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-- ABS T'RACT

Lithitum Oxide of highly nctiv,, surface area (1Om2/g or better) ha0
been prepared. This material call abhorb up to 1.25 times its weight, of
carbon dtoxide, thus making the most efficient CO2 absorber on the basis
of Its wetght. For efficient operation, the molar ratio of water vapor
over carbon dioxide In the gaseous atmosphere should be at least unity.
At: S psia of oxygen and 50. relative himnidity, Lhe templerntLre of tie gas
should be at least 5001 (10C) to approach this molar ratio value.

A "paRnive-dynomlc" atmosphere regeneraLion unit was designed with
a small motor blower that circitIates the gaseouu environment through a
cone shaped granular bed of lithium oxede (4-14 mesh). The unit weighs
4-1/2 pounds and has been shown to abso~b the daily carbon dioxide output,
or more, of one mian. The outflowing gas is free of irritating dust due
to efficient filters and the gas temp)eratures are at comfortable levels.
The effects of weightlessness, vibration and acceleration on the functioning
of t:he unit, have been considered in Its design. Au adequate amoont of
safety of operation also was imparted to the unit. The unit can easily be
recharged with fresh llthiun oxide granules.
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SECTION I

INTRODUCTION

General Considerations

The present investigation deals with the efficiency of lithium oxide,
Li 2 0, as an absorber for carbon dioxide, CO 2 . 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 (ref. 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 envjron-
ments is necessary to avoid hypercapnia (ref. 14), an excessive accumulation
of carbon dioxide in body tissues. The condition of 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 water 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 consist of

CO 2  3.8 mm of mercury (0.0735 psia)
1120 11.2 mm of mercury (0.216 psia)
02 244 ,mi of rurcury (4;.7115 psia)

Total--- 259 nfm of mercury (5 psia)

The concentr4tion of CO2 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 CO2 per day is given as 2.4 lbs., or 21.2 cubic
feet (at 14.7 psia and 800 F), or 1090 grams or 600 liters (at 760 mm Hig
and 26.7'C). The absorption unit specified by the contract should be
able to absorb this quantity of CC2 with a minimum of weight and volume
requirements.

Solid CO2 Absorbents

A fair number of solid absorbers for CO 2 have been described and have
found application in various fields. Among the well known products, the

, , , I II I I I I I I I I II I I I II I I I



following merit special mention.

Ascarite, a sodium hydroxide impregnation on an asbestos base.
Baralyme, v mixture of calcium and barium hydroxides.
Soda lime, h 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 CO2 absorbents. A comparison of these products has been published by
S. Marshall (ref. 26). These data stein from a ieport by R. J. Walker
(ref, 34).

A recent publication by G. P. Allen (ref. 2), describes the
efficiency of lithium hydroxides, anhydrous and inonohydrate, 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 CO2 absorbents are not known. In the following Table, these
are listed as they are available, together with performance figures.

Weight of CO, Absorhable (gm./gm.)
Sample Theoretical Practical

Bara lyme .14*
Mikohbite .15*
Soda Lime .50* .24*
LiOH .92 .76*

* Data (ref. 26).

Lithium oxide has a theoretical capacity of 1.47 g. of CO2 per g.

The theoretical capacity of Li 2 ) is twice that of the practical
capacity of LiOH anhydrous, its nearest competitor. This is why the

application of LiUO is attractive.

Synthesis of Lithium Oxide

There are numerous methods of preparation of Li 2 O. In the more recent
literature the following merit attention:

I. From LiCO,

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

The product was obtained by heating Li 2 CO 3 in a Pt boat at 1O00C.
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This method was criticized by Berkowitz-MatLuck (ref. 7). These
authors claim that the product obtained by the Brewer-Margrave method
contained appreciable quantities of platinum and that it had a grey
co lor.

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 99% pure Li 2 o 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 1000%C.

3. From Anhydrous Lithium hlydroxide

Anhydrous lithium hydroxide is heated in a silver-liied boat in a
tubular furnace to 675%C; 967 Li 2 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)
i1. H. Strater (ref. 32)
A. J. Cohen (ref. 13)
S. E. Stephanou and J. Kleinberg (ref. 31).

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

(1) 2LiOH + 11202 -, Li 2 0 2 + 2H20

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. 0. Bach (reE. 5).

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

3



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

P, Pierron (ref. 29) heats lithium peroxide under vacuum in a pyrex
tube to 3000C.

Heating in a helium atmosphere to 450'C for six hours is described
as a convenient means by S. E. Stephanou and J. Kleinberg (ref. 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". Ile reported
one atmosphere of oxygen at 1950C and about 70 emm oxygen pressure at
100%C. However, we have dried the Li 2 0 2 produced in our laboratories
for prolonged periods at temperatures above 1000C in vacuum, without
obseerving any loss of active oxygen. We conclude that this Li2O2 is
more stable than that available to Blumenthal.

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

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 is outlined
below:

Compound -All* -AF 0

LiUO 142.4 133.4 (ref. 23)
Li 2 02  151.9 138.1 (ref. 15)

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

(2) LAF 0  2,F° - 2,F; = 9.4 Kcal
ff202

The factor 2 enters bcecause the reaction must be written as

(3) 2 Li 2 02 2Li 2O + O2

4



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

According to van't Hoff's isother-m

(4) - aF - RT In K - RT In P ep

-9400
(5) log P 0 4.57 x 298 - -6.89

02

The enthalpy of oxygen evolution, according to Ile85' law, is

(6) Li = 2 l1- - 2 All; 19.0 Kcal
Li 20 Li 20 2

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

(7) d Inp - -p.

d T RT2

or

(8) log pl-l9 P2 -6l1

T1 -T 2  4.57 T1 T2

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

(9) log I - log p 2 9 8 0  -19,000

T 1 atm. - 298 4.57 x T1 at. x 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 Li20 2 is a fast reaction
at around 350 0 C. This ialue is in fair agreement with the value, 316%C,
calculated from equation (10), but is obviously different from
Blhnenthal's value of 190'C for oxygen pressure of one atmosphere.

5



In tLhe udjoined Figure 1, the clausius-Clapeyron curve for Po0 in
thie system io Ohown.

A simple formula representing the oxygen pressures in uln llg IS as
follows:

(I I) 4200
log PO ) 10.02 T

It must be pointed out that these calculations are based on the
assumption that equilibrium doce oxist. It has been sLated above that the
system behaves phenomenologically as if it were irreversible. Markowitz
and collaborators measured the energy of activation of the decomposition,
arriving at the extremely high value of 44,700 cal/mole. Irreversiblity
is frequently tantamount to an extremely high value of energy of activation.
A rough caleulation 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.

6
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SECTION I1

EXPERIMENTAL

Preparation of Lithium Oxide

General Considerations

Lithium oxide obtained according to most of the procedures above
mentioned is not suitable for atmosphere regeneration. The reaction
with CO 2 and 1120 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 CO2 into the inside of the
lithium oxide particle. In order to obtain an active material, one
uiust expose a large surface area to the gas to be p'riified. One means
to achieve that is to prepare a highly subdivided oxide, a fine powder.
This, for obvious reasons, is not feasible because of an extremely high
pressure drop observed when gases have to be passed •lhrough fine powderc.

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 concept 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 enormous differ-
ence. The molar volume ratio of LiOH over LiOI.l1 20 is .59- this is
equivalent to 41% void space in the LiOl configuration, askiuming that the
conversion does not affect the dimensions of the original murnohydrate
structure. "Navy grade LiCll" (ref. 22) has an active surface (vide infra)
of 3.3 1m12 /grali.j

The molar volume ratio of lithium oxide over lithium peroxide is .76.
This ratio is not very favorable for producing a highly porous, high
active surface structure. AddItional difficulties arise from the
observations of sintering and partial fusion at temperatures not much
highe-rthan the one required for thermal decomposition iDee Wotz and Bach,
(ref. 29)J . The impuriLties causing this reactiLon1, lithium carbonate and
hydroxide, are usually present in small amounts of lithium peroxide. At
temperatures slightly above 400*C, this reaction has been observed with
considerable concomitant shrinkage and loss of active surface. Furtheilnorc,
the connective character of the porous structure might be lost. Therefore,
the peroxide used should have a high degree of purity.

Even if this thermal decomposition would be carefully controlled, and
thus, the above mentioned deterioration prevented, the final oxide will not
have the necessary degree of porosity to allow the location of CO. in L:he
framework of the porous structure, unless unexpected pores are created
during carbonation. We conclude this because the product of the molar
volume ratio of LI 2 CO, over LU20, 2.36, and the molar volume ratio of Li 2 o
over LiU2 02 , .76, is .8 rather than less than 1, as it would have to be for
CO? to fit into the framework of the porous structure.

8



Therefore, it ti necessary to prepare a peroxide which already has
a structure suffici•iitly porous and with a high active surface. This can
be achieved by removing the volattles from addition compotindd of 1ithiun)
iperoxide and water and hydrogen peroxide. Compounds of this nature have
been described In the ItLerature by:

A. J. Cohen (ref. 13)
A. Aguzzi (ref. 1)
S. B. Stephanou and J. Kleinberg (ref. 31)
S. Z. Makarov and T. A. Dobrynina (ref. 24).

A product having the general formula, Li20 2 .1120 2 .211 2 0 is the most
common of the described products. Its density has been given as 1.60
g/Ml. ftoam calculations. It was measured as 1.69 g/ml. by A. Cohen
(ref- 13).

The molar volume ratio of carbonate over this peroxide hydroperoxide
dihydrate is .485. Thus by starting with this complex, the final product
would have 51.5% void space.

The structural solidity of course would be greatly affected by an
excess of volatile component. It is felt that this would occur when the
hydroperoxide dihydrate would be subjected to thermal decomposition or
"drying" as it will be called henfcefoL-th. For this reason, we used at)
initial material, later found to be very satisfactory, having the following
formula:

LiUO 2 . II202. 0.821120

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

Nevertheless, this might be excessive, and further explorations
might yield (denser and still very active ,maverial. it was not poosible to
investigate this due to limitations in time and manpower.

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

1- To synthesize 1i 2 0 2.112 0O2 .0.821120. This was achieved by
interacting a pentane 8lurry of conumercial lithiun peroxide with 70%
H20 2 at temperatures between 0 and +10%C.

2- To dry the addition compound thereby removing pentane, water
And hydrogven peroxide and thus reclaiming a porous structured lithium
peroxide.

3- To decompose thermally the pcroxidc to the oxide.

I I I I 4)



These steps have lo be cariLWd out without permittLI1g Biuteiiag or
chemical side Lceactions to occur.

While this has been successful, not all of the variables could be
determined in the course of thin investisation. It is poosible that
alternate procedures could be devised.

Description of Equipment

t- For the preparation of L1 2 0 2 .11 2 0 2 .0.8112 0. This reaction was carried
out In conventional laboratory equipment: Thrte-neck glass round-bottom,
flask, stirrer, funnels, etc.

2- "Drying" of LU2 02 -.12 2 .0.81120. This was (lone in a vacutu, drying
oven purchased from National Appliance Com'pany, Model 5850. This oven has
a capacity of 1-1/2 cubic feet. and can be heated up to 185'C.

3- Thermal Decomposition of Li20 2 . In Figure 2 a diagrwmt is shown
describing the small scale decomposition furnace used initially to
investigate the approximate parameters of this thermal decomposition.

In Figures 3 and 4, the larger size furnace for production of up to
2 pounds of lithium o.tide is shown.

The Raw Material

Lithium peroxide is a commercial product of Lithium Corporation of
America. It has an assay of about 981 LU20 2 , containing 1.5% LiOll and
0.5% Li 2 CO3 . Its active oxygen content is between 33.8 and 34.27%. It
is 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 L1 20 2 into Ui2 0 2 .112 0 2 .112 0

454 g. Lithium peroxide is suspended in 1-1/2 1. pentane in a 3-neck
flaok. Vigorous stirring is provided and the Olurry is cooled in a dry
ice-hexane bath to 0%C.

488 g. 70% 11202 is vddcd at a rate at which the temperature remains
between 0 and 10%C. This requires between 5 and 10 minutes of time.

The following visual observations can be made:

When about 100-150 g. of hydrogen peroxide are added, the particle
turns from tan to a lighter color and agglomerates to larger aggregates
where the 1120 enters ..he slurry. This i; dispersed by vigoroup stirring.

10
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As the addition progresses, the speed of the stirrer has to be increased
in order to avoid consolidation of a large lump of addition 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 ultimratly be th. onn obtained as
lithium oxide. This was determinea to be oecween 4 and 20 mesh. Excessive
fines will have to be screened off and will be lost for the process.

With practice, the sp~ed 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 06C. 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 from 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 is retained
for further processing.

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

The molar proportions of Li 2 0 2 to 11202 to 1120 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% Ui 2 0 2
31.6% 11202
19.4% H2 0
1.2% Li 2 CO3,

which corresponds to molar 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 s8iL. fraction, the yield
was 80%.

This procedure was not investigated with respect to all the parameters.
It was repeited frequently and a total of forty pounds of lithium 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, conmercial
Li 2 0 2, this reclaimed product, obtained on a mesh size of 4-14, has a high
active surface area. It is an extremely porous granular material.

The reaction equation is the following:

(12) Li 20 2.1l 2 O1.H2 0(S)-----> Li 2 O2 (S)+ H2O2(g)+ H20 (g)

The molar volume ratio, Li 2O2 /Li 2O2 .H2 O2 .H20, is .37.

The active surface of the addition compound is about I m2/g, a common
value for a granular salt. 2 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, LiOlI/LiOH.H 2 0, for this
latter reaction is .59.

The decomposition was carried out by heating the addition compound
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 temperature is raised from room temperature at a rate
which allows the volatile components to be pumped off. This process
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, whereas, the carbonate 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
equipment shown in Figure 2. primarily; Notz and Bach (ref. 28)
determined that reaction is fast at around 350°C mad found also that
carbonate (present in all preparations) will causo 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 at which the decomposition is occurring will 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 (KIL-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 Corporation of America for control of the production of
"Absorption Grade Lithium Hydroxide - Anhydrous." In this method, the
capacity of the lithium hydroxide as a carbon divxide absorbent is tested
by passing 4% C02 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% CO2 on the monitoring equipment. The monitoring equipment employed
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% CO2 in air while through the other cell
flows the effluent gas. The absorption efficiency, grams C02 absorbed
per gram absorbent, is 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 specila requirements of the atmospheric pressure, relative
humidity, and CO2 partial pressure. The total pressure is set at 5 psia
or 0.34 atmospheres. The partial pressure of CO2 is set at .0735 psia
or 0.005 atmospheres. This corresponds to 1.47 vol.% of C01.
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Test gas was purchased from the Matheson Company, Inc. : 1.8 to 2.0%
C02 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 effect is observed at I00% R.11. at
120*F. 'Tis woul! dilute the carbon dioxide concentration from 1.8 to
about 1.6%. Thus the testing was performed at slightly higher C02
concentrations at one atmosphere,

Several tests were run at 5 psia. The same gases were used and were
saturated with water vapor to the desired degree in the same manner.
Since the relative humidity is 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.l. and 120'F the 2% CO2 becomes 0.9 vol.%.

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

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 .Euipment

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:

I- Tests at one atmosphere on small research samples of Li 2 O.

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

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

We shall discuss the equipment in the above order.

I- Tests at One Atmosphere on Small Research Samples of Li 2 0.

Although this apparatus as shown in Figure 5 was altered slightly
in the course of this investigation according to the experimental
necessities it was essentially as shown throughout the tests run on
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teat-tubo faounts of oxide at one atmosphere. The test gas, nominally
2% CO2 in oxygen, was metered into the system through flow taster, Fl,
the 38s pressure being noted on the U-tube mercury manometer, AP
The gas wus equitibrated to the desired twmperature and corrcu"ondIug
humidity by flowing through the heat-exchangers and huanidifiers all
contained in a constant temperature bath. The equilibrated gas was
allowed to flow up through the sample of L110 In the Absorber tube,
and the variations of the temperature of the inlet and outlet gas and
of various sites in the L12O were monitored continuously on A.P.I.-
Temprint Recorders by feeding the output of iron-constantan (imm. O.D.)
th-rmocouplea, T1 , TV, T3 , T4 and T5 * into the Recorders. The pressure
drop across the Absorber and the pressure difference between the gas
coming out of the Li 20 bed and the atmospheric pressure was observed
per~odLcaily on the dibutyl phthalate U-tube manometer, AP2. The bulk
of the spent gas was permitted to flow through flow meter, 12, stopcock -

7 and out through the manifold to the atmosphere. A certain 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.

GowMac SC-500.Operation:

The Gow Mac was a research unit which has been fitted with gas
chromatographic 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
C02 content of the "2%" C02 in oxygen gas by allowing the "2%" CO2
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-
tained at the same constant rate through the standard cell.

After standardization, the Gow Mac was then ready to yield reliable
percentage C02 in the effluent gas as the Gow Mac output was read out
on the Leeds and Northup Speedomax-11.

Humidifiers:

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

* The I nmm. O.D. Iron-Constantan couple monitoring the effludut gas
stream at T5 was replaced by a very sensitive .005 -mn. O.D. Chromel-
Constantan couple after test No. 35.
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The relative huniidity of gaCcS fully equilibrated over 25% lithmiu,
chloride solution from 0C to 50'C are shown In the following table:

Temp. HilligramG 11, per Liter R1I
over 257. LI.CI over 1120

5 3.6 6.8 53
10 4.9 9.4 52
20 9.0 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 volume of humidified test gas was pl.ssed through drying
tube No. 1, it was found that the weight gain was 11 + 17% more than that
expected from the above table. This was thought to be due to the entrain-
ment of ilitSL by the gas streamu

2- Tests at One-third Atmosphere on Small Research Samples of
L1.20.

The apparatus employed In the tests at one-third atmosphere on
small samples of LU2 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 lites to the Gow Mac were eliminated and
several pieces of equipment necessary to the maintaining and regulation
of a constant pressure of about one-third of an atmosphere were added.

fhe fore-pressure in the system was maintained at approximately
55 cm lig by means of a Matheson Vacuum Regulator No. 49. The pressure
in the manifold was maintained at about 25 cm Rg by means of a Roger
Gilmont Monoctat No. C-2100. The pressure and rate of flow of gas
into the system were measured on the differential mercury manometer,

SP I and Lithe Ilow meter, "I. The pressure drop ncro. rlt absorber
tubelwas detected on a differential dt-butyl-phthalate manometer, LAP,
and the quantity of gas leaving the absorber tube was calculated from-
readings obLained on the absolute mercury manometer, Pip and the
flowneter, F 2 .

3- Tests at One Atmosphere on the FulU-Scale Absorption Unit.

Absorption 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 I/min. was monitored on flow meter No. F-i, whereas the

* The pressure variations in the laboratory air were directly trans-

mitted to the system, so prior to test No. 3, a single stage pressure
regulator was installed which eliminated this defect.
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preagure at this point was noted on the differential mercury manomet-'r
No. Ar1 . Tile air temperature and humidity were adjusted to known
values whlle flowing through the heat exchanger and humidifiers. The
carbon dioxide was Introduced Into the air stream at about 200 tid./min.
"at the point indicated. The CO2 flow and pressure were monitored on the
differential manometer, LPI, and flow meter, F,. The humidified
C02 -air mixture paseed up through a spray towerLand through a 2-inch
diameter extra-course sintered glass disk into the absorption un't
containing the lithiunt oxide. The temperatures at indicated sites
within the lithium oxide were monitored continuously on Temprint
recorders, T , T T , and T4. *The I umm. 0). iron-constantan junctions
were inserte- 7+1 cm. inside the wall of the absorption unit through
rubber stoppers. The temperature of the effluent gas was monitored at
T. by feeding its output of a 0.005 mui. O.D. chromel-constantan couple
into a Temprint recorder. The pressure differenceu between the atmos-
pheric pressure, P41 the pressure of effluent gas, P3, the fore-pressure
to the absorption untit, Pl, and thie pressure innediately inside the small
filter of the absorption unit were monitored occasionally throughout
each test on the differential mercury manometer, Ap2. The CO2 content
of the effluent gas stream was monitored nearly continuously on the
Gow Mac, Model 210. The CO2 content of the inlet gas stream, on the
other hand, was recorded only occasionally during each run, The output
of the Gow Mac cells was recorded by connecting a Leeds and Norti-rt~p,
Speedomax-l1 Recorder circuit across the meter of the Gow Mac. The
Cow Mac was zeroed by adjustment while dry air flowed through boch cells
and it was standardized when 47. C02 -air mixture 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. It is not as sensitive as the Gow Mac,
SC-500, however, we discovered that when the signal to the meter was
fed into the Leeds and Northrup Recorder, that a full-scale (one
millivolt) deflection wa,; obtained when a 21% CO-niar miixture was flowing
through the sample cell of the Gow Mac. One other advantage which the
Hodel 210 has over the Model SC-500 Is that the fc--mer is not sensitive
to rather large variations in rate of flow in the range of the flow
aeters on the instrument panel.

Humidifiers:

In test No. I and 2, the gas was brought to about 507% R.1. by
bubbling through five liters of 25% LICI solution (distributed in
three successive flasks: 3 liters, I liter and I liter respectively).
The. hmildifiers were not placed in the constant temperature bath, but
were allowed to adjust to the room temperature About 300 ml. of water

were placed in the pre-trap to replace the 1120 lose expected (luring each
test.

23



The humidity of the gas stream was held at aboui 100% R.11. 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 0C.

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 Li 2 0 2 : 2Ui011.|12O + H202 ---. Li20 2 + 41120

(14) Prep. of Li 2 02 .H2 0 2 .H2 0:

Li 2 02 + 11202 + H20 --- Li 202 .H 20 2 ,H 2 0

(15) Prep. of Li12 2 *:

Li 20 2 .1H2 0 2 .H 2 0 -- Li 2 02 * + H10 + H202

(16) Prep. of LizO*: Li 2 0 2 * ---> LiO* + 1/2 02

(17) Absn. of C02 by Li 2O*: Li 2 0* + 0o2 ->--- Li 2 CO0

* L1 20 2* designates lithium peroxide of high active surface.
Li20* designates lithium oxide of high active surface.

The chemical analyses of the principal chemical entities appearing
in the above equations resolve into determinations of Total Alkali as Li20,
Li 2 C03 and active oxygen (Oa). The contained 1120 was obtained in each
case by subtracting the sum of the above three constituents from 100%,
sincethe•,�n.....tuz•. impurities were _1eerally quIte negligible.

I- 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.112 0, H2 0Z or Li202. 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 CO2 absorption
of Li 2 O* was 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. ln the large-scale tests the entire
product was miced in a large polyethylene bag, then about 250 grams were
carefuliy sampled and pulverized.
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2- Analysis-for Active Oxygen:

The products of the equations 14 through 17 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 containing
3 ml. of concentrated phosphoric acid, 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 Ferroin end point
with 0.2 N 01nO4 with adequate stirring.

c. Calculations:
(ml. K1nO,.) (N of KMnO,. 0.8

(18) wt.% Oa = Sample Wt.

3- Analysis for Total Alkali as Li 2 o and Li=CO,:

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.IN NaOH. The solution was blanketed with dry N2 or argon and stirred
with a teflon-coated magnet until the sample was dissolved or nearly so.

b. If the sample contained over 5% OR, one drop of 0.25N 0s04
in 0.IN 112SO4 was added to decompose the peroxide.

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

d. At this point, if the sample contained less than about
10% Li 2 CO3 , the titration was continued with 0.IN IICl very carefully to
a p11 of 7.8 to 8.0. If the sample contained more than 10% Li 2CO3 , the
titration was continued with 0.5N 11I.

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

f. Repeat steps a. through e. omitting only the sample in
order to determine the titration blank to p11-8 and p11- 4 . These blanks
will be different for titrations in which osmonium tetroxide is present.
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g. Calculations:
(M 8 -B 8 ) -(M4B 4 )

(19) Total Aikali as wt.% Li 2 0 = Sample -eight x 1,494
Sample Weight x19

where - Ma represents the millequivalents of HCI to pH-8 for the sample,
B8 represents the millequlvalents of HCI to pl1-8 for the blank,
M4 represents the millequivalents of HCI to pI1-4 for the sample,

and
B4 represents the millequivalents of IICI to pH-4 for the blank.

(20) wt.% Li 2 CO 3 = 2(4B 4 ) x 3.695
Sample Weight

or 44
wt.% C02 = wt.% Li2CO- X

73.89

4- Experimental Parameters Calculated from the Aaalytical Results:

Two parameters, wt. C00 absorbed and wt. 120 absorbed, were derived
by difference between the contained weights of C02 in the Li 2 0 sample
before and after passing the humidified 2% CO2 gas through the sample.

The percentage of LiUO converted to Li 2 CO 3 was calculated in two
ways as follows:

a. Calculated from the decrease in total alkali as Li 2 0

before and after passing humidified 2% C02 through the sample of LU2O
by the equation:

(21) % Li 2 O converted to Li 2 CO3 =

(wt. total alkali as LiO before - wt. total alkali as Lij0 after) x 100
wt. Total Alkali as LU2O Before

b, Calculated from the increase in Li 2CO3 content by means of
the equation:

(22) % Li 2 O converted to Li 2 CO3

(wt. Li 2 CO3 after - wt. Li 2 CO 3 before) 29.88 x 100
wt. Total Alkali as LizO 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 2 0 converted to UiOH was calculated by means of the
following procedures:

Case No. 1, if % H2O after x 1.66 is greater than Total Alkali as
% Li 2 0 after, then,
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(23) % Li 2 0 Converted to LiOH

wt. of Total Alkali as Li 2 0 after - wt. of 1120 before x 1.66
x 100

wt. Total Alkali as LM2 0 Before

or according to

Case No. 2, if % H20 after x 1,66 is less than Total Alkali as
S% Li 20 After, then,

(24) 7% Li 20 Converted to LOH11

(wt. 1120 After - wt. H20 Before) 1.66 100

wt. Total Alkali as LU20 Before

When the carbon dioxide reacts with all of the Li 2 0 present in the
original sample and part of the LiOH, then, the % Li'O converted to LiOll
calculated from equation (24), will yield negative values. Hlere, no
LiOR is formed. On the contrary, LiOH present as impurity in the original
Li 2 O sample is partially converted to carbonate and the chemically bound
water in that LiOll is swept away. Note that the "wt. H20 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
pertaining to each gas used at each Rotameter site. iHowever, the flow
rate reported in the tables of this report were corrected to the
conditions of temperature and pressure of the gas flowing into the
absorption column of tests I 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 CO2 flow was calculated by multiplying the density of
CO 2 at 760 mam. Hg and 2730K by the total test gas volume in each test
corrected to 760 nin and 273*K.

The water transported in the tests I 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
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through 45, was calculated by multiplying the volumý 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 atmospheric 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.S.) of the lithium oxide was determined
according to the theory of absorption of Brunauer, Emmet and Teller
(ref. ]2). 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-90-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.
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SECTION III

RE SUILTS

The Decomposition of Commercial Lithium Peroxide

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

After compacting the pellets were dried again under vacuum at arouno
IO 0 *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 is shown during a decomposition heating.

Run -23

30 0 .

( •.\.
25 '\"

Effluent Run- 25

%o 20

Oxygen \
15 *"

'I 010 *

100 200 300 400
Time - Minutes

Figure 8 Oxygen Evolution During LiZO2 Decomposition
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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 1, 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 narrow (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 H1,02 .is formed:

(25) Li 2 0 2 + 211z0 -- > 2liOH + 11202

Hydrogen peroxide is not stable .in alkaline solutions and decomposes:

(26) H202 ->- H20 + 1/2 02

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

The following Table IT shows the chemical analyses of the samples
and the degree of 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 Sample 33, where the most
water was added (15.4%). There is also a noticeable increase in Li 2 CO3
due to handling in air in the moist state.
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The Preparation of High Active Surfoce Li 2O From Hligli Active Surface Li202

The results of the tcsts are entered in Table III.

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

Several factors itifluence the quality of our final product. These
can be classified in three catagories.

I. Factors in the preparation of Li 2 0 2 .I120 2 .1120.

2. Factors in the drying of 1i 2 0 2 .112 0 2 .11 2 0 for obtaining high
surface Li 20 2 (h.s, Li 2O2 ).

3. Thermal decomposition of h.s. Li 2 0 2 .

Under category 1. 'we list the following:

a. Temperature oi addition.
b. Quality of Li2O2 used.
C. Agitation.
d. Storage time of product.

Concerning category 2., the following:

a. Temperature of drying.
b. Gaseous atmosphere (vacuum) when dryiag.
c. Speed of drying.

Finally, category 3., the following:

a. Temperature of furnace operation.

b. Gaseous environmei.t during the thermal decomposition.

Evidence of many of these factors can be found in the earlier
preparations of Li 2 0.

Hydrolysis (Formation of LiOll)

In many of our preparations, we noted high LiOll contcnts in the
final product. it is possible to convert hydroxide into oxide:

(27) 21iOl1 ---> Li 2 O + 1120

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

33



TABLE III

PRINCIPle€ DATA TAKEN DURING TIE PREPARATION OF Li 2 O SAMPILES

Max.

Vacuum Wt. Li 2 0 2  Temp. Wt. 4-14

Sample Drying Taken for of After Wt. Mesh Density

No. Temp, 0C Decomp. g, Decomp. Decomp. Loss Bulk of
0C g. % Density Li 2 O

g/ml Granule

36 45 ( 4 2 .9)C 370 20.6 6 5 .6a .21 .38

38 - ( 3 2 3 )a 373 203 6 2 . 8 a .19 .36

39 --- (298)a 440 136 54.5a ---

43 40-45 ( 1 7 4 )C 433 88 --- .475 .87

45 90 140 390 83 5 5 .0a .40 .74

48 90 100 357 65.5 6 7 . 8 a .15 .27

50 90 106 380 70 68,0a .47 .86

51 90 119.5 377 76.5 6 9 , 4 a .26 .47

55 100 373 390 241 67.8a .31. .56
(determ., .74)

a

58 100 152.5 368 101.5 74.0 .22 .40

61 t00 253 367 169 61.2a .23 .42

64 120 390 377 260 6 1 , 5 a .33 .60

66 120 394 355 263 ca. 67.0a .145 .26
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TABLE III (Continued)

Total
Active Surface Alk.

Area m"/g as Li 2 CO3 LiOll
Li 2 02 LiUO Li 2 0 % 1. Structure Remarks

11.9 96,0 1.8 5.3 Soft Pelletized material

5.4 83.5 2.9 36.0 Powdery Not pelletized. Dried

for 2 lies. at 25-200%C
in argon.

68.6 0.6 82.4 Hard Not pelletized. Dried
fc:c 30 minis. at 25-
2000 C in argon.

--- .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.

144 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 sintered. Pelletized material.
Decomposed in large

furnace.

3.8 89.8 3.3 18.2 Quite soft. Not pelletized, 1/2%'
Sf0 2 added.

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

2.5 92.3 4.7 7.9 Hard aintered. Not pelletized.
Loaded fine & lrge
particles together.

9.5 86.7 3.7 27.5 Soft. Not pelletized. 1%
SiO2 added; dried
before pentane
vaporl zed.
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TABLE II (Continued)

Max. 4-14 Density

Temp. Wt. Mesh of
Vacuum Wt. LU2 0 2  of After Wt. Bulk Li 2 0

Sample Drying Taken for Decomp. Decomp. Loss Density Granule

No. Temp.*C Decomp. g. aC g. % g/ml g/ml

118 90 860 354 589 31.5b .096 .156

123-1 105 1075 348 825 23.3b .141 ---

123-2 105 1075 343 750 30.2b .153 ---

123-3 107 1425 343 925 35.1b .119 ---

123-4 107 1425 354 950 33.3b .112 .194

123-6 90 1400 343 925 33.9b .126 ---

123-7 109 1319 354 925 2 9 .9b .096 ---

123-8 111 1300 357 925 28.9b .140 ---

123-9 108 725 359 450 3 7 .9b .161 .280

123-10 111 1400 362 950 32.1b .142 ---

123-11 111 1550 359 1025 3 3 .9b .140 ---

123-12 111 1175 363 894 2 3 .9b .162 ---

123-13 90 1890 335 1300 3 1 .2b .155 ---

123-15 99 1550 340 1075 30.7b ... ...

b
123-16 1300 357 925 28.8 .166 ---

123-17 113 850 357 575 32.4b .107 .202
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TABLE III (Continued)

Total
Active Sirface Alk.

Area . 2 /g as Li 2 CO3 LIOH
"L12 02 L1 2 0 Li 2 0 7 7 7 Structure Remarks

--- 9.9 91.8 3.1 13.3 Very light blocks.

Firm.

--- 4.8 86.3 2.1 30.2 Loose, soft particles.

--- 4.0 90.7 2.0 18.4 Large, loose particler.

---. .-- 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 Loose particles.

--- 8.3 95.6 2.4 5.1 Very firm blocks.

--- 6.2 95.9 3.9 0.5 Soft blocks.

--- 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. Li20 2 .H 2 0 2 .H 2 0 was
prepared at -10 to O°C
with slow stirring.

Sieved into mesh size

4-14.
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TABLE III (Continued)

Max. 4-14 Density
Temp. Wt. Mesh of

Vacuum Wt. Li•2 01 of After Wt. Bulk Li20

Sample Drying Taken for Decomp. Decomp. Loss Density Granule
No. Tenip.2C Decomp. g. °C g1 % g/ml g/ml

123-18 100 1248 360 825 33.9 b .119 .246

b

123-19 98 1350 360 900 33.3 .101 .200

123-20 100 1325 360 835 3 7 .0 b .086 . 201

123-21* 100 1265 360 850 32.6b .093 .192

123-22 99 1.450 360 950 3 4 .5 b .119 .215

123-23 99 1450 360 950 34.5b .082 .191

123-24 99 1450 360 950 34.5b .073 i 190

NO'TES: a - Referred to initial lithium peroxide addition compound;
b - Referred to intermediate lithium peroxide;
c - Partially decomposed addition compound.

* - The active surface of the peroxide hydroperoxide hydrate, first

step material of this run, is 0.7 m2/gram.
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TABLE III (Concluded)

Total
Active Surfacp Alk.

2 as

Area m2/ Li 2 CO3 LiOll
LiU0 2 Li 2 0 Li 2O % % 1 Structure Remarks

7.0 9.1 91.4 4.9 9.8 Firm blocks. Same as 123-17.
Except, temp. was
-5 to O0C.

8.2 12.1 92.6 5.0 6.4 Firm blocks. Ditto. Temp. from
-5 to +5,C.

8.5 10.6 93.9 2.7 8.7 Firm blocks. Ditto. Temp. from
-10 to +100C.

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 0C.

10.2 96.6 3.0 0.7 Firm blocks. Ditto. Temp. 0 to
+5 0C.

7.1 11.2 95.8 2.5 4.2 .r.r. blocks. Ditto.
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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 is necessary for efficient CO 2 absorption.

The reaction of hydrolysis of lithium peroxide

(28) Li 2 0 2 + 112.0 - 2LiOH + 1/2 02

must therefore be considered as irreversible. Anhydrous LiOll is a powerf
CO2 absorber but its capacity is only .96 lb. of C02/Ilb., whereas the oxide
has one of 1.47 lb. of C0 2 /lb., or 153% of that of the hydroxide.

It is well known that the decomposition of peroxidic oxygen 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 2 0 2 .112 0 2 .11 2 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 formation of the complex does not
occur. An intimate mixture of Li 2 02 and fro-, 70% H202 results.

Subsequently, when this solid is allowed to warm up a sudden e3othermic
reaction takes place giving a very high temperature rise which will result
in loss of active oxygen and concomitant hydrolysis. The high LioU content
of Sample No. 45 and 50 was traced to this condition.

The addition temperature should therefore never fall below -10C. On
the other hand, it should not be allowed to rise above 60*C which is a
critical poi-nt observed by the investigators earlier. (. 0. Bach and
I. M. Paige, unpublished research (ref. 6)D. It has been found that
solutions of Li 2 0 2 , giving LiOll and 11202 in the aqueous phase, are

relatively stable up to 60%C but lose oxygen very rapidly above this
temperature.

We did not conduct extensive studies on the stability of the addition
compound or its tendency to hydrolyze on standing, so assumed it to be
less stable, either exposed to 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 112 0 and 1.1202 removal was

somewhere between two and three hours. On one occassion, the addition
compound was stored for twelve hours in a refrigerator at 0%C without any
evidence of hydrolysis having taken place. A glance at the % LI.0l column

of Table III should indicate that hydrolysis of lithium peroxide prior to

its complete decomposition is one of the major problems in obtaining high
purity lithium oxide by this route. lHowever, the existence of oxides
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such as Nos. 123-23, 123-10 and 123-11 is evidence that high purity oxides
can be obtained.

Early in this investigption, 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, L'20.0. 5 112 0 2 .0.O 4 H20. 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 37900. We were encouraged by the
results shown in Table III. 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 containing 36 and 82% ULOH
respectively. Argon flowed thro,;gh 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 temperature was programed to
rise from 25* to 200'C in two hours in the case of Sample No. 38, whereas,
the temperature rose from 250 to 2000C within thirty minutes in the case
of Sample 39. The obvious conclusion was reached that a vacuum drying
process at or near 100%0 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 rise 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. 66,
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 carboo dioxide. Therefore, air exposure of the
oxide was held to a minimum. For example, transfer fron, the deco'mposition
pot to volyethylene storage bags was accomplished in a hood through the
air. lit-re the oxide in the pot was kept blanketed with dry nitrogen and
the storage bag was purged with dry nitrogen prior and (luring the rransfer.
The pulverizing and sieving was done in an argon-filled dry box.

Active Surface Area

The temperature 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 m2 /g showed good
per formtance.

The temperature of the furnace was set at 360°C. This temperature,
at least on low impurity samples, guaranteed a reasonable rate of
decomposition with the result of an active surface of above 10 m2 /g.
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When comparing the influence of temperature on active surface, products

of the same impurity content (Li 2 CO 3 and LiOH) must be chosen.

fhe following general conclusions can be drawn:

I- Less impurity content means higher active surface.

2- High firing temperature means low active surface.
3- At impurity contents of not more than 5% Li 2 CO 3 and not

more than 6% LiOl, temperatures should not be higher

than 360'C to obtain active surface of 10 m2 /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 LiOll 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 LiUO obtained either by direct decomposition of commercial Li 2 02 ,

or the high active surface material was tested by exposing granular material

to a stream of 2% CO in oxygen. In 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 Li1O to Li2C0 3 were observed. Most of these tests were performed under

1. atm ..sphere pressure, only a few at 5 psia. Chemical reaction proceeds

at high energy levels and the pressure difference of 1 atmosphere to 1j3

atmosphere did not significantly influence the direction or rate of these

reactions. The results at I atmosphere are meaningful, if interpreted
correctly. Valid conclusions can be drawn 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.

it is evident that absorption efficiency increases with increasing

surface areas. Runs 4, 10 and 11 were the first products tested with
high active surface areas. High percentages of retention of CO2 are

combined with good conversions to Li 2CO 3 . Of course low flow rates
contributed to the success of tests 10 and II.

The influence of the ]inear flow rate is clearly shown by the

following comparison.
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TABLE V

PRINCIPLE DATA OBTAINED FROM ABSORPTION TESTSa

ON LITHIUM OXIDE SAMPLES

7, CO2
Linear Cap. Abed.

Flow Flow Test Gas of of
Test Sample Mesh A.S. Rate Rate Time Vol. Col. In Abed. CO2

No. No. Size m2/g I/m cm/sec Min. 1 g CO2 g CO 2 g CO 2  In

1.05 9.0 28
3 15 4-14 5.7 0.55 4.8 30' -*- 18.7 11.3 5.5 49

5 b 15 4-14 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 0.61 13

1.00 8.6 1761 61 4-14 3.7 0.60 5.2 948 - 28.8 26.5 6.4 29

2 61 4-14 3.7 0.94 8.2 145 --- 4.81 4.85 1.95 40

7 61 8-20 3.7 0.528 4.6 316 167 5.61 6.00 2.26 33

8 61 4-8 3.7 0.496 4.3 486 241 7.12 8.65 3.09 36

12c 61 4-8 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 11

4 66 NCd 9.5 0.97 8.3 435 --- 13.9 15.2 9.75 64

it 48 8-20 9.8 0.115 1.0 1237 142 4.53 5.13 4.32 84

10 48 8-20 9.8 0.074 .64 3210 239 6.15 8.5 5.76 68

a - Tests all run at room temperature In a test column of 22.2 nun.
Internal diameter.

b - Smaller diameter tube.
c - Absorption was complete after 997 min.
d - Not classified.
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TABLE V (Continued)

7. L120 % LU20 % CO2
Converted Convd. Mole in Eff.

In Absd. % 1120 to Li 2 CO3 to Ratio Gas at R.11.

g 1120 g 1120 Absd. /ALi 2 0 ,L6 2 CO3  LIOl 112C/C0 2 End 7.

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 26 187 1.0 56

1.24 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 94 3.8 .88 0.2 56
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rest
No. Linear Flow Rate Average Conversion %. CO2

to L1 2 CO 3  Retained

2 8.2 36 40
7 4.6 40 33
8 4.3 47 36

12 0.73 65 72
13 0.67 71 78

These 2tests were all performed with the same oxide sample No. 61,
a.s. 3,7 i /g,

A compacison of tests 4 and Ii, different samples but both of high
a.s., 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
S-No. 1 TIC

85 " No. 3

12
cm

o- ," \o" No. 4No 2 T/

-*. . . . F i b e r C l a s s N o . 2 T IC

65 Packn- 1 cm

(455 . .No. 3 T/C

. \6 cm 13
No . 2 ,,- 4'SNo. 4T/C ,m CI

S*.No.No. S T/c-
"35 '1 ?No. 5 N

No. I " _- ---.... 'No ,2 o... .. .... ~.. No.01 2% C

25° b No. in 02

fber Glass
Packing -

o20' 400O
Time O(inuces)

Figure No. 9 Temperature Profile of Test No. 4
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in Figure 9 rhe the perature profile of test No. 4 shows clearly the

raqte of progreSS of the reactiotn. Tlhe t.IIermnoCoulIes were located at the
bot:tom, in the middle and on top of the column. The gas, being passed
upward through the bed, produces a peak temp)erature 30 minutes after
Ii•-tiation of the test; the peak at the middle of the bed occurs 75
minutes atter beginning and the correaponding peak In the top layer Li
observed at 160 minutes. The temperature of the effluent gas (T.C. No. 2)
is a good measure, whether the reaction Is still going on;it returns to
normal at around 440 minutes and at that point, the reaction was considered
concluded.

In Figure (0 corresponding to test run No. 12, a typical recording of
CO2 in the effluent gases is shown.

1,8

1,6
Flow rate .085 L/Min.

75 0 F - 50% R.11.

This curve is a
reproduction of L2
the recorded one.

-0 CI
0J

0..4

0..2 j

0 400 800 S2b0
Tiue - HinuLes

Figure 10 Absorptiou Curve of Run
Numbey 12
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In most cases, enough CO2 was passed through the column Lo comleitely
convert the material to lICO3, the notable exceptlions, referring to the

pertitnent datLa lsted In Table V, are as fol lows-

1. Test 9, which illustrates the extreme ineffictency of a
highly fired, extremely low surface area L[20. Complete breakthroigh

ocetirred very fast, absorption of CO2 was almost nil.

2. T, sts 4, 11 and 10, where slightly less CO 2 was passed
through, but excellent absorption was observed.

The sum of the % Li 2O converted to Li 2 CO3 and LiOIl is near 100% in
the case of active oxides. This simply means that practicalty all the

material is accessible to the reacting (owponents in the test gas (1120
and CO.). This i1 the case in tests 4, It and 10 (the high a.s. material).

All. other tests show breakthrough of C0 2 after very little Li.• had

reacted.

As a result of the data, it is evident that Li2O reacts first with
water, forming LiOll. The latter then reacts read"ly with CO 2 to form the

carbonate.

The military specifications for LiOH for absorption purposes places

emphasis on the "hardness" of the material. It was assumed that this
might be important for lithium oxide as well. In several preparation.-,
we added silicate to the reacting mixtures witlh the hope that the SiO2

content of the final oxide would confer strength and hardness to it. This
was not- so. In addition, no noticeable effect was observed in the

absorption capacity: compare tests I and 2 with 7 and 8. ThL effort was

abandoned.

Tile effect of flow rate on a high active surface lithiumi oxide is
shown in tests 18, 19 and 20. The data are found in Tables VI and VII.

Up to a linear velocity of 8 cm/sec the conversions of Li 2 O to

LiXC0 3 are quite high, concurrent with a 90% retention of C0 2 . A slight
effect of det-rioration in observed at ! H cm/Sec, 'where in the top layer

some Li 2O remained unreacted.

The column had three layers of Li 2 0 separated by plugs of glas5 wool.

With.n each layer a thermocouple was imbedded, which monitored the heat
of reaction.
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TA-BLE VI

C01WOY" ...T!Oi'N OV iAiTiiLqFl OJK1)E SAMPiLES NO. 48 IkEFOiUE AND AFT'EIR TESTS

Total AIk.
TeS..- Sample Wt. (g) as LIbO (7.) L2COý (70) 110 (%)
No. Before After Before After Before After Before AfLer

18-B 0.71 1.75 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 6.49 95.2 5.4 1.7 87.4 2.5 6.8

19-B 1.01 2.31 95.2 3.7 1.7 92.3 2.5 3.6
i9-M 1.37 3.20 95.2 4.5 1.7 91.6 2,5 3.6
19-T 1.43 322 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-M 1.72 3.96 95.2 6.4 1.7 89.5 2.5 3.8
20-1 1.68 3.75 95.2 10.0** 1.7 89.3 2.5 0.11
20-0 5.20 11.91 95.2 8.0 1.7 87.2 2.5 4.5

* Symbols B, M, T and 0 refer to bottom, middle, top and overall.

** This result is apparently in error.

The temperature profiles of these tests are shown in Figures 11, 12
and 13 which are actual reproductiona of recordluga.

Exhaustion of the oxide is reflected by a return of the bed tempera-
ture to a constant level slightly higher than from thie 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 e>haustion
for each layer in three typical tests are listed as follows:

Test Nn- iLA No. i 9 No. 20

Bottom 55 62 77
Midd 1 70 89 92
Top 100 100 100

It Is seen that wlth increasing flow rate the end of the reaction is
extended timewise. This signifies considerable bypass of C02. The top
layer never reached complete exhaustion.
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TAB LE V [1

PRINCIPLE DATA OBTAINED FROM ABSORPTI.ON ON L1 2 0, S 'i.UF- NO. 48l0A

Linear Total
'estes** Fl.ow R•lte F low l)urati1on (a1 CO2 eq. CO2

No. I/min. RaLe of Test Passed of L1 2 0 Passced C02

cm/sec. min. thru It, col. in Absorbed
1 g g g

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-T 0.452 3.9 300 135.6 1.66 3.75 1.43

18-O 0.452 3.9 300 135.6 3.84 3.75 3.35

19-B 0.953 8.2 190 181 1.4L 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-B 1.29 11. 1 203 262 2.51 7.26 2.06

20-M i.Z9 11.1 203 262 2.40 7.26 2.09

20-I 1.29 ii.i 203 2G2 2.35 7.26 1.97

2o-O 1.29 11.1 203 262 7.26 7.26 6.12

* S-mp|e No. 48 thC ý;o!towig charac4er8 iV hndesh size, t-.90;

Bulk Density, 0.15; Active Surface, 9.8 m2 /g.
These tests were run at room teiperature. The test gas had a

relative humidity of 60%.

** Apparent error in analysis.

,** Symbols B, T and 0 designate the bottom, top aad overall sample

data respectivaly. Syinbol M designates the middle sample-
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TABLE Vii (Continued)

"% L. 2 0
Converted

112() to Li.COa L1 7t0
CO. Pass•d 1120 1120 Calc. Caic. Converted MeOl. Ratio

Absorbed in Absorhed Absor'bed from from to L£O1! 112 0/CO2

Z g g 7 6 AL1 20  A L_ 2 C0 3  A

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 5.6 ---

38.1 1.93 0.14 7.4 86.8 85-8 8.7 ---

88.4 1.93 0.17 19.2 87.5 86.1 9.1 1.22

25.0 2.52 0,06 2.3 91.0 89.1 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 11.8 ---

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

28.8 3.52 0.11 3.1 84.5 87.0 11.1

27.1 3.52 (-0.03 0)kk 76.4 84.1 (-2.8)

84.3 3.52 0.40 11.5 8017 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 temperatures in the bottom layer (Inlet):

Test Flow Rnte Temp. *C
Itmin.

18 0.452 66
19 0.953 80
20 1.29 91

The peak temperatures of the top layer (exit) show the cumulative
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 regions are flattened as the flow rate increases.

In Tables VIII and IX a further illustration of the effect of active
surface and flow rate on the conversion of Li 2 0 to Li 2 CO3 is shown.

TABLE VIII

CCHPOSITION OF LiO SAMPLES BEFORE AND AFTER TESTS

TotAl A1:=.
Test Sample Sample Wt. as 7. Li20 % LiCO1 % HO

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 95.2 17.7 2.5 76.2 2.3 6.0

Outstanding is test 21: Sample 118 has an active surface of 9.9 m2/g,
97.5% of the incoming C0 2 was retained, whereby over 90% of the LU2 O was

converted to the carbonate. A comparison 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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PRiNCIPLE DATA CBTAIM-ID IROM ABSORPTION I _-ITS" O0 111 ,(' SAM-I-j-5

CO,
Linear -.'rap't I v

Active FlI ow F I ow rLt Totoa oI c:O 2  Co,
'le Bt Stimp I e S•r ri- ', RItL Kid, v Prime Vol. Co I man ill sottcd
No. No. m-/g 1/thin. cm/t-'c mll,. 1

21 hio '.9 i.OG 9.i 212 ?2• •.0 n ,(,_ S• 1

23 123-1 4.8H 1.07 9.2 14.3 1 S 3 17 ¶ij? ,7h

2, 123-9 8.3 ,.11 9 7. 1 .6 2A 3.0 1.99

25 123-9 8.3 .25 2.2 1i7 39.9 1.71 1.37 1.04

26 123-1 4.8 .25 2.2 1t0 4'4.7 1.27 1.53 .84

27 I?'1, 9 . It .6 10 So 96,6 2.97 3.29 1.8B

* lThese teatti wero run at 25C and the gas euiployed had a retaLtve

humild.ty of 59%.
T f'C • .mon 0-2 z n:i t do snmuapom wan 4-14.
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TABLE IX (Continued)

% LiUO

C02 H20 H20 H20 Converted . U 20
Absorbed in Absorbed Absorbed to Li 2 CO3  Converted mol. Ratio

% 9 9 % AUL2 CO3  &Li20 to LiOH H20/C0 2

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 .21 15.3 63.1 63.2 17.0 .99

0
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The effect of flow rates .i shown by cemparing tests 23 and 26
(both on Sample 123-1), where by decreasing the flow the yield 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 era/sec
the yield increased from 50 to 647%.

In test 21 we observe a negative value in the column % Li 2 0
converted to MOIL. This means that some of the LiOll pretent originally
In the Li 20 was converted to Li 2 CO 3 . Whenever thcre is a very high
degree of conversion, this can be observed.

Sample No. 11.8 showed excellent performance and it was decided
therefore, to use it to determine the influence of temperature of the gas
at 60% relative humidity on the degree of conversion of 1, 20 and retention
of C02. The results are shown in Tables X and Xl.

The analysis of Sample No. 118 is

Total Alkal Inity 91.75%
Li 2 CO 3  3.13%
Water 4.98%

The composition therefore is the following:

Li20 83.45%
l~iOH 13.28%
L1 2 003  3.13%

In the preliminary run (tesc 28) it was found that at about 60%° R.11.
and at 5-C (41-F), the absorption of 002 was very low: about 9% of the
incoming.C0 2. Only 11-1/2% of the LiUO 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)
sh-ows t!-is dramatically.

Th: temperature change however is not the only factor. As the
temperature was changed from 25' (test 21) to 50 (test 28), the mot ratio
1120/V02 of the incoming gases changed from 1.28 to .24. This change is
much more relevant than the mere temperature change, as will be show;n
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 ti-ough 35, the whole area 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, ia F1gure 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.ll. is equivalent to about 14 mm of 1g. Our test gas was
about 27, CO0 in oxygen, or approximately 15 rvn of Ug. This means that at
25*C, 60% R.l1., the mole ratio fl20Oco 2 attains the value of 1. Frmi this
point on there is still, a further increase in conversion as the tempera-
ture is increased, btt the slope is decreased considerably.

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

The temperature recordings are reproduced in Figures 16 through 20.
The peak temperatures% of the bottom layer, observed shortly after initiating
the gas fLow, will reflect che degree of reaction taking place. Heat losses
are not very important at this point yet. The relationship of peak
temperature and incoming gas temperatures is seen in Figure 21 and the one
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of peak temperature ond water vapor pressure is seen in Figure 22. The
latter reiatioshlip is linear. Thie means t1bat the amount of water
introduced into the L1 20 bed is directly proportional to the amtount of
C02 reacting with the Li2O.

This is equivalent to proving that CO 2 can react with LM20 only
when water vapor is present. Quantitatively it leads to the conclusion
that for complete reaction the mole latio II20/C0 2 in 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 are given in Tables XII and XIII.
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TABLE X

ANALYfICAL DATA ON LU2 0 IAMI'LE 118 AFTE1-R TESTS

Total Alk.
.aft Li20 ", 2CO3 11,O

Test* Sample Wt. (g) %7 7X

No. Bgefore MFer After After

28 2.05 2.51 66.5 24.2 9.1.

29-B 0.93 1.29 54.0 34.2 11.6
29-T 1.18 1.45 63.5 26.3 10.0
29-0 2.11 2.74 59.1 30.0 10.9

30-B 1.04 1.63 38.8 44.0 17.0

30-'T 1.05 1.4Q 56.4 30.0 13.4
30-0 2.09 3.03 47.0 37.5 15.4

31-B 1.07 2.04 20.0 69.6 10.2
31-T 1.01 1.64 38.9 46.5 14.5
31-0 2.08 3.68 28.5 59.3 12.1

32-h 1.16 2.35 14.3 78.3 7.2
32-T 1.16 2.04 29.9 57.5 12.6
32-0 2.31 4.39 21.5 68.6 9.7

33-B 1.03 2.28 6.6 89.2 4.1
33-T 1.04 2.21 10.4 83.8 5.7
33-0 2.07 4.48 8.4 86.5 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
34-0 2.08 4.74 4.6 90.7 4.6

35-B 1.02 2 ..47 1.1 42,06
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 0 designate the bottom, top and overall sample
data respectively.
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TABI X 1

PRINCIPLE DATA OBTAINEID FROM ABSORPTION TESTSk

ON L1 2 0 SAMPLE NO. 118

CO2 Cq
Temp. Test Gas of Li20 CO2  COz 1120

Test of Gas Time Passed In Col. C02 In Absd. Absd. Passed
No. OC Mil. tlhru t. g. g. g. % In g.

28 5 90 92 2.76 3.35 0.32 9.6 0.338

29-B 5 121 119 1.25 4.36 0.25 5.6 0.45
29-T 5 12l 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-H 10 115 118 1.40 4.4] 0.41 9.1 0.63
30-T lO 115 118 1.41. 4.47 0.23 5.1 0.63
30-0 10 115 118 2.81 4.47 0.64 14.2 0.63

31-B 15 125 139 1.44 4.84 0.82 17 0.98
31-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 li5 130 2.10 4.33 2.5 58.1 2.,6

35-B 50 149 167 1.37 5.27 1.34 25.4 9.55
35-T 50 149 167 1.36 5.27 1.25 23.7 9.55
35-0 50 149 167 2.73 5.27 2.59 49ý2 9.55

* Sample mesh size- 4-14; sample tictive surface: 9.9 m2 /g.

Test gas data: Nominal Relative Ilmldity, 601; Flow Rate, 0.99 to 1.13
1/raii.

Linear Flow Rate, 8.5 to 9.7 cm./sec.
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TABLE XI (Continued)

7. Li,0 Used Li 2O
1100 1120 Cr Ic, Calc. Cony,. Mol.
Absd. Absd. from fromt to LiOIl Ratio

g. %. AULi0 ALi2 CO3  7% l120/CO2

0. L' 37.3 11.4 11,7 11.1 ."

0.103 22.7 18.3 19.6 20.2 ---
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 ---
0.136 21.4 17.6 16.4 23.5 ---
0.361 56.9 25.7 22.7 31.4 .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 31.0 ---
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 ...
0.053 2.2 84.8 87.0 6,1 ---
0.112 4.6 88.7 89.7 4.3 1.39

0.085 0.9 95 97.7 -4.3 ---
0.079 0.8 91.7 91.7 -0.3 ---
0.164 J,7 93.5 94.7 -2.4 4.4
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TABLE XIII

PRINCT"IX. DATA -OBTAINED FROM ABSORPTION TESTS ON IA-20 SAMPLES

Linear

Bulk Gas Gas Flow Flow Test Gas

Test Sample Dens. Mesh Temp. R.I1. Rate Rate Time Passed

No. No. g/cc Size A.S. OC % I/min cm/sec Min. In g.

36-B 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 t23-16 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 4-1.4 11.2 21 58.5 1.12 9.7 117 132

37-0 123-24 0.073 4-14 11.2 21 58.5 1.12 9.7 117 132

38-B 123-23 0.082 4-14 10.2 20 58.5 1.13 9.7 142 160

38-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 0O073 4-14 11.2 25 59.0 1.23 10.6 129 159

39-T 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 11.2 25 59.0 . 10.6 9 159

40-B 123-24 0.073 '6-14 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 1.58

40-0 123-24 0.073 4-14 11.2 14.8 100 1.16 10.0 136 158

41-B 123-24 0.073 4-14 11.2 10 100 1.10 9.5 125 137

41-T 123-24 0.073 4-14 11.2 10 100 1.10 9.5 125 137

41-0 123-24 0.073 4-14 11.2 10 100 !.!0 9.5 125 137
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TABLE Xlii (Continued)

C02 eq. C02  1120 % Li0LiUe0 Hol.
of LM20 Passed Passed Calc. Calc. cony. Ratio
In Col. In C0g Absd. in HjO Abed. From From to LiOll 1120/CO

g- g. g. % g. g. % &Li 2O ALi1CO3 %

1.44 6.45 .96 14.8 2.58 .184 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

S2.25 4.57 1.81 39.5 1.42 .171 12.0 83.9 80.2 13.4 ---

2.25 4.57 0.95 20.9 1.42 .404 28.5 42.7 42.3 54.4 ---

4.50 4.57 2.76 60 4 1-42 .575 -40.5- -63.3 -61.3 - 33-9-- --76-

2.27 5.55 1.76 31.6 1.62 .22) 13.6 78.8 77.4 20.7 ---

2.27 5.55 0.94 17.0 1.62 .466 28.8 46.5 41.4 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 91.5 4.8 ---

2.25 4.95 1.84 37.3 2.16 .182 8.4 82.5 81.9 14.7 ---

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 5.38 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 .347 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 m2/. 8 ) was employed.
The yields can be compared with the results of test '9, 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
C02 was passed over the oxide in test 36. This means that even low
active surface material caui capture appreciable quantities of CO2 when
enough time is allowed. This surely is not a surprising result: Transport
of gas through narrower pores is slowed down, but is definitely taking
place.

In tests 28 through 36, a large excess of CO2 was employed and the
retention % of CO2 was relatively low. In tests 37 through 41 only as
much CO2 containing gas was introduced as would have been necessary to
convert 1007 of the Li 2 0 to Li 2 CO 3 . Consequently the % CO2 absorbed was
larger and reached 807. in test 39, which represents approximately a room
temperature, 50% R.H. condition and can be compared with test 21 and 33.

The results fall into the pattern found in the previoýus series.
If thU partial water vapor pressure is plotted vvrsus the yield, as in
Figure 15, the points fall directly on the curve established there. This
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of course proves again that at molar ratios 112 0/C0 2 below unity the
partial water vapor pressure is the factor governing the percentage
L 2 0O reacted with C0 2 . Qualitatively this is seen in the results of
tests 39 and 40, which both employed gases having a molar ratio around
unity and gave resuims si'L,,tly aboove or 'Uello 801. -in conversion.
Test 39 however, was at 25"C and 59% R.11. whereas test 40 was at
14.8%C and 100% k.11. Test 41 (10C and. 1007. R.11.) gave results
equivalent to results obtained at 20°C and 607. R.U.-

The influence of the temperatiure of the incoming gas alone can be
seen from a comparison of tests 38 and 41, employing gas at 25 and 10WC
respectively. Both have similar mole ratios 112 0/C0 1 , but 38 has a yield
of over 60% whereas 41 shows a conversion of about 48%.

The temperature profiles of tests 36, 39, 40 and 41 are reproduced
from the recordings in Figures23 through 26. It is seen that the top
layers of tests 39, 40 and 41 were -;till reacting when the test: was
concluded. Furthet proof is the large differences in the % Li 2 0 uaed in
top and bottom layers-
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The bott'om layers of both Lests 39 and 40 had conversions of over
907. vernom 827. and 62% respectively in the top layers. This means that
there is still abundant capacity for CO, absorpilon.

The qtrong tnfluenco of partial wa~ttn vapor pressure is clearly
sctin In data a8sembled in rhe following table;

Test 1l20 Mole Rat io CO 2 Absorbed 1120 Absorbed
No. nma 1e (120/CO2) % %

41 9.2 .66 43 44.9
30 10.0 71. 48 42.4
37 10,9 .76 60 40.5
40 12.8 .95 64 20.2
.9 14.0 1.06 79 13.8

Here one noticcs 01hat, as the water vapor pressure Olncrees• the
('102 albol'ptlon ineases and the 1120 absorption decreases. The decrease
in 1•20 absorption is relatcd to CO2 abotrption la the d falrowing muannur:
ts Li 2 0 is converted to 141CON, the water originally absorbed is released
again. Supporting evideuce is seen in the analytical ,'dta presented for
those tests made on TiO samples separated into two or three layers. In
these eases the. CO2 absorbed falls off and the 1|20 retained increases
from the bottom to the top lzyers. This in especially noticeable when
the temperature of the incoming gas is low and the relative humidity is
high.

2- Tests at: OneTThiirdA•.mosplgro

The atmosphere of the manned spacecraft is oxygen at S psta. Up to
this point all the worl was performed under I atmosphere pressure. It)
Tables XIV and XV, the results of four testr, under 5 psia pressure (from
226 to 234 nmui l1g) are given. The test gas prior to humidification,
contained 2,, CO 2 and 98% 02 by volume.

Oveurall it can be stated chat absorption la stic.cessful at 1/3
atmosphere. The tcmperatures of the gas used in these testi were in the
range of 10 to 20'C. At 20 0 C and 76,. RAI. (test 4•2) the bottom layer had
a cOversionj of over 92%. It is seen that t" a:11 caqes the amount of CO 2
introduced was uot equivalent to the theoret Ical capacity of the column.
This to because the Gow Mac instrument for recording the effluinkt conltent
in C0 2 could not be used and the amount of glas to be percolated was
estimated. Very high conversions were also observed in the bottom layer
of test 43 (86.8%).

The active surface area of Sample No. 123-?5 was never dutetemned
and the rewainsing palt. of ite sample was mixed wit-!h the large bulk
quantity prepared for the delivery of the six uiit•. When the results
were analyzed, it: became clear that Sample t23.-25 could not have had the
same degree of surface activity.
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TABIX XV

PRINCIPLE DATA OBTAINED FROM ADSORPTION "hSTs ON L7O 'SAMPLES

Linuar
Bulk GaDo a. 11. Ga , Flow Flow Tent Can

Test. Savip1e Dena. Temp. of Gaui Pre-ss, Rat-: RWLto Time Pooedoc
No. No, g/cc A.S. 0C % mm ltg 1/min cm/acc Hin. In 1.

42-B 123-24 0.073 11,2 20 74 234 2.98 25.7 130 388

42-T 123-24 0.073 11.2 20 74 234 2.98 25.7 130 388

42-0 123-24 0.073 I.1? 20 74 234 2.98 25.7 1.30 388

43-4 123-24 0.073 11.2 15.1 38 229 2.86 24.6 123 351

43-T 123-24 0,073 11]2 15-1 38 229 2.86 24.6 123 351

43-0 123-24 0.073 11.2 15.1 38 229 2.86 24.6 123 351

44-B 123-25 0.077 --- 10.7 38 228 2.95 25.4 113 233

44-T 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

45-11 123-25 0.077 ... 14 44 226 0.9 7.8 108 97

45-'r 123-25 0,077 --- 14 44 226 0.9 7.8 108 97

45-0 172-25 0.077 -- 14 44 226 0.9 7.B 108 97
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TABLE XV (Continued)

(Co4 iq. ,. LhO0 iued L1 2 0

of 1.JO C02 i1.0 CnIc. Caic. Cony. Mol.
In Col. P6aoed C02 Abed. 'afoeed 1120 Abad, from from to LUOli Ratio

8. Ing. I. % In %- - 2 AAl2 0 ALICO3 % 112O/O•2

2.25 4.22 2.03 40.2 4,9 0.115 2.4 92.3 90.3 5.0

2.25 4.22 1.54 36.5 4.9 0.268 5.5 72.7 60.4 24.6 -

'..50 4.22 3.57 8'," 4.9 0.383 7.8 82.5 79.3 14.8 2-6

2,25 3.8 1.91 50.1 1.78 0.119 6.7 86.8 84.6 10.5 ---

2.25 3.8 ..30 34.2 i.76 0.338 19.0 59.9 57.6 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 34.9 1.24 0.304 24.5 57.5 57.3 33.5 -

2.21 3.63 0.68 18.8 1.24 0.417 33.6 34.2 31.0 46.1 ...

4.42 3.63 1.95 53.7 1.2/i 0.721 58.1 45.9 4U.1 40.3 .84

0.69 1.04 0.43 41.4 .514 0.099 19.3 60.1 62.2 35.2 ...

0.69 1.04 (.32 30.6 .514 0.132 25.7 48.1 45.9 46.8 -.

1.38 1.04 0.75 71.9 .514 0.231 44,9 54.1 54i1 40.1 1.21
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Tlilt is apparent from a comparison 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.s. 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.11. values combined would lead us to expect much lower conversions
than actually obtained. Test 30 (Table XI) corresponds closely to test 44.

rest 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 45% yield.
Test _475 at -5-Psi-a-gavei -547.yiald.

Equal values of relative humidity Pt 14.7 and at 5 psia are
equivalent to a ratio of I to 3 in absolute quantities of water vapor
transported. This is reflected in the large amounts of water taken up in
te3ts No. 43, 44 and 45. The temperature profile recordings are reproduced
in Figures 27 through 30. It is seen that the top layer of tests 42 and
43 had still rlatively high temperatures at the conclusion of the test.
The extremely high peak temlperatures at the very beginning of the runs
are primarily due to the 2arge quantity of water initially absorbed which
is a strongly exothermic reaction. This shows especially in test 42
where the mole ratio H2 0/CO2 was 2.8.

The subsequent conversion of LiOlU to Li 2 CO3 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. It is
this condition which is the basic philosophy behind the deaign of a
granular bed of active chemicals 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 i1 that an astronaut will NOT poison himself (with C0 2 )
dur-iig weightlessness or reduced gravity because of lack of forced
atmosphere movement.

Therv•.ore, the concept of passive ataosphere regeneration has
become feasible. Pr I.ininary studies on passive catbot, dioxide removal
were described by D. A. Keating with Baralyme and molecular sieves
(ref. 16). In the conclusions it is stated that "passive application.....
for manned sealed atmosphere air regeneration systems has been successfully
demonstrated".

The awareness of these theoretical and practical data has Ind.uced
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. Hloucycombed structures, pellets, blankets, panels,
coatings, etc. are all forms more suitable for static than for dynamic
air regeneration.

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

The simplest approach is the pellet. In the present research
effort, four tests Were performed on pelletized material. The- results
are presented In Tables XVI and XVII.

For test No. i4, a specially prepared material was used. Lithium
pproxide (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
temperature of 369*C. The resulting weight of the oxide pellet was
17.22 g., representing a 3R.7% weight loss. The density of the obtained
pellet was 0.76 g/cc, the material was very hard. Total alkalinity as
Li.O was 89.67% and the LiOl content 19.8%. The Sample No. 62 was
assigned to this pellet.

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

Tests No. 15 and 16 were made on pellets compressed at 1500 pslg
from the "fines" collected during the screening out of the 4-14 mesh
fraction of the high surface oxides, No. 66 and 48, respectively.
Although active surface measurements were not made on the pellets, values
for active surface of the original oxide samples No. 66 and 48 had been
obtained and were 9.5 and 9.8 m2 /g., respectively (see Table III).

Finally for test No. 17, Sample No. 36 was chosen -- a very high
active surface material. Peroxide hydroperoxide hydrate was pelletized
at 2000-3000 psig. The pellets were dried at 45 0 C under a vacuim of 29".
The dried pellets (of L1 2 02 ) were then placed in the furnace and fired
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at a maximum t:emperature of 357"C. Thla material wos the lowest density
pellet. of All peileto otillized ill thig project.

The diameter of the pellets pressed war 2.56 cin. for Samples 1.5
and 16, while test No. 14 pellets were sliglhtly smaller because of
shritkage during firing. The interior diameter of the absorption trube
was 2.67 cm., thus the pellets fitted rather loosely inside. Each
individual pellet was uupported on a stainless steei wire mesh ecreen,
separated from the next pellet-screen assembly by a piece of gloss tube.
The pellets were located at the level of the thermocouple ports. The
Junction of the thermocouple touched the pellet. This enabled us to
observe the very umall temperature rises, Initiated by the reaction of
tihe pellet. When the latter cooled to the gas temperature, the pellet
was considered exhausted. As the reaction progressed from the lower to
the upper levels, the corresponding temperature increases and decreases
were observed. This is not reported il detJail because of the slight
variation of this temperature factor. These were small, mainly due to
the low flow rates.

It was very rewarding to see that even siatered, hard and dense
material (test 14) had still appreciable capacity for absorption. The

7 test was Interrupted when absorption had become too slow for practical
purposes. The -pellets of test -15 absorbed 837% of the incoming C02 , while
only 60% of the oxide content was converted to the carbonatt- Test 16
was terminated prematurely by mistake. The results would have been as
good or better than the ones of No. 15.

Test No. 17 gave exceptionally good rus,'.ts, 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 experimentu is the fact that absorption slows
down, The material is still active but the sites of activity become
less accessible. It can be postulated that at first mean free path
criteria are responsib!e for reactioct. Ai the .. r.sc ... yet . .onverted

from oxide to carbonate, the porosity of the honeycombed structure
decreases and a capillary diffusion controlled process takes over.

A very interesting observation is the unusually high water
retention capability of the pellets, 46 to 1.00% of the Incomitig water
being retained. In test 15 there is a 467. retention of water when
about 6010 of U,i2 0 is converted to carbonate. This, again, proves that
the conversion to LiOlU precedes the absorption of CO 2 .

Sample No. 118 was obtained in form of large frttted chunks of
oxide. The procedure to obtain this was explained above. Almost all
the runs; from 123-1.7 on were run accordilng to the samie techniqlae and-
most of them had the fritted texture.
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'TABLE XVI1

PRINCIPLE DATA OBTAINED FROM ABSORPTION "l'KS'fS ON LU2 0 PELLETS

Tesot CO2 Abs.
Pellet Flow Gas Gas Capocity CO2

Teat Sample Density AS. Rate Temp. R. 1. Passed i1 Col. ink
No. No. g/¢c m2/g I/min (C) 7% Min. In 1. g. g.

14 62 .76 Not .05 24,0 56 945 56,2 3.56 2.03
D0td.

15 66 .60 I .036 23.0 54 1330 68.6 1.87 2.48

16 48 .59 I .062 23.5 54 1315 66.5 4.69 2. 4 1

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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TABLIA. XVII (Continuied)

% LijO Uaed Cony. Hole

buh 11_0 Abad. CAIC. ftom Ctlc. From to LlOfI Ratio

7. % g. g . %,I 2 0 ALIaCO9 % 112 01C0 2

.95 47 .72 .42 58 '30 26.5 28.6 .88

1 .2 45 .85 .39 46 54 60 29.4 .85

1.58 65.5 .82 .92 100 41.5 32 47.8 .82

2.84 68.4 1,46 .25 17,2 95 96.7 1.3 1,22

4.21 86.8 1.74 .08 4.7 98.6 87i2 -7.6 .87
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Atteiipt n wirre tned4y to obtain a turger [r~tt~ed cukaflauraL (on by t0il:;
tecbniquo, but we failed even under very clonely cMutrol ted Ciondit1.ontg.
Apparently, thtt phyoteal parkilettaa play i- vLN1y IimportantL role durtilg
thei-mM derompooirion and the varlablas of rate of he~ntfiin mind temperaturest
ha~vt- to be adopted t~o Paclh width. depth and height p~j-alileter. Thlest-
eXpert-lurito were, Tode al: Ole c loti of W.Ur contract period and eoutd inol
be pursued within tile time available There is no doubt Littki Coiditiotnc
Can he found ooduer which larger coherent configurationn can be obtained.

A largu fUritted chulnk Of Samtple I118 waus carved into a cylindrical
shape 2.4 cm in diantetor and 5.5 cm long. For the purpose or teat 22, it
wliU encusedl in a tightly fitting eubber ulaevce. Thle test ga!] could
theretorov ho pushcd through tile porout; body itself. Tho reziLilts are
extremely favorable: almost total Vetc-11ofl Of CO2 eonComi"InL WiLlh art
auL;IIOLtotall COnVerl-lon of 11.20 tO 7.1-IC0 3 .

Most reveal ing tire the pressure drop data. This experimuent was
the firqst: where we actoally obsaerved a significant pressure drop01. It
maust b0 bornie ini viltd that thiueucmpol t..ion of the rcyl inder changes fromi
a 91.7%~ 1,20 before, to a 95.81%/ Ui1 CO3 aftor the test.

'thle ra lative pressuvo drop L Ap per cm co lumn length) saha I be
lxi imi lig per cm length, !to oymbol. baing 'Art These are;

Start 0.84 sit- hlg/em
End 1.08 111M Ila/cm

1Taking Inco accounti tile calculated void 8paces (92.3%~ before, and
80.87% after), the linear velocities, V, of the gas through the porous
body to as follouts:

Start 2.28 ma/sec-
E"Ild 2.64 rm/goc

i'tesoure drop and li near veloelty are related by the- law of Darcy
3,Wbere !Alt*' pr-9M* drop 'ýt '' e ~ It'

of flow. Thiis Law nitst be naodiflod for nGon~newton1,aii(low condition,
:Juchi 41" We i~xpertecncedj in t~he flowv Of 'gas t..laoubhi a io 110 porous body.
Such a mkodif lation call be fcortituuaL(d as fol lowr, (ref. 8, Page 206):

VV

Of special interest: ia the power fact~or b, which Isa unity in
newtoottaii flow conditions. For packed beds of granular lAOhI, 1) has been
determi-ted to be 1.121 (ref. 26).

Usilig tile data fromI tent: 22, we arrlv'p at tho following relatitonship:

(30) A1) 0. 196 x V' ''6
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'itio power factor ot1'ivaithew closely Lt-e on-e for grnntilar hodu
of JAiOU.

An~ long as the tinotir ve-Jociltvie~ Iarge eiioutgh to ma~ke enoug.h
*act.lve Ourfacoi dvatlhibl' for (C(2 vlh9rptJi.oio pov mnitt time, thiri nest
nfi~Lic. conditton Sil vefY efrective. A. vilr~oorV Oxwiiiatioi-i of ttvi
preliminury resultu OhOWO IIaL tLherv it) all ample margin Wt.Mirl w.hich& n
solid ConfiSUVnuion could be designed, based nolsly on a porous lithiium
o~ld~i body.

More data or* neccojary to obtain pl4eciae devigui parthnetero.
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SECTION IV

ENGINEERING, DESIGN AND rISTING OF REGENF.RATIOA ITNIT

General

The Mechanical Products Division of Atlantic Research Corporation
was awarded the contract to develop an air :cgcneration unit to remove
carbon dioxide from a manned sealed atmosphere. This unit is to employ
a highly active lithium oxide as an absorbing medium. This chemical was
developed by Lhe prime contractor, Lithium Corporation of America, Inc.
The hardware development has closely paralleled the research performed
at Lithium Corporation of America in finding and producing the most
effective form of lithium oxide.

DesigObect

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
design 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 operational requirements are such that the unit will successfully
remove the carbon dioxide that is generated by one man in one day. In
performing this task it must in no way contaminate the atmosphere with
lithium oxide dust, lubricant hydrocarbons, or other dangerous oi
undesirable contaminants. All electrical devices must be -,apable of
operating in essent:iaily 100 per cent oxygen atmosphere wi-h no exposed
mechanical switching permitted. TIhe materials must be light weight yet
capable of withstanding chemical attack from the lithium oxide and
moisture from the atiaosphere.

Th1e unit must be capable of unattended operation for a period of
24 hours with the utmost reliability. It is to be designed with the
capability of being easily recharged with liLhium oxide in a pre-packaged
foria that can be handled easily in a spacecraft environment.

System Selection

At: the initiation of this, pr,- ram it was intended to design a unit
that would depend on a combination of passive and dynamic gas regeneration.
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This policy was subsequently discarded ini favor of a marginal dynamic
system. The term marginal dynamic system refers to a system that
circulates the minimum flow rate of carrier 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 adequate molecular contact between the gas and absorber
under weightless couditions. However, a passive system depends on a
relatively large surface area of the absorbing chemicAl that will be in
free access to the atmosphere.

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.

-For -the -system -under --consideration, the absorbing chemical is
lithittm oxide in a granular form of 4-14 mesh. This chemacal has highi .
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
iikediately became apparent that a highly effective filter system would
have to be used in order to coLtain 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 t:hat a dynamic system
was selected. A secondary reason was that with a packed bed of lithium
oxide, a more compact configuration can be used leading to a smaller
overall envelope size and lower weight.

11nit D)esign

After a choice of sybtem type was made, various unit configurations
were evaluated from a volumte, weight, and gas flow standpoint. Calculationo
showed that the weight of lithium oxide applied would be 2.26 lbs. with
a volu•e of 488 cu. inches. lhis volume would more or less establish
the major portion of the unit size. Next, it would be necessary to
determine the type of blower required to circulate the gas.

A calculation of the minimum flow of oxygen required to circulate
the generated rate of carbon dioxide resulted in a carrier flow of 2.93 CFM
at ambient temperature and pressure. Since this flow was so low and the
anticipated pressure drop through the unit was also low, it permitted
the consideration of a small high-speed vane-axial fan. Based on predicted
pressure drop, a blower was selected.
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As mentioned before it was thought that it wouId be advantageous
if the design of the unit wouid permit replacing the spent lithium oxide
charge with a fresh charge rising a pre-packaged cartridge. This would
allow rapid replacement without the danger of lithium oxide particles
floating about the atmosphere during a transfer. This charge would be
packaged in a filter inedium and sealed in foil to prevent premature
conversion to lithium carbonate in the presence of carbon dioxide. The
unit was designed accoralngly.

Various configurations were thoroughly evaluated and most discarded
for one reason or another. 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
excessive, structurally strong, adaptable to forced circulation,
adaptable to effective filtration, low in pressure drop, and finally,
adaptable for cartridge loading. Calculations were made and selection
curves prepared to s ze the various dimensions in order that the resultant
shape would contain the required amount of lithium oxide. When the
optinum dimensions were selected, a weight calculation was made. If the
shape-still appeared to have merit, a pressure drop calculation was made
and filters were roughly designed.

From the foregoing procedure, the configuration that showea 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 occupies the base end of
the cone. The other end of the cone is a short plenum chamber at the
apex, to which the blower is mounted. The blower blov.s the gas through
the plenum chamber to an inlet filter, 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 advantages.

The velocity of the gas entering the bed is about 60 fpna and falls
to about 5 fpm at the exit of the bed under minimum flow 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 velocity will improve the absorption
efficiency.

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 absolute,
rl-tr', ~dn as fine as 5 microns. Ibis type filter has an inherently
high pressure drop. The conical configuration provides a low gas
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velocity and taximumn outlet filter area to reduce the pressure drop and
clogging during operation. The inlet filter has a high velocity and
small area where both conditions may be tolerated with no detrimental
effects due to its function and location.

Tests were conducted to find an effective filtering medium and
to gain reliable pressure drop data. A test fixture was built in which
a small cylindrical Uthlum oxide bed was terminated with a filter. The
filter could easily be reueoved. 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 ionization technique. Any lithium 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 tidiii data pressure drop vs. velocity curves were
made up for the filter materials.

The pressure drop through the bed of lithium oxide was obtained by
a combination of empirical atfd analytical methods. -Lithium-Corporat-ion
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 lowered by the
same factor. This procedure may not be verified analytically for filter
material. but will be close enough for total system pressure drop used
for blower selection. Furtlher 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 lithium oxide of high active surface
characteristics. A most typical test under 5 psia was No. 42 (Table XV).
85% of the incoming carbon dioxide was retained with a conversion of
81.5% Li 2 O to Li 2CO 3 . The total alkalinity of this material was originally
95.8% Li 2 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 order 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 2 per man-day require theoretically 1.63 pounds
of 12O. 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 expcrilients
resulted in a bulk density of 0.128 g/cc. 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 fpni 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 1D-40464, which is supplied under separate cover. In
Figure 31, a sketch of this unit shows the essenti-l parts.

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

The filter body contains the lithium oxide. It is 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-are method, and form attach-
ment points for the plenum chamber and the retaining ring and screen
assembly. The conical configuration adds inherent 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

nd ,"eat in qppearance.

All aluminum parts are plated with nickel to a minimum t:hickness
of 0.0003 inches, to protect the aluiiiumi from chemical attack. The
plating is of a dull matt finish to prevent undesirable reflection from
the unit. This finish is easily scratched and appropriate care 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 expendable and would normally be replaced
when the charge is renewed. It is therefore easily removable without
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the need of tools. To remove the filter, the eight 1/4-turn fasteners
are loosened, then the retaining ring and screen assembly are removed
which releases the filter and allows replacement of thMe charge on a
bulk loading basis. The retaining ring is made of 2024-T4 aluminum.
The screen Is made of 3003-1114 expanded aluminumt.

The filters used are the same as those furnished on the proto-
typeý The inletr 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 reconmnended operating temperature Is 175"F.
Tihe outlet filter is a nylon ielt of 18 oz./sq, yd. weight. The
permeability is 15-20 efm and the temperature Iimit 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 noise anaLysis
was performed and it was found •¢aat the submitted specificoa:ions could
be attained. In order to be su'te that there would be no inconvenience

_ generated, it was decided finally to supplant this motor by one which
- was-found to have- a noise level of 10 decibels leso than the previous

motor. The blower-motor chosen rates at 11,400 RPH, 400 cps, 115 volt-s
and has a noise level of 65 db at the noisiest location-- -- well within
the specifications.

The blower selected is a specially Lubricated unit suitable for
use in an essentially 100 per cent oxygen atmosphere. The blower was
sized to provide in excess of the 2.93 cfm flow required as a calculated
minilvuml.

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

(3t) Q '-nif where m = COZ generation rate lb./hr.

v - spcif• c vol. . .ftt.,flb.
mf = mass fraction of CO2

Specific volume v at 5 psia is 25.8 cui. ft./ib.

mf 0.0735 0.0147
5

i 0.1
9 =2.93 CFM

This was done to provide a margin of safety to insure adequate circulation
in case the system impedance Increased because of fitter contamination.
The blower moves about 8 cfm of oxygen at 5 psla with clean filters. The
power demand is 8 watts.

The lubricant used in the ball bearings of the blower meoe:or is
Dow Corning DC-33 silicon grease. Actual test data are not available for
establishing the expectant life of the motor operating in oxygen. It is
predicted that operating life will be in excess of 1000 hours minimum.
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The motors may be utored under normal room conditions for 3 to 4 years.
If the blowers are in a scaled dry atmosphere, this storage time may be
increased about 50 per cent. This will be the case because each CO,
absorber is sealed in polyethylene as the lithium oxide will make an
excellent desiccant.

A 0.1 mfd hermetically sealed starting capacitor is oupplied
which Bhould provide satisfactory operation in oxygen. ThIs capacitor
is conservatively selected at 600 VDC working voltage and should prove
to be extremely reliable.

In the eveiit that the unit Should be loaded oni a cartridge basis,
it should be done as follows. Tile inlut filter and outlet filter could
be dispensed with entirely. This would change the design by eliminating
the hilet filter flange and permitting the :dheet metal of the filter
body ro extend to the mounting flange for the blower. The 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 aid inlet of
the bag would be made of the type filter required at the ialet. The
base of the bag would be made of the tight filter medium required to
seal the lithium oxide dust within the system. This cartridge could be
packaged in vapor-tight, plastic-lined foil to prevent conversion to
lithium carbonate.

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

161 calculated - eight of the unit is 2.25 pounds without the

lithium oxide charge. Addition of the cikarge brings the weight tip to
4.50 pounds. The unit to charge weight ratio is 1.00.

The unit may be mounted at any attitude for satisfactory operation.
A ,wmunt Ing bracket may be attached to the screws holding the plenum to
the filter body. In fact, for temporary operation, the unit may be
conveniently placed on the floor, resting on the quarter-turn fastener.s
at the base of the cone.

Tests

A prototype of tlm' final design of the unit was subjected to
preformance tests. It was not possible to test t-his unit u•nder the
actual condition of 5 psia of oxygen as the carrier gas. The actual
tests were made with 27. C02 in air at 14.7 psia (atmospheric pressure).
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"TAILE, XV I I

COPOSITION OP' Li .O S3AMPLE8 BEFIORE AND AFTER TESTS

Samp le Z•,mpl¢l Wt. -K - %Lz % Li=O C03 % 11.0.. .

No. Before Afteo' I, lfore AftrL Before Afrter Before After

1 I 1366 2321 93.6 33Ai 3.3 55.7 3.1 IOS5

-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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I- F'low Rate alud 1,7sq~ 01rOL

Tile utflt Was tested for prertctre drops, an 'wel ki. tc he 011nle
ienleents Cotaponing it.,

The filters were tested utider varied flow condition6. The reoultr.
being- shown in Figure 32. It Ts aeon that the pressure drop contribution
of the outlet filter (100 sq. incheu) would bte about .01 Incl'ei w-ater
gauge, or extramely small. For the outlet filter (8.5 8q,. Inches) tile
pressure drop would be about .08 inches w.lg , 01(ing a (low rate of

cu. ft./fininute. With ca f'low L'atc of 81 cu. ft,. minute it would nsmotunl.
t.2ifichen %Vater galQ

The prosuzmrc d1rop cltita on the Ittithum oxid beJ hd are prnnented in
Fi.'tre 33.

At a flow rate (5 psia) of 8 CFH/nitnute (flotw into produced by cthe
bi owar-motor) t~he pressure drup can be e.clcul ated nol 1_2 ilmmehes walter
gauge per the totL1 bed (1]. inches of leng~t). This would aniotnt to a
totarl pressutre drop of the unit of -1.4 inches. Actually, we observed
0.6 inches of dibutyiphthiilate when the unit was tested tinder I atmosphere
pressure with the blower-utotor. this is a reasonably good chock.

When the flow rate is decreased to 2.93 CUM/minute (the inini~muau
flow requirements), we calcuinte a t~otanl pressure drop of .6 inchies water
of the totýM unit. The pressure drop was detprminod tind1er I Atmosphere
pressure In out actual performance tests. It amounted to about: .2 inches,
whi~ch is quite in accord with the expected value.

The catpacity of fiit erimnr was Lested qkval itAtiv.iy by chLcking the
effluent gnseos froi Al'kRl

The filter functioned perfectly and we never could detect any
alk'al1 to duqet.

The filter worked for iij-1ino-3 100 hours. No chnnge in pressure drop
could be observedi.

Visual inspection of the flilt-or did not reveal any substantital
Uincrease ini dusL.

27- Perforiwance

In Tables XvI IT & XIX, thp restilts of three tests are given.

Te-t Nr'. 1 was performc-d with i low activye tiurfacre aren twiterial
antl its principal purposO wans to clicck the phiysical behavior of the unit
tinder flow conditions) nnd t~he ftinct 1ons of the recording units for COý
in tile effluent and for the temperatures.
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'1e apparatus Is block diagranmed in Figure 7.

Sample B, used in tests 2 and 3, is representative 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 total
absorption time . the CO2 concentration of the effluent gas are plotted.
In test No. I, we observe a temperature rise, which reaches its peak at
t20 C at t2hermDocouple slte 2 six hours after the start of the test. There
are appreciable differences of temperature between the different sites
within the bed. The whole unit shows a symaietrical rise and fall of
temperature with time, quite in contrast to the phenomena observed on
the maall column tests. The thermal behavior of test 2 is quite similar.
Site 2 reached a peak of 162'r eight hours after start. This is the
consequence of the activity (Af the material.

In test I,- absorption had virtually ceased-when the wi-waus concluded after
45 hours. It is seen that at 28-1/2 hours absorption still took place in
test 2, 357 of the incoming CO 2 being ,Absorbed. At this point only 90% of
CO2 had been passed through the unit with respect to the total capacity of
the bed, 66.3% of the incoming CO being retained. This test was performed
at 60%7 relative htiidity at I atmosphere. The mole ratio H2 0/CO2 was .76,
rather low. If this test would have been performed with 607% relative
humidity at 5 psia, the mole ratio would have been above 2. A third test was
therefore initiated where 100% relative humidity at atmospheric pressure was
applied. Themole ratio was slightly above unity in this case.

The effect of the increased mole ratio is noticeable in the tempera-
ture profile and C02 absorption recordPi- shown in Figure 36, 2-1/2 hours
after start the temperature reaches a pc.". 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 almost uniform 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 C02.
At this point only 75% of the absorption capacity had been exhausted,
however, 937. of the theoretically required CO2 had been passed through.

"Th~eSe testo actually differ quite appreciably from the functioning
in the space capsule in two respects:

-,. '.' ' motor-blower in a test in the space capsule will pass
2 to .3 t.ý .. the maount of gas through the unit.

b. ThXe moe ratio !12O/COZ at 50% R.l1. at 5 psia will be 3.1
at 5%, a very reih z i2gher valte tLhan the one obtainable In bench tests

at. i. atmosphere.

ti0



04-1

V 41
SR j

0 k$1

~41

01

1/ 0

.4 11
/ t4

Ii I 0
/* 1 -4

100



~./•.' \ Therwocouple Sites

Incoming Gas

140. 4
• ."\\ 3
:l/"* "",. \

2

"\ \- Effluent -

wNo

14

5

600

10 Time (Hours)2

Figure 35 Prof-le8 of Temperature and % CO\ in Effl.ent in
Test No. 2 of Prototype
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Both conditions will, according to our sutall scale test results,
Increase the efficiency of the IA.O bed considerably. It can be predicted
that conversions will be close to theoretical. Th1ke unit should be able
to maintain the atmosphere at the prescribed level up to 30 hvurs with
a charge of 2-1/4 pounds of 93% lithixun oxide.

in spite of the very high bed temperatures of up to 170*C, the
effluent gases never reached temperatures above 44 0 C (111 0F). The average
is around 35%C In test No, 2 and 33%C in test No. 3. These are tempera-
turns well within the tolerance of a human being, giving only slight
discomfort.

Tit sampling the speut cbarges, it was discovered that the charge
was not homogeneously converted. Ii test No. 1, seven samples were taken
front different sites and showed the following results:

Sault)e No. % Li 2 CO3 %I Li0O

1 62.7 30.4
2 45.6 41.7
3 43.3 43.7
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 considered a sample and
according to accepted analytical practices the analysis of the final reduced
sample was accepted as the average.

Prior to saspiing, indiviAdul saiaples were taken from different sites
and it was observed that considerable caking had taken place In most parts
of the hed, but that in many parts, loose particles of the original
material were still in existance.

For test No. Z:

Local
S Wau-=q) No. % Li 2 CO3 . Li 2 0

l 68.4 20.3
2 93.2 4.o
3 87. •6 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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It is seen that almost completely spent materi•l coexists with
virtually unused lithitu oxide. All three Individual samples taken from
test run No. 3 were completely carbonated, while appreciable pockets of
oxide rich material still existed, as ia shown by the analysis of a
representative sample given in Table XVJITI.

This bears evidence to defects which were not anticipated;
Channe ling and caking.

Not enough tests could be perforsied on the final equipment to pin
down the causes of these defects. Caking might be a consequence of the
relatively high temperatures of the bed during the absorption of COg.
Caking, in turn, might be the cause of some channelling. However, it is
clearly seen that in test 3, absorption continues very actively in spite
of some caking-channelling, even when the bed was exhausted to about 70%
overall.
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SECTION V

CONCLUSIONS

Lithiwn oxide was obtained in granular forw which showed great
avidity to absorb CO1 from air when water vapor was present.

The synthesis of this granular form of oxide started with comercial
1.ithlum peroxide, which was converted to l1thitu peroxide peroxyhydrate
hydrate. This latter product was reconverted to peroxide by removing
wnter and hydrogen peroxide through a vacuum drying proccoa. The active
surface of the reco verted peroxide had Increased from values below
I m2/g to about 7 mM/g.

This peroxide was then thermally decomposed to oxide by A carefully
controlled furnacing operation. If done at 360 6 C + 5%C a highly active,
slightly sintered oxide is obtained which can be broken up inIo a suitable
size fraction. This oxide has an active surface area of 10 m /g or better,
and the individual graiule has structural strength.

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

The results show clearly that retention of CO2 can be as high as 90%
and that conversion of 7i2O to Li 2 CO3 can go alwAt to completion. The
pressure drop through the bed is very small and was therefore not' considered
as a variable parameter.

Most tests were performed with oxygen at atmospheric pressure, con-
taining 27. CO2 by volune. While this is not the actual spacecraft environ-
ment, it is sufficiently close to allow valid coicIua1ona.

For tests at atmospheric pressure, the following conclusions can hb
drawn:

Flow rate of the incoming gases influences the rate of absorption
moderately. Very good conversions have been obtained at up to linear
flow rates of 12 cm/sec.

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 gases by itself is not
of great consequence. Generally, it is seen that higher temperatures will
increase the conversion of oxide to carbonate.

If the relative humidity 1.s held constant, for instance at 507., the
amount of water vapor present In the gases veries greatly with temperature.
It is this variation which influences the conversion powerfully. The mol.e
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Figure 37 Percentage Conversion Vs. Mole Rtatio,
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Iligh Active Surface
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ratio of water vapor over carbon dioxide is related clearly to the per
cent conversion. This is shown in Figure 37 for highly active oxides
and linear flow rates front 5 to 10 cta/sec. The temperature of the gases
varied as widely as fuom 5°C to SO0 C (400F to 12007). ]-in order to obtain
Ueasoiiably good conversions, the mole ratio should be at least unity.
'rhis io an expression of the hypothesis that, CO2 absorptIon is achieved
only by 1.iO. and not directty by Li20. Another possibility is that whl.ie
LIOII might not necessarily be forniee, the abeorpti-n can only take place
by a three-way collision of water vapor, carbon dioxide and lithium oxide.
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507. Relative liumidity

A curve is extrapolatedc triough the origin, ao seen in Figure 37. Thil
uieans that in the al)seonc0 of water vapor, carbon dioxide is not absorbed
by Li 2 0.

In Flgur- 38, the teinperature is plotted versus the tmole ratio jIld
it Is seen that with . 2% CO tccst gas at 50% relative humidity, unity of
the molar ratios is reached at 310C for atinouphvric condition and at 12 0 C
for a 5 pola auntophore. Below these tempetatures, iticomplete conversion
c~an be expected.

A rule of thumb was derived front actual performance results:

'7% Relative Humidity x 'C
(32) % Conversion -

20

Applyitxg this rule, the actual conversion is located within a range of +I 5%.
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The lofl llneo of active surface area i. oxtromely Imlortant. At
the heSgitulng of our research ef fort .wuiy oxidca were tesotd which had
values from 3 to 8 m2/gram. While a generil rule cal be eotabitolied
that the activity incroaaeo with Increasing surface aroao, it cantot be
formulated quantitatively with the prosent data. A quite general ette-*
ment can be made: good converuionu (80' +) carn b• achieved only with
material having an active ourfaco higher than 9 m"/graw. Thls, of
coOTSOe, 10 conditioned tn turn by the parametorn discussed above, ouch
a@ flow rate, preasure, hIuaidity and remperaturf.

A number of teato undvt "? pale of oxygeti with approxifautoly 0. I patn
of CO2 showed iii gerieral, thht. the couchi uw out; drown from expelriesnLal.
tvutu at atmosphevic preaeure are voit,. 'The fact that. higther nole ratl~ob
of water over carbon dtoxlcde corrcapond: to the 50% relative humidity
condil:tion, wit P osllte excellent couvorg'lori. A t'aier~iai having arn
active ourface of i.12 ,win - gave eonvett4t10ono of about 115% at 38'
relative hua-ddiLy and 15iC. RotcntJiol of COZ wan complete (bottor
layer of teat 43).

The test& performed on the prototype of tho final unit did not
doviate esseitially from teia made ou atuailer qjantLice of L1 2 0. The
toets ware run with the minimal auount of CO at. 2% concentration passed
through the bed in 28 to 30 hours. The molu ratios wore rather low,
juitt about unity, in test No. 3. At the conclusion of this teat,

absorpLtion was still very active. Conversion was over 70%. The capacity
of the blower-motor LO 8 CVM; therefore, under actual conditions 2.7
times the a(ounr of C02 will be passed through the bed. Almost complete
aboorption lta to be expected, i.e., tite bed will be almost exhausted at
the end of t:he run.

Undoubtedly this will have the effect of altering the atmospheric
Content of C0: At the begi~nUig it will decrease, as the unit will
absorb faster, then the Verspirai-ory ,1bot-abo i .fel wil I furl-&.n CO.2 ]ito
the spocecraft. t i interaal atmosphere. Ai t'he absorption becomes slower
tihan rhe muttlasbollc outLpuLt of CO2 . tio concentration will risc, o aLttaln

hthe vallue of 0.0735 psla at the end of a 24-hour cycle. In a large
opacecraft, t:hls oscllt-tion will hardly be notlceoable but: In a very
ueutricLed apace, it coold be quite prouounced. When neveral perzsons,

are located in a spacecraft, multiple unota can be allowed to perfotm in
suitably spaced ititervals. This will tend to eveti out the CO2 conon,,
tratien e~cil..lns.

i~t was Intended to introduce a BaLlUfactory safety uwargin into the
recatfcr~n nt:_ - lith theoretical cap-wity of Lt'O (100%) wOu1d be
i.63 lb. for one wan-day. Our pod.uct . ctal-ne uuuall1 95% 3.110,

requiring 1..? lb. for tVhe purpose. We dccided finally to create enourh
space to house 2-114 pounds of oxide, thus having the posalbility to load
130% of the oxide r-equired. 'The units were delivered fully loaded. It-
is expected that the useftil work trine io 30 hours per unit (97% conversion).
Actiually, it ',a aufficient. fv, the uniLt to work at a 78% conversion level
t0o u%,-Pt t-he AFn1 Clfi.Cnt Lon Sti!pu11.od .1 the contract.
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'lic total unit: will weigh 4ýlf2 poijnd~i. half of whie,1ch eonoat"n fn
artIve charppv- 'Cli unit to deslgned in autih n way that It can be re-
Chi1,Irgod wi Lbi Ak W.Ulini un of 11icoiiveii1i. cac-. Addit.ional1 ctiorgee. Cktn be
caLried edirard, weighing frow 1-3/4 to 2-1/4 potioda.

The vottane of thle total unt;lt It about .53 CF, Ito specific weight,
theruture, 8-t./2 pounda/ClF or i.36 e/ec.

The condi~tionn of eiltnuoa vi-brttioo and 4lcceierotiifl wore
considered it, the design.

'[%e filters upplied Lu the hiouoing rallow opt-ration for at least
100 hou~rs Witou01t; Chleiige. Ir7ritA~tig MailkIAMn cON.do du04L ca-not permeate
into t~he biteathi~n& aroophere. 116t f 11 tro can easily bho %-xchangvd, i f
Lhea unit kihokild be required toD operate couioutoknly.

- hel~e A ime of a 11totor te. eit-fitimted to be- 2500 hoijits or 104 dayon.
Ths owatail could live LII a space-craft for one year carrying aboard 3

-spare mtnoIora, 700 poundal of 1liuthi oxidip (06 CF) and two or three upare
filters.

A certaiin =hunrun of Caking atid cliat-nell) jng waa obnerved in the bed
of the regeneration unit, IL did not. affect the efficiency to a degroo
whlih would have made necoasary a chtange Ln design. it must be stated
however, that those phenomerna should be studied tusre in detail bofore a
Filnal dealgit is accepted for tuse in thle aeuiual spacecraft. it couldd be
visualized that the "'megaphione shaped" filter unit hass to be modified.

While thAO GenistktfIC or static-dynaniic concept of air regenerction
han been succonsful in thc past as well as In thle present. researcht tile
recognition of the principal validity of the concept of purely static
regenerationi made it expedient to explore the possibility of the use. of
Mi.0 ar at itatltc obsorbeot. A rigid form of 8ood structural properties

would be rcqui uod, whet it waa obk1,-!VV~d Uta it nuiu Of the hthoo
".120 Obtalned Were- slghtly frItted, It could be vtouniized that. such
.4 Formn CouLd bW flade.

An actualt taqt on a piece of thia I ritted or sintered material te-
Vcealcc that; the g3:3 3treaml Coti Id tip forced 4thrmiglh iu ut'.~h niot. too groilt
t; preu.-ure droep. Cooveralor, wan complete and did not alter the permea-
bflhty tiubstant~Ally. Several 0uteminpts to produce larger pieces met with
in I lure. It war. found that Lthe rate of. heating and Ltt, fitial tempeq)ra-
ture depend on t:he size and configuration of tile tsolid frit:.

U Is kipdoubitedly possl hlt to obt-nin Ruch at tiaterial With appropriate
design Of a Special frurn.-e. This, could be achiteved by dcucrmitiling the
variablers of ratec and i- cmper tk ure. Shapes, IIkc it cyl isidr ical tube with
the gas finlet through Lthe iunctte ttibe r~nd -Ind La penuceat ion th rouigh the
wnllsI are p)ossible. A simpler dleaigi, might, be plater, vither pla-in or
with a corrugated sutrfilce. Thene pliteo could be plaiced Litit special



holtder or cou~i h be fastened mi Lhe wall ]s o'f 01i c.-blin. Ind jeaL i~n
dvest~u~ff could ceveal Lbet adCPgtceŽ of convcrsial 1:1- j'IiII pce v.ithini tHi
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