also obsevved in the bottom layer
of test 43 (86.8%).

The active surface area of Sample No. 123-75 was never datermined
and the rewmaining part of the sample was wilxed with the large bulk
quantity prepared for the delivery of the six uunits. When the vesuits
were analyzed, it became clear that Sample t23-25 could not have had the
smae degree of surface activity.
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TABLE XV

PRINCIPLE DATA OBTAINED FROM ABSORFTION TESTS ON Li,0 SAMPLES

Lincar
Bulk Gaa  R.IL Cas Flow Flow Test GCas
Test  Sample Dens. Tewp. of Gas Press. Rate Rate  Time Pasced
No. No. glce A8, °C % g Hg 1/min cw/scc Min. In l.
42-8 123-24 0.073  11.2 20 74 234 2.98 25.7 130 388
hz-T  123-24 0.073 11.2 20 74 234 2,98 5.7 130 388
h2=0 123-24 0,073 11.2 20 74 234 2.98 25.7 130 188
43-%  123-24 0.073 11.2 15.1 38 229 2.86 26,6 123 351
43-T 123-24 0,073 1.2 5.1 38 229 2.86 26.6 12} 351
43-0 123-24 0.073  11.2 15,1 38 229 2.86 24.6 123 351
44-p 123-25 0.077 ---  10.7 38 228 2.95 25.4 113 233
44-1 123-25 0.077 -~ 10.7 38 228 2.95 25.4 113 333
44-0 123-25 0.077 -=-- 10.7 38 228 2.95 25.4 113 333
45-p  123-25 0.077 -+~ 14 44 226 0.9 7.8 108 97
45=1 123-25 0.077 ~--- 14 04 226 0.9 7.8 108 a7
45-0 123-25 0.0Y7 ~-- 14 4y 226 0.9 7.8 108 97

80



TABLE XV {Continued)

€0y eq. L L3aQ Used = L1,0

of Li,0 COy4 ;0 Calc. Calc. Conv. Mol.

in Col. Pasecd 0O, Abgd, l'agesed 1,0 Abad, from from to LiOH Ratio
2. in g. g % Ing. g- % ALL;0  ALL;CO, A 11,0/G0,
2.25 h.22 2.03 48.2 4,9 0.115 2.4 92.3 9.3 5.0 -
2.25 6,22 1.54 36.5 4.9 0,268 5.5 2.7 68.4 26,0 aee
4,50 O, 22 3.57 &0 .7 h. 9 0,383 7.8 52.5 79.3 14.8 7.8
2.25 3.8 1.91 50,1 1.78 0.119 6.7 86.8 84.6 10.5 -
3.25 3.8 1.30 36.2 i.76 0.338 19.0 59.9 57.0 36.9 -
4.50 3.8 3.20 84.3 1.78 0.457 25.7 73.4 71.1 23.7 1.14
2.21 3,63 1,27 3.9 1.24 0.304 24.5 57.5 57.3 33.5 e

L2 3.63 0.68 18.8 1.24 0.417 33.6 34,2 31.0 46.1 o=

.62 3.63 1.9 53.7 1.26 0.721 58.1 45.9 44,1 40.3 B4
0.69 1.06  0.4) 4.6 <514 0.099 19.3 60,1 62.2 35.2 v
0.69 1.04  €.32  30.6 .514 0.132 25.7 48.1 65.9 46.8 r==
1,38 1.06  0.75 71,9 1514 0,231 44,9 54.1 54.1 40,1 1.21
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This is apparent from a cowparison of tests 43 and 45 which had
very similar conditions of temperature and relative humidity. The results
should have been comparable, actually better results should have been
obtained in test 45, as the flow rate was decreased to 1/3 the value of
test 45. The reverse can be seen and the only explanation is the lower
a.8. value of Sample 123-25.

The results of tests 44 and 45 can be considered indicative of a
successful operation at 1/3 atmosphere pressure. The low temperatures
and low R.H. values combined would lead us to expect much lower conversions
than actually cobtained. Test 30 (Table XI) corresponds closely to test 44,

Test 30 at 14.7 psia gave a 25% yield.
Test 44 at 5 psia gave a 46% yield.

Also test 45 can be compared with test 31 (Table XI).

- Test 31 at 14.7 psia gave a 457% yield.
Test 45 at 5 psia gave a 54% yield. - -

Equal values of relative humidity at 14.7 and at 5 psia are
equivalent to a ratio of 1 to 3 in absolute quantities of water vapor
transported. This is reflected in the large amounts of water taken up in
tests No. 43, 44 and 45, The temperature profile recordings are reproduced
in Figures 27 turough 30, It is seen that the top layer of tests 42 and
43 had still rolatively high temperatures at the conclusion of the test.
The extremely high peak temperatures at the very beginning of the runs
are primarily due to the large quantity of water initially absorbed which
is a strongly exothermlc reaction. This shows especially in test 47
where the mole ratio H,0/CO, was 2.8,

The subsequert conversion of LiOl to Li,;C0, is much less exothermic
due to the endothermic contribution of water evolution. Therefore, a
plateau is observed at much lower temperatures. The temperature effects
of Sample 123-25 are much lower which indicated that this sample might
have had a much lower active surface area.

The Use of Solid Configurations of Lithium Oxide

For a long time it was thought necessary to impart movement to the
atmosphere in enclosed spacecrafts for efficient regeneration. Tt is
this condition which is the basjic philosophy behind the design of a
granular bed of active chewmicals through which the atmospheric gases are
circulated by force.

D. A, Keating, K. Weiswurm and G. W. Filson (ref. 19) investigated
the movement of respired gas in manned space enclosures. The conclusion
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of this work is that an astronaut will NOT poison himsclf (with C0,;)
during welghtlessness or reduced gravity becsuse of lack of forced
atmosphere movement .

Therrfore, the concept of passive atmosphere regeneration has
become feasible. Pr liminary studies on passive carbon dioxide removal
were described by D. A. Keating with Baralyme and molecular sieves
(rvef. 16). 1In the conclusions it is stated that "passive application.....
for manned secaled atmosphere air regeneration systems has been succeszfully
demonstrated".

The awareness of these theoretical and practical data has induced
a variation of the present research with the goal to abandon the granular
bed concept and to replace it with a configuration amenable to the
static method. Houeycombed structures, pellets, blankets, panels,
coatings, etc. are all forms morce suitable for static than for dynamic
air regencration.

All these latter shapes are only possible if a larger mass can be
produced in a coherent form.

The simplest approach i1s the pellet. ITn the present research
effort, four tésts were performed on pelletized material. The results
are presented In Tables XVI and XVII.

fnlr

For test No. 14, a specially prepared material was used. Lithium
peroxide (material kept from sample No. 58 prior to thermal decomposition) .
was compressed at 1500 psig in pellets. 25.22 g. were fired at a maximum i
temperature of 369°C, The resulting weight of the oxide pellet was
17.22 g., representing a 31,7% weight loss, The density of the obtained
pellet was 0.76 g/cc, the material was very hard. Total alkalinity as
Li,0 was 89.6% and the LiOH content 19.8%. The Sample No. 62 was
assigned to this pellet.

The characteristics of this material led to the conclusion that
sintering had taken place and that the A.S5. therefore was low.

Tests No. 15 and 16 were made on pellets compressed at 1500 psig
from the "fines" collected during the screening ocut of the 4-14 wesh
fraction of the high surface oxides, No. 66 and 48, vespectively.
Although active surface measurements were not made on the pellets, values
for active surface of the original oxidc samples No. 66 and 48 had been
obtained and were 9.5 and 9.8 mzlg., respectively (sce Table I1I).

Finally for test No. 17, Sample No. 36 was chosen -- a very high
active surface materjal. Peroxide hydroperoxide hydrate was pelletized
at 2000-3000 psig. The pellets were dricd at 45°C under a vacuum of 29",
The dried pellets (of Li,0,) were then placed in the furnace and fired
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at a maximum temperature of 357%C.  This materisl wos the lowest density
pellet of all pellets utilized in this project.

The diameter of the pellets pressed was 2.56 cm, for Samples 15
and 16, while test No. 14 pellets were a8lightly smaller because of
shrinkage during firving. The interior diameter of the absorption tube
was 2.67 cm., thus the pellets fitted vather loosely inside. Each
individual pellet was supported on a stainless steel wire mesh sereen,
gseparated {rom the next pellet-screen assembly by a pilece of glass tube.
The pellets were located at the level of the thermocouple ports. The
function of the thermocouple touched the pellet. This enabled us to
observe the very small tenperacure riscs, Initiated by the reaction of
the pellet. When the latter cooled to the gas temperature, the pellet
was considered exhausted. As the reaction progressed from the lowerv to
the upper levels, the corresponding temperature increases and decreases
were observed. This is not reported iu detail because of the slight
variation of this temperature factor. These were small, mainly due to
the low flow rates.

It was very rewardiug to sce that even siutered, hard and dense
material (test 14) had still appreciable capacity for absorption. The
test was interrupted when absorption had become too slow for practical
purposes. The -pellets of test 15 _absorbed 83% of the incoming CO,, while
only 60% of the oxide content was converted to the carbonate. Test 16
wag terminated prematurely by mistake. The results would have beeun as
good or better than the ones of No. 15,

Test No. 17 gave exceptionally good raesnits, the pellets being of
very high active surface. The flow rate, of course, was rather low in
comparison with the granular bed tests. This low flow rate, however,
simulates quite appropriately the passive condition.

Common to all three experiments ks the fact that absorption slows
down. The wmaterial is still active but the sites of activity becoma
less accessible. It can be postulated that at first mean free path
criteria 1re responsible for reaction. As the surfsce laver is converted
from oxide to carbonate, the porosity of the honeycowbed structure
decreases and a capillary diffusion controlled process takes over.

A very interesting observation is the unusually high water
vetention capability of the pellets, 46 to 100% of the incoming water
being retained, In test 15 there is a 46% retention of water when
about 60% of Li,0 is converted to carbonate. This, again, proves that
the conversion to LiOH precedes the absorption of CO,.

Sample No. 118 was obtained in forw of large fritted chunks of
oxide. The procedure to obtain this was explained above. Almost all
the runs from 123-17 on were run according to the same technique and
most of them had the fritted texture.
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TABLE XVI1

PRINCIPLE DATA OBTAINED FROM ABSORPTION TESTS ON Li,0 PELLETS

TGB'Z Co: AbB.

Pellet ¥ low Cas e Gas Capaclty €O,

Test Sample Density A.S. Rate  Temp. R.H. LE™C pagsed  in col. in

- No. No. glce m2/g  1l/min  (°C) % Min., In 1, g. g.
14 62 .76 Not 05 24.0 56 945 56.2 3.56 2.03

Detd.

- 15 66 .60 " 036 23.0 54 1330 68.6 1.87 2.48
- 16 48 .59 n 062  23.5 54 1315 ©6.5 4,60 2.41
17 36 21 11.9 054 23.7 55 2105 115.9 2.93 4,18
22% 118 .16 9.9 .058 23.2 54 2435 140,1 4.83 4.85

* Linear Flow Rate, 0.23 cm/sec.
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TABLE XVII (Continued)

. , L0
“20 yA Li‘O Ueed Conv. Mole
L0, Absd. T _l,0 Absd. Calc. from Colc. From to LiOH Ratio
& % g &- % Au,u ALL;CO, % i, 07C0,
1.12 45 .85 .39 46 54 60 29.4 .85
1.58 05.5 L8920 .92 100 41,9 32 47.8 .82
2.84 68.4 1,46 .25 172 95 96,7 t.3 1.22
4,21 g6.8 1.74 .08 4.7 98.6 87:2 7,0 .87
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Attempts wara made to obtaln a larger fritted cenflguration by this
teehnique, but we falled even under very closely controlled conditions.
Apparently, the phyeical paramelera play o very fmportant vole during
therms} decomposition and the variables of rate of hesting and temperatures
have to be adapted vo eanch width, depth and height parameter. These
experimcnts were made st the clowe of our contract period and could not
be puraued within the time available fThere is no doubt that couditious
¢an be found ouwder which larger coherent configurations caun be obtained.

A large {fricted chunk of Sumple 118 wae carved into a cylindrical
shape 2.4 cm in diameter and 5.5 cm long. For Lhe purpose of teat 22, {t
was encaged in a tightly fitting vubber sleeve., The test gas could
therefore be pushed throupgh the porous body itseif. The results are
extremely fovorable: almost total retention of €0, concamlvant with an
almost total conversion of Li,0 to 14,00,.

Most revealing are the pressure dvop data. Thie experlmeat was
the flrat where we actually observed a significant pressure drop. 1t
musl be bornae in mind that the composition of the cylinder changes from
8 91.7% L1,0 before to a 95.81% Li,C0, after the test.

‘The relative preasure dvop Dp per cm column length) shall be
axpressed lu ww 1 por com length, 1ts symbol Leiag LkPr. These arve:

Start 0.84 wm hp/em
End 1.08 um Hg/em

‘Taking Into account the calculated void spaces (92.3% before, and
80.8% after), the lineer veloclties, V, of the gas through the porous
body 18 as follows:

Start 2.28 ma/sec
End 2.64 etu/sec

Pressure drop and linear velocivy are related by the law of Darey
{ict. 8), where the preasure drop is divectly properticnal bo the velocity
of flow. This Law must be modificd for non=newtonisn flow condition,
such as we oxperienced fn the {low of gas through a sotid porousa body,
Such a modificaction can be formulated as follows (ref. 8, pope 206):

(29) [}Pr = ax v

Of special Intervest is the power factor b, which ia unity in
newtonian flow conditions. Tor packed beds of granular LiOH, b has been
detevmined to be 1.72 (ref. 20),

Using the data from test 22, we arrive at the following relationship:

(30) Ar = 0.196 x yl-78
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The power factor resembles rathey cloesely the one for granular bedas
of LLOn.

Ac long as the linear velocily te large enough to make enough
ictive surface avaflable for CO; abaorption per unit timo, this near
ohalic condition i# very cifective, A curasory examinuation of (hese
preliminary results shows that thece L6 an anple mavgin within which a

solid configuration could be designed, based solely on a porous lithium
a4qtda body.

Morc data are necessary to obtafin precise design parameters.
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SECTION IV

ENGINEERING, DESIGN AND TESTING OF REGENERATION UNIT

General

The Mechanical Products Division of Atlantic Resecarch Corporation
was awarded the contract to develop an air ircgeneration unit to remove
carbon dioxide from a manncd sealed atmosphere. This unit is to employ
a highly active lithium oxide as an absorbing medium. This chemical was
developed by the prime contractor, Lithium Corporstion of America, Inc.
The havdware development has closely paralieled the rescarch performed
at Lithium Covporation of America in finding and producing tl:e most
effective form of lithium oxide.

Design Object

The goals sought in the design of this unit are dictated both by
the anticipated environment of the unit and by the irritating nature of
the lithium oxide, when allowed to contaminate the atmosphere.

In order thet the unit be suitable for spacecraft use, it must be
low in weight, small in size, and have a low power demand. The prototype
degign must attempt to realize these goals as much as possible. The
structural demands imposed by the acceleration and vibrations of space
flight must be balanced against excessive weight reduction at the sacrifice
of strength., The rather unique conditions imposed by weightlessness must
be considered throughout the design.

The operatiounal requirenents are such that the unit wiii success{ully
remove tlie carbon dioxide that is generated by one man in omne day. In
performing this task it must in no way contaminate the atmosphere with
lithium oxide dust, lubricant hydrocarbons, cr other dangerous or
undesirable contaminants. All electrical devices must be -apablc of
operating in esscntially 100 per cent oxygen atmospherce wi_h no exposed
mechanical switching permitted. 7The materials must be light weight yet
capable of withstanding chemical attack from the lithium oxide and
moisture from the atmosphere.

The unit must be capable of unattended operation for a period of
24 bhours with the utmost veliability. 1t 1is to be designed with the
capability of being easily recharged with lithivm oxide in a pre-packaged
form that can be handled easily in a spacecraft environment.

System Selection

At the initiation of rhiz pr. ram it was intended to design a unit
that would depend on a combination of passive and dynamic gas regemevation.
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This policy was subsequently discavded in favor of 2 mavginal dynamic
system, ‘The term marginal dynamic system refers to a system that
circulates the minimum flow rate of carrvier oxygen to pass the carbon
dioxide through the unit on a one-pass basis. Ideally this circulation
would allow all the carbon dioxide molecules to come in contact with the
Lithium oxide.

The passive system places full reliance on the circulation set up
by a man's breath and on diffusion. This type of circulation has been
shown to provide adequiate molecular contact between the gas and absorber
under weightless counditions. liowever, a passive system depends on a
relatively large surface arca of the absorbing chemicul that will be in
free access to the atmospherc.,

A full passive system would be ideally adapted to a chemical that
could be formed in a self-supporting structure, such as a honeycomb or
wafer configuration. Yet a chemical in granular form would require
support by screens and frames in order to present a large surface area.

-~‘Por -the -system under consideration, the absorbing chemical is
lithium oxide in a granular form of 4-14 wmesh, This chemical has high -
attrition properties and dusts quite easily due to its soft porous
structure. This dust is sub-visible in size yet readily apparent when
inhaled, as it is highly irritating to the mucous membrane. It
fased iately became apparent that a highly effective filter system would
have to be used in order to contain this dust and prevent it from
escaping from the system into the atmosphere. This problem of how to
properly filter the system was the prime reason that a dynamic system
was selected. A secondary teason was that witnh a packed bed of lithium
oxide, a more compact configuration can be used leading to a smaller
overall envelope size and lower weight.

Unit Design

Alter a choice of system type was made, various unit configurations
wvere evaluated from a volume, weight, and gas flow standpoint. Calculations
showed that the weight of lithium oxide applied would be 2,26 1bs. with
a2 volume of 488 cu. inches. This volume would more or less establish
the major portion cf the unit size. Next, it would be necessary to
determine the type of blower required to circuiate the gas.

A calculation of the wminimum £flow of oxygen required to circulate
the generated rate of carbon dioxide resulted in a carriex flow of 2.93 CFM
at ambient tenperature and pressure. Since this flow was so low and the
antfcipated pressure drop through the unit was also low, it permitted
the consideration of a smalil high-spced vane-axial fan. Based on predicted
pressure drop, a blower was selected.
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hs mentioned before it was thought that {t would be advantageous
if the design of the unit would permit replacing the spent lithium oxide
charge with a fresh charge using a pre-packaged cartridge. This would
allow rapid replacement without the danger of lithium oxide particles
floating about the atmosphere during a tramsfer. This charge would be
packaged in a filter medium and sealed in foll to prevent premature
conversion to lithium carbonate in the presence of carbon dioxide. The
unit was designed accoraingly.

Various configurations were thoroughly evaluated and most discarded
for one reason or snother. The most promising shapes were the more
conventional ones. The criteria for acceptance was that the configuration
must be light in weight, small in volume without any one dimension being
excesgive, structurally stvong, adaptable to forced circulation,
adaptable to effective filtration, low in pressure drop, and finally,
adaptable for cartridge loading. Calculations were made and sclection
curves prepared to s*ze the various dimensions in order that the resultant
shape would contain the required amount of lithium oxide. When the
cptinum dimensions were selected, a weight calculation was made. 1If the
" ‘ghape still appeared to have merit, a pressure drop calculation was made
and filters were roughly designed. -

From the foregoing procedure, the configuration that showed the
most attractive features was selected and developed into the final design.

The outcome of the design study was the selection of conical
configuration. Basically, the cone is divided into two chambers. One
section consists of the lithium oxide bed which occuples the base end of
the cone. 'The other end of the cone is a short plcnum chamber at the
apex, to which the blower is mounted., The blower blows the gas through
the plenum chamber to an inlet £ilter, through the bed, and back to the
atmosphere through the outlet filter at the base of the cone.

Since a unit volume of gas flowing through a conical chamber has an
exponentially varying velocity, the exit velocity from the last of the
bed is a great deal lower than the inlet velocity. This change in velocity
offers a number of attractive advantagces.

The velocity of the gas entering the bed is about 60 fpm and falls
to about 5 fpm at the exit of the bed under wminimum {low conditions
(2.93 CFM). Actually, the blower-motor supplied will increase the flow
up to 8 CFM. The low exit velocity should result in good scrubbing
action as the end portion of the bed will be the last to be converted to
lithium carbonate and the low wvelocity will improve the absorption
efficlency.

The inlet filter need not be as effective as the outlet filter as
all it must do is contain the lithium with no velocity head against it.
This will permit the use of a more porous filter medium that exhibits a
low pressure drop. However, the outlet filter must be nearly absoclute,

P

fFilterine down as fine ag 5 microns. This type filter has an inheremtly
high pressure drop.  The conical configuration provides a low gas
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velocity and maximum outlet filter area to reduce the pressure drop and H
clogging during operation. The inlet f{ilter has a high velocity and

small area where both conditions may be tolerated with no detrimeuntal

effects due to its function and location.

Test:s were conducted to find an effective filtering medium and

to gain reliable pressurc drop data. A test fixture was built in which

a small cylindrical Hthium oxide bed was terminated with a filter. The
filter could easily be rewmoved. Oxygen was available and metered to the
test bed at varying velocities. The filter mediums were evaluated by
blowing oxygen through the bed at the highest anticipated velocities and
monitoring the outlet by flame ionfization technique. Any lithiwm oxide
passing through the filter could readily be detected in this manner, Once
the filter mediums were selected, detailed pressure drop data was taken
from 1-60 fpm. From this data pressure drop vs. velocity curves were ;
made up for the filter materials. f

The pressure drop through the bed of lithium oxide was obtained by :
a combination of empirical and analytical methods: Lithium-Corporation . -
of America provided test data of the pressure drop through a bed of
lithium for oxygen at 14.7 psia. This data was corrected for the reduced
pressure at which the system will operate, of 5 psia. Using analytical
methods the pressure drop was calculated through a 4-14 mesh bed of -
randomly packed particles for both 14.7 psia and for 5 psia. The -
calculated data agreed closely with the test data. From this correlation
the calculated reduction in pressure drop was applied to the actual test
data for the final curve.

The pressure drop data for the filter media was lowerecd by the
same factor. This procedure may not be verified analytically for f{ilter
material, but will be close enough for total system pressure drop used
for blower selection. Further test work on filter evaluation is antici-
pated at 5 psia oxygen to confirm the previous assumption.

The size of the unit was determined on the basis of performance
testing results obtained on the final licthium oxide of high active surface
characteristics. A most typical test under 5 psia was No. 42 (Table XV).
85% of the iucoming carbon dioxide was retained with a conversion of
81.5% L1,0 to Li,CO0;. The total alkalinity of this material was originally
95.8% Li,0. Temperature was 20°C (68°F) and the relative humidity 74%.

The linear velocity of the gas was 25.7 cm/sec or 50 ft/min.

In ordex to maintain a very conservative attitude, we assumed that
a 76% conversion could firmly be counted on under the actual operation
conditions., 2.4 pounds CO, per man-day vequire theoretically 1.63 pounds
of Li,0. Assuming that the reaction takes place only to 76% of the total,
the charge for one man-day of the above mentioned typical material would
be

1.63 = 2.26 Lbs.

75 x .958
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Space for this amount has to be provided. Actual charging experiments
resulted in a bulk density of 0.128 g/ce. The unit was designed to have

an effective loading volume of 8 liters or 488 cubic inches: 8000 x 0.128 =
1024 grams = 2,26 pounds.

The average linear flow rate (at 5 psia) through the bed (170 fpm in,
12 f£pm out) is about 50 ft/min. or the same as in test No. 42.

Description of Unit

For a description of the unit, reference should be made to the
assembly drawing D-40464, which is supplied under separate cover. In
Figure 31, a sketch of this uait shows the essential parts.

The unit consists of a filter body, a plenum chamber, a vane-axial
blower, filters, and filter retazining ring and scrcen.

The filter body contains the lithium oxide. It 1s constructed of
6061-T6 aluminum sheet 0.025 inch thick. At either end of the body is a
_ring flange (2024-T4 aluminum). These flanges are bonded to the sheet

metal by arc-welding in inert gas, tungsten-arc method, and form attach-
ment points for the plenum chamber and the retaining ring and screen
assembly. The conical configuration adds inhervent strength to this
lightweight structure.

The plenum chamber is made of 2024+T aluminum. The plenum provides
a transition area from the blower outlet to the inlet filter and prevents
a stall condition of the blower. All threaded fasteners are stainless
steel of the 300 series and the quarter-turn fasteners are cadnium plated
steel. Rather than use adhesives, all parts that had to be joined are
tungsten-arc welded under inert gas. This was done to eliminate any out-
gassing of an epoxy-based adhesive. The joints are structurally sound
and neat in appeavance.

All aluminum parts are plated with nickel to a minimum thickness
of 0.0003 inches, to protect the aluminum from chemical attvack. The
plating is of a dull matt finish to prevent undesirable reflection from
the unit. This finish is easily scratched and appropriate carc should
be exercised not to scratch the inside of the filter body., The surface
may be cleaned with water and detergents, avoiding abrasive cleaning
compounds .

The inlet filter will not normally be removed, but is replaceable
if the need should arise.

The outlet filter is cxpendable and would normally be replaced
when the charge is renewed. Tt 1is therefore easily removable without
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the need of tools. To remove the filter, the eight 1/4-turn fastcners
are loosened, then the retaining ring and screen assembly are removed
which releages the filter snd allows replacement of the charge on a
bulk loading basis. The retaining ring is made of 2024-T4 aluminum.
The screen L8 made of 3003-H14 expanded aluminuw.

The filters used are the same as those furnished on the proto-
type. 'The inlet filter is a polypropylene felt of 9 oz./sq. yd. weight.
It has a permeability of greater than 150 cfm, as measured by a Frazier
Permenometer., The maximum recomsmended operating temperature Ls 175°F.
The outlet filter is a nylon felt of 18 oz./sq. yd. weight. The
permeability is [5-20 cfw and the temperatuve limit is 250°F,

In the preliminary design report, a blower-motor having 22000 RPM,
was used and found to have an appreciable noise level. A noisc analysis
was performed and it was found Lhat the submitted specificozions could
be attained. In order to be suve that there would be ne Inconvenience
genevated, it was decided finally to supplant this motor by onc which

- was-found. to have a noise level of 10 decibels less than the previous

motor. The bloweremotor chosen rates at 11,400 RPM, 400 cps; 115 volts
and has a noise level of 65 db at the noisiest location-=-~-well within
the specifications.

Tha blower selected 1s a speciaily lubricated unjt suitable for
use in an essentially 100 per cent oxygen atmosphere. The blower was

sized to provide in excess of the 2.93 c¢fm flow required as a calculated
minfmum.

The minimum flow of carrier oxygen Q is found the following way:
v

GL  Q =Tyf where m = CO, generation rate 1b./hr,

v = specific vel. cu. fr./1b,
mf = mass fraction of CO,
Specific volume v at 5 psia {s 25.8 cu. fr./1b.
mf = 0.0735 = 0.0147
5
m= 0.1

Q = 2.93 CFM

This was done to provide a margin of safety to insure adequate circulation
in case the system impedance increcased becsuse of filter contamination.

The blower moves about 8 cfm of oxygen at & psia with clean filters. ‘the
power demand is 8 watts.

The lubricant used in the ball bearings of the blower moter is
Dow Corning DC-33 silicon grease., Actual test data arc not available for
estab) ishing the expectant life of the motor operating in oxygeun. It is
predicted that operating life will be in excess of 1000 hours winimum.
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The motors may be stored under normal room conditions for 3 to & years.
If the blowers are in a scaled dry atmosphere, this storage time way be
increased about 50 per cent. This will be the cagse because each €Oy
abgsorber 1s scaled in polyethylene as the lithium oxide will make an
excellent desiccant.

A 0.1 mfd hermetically sealed starting capacitor is supplied
which should provide satisfactory operation i{n oxygen. 'This capacitor
i1s conservatively selected at 600 VDG working veltage and should prove
to bLe extremely reiiablea.

In the event that the unit should be loaded on a cartridge basis,
it should be done as follows. The inlet filter and outiet filter could
be dispensed with entirely. This would change the design by eliminating
the inlet filter f{lange and permitting thce sheet metal of the filter
body to extend to the wmounting flange for the blower. Thée retaining ring
and screen assembly would be kept,

The lithium oxide charge would be packaged in a synthetic filter
medium with the dimensions of the existing bed. The sides dand inlet of
the bag would be made of the type filter required at the inlet. The
buase of the bag would be made of the tight filter medium requirved to
seal the lithium oxide dust within the system. This cartridge could be
packaged in vapor-tight, plastic-lined fofl to prevent conversien to
lithium carbonate.

To load the lithium oxide charge, all that would have to be done
is to remove the retaining ving and screen assembly and drop in the
cartridge, after remeving the foil. Some variation of this concept may
be desireable in the future,

The calculated welght of the unit is 2,25 pounds without the
l1ithium oxide charge. Addition of the charge brings the weight up to
4.50 pounds. The unit to charge weight ratio is 1.00.

The unit may be mounted at any attitude for satisfactory ogperation.
A mwount ing bracket may be attached to the screws helding the plenum to
the filter body. 1n fact, for temporary operation, the unit may be
conveniently placed oun the floor, resting on the quarter-turn fasteners
at the base of the cone.

Tests
A prototype of the {inal design of the unit was subjected to
preformance tests. It was not possible to test this wnit under the

actual condition of 5 psia of oxygen as the carrier gas. The actual
tests were made with 2% CO, in air at 14.7 psla (atmospheric pressure),

101



TABLE XVIII

COMPOSITION OF 11,0 SAMPLES BEFORE AND AFTER TESTS

Samp ie Somple Wt. g % Li.0 % L1.COy 7% 1.0
No. Before After  pefore After Before After Before  After
' 1 B 1366 2321 93.6  133.8 3.3 55.7 3.1 10.5
- 2 A 906 1812 94.7 17.7 3.1 71.6 2.2 10.7
3 A 906 1960 94,7 15.0 3.1 79.1 2.2 5.9
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1= Flow Rate and Presaure brop

The unit wag tested for pressure drops, as well an the single
clements composing ie.

The filters were tested under varifed flow conditions. The results
being shown in Figure 32. 7Tt is scen that the preasure drop contribution
of the outlet filter (100 sq., inches) would be about .0l inches water
gauge, or extremely smali. For the outlet filter (8.5 8q. {ucnesg) the
pressure drop would be about .08 inches w.g., taking o f[low rate of
2 cu.ft./minute. With a flow rate of 8 cu.ft./minute it would awount
tn .2 inches water gauge.

The presgure drep data on the Lithium oxide bed are presented in
Figure 33.

At a flowv rate (5 psia) of 8 CFM/minutc (flov 1ate produced by the
blower-motor) the pressure drop can be caleulated as 1.2 inches water
gauge per cthe tocal bed (11 inches of length). Thie would amount to a
total presaure drop of the unit of 1.4 inches. Acutually, we observed
0.6 inches of dibutylphthalate when the unit was tested under 1l atmosphere
pressure with the blower-motor. This is a reasonably good check., -

When the flow rate is decreased to 2.93 CFM/minute (the miniwum
flow requirements), we calculate a total preasure drop of .6 inches water
of the total unit. The pressure drop was determined under 1 atmosphere
pressute in our actual performance tests. It amounted to about .2 inches,
which {8 quite in accord with the expected value.

The capaclity of fiitering was tested qualftativcely by checking the
cffluent gasea [lor alkall.

The filter functioned perfectly and we never could detect any
alkaline duat,

The filter worked for almost 100 hours. No change in pressure drop
could be observed.

Visual i{nspection of the filter did not reveal any substantial
increase in dust.

2«  Perfcrmance
In Tables XVITIT & XIX, the results of three tests are given.
Test Ne. 1 was performed with a low active surface sarea material
and its principal purpose was to cheeck the physical behavior of the unit

under {low counditions and the functions of the recording units for CO,
in the effluent and for the temperatures.
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The apparatus is block diagrammed in Figure 7.

Sample B, used in tests 2 and 3, is vepresentative of the lithium
oxide which was finally charged in the units to be delivered. The charges
were exactly 2 pounds (906 grams).

In Figures 3/ 35 and 36, the temperature profile during the totel
absorption time « the G0, concentratinn of the effluent gas are plotted.
In test No. 1, we observe a temperature rise, which reaches its peak at
120°C at thermocouple site 2 six hours after the start of the test. There
are appreciable differences of temperature between the different sites
within the bed. The whole vnit shows a symmetrical vise and fall of
temperature with time, quite in contragt to tihe phenomena observed on
the swall column tests. The thermal behavior of test 2 is quite similar.
Site 2 reached a peak of 162° eight hours after start. This is the
coitsequence of the activity «f the material.

Jn test 1, absorption had virtually ceased when the runwas concluded after
45 hours. It is seen that at 28-1/2 hours absorption still took place in
test 2, 35% of the iacoming CO, being absorbed., At this point only 90% of
€0, had been passed through the unit with respect to the total capacity of
the bed, 66.8% of the incoming CO, being retained. This test was performed
at 6J% relative humidity at 1 atmosphere. The mole ratio H,0/C0, was .76,
rather low. If this test would have been performed with 60% relative
hunidity at 5 psia, cthe mole rakic would have been above 2. A third test was
therxefore initiated where 1007 velative humidity at atmospheric pressure was
applied. Themole ralio was slightly above unity in this case.

The effect of the increased mole ratio i3 noticeable in the tempera-
turc profile and €0, absorption recordirme shown in Figure 36, 2-1/2 hours
after start the temperature reaches g pe.”. value of 170°C at the thermo-
couple site 4, right where the gases enter the bed.

In this experiment, the whole bed acquired an alwost uwniform temperature
throughout the run. Most noteworthy is the fact that at the end of the test
of 30 hours duration the unit was still absorbing 707 of the incoming CO,.

At this point only 757 of the absorpticsn capacity had been exhausted,
however, 937 of the theoretically required C0O, had been passed through.

These tests actually differ quite appreciably from the functioning
in the space capsule in two respects:

.. T+ motor-blower in a test in the space capsule will pass
2 to 3 v . the amount of gas through the unit.

b. The mole ratio H,0/C0, at 50% R.H. at 5 psia will be 3.1
al 15°C, a very wuch higher walue than the one obtainable in bench tests
at. 1 atwmosphere.
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Both conditions will, accordiug to our small scalc test results,
Increcase the efficlency of the Li,0 bed considerably. it can be predicted
that conversions will be close to theoretical. The unit should be able
to maintain the atmosphere at the prescribed level up to 30 huurs with
a charge of 2-1/4 pounds of 93% lithiwn oxide.

1v spite of the very high bed temperatures of wup to 170°C, the
effluent gases never reached temperatures above 44°C (111°F). The average
is around 35°C in test No. 2 and 33°C in test No. 3. These are tempera-
tures well within the tolerance of a human being, giving oniy slight
discomfort.

Tn sampling the spent charges, it was discovered that the charge
was not homogeneously converted. 1In test No. 1, seven samples were taken
from different sites and showed the following results:

R

ol bl

Sample No. % L1,C0, % Li,0

: 1 62.7 30.4 ,
H 2 45,6 41.7 -
E 3 43.3 43,7 T
. 4 58.0 31.3
- 5 51.5 36.9

6 70.1 21.9
) 7 59.0 30.7

In this case, the average of the results was adopted as final values.

For tests 2 and 3, the whole charge was considcred a sample and
according to accepted analytical practices the analysis of the final reduced
sample was accepted as the average.

Prior to sampling, individual sawples were teken from different sites
and it was observed that considerable caking had taken place in most parts
of the bed, but that in many parts, loose particles of the original
material were still in existance.

For test No. =:

: Local

; Samp Ic No. % L11C03 % Lizo

: I} 68.4 20.3

2 93.2 4.0
3 87.06 6.8
4 10.7 86.6

The average analysis, taken from a truly representative sample, is
given in Table XVIII.
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1t is seen that almost completely spent material coexists with
virtually unuacd jithium oxide. All tbree ind{vidual samples taken from
test run No. 3 were cowpletely carbonated, while appreciable pockets of
oxide rich material still exigted, as {3 shown by the analysis of a
representative sample given in Table XVITI.

This bears
Channelling and

Not enough
down the causes
relatively high

evideuce to defects which were not anticipaced:
caking.

tests could be performed on the final equipment to pin
of these defects. Caking might bhe a consequence of the
temperatures of the bed during the absorption of COy.

Caking, in turn, might be the cause of some channelling. However, {t is
clearly seen that 1iun test 3, absorption continues very actively in spite
of some caking~-channelling, even when the bed was exhausted to about 707

overall.
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SECTION v

CONCLUSTONS

Lithium oxide was obtained in granular forw which aliowed great
avidity to absorb C0O; from air when water vapor waa present.

The synthesis of this granular form of oxide started with commercial
fithivm peroxide, which was converted to lithiwm peroxide peroxyhydrate
hydrate. This latter product was reconverted to peroxide by vemoving
water and hydrogen peroxide through a vacuum diylng process. The active
surface of the recogvertnd peroxide had ifuncreased from values below
1 mz/g to about 7 m“/g.

This peroxide was then thermally decomposed to oxide by a carefully
controlled furnacing operatiom. If done at 360°C + 5°C n highly active,
slightly sintered oxjde is obtained which can be broken up intc a suitable
size fraction. Thie oxide has an active surface area of 1) m“/g or better,
and the individual granule hias structural strength.

The material was tested under different conditions of pressure, flow,
moisture and temperature., In addition, the influcace of size of the
granules was investigated.

The results show clearly that retention of CO; can be as high as 90%
and that conversion of 1.i,0 to L1,C0, can go almoait to completion. The
pressure drop through the bed is very small and was therefore wot considered
as a variable parameter.

Most tests were performed with oxygen at atmospheric pressure, con-
taining 2 CO, by volume. While this 1s not the actual spacecraft environ-
ment, it is sufficiently close to allow valid conclusions.

For tests at atmospheric pressure, the followfng conclusifons can be
drawn:

Flow rate of the incoming gases influencea the rate of ebscrption
moderately. Very good conversions have been obtained at up to linear
flow rates of 12 cm/secc.

The mesh size of the granules is of little consequence within the
range of 4 to 20 mesh.

The influence of temperature of the incoming gasces by itseli is not
of great consequence. Generally, it 1s secen that higher temperatures will
increase the conversgsion of oxide to carbonate.

If the relative humidity is held constant, for instauce at 507, the

amount of water vapor present in the gascs voaries greatly with tempersture.
It 18 thie variation which fnfluences the conversion powerfully. The mole
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ratio of water vapor over carbon dioxide Is velated clearly to the per
cent conversion. This {s shown in Figure 37 for highly active oxldes

and linear flow rates from 5 to 10 em/sec. “The temperature of the gascs
varled as widely as from 5°C to 50°C (40°F to 120°F). 1n ovder to obtain
ceagouably good conversions, the mole ratjo should be at least unity.

this 18 an expression of the hypothesis that CO, absorption i{s achieved
only by LIiOH and not directly by Li,0. Another possibility is that while
LiOH might nol necessarily be formed, the absorption can only take place
by a three~-way collision of water vapor, carbon dioxide and lichium oxide.
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A curve 1s extrapolated chrough the orvigin, 8s seen in Figure 37. This
wmeans that in the sabsence of water vapor, carbon diloxlde is not absorbed
by L1,0.

In Figure 38, the temperature is plotted versus the mole ratio and
it is seen that with a 2% €0, test gas at 50% relative humidity, unity of
the molar ratios 1s reached at 31°C for sntwmosphevic condition and at 12°€C
for a 5 psla atmosphere. Below these temperatures, incomplete conversion
can be expected.

A rule of thumb was derived from actual performance results:

7 Relative Humidicty x °C

32 % Conversion =
(32) 1 ~

Applying this rule, the actual converston is located within a range of + 5%.
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The fufluence of active surface area g oxtromely important. At
the beglnning of our research effort mnuy oxldes were tested which had
values from 3 to 8 mz/gram. While a general vule can be eatabifehed
that the activity increasos with Incressing surface areas, it cannot be
formulated quantitatively with the present data. A quite general etate-
ment can be made: good conversions (80% +) can bg achieved only with
material haviug oo active surface higher than 9 w“/graw. This, of
courae, l1s conditionsd 4{m turn by the parameters discusased above, asuch
a8 flow rate, pressure, humidity and Cemperature.

A number of tests wader 3 pola of oxygeu with approximately 0.1 paia
of CO, showed in general, that the conclusions drawn {rvom experlnantal
tooty at atmosphetle preseure are valld. The face that highev mole vatlos
of water over cavbon diexide correapoads vo the 50% relative humidity
condition, wijl promote excellent couveralon. A material having an
active gurface of 11.2 mg!g. guve converslons of about 85% ar 8L
relative humddity and 15°C. Retentlon of €O, was complete (bottow
layer of test 43),

The teste performed on the prototype of the final unit did not
deviate essentially fvrom tests made ou smaller quantlities of Li,0. The
tests ware run with the winimal awount of CO, at 2% concentration paaaed
through the bed in 28 to 30 Lours. The mole ratlos were rather low,
juat about uwnity, in test No. 3. At thae conelusion of this rest,
absorption was still very active. Couversion was over 70%. The capacity
of the blower-motor io 8 CI'M; therefore, under actual conditions 2.7
times the amount of CO, will be passcd through the bed. Almost complete
absorption la to be expected, i.e., the bed will be almost exhausted at
the end of the run.

Undoubtedly thias wlll have the effect of altering the atmospheric
content of CO,: At the beginning £t will decresse, na the unit will
absorb faster, then the resgplvatory metaboiism will furnish 80, into
the spucecrafit's internal atwmosphare. As the sbsorption becomes slower
than the malabolic outpul of GOy, the concentvation will risc, Lo attain
the vaine of 00,0735 psis at the end of a 24-hour cycle. 1n a large
spacacraft, this osclillation will hardly be noticeable but in a very
resteicted space, it could be quite prounounced. When aeveral persons
are located In a spacecrafi, muliiple units can be allowed to perforw in
sulvably spaced intervals. This will tend to evem out the COyp concen-
traticn osciliatlona.

it was Intended to introduce o satisfactory aafely wargin (nto the
tegonecatlon unlt . The theoretical capacivy of Lt,0 (100%) would be
1.63 ib. for one man-day. QOur product centalns usvally 957 11,0,
requiring 1.72 1b. for the purpose. We decided finally Lo create enough
apace to house 2-1/4 pounds of oxide, thus hiaving the possibility to load
130% of the oxide required. The units were dellvered fully loaded. 1t
{a expected that the useful work time is 30 hours per unilt (97% counversion).
Actually, it is sufficient for the unlt to work at 3 78% conversion level
to meer the spoecificavion stipulated In the contract,
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The totnl unit will weigh 4-1/2 pounds, half of which conaiste in
actlve charge. The unit s designed {n nuch a way thal It ean be ve-
charged with & minfuwww of Inconvenfence. Additlonsl chargee can be
carrvied abnard, weighing feom 1-3/4 to 2-1/4 pounda.

The volume of the total unlt e about .53 CF, its epccific weight,
therefore, 8-1/2 pounds/CF or 1.36 g/cc.

The conditlions of welghtleossness, vibration and acceleration waere
conaidered in the design.

The {iltevs applied to the housing sllow aperation for at lesst
100 howre without change. Tvritatlng J1ichiwe oxide dust cannot permeate
ianto the breathing acmoephere. Both filters can easily be exchanged, if
the unit ahould be required to operate continuousiy.

The 1ife time of a wotor {e estimated to be 2500 houra or 104 daya.
Thus, 8 wan could live In a spacecraft for one year catvylog aboard 3
spare motore, J00 pounds of 1ithium oxide (86 CP) and two or thece spare
filters.,

A certain awount of caking and channelling was observed in the bed
of the regeneration unit. 1t did vol aifect the effiviency to a degree
which would have made necesgary a change 1o design. It muet be etated
however, that theae phenomena should be studied wore 1o detail before o
final design is accepted for uge in the actual spacecraft. it could be
visualized that the "megaophone shaped"” filter unit has to be modified.

has been successful in the past as well as In the present research, the
recognitlon of the priancipal valldity of the coucept of purely static
regoneration made it expedient to explore the poasibilicy of cthe use of
Li,0 as a static absorbent. A vigid form of good atructural properties
would be required. Whew it was obaerved that sciwe of the batchaes of
Li,0 obtalned were slightly fritted, {t could bLe vipunlized that such

a Torm could be made.

An actual test on a plece of thia fritted or sintered muterial rve-
vealed that the gas stream could te forcod threough {v with aol too graat
& presaure drop. Cowverveslon was complete and did not alter the permea=
billty substanvially. Several attewmpis to produce larger piecces met with
fatlure. Tt was found that the rate of heating and the {inal tewpera-
ture depend on the size and configurution of the solfd {ric.

it Ie undoubuedly possible to obtain such a waterial with appropriate
design of a speclal furnace.  This could be achioved by determining the
varfables of rate and tcwperature. Shapos like o cylindrical tube with
the gas inlet through the laner tube snd radlal permeation through the
walla are possible. A simpler desigh might be plates, either plaln or
with 8 corrugated surface. These plates could be placed in a speclal



holder or could be fastened on the walls of the cabin. Indicating
dyestuffs could reveal the degree of conversicen when placed within the

mass.-
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