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FOREWORD

This report* summarizes an open duct potassium superoxide
(K02 ) canister test program which was performed during the
second phase of work on a study of thermal and atmospheric
control systems for manned and unmanned space vehicles. The
study was conducted over a period of 18 months by the Space
and Information Systems Division (S&ID) of North American
Aviation, Inc., under contract AF 33(616)-8323 and was spon-
sored by the Flight Accessories Laboratory of Aeronautical
Systems Division. The Los Angeles Division (LAD) of North
American Aviation and AiResearch Manufacturing Company were
subcontractors in the study effort.

The purpose of the program is to study the problems
associated with the control of temperature and atmospheres
in military space vehicles. Several hypothetical vehicles
have been analyzed and designed to define potential problems
of environmental control. These problems are being solved
by analytical and laboratory investigation, and their solu-
tions optimized by the physical integration of components
and by other means.

This document represents a part of the total program,
procedures, designs, and test associated with the selection
of space vehicle thermal and atmospheric control systems
based on equipment and physiological criteria. The total
effort includes the formulation of several hypothetical
space vehicles (including supporting systems), the study and
selection of compatible and promising thermal and atmospheric
control systems, the development of improved methods of
analysis and the presentation of a set of specific examples
to illustrate supporting background and data, or present
other aspects of the equipment and physiological criteria
study program. The other reports issued as a result of the
second phase study are as follows!

ASD TR 61-164 I --*Environmental Control Systems
(PART II) Selection for Unmanned Space

Vehicle.Secret Report

ASD TR 61-24o **Environmental Control Systems
(PART II) Selection for Manned Space

Vehicles, Volume I (unclassified)
and Volume II.Secret Report

*Contracror's number NA-62-283
"* Unclassified Title
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ASD TR 61-161 Space Vehicles Environmental
(PART II) Control Requirements Based on

Equipment and Physiological
Criteria

ASD TR 61-119 Radiation Heat Transfer Analysis
(PART II) for Space Vehicles

ASD TR 61-p0 Space Radiator Analysis and
(PART II) Design

ASD TR 61-176 Integration and Optimization
(PART II) Concepts for Space Vehicle

Environmental Control Systems

ASD TR 62- Temperature Control Systems
(PART I) for Space Vehicles

ASD TR 61-162 Analytical Methods for Space
(PART II) Vehicle Atmospheric Control

Processes

ASD TR 62- Atmospheric Control Systems
(PART I) for Space Vehicles

During the third phase of the program, the above listed
reports will be supplemented as new information is made
available. Also, additional reports will be prepared on new
subjects of interest for thermal and atmospheric control
systems.

The thermal and atmospheric control study program was
under the direction of Mr. A. L. Ingelfinger and Mr, A. Gross
of the Environment Control Section, Flight Accessories Labora-
toz'y. Mr. J. P. Allen of the Environment Control Section
acted as monitor of this report, and Mr. R. E. Sexton served
as the Project Manager at S & I D.

The author gratefully acknowledges the contributions of
the following persons from the Engineering Laboratory in
carrying out the test program: J. Dunham, C. Hansen, A.
McKinstry, D. Rinehart, L. Martens, and S. Tobey. Appreciation
is also expressed to M. A. Sulkin, G. W. Campbell, R. A. Pasellj
R. A. Sturgill, and J. B. Truett, of the Aero-Thermo Develop-
ment Group at LAD, and A. Bialecki of S & I D, for their
assistance. All drawings and art work in this report were
prepared by E. Rush at LAD.
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ABSTRACT

New experimental techniques, and their results, used to
develop and evaluate the effects of simultaneous multiple
operating parameters on potassium sBperoxide (K0 2 ) canisters

for life support systems in manned space vehicles, are
presented in this document. Actual experiments using rodents,
men, and simulated-man, are described and compared. Experi-
mental characteristics of single and dual canister (demand)
atmosphere composition control systems are analyzed. The
best method for experimental definitive Respiratory Quotient
matching is described. A new annuiar screen device for a
chemical canister which prevents blocking of the airflow in
a granular solid chemical bed due to high absolute humidity
is shown and described. A canister design method was developed
to determine basic K0 2 canister sizes for atmosphere composi-
tion control system tests on a real-time, one-man basis. The
dominant role of PC0 2 in establishing the C02 adsorption rate
and the 0 generation rate is shown, as well as the roles of
absolute Rumidity and catalysts in establishing the 02
generation rate. Empirical induction was used to try and
substantiate (unsuccessfully) a previously accepted theoret-
ical equation of a K02 bed. A series of comparative tables
and curves has been analytically and experimentally derived
for 02-C02 generation and adsorption support levels for one
man.

PUBLICATION REVIEW

This report has been reviewed and approved.

FOR THE COMMANDER:

I. illiam C. Sava e
Chief, Environmental Branch
Flight Accessories Laboratory
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SECTION I

INTRODUCTION

This document presents the experimental methods, and
results, of an open duct test program conducted at the
Los Angeles Division of North American Aviation, Inc. to
develop and evaluate potassium superoxide canisters for
life support systems in manned space vehicles. The con-
tracted open duct K02 canister test program was accomplished
between July 1961 and February 1962. Results of earlier
experimental programs at the Los Angeles Division of North
American Aviation, Inc., using K0 2 and KOH in dual-canister
closed-circuit life support systems for animals and men,
were utilized to orient this research, and are also discussed
herein. These earlier tests were conducted between April 1960
and August 1961.

Under the present contract, an open duct solid chemical
test facility was developed at LAD, and the difficulties in
instrumentation peculiar to these experiments were solved.
A new technique for studying the effects of simultaneous
multiple operating parameters on solid chemicals for life
support systems has been developed in conjunction with the
open duct test facility. The open duct solid chemical test
facility makes possible full-scale whole-man tests in real
time, allows changing of many operating parameters, and the
observance of response rates to changing conditions. It also
allows for the simultaneous testing and comparison of three
different solid chemical canisters against a standard control
canister. Such experiments result in the near-optimum
operating conditions becoming known for various canisters
and chemicals, and provides rapid design evolution for these
canisters. An analytical canister design method was also
developed to determine basic KO2 canister sizes for atmosphere
composition control system tests on a real-time, one-man basis.

Under the present contract the program provided a new
annular screen design for a solid chemical canister which
assures alternative air flow paths around used or fused
portions of a chemical bed, and through all unused portions
of the chemical bed. Useful lifetime of this new annular
screen KO canister was extended at least 250% over that of
a straigh?-through axial flow canister. On a weight basis,
the availability of oxygen from the KO2 canister was increased
at least 125% by use of the annular screen device. Whereas
this device is mainly intended for use in closed-circuit

Manuscript released by the author in March 1962 for publication as an ASD
Technical Documentary Report.



respiratory systems for life support of men in sealed cabins,
submarines, pressure suits, fire-fighting, and rescue breath-
ing apparatus, it may also be very useful in any chemical
process where a gaseous stream is passed through or over, a
solid granular chemical bed. In the successful canister
(with the annular screen device), the air-flow was maintained
for almost 30 hours with almost no increase in pressure drop
across the canister. In K0 2 canisters without the annular
screen device, the airflow was completely blocked after a few
hours by the formation of a solid plug across the inlet of
the canister.

Also, under the present contract, a series of comparative
tablea and curves have been experimentally derived for 02-C02

generation and adsorption support levels (with K0 2 ) on a one
man basis. The role of absolute humidity in establishing the
rate of 02 evolution was shcwn in the reactions of the K0 2
bed. The dominant role of C02 partial pressure in establish-
ing the C02 adsorption rate, and the 02 generation rate, was
experimentally shown by means of the test data. The perform-
ance of K0 2 canisters when K0 2 is mixed with a hydrophilic
physical adsorber, a C02 chemical adsorber (chemisorption)
and/or a porous mechanical separator was shown by means of
the test data with many interesting results not previously
demonstrated. Also, a well-known theoretical equation show-
ing K0 2 alone will match man's R.Q. could not be substantiated
by empirical induction from the results of these extensive
tests.

Man-rate support level graphs were plotted with the
man-rate production, or adsorption, as a function of time,
from the results of integrating (geometrically) the areas
under the experimentally derived curves for 0 generation
and 0O2 adsorption. The results show that thR ability of a
K0 2 canister to support the respiratory requirements of a man
is mainly dependwnt on the bed packing configuration, inlet
C02 partial pressure, and inlet absolute humidity.

BACKGROUND

In 1960, the USAF Ballistic Missile Division, indicated
to North American Aviation, Inc., that they were seeking
proposals concerned with placing a recoverable monkey-
occupied satellite in circular orbit for at least 72 hours.
A research program was designed and carried out by the author
in 1960 for the evaluation (with animals) of a closed-loop
sealed cabin air renewal system utilizing solid chemical

2



sources. (Reference 1). The results of that experimental
*tudy demonstrated the ability of a composite solid chemical
system (potassium superoxide, potassium hydroxide, and activa-
ted charcoal) to renew the air in a sealed cabin with the
chemicals in individual canisters. Two female white rats were
sustained in excellent health for twenty-five days in a
completely sealed enclosure equipped with the solid chemical
air renewal system. (Figures 1, 2, 3 and 4). During the
twenty-five day test the pressure within the sealed system
remained at or near one atmosphere, and the air temperature
in the rat enclosure was maintained at 75 ± 9 OF. Control
of atmospheric composition (with respect to 02 and C02) was
accomplished with a manual system by limiting the air flow to
the potassium superoxide canister in accordance with 02 demand,
and increasing a portion of the air flow to the potassium
hydroxide canister when the C02 level rose above the desired
limit. A desired relative humidity of 30 to 50% could not be
maintained using manual control of a chilled-water heat
exchanger, and the average daily relative ..- midity gradually
increased from about 30% at the start of the test to about
80% at the conclusion of the twenty-five days. Also, inter-
mittent failure of the refrigeration system caused the
chemical canisters to inadvertently be used for water removal,
which resulted in the formulation of a caustic liquid in the
KOH canister. Entrainment of the liquid into the downstream
connections and aluminum tubing caused considerable corrosion
of the aluminum and a buildup of salt deposits. An example
is shown in Figure 5. Airflow was thus restricted and the
test was discontinued after the twenty-fifth day.

In September of 1961, at the Los Angeles Division, three
men were maintained in a sealed chamber for-14 days as part
of an investigation of a life support system of the Space and
Information Systems Division of North American Aviation, Inc.
(Reference 2 and Figures 6 and 7). During this test, two
separate atmospheric composition control systems were
utilized. The primary system, consisting of stored gaseous
oxygen, and lithium hydroxide for C02 removal, operated
satisfactorily. The secondary system consisted of the same
composite solid chemicals used in the rat test, (K02 , KOH,
and activated charcoal). This system operated satisfactorily
until a caustic liquid formed in the (vertical) KOH bed,
drained into the canister sump, and filled it to the over-
flow point within 8 hours; on cooling in the sump, the liquid
crystallized and plugged the drain line causing shutdown of
this unit. No liquid was formed in the KO canister. How-
ever, a 2-3 inch hard plug of salt crystals formed at the top
of the (vertical) K02 bed, restricting the airflow, and
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causing shut-down of this unit in about 22 hours. It was
thought that the plugging of these canisters was due to exces-
sive moisture content of the air passing through the canisters,
and further it was believed that the C02 level in the system
was so low that there was insufficient CO2 available to con-
vert all the very hygroscopic KOH (produced in the KO2 bed
from the reaction between K02 and 1120) to carbonate.

NATURE OF THE PROBLEM

Whereas the closed-loop sealed cabin air renewal system
test with the rats successfully demonstrated the ability of
a composite solid chemical system to revitalize the air, it
did not demonstrate this capability for a single solid chemi-
cal (such as K02) to both absorb 002 and generate 02 in the
proper proportion to match the animal's respiratory quotient.
A deliberate attempt was made to maintain constant operating
parameters (such as temperature, relative humidity, partial
pressures, gas velocity and gas residence time in the canis-
ters). Also, only one K02 canister design was used. There-
fore, information on the effects of changing the operating
parameters, canister dimensions, and/or bed packing con-
figurations (upon C02 adsorption and 02 generation charac-
teristics of the K02 bed) could not be readily obtained. It
was also hoped that further tests would show what mechanisms
caused the plugging of the K02 canister in the manned test.
This called for investigation of various C02 concentrations

and absolute humidities in the (supply) air to K02 canisters,
and investigation of improved K02 canister designs.

ADSORPTION AND ABSORPTION

In this report, the terms adsorption and absorption are
used synonymously. In a strict sense, however, absorption
is a physical taking up of matter in bulk by other matter,
or penetration of substances into the bulk of a solid or a
liquid. Adsorption is either physical or chemical (chemi-
sorption). Physical adsorption is reversible by physical
forces only (no chemical reaction), and is a characteristic
surface or interface phenomenon. Chemisorption is an irre-
versible adsorption by both physical and chemical forces;
reaction occurs between the surface of the adsorbent and the
adsorbate. Examples of physically adsorptive materials are
molecular sieves and activated alumina. Examples of chemi-
cally adsorptive materials are KO02 and LiOH.
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SECTION II

OBJECTIVES OF TEE PROGRAM

There were several objectives to the open duct K0 2 canis-
ter test program, as follows:

1. To attempt to prove or disprove the feasibility
of using a single chemical, K02 , for both C02
adsorption and 02 generation in a mol volwume
ratio which 'ill match man's R.Q. (respiratory
quotient).

2. To determine operating parameter control re-
quirements necessary for matching man's R.Q.
with a single solid chemical, if possible,
or with a mixed (stzgle canister) solid chemi-
cal system in lieu of a composite (dual
canister) solid chemical system.

3. To provide experimental data on the effects
of operating parameters (temperature, humidity,
partial pressures, linear gas velocity, and
gas residence time) upon the CO adsorption
and 02 generation characteristigs of K0 2 beds.

4. To provide test data for the development of
design criteria - both dimensional and bed
packing-configuration - for a K0 2 canister
which will assure alternative air flow paths
around used or plugged portions of the
chemical bed, and through all unused portions.

5. To investigate the performance of K0 2 canisters
when the KO is mixed with other chemicals such
as a hydrophilic physical adsorber, or a carbon
dioxide chemical adsorber.

6. To investigate various CO2 concentrations and
absolute humidities in the (supply) air to the
K02 canisters in an effort to show what mech-
anisms may have caused plugging of the K02
canister in the manned life support system
test (Reference 2).

12



SECTION III

CONCLUSIONS

The objectives of the open duct K02 canister test program
were answered as follows:

1. The attempt to prove the feasibility of using
K02 alone for both CO2 adsorption and 02
generation in a volume ratio matching man's
R.Q. was not successful. However, such a
feasibility cannot be ruled out completely
because as yet unknown procedures, processes,
or catalysts (see page 59 ) may eventually
offer a successful solution.

2. It was not possible to determine operating
parameter control requirements for matching
man's R.Q. with K02 alone, or with a mixed
solid chemical system (i.e., mixed in a
single canister). All indications are,
however, that a dual-canister system (see
page 16 ) operating in a closed ecological
system (see page 59 ) would furnish the
operating parameter control requirements
for matching man's R.Q.

3. The test program did provide a great deal of
experimental data on the effects of the
operating parameters upon the C02 adsorption
and 02 generation characteristics of K02
beds. (Appendix B).

4. The program provided a new design - both
dimensional and bed packing configuration -
for a solid chemical canister which assures
alternative air flow paths around used or
fused portions of a chemical bed, and through
all unused portions. (See pages 4o, 46, 89).

5. The performance of K02 canisters when K02 is
mixed with a hydrophilic physical adsorber,
a carbon dioxide chemical adsorber (chemi-
sorption), and/or an inert porous mechanical
separator (see pages 39 and 40 ), was inves-
tigated with many interesting results not
previously demonstrated.
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6. The test program was successful in showing
what mechanisms caused the plugging of the
KO2 canister in the manned life support
system test. (See pages 101 and 103).

7. An open duct solid chemical test facility
was developed, and the difficulties in
instrumentation peculiar to these experiments
have been solved.

8. A new technique for studying the effects of
simultaneous multiple operating parameters
on solid chemicals for life support systems
has been developed.

9. A series of comparative tables and curves
have been experimentally derived for oxygen-
carbon dioxide generation and adsorption
support levels (with K02 ) for one man.
(Appendix B).

10. The dominant role of C02 partial pressure in
establishing the CO2 adsorption rate, and the
02 generation rate, was experimentally shown
in the reactions of the K0 2 bed. (See pages
59 and 60).

11. The role of absolute humidity in establish-
ing the rate of 0 evolution was shown in
the reactions of Lhe K02 bed. (See pages
59 and 60).

12. A well-known theoretical equation showing
K02 alone will match man's R.Q. could not
be substantiated by empirical induction
from the results of these extensive tests.
(Pages 74, 75, and 76).

13. An analytical canister design method was
developed to determine basic K02 canister
sizes for atmosphere composition control
system tests on a real-time, one-man basis.
(Appendix A).

14. A theoretical physico-chemical process for
K02 with 20 and CO2 was developed. (Page 60).

15. A chemical utilization index was developed
for K02 canisters. (Page 66),
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Section IV

RECOMMENDATIONS

ADDITIONAL TEST PROGRAMS

Further test programs are recommended on the basis of
the results obtained so far in this experimental development
and evaluation of composite solid chemical canisters for
atmospheric composition control in manned space vehicles.

The Open Duct Canister Teast Facilit

Using the same open duct canister test facility, the
following approaches should be taken:

1. The effects of several reduced abeolute
pressures on the performance of K0 2
canisters (the "A" configuration) should
be investigated at several levels of temper-
ature, absolute humidity, and % C0 2 . The
performance parameters which should be
measured are the inlet 02 and C02 concen-
trations, the inlet absolute humidity, and
the static pressures at the inlet and outlet
of each canister.

2. The effect of various catalysts on the
chemical R.Q. of K02 should be investi-
gated in an effort to find out whether
or not a catalyst can be selected that
will control the C02 absorption - 02

generation of K0 2 to match man's R.Q.

3. Using the existing open duct canister test
facility, and a test procedure similar to
that of the K0 2 tests, investigations should
be made of,

(a) the operational parameters of
lithium peroxide (Li 0 ) as an
02 generator and C02 Mb~orber for
use in atmospheric composition
control systems.

(b) the feasibility and advantages of
combining Li2 02 with lithium super-

oxide (Li0 2 ).
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Such tests would be concerned primarily with the acquisition
of basic operational data to evaluate performance and R.Q.
matching ability of the lithium oxides.

The open duct solid chemical test facility makes pos-
sible full-scale whole-man tests in real time, allows changing
of many operating parameters, and the observance of response
rates to changing conditions. It also allows for the simul-
taneous testing and comparison of three different solid chemi-
cal canisters against a standard control canister. Such
experiments result in the near-optimum operating conditions
becoming known for various canisters and chemicals, and
provides rapid design evolution for these canisters.

The Sealed Cabin Air Renewal System Test Facility

Using the sealed cabin air renewal system test facility
(page 4 ), the following approaches should be taken:

1. In order to obtain more definitive R.Q.
determinations, a sealed cabin test should
be conducted utilizing small animals to
demonstrate the feasibility (and reliability)
of a dual-canister solid chemical system to
support animal life over a long period of time,
up to 30 days. This closed system test would
utilize the "A" canister configuration
(annular screen device) as one canister of
the dual-canister atmosphere composition
control system. The "A" canister would con-
tain K02 with catalyst, supported by the
annular screen technique. The other of the
two canisters making up the dual-canister
system would contain LiOH only.

2. If the Li 2 02 proves superior to K0 2 , it may
be substituted for K0 2 in the dual-canister
system above.

16



Section V

TEST DESIGN

BACKGROUND

A solid chemical system was proposed for atmospheric
composition control of a sealed cabin. Compared to gas or
cryogenic storage, algal, or chemo-electrolytic regenerative
systems, a solid chemical system offers the following opera-
tional advantages: lower power consumption, ambient cabin
gas pressures, minimum (or no) insulation, low leakage rate,
no boil-off, and greater reliability. The open duct K02
canister test program was proposed to furnish critical
design information needed for K02 oxygen generating - carbon
dioxide absorbing canister beds intended for long duration use
in manned space vehicles.

Potassium superoxide, in common with other solid
chemicals used for atmospheric composition control, possesses
the advantage of room temperature operation without the re-
quirement of high pressure equipment. Unlike many other
solid chemicals, K02 may serve a dual function of C02 removal
and 02 production. The use of K02 for atmospheric control
is not new. Units employing K02 are produced commercially
for emergency use in submarines, ships, aircraft, and in
mines. Results of the closed-loop sealed cabin air renewal
system test suggested the need for more (canister) tests of
improved K02 bed packing configurations, with the operating
parameters controlled in an attempt to prevent channeling of
the airflow through the canister bed, caking of the super-
oxide, slugging of the ductwork by caustic liquid, and
over- or underproduction of oxygen with consequent mis-
matching of man's R.Q. A survey of the available literature
revealed a lack of the information required to answer these
design and performance problems. The manned test (Reference 2)
further indicated the need for such information.

A number of variables could be expected to effect the
performance of a K02 canister in an atmospheric system.
These include:

1. Temperature of the inlet air.

2. Dewpoint of the inlet air (as a measure
of absolute moisture content).

3. C02 concentration at the inlet.
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4. Air flowrate (bed velocity).

5. K0 2 bed length and diameter (ratio).

6. K0 2 bed-packing configuration.

7. Mixture of TO with reactive or non-
reactive chemicals.

8. Grain size of the K02.

9. Ratio of 02 to inert gases in the inlet
air.

10. Total (atmospheric) pressure at the inlet.

Due to limitations in time and funds it was decided to
evaluate only the effects of items 1 through 7, which were
considered to have the strongest influence upon canister
performance. If all possible combinations of all ten vari-
ables at three levels were considered, about 59,000 tests
would have had to be conducted. Seven variables at three
levels would still have required over 2,000 individual tests
if all possible combinations were tested. Therefore, we
reduced (by intuitive Judgement) the plan for testing all
possible combinations to a reasonable number of individual
tests (i.e., 67 tests in the original plan) which we believed
would satisfactorily indicate the effects of all test para-
meters on canister performance. It was decided, at that time,
to perform the tests in two phases, i.e., the first phase
would consist of 66 short run individual tests (conducted
three at a time by paralleling canisters), and the second
phase would be a single larger individual canister tested
for an extended period of time. After the basic effects of
all test parameters were observed in the short run tests, a
near-optimum set of operating levels would be selected for
the extended duration test of the "best" (selected) canister
design. This final canister was to be run to the point of
exhaustion to investigate practical design criteria such as
channeling, and effective yield of the bed, and to identify
problems that might occur during extended operation. During
the first phase tests, some of these canisters were to be
run to breakthrough. Sequential testing was to be applied
throughout, and thus the experimenters could stop after any
change of operating conditions, or change of canister design,
and examine the accumulated results (to date), before deciding
whether to continue the experiment as outlined above, or make
changes in the original test plan. In this way, the ex-
perimenters were allowed freedom to alter any operating con-
ditions or canister designs (as the test program progressed),

18



which definitely appeared to be leading us away from near-

optimum operating conditions or near-optimum canister design.

GENERAL DESCRIPTION

A test was considered to consist of passing room air at
controlled levels of temperature and absolute humidity, gas
velocity, and C02 concentration through four KO canisters in
parallel, for a specified length of time. Three of the
canisters were to be test units whose design (bed dimensions
and internal packing) were to be varied from one test to the
next; the fourth canister was to be a small commerical
emergency unit used as a control standard in all tests.
First phase testing was to consist of short-run tests of 4
to 5 hours duration, with a portion of these short tests run
to exhaustion (about 8 to 10 hours), for various combinations
of values for the operating parameters (temperature, dew
point, gas velocity, and C02 concentration). The design
parameters (internal packing configuration, and bed length
to bed diameter ratio) were to be varied from one test to
the next. (See Table 3). Measurements were to be taken
intermittently throughout all tests to determine 02 and C02
concentration, humidity, and static pressure at the inlet and
outlet of each canister, thereby permitting canister perform-
ance to be associated with time as well as with values of
the test parameters.

THEORETICAL CONSIDERATIONS

The existing literature gives many theoretical re-
actions of a K02 bed with water and carbon dioxide. Some
of these are indicated in Table 1. The extent to which
these reactions occur is not well known, particularly the
hydration of KOH and K 2CO3. The chemical equilibria of an
active K02 bed are very complex. The major parameters appear
to be the input absolute humidity and % C02 concentration,
the air mass-flow, and the temperature of the chemical bed.
Several of the most likely reactions from Table 1 can be
combined into the following overall equation:

4 K02 + 3H20 + 2 C02 = 2 2003 3 20 + 302

Water may be absorbed in the K02 bed without equivalent 02

evolution, possibly due to hydrate formation. The chemical
literature indicates the formation of H202 in a K02 bed
provided there is no catalyst present to decompose the
peroxide. This peroxide decomposition is highly exothermic
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Table 1 Chemical Reactions of K0 2 Bed

4 Ko2 + 2 H2o - 4 KOH + 3 02

2 KOH + C0 2  M K2C0 3 + H2 0

KOH + C02  - KHCO 3

KHCO + KOH - K2CO3 + H20
3

KOH + 3/4 H120 - KOH * 3/4 H2 0

KOH + HO0 - KOH , HO02 2

KOH + 2 H2 0 - KOH • 2 H20

2 KOH - 2 H20 + CO2 - K2 00 • 3/2 H20 + 7/2 H20

K2 CO3 + 1/2 jo - K2 O3 - 1/2 H20

K2C03 + 3/2 H20 - K2C0 3 • 3/62 H20

2 K02 + 2 H2 0 - 2 KOH + H202 + 02

"202 cat. Ho + 1/2 02

KO + CO 0-1K
2 2 2C04

-2C04 + C02 0-1 0 02K° C 0o5 + 1/2 02

K 2C04 + CO2 0-10C K2 C206

K2CO heat K2CO3 + 1/2 02
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and readily catalyzed by heavy metal oxides. Therefore, to
provide a high 02 generation rate, an H2 02 catalyst should

be incorporated into the K02 bed.
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Section VI

TEST SET-UP AND INSTRUMENTATION

DESCRIPTION OF TEST FACILITY AND TEST INSTRUMENTATION

Test Set-Up

Three axial blowers were used to supply room air to the
test system. These blowers together had a capacity of about
19 SCFM at 18 inches of H20, which was sufficient to compen-
sate for all impedance in the test system, and provide the
required airflows through the canisters. The first stage
blower was wrapped with a copper coil through which cold tap
water flowed carrying away some of the heat of compression.
(Figures 8, 9, and 10). Doimstream of the third stage
blower an aluminum water jacket was welded around the aluminum
air duct, and cold tap water passed into, and out of, this
cold water jacket further reducing the heat of compression.
(Figure 10).

The air next entered the chilled water aircraft-type
heat exchanger (Figure 11) where it was cooled to a pre-
determined dewpoint, and any condensation removed through a
condensate drain and trap. The water which circulated through
this heat exchanger contained ethylene glycol to depress the
freezing point of the liquid coolant (to < 32V), and prevented
freeze-up of the chilled water refrigeration units (Figure 11)
which was the cause of the intermittent failure of the refrig-
eration units in the animal test (page 3 ). The liquid coolant
loop contained a pump, a 3-way valve, and a sump. Originally,
the sump was included with the intention of passing liquid CO2
through methyl alcohol (in this sump) for a coolant, but when
this idea was discarded (so as not to increase the normal
PC0 2 in the room) in favor of vapor-cycle (Freon) refrigera-
tion units, the sump thereafter served no real purpose. The
3-way valve was modulated (manually) to provide the required
dew-point in tests calling for absolute humidities less than
that of the room air. If an absolute humidity was required
which was greater than that of the room air, steam was
generated at the inlet of the first stage blower. When the
absolute humidity was reduced, the excess moisture condensed
in the heat exchanger was removed by the trap.
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Immediately downstream of the chilled water heat ex-

changer, C02 gas was resulated and metered into the air duct
from a pressure bottle. This bottle was charged from a plant
liquid C02 line to 300 psig before each test run.

Air of the required dew point and % C02 concentration
was then passed through a 1500 watt finned-strip heater which
was activated and regulated by a thermostat as required to
provide the proper dry bulb temperature and % relative
humidity.

Downstream from the heater was located the sensing element
of the electric hygrometer after which the air entered a dis-
tribution manifold. From the manifold it was distributed
through the aluminum ducting to the four canisters, and also
through a by-pass bleed line, to ambient. The air passing
through tha canisters was discharged into stainless steel
ducting from the outlet of each canister (or its stainless
steel transition piece) and was vented to ambient. Orifice
meters were located in the ducts between the distribution
manifold and each canister.

Pressure Instrumentation

Pressure taps connected to water manometers were used
throughout the system. Monitored points included:

P1  - upstream of hygrometer sensing element

P 2  - upstream of orifice, canister No. 1

6P 3  - differential of orifice, canister No. 1

P10 - upstream of canister No. 1

Aill - differential of canister No. 1

P4 - upstream of orifice, canister No. 2

AP5 - differential of orifice, canister No. 2

P12 - upstream of canister No. 2

AP 13- differential of canister No. 2
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P 6 - upstream of orifice, canister No. 3

P A - differential of orifice, canister No. 3

P - upstream of canister No. 3
14

AP 1 5 - differential of canister No. 3

P8 - upstream of orifice, canister No. 4

AP9  differential of orifice, canister No. 4

P16 - upstream of canister No. 4

AP1 - differential of canister No. 4

Temperature Instrumentation

Iron-Constantan thermocouples connected to a Brown-
Electronik recorder were used to indicate wet bulb and dry
bulb temperatures throughout the system. Temperature rise
across the canisters was monitored by a Honeywell Brown
Electronik Potentiometer Pyrometer. Monitored points
included:

T - upstream dry bulb of canister No. 1
- downstream dry bulb of canister No. 1

T3  - downstream wet bulb of canister No. 1

&T - temperature rise across canister No. .1

1

T5 - upstream dry bulb of canister No. 2

T - downstream dry bulb of canister No. 2

T 6 downstream wet bulb of canister No. 2

T - temperature rise across canister No. 2

24



7 7 - .....

T8 - upstream dry bulb of canister No. 3
T8 - downstream dry bulb of canister No. 3

T9 - downstream wet bulb of canister No. 3

ST3 - temperature rise across canister No. 3

T10 - upstream dry bulb of canister No. 4

Tl1 - downstream dry bulb of canister No. 4

T - downstream wet bulb of canister No. 4
12

NT4  - temperature rise across canister No. 4

T - dry bulb downstream of electric hygrometer

T14- coolant temperature at 3-way control valve

T - by-pass dry bulb

T16 - by-pass wet bulb

Water Analysis

The water content of the inlet air was monitored with an
electric hygrometer, dry bulb and wet bulb thermocouples in
the by-pass line, and a Hygrophil wet bulb-dry bulb "gun".
The water content of the outlet air was monitored by dry
bulb and wet bulb thermocouples located in the exit ducts, and
by the Hygrophil "gun".

Oxygen and Carbon Dioxide Analysis

Through a series of sampling valves and lines, the
inlet air, outlet air, and standardizing bottled gases could
be directed through Drierite rubes, Fisher & Porter Rotometers,
and the sensing elements of the gas analyzers. A Beckman
Model E2 oxygen analyzer, and a Beckman Model 15A infrared
carbon dioxide analyzer were used for the gas analysis.
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Table 2 Test Instrumentation

Recorder: Honeywell Brown Electronik
Model 153X89-CS-II-III-16A4
S/N 834684
Range - 100 to +1100OF
Chart No. 66o8
FLS 4795
NAA N-241-525

AT Indicator: Honeywell Brown Electronik Potentiometer Pyrometer
Model 156X15V
S/N 725352
Range 0 to 5mv
ELS 2990
TSC 16453

Oxygen Analyzer: Beckman
Model E2
Ranges 0-3, 0-6,0-30%
ELS 4829
NAA S-252-998

C02 Analyzer: Beckman Infrared
Model 15A
ELS 4209
TSC 34006

Hygrometer: American Instrument Company "Electric Hygrometer"
Cat. No. 4-5171SIN 1015
ELS 37 2
NAA 219261

Gun: Atkins Technical Inc. "At Hygrophil Gun"
Model 4450
Range 14 to 176° F
S/N A-0934
ELS 4848

Sling: Bacharach Ind. Inst. Co.
Sling Psychrometer
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Section VII

MATERIALS AND EQUIPMENT TESTED

CANISTER CONFIGURATIONS

Canisters of various packing and dimensional configura-
tions were tested. Table 3 describes these canisters.
(See Appendix A for derivation of canister sizes, gas flow
rates, chemical weights, etc.). Figure 19 shows the Lucite
canister shells in modular sizes. Figure 20 shows a typical
10" module with the "A" configuration, while Figure 21 is a
sectional view of the same canister with its transitional
ducts. Figures 22 and 23 are exploded views of the "A" con-
figuration, and Figures 24 and 25 are view of A-8 canister
which consisted of two 10" "A" modules joined in tandem.
Figure 26 is typical of the 5" module in either the E or C-2
configuration. Figure 27 is a view of the 10" module in D
configuration (four slotted inlet brass probes, and one
slotted outlet brass probe). The annular screen is present
in all "A" configurations, activated al znina is present in
the single "B" configuration, and LiOR is present in all "C"
configurations. LiOH is also present in other configurations,
but in those cases it is not the dominant design consideration.
"D" is a single configuration utilizing the slotted brass
probes in conjunction with LiOH. Corrosion is seen on the
brass probes. The plugging of "E" and "F" configurations was
extremely important in the final evaluation of the role of
the annular screen in the successful A and A-8 configurations.

The contents of each canister were packed by a manual
loading operation in the proportions indicated in Table 3.
The catalyst, copper and manganese oxides, had been im-
pregnated in a portion of the K02 granules during their
manufacture by the Mine Safety Appliances Company. The pur-
pose of the catalyst is apparently to decompose H202 formed,
and thus increase the rate of 02 production from the KO2.

The yellow KO granules were of 2 to 4 mesh size with a
density of-40 lbsyft 3 . The black lava rock was a porous
volcanic cinder of about 2 to 4 mesh, and had a density of,
51 lbs/ft 3 . The purpose of the lava rock was to act as a
porous inert mechanical separator whose action (it was hoped)
would slow down the rate of increase of canister impedance
during operation of a canister. This was not too successful
as can be seen in the AP columns (for the "C" canister con-
figuration) of the partially reduced data sheets for tests
P-l, P-2, P-3, P-4, and its use was abandoned.
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The activated alumina (density = 60.6 lbs/ft 3 ) was chosen
for test purposes as a hydrophilic adsorber on the assumption
that its use would prevent an excessive collection of either
water-of-reaction or atmospheric water in the canisters with
resultant slugging and plug formation. From comparison of the
AP columns of the partially reduced data sheets (P-1, P-2, P-3,
and P-4) it was seen that its effectiveness was rather limited,
as was LiOH (density = 35.4 lbs/ft3 ) when used for the same
purpose. L±OH had the additional advantage of being a C02
adsorber, but it too was unsatisfactory (as a single device)
for controlling slugging in the K0 2 bed.

The molecular sieve (Linde X13, density = 43.0 lbs/ft 3 )
was tried for the same purpose of water control in the canister
bed, but its true value as a single controlling device was
obscured by the fact that the annular screen was aiso present
in every configuration that contained the molecular sieve.
However, since the annular screen by itself (configuration "A")
was so successful in controlling plugging, the elimination of
the molecular sieve during the development program was sub-
stantiated on a least-weight optimization basis alone. Also,
the use of molecular sieve was contra-indicated by the fact
that the adsorption of water by the molecular sieve inhibited
the evolution of 02 from the K0 2 . A short study was made of
other hydrophilic adsorbers, and some promise was indicated
for diatomaceous earth, silica gel, Perlite (expanded silica),
vermiculite (expanded mica), Drierite (calcium sulfate),
chopped blotter-paper, and chopped egg-carton paper. The
same consideration for least-weight optimization, as applied
to the molecular sieve, might also rule out the above
materials.

Although a description of all canister configurations can
be found in Table 3, the following paragraphs describe the
"A" canisters in detail because the "A" configuration was the
most successful design tested, and also the most promising
for practical application.

STRUCTURE OF ThE "A" CANISTERS

The canister consisted of a 5" inside diameter Lucite
cylinder of 10" (and also 20") overall length. The cylinder
was made with flanges at both ends to fit in the open duct
system, and between transition pieces with 150 half-angles.
Inside the Lucite cylinder there was positioned (by means of
a flange on the outer screen, and grooves in the cylinder
flanges) a nested cylindrical double-screen insert. The
inner screen formed the core. Between the core and the
outer screen, the granular chemical was packed. The inlet

40



end of the double-screen was closed by means of a plate which
had four annular slots (with a total cross-sectional free
area equal to the 1" duct leading to the transition piece)
and which allowed the air to pass into the annulus formed
between the Lucite shell and the outer screen. The outlet
end of the double screen was closed by a circular screen
mounted across the spider and flange which positioned it
within the shell. This end-piece screen was welded to the
cylindrical double screen.

OPERATION OF THE "A" CANISTER

The air flowed through the annular slots, passed axially
down the annulus between shell and outer screen, flowed
transversely and radially across the packed chemical bed into
the core, and thence to the outlet. The air could also flow
axially through the packed chemical bed directly to the out-
let. Its construction provided for a very large area of the
chemical bed being exposed to a very low velocity flow of
the airstream, instead of the usual small cross-sectional
face area presented to the air path in straight-through
canisters.

The double canister (see Figure 24) was an example of
how the modular feature of the canister can be exploited.
Two 10" long canisters were Joined in tandem. The inlet
plate was not used in the second 10" canister, but was re-
placed by a circular screen with a rubber plug to force
annular flow in the second shell, (see Figure 25).

COMPOSITION OF THE "A" CANISTER MATERIALS

'Te outside shell of the canister was rade of Lucite for
viewing the chemical bed during the tests, but can be made of
any non-corrosive material. The mesh screen and inlet plate
was used for certain test purposes, but the plate may be
solid in the center with no opening for a plug.

CALCULATED WEIGHTS OF KO2

The weight differences of the KO2 in various canisters,

as given below, must be taken into account for any final
comparison of the effects of operating parameters upon the
0 2 -C0 2 generating and adsorbing rate characteristics of K0 2
canisters.
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CONFIGURATION K02 lbs

A-3 1.05

B, C 1.47

c-2 1.47

MSA 2.00

D, A-4, A-5,
A-6, A-7 2.11

E 2.20

A, A-2 3.16

A-8 6.32

F 8.80

These calculations were made on the basis that a 5" x 10"
canister filled entirely with K02 (with or without catalyst)

contained 4.4 lbs of K02. (See Appendix A, paragraph 11).

Also, the assumption was made that 30% of the volume avail-
able for K02 was taken up by the annular screen device, and

the same for the one canister with the brass probes. The
bulk density of the K02 was taken as 41 lbs/ftD. The weight
of K02 in the MSA canister was measured, not calculated.

42



Table 3 Canister Configurations

Canister Description

A. K02 + Catalyst + Annular Screen

B. 1/3 X02 + Cat. + 1/3 Lava Rock + 1/3 Act. Alumina

C. 1/3 K02 + Cat. + 1/3 Lava Rock + 1/3 LIOH

NSA. Nine Safety Appliance Standard "Chemox" Canister;
K02 + Cat. + Flat Screens

A-2. K02 (No Cat.) + Annular Screen

A-3. 1/3 K02 + Cat- + 1/3 Lava Rock + 1/3 Molecular Sieve
+ Ann. Screen

D. 2/3 K02 + Cat. + 1/3 LiOH + Brass Probes

A-4. 2/3 K02 (No Cat.) + 1/3 1.S. + Ann. Screen

A-5. 2/3 K02 (No Cat.) + 1/3 LiOH + Ann. Screen

A-6. 2/3 K02 + Cat. + 1/3 M.S. + Ann. Screen

A-7. 2/3 K02 + Cat. + 1/3 LUOH + Ann. Screen

E. K02 + Cat., in 5" long canister (no screen)

A-8. KO, + Cat., in two 10" long canisters .in tandem,
with screens, and slotted plate at inlet only.

F. K02 + Cat., in 20" long canister (no screen)

C-2. 2/3 K02 + Cat. + 1/3 LiOH, in 5" canister (no screen)

NOTE: All canisteris 10" long except aa noted in E, A-8, F, and C-2.
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Figure 19 20", 1O"and 51" Lucite Canister

Shells
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Figure 20 Inlet View, Canister A, Assembled
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Figure 27 Inlet View, Canister D, Partial Assembly
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Section VIII

TEST PROCEDURES

PRE-TEST PROCEDURES

The oxygen analyzer and carbon dioxide analyzer were
calibrated against standard gas prior to test runs. Calibra-
tion time for standardizing the analyzers was approximately
one hour. The battery operated Hygrophil "gun" required re-
calibration before each reading. Pre-conditioning the system
was accomplished by turning on the tap water to the cold water
jacket (to prevent heat overload in the system and remove heat
created by the blowers), adjusting the refrigeration unit to
condition the air passing through the heat exchanger
(ethylene glycol solution was used as the cooling agent in
the refrigeration system), adjusting the heater to re-heat
the air to the required temperature, opening the by-pass line
for monitoring the air with the Hygrophil "gun", and adjusting
the carbon dioxide flow from the pressurized bottle as required.
Three hours were allowed for the pre-conditioning period before
the test canisters were valved "on-stream" in the system.

TEST FUN

Placing the canisters in operation, i.e., "on-stream",
consisted of opening the gate valves at the inlet duct to
each canister, monitoring the orifice meter manometer board,
adjusting the differential pressures across the orifice to
obtain the desired flow rates, and re-adjusting the carbon
dioxide flow from the bottle to the desired concentration.
Maintaining constant inlet conditions required periodic
checking of the refrigeration temperature, re-adjusting the
gate valves in the ducts to the canisters as the differential
pressure increased across the canisters, and maintaining the
desired carbon dioxide concentration in the system.

DATA RECORDING CYCLE

Twenty-five minutes were required for each recording
cycle. The following steps were incorporated in obtaining
data for evaluation of the atmospheric composition control
systems;

1. Recording inlet conditions of temperature,
pressure, relative humidity, and the analy-
sis of oxygen and carbon dioxide concen-
trations.
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2. Recording parameters for canisters number 1
and 2: static and differential pressures at
each orifice meter; static pressure and dry-
bulb temperature at the inlet to each canister;
pressure differential across each canister; dry
bulb-wet bulb temperatures at the outlet of
each canister; analyses of the oxygen production
and carbon dioxide adsorption of each canister.

3. Recording cycle for canisters number 3 and 4
required the same procedure listed above with
the addition of recording the dry bulb-wet
bulb temperatures in the by-pass (bleed)line.

4. The frequency of the data recording cycles
depended on the absolute humidity at each
canister inlet.

A high absolute humidity required a data recording cycle each
half hour, whereas a low absolute humidity required a cycle
only once each hour. These cycles were continued as long as
oxygen was generated, or carbon dioxide was adsorbed in the
canisters.

TEST CONDITIONS

Series P-1, P-2, P-3, and P-4

Initial test conditions of the first four test series,
P-l, P-2, P-3, and P-4, were identical in the following
respects:

1. The size of the test canisters (not including
the NSA control standard) was 5' x 10".

2. The face velocity to the test canisters was
about 0.55 ft/sec. (It should be noted
that the face velocity inside any canister
with the annular screen device (series P-1
through P-10) is always much lower than the
face velocity to the canister (i.e., to the
slotted metal plate across the annular screen).
This is because the annular screen area pre-
sented to the airflow is about 7 times greater
in the 10" long canister, and about 14 times
greater in the 20" long canister than in
canisters having axial flow onlyl.
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3. The (canister) inlet temperatures were about
70-80'F, except series P-3 where the temper-
atures were about 95-1000 F.

4. The absolute humidity of the inlet air was in
the range of about 45 to 75 grains H2 0/pound of
dry air.

The C02 concentration to each canister inlet was about
1.0% for series P-1, P-2, and P-3, and about 0.5% for series
P-4.

The main variable under investigation in series P-1,
P-2, P-3 and P-4, was the canister bed packing configuration.
Canister position #1 had the A configuration, #2 had the B
configuration, and #3 had the C configuration. (Table 3).

Series P-5

Initial test conditions for the canisters in series P-5,
were identical in the following respects:

1. The size of the test canisters (not includ-
ing the MSA control standard) was 5" x 10".

2. The face velocity to the test canisters was
about 0.55 ft/sec.

3. The (canister) inlet temperatures were about
80 F.

4. The absolute humidity of the inlet air was
60 to 80 grains H2 0/pound of dry air.

5. The CO2 concentration to each canister inlet
was about 0.5%.

The main variable under investigation in series P-5 was
the bed packing configuration. Canister position #1 had the
A-2 configuration, #2 had the A-3 configuration, and #3 had
the D configuration (Table 3).

Series P-6

Initial test conditions for the canisters in series P-6,
were identical in the following respects:

1. The size of the test canisters (not includ-
ing the MSA control standard) was 5" x 10"l
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2. The face velocity to the test canisters was
about 0.33 ft/sec.

3. The (canister) inlet temperatures were
about 71-7660 F.

4. The absolute humidity of the inlet air was
about 12 to 28 grains H2 0/pound of dry air.

5. The C0 2 concentration to each canister inlet
was about 0.2%.

The main variable under investigation in series P-6 was
the bed packing configuration as follows:

#1 , A-2

#2 A-4

#3 , A-5

Series P-7

Initial test conditions for the canisters in series P-7,
were identical in the following respects:

1. The size of the test canisters (not includ-
ing the MSA control standard) was 5" x 10".

2. The face velocity to the test canisters
was about 0.33 ft/sec.

3. The (canister) inlet temperatures were
about 73-790F.

4. The absolute humidity of the inlet air was
about 90 to 108 grains H2 0/pound of dry air.

5. The CO concentration to each canister inlet
was abgut 0.2%.

The main variable under investigation in series P-7 was
the bed packing configuration as follows:

#1, A

#2 , A-6

#3 , A-7
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Series P-8

Initial test conditions for the canisters in series P-8,
were identical in the following respects:

1. The size of the test canisters (not includ-
ing the MSA control standard) was 5" x lO".

2. The face velocity to the test canisters was
about 0.33 ft/sec.

3. The (canister) inlet temperatures were about
70-80 0F.

4. The absolute humidity of the inlet air was
about 10 to 20 grains H20/pound of dry air.
(Near the end of this test the humidity was
allowed to rise to about 74 grains H2 0/
pound of dry air).

5. The CO concentration to each canister inlet
was abgut 0.5%.

The main variable und.r investigation in series P-8 was
the bed packing configuration as follows:

#1, A

#2 , A-6

#3, A-7

Series P-9

Initial test conditions for the canisters in series P-9
were identical in the following respects:

1. The size of the test canisters (not includ-
ing the MSA control standard) was 5" x 10".

2. The face velocity to the test canisters was
about 0.55 ft/sec.

3. The (canister) inlet temperatures were
about 72-800 F.

4. The absolute humidity of the inlet air was
about 55 to 88 grains 2 0/pound of dry air.

5. The C02 concentration to each canister inlet
was about 0.2%.
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The main variable under investigation in series P-9 was
the bed packing oonfiguration as follows:

#1 , A

#2 , A-6

#3 , A-7

Series P-10

Initial conditions for the canisters in the last, and
final, series P-10 were identical in the following respects:

1. The face velocity to the test canisters was
about 0.33 ft/sec.

2. The (canister) inlet temperatures were
about 70-80VF.

3. The absolute humidity of the inlet air
was about 60 to 87 grains H2 0/pound of
dry air.

4. The CO2 concentration to each canister inlet
was about 0.2%.

The two main variables under investigation in series P-10
were the canister size and bed packing configuration as
follows:

#1 , E, and C-2 (5" x 51)

#2 , A-8 (5It x 20")

#3 , F (511 x 20")

58



Section IX

DISCUSSION

THE ROLES OF CARBON DIOXIDE, WATER AND CATALYST

The partial pressure of 002 plays the dominant role in
the reactions of the K02 bed. Its dominance is even greater
in establishing the CO2 adsorption rate of the K02 bed than
in establishing the rate of oxygen evolution. (Figures 155
and 156, and 155 and 160). The oxygen evolution rate may be
adequate (for a time) even with a low CO2 partial pressure
provided the absolute humidity is sufficiently high (Figure
163). In such cases, however, the C02 adsorption rate is
inadequate (Figure 1641). Since it may be desirable that a
sealed cabin provide a low partial pressure of CO2 for
respiration, the insufficiency of the K02 to chemically
match the man's R.Q. at a low % C02, must be in part cor-
rected by an additional C02 adsorber in a dual canister
system. Canister A-8, while remaining unplugged the entire
run of 1765 minutes (29 hours and 25 minutes), would not
maintain the support level for one man after 375 minutes

6 hours and 15 minutes). The "A" canisters in P-2 and P-3
Tables 26 and 27) showed a more than sufficient 02 genera-

tion rate up to 4 3 5 minutes (7 hours and 15 minutes), both of
which experienced a high absolute humidity and a high C02
partial pressure. The PCO in canister A-8 was very low,
and probably accounts for ?his difference. No long duration
run was performed with an A-8 configuration using both high
absolute humidity and high PC0 2 . It would have been interest-
ing to see how long the canister would have sustained one man
under such conditions. The test run of canister A-8 in-
dicates that a problem still remains in using K02 to support
a man for a long period of time. The effect of the catalyst
on the 02 evolution rate is shown in Table 30, P-6, A-2, A-4,
and A-5. In the absence of the catalyst, the 0 evolution
rate drops sharply. Therefore, it is possible Lhat a cata-
lyst (other than that used in this test program), or dif-
ferent operating conditions (such as bed temperature, or
total pressure)than those used in these tests may be selected
which will allow the man's support level to be reached and
maintained by KO over a very long period of timj. In the
rat test, howeve;, the K02 did maintain the physiological
support level of the animals for 25 days, which indicates
there may be difficulty in obtaining the same R.Q. responses
in an open duct system as those experienced in a closed
ecological system. Chemical R.Q. determinations apparently
are best made in a physiolcgical closed-loop respiratory
system.
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It is believed that the water and CO2 reacting with the
K02 forms a K2C03 coating around the K02 granule. At a low
partial pressure, the CO, may not diffuse well through this
coating, whereas with a Figh partial pressure the C02 can,
and thereby the evolution rate of oxygen will be maintained
as required for physiological support. Some white-coated
(K2C03) K02 granules from test run A-8 were broken open and
unused yellow K02 was observed. The more effectively the
support level was maintained (in other tests) the more com-
pletely white (K2CO ) were the KO granules inside. Figure 28
is a diagramatic representation oi this theoretical physico-
chemical process of a K02 granule with H20 and C02, as appears
to be indicated by the results of these open duct canister
tests. In the first two steps of the diagram, (4l, A 2 ), 120
initiates the process by first hydrating the K02 (evidenced by
a color change from yellow to orange), and then with more H20
forming an outside layer of white K0H (from this hydrate layer).
At the same time, more yellow K02 becomes hydrated in a layer
beneath the newly formed white KOH. In step 3, (A), the outer
layer of K0H becomes K2C03 under the influence of t0 2 , and the
layer beneath changes from hydrate to KOH, etc. In step 4,
(4), the KOH layer has "moved" beneath two layers of carbonate
by virtue of further action of H20 upon orange hydrate
(K02 • %10) at that depth. The last step, n, represents the
ideal end-point if 100% conversion from K02 to K2C03 has
occurred, and a I represents the summation of all the
finite incremental changes between steps 4 and n. Under low
PC0 2 , the K0H layer, as it "moves" deeper in the granule,
does not change quickly enough to K2C03, and since KOH is
very hygroscopic, water is not available for further hydration
and reaction with the K02, and consequently the rate of 02
generation falls below the man-support level. Identification
of the crystalline compounds at the different layers, and
proof of this theory, might be accomplished by X-ray dif-
fractiun of micro-slices through the granules, or by the
technique of inorganic micro-qualitative analysis.

THE ROLE OF THE ANNULAR SCHEEN

The effectiveness of exposing a large area of the
chemical bed to a very low velocity flow airstream (as
accomplished by the annular screen in configuration "A") in
order to indefinitely prevent plugging of the canister is
very well demonstrated in Figure 41, and Table 14. The
configurations with the annular screen consistantly showed
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the minimum pressure drop across the canister both at the
beginning and at the end of every test run. There was never
any important increase injP whenever the annular screen was
used, i.e., never more than 00 'H20 increase per linear foot,
and usually much less, regardless of the absolute humidity.
The increase in resistance to the gas flow is a function of
how well the granular state of the chemical is maintained.
Water vapor (present in a physiological respiratory circuit)
passing through a granular hygroscopic chemical, either
directly by physical adsorption or indirectly through chemical
adsorptive processes, tends in time to turn the granular
chemical either into a soggy mass (Figure 40) which greatly
restricts the gas flow, or into a fused solid salt plug
(Figures 39 and 41) which completely blocks off all air pas-
sage through the canister. This has been the biggest draw-
back to the use of solid granular hygroscopic chemicals in
any chemical process wherein a liquid vapor (such as water
vapor) is present in the gas stream. The double canister
(Figure 24) is an example of how the modular feature of the
annular screen can be exploited. Two 10" long "A" canisters
were Joined in tandem in which case the inlet plate was not
used in the second 10 canister, but was replaced by a cir-
cular screen with a rubber plug to force annular flow in the
second shell (Figure 25).

ADVANTAGE OF THE ANNULAR SCREEN DEVICE OVER THE CONTROL CANISTER

The control used in all tests was the standard Mine Safety
Appliances (MSA) Company "Chemox" canister. This canister is
used in the "Chemox Oxygen Breathing Apparatus" (Figure 29)
which is a self-contained breathing circuit operating independ-
ently of the outside air. The replaceable "Chemox" canister,
containing KO with a catalyst generates (upon contact with
moisture in the exhaled breathi a supply of oxygen for breath-
ing requirements for a short period of time (i.e. about 45
minutes when used in the "Chemox Apparatus"). The evolved
oxygen flows upward through the canister and into the breath-
tnv bag reservoir where it is cooled, and then passes through
the inhalation tube to the wearerts facepiece. The evolvement
of the oxygen automatically continues in accordance with
breathing rates. An automatic timing device rings a bell at
the end of a preset time (45 minutes) to indicate that the
wearer should return to fresh air.

In the "Chemox" canister, the air can flow only axially
through the packed chemical bed. The consequence of a small
cross-sectional face area presented to the air path is the
deterioration of the granular nature of the chemical bed, with
a resultant increase in resistance to the air-flow through a
soggy or fused chemical bed. The NAA annular screen device
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maintains the chemical bed in the granular condition regard-
less of the length of time it is operated, even under condi-
tions of high absolute humidity, or low partial pressure of
carbon dioxide, in the air stream. The NAA annular screen
device should prove very useful in any closed-circuit res-
piratory system using K02 or lithium oxides in the canister.
This canister device should also be very useful in any chemi-
cal process where a gaseous stream is passed through, or over,
a solid granular chemical bed. This may be in a chemical
process having nothing at all to do with atmospheric composi-
tion control.

TEMPERATURE EFFECTS IN GENERAL

It was expected that the inlet temperature would affect
the performance of a K02 canister in an atmospheric composi-
tion control system. In test series P-3 (Table 7) the inlet
temperature was raised to about 95-100°F. The favorable
effect of this on the O generation of configurations A, B,
and C is seen by comparing Figure 149 with Figure 145. At
200 minutes: for example, the average 02 generation rate is
increased about 67%. If configuration A only is compared at
200 minutes (in Figures 145 and 149), the 02 generation rate
is seen to increase about 68%. The annular screen (in con-
figuration A) shows an even greater superiority over C and
MSA at the higher temperature in P-3 than at the lower (normal)
temperature in P-1. The 02 generation rate of B is better
than either C or MSA at the high temperature, presumably
because the water-absorbing capacity of the activated alumina
"(in B) is negated at the higher temperature.

The effects of increasing temperature on the CO adsorp-
tion rate characteristic is seen by comparing Figurei 146 and
150. At 200 minutes, configurations A and C appear not to be
effected by the increase in temperature in their CO adsorp-
tion rates, although the increased temperature did increase
their 02 generation rates. Configuration B hlis increased its
CO2 adsorption rate about 41% with the increase in temperature,
presumably due to negating the influence of the alumina, making
more free water available for reaction. The MSA configuration
has decreased its C02 adsorption rate by about 35% at 200
minutes. This follows along with the slight decrease in 02
generation rate (of the MSA Configuration) at the higher tem-
perature. Referring back to page 42 we see that B and C have
less K02 in their configurations than does MSA. A, however,
has more than MSA. This order holds true for the 02 genera-
tion rates in Figure 145, but (unaccountably) in Figure 149,
this order does not hold true for 02 generation rates at the
higher temperature.
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As regards CO2 adsorption at either the lower (Figure146) or the higher (Figure 150) temperature it is seen that
although C is of a less weight (KO 2 ) than A or MSA, it has
the highest C02 adsorption rate, presumably due to the
affinity of the LiOH for COP. Configuration B, although con-taining a lesser weight of KO2 than MSA, shows a higher
(Figure 150) CO 2 adsorption rate than MSA (at the high tem-
perature). This may be due to additional water being freedfrom the alumina by the increasing temperature, and becoming
available for reaction with K0 2 .

The effects of temperature could not be pursued more
fully during this test program, but the results of series
P-3 clearly show that in any of the other test series where
the 02 generation rates failed to reach the man support level.
an increase in the inlet temperature (or KO bed temperature)
would have increased the 02 generation to t~e support level
required, provided, of course, that the other conditions were
satisfactory. These other conditions are parameters such as
packing configuration, absolute humidity, partial pressure of
C02, airflow rate face velocity, etc. It is interesting to
note (on page 67 ) the effect of a higher bed temperature onthe chemical utilization (02 generation) index. In series P-2,
this index for canister B is %/I12%, while in P-1 the index for
B is only - 40%. The major operating parameter difference
between the two was a higher bed temperature for B in P-2 than
in P-1. Also, in series P-2, the index for canister C is
117%, while in P-1 the index for C is only- 53.5%. Here
again, the only operating parameter difference was a higher
bed temperature (evidenced by a higherAT) in P-2 than in P-1.

The effects of absolute humidity, PC0 2 , and temperature
on 02 generation rates, are graphically shown on pages 68, 69,and 70. The effects of absolute humidity, PC0 2 , and tempera-
ture on C02 adsorption rates, are graphically shown on pages 71,
72 , and 73.

FLOWRATE EFFECTS IN GENERAL

Some comparisons may be made concerning the effect ofchanging velocities in identical canisters. Comparing the
canisters in series P-7 and P-9 (both of which series havesimilar absolute humidity, % C02, and temperature conditions)by inspecting Tables 31 and 33,'we note that in the first
fifteen minutes of operation, canister configuration Aexperienced a 150% increasg In CO adsorption at the increasedairflow rate (P-9), and A-b experienced about 67% increase inC02 adsorption. Similar increases are seen for A-7 ann theMSA canister. The 0? generation rates are not increased asconsistently in P-9 %higher velocity) compared to P-7
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(lower velocity), but they do show some increase (about 20-25%)
in the A and A-7 configurations. Face velocity to the canister
will be a less important factor in a closed-circuit respira-
tory system than in an open duct system. The closed-circuit
offers repeated passes of the same atmosphere through the
canister, whereas the open duct system used in this test pro-
gram is a "one-shot` process.

RELATIVE CALCULATED CHEMICAL UTILIZATION INDEX

Table 4 3hows the relative calculated chemical utiliza-
tion index (%) of each canister configuration (for the best
set of operating parameters at which it was tested), based
on the weight of K02 in the canister. Because of economic
(and time) considerations, emphasis was placed on testing in
such a manner as to most rapidly develop a near-optimum cani-
ster design, and to discover as quickly as possible the broad
areas of near-optimum operating parameters. Because of these
facts it would be difficult to say that any particular cani-
ster configuration could not have had a higher relative index
number, given more favorable operating conditions. Table 4
must be interpreted with an eye to the "varying operating
parameters", which are not shown on the table. Time is one
example of a variable operating parameter which must be con-
sidered when interpreting Table J. The "best" index was
determined irrespective of time. The "best" indexes for A-8
and MSA, for example, were determined at 2000 minutes (extra-
polated past 1765 minutes) and 1120 minutes respectively.
Time for other "best" indexes varied from 317 to 575 minutes.
Another set of utilization index numbers would be obtained if,
for example, all canisters were evaluated for a given common
total operating time. The chemical utilization index numbers
are based on total operating time (with each canister operat-
ing under its own partMicular conditions), which is not always
the same as total life-support time for a man. The cross-over
time-point can be seen by comparing the "02 ccnsumed" and "02
generated" columns in Tables 25 through 34. Provided the
other operating parameters are satisfactory, an increase in
either the temperature, the airflow rate, or the CO2 concen-
tration, or a decrease in the superficial velocity, may be all
that is required to increase the 02 generation rate of those
canisters whose rates are marginal, to the life-support level
required by a man. All such variables should be considered
when interpreting the relative index values of Table 4. The
effects of some of these variables are graphically shown on
pages 68, 69, 70, 71, 72, and 73.
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Table 4 Relative Calculated Chemical
Utilization Index

CALCULATED THEORETICAL THEORETICAL BEST CALCULATED
WEIGHT OF AVAILABLE AVAILABLE 0. UTILIZATION INDEX, TOTAL
K0 2 IN CANISTER, 02 (33.7%), (at 1 atmos. and where, TIME

lbs KO lbs 0 70°F, 0.0891bs/ Actual SOF 02 OF CANISTER

CANISTER 2 2 1.077 rt3), SCF 02 Yfoe-or-etical SCF 0 OPERATION,

A-3 1.05 0.354 4.28 238 55%
4.28 M5)

B 1.47 0.495 5.98 §.-D - 112% '435
5.98 (P-2)

C 1.47 0.495 5.98 " '0 - 117% 1440
5.98 (P-2)

C-2 1.4J7 0.495 5.98 5.79 . 79.7% 3655.98 ("10(*,-io)

MSA 2.00 0.674 8.15 . 71% 1120
8.15 (P-10)

D 2.11 0.711 8.60 6.45 75% 322

8.60 (P-5)

A-4 2.11 0.711 8.60 0.99 . 11.5% 4468.60 (P-6)

A-5 2.11 0.711 8.60 1 = 22.2% 456
(P-6)

A-6 2.11 0.711 8.60 - 62% 565
(P'-9)

A-7 2.11 0.711 8.60 5.-92 - 69% 5758.60 (P-9)

E 2.20 0.741 8.96 4 - 49.6% 375
8.96 (then

plugged)

9.03 70 3
A 3.16 1.065 12.90 12.90 70% 435

(P-3)

A-2 3.16 1.065 12.90 -. 45% 31712.90(P'-5)

A-8 6.32 2.129 25.76 18.50 - 72% Extrapolated
25.76 to 2000

(*,-io)

V 8.80 2.965 35.80 36.l0 - 17% 380
(then

plugged)
(P-1O)

• NOTE: An index greater than 100% indicates that the measured weight or KO in these

particular canisters was probably greater than the calculated weigh?.
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ABSOLUTE HUMIDITY, FC0 2 , AND TEMPERATURE EFFECTS ON 02
GENERATION RATES

Some interesting effects on oxygen generation rates are
seen in the following tables and figures. Normal rates are
seen in Table 18, while the rate depressing effect of mole-
cular sieve is seen in Table 19 (A-3), Table 20(A-4), and
Table 21 (A-6). The rate depressing effect of low absolute
humidity is seen in Table 22 (P-8) as compared to Table 20
(A-2, A-4, and A-5). The plugging of configurations E and F
are clearly shown in Figures 130 and 136. The man-rate
support level graphs (Figures 145 thru 164) are very clear
comparative representations of all the factors at various
levels. We can compare 02 generation curves from the man-
rate support level graphs for the effect of absolute humidity
on a particular canister configuration as follows;

Can. A, P-7

8.0 High H20 (100 gr/'o1)

6.0

4.0

Can. A, P-8

2.0- Low % (10-35 gr/lb)

0 a/ ! - I

0 100 200 300 400 500

TIME - MINUTS
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Although the PC0 2 in P-7 is seen to be lower than in P-8,
the higher absolute humidity in P-7 was responsible for in-
creasing the 02 generation for canister A, P-7 over that of A,
P-8. Canisters A, P-7, and A, P-8 operated under similar condi-
tions of temperature and flowrate. The absolute humidity for
the P-7 series was about 100 grains/lb of dry air, and about
10-35 grains/lb of dry air for the P-8 series. At 420 minutes
the total Op generation for the A Canister in P-7 series was

S31% greater than that of the A canister in P-8 series.

The graph below compares the 02 generation curves from the
man-rate support level graphs for the effect of PC02 on a
particular canister configuration.

4.0 -
Can. A, P- I

3.0 1 .o% Co2

2.0

• Can. A, P-9

1.0 0" 2

0 40 80 120 160 200 240 280

TDM - MINUTES

Canisters A, P-l, and A, P-9 operated under similar condi-
tions of absolute humidity, temperature, and flowrate. The
PC0 2 in the P-1 series was -1 1.0% and - 0.2% in the P-9 series.
At 210 minutes the total 02 generation for the A canister in
the P-1 series (1.0% C0 2 ) was,-, 66% greater than that of the A
canister in the P-9 series (0.2% C0 2 ).
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The graph below compares the 02 generation curves from
the man-rate support level graphs for the effect of tempera-
ture on a particular canister configuration.

7.0

6.0 -an. A, P-3
High Temp.

5.0 -(95-100*11)

3.0 -/ can. A, P-1
S4.0

3.0 Normal Temp.

2.0 (76*F)

1.0

0 Im 200 300

TD- MINUT

Canisters A, P-3 and A, P-i operated under similar con-
ditions of absolute humidity, PCO2 , and flowrate. The
temperature was #o95 - 100OF in the P-3 series, and-760 F
in the P-1 series. At 250 minutes the total 02 generation
for the A canister in the P-3 series was.-J 63.5% greater than
that of the A canister in the P-1 series.

ABSOLUTE HUMIDITY, PC0 2 , AND TEMPERATURE EFFECTS ON
C02 ADSORPTION HATES

We can compare the C02 adsorption curves of the same
canisters whose man-rate support level graphs were useful
for comparing various effects on the 02 generation rates.
The graph below compares the C02 adsorption curves from the
man-rate support level graphs for the effect of both absolute
humidity and PC0 2 on a particular canister configuration.
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Can. A, P-8
4Low H20

(10-35 gr/ib),
0.5% 002

CO 3.0- Can. A, P-7
High HpO

~ 2. (100 gr/lý), 0.2% 002

1.0

0
0 40 120 200 280 360 420

TDE - MINUTES

Canisters A, P-7, and A, P-8 operated under similar
conditions cf temperature and flowrate. The absolute
humidity for the P-7 series was about 100 grains/lb of
dr air, and only about 10-35 grains/lb of dry air for the
P-8 series. At 420 minutes, however, the total CO2 adsorp-
tion for the A canister in the P-8 series was ^0 73% greater
than that of the A canister in the P-7 series. Since the
absolute humidity was much lower in P-8 than in P-7 this
difference is clearly due to the greater PC0 2 (0.5%1 in P-8
than in P-7 (0.2%), and shows the dominance of PCO2 as a
controlling variable in CO2 adsorption (of the A canister)
over that of absolute humidity.
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The graph below compares the C02 adsorption curves from
the man-rate support level graphs for the effect of PC0 2
on a particular canister configuration.

4.

3.0

&2.C

C 0.Can. A, P-1

0 40 80 120 16o 200 240 280

TIME - MnIUK

Canister A, P-1 and A, P-9 operated under similar con-
ditions of absolute humidity, temperature, and flowrate. The
PCO2 in the P-1 series was,' 1.0% and -'0.2% in the P-9 series.
At 210 minutes the total C02 adsorption for the A canister in
the P-1 series (1.0% C02) was" 447% (4-I/2 times) greater
than that of the A canister in the P-9 series (0.2%) C02,
showing the very large effect of PC0 2 on C02 adsorption
rates, and the similarity to the five fold increase in PC0 2 .

The graph below compares the C02 adsorption curves from
the man-rate support level graphs for the effect of tempera-
ture on a particular canister configuration.
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V)
, 2.0

Can. A, P-1 (76 O)
1.0 Can. A, P-3 (95-10°P)

0 40 8 120 160 200 240 28o

ME - MINUTES

It is immediately seen that the two CO2 adsorption
curves above coincide in this case. Canisters A, P-1 and
A, P-3 operated under similar conditions of absolute
humidity, PC0 2 , and flowrate. Even though the temperature
in the P-3 series was -o 95-100OF, and ^P 76*F in the P-I
series, the C02 adsorption rate (for the A canister) was
not affected by the increased temperature.

THE DUAL CANISTER SYSTEM

The author feels strongly that the dual-canister system
will prove superior to a single canister containing one solid
chemical (or even a mixture of two solid chemicals) for the
purpose of 0 generation and C02 adsorption. The best way to
match man's R.Q. with a solid chemical system is to control
the airflow through each one of two canisters (in the dual-
canister system) by oxygen and carbon dioxide sensors which
will modulate the airflows to each canister upon demand
signals.
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ADVANTAGES OF LITHIUM OXIDES OVER K0 2

Lithium peroxide, Li 2 02 , appears to offer some promise
as an alternate to K0 2 for solid chemical atmosphere composi-
tion control. Li 2 O2 has a slight theoretical weight advantage
( -1 34.6% available 02) over K0 2 (,- 33.7% available 02). Of
more importance than the slight weight advantage is the advant-
age of Li 2 O2 in providing a less hygroscopic intermediate
product (Li0H instead of KOH) which is less subject to liquid
slugging. No published data is currently available on the
performance of this promising material for use in an atmos-
pheric composition control system, although lithium peroxide
of 90 to 95 percent purity and good stability is available
from three known sources. (Reference 3).

If lithium superoxide, LiO2 , can be synthesized and
isolated in a stable form at normal room temperature
(Reference 3), it would have a greater theoretical weight
advantage ( - 61.7% available 02) over K0 2 (,- 33.7% avail-able 07)

Use of a stable form of sodium superoxide, Na0 2 , (i 37%
available 02), might also prove advantageous weightwise,
especially with the NAA annular screen device used to prevent
plugging of the canister.

DISPROVING A THEORETICAL EQUATION FOR MATCHING MAN'S R.Q.

During the test program, it was observed that the neces-
sary rate of reaction in the K0 2 canisters requived a con-
siderably higher absolute humidity (grains H20 per pound dry
air) than had been calculated on the basis of the much-
publicized theoretical equation for K0 2 purporting to match
man's R.Q. (used in Appendix A). This lead to the conclusion
that the theoretical equation does not occur. The theoretical
reaction is written as follows:

2 K-02 + 1.23 C02 + 0.23 H120

0.77 K2co 3 + 0.46 KHCOO3 + 1.5 02

The matching of man's R.Q., assuming it does occur in
this equation, is calculated as follows:
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1.23 pound-moo. C02  1.23 x 1:4 54.12 lbs CO2

1.5 pound-mol 02 1.5 x 32 48 lbs 02

0.123 lb CO2  _ 54.12 lbs C02lftxrt 3 = 440 ft3 002
1 ft3 X ft32

0.089 lb 02 48 lbs 02= 1 f3Xf X = 540 ft3 0 2
1 ft 3  X ft 3 2

Vol c02 440 ft 3

R. . = Vol 02 540 ft0.82

The calculation of the theoretical weight of H10 for a pound
of dry air (absolute humidity) required for this reaction to
occur stoichiometrically is as follows:

Assuming 2.25 lb. CO2 is produced per man-day,
then the equation is simplified to the proportion,

1.23 pound-mol C02 0.23 pound-mol H120

2.25 lb C02 X lb 120

or

1.23 x (44) 0.2 x (18)
2.25 X

lbs. H2 0
X = 0.173 man-day

and

I 0.00012 lb H20 x 0 .84 grains H2 0
(24)(60) man-m0in. man-min.

lbs a ne i
Assuming an airflow of 12.5 man-hour an inlet air

temperature of 70°F (5300R), a gas pressure of 1 atmos-
phere, and the weight of one pound-mol of air to be 29
pounds, the inlet absolute humidity required per minute

75



(on a one man basis) to satisfy the theoretical
equation is then calculated as follows:

pV W T

V _L. x R -xT
M p

1.25bs O. lb-ft
3

V W= 1.25 -7--OxR x 530 '"R

29 lbs 1 14.7 IU-
in2

_____ _____ ____ft
3

V 12.5 x 10.7 x 530 = 166.5 hr
29 x x 14.7 hr

166.5 ft 3V K66. = 2.78 fi

60 min 28 n

0.84 grains grains H20
Absolute Humidity = ft 3  = 0.302 ft 3 air

2.78 w-in

0.84 grains grains _H0
or Absolute Humidity min h x60 =4.04

12.5 hrhbr

Since no apparent chemical reaction occurred during the tests
at an absolute humidity as low as 8 grains H20 per pound of
dry air, this was understood (by empirical induction) to mean
that the attempt to prove the theoretical equation correct
had failed, and therefore the equation was not true. This
was further substantiated by the fact that the use of K02
(without a separate canister of C02 adsorbent) could not
provide for matching the respiratory quotient of man.
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APPENDIX A

A CANISTER DESIGN METHOD

The following method was used to determine the basic K02
canister sizes for the atmospheric composition control system
test:

1. Assume the following:

C02 production/man-day = 2.26 lbs. C02

02 consumption/man-day = 2.0 lbs. 02

2. Assume that both the absolute and relative humidities
(through dew point and temperature control respec-
tively), temperature and % C02 input to the test
canisters can be controlled to match the overall
chemical reaction with man's R.Q. (0.82) as follows:

2 K0 2 + 1.23 002 + 0.23 H2 0 =

0.77 K2C0 3 + 0.46 KHCO3 + 1.5 02

3. Simplify this equation to its essentials for the
canister design, and calculate the stoichiometric
weights, as follows:

71 gm 44 gm 32 gm
2K02 + 1.23C0 2  = 1.502

(2)(71) x 2.2 x 10-3 = 0.312 lb..K02

(1.23)(44) x 2.2 l0=3 = 0.119 lb. CO2

(1.5)(32) x 2.2 x 10-3 = 0.105 lb. 02

and determine that this matches man's R.Q.;

C02 ft 3  0.119/0.123 - 0.97 ft 3  0.82
R.Q. - 02 ft3 = 0.105/0.089 1o18 ft3
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4. Determine the K02 required to absorb 1.0 lb.

CO2 at 100% and 80% efficiencies;

0.312 lb. K02  _ Xlb K0 2

0.119 lb. C02  1.0 lb C02

X = 2.6 lb. K0 2 /1.0 lb. C021 100% efficiency

X = 2.6 = 3.2 lb. K0 2 /1I. lb. C02, 80% efficiency

5. Determine the KO2 required to produce 1.0 lb. 02 at 100%

and 80% efficiencies;

0.312 lb. K0 2  X lb K02
0.105 lb. 02 1.0 1b.0 2

X = 2.9 lb. K02/1.0 lb. 02, 100% efficiency

X = 2*9 = 3.6 lb. K0 2 /1.0 lb. 02, 80% efficiency

6. Assume the CO2 production per man per 5 hours is;
2.3 lbs. x 5 = 0,5 lb. CO
'?4 hrs.2

and the 02 consumption per man per 5 hours is;

2.0 lbs. x 5 = 0.42 lb. 02
24 hrs.

7. Determine the weight of K0 2 required for C0 absorption

and 02 production per man per 5 hours (at 80% efficiencies);

I lb. 002 0.5 lb. CO2

3.2 lb. K0 2  X lb. K0 2

X = 1.6 lb. K02 per man per 5 hours

and I lb. 02 = 0.42 lb. 02
.6bK2 x lb. K02

X = 1.5 lb. K02 per man per 5 hours
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Take the weight of KO required as being the greater of
these two values, or ?.6 lb., since a greater weight of
C02 is produced by man than is 02 consumed.

8. Since a requirement of the test program is that the pre-
liminary test canisters operate at near steady-state
conditions during at least one hour of the 5 hour test,
and also considering that the weight of the K02 in some
canister packing configurations may account for only 70%
of the total packing weight, we should calculate a cani-
ster volume good for double the hours of the actual test,
and for a maximum of 30% inert packing weight, as follows:

1.6 x 2 x 1.3 = 4.16 lbs. K02

40 lbs/ft 3 = density of 2 to 4 mesh K02

therefore, 40 lbs. 4 1.16 lbs. K02
1 ft 3  X ft 3

X = canister volume required = 4.16 = 0.10 ft 3

9. If we assume a satisfactory residence time of the gases
in the canister to be 1 second, and a face velocity of
I ft/sec, we need only solve for the cross-sectional
area of a 12 inch long cylindrical canister as follows;

•r r 2  = volume
le-ngth

r 2  =0.10 ft 3

r = V0.0318

r = 0.178 ft x 12 = 2.136 inches

Inside diameter of required cylinder =

D = 4.3 inches and D of cylinder = 18.5 inches2 .
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The volume of a 12 inch long cylinder is then;

Volume (18.5)(1-l = 174 inches 3

or
Volume = 174 inches 3 x 5.78 x 10-4

= 0.10 ft 3

The weight of 100" KO, that would fill up this size
cylinder is;

W = (0.10 ft 3 )(40 lbs/ft 3 ) = 4 lbs

and this cor',esponds closely to the weight of the K02
in step 8 which will make allowance for up to 30% inert
material in the canister packing contents, and provide
for about 10 hours of operation before exhaustion of the
chemical.

10. The volume of gas which would flow through a canister of
this size at a face velocity of 1 ft/sec is 6 CFM.

11. The engineering laboratory had on hand three plexiglass
canisters (from the test in Reference 1) with dimensions
of 5" (I.D.) x 10" long and it was decided to use these
cylinders, and fabricate the others needed with the same
inside diamet r. The volume of these basic canisters is
196.35 inches3 or 0.11 ft3. With the same density of K02
as in step 8, this canister could hold 4.4 lbs. of 100%
K02, or allowing for up to 30% inert material, the cani-
ster will provide about 9.6 man-hours of operation before
exhaustion of the chemical. The volume of gas which would
flow through a canister of this size at a face velocity
of I ft/sec is 8.16 CFM, 5.5 CFM at 0.67 ft/sec, and 2.7
CFM at 0.33 ft/sec.

12. Two other sized canisters were needed for the test program
where the face area/length ratio is varied. The experi-
mental test plan indicated that with a constant face area,
the length of these other two canisters should be respec-
tively one-half and twice the length of the basic cani-
ster (in step 11). The three canister face area/length
dimensions are therefore 5" x 5", 5" x 10", and 5" x 20".

13. The dimensions and packing configuration of the extended-
duration test canister depended on data gathered during
the preliminary tests.
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14. If we assume the volume of air flowing through the
canister to be 5.5 CFM (step 11), we can check the
feasibility of 1.0 inch ducts (0.0054 ft2) to and
from the transition pieces at each end of the canister,
as follows;

5.5 CFM 1018.5 FPM = 16.9 FPS
0.0054 ft&

This duct velocity corresponds to recommended duct
velocities for taking wet-bulb temperatures.

15. The transition pieces at each end of the canisters
were designed with a half-angle of 150 to assure
uniform superficial flow over the inlet face of each
canister. Number 10 mesh stainless steel screens at
each canister face served further as airflow straight-
eners and diffusers.
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Appendix B

TEST DATA

PICTORIAL REPRESENTATION

The test data is presented here in five distinct groups
of tables and graphs (described on pages 89-91 ) accompanied
by a series of photographs which serve in some measure to
illustrate the degree of fusion of the solid chemical granules
in each canister after each test. Inasmuch as the photography
is not in color, the identification of the materials, and
their appearance in the black and white photos is given as
follows:

In canister A, the reacted (used) K02 granules appear as
white K2 CO0, as expected. However, in the E and F canisters,
(Figures 3;, 41) the unused K02 appears white in the photo
whereas its actual color was yellow. Also easily seen
(especially in canisters E and F) are the grey unreacted
granules of KO2 impregnated with the catalyst which is close
to their actual "color". It is noticeable (especially in
canister A-8, and the reacted portion of F), that the grey
Wranules turn black when reacted, which is true to the actual
color". In canister C-2 the small white granules of LiOH

are easily distinguished from the larger white reacted K02
(K2CO ) granules, and of course the black granules are reacted
K02 (R2CO3) impregnated with the catalyst. The small white
granules of L±OH are easily apparent in the C, D, A-5, and
A-7 canisters. The black lava rock appears as black granules
in canisters B, C and A-3, and of course are difficult to
distinguish from the reacted K02 (K2 C03 ) granules impregnated
with the catalyst.

The activated alumina in canister B appears in its true
"color" as very small grey round pellets.

The small grey rod-shaped pieces of molecular sieve in
canister A-3, A-4, and A-6, are very difficult to identify.
The photographs, if carefully observed, show the varying
degree of fusion, and/or bonding, of the chemical granules
in each canister. It is apparent that the least fusion
occurred in the various A canisters. Canister C and D, both
of which contained L±OH, show a greater fusion than A.
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Canister B, containing activated alumina also shows greater
fusion than the various A canisters. The photograph of
canister E clearly shows the solid plug formation (about 1-1/2"
thick) which caused complete airflow stoppage of the canister
after 425 minutes. Canister F shows this same plug, with the
same results. The photo of canister C-2, even though it con-
tained LiOH, illustrates how the entire contents were turned
into a soggy mass which offered greatly increased impedance
to the flow of air through the canister. In the last photo,
the white reacted K02 (K2 CO ) granules, and the black reacted
granules of K02 (K2 CO3 ) with catalyst, are seen throughout
the entire A-8 canister, which contrasts strongly with the F
canister with its 2" plug formation at the inlet end, and its
18" long unused bed of K02 + catalyst.

PARTIALLY REDUCED DATA

Tables 5 through 14 are the partially reduced data from
the test instrumentation measurements. These are self-explana-
tory with some exceptions. In the test series P-1 through P-5,
the grains/lb H20 columns for outlet air are not filled. This
is because the data obtained from the wet bulb thermocouples
was not considered correct when it was discovered that the
wicking material around the thermocouple Junctions did not
remain properly wetted by capillary action from the wick-
wetting water Jars. (Figure 17). The readings from these
particular thermocouples were ignored after ducts were instal-
led for taking wet bulb readings with the Hygrophil "gun"'.
(Figures 13 and 14). Also, after the P-5 test series, the
exhaust manifold was removed (Figure 13) which lowered the
pressure upstream of the canisters (Pn columns). This
allowed a more nearly constant flow-rate through the canisters
as well as providing for a greater capacity from the blowers.

IBM REDUCED DATA

Tables 15 through 24 consist of the data reduced by the
IBM 7090 computer from the first group of tables. These
tables are self-explanatory. Standard conditions in these
tables are 70°F and 1 atmosphere pressure,

SC-4020 GRAPHS

The curves in Fi ures 42 through 144 were drawn by the
Stromberg-Carlson SC-W020 computer from the IBM 7090 reduced
data. The graphs are self-explanatory with the possible
exception of Figures 108, 114, and 117. The portion of the
curves below the abscissa in these figures represent negative
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values, or desorption of water from the K02 bed due to the
low inlet absolute humidities. The horizontal lines below
the abscissa represent the limit of the computer scale, or
a truncation of the curves. The requirements for 02 consump-
tion per man are - 0.0168 SCFM, and the man-rate of C02
production is,- 0.0138 SCFM, where 70OF and atmosphere pres-
sure are taken as standard conditions. (R.Q. = 0.82).

The heavy black horizontal line across each graph of 02
produced and C02 adsorbed represents the rate of 02 con-
sumption and C02 production, respectively, of one man. Of
course, in a sealed cabin with the dual-canister system
described on pages 16, 73 these rates would be adjusted by
demand controls, and, provided the absolute humidity and
partial pressure of the C0 2 in the cabin air are both suffi-
cient to assure a good rate of 0 evolution (Figure 42), the
curves would approach, and tend to parallel, the man-rate line.

On some graphs, the man-rate line for CO 2 appears above
the grid. In these cases, the line is actually beyond the
computer scale limit, but has been inserted as a reminder
that the true location is somewhere above the grid. These
cases in particular occurred when low absolute inlet humidites
and low PC02 were used, or when molecular sieve was used. The
% inlet C02 is repeated on each graph of 02 generation and C02
adsorption for convenient reference because of the importance
of the C02 partial pressure in the evolution and adsorption
rates of oxygen and carbon dioxide respectively. The inlet
absolute humidity range is also indicated on the graphs.
Because of the relatively wide range of inlet absolute humidi-
ties, reference to the exact values of absolute humidities can
be made from the appropriate partially reduced data sheet.
The same may be done in regard to the HoO adsorption graphs.
It is seen from the curves that the H2 0 adsorption is, in
general, proportional to the inlet absolute humidity. Also,
the reader will notice that a low (0.2%) CO2 partial pressure,
or a moderate (0.5%) C02 partial pressure, is not the sole
influence for a low generation-adsorption rate inasmuch as a
low absolute inlet humidity may have the same effect on the
curve. For example, Figures 94, 95, and Figures 106, 107
show low generation-adsorption rates, but for different
reasons. Figures 106, 107 represent a moderate C02 partial
pressure with a low absolute humidity. (Table 12).

INTEGRATED DATA

Cumulative Data

Tables 25 through 34 are cumulative and comparative, and
were compiled (partly) by geometric integration of the areas
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under the SC-4020 curves. The columns show the parameters
becoming (usually) larger by successive additions as functions
of time. The oxygen generated and carbon dioxide absorbed
columns together represent the chemical respiratory quotient.
Their ratio is presented in the CUM. R.Q. column which does
not show an increase in every case (such as when the cumulation
rate of oxygen is greater than the cumulation rate of carbon
dioxide). The oxygen consumed and carbon dioxide produced
columuis together represent the normal physiological respiratory
quotient of man, which is taken as 0.82.

Man-Rate Support Level Graphs

The areas under the SC-4020 curves for 02 generation and
C02 adsorption were geometrically integrated, and the results
were plotted in Figures 145 through 164 with the man-rate
production, or adsorption, as a function of time. Curves,
or portions of curves, above the man's support level (dashed
line) indicate the ability to support the respiratory require-
ments of one man. This ability is mainly dependent on bed
packing configuration, inlet C02 partial pressure, and inlet
absolute humidity.

FURTHER ANALYSIS OF TEST DATA

All test data of any importance has been included in this
report to encourage the individual reader towards further
study and analysis of the figures, tables, and graphs, inasmuch
as it was beyond the capabilities of the author to extract all
possible information in the time allotted to do so.
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Figure 39 Test P-10, Inlet End, Canister E, After
4I2 5 Minutes
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Figure 40O Test P-10, Inlet End, Canister C-2, After

680 Minutes
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Figure 4I1 Test P-10, Inlet End, Canisters A-8 After
1765 Minutes, and F After 4125 Minutes

103



0

c I!
a,0

'v-I

+ +

01 0

104



A4 F,

0 0

0 0 0 0

100

14 01, 01

o0 o ;c 0E-1-

Q.. 0 0 o 0 lol

04

aS1 5



I-

00 0 0 000000 0

*, 
0

0 0 0- 0 0 0 0

cu+ OH -1 0-

4, k -

0 0 0 0C

0 00 0 0 00 01

.110

Cd

P:4  C 2 M w 4

0i0
W~~ D00 0 0 0 02

'0 11 'D. 0

'0 '0 '; OH C; 0*0 0

0.

0 06

WNIffI



c~~ 00 ; ý<I 6

-- C

Cdc0 0 00

10

I I
0r 0~ 'A- ,-0 c00 c8 0; 0

4)o

Hi

H+

o o

o o

N N 0

4t III ý ý

0~l - 0S. 0

107



a 0 (0 (0 0 (0 (0 a0 0 (0 0 0

CO IA 0t ~ W01 A .03

LA 0310t 03 03 3

40 .1 0 C

"S~

1 0

- 04 0 0 0 0 0 00 0 c

0 0 c c c (0 0 30

1*- 0 0 c 0 1

0

0 00 0 0000

0 0 N 3 2 2

108



0* 0* '00 t-

c HO 0 0 0

040 0404

0*

- 0 0 0 00 0 0 0

E- a, 0 0 -. 4 .. i4(

C* o 0- )"

8c - 0 0
0'ý C(

H -
N* Hi io' 1

vi H '00c 0 C;- C-

00

0 C0

Ac

A- *0* *0 N00'

0 0 ; 0

'0 
8'

3+ 164

.4 0 0 00 0 000 0

N N N N 0 0 , cc0

0 0 *0 '0* *0 I * ' 0 * 0 *0.4 4 4 0 4 4 4 4 .

'00

1.09



10 -

10 0

04 -

1141

co

* 0

A340

+4 0

W- CO 00

00 0

04.10



00 4 00 0

N. ~

ct. 0 0 .'

0I 0

-~ ~ IC -I

0 ~

El +2 1 01 o . '0 10 0 0

a;20

C; C

0~ 0 004000

050(0 o 0' o 4 o o o C C

1p

NP 0 N0405

M 0 H0C.O NO NO



~~~ 00 1- 0-t

43 0 c0000c0 c H00 0

11
+ ~ ~ ~ '0 0 C0-N m c

-1 0 00.

0 ;C 0 0 0 0

qq 0 0k

43P c 4''

0i MM4

t- 0
040

0 ,4

t- 4- m C

00

'0 t-

112



S 0 00 0 .- 00 0a a

m 0 `0' 11 1

0 01 0 0W0~ cOi- 04

9 1100 0 0 0 0 0 0 01

0

p4 -

CC)

S o~
a4 01

00

too

4; '

H o 0 A . 0 ' w w 0 1 104 m

J., 0. `~0, '-0 0 0 0 0

0 -.0 w - m
00 S ý

04 0 0 000000 0

A 0 0ýq0w1
a, 0, C 0, O 1-. w

t- t- '0, t-OC 4*

113



' 0 40 0 0 c 0 1 'f o

týI I

H0 0. ; 00 a

p 4 ~1 C 4 m4044

00

4-11

0. 0

CI u

$11



0, 0,

0 0 0

0 0O 00 000 dO 0

H

*43

00

00

0

03 0~ ~ 00 0 00 0

0 ~ 0

115



0 0Q o 0 0 0

000 1 0 0 0 0

011 0- c 0

0 c 00000 0 0

uS 0

'-41

C; CC( C

116



cc c

c 0 ma

00

t C

0 0 0

u .

oC c 0'
00

4) o 0' 01000 0

CV 0 0

0000 00 -

0R
0ý1 4 tý Io~c

11



A, - -i 0 0 9

0 00 0 0 0 000 I

01

10

+0 OS0

C 0 0 ~ 0 00 0

H ch n t -O c -

10 
000000 c0 0 00

0 0 V. C

P -4 
04

0 0 0
iI --i 0000

CU 0 141C

0; C

010100(0 4010 0 0 0 J
U- . -II- 11

. RA A 0 0A
H 0

0 0

a I . m

N In eN 4

00 g

1401 01-, -en I III en 40.1M4 1 1 1_

118



cI~ 1liii II II

a I C4nIc.- a 1

I I l-lo o

0 a~

00

cu,

NH H

o
Cwk

u o o .
HýIRV
a)N

Hc

.0N

C11



0 000;0 00 0 0 0 000

w a

00c0 0 000 00C 0

cco
Co

4m)
cr6 'o8 0

10

0 0 0 0 0 0 0 00C

0 ; 0HH

0

oo o o 0C

0 
-1 

8c

U 0 00 0 0 0

Pd120

ow ? a2 R -I



04 0.s 00

I 04 (00 m

co 0

4'4

C a. 04

.4-

004

0 0 0 44

S, 0 o o

0 0

a 0

C; C; C; 0 0~ 0

04 '-400 1



C; C;C C ut- C; 0 0 ii

000000000 0 000

( 0 c 0~2

lu 14 1t4 '0 4040

0~~ 0 H0 4

- 0 0 000 00 0

c 0 404 4

~uHw0 040

Cu aC a

c 0 0

0) 0 Cu0 0-404

S0 040 0 0C,

02 Cu q c 0

0mlF2

H ~ Cu H1H2



0I 0 0 c

4 0- 04 04 0 c 0

o4 o
0 040 011 1; c

H 4 0 -
4 '0 I 

4
00 0 00 4 40 0

0 0 0 0 0 0 0

m w4 IN N 4 o N 8
o k Io o

'0 o

0 0 .4 0 04 4 0

o of

m "o4

0-; 04 o 440 o o IIo o

wk o o O oo 00 0

H~I 0oý 0

12



COj

0 000 0 0 0 0OO n cr

0 d0 H C Cd

0 0 0 10 0

00 0 0 0 00 0

4 ~ ~ ~ c 94 d.0 C
4 OH .H 0 ad *

oo wd

**o 0 H

C; 00

000 0 0 0 r?

+0 0 Cd1 ' 0 1~

0Cd

00 0

0)0
Cd

0) v

+ .0 0

%0

'0

3.2



c! No o coo 00l o

104 0 0 1 00 0 00 0 01

0 * .bH4 c(0 (0 0(0

0 ;0 0 c 0 0 0 -0 4 0 0 4 0 c '0 40

ON 00C 10 01

0 C 0 - t I
404 0 4 1 10 ,N

o -.

H
0 10 10 0

en 0 0

0 00 0 04

40

qof 00!0 0404
04

H 000 0 0 0

H c oc;~ * c

~125



C;

k 0 0l1

o S.

OD t - i

0 W, 4 N .44

o o 4

o o

a ~ .a
0 0 0 0 0 0 0 0

pi c- - - - -
eq a o

N4 N H . Q

o
o ~ ~ 0 107(!4 c oU

,0- du I I I I--

126 
4

oq q e



0 '&

Id 00

04 00

04 0

C c

0! o 0 0 0 0 0 0 1 1 1

C! 1

~1A 0 0 000 007



-4 x

0 4 0l
fn uj 0

aI N o- 0 1
m w Ne0 W!POO~

.0 IL 0 0 0 0" .0 0 M n f-

00% 0 4 Cz C40 0 0 0

4- > u N0 0 00 0 .4
U~ 0tf~U~a~t-0.0NNI-0 U . 1 0N 0

04 Of ;4 0 - D LnP -

- 4> o 00
* U I N 00 ol0C U

'A N00 4: w I-
5 0'ý 0. . 3 ,4
m W 0~*I'

- tD 0 0 &L~-0.Uh

z cI- - cc00 O 0W L N . . 0

1J 0 z. of

LA C 1-

WX 4 %... . .

z ca z

0 3 0. -

0: V K 0 %L N~ in0
0q CW 0 0 - 0 iv c

-C 0 C Lz4 N%

E-1 x -1- *.u*N-a U

,c- -M 0 00 0 0 C-00 00 0
w 1,2 N. m.2 Ný0

LL4 00 0 0 0000 00
UlU U 0U4 U ý : )

E*4 K O 04 N-J-OC LODL -z tW
1- C' ' 1 0 :

.11 00a0 0 ( 0 C,9C
- l 0 0 . O C,

N-2. 0 Nn a 0 . U U.
0~. 2 I

In I. 0 NS IN
LU V) . OON W10'ONI'ON*

0 ZLL *0N. *I~-'- '1 UJ 0~?1I.-0

~ UN NN.-0-% LL128- 1-*



-l -4 coE 0.-

In (J 8. N C; 100 0 8 8 0888 8O8 C; 8

to ItN

N t- o o-L 1

Uý W in IN&0 
- -m n- tMM -

0 1-- a)aW D00C

ý- N - . , .0 0 0 0 0 0 0 0 0 0 0 O N W:0N N V N

W4< 0 Z NOJOOOOOoOOcOOOOOO
L)U+ U) 04 < 0

t o
to0

Of M W. - * ( tý 0NL

uZ,: !p W Z(cOONO-0t'0' 0 0 Z O O OWK) O Or-0,,0, PO l

W NN.~~.00000000 0 CO O ''OO~~f
C N 00000000000000 N 4Q~OOoO

00

0 0

IV D

D~ U U u0 0
U (o0D.-.u

CoUW v)L o ooo0.ooo--rm000 0 co 2 - 00 r t 0 ;T L
ce 'n C, ui < ~~~0 Lito00 N00 0j 000 00 0n 000 L r

V) u <Uý-,7-01-01'000 0 0 -j co N MOD
Iu -. ;2: goI

Cý~~~~~ x +Q O Q O O0c3 o O o

d 0D U U. C

E4 x UD 0

UQ NO 0 0 0 '0 .4D

r- I.( o %0000000000000o0-0- be 4U N - 0 0 0 0

(042~0 02 00 0 00 0 00 0 0. Z.c. O N 0
Ui In 'In C, 4 0 .00`00000ý!00a000000

000 I- N

4 ~ 0 0000 0 s 0 ,- 9.. 9.. 9
N 0 N l - LUO )O o C-o

~ 0

2, U, U, N U0 ,0U I.U ,100

W UNN"NNM-00
In IA

N 000000000N00000C00

129 ~ 9 ~000000



- 4 a

o fn~l2 0 x ca

-v W r- - tf nM 0 1,-JN Or .N. t 1 0 1

W0 0 M o ' 1 00mm N W t nA .

- u4cz 0 a a0,a L
el 1, UJC .1 9C ý .. 1.

cc:

U~~~~~U~ 4foo oo oeooNo OaC)0 00 00000000

-c C: C: *ý *ý *ý C* - ) **.
Z~l -000000000000000 C4 N-000000000000000

I-> U>-

0 -J 0

10
- co c0

- 4, W

N 4 N

C~ ~~~ t N ~ W t- C ~ '

0 LL) 0UN C . U ' * m Z e * N)U

4~ -t 4 - u * ** * ** * *

:z N oooooooe0N00000000000000co 1 19C 0.
.4 -C .4 In-

0 W W ,
LA C 0

x 2:C CV +

in C0
<- N- - N-T

-. Z- mm -~) z 2: -ý ý o n40-

L: 0 .2: 00
4 J rn w0 -tc 0 0

L) C **~C 0. U).0 .CA & CO U)00 00f1
Lo-wý.% . .. 2:l %, .C.0 C..IN C .-W U 21 m * N u,.99

01 c=- U)000000000000000 Z0U000000000000000

0- 0

"N Ui w N *
V- 14 NAý :L A4 AL C 4' ; A I Z IU- LA18C;CC 8;.4;9 ;1 ;

4 n f- 0 M400 VL D; -0K n. o aF 00 Yt ;a
N ICYN -N C ** 0 0 0 o'.* "N)q m ýfUC. 0

CU W 2 C * 0 O 1 * U C1 2 . C * ' N 1 - ) U

1I l



~o 0. wl
I cc

a.9 v

"- - 1- n -

o . C:% 1
N 4 t0000000 N iao00000

zU .1 0 I

- 000

> I.- 0 ' O OM

'-'U L/, LL -n ODC 0C, / E, .21 0
0 U C4 N'- O 0 0 z2 NOOOOO
2J4 ., W4 0oa
I-J 0 LI I-: LýC ýID ... %

ft D Li 0 0 00C 0 0 0

0i >

4 cc
0 0 Z I . . 0 z Z U O0

CU J 0. 0

C, p

0 Of 0 L)O MZ T 0

0 ~ ~ 000 m .0 N.0 00 0CO 0(- 0-w
I-I N..2 -VI- N 0 i .1 -Ul

7 In0 d .
H . z :a.fTý

LL0,

cc:- i- vi0o,-0- ooi

4) 0-2 N'- !! or- N -or N 0 '

Ozi Lit ooi> Liw "I cl 4D

0 W A N C 0 We L ,L cici
0 2ý I- .- L, C

F - -~I 0 0 0 - CMO 0. oo
V) -- Sw

w CAw
I- I-.-



0- cc0 ~o W -

~ '0 OD

-l (Z 0-I 4

7 1- U 0.

C'4 'n cc 0 o 0 ý n7<

I mm 0.-n0 NNmm x'
NW w 1 0x0 - _Mf OI N ix a

- 0 U. ,0 0 MM 0 1 0 0 0 0O-W

W4 0 C, . I

-zj x Z N'-.0000000000

uz00cCD00 0 QQ 0

0 0

4 W 0

LU

I P- m 0 0 in m
0~~~ N ZL r~0N 0N **

SN00000000000 .1 '0000000000

43 LU

w~ La

0 cc

c* to 0Z~

z,

N- N -00 0 0 0 0 0 0

I-f N-.- MM N -N

0. X 
0

m 0
0 c4 tD 0 O oa o o a

L~ 0 N*~f U~(l (JC.M

2J~ 0' 
0 N . * u

he 0.-!-ý co' N- m UJ4 -0 - 0
L4 "I 0000000000O .In Nj - .nN o

L, ~ ~~~~ ~ ~ C:.... :z , l
N LU

0D ( 0C .- - .0

NJ LUZ00~0 Cz g1g
0 E F- *0U-F~ P- 1- CD C-4 0* N 0UI.

4 ' Weq'N C-0 CL LU L NO44 UIg--z'0z

-ic4 
nr o0' 

0 0 0 0 0 0 in PZ. o m) w,0 o60 0
-N -UI~ -0NN mt

In LUW -

a. Z~ t'132



4 LU

cc 01. 0
N> LO)

- LU 0- 4

01
.N ) 0f -t 't0 0

ii- mu Cvs
0.4C 4L 0

I~~~~~-~ O0:n--2~t ~ 0
.99< .9 . -%%%0:0CD0 I 0 0 ~I I0 Q0 a

UE LUUOOOOOOOODOOO NU m?..*m~
LU 4 1 n .. I .WL.0.999 0 0.99

LU4ILL 0 -9

.0 LU0

-t LU
4 C4 Dci Lni oc

-. C .... 0L 0U 000 00 2I W * 05 0 0 0 a

~ 000000000 0:2 9 9 . .. . 9O0O0O0
.4 0

OrLU-

0 0

*o 0 02

C', 0 0oo2 ;C ; ý. ;1

X. . . . . . . . . . LIn-

000000000000 co

4..) 6I00o00000coo00 oI- x c- NN-00c4.co Ln

0 ~ ~ ~ ~ 0 0000001 I0000000

ri~v 0U..QUOOZX -.. ...

N- LU) a

3, Z -Z C + LU
- w-IIN.m-In 0- In N m

Ne ,U 0 O ~ ' 0 C, M 4 -L D0t
0 a c 0.NCD a In0 C) NI 0*LL C,00

- ' . : .0.0.0 . .0. w Z. In m N N 0 00

N~~ 0000000QOO0000

a. tu 5i. .. N.. .
F- -- 1ý CC C14 C40 t- Pr- I--.

n r- o- IS I-- o n n o m
5- N. CVC NI

132



0. 0

- .01
7 co.~

N - 0

0, 4O 
'0ý 0f N 

- ý
-~ 0U t-0'I 0 uj00400

LU4 O*I-CJLJu
<W U 0~c, 1u ,0 0aI- toWNI~uI,~

LI W4l 04 D w u-L (VLIVt z 0 o 0.

o1 0 m4 l

ui 0
0u

M u

CDz . .UJ N ~ . .ZU ~ ~ ..

0J 0 N 0 00 0

w cw
Of 0 f-Jnm nmc

coLJ V LL 0t ;0; n. ýoc t nc

W -. L- tI- L 0 -MC.,0
LI V) 11 0 C,

0. z L .. I : 0

0: UMu >

04 
N

cc Z-2 1- m 0. t.- 0 be -er-t w W LL M2! - OcIw00
0 0 1 r

0) Z0. Z N- :r M-. U 00 -00 0t
w v " "1 00 0 0 0. N-.tWL ý
cmW LI 0000 00 00
0- 40i ao-aoo

U, 00 4 I;

N) w V
0 Z I. s'V)-i 4 

-

131



CI 0
Or wi

N CD co

- e N

-0 w In. t .1 nC

cm "Z 0 'n-0M IMf

x- 0 10 00000 0 01 m V ow
N an a 0F-0.~.0f ~

bc- 000Ifl.9N inm wK Q0 00

<4 0 - I
Ne 2 N'-00000000000

00
4 W~
> I

LL4 C- 0wNN`a &w mN - -f
o ujNu 0000 0 0 0r AI n n?

0 N ZLNOQQON0ONNOOOQ--~

4 N 00 0 0 0 0

of w

co M 0

w 0o 0

OK 0 02
0 ~ 0 0 0 0000 co

- I n 4

a.U, I

U4L) w )0.

In W 0 C

ON _ v 0.'L a N.00 ! L oOC mwt,.wwccix

K-,- Q0000000000o, wI- t;o o >NNO0w2:- "-o
CL 0 .- .N. T % W 3nK 0 42 -000 C

'A.1! C C0000000000

E- 4 M,0 0 0 00 0 0 0

00

- ~0N
N L- , wZ -l 0n -0- 2: 020 4 0l; mwN
c WU tn "N : - 0 In P-0N w

N 00000000000 (In0U m000.00 0 00 0
0D -' C: ... S

In 11U).1 . . .. .4P~~-P w " 9 P- - - - I
- 4-*o2rI10Ntnw.- Ln W W 40:944

I-

132



w 0 -N00m1 - rL l r1 rý
'0 W N0 C 0c nL

ce P4 2. 0N O , tn N') aW oc k 3

- D - 00aacooo000

Ar x 'O O~-'~0 0
I tn w~ . . .

w N n

N; o
0, cq! m 'a1 - t

*) O O Qa cCo U L "C 0 0 m

IU~ w -d 0
04 0 IU j

~ .'a NN*0',N,0'01

LN ' 0 , 'N ,- O 0''''*t

U41C- 0 a4 I0

q 0

4-N >

0 4j

M m (>0. rn N 10-0

COa .. -. wu o oo o o 0 0 1N,0V NNN,'0U
I-~~~~~~ N 0(OOOOO L0OOOO
.4~ U .

04 4 A1

0 0 A L xL
SW .4 c 0 0 L

cc -o0 020.O wN,0' -'NNI-o a
0 U L 00 cm cl 0' 0 24t n*L nr MMtmr 02-01---( wN0'0

W1 , 0 fl f, 0 Li t'U 0L 0 r C4Nl ciN tnm )
0 00-0000N000: jn 0 0 ai 00CD-00C00t"00c

A- V 0C, -ý LA 0 0
. z cm - x

0 u 0 L

0. z

tJ - LL. NNNMN ,Ci n v,- * tu ) WLL CY0 C C4 I.N),NNC'

WULL- t C 0 c0000 000000 Z 4 L)000000t0t 000Ln n
2.-.u to) oo, ooo4m r4 u ooc000oaoo00

% -.) .9 0.2'1ý- N0 'A.COO 0

.0cl 888888888.;

0oN 4 0:
-- NNMM4 ~ 0 oc nP-ma

tn 0 WN U U
0 Z -

- 4 0 033



N 0 o LU

*0 oa p::woo-.n . N0WEN.t ()O m

0 r-N N 0 ~ 0 -ýý ) r 
- -

'A N. rl 0. x: ~ o cuin0 C0 N C, .

I LUI 0~ * 0-O --f . o1 1!

oe 0- N

'0 2

10 0 0

ogm mU 01 0 1h

-w~ ~~~~~ Uommmm N - 0 . 0 00 0 
0

U~U 4U 00 00$0
0

- MWO000* *

W) 0i4 
I

4 U 
w

0 -ý

+ z 00 0 0. o

I- CY

m N 00000000000

.j 
0 0 00 0 

.

0J 0

cc> LU

00 
0 x

o o 2L or-; , 0i
o z -C~-0 

z0 0 0' *~ 0O '

CV I.t- 2 N-i!

- 2 &fl LU

Ie 0 wo~i u 0e % tWp-0 0r .

ci UI z I x L)U.0"1ý tnNm -

af ~ ~ ~ ~ ~ 4 0-Wu r412 t nr nNt nCJI

uj~~~ ~ ~ ~ V) ., )C NL 90 0 0 0 0

x ; 0 , ,0 00 LTTz
OJ ~ ~ ~ ~ ~ ' ZLU m~.*0.WV

LA4 0 0 0 0 0 0 J

0 co Nn; Nna 0 00.C

11 LI U 0 N 0 0

N~~ 08 t-NU8'-* 0

0 2L . m *tD~0N U0 0

LJ LU - 0 -. . . . . .0. 
0.0. .0 .

-~ 0' 0000000000

00m0 000000 0

NMM --
NM

134



k' m a o_-rN-t a ( W nN-' N :..-'

" "O O'CN- N0 z -1OO0

- o 4 2 m* -* ..' ".o m o
o (z.~j 0NN0**r

W ND
N g U l

L)

-o- 0. ý1 n tm wow(

co o ouooooooocoooo oooo

44 0 Dc
I-ur ,. ..) 9 919 9 9 9

4 ..
0j "I e

+) M 0

cw
N I

c'4

4-b- .

0 0
oc

o-.

N- N
-u tn I Im oo - w

x uJ

D) WQ) 4 L) 0 0 0 0 0 00 0 0 0

E4 LW
In

4D z

-. 4 no t- 
.' 'M ' -- NN-.0.0'0 -NI wn 'T o-Jn Nor-4D

N o wrn00oooao U, o rnoo oN
0 9.. Z .C 0--0N.999fl*0.9f *.99
04 W o---------------00000000

4 -0a.a w p ZN4r OrnOcocrn rn o nrnr
- ~ ~ c -j *q N- K)0 mn w)0 N t U tO n &A ul

135



*0 W0

tD -- or NNMNK-hO NN IO
V) .0 -. 0 Y mý -r M0
oo i

.0

-4 0x a

LA uL o00 o00 ,o~ooo e o

In.

z1 0u c
D4 Lf ý . mc nc nP- r

02 :ý wo rl a

ID

P-s * '001 NI-NN~I-.

to ZLD t 0 InInC- NK) 0 oACO0- t O D0~
L W L)o 0 m 0 m 00o o mo00 w 00-

4A u

0 0

Qci w
0) or 0Z10NmNw!2 -o w m w r- w

0 w0 .0.m-t o00000000 0. ao 1

Mz II 3 II

+n W

C C
cc-c ow0wm* 0. -om

N m M:: -v 1 om gc0.m1 r a.o ;
__ .-ujZ 2*0-40-In%

~I 0 OJ.n4n4I~nn*h1360*ntI



NV 0 N
0 LU 0o w
- 2 ; -t 0 ;: 0. '0t.M ;: 0't C4 t0 z0 M 0 r- N 10 0 0.l 0 ~00m. o 0 w -f

N -o ... m 00 l!n

N- ~ f~I -Ut0 P.-r- 1 rn 0** -1

LU ZD

.0 .0

'0.1.1 00 L4 0

.04m m 4o 0lmw r
-cl -x I - f0 . 4 0rm .1 - Pn N.0''04 >ON L.Ln -0 -M0 nOO

-LI w Pr- Ln M 0 0 N sN.-m- 0 -w Ln Lr--t m -t m ImwN-N --. ) , NN

- f 
- w4

ZE N-000000000000000 Z 499C 9 N-00000 0.0.990

Lo- ~ - 0 0a a00000000

+ 00
LU L

N f;0*:w0 NmNý; ný ce P- -Lcoaotn .

o~ z w '-

.J 0 OW 0 lr > 0 ,.

'p >
LU)

G - m -o z
u 0ZLA-!0' N1-0 9 1-0NON P- 0.-t 0 0n 0Z0N0o.'t4000>ULn0. 00 AtM o,0ý

CO 0-r 00 N 00 0-0m 'n --t 0 CC n r.-moo r

- -i F- z N-

0 of

0: w tu 0

ý;U , 0 0

L02'0NNNNNW0N 1 400 -Lj OO~-4~ N tn0't. om

U~4~' 0 OO0 0000000ac000 UJ44 0 00 0 0 0 0 0 0

C;4 8,; Z -4 9 -

4 U < +
0 ) 4 0 0 4

-l 4o 'o ý! 4o f o0 .- n mr

0 Z L - N -r0 0 4.. -, -n Z N Ll - 0' .- * U,~~ LU -0000J000 N UU 0 0 0 0

N 00 0 00000000 N 0 00 0 00 0 0
00

0. 0

:D - r 1- -)g. ;' o*C aNL -; o0 l I

CM N N n* I -cmN r n-* I

137



NY

*0

0q

ft
Na

No

*0 U

to

w c

3:. - 3C 0:,003

I) 4

_; ; 0

0X0 *'~~ N* ~ i0000 00 00N U1
0 Co a l000Q000000C

~~10

H in4 M 0000 00 000 00 000 000000 -M0.k . 0!;-M 0.0 r .00
OUZ U!

i-

.138



'0 '

10 "0
.0

Nli

<- &-

0
rj

4U >

w

0 c c -J
0) 0 0. t

u- w- c;ý N 0mo . , t n
u LL N't0'-- 00 r)ci- r-a

-0 V) O0j -. . I 0~ -' '- D 2 Z - U

0 -~ 0

0n w U~00~ LL-. 1f50 0 00o
4 ; 0 :4 0 0 0 0 0 0 I n 4 , a c 0 0 0 0

0n 0 Ni
0 ~~~ ~ ~ 0i' C <Q o o o

tn < T i D >a ( 0 o- < INDC0 U! 
U L

wN - -0000000-t 000c00000ý

0D 0m C

0 - %

ID

LL IUIJ 7 WLU LF. ZI- *lflJ V. ; '-OoOgooooo

r- 1- to V q f I

139



0*

0 0 1-

wL LLI

C=3 co

owDo

0 1 C C 0 0

w~ Ln r- P-a o.
cm z m .n- -*: T. .o

z5-~.o-.o -* ~~ -0 C C ~ 0 m -- m e S. .. ,U, ~

I- LA N- NO N-C 00 ý

L) u

05 CL mF4~N 1.- 1

be 0.1 .1- lez t

M L. U i CoC I -- ;:2O Li ~ ; . - c n nL Dt- :o!,

z -t a4-0
- L) M Cý ~ ý000U!a,44M NO

C jA OQ O ( NO 5- C I-
S 0 . . 4 l

mN tLoo n4 W'--- 0 00 0 -0 -0 P-ooCDoCoo .o0ooo
(uf00 0 O0 0 0 -wf0 00 0O O 000

N 0 00 00 00 0 0 OO 0O 000140o~



SUT P-1 CMAISO A (101 Ift &OWN4 12-18-9941

HIH .

U.'

TIM~E (M INUiTES):

Figure 412 SC-40.20 Curve, 0 2, P-1, A

1411



?I P-I CANS1ID! a 001 IN 1S(IA I2-1I89*IoaWa

LAGH

H2

-:.0

1:42

0.01I



HIGH ... ...

H2o

. . ..... ..........INLET 02 . . ..... .... I.......... ..........
.......................................... ..........I .............................

LL ... ....................... ............................ ............................ ....I ....I .- ............... ................................
.................... .. ... .................

. . . . . . . . . . . .. . . . . . . .
w . . . . . . . . . . . . . . . . . ..

. . . . . . . . . . .. . . . . .
.............. . . . . . . . . . . . . . . .............................. ..................

w ..............
Z : . . . . . . . . . . . . ..............
w . . . . . .. . . . . . .

........................
Z : . . . . . . . . . . . . ............
w ...... -...... .............................

.............. . . . . . . . . . . . . . . . . . .

.............
...........

. . . . .. .. . . . .. .

TIME (MINUTES)

Figure 44 SC-4020 Curve, 0 2p P-1, B

143



'IUI P-I CANIIII a ISipm.9u1 VA amc.IMACI.&LWIIW 18-16-issi d o

.01.0 . . . . . . . . . . . . ....IN. .00...2 ..
. ... .... .

.0wG . . .. . . .

H2 . . .... .
.0. . . .

.. .. .. ..

w. . . . .
.. . .. . .
. . . . . . .o.%. . . .
. . . . . . ...0. . .

LLIL TC 2 . . . . .o). . .. . .
.. . .. .
. . . . . .

TI.E..MINUTES

...... ......00 ....,. 02, P-,

...... ... .. ... ...



MYl P-l CANISTO C WUI,13L~.~4AVA *R-KIh3 LICH OD OODSIW

LL
Q-

LU

AM-

TIM~E (MINULTESe

Figure J46 SGC1&O2O Curve, 0 21 P1 C

1245



TU&T F-I C&MUUTI C (14,Sa0.I1h5hVA S4I010S LICH I-l-W

1.0

TIMlE r1MINTES)

Figure 4~7 SC-4020 Curve, 00 2' P-i, C

146



Pm -1 CMZSIS out1 In-1-wi a

* H20 I.j.
ISLET C02 ....

.. . . .. . .

.. . .. .
. . . . . . .

w<,

..1 ......

Figure 4&8 sc-4020 curve, o02 P-1, NSA



TEST P1I CANISTER mt.( asIIl OU

L1.0

I-,

LA
m Ri

Id

o-

In

T I ME -M.-IflUTES)

Figure 45 sc-4020 Curve, C0 2 , P-1, NSA

148



Tall Fe CRAMIST A I IQ* IN SKUN It-1l-IMI1

LL

w.....

X

I-I.. 
..

TIM~E (MiINUITES.)

Figure 50 SC-40O20 Curve, 0O21 P-2, A

149



tut PC CmasTS A MA SM boom 1U-11-In! IG

LL

0 WE 0
.... .. ..... .. .. ... ... .

Lm-4HH
0x

0o...

w .. ... .

TIME (MINrUTES)

Figure 51 SC-4020 Curve, 00250 P-2, A

150



II 0 CaMIOTtq a U/(lM.P3)LAVMQC1I1AACT.nL 1. 21I-SI-IWOil~

. .. ...

TI -E -i --- ..TE..

Figue 52SCHIGHOCre 0~P2

151



Sw-SI--
TIlT PS CIII$?U S CIISU.I/ILATMOCS.IIMT.a.j IS-SI-IMI Sea

U)

'-4
0

CCJ

.4

TIME (MINUTES)

Pi�ure 53 SC-4020 Curve, C02, P-2, B

152

I



(H2

LL

w
C,

0

TIE(MINUTES)

Figure 54& SC-1&020 Curve, 021 P-2, C

153



.0

02

T.l ....L.TTHE

Figu........ 55 S01O2 ure 02 P2

.....1-6



.ow H20

.•m I • 1.0%

INLET C02

A1m
IL

Co.

w

.:'
LIJ

.01

TIM1E (MINUTES)

Figure 56 SC-4020 Curve, 02, P-2, MSA

155



HIGHs

-1.0%
LL. INLET C02

L)

i(...)

w-

.nCILm

TIME (MINUTES)

Figure 57 SC-40O2O Curve, C023 P-2, MSA

156



1367-II$
TEST P3 CANISTER £ KA ( IN M0cZN t2-U-tfI 017 0

NIGH+

112044

-1.0%

- INLET CO 2

L)

.lc

wZ:-
w

4A+

w

All

T I rE , r1 rtIIE- :

Figure 58 SC-4020 Cur've•, 0 21 P-3, A

15T

0Iri
wI
0i



TEST P3 CANBISTE a ( LU IN NOUN It-M-INN9fI1

"-4G

Lm
'I
wU . ..

t f-i

0.0

I. *

TitME (IMUTE

Figure 59 SC-4f020 Curve, 0021 P-3, A

158



MGH?

L),

0

w
I-,

TI ME~MI HITEE:

Figure.. 60 8-00Crv, a'P3

.........



TISl 1- CANSII 9 11,II0*I/3LAVRMOC.1/3 ACTL.MUNhSM3 12-10-1961 am a

.05

0H2

1.0

i--H

TIMHE HMINULTES)

Figure 61 S0-4020 Curve, C02, P-3, B

160



.077

toa

LL..

Dam

w-

TI-:.1IauES

Fiue6 000Cuvw'P3

iGJ



lC? ps COMMT C tIJSSmflitAVSOS-LLO, I U-S0-Ige6W

rr

020

,, 1 .0%
L INLET C02

w

TIME (MINUTES)

Figure 63 SC-40O2O Curve, 00O2 P-3, C

162



151 U-0196 canal mo l-n

.0,
Coff~i ~ ti! ......... ..

4 4

w.

Inm

1.163



TUT PS CAWISTS mNA(I

.04900

HIG.O wH2

fit

TIE MIUTS

Z iue6 042 uv,0,P3 B

L16



MV ?4 U0410 A UM IN IOMM

. . . . . . . . . . . . . . . . . .
-. - . . . . . . . . . . . . . . . .....................

... ................

H IG H ...... .... .... ... ... ..... .............I ...............................H20 ...... ....... .. .. ... .................................................. . .................... . ............... ...................... ..........................I.......................

.......................0.5% ............ ..... .. ............I ...................................INLET C02 ... ................. .........IAT C:0]2 ......... . .................. .......
............................................. ........ ............... .......................................... ........................ ................

.......... .. . ...... ....- ------------------- .....
0 . . . . . . ..................... . . . . . . . . . . . .. . . . . . . . . . ................................<r . . . . . . . . . . . . . . . . .......... ..................................................w .. .. . .. . . . . .............2-' . . ... .. . ...l E f i f f , . . . . . .. . .. . . . . .......... ...................................................................................
w . . . . . . . . .. . . . . ......... . ..... . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .Jr ........ ...... I. . . . . . . . . . ............ . . . .. . . . . . . . .

.....................

. . . . . . . . . . . . . . . . . . .. . . . . .

. . . . . . . . . . .

- - - - - - - - - - . . . . . . .

I. . . . . . . . . . . . . . . .

. . . . . . . . . .
. . . . . . . . . . . . . .
. . . . . . . . . . . . . .

. . . . . . . . . .
. . . . . . . . . . . . .

a f

I i I I a A I I I I I I I I I -

T i r, E"r, M I NUTES

Figure 66 SC-4020 Curve, 0 P-4, A
2

165



mt~ P4 COUSM A lvm (k SKMU1 on owt-

t ~ ~ Ir I t- I. . .T.

Figur 67 S-~4O2 .Curv,.002....

.. .. 66 . . .

MGH ..... ....



3111T P4 CANIdIIl a (K(R-LAUA am-AC1IVATEO M.IUdSM 3 I l--161ý4

0.5

TIMlE "'MINUTES)

Figure 68 SC-4020 Curve, 02'P4 B

167



mt P4 t*ISl¶U a (iM-.UVA amc-ACIIVAIBC MJMZB&IV 1 -IB-M I an

EEG
H2w.

.. . .. . .

0. % . .. . .. .0. . . . .

.0. . . . .

LL~ TII (MINUTES).......

Fiur 69........ure,.02..

On .... ......8



TEST P4 CAMIITER C WeC-LIG4-LM A 1~ 12-19-1961 an o

LLf

H2

UL I

LL

.014M

'TI [ME 'MINU 4TES)

Figure T0 SC-4020 Curve, 0 21 P-4, C

169



TEST P4 CUIIITth C (l~e-LaIM-LAVA I=d II1-19-1061 ow

HIG

LL.m IEC0
Q zI

Aw..

. . . . . .. . . . . .

. . . . . . .

TIME (MINUTES)

Figure 71 SC-4020 Curve, co,2 P-4, c

170



mTS P4 coa1Ist "At I11-13-101 all3 a

LL

Q1.. .

lU.

TIM~E (M INUITES.

Figure 72 SC-4020 Curve, 0 2' P-4, MSA

171



HIG

H2

=172n



TEST PS CASIIITiR A-R(KCI(NO CAT&LyST)I IN SCM I itAg-SN

.07N
. . . . . . . ..... ... ...U..L

HIGH ~ ji . .....
Figure~~~~ ~ 7.1 ......Cuv..2,P-, -

173.. . . .. ... . .



TtsU PS CAM€ TO A-VaICA( CATALYST}IN VUN ) Il-b I0i0

HIGH
.o,•xH20

-0.5
LL INLET CO2

.1St Q7
0

Lm

ot- -

Cm

.004 .... ..

TIME (MMrIfNUTES)

Figure 75 SC0-4020 Curve, 00 2 , P-5, A-2

174



TEST Pi CAN4ISTER A-34t~f-O.VA 9CC~-4 .ISI III SCIUSI 1 12-20-lWI 0351 t0

'Ow
w+

wG

.060 0

175_



TEST PS CANISIIA A-SlK~l-%UVA am mK- XL3 1k SCRUI I 0i-asl3 06 a

.0-o0 HIGH
H20

INLET CO2

.0 39

CE

..... .......

'17



rI

TST? PS CAM•ZTU 0 t ,Ll a4 WITH h IK S 111-29-i19l

ITRHIGH W ~ #
.o•H20... . .

INLET C02

LL.. . . . .
U

w

wX-

.:I:

.'7:"

C.,-

TI ME ( H I ftUTE. I

Figure 78 s3-4020 Curve, 0., P-5, D

"177



TES? PS CANISIER 0 I2/37~e1ý3ICkI WINH P*MS 1 an . O36 ~o

TI H20 [1 H..IT

FINLET 7C02 I.2 u'vC 2 ,P5

L17



TEST ps CANISTER HSAt I IW'IISal

H2 0

LL

LiiE 1 j1jE

.CIA=e 8. . 042 C.ve m:P-,

117

:41 t



DM7-SI

LUii INLET CO2

.)

'xi

w

.. .. .... ... .

~z~

005

LI .0..

ixi

.:'r

im

TIME ,;MINUTES)

Figure 81 30-4020 Curve, 002, P-5, NSA

X8



TEST P-6 CANISTERI A-ZjkC* '.NO CATALYST) IN ltIStk I I-I-IH amI

. ... ... ... .... ......... ....__ ____

.0320

.INI C 0

ce.

CIJ

.017

.L ... . ..

Fiue8 C142 uv,02 26 -

........... ... 8.



MY$ P-6 CANISTER A-R(tOII (NO CATALYS$T) IN SCMIEN 1-1-IM 04

LLO

CaIH2

0.w .
INE 0

.. . .. .

.. . . .. .

wL

TIME (MrINIUTES)

Figure 83 SO-41020 Curve, CO,2 P-6, A-2

182



ThaI le P- MUI -t(t (No CAIA4SN) IN NKaN I -S0-INN03'

00

.. . . . . .

TI. ..E ......I.TE

Figure .. .. ..C~f2 Cuve H.0 .-6 A.-2....... .

183 ........



TEST P1 CAMISTER A-412/S csWISS CATo ' "115Sxll IN sum D-a-" am4fl

.IH ..lH T E .I

FigueT 85C -000uv205 -,A 1

AM184



TEST P-4 c~aktiff A4ý4tl Rolm cal.).L1161 mlt 1k SM2) 1-10-116 --

LL

rL HHH 1E.iriIE

Fiue8OCL00CuvC -,A~

U185



VLSI P46 cakIslig A-.iZs ,3'RW CIND l' "S.15 INI $CAN, 1-10-194*o6 o

. . . . .. . .t . ... .. .t t

H20 4 Ihh iL $ TEh
* ~~I 4 4444

2:; -0.2%
~u INLET CO P

. .. .. ... Mrl;.

,0¶ ItL% 
1 1 4 3

. k~tz - 2 ..tL 0 1 ..... ....

Figure~~~ 87.... SC42 uv, 0 -,A

186 IIttir I ..



MIC P-I CAMITS A-51it3 tailsD CAI-i13135 LICH IN WI) 1-ID-IOW w o
.041

0.2

w

r
w

018



TEST P-6 ChANISTER A-tilS 101( CAIIT)| LION IN SCREEN) 1-10-SHE 0i- nl

.01

t %... + + . . .. . . . . . . . .

iLOW

o
0.2

Lm

la,
..... ..

TIME (M1INHUTES)

Figure 89 SC-4020 Curve, C0o2 P-6, A-5

188



'-9N
LOW

i,.- H20

o• INLXET C02

al

a
CLl

S

LLJ

I--E

Figure 90 Sc-4020 Curve, H 0, P-6, A-5
2

"189



vat PIS (Alai usti II £042

._.. LOW

INLET C02

LL
L)

0

'-

w

TIME (MINUTES)

Figure 91 SC-4020 Curve, 0 , P-6, MSA

"190



TEST P-4 CANITER muctI IItt agom

LL.. . .
INETC0

EL

M.1

Fi ur 92 ... 0 Curve .. .. .-6, ...

ID2

41191



TESt 2-G CANSIER MS., 1-10-Inw 012 00.

20.=0

t I?

*1* MIA0 o .. .o...

192



.0350

HIG

~H20

0. %. ....
.. ..... .. ... ....

INE C0 ..

.. . . ... . .. . . .

T~tlE............

Figure 4 SC-1020 Cuve,.0 P-7,.
2 ......

.... ....193.



ml? P-1 CHoP A imS IN Ulmo I -IS-I~to_

00.2

LCo

0Z

L)

Figure 95 S0-4020 Curve, C0O P-7, A
2

194



TEST P-7 CANISTKR A Wt~ IN SCREENE Is am9lft03 O

0oo

..I..-. . ..... .

0.2%

INLET1C0



TEST P.? CDXSlTl A.41J R KR * lo3 H.S. X13 IN SICREN I -I0-I9I61

HIGH
H20

"0.2%
INLET CO 2

LL.-.

LU

F-

LD

TIME (MINUTES)

Figure 97 SC-4020 Curve, 02, P-7, A-6

196



camo A-%Vl Sl . ll RS. 93 10 KRU 1 119-10 00

H0

02

TI....E .MI.TES

0igur ..8. .....0C rv, 0 . P-7'lA-

197.....



1~~
3322-O

*f a.a.LL. LLLLItt tit IJJt it.a U LLLL ~~~. fittl ... . .

0.22

iLE C0 1 rT';11981



IRS1 P-7 CMUIUO 4-7(1/3 ROE till L1C. IN SOMB 1-1S-lw o" 00

.. . . .. ... .

.. .. .. 4w .... ....

.~ ~ ~ T .i .t I ... UTE.S)..

Fiur 100. ... 00 Cuve.29..., -

199....



TAIN $I C"USTI &-?AISI RON* I/$ tIGH IWSN KIM-

H2

uL.

AD-4

07J
Ix

TIMiE (MINUITES)

Figure 101 SC-4020 Curve, CO02 ' P-7, A-7'

200



It? -I WaSTS &-nIti 15 I/S LICH INI SKIS I- I*-lo asHa

C'
ECs)

HLI

.S

TIME (MINUTES)

Figure 102 SC-0-i20 Curve, H 20, P-7, A-7

201



~m 00

TES P-? CANISISTE Nut 
I 1-1919a

4444 ~T t1 t 11 hlTE3) m

0.202

INLET C0



TtT #-? CAJIGISTI NSA( -- g

H2

0.22

LL T C02203



--V
it.i

qu T AF ...b .. ... .
17.- l 00 20 - -0.0 0. .... . 0..

Mi!r 10ful 00CreH0lPT B
M milf + 2

It t. .. .. .. ..2....



Teat P-0 cOIsIm A aen 11 0I 1.2-3199 03l

... .. ..... . ... ........
.. . . . . . . .. . . .
.. . ..0.. .. ... ... ...)

.. . . . .. . . .

=H20 205



TUT-"P CMUSTCR A RcKe IN saum 1-11-196

H2

I0.5

INETC0

.. . . . .

.. . . . . .. . .

...... TI....(HI..UTE ..

..igu .....e 10...00C rvC 2 ,P8

.... .... ... ... 206.



ctmtu a (RCA IN -MR

.... ..............

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ - ........
....... - ........... .....................

........ - ..............19-OrA LOW .............
. . .. . . .. . . .. . . . I . . . . . . . .. . . .H20 ........

.1- ..........
........... ....................I ...... ........... ... ......... .. ..... ...... ........ - 1... .... ... .. ... .... ..16. .... .... .... ...........................................0 .5% ---------- .......................... .................................INLET C02 .............................----------14. 
- - - - -- - - - - - - - - - - - - - - - - - -

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I.- ----------............ 
...........
..........- - - - - - - - - . . . . . . . . . . ... ... . .. . . ...... . .... ... ......... ..L X ............ ...............

an -------- .......... . .......
..........

. . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . - - - - - - - - -- - . .. . . .. . . .

0 ............ ..... ... ............. ........... . . . . . . . . . .. . . . . . . . .. . . . . . . .w .......... 1. ....... ...... ...
. .. . . . . . . . . . .. . . . . . . . . . . . .. .. . . .. . .. . . .

Lm ..... ............... .... ........... . . . . . . . . . . . . . . . I . . . . . . .. . . . .. . . .
...................X .............

.. . . - -- - - - -
.. .........

JU-1 . . .............. ........ -------
.. ............. ...... - .......

LTJ . . ..... . . .. ...... .... .... ..... ..

. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . ................ - . .
..... ..............

X .............L . . . . . . . . .. . . . . ... . .
.. - - I ..........

W ..... - ........
...........
. . . . . . .. . . - - - -

TIME (MINUTES)

Figure 108 SO-4020 Curve, -H 2 0, P-8, A

207



cmda A-1tvaNOR# W V.S Al~l N KU I -W1
li t 4 MII 51 5 ~ Il . .. .. .. .. .. .. .. ..........1-1

.. . .. ... .-...
.. . . . ... .. .... . ...

.. .. . .. .

.w. . ... .. ... .. ....

H2ue19 S-~2 uv,02 ----------- .-

208-- - .. .. ..



'347-41
TE4? P'* CANI&TtI 49(21/3 KRO W H N.S. Xis IN 3 0 3 I-Il-I4 L45 N

I I .n

.-- LOW........

H20

SA• 0. .'

03

LLJ

TI0 INLETTE02

Lm

Ixu

020Ow¢

An

TIME (MINUTES)

Figure 110 SC-4020 Curve, C02, P-8, A-6

209



.11. a takISIER A 64,3 R(A 115 H.S. AIS lk $M EN A-lit-19W ON wo

4

LOW 
. . . ...

H20

77-- - ---- ----- --- j z 1
0_5% ---- - ---------

DMET C02
IM

tat t ------ --
.t-tt

CL 4-4 -4 4-tý-j
It

+ t t t tý+ 7 ýt_-

............ 
-----------

t tl

1 44

J.- ......

It I t

i E I +f t III: I tj i lil
..... . f f + t t t, t4--"

t4 + t LH4
..... . ... t44

........ ..

........ :Ht MW'- 11:4 It

WýAý iH t

T I ME r-1 HUTU-`;':

Figure 111 SC-4020 Curve, H 2 o, P-8, A-6

210



KS S CAUISTO A-7(211 AUR * 31 LIMHL IN W 1-11-tom

L. ..L. . . . .. . . .

0. . . .. . ....w . . . . . .

.. . . . . .. . . ..w

.w. . . . . . . . .'
LO . . . . . . . . ....w. . .

.. . .. . .. . . .

TH2E (MINUTES

Figure 112. .....2 Cuve .2 .- 8 .A-7.... ...

2). . 1. . . . . . . .



Am74

MI U IVR60OI 04Lf I M 11-9

E212

0.5



0333 00
TEIl P-6 CANISTER A-?N T ie, 1 I K" L INj $ (BEEN I IITl iii9

20H20

0. O5%

F'Ir ±14 30 440-20 Cuve H0 P .S A-7 .

Iik



*W-. t qIRK MAE tfl *

An LOW
H20

I0.-
. . . . . . . .

IN E C 2........r
............ ... . .

0L. . . .. . . .

TIME (MINUTES)..

Figure 15 80-020....e,.0...8..MS

......... .

I- --- -



.0
.. . . .. . . .. .. . . . .

.. . . . . . . .. . . . .. .. ...

Figur .i ...... C..e.00..-8, S

0 215



16.216

INE 0



MIt ok-6 ".iJs a "~ lk momm

HIGH
H20

-0.2% ....I ..........

INLET C02 .I ......
LL. ... .... ..... .......... ..

.dC~ .I. ....

w
. . . . . . . ..me .....

rD.....
w

Z :. . . . . . . . . . . . . . .

w ... .-...

LOD ~ ~ ~ IM MINUTES).. ..

Figure~~ .i SC2 .O Cuve .2 .- 9 A

217 ....

I



TT1 P-0 CmlU &T a & (K% lk V6-l il a

Lm
IL

Lm_*

TIM~E (INUP1JTES;)

F'igure 119 SC-4020 Curve, C02 ,1 P-9, A

218



Toot No cnhtiT A Wa InUMN 1 -16-190S

HIG

F Hur 20 ......Crv. , -9

0.22

IL



MYT P's Cmasm A-6w.z al cssW S. I ti sa INmAm. 1 -16-19 a"

.0490
...-. .

.. .. .. ..
.. . . .. . . .HI H.. . .. . .. . .

.. . ....,. .

.. . . . .I . .

TIME (t....I...S.

H20r~ 2 S .~L....C re.., -, -
.... . ... ..2

220.. . .. . .



fellf P-I CANIVIU A-11tIell/ 1 1) " ' .3. NIS Ili salm 1a a-ia-a,.02

H2

C0 . . ..

CO:

TIM~E (M1I NUTES)

Figure 122 SC-'4020 Curve, CO, P-9., A-6

221



042 ow
Ttst 4P-* CANISTIE A-61213 NOR 4 113 11.1. 113 INI MANELIG 1-1612a4

IM ++.-444:z

LY

4- tlll
Uiur 12 .CI~2 Cuve . ,P9,A

:t2

222



.047[HIGH
L.03

I0.2

LL . . . . .

. . .. . . . .

....... T I .. .. Ii .........S

Figure 24 SC-420 .Cu.....2...... A-

223 . . .. .. .

I. .......



lii 9 .IS" ISIU US21 1 113 L1IONM ICLN WR 1-1-94 am

di E

tH GH

H 2- - -- -

TL INLET C02IT

ILI



TEST 0-2 CANISTER A-Ittill (K 113 LICH IN SC(RUN -15-196 or? Gow

20.-

I-a:

CE.H

0.22

225 -- -- :



0.226



3367-43
TEST P-1 CAMSIDt WA( O790g

H2

0.2

cci

INLET C02UES

Figure~~~~~~~ 128 zCI.2 uvC -9 S
2:

227

IL



IEST 0-9 AMSSE2 Mu
1I0. lx g 

.AS 
C 

.I . . . . . . 04. .

HIGH~? T Al1111
H20 ý 4-

16.M ti- f i t * -- l+

0.ur 29 O 1%O C re 44 0 j 1--, 4
DMET 02 7f~j2

2248--

ITtttfI , -



m? 131 (SMUM1 C (oft (CAI) 110 9 10,CM B anI

*0H20

0.2
INE 02...

w
.. ..r. .

La
C,.. ..

- ----.. ..0

Am

TIME (MINUTES)

Figure 130 SC-4020 Curve, 0 2 P-10, E

229



W4-a

IeRa cmi RR sca . a a. .. s...... augI

ErIG

£0

£0
iin

i-I

C-)

TIME (MINUTES)

Figure 131. S0-4020 Curve, CO02' P-10, E

230



tnt ~3 QKgo KAU INA? Iv IN. CAAimsTa ) I-fl-lsma

HIGH

H2

0.2

INETC0

COI

TIE(INTS

Figure 132 SC-24020 Curve, H 20, P-10, E

231



TEST P-j0 CANISTER A-SIK021CAt.I lit TIEC SCREENS AT 10 IN.) 1-23-1962 Do am6

.0210

0.232



TEST P-10 CANISTER A-*Ot60t(CATi IN IND SCREENS6 AT 10 IN.) 1-23-1962 6 00

IL+

wG
H20

T... --- -- -- -. iiH I E

Figure ~ :: M3. ----O2 Cuv -C2 -bA8

233---- -4

IL 0 7 0 ..........



"1lWP618 CRIRSM A4IfSICT.)IN 13W b== A 10 LIN) -WR an~ 0-s-tsSM 0

02

0.2

0

C,

Figure 135 SC-4020 Curve, H12 0i P-1O, A-8

2341



TiguT p-icl c•aamI F (56CMCT. I IK 3Mo CMIITU) I-1-|IlU Oi •l 83

HIGH

H20... .

, 0.2%

INLET CO 2

C- ,

0
.-_

. .
ON ..INUTES.

F............
. . .

rL.............I
Li.. . . .

C,

-- - - -- - -

TIME (rIIHLIES)

Figure 136 SC-4t020 Curve3 0 29 P-1O, F

235



V"? MeI ciallam w PI I N. so U I. masmli I-rn-3mw

HIGH
H20

0.2

LLINETC0

.. . . . . .

w - -- - -- -

TIE(ImLTS

F.....37......C.., 0 2, ~

... .. ... .. 236.

Im.... .....



IC q MIT - to a sm op USICA.I 1IN0 IN. HSTITU) i-warn

H20 INLET CO2

.. . . . .. . . . .

rJ

.. . . .. . .
.. .. .. ..

Figure 138 SC-4020 Curve, H12 0, P-1O, F

237



MTn *-to tMUltU C-142010OWI ONI~~ IN I IN CANIS1U I 1-n-190

. . . . . . . . . . . . . . . .
.. . . . . . .

0 2i .. ...
?igre13NLET O2 C urve ....... ,..-

238 .....



iap"

HIGH

"- 0. 2

LL
0

w

w
4-

TIME (MINUTES)

Figure 139 SC-4020 Curve, 0pP-10, C-2

238



Inv P-10 CANISM C-stalt"RWILION IN s IN CANISTO 1 1.16-190

Mm . . .. .. .. . . . .. . . .. . .. .. . . .. . .. . .. . .. . .. .
. . . . .. ... .. . .. .. . .. - .. . .. . ... .. . . .. .
.. . . .. . . .. . . .. . . .. . . .. . .... .. -
................................

...................................................HIGH L.- .................................................. .. . ............ ... I ............ -------------
H20 ..............

......................................... ....ff ......... ............................... ....................... .... ........ - - .............. ''..----------- ----------------
.............................0 .2% ........................ ff''.ff........................ff ..... .......

LL DMET CO ............ - .1- ......................... .... .... .... ...... ...ff ... ....................... . .......... ... ....
Q .... - .1 ...ff ..ff -- -------- ----- -W . ............. ...................................----- . .................

- a . .........I .......................... ... ... ... .... . .... ... ...... ....
........................ .......... .................. ..... .. ----- ------- -w ........... ..................

im &++ ............... ........ I .... I .......... .... ... .. ....
X ...............L ---- ----- - ........ ... ff ................................ ---------........................... .. ... I ..... .......

LM .......... ........ ................... ... ... .... .... .... .. ......... ...... ............................ ... ..... . I.......................... .... .... ... ... ... .... .. .. .....
w ........... .................................. ...... ......... .. .... .... .. ..... ... .... ... ....... ... ............ 44 4A ... ..... ... ....... .. ...

. .. . . . .. . . .. . . .ff . . . .. . .. . .. .. . .. . .. .. . . . ..
... ....... ff . ... ......... - .1 .. ...

. ...... ......... . .. ..... ... ... L ... ...
. ... . . .. . ... . .. ... .. .. .. .
...............

... .. .. .. . ... . . .
. . . . ......

LI ......

.. . .. . . . . .. . - - -

..... . . .. . .

TIME (MINUTES)

Figure 140 SC"4020 Curve, CO 2' P-10' C-2

239



MYU P-I) CAMI$YIA C-ItlMR10SL, E INk~ 5k IN iCANISTER I 1-15-19M Do

to.

LY

aj

T~rl I ril IJTESI

Figure 14I1 SC-14020 Curve, H 2 0, P-10, C-2

24o0



-- a mm

INETOO

I.00

w H-

TIN1E (r1INUTES)

Figure 142 SC-402O Curve, 02, P-IO, M.SA

.0241



MUT P.40 *MISTO WA( 
04

.01 _ _ _

.3HIGH ... ... ...In ..n ..n
H20 .. ....I. .. ..

... .. . ....C. ..

.. . . .. . . .. . . ........

.. . . . . . . . . . . . ... . . . . .. . . . . .
w. . . . . . . . . . . . .

.. . . .. . . .. . .
.. . . . . . . .. . . . . . .

0 . % . . . .. . . . . .. . . . . .
.. . . . . . . .. . . .I . . .
.w. . . . . . .. . . . . . .

W L T C 2 ' . .. .' .' . . . . . . . .......
LL. . . .. ,. . . .. . . . . .

.. . . . . . . .. . . . . . ..o. . . . . . .. . . . . . .
. . . . . . . . . . . . . . . . .

.. . . . . . . H . . . . . . . . .

. . . . . . .. . . . . . ... . . . . . . . .
.. . . . . . .. . . . . .

. . . . . . . . . . . . ..... ... .... .. II
....e 11. 3. .....0 C. .v e.C. ., P 1O. .M.



plas cAmsm lot I-Wism

................. ...........
. . . . . . . . . . . . 1 1 . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . ..

... .. . ... .. .. .... .. ...... -............................
...........................
. .........................
...........................HIGH ..................... ... I.........................I ............. .............H 20 ... .................... .................................................................. .......................................................................................................... - .11- 1------ --------------------............ ..... ...................

...........................INLET C ..............................................

L- O. 2 .............. 
..............

............ ........0 2] li i i i i i ........... ................... ... ......
. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
0 - - - - - - - - - - - - - - - - - - - -

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i - - - - - - - - - - - - - - - - - - - -
i - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m . . m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . I . . . . . . I I I I I . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . 0 . . . . . m . . . . . . . . . . . . .
0 - 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- - - - - - - - - - - - 0 - - - - - - - - - - - - - -

w 
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . m . . . . . . . . . . . . .in .........................................m ...............................I--- .. ..............m ..........................m .....I ...............................I .................co ........................... ........-----------m ............................................m ......................................................m -------------------------................................................I .........OC ...... ............0 ..................I ...............................................................................................................
4m . . . . . . . . . . . . . . . . . . . . 0 . . . . . . . . . . . . . . .

.....................................
- - - - - - - - - - - - 0 m . . . . . . . . . . . . . . . . .
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

.............
- - O - . . . . m . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

..........

. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . ..

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . ..

. . . . . . . . . . . . ..

. . . . . . . . . . . . ..
..............

............

. . ........... ..........

TIME (MINUTES)

Figure 144 SC-4020 Curve, H 2 0, P-10, MSA

243



Table 25 Cumulative Data, P-I

TXME OXYEN ScF CARBON DIOXIDE SCF CUM.
MIN. CONSMD gMERATED PRODUCED ABSORBED R.Q.

Canister A
0 -- -- -- -- --

15 0.25 0.19 0.21 0.12 0.65
45 0.76 0.93 0.62 0.68 0.73
90 1.51 1.95 1.24 1.47 0.75

125 2.10 2.71 1.72 1.98 0.73
10 2.52 3.19 2.06 2.33

3.02 .65 2.48 2.70 0:7
215 3.61 .03 2.96 3.13 0.78
245 4.11 4.40 3.37 3.46 0.79

Canister B
0 ....- -- -- --

15 0.25 0.19 0.21 0.06 0.33
45 0.76 0.77 0.62 0.38 0.49
90 1.51 1.30 1.24 0.86 0.67

125 2.10 1.66 1.72 1.Ir 0.70
1 2.52 1.8 2.06 3.. 0o.7

3.02 2.O4 2.48 1.60 0.
215 1.61 2.22 2.96 1.81 0. 1

245 .11 2.41 3.37 1.96 0.81

Canister C
0
5 0.08 0.07 0.07 0.06 0.81

40 0.67 1.00 0.55 0 90 0.90
80 1.34 1.86 1.10 1:i3 0.98

115 1 9 2.40 1.58 2.60 1.08
145 2 2:T; 2.00 3.22 1.19
173 2.2 2.4 :73 1.2g205 3. 4 3.02 2.82 . .

235 3.95 3.18 3.23 4.54 1.43

Canister NSA

0 - .........
5 0.08 0.10 0.07 0.06 0.56

40 0.67 1.32 0.55 0.81 0.62
80 1.3 2.35 1.10 1.52 0.65

115 1. 3 3.02 1.58 2.03 0.67
145 2.: 3.4 2:00 2.41 0.70
175 2. 3.6 2.2.4167
205 3N4 3528 2.860R
235 3.95 4.05 3.23 3.01 0.74
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Table 26 Cumulative Data, P-2
TDM OXYGEN SeC CAHON TDIOX:IE SCe WK.
MIN. CONSUMED (INERATED PRODUCED ABSOHBED R. Q.

Canister A
5 0.84 0.10 0.07 0.05 o,48

45 o.76 1.52 0.62 0.85 0.5675 1.25 2.37 1.03 1.36 0.105 1.76 3.16 1.42 1.71 0
133 2.23 H.80 1.83 2.00 0.53165 2.77 . .4 05195 3.7Z 2.95 0.52
225 7Z g:66 3.10 2.89 0.512.5 .28 68 3.51 3.10 0.51
315 4.79 6.53 1.92 3.33 0.5131 5.29 7.02 33 3.56 0.5134' .48 :9.07 5.30 U:6 0.50

6.80 8.30 5.57 4.20 0.51435 7.30 8.59 5.99 4.39 0.51
Canister4 B

5 o.814 0.15 0.07 0..445 0.76 2.07 0.62 o.0
75 1.25 3.02 1:F1S °:;105 1.76 0.78 1: 0.49

133 2.23 3:.1 1.83 2.13 .50165 2.77 4.73 2.2 2.4o 0.51195 3.27 5.12 2.6; 2.61 0.51225 •:78 5.41 3.10 2.77 0.51
2564 3.51 2.t$ 0.51
4.79 5.87 3.92 3.01 0.51315 5.29 6.09 4.33 0.51345 6.24 4. 0.525 6.52 5.30 3 0.52

6:30 60.52
435 7.30 6.73 5.99 3.56 0.53

Canister 0
12 0.20 0.42 0.17 0.26 0.620.86 2.51 0.70 1.66 0.66

1.34 39 1.10 2.36 0.70125 1.93 U~O 1.58 2.99u0"7
170 2.5 4.40 1.92 3.37 07
170 2:95 4.92 2.34 .75200 3.3g 5.12 2.75 4.10 0
22 5:? 3.17 4.41 0.80241:03.61 4.70 0.80290 4.87 9:.o1 4.9o o.8o320 5. 6.3U9 5o8 0.80
350 :9 Y4.8 5.26 0.81
3o7 6.'.o g:3 6.6519 5: 08

0:80
440 7.39 7.00 6.05 5.60 0.80

Canister NSA

12 0.20 0.23 o.17 0.1 0.490.86 1.56 0.70 0.78 0.5o
1.34 2.24 1.10 1.14 0.51115 1.93 2.73 1.58 1.42 0.5217 2.5 2.90 1.93 1.54 0.55

3.11 2.34 1.73 o.57
200 3.3 3.38 2.75 1.90 5230 3.60 3.17 2.04 og262 .40 33.81 3.1 2.15 0.57
290 4.87 98 2.23 .
350 A. 4. 4.82 2.3 0.56; U3 4 5.19 2. 0.55

W65 4.59 .61 2.4 0.55440 7.39 471 :6.05 2.54 0.55
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Table 27 Cumulative Data. P-3
TDE OXYGEN SCep CARBON DIOXIIE SCY COM.

KIN. CONSUMED GENERATED PRDIUCBD ABSOIWED R. Q.

Canister A
0 0 -- -- .. .

15 0.25 0.29 0.21 0.15 0.
55 0.•2 1.8 0.76 0.86 0. 8
75 1.26 2.51 1.03 1.19 0.7

107 1.80 1 1:6 0.46
135 2.27 V 1:9 2.02 0.45
165 2.77 5.30 2.27 2.41 o045
195 3.27 6.02 2.68 2.78 0.46
225 .74 6.66 3.10 3.11 o.4

.28 7.17 o°A 3.44 0.fg
2 4.70 7.52 %85 3.67 0.49355.29 ;-97 .33 3.9T 0.50

34.79 30 475 0.51P75 6.5 8: 5.3,6 4.42 0.51
65.57 4.60 0.52

435 7.30 9.03 5.99 4.75 0.53

Canister B
0 -- -- -- .....

15 0.25 0.33 0.21 o.16 o.48
55 0.2 1.76 0.76 0.88 0.50
75 1.26 2.31 1.03 1.16 01

107 1.80 3.13 1.4 1.o.
135 2.27 .76 1.8 .6 0.49
165 2.77 q.31 27 2.13 o49
195 3.27 .73 2 2. 0.5
225 .:79 5.05 3.10 2.5 0.51
2 0 4.70 50 J% 2A .51

315 5.29 5: •.33 3.02 0:53
345 5.79 5.83 4.75 3.15 0.5

6. 001 5.16 3.27 0.54
6.17 5.57 3. 7 0.55

435 7.30 6.30 5.99 3. 5 0.55
Canister 0

30 o0.4 050o 005.10
65 1.09 2.10 0.8 0:413

13 .3 2.51 1.1• 2.18 0.8710. 5 2.93 1.51 2.69 0. 92
1140 2. 5 3.27 1.39 3.17 0.97
170 2.:5 3. 7 360 1.o01200 2:.7j .97 1.04

11:23 3.16 .o6
S.47 23 3.58 4.52 1.07
290 1.87 4.37 4.76 1.09
320 5.37 11.50 4.99 1.11

538 416 4.82 5.19 1.12
6.146 4.81 5.30 5 1134305688 43 94 5.1.13

4O7.39 5:96.05 5.73 1.13
Canister NSA

3030 0.50 0.5g3 0.41 0.23 o.Z4
65 1.09 1.63 8 76 o.4•6
83 1. 9 2.6 0 .98 0.46

110 1.:95 2.56 1-51 1.22 0. 48
42.5 2.97 1.9 :.4 0.49

170 2.65 3.29 MR 1.65
20053 o51
23. 3.51•3 3.1 1.96 0.52.260 4.J7 3. 358 2100

320 •:o 2.2• o56
: 11.27 4.82 2.54 0.

5.46 4262 0.601
1110 6.88 4.5 4•:2" 0.62
1.110 7.39 4.9o 6.05 2. 0.62
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Table 28 Cumulative Data, P-4

TIME OXYGEN SOP CARBON DIOXIDE SOCP CM.
IN. CONSUED U•NERATED PRODUCED ABSORBED %, 0.

Canister A
0 -- -l .....

20 0.34 0 2. 0.28 0.14 0.62
65 1.09 1: o.28 0.70 o.56

1.60 1.89 1.3102
0 2.35 2 .83 1.3: o.

180 3.02 KU 1.7 050
218 66 3.00 2.11 0.51
242 U6 4.53 3.33 2.30 0.51

Canister B
0 -- ....-- --

20 0.34 0.25 0.28 0.15 0.63
65 1. 09 1.31 0.89 0.78 0.59

195 1.60 1,96 1.31 1.12 0:57
2.35 2.76 1:Ili 056180 3.02 3.33 EN .: 5

218 66 3.76 3.00 2.18 0.58
242 06 .00 3.33 2.35 0.59

Canister 0
5 0.08 0.14 0.07 0.06 o.46

50 0.84 2.01 0:6 0.4
90 1.51 3.11 1.2 1:9

135 2.27 4.n 1.86 2.64 0.64
175 2.94 4.76 2.41 3.9 0.69
213 3.5 5.23 2.93 3.84 0.73
237 3.98 5.47 3.26 4.16 0.76

Canister MSA
5 0.08 0.01 0.07 0.06 4.18

50 0.84 0083 63 08
90 1.51 1.40 12 1.21

135 2.27 2.05 1.86 1.51 0.73
175 2.9 2 2.41 1.72 0.69
213 3.58 2 2.93 1.9 0.67
237 3.98 2.98 3.26 1.97 0.66

247



Table 29 Cumulative Data, P-5

TDOE OXYGEN SCF CARIQN DIOXID SCP CUM.
MIN CONSUMED GENERATED PRODUCED ABSORBED R.Q.

Canister A-2

0.4
17 0.29 0.2ý 0.23 o.14 0.47

6 1 1.78 0 003.41 0.4
102 1.71 2.60 1. 0 1.02 0.39
132 2.22 3.28 1.82 1.26 0.391627 2.80 2i1:3 0207 3.48 U:A 2:V5 1. 2 :?w
227 3.81 4.72 3.12 1.92 0.41

"".23 5.03 3.47 2.05 0.41
27 4.82 5.47 92.22 o.41

317 5.32 5.79 2:36 o.41

Canister A-3

17 0.29 0.11 0.23 0.08 0.67
4 0:7ý 0.48 0.6 0 0.62

A : 0.71o0 o.6
102 1.71 1.10 1o o.61 o056
12 2.22 1.42 1.82 0.76 0.54
167 2.80 1.73 2 0:018 0.53
207 3.48 1.96.08 0.55
227 E.8 2.01 3.12 1.16 0.57

2223 2.10 3.47 1.24 0.59
2 .2582 0.60

317 5.32 2.38 0.61

Canister Do0.-
22 37 0.60 0.30 0.24 0.40
52 0.87 1.96 0.72 0.86 0.44
73 1.23 2.63 1.00 1.25 0.47
107 1.80 57 1.47 1. 81 0.51
137 2.30 3 1.89 2.23 0.53
172 2.9 4.81 2 2.66 05'
209 3.51 5.22 3.08 0.
232 ý.:2 5 1 3.34 0.60
.257 32 N 3.58 0.62
292 4: 6.16 4.02 .90 0.63
322 5.41 6.45 4.43 4.17 0;65

Canister MSA
0 0.7

22 037 0.33 0.30 0.15 0.46
52 0.87 1.15 0.72 0.52 0.45
73 1.23 1.5 1.00 0.71 0.45

107 1.80 2.16 1.47 0.95 0.44
137 2. 0 2 3 1.89 1.12 0.44
17224 129 0.45
209 3.51 301.45 .47
232 390 3.15 319 15 0:4
257 4.32 3.31 354 1.63 0.49
292 4: 3.5 4.o22 1.Z3 0
322 5 3.65 4.43
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Table 30 Cumulative Data, P-6

TME OXYGEN SOP CARON DIOXIDE SC• c.

MIN. CONSUMED GENERATED PWflOED ABSORBED LQ.

Canister A-214 0.24 0.02 0.19 0.02 o.84
0o.24 0.00 0 .13 0.63

46 1.4, o0.36 o.19 0.54

116 195 0.50 1.6o 0.25 0.50
146 2.45 0.63 2.01 0.2 0.50

206 3 4 0.91 2083 0. 050
266 7 1.19 .66 0.50

326 5:4 1.1 49 0.78 .0

386 64 1.96 5.31 0.96 0:49
446 7.49 2.25 6.14 I.11 0.50

Canister A-414 o.24 0.01 0.19 0.02 2.98

0.1; 
0.110o 4 0.o6 0:7 o.1 90•

1.N 0.10 o. 16 1.63

116 1. 5 0. 1.6o 0.19 1.4214.6 2. 5 o. 1 2.01 0. 22 1.2p

26 6 0:28 2.83 0.28 1.00266 U:T 0.36 3.69 M.5 o:%

86 6.4 0.79 5.31 0. 0.73
46 7.49 0.99 6214 0.68 069

Canister A-5
19 0.32 0.04 0.26 0.04 1.00

61 1.02 0.24 0.84 0.20 0.85
91 1.53 0.39 1. 25 0.29 0.75

121 2.03 0.53 1.66 o.36 0.69

156 2.62 0.67 2.15 0.45 0.67
216 3.63 0.90 2.97 01 0.67

276 .63 1.10 %.8 0.77 0.70

336 36 2 0.97 0.71
6.6 1.66 545 1.16 0.70

6 76 1.91 6.27 1.32 0.69

Canister MSA
19 0.32 0.05 0.26 0.03 0.63
61 1.02 0.27 0.84 0.16 0.58
91 1.53 0.42 1.25 0.24 0o57

121 2.03 0.56 1.66 0.32 0.5
156 2.62 0.69 2.15 0.4 0

216 .63 0.90 2.:7 o.g 0.5

276 U.63 1.12 0. 98
336 5.64 1.42 62 0.82 0.5

396 6.65 1.79 5.45 1.01 0.56

456 7.66 2.04 6.27 1.14 0.56
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Table 31 Cumulative Data, P-7

TIME OXYGEN ScP CARBON DIOXIDE SC CUtM.
KIN. CONSUMED GENRATED PRODUCED ABSORBED R.Q.

Canister A

15 0.25 0.08 0.21 0.02 0.28
45 0.76 0.48 0.62 0.12 0.25
75 1.o2 0.94 1.03 0.21 0.23
120 2.01 1.61 1.65 0.35 0.22
12 .52 2.o4 2.06 0. 0.22
10 3.02 2.46 2.48 0.53 0.21
240 400 3.25 .30 0.°72 0.22

30 5.04 3.87 M.3 0.41 0.24
S 6.04 4. 4 9 1.08 0.24

7.05 5.11 5.7 1.22 0.24

Canister A-6
15 0.25 0.09 0.21 0.03 0.29
45 0.76 0.4 0.62 0.13 0.29
75 1.26 0.79 1.03 0.21 0.26
120 2.01 1.32 165 0.2 0.25
1 2.52 1.66 2.065 0o 0.25
24o 2.65 3.30 o:68 0.26

30 3.20 13 0.86 0.27
6.04 3.74 4'9 1.03 0.27

4 7.05 :.31 5:7 1.17 0.27

Canister A-7
20 0 0.17 0.28 o.o4 0.22

0o 0.62 0.69 o.14 0.23
is 1.34 1.00 1.10 0.22 0.22

125 2.10 1.54 1.72 0.3 4 0.22
155 2.60 1.9 2.13 0.%3 0.22
185 .11 2.24 2.55 0.51 0.23
245 4..11 2.85 3.37 0.68 0.24
305 5.12 3.35 4.70 0.86 0.2665.1• 3.3 5.02 l.:j 0.27

45 7.1N .33 5.85 110.27

Canister NSA
20 001 .28 0.03 0.24

0: :0.69 0.13 0.23
S1.34 1. 04 1.10 0.2 0.22
125 2.10 1.70 1.72 0.3 0.22
155 2.60 2.09 2.13 0.4 0.23
185 11 2.43 2.55 0o2.
245 .11 3.03 .37o
305 5.12 34 .20 0. 0.26

5 E 75 5.02 1.01 0.2g
25 5.852 0.2
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Table 32 Cumulative Data, P-8

TIME OXYGEN SCF CARBON DIOXIDE SCF CUM.
MIN. CONSUMD GENERATED PRODUCED ABSORED R.QH

Canister A
13 0.22 o.04 0.18 0.03 0.67
43 0.72 0.25 0.59 0.16 0.6573 1. 23 0.3 1.O0 0.32 0.6073 1. 239 1.42 0.49 0.55

14 2.49 1.53 2.04 o0T9 0.52
18o 3.07 2.00 2 1.03 0.51

3.49 2.29 Ng 1.19 0.52
238 4.00 2.62 3.27 1.36 0.52
268 4.50 2.93 3.69 1.51 0.52
298 5.00 31 4.10 1.6 0.52
328 5.51 3.38 4.51 i. 0.53

6.01 3.56 4.9 133 6.53. 3.71 5. 4 1.99 0.
7. 10 3.96 5. 2 2.11 0

46 7.86 4.30 6.44 2.31 0.5533 8.95 4.70 0.56
593 99:6 5.36 ;:1 2.95 0 5
53 10. 6.10 8.99 2.95 0: R

713 11.97 6.66 9.81 3.65 0.55

Canister A-6
13 0.22 0.02 0.18 0.02 1.33
43 0.72 -0.08 0.59 0.10 1.22
73 1.23 0.14 1.00 0.15 1.04

10 0.25 1.42 0.20 0.8014• 2:4 0: 20o4 0o31 0.6o
18o 3.07 0:92 0.46 0.58
201 3.49 1.01 2:99 0.57 0.56
238 4.0 1.29 327 0.1 0.55
268 4.50 1. 5 3.69 0.15 0.55
298 5.00 1.78 4.10 0.96 o.54
328 5.51 1.96 4.51 1.06 0.54
358 6.01 2.11 4 9ý 1.3 0.54
ý88 6.51 2.25 53 1.23 o.54
423 7.10 2.39 5.82 1.32 0.55
468 6 2.57 6.44 1.43 0.56
533 8.95 3.02 1:65 o.54293 9 3.78 ;:3. 1.97 0.52
653 10.96 4.54 8.99 2.37 0.52
713 11.97 5.12 9.81 2.73 0.53

Canister A-7
23 0. 9 0.17 0.32 0.07 0.393 00.7 0.25 o.48

01.39
113 1.90 1.03 1.55 0.56
153 2.57 1.40 2.11 0.79 0.57
186 3.12 1.70 2.56 0.98 0.58
213 :08 1.94 2.93 1.13 0.59
243 U8 2.20 3.34 1.30 0.59
273 4.58 2.44 3.76 1. 46 0.:60
303 5.09 2.66 4 1.59 0.6033 :9 2.8g 4:15 1. R 0.60
363 6.09 2.9 2.41 0.61
393 6.60 3.10 5.41 1.92 0.62
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Table 32 (cont.) Cumulative Data, P-8

TIME OXYaE• SCF CARBON DIOXIrM SOF CMK.
MIN. CONSUMED GENERATED PRODUCED ABS01•RD H. q.

Canister A-7 (Cont'd)
"433 7.27 3.30 5.96 2.03 0.624•8 3 793;-1 2:0.62

ýj 2 70 2. 0.65
59.O 10.0' Ul.23 2.74 0.6U

658 11.05 4.76 9.0 3.06 0.6
718 12.06 5.21 9:88 3.36 0.65

Canister NSA
23 0.39 0.09 0.32 0.05 0.550.89 0.50.623 OA00.7 0.21 06
3 1.39 0o:4i 1E1N o.41 0.64

113 1.90 1.04 1.55 0.63 o.61
153 2.57 1.63 2.11 0.95 0.58
186 3.12 2.03 2.56 1.17 0.58
213 3.58 2.32 2.93 1.33 0.58
243 4.08 2.60 3.34 1.50 0.58
273 4.58 2.81 3.76 1.63 0.58
303 5.09 2.95 4.17 1.73 0.59
333 5.59 3.0 4 .5U 1" 0-59
363 6.09 3.1Z 49 1.86 0
393 6.60 3.22 5.1 1.93
"433 7.27 3.34 5.96 2.02 0.61
3 7.99 3.46 62.3 0.62

9:12 .73 2.37 0.64
59 10. 04 4.09 .23 2.63 0.64
6 11.05 4.51 9.• 2.92 0.65
718 12.06 4. 1 . 3.15 0.66
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Table 33 Cumulative Data, P-9

T114E OXYOEN SOF CAON DZOXIDE SCY UM.

MIN. CONSUMED EIRATED PRODUCED ABSORBED R.Q.

Canister A
15 0.25 0.10 0.21 0.05 0,52

45 0.76 o.46 0.62 0.20 0.%3

75 1.26 0.82 1.03 0.0 0.36

115 1.93 1.32 1.5 03 0.32

142.43 1.70 2.00 0.53 0.31

175 2. 4 2.06 2.41 0.63 0.30

205 3.N 2.42 2.82 0.70 0.29

240 4.03 2.86 3.30 0o9 029°2

265 4.45 3.13 ý.65 oa 0.28

310 5.20 3. 1.01 0.29

3 5 5.96 3. 4:81 1.09 0.29

385 6.46 3.97 5.30 1,16 0.29

444 4 3 6.12 1.32 0.30
4,7 6.95 1.46 0.31

55 9.49 5.16 7.77 1.79 0.35

Canister A-6
15 0.25 0.09 0.21 0.05 o.63

45 0.76 045 o.62

75 1.26 0.85 1 0.37

115 .Z3 1.39 0,.5 o 55 0.40

145 2: 3 1.77 2.00 0.69 0.39

175 2.g4 2.13 2.41 0.82 0.39

205 : 4 2.49 2.82 0.91 0 3
240 U,03 2.93 3.30 1.00

265 4.45 3.20 3.65 1.0 0.33

310 5.20 3.63 .271 0.31

355 5.96 405 4.8Z 1.23 0.30

385 .6. 6 4.26 5.30 1. 1 0.31
445 4 4.56 6.12 1.47 0.32

505 ; .4.90 6.95 1.61 0.33

565 9.49 5.33 7.77 1,98 0.37

Canister A-7
0C 0.34 0.23 0.28 0.08 0.350 o. 2 0.8 0.76 o. 21 0:36

.34 1.24 0.10.3

115 1.93 1.76 1,58 0.59 0.34

1 0 2.52 2.23 2.06 0.79- 0.36

180 3.02 2.59 2.48 0.93 0.36

210 3.53 2.95 2.89 1.06 0.36

240 4.03 3.29 3.30 1.20 0.37
270 4.53 3.57 3.72 1.34 0&.3
35 52 3.97 4.33 1.52 0.38

36 4.42 4.95 1.67 0.38

ý95 6.63 4.73 5.44 1.7; 0.3855• ý:6 5.07 6.26 1.99 00:•0
51 5 5.49 7-09 2.11 0

575 9.65 5.92 7.91 2.41 0.41
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Table 33 (cont.) Cumulative Data, P-9

rmE OXYGEN SOP CARBON DIOXIDE SCF CUM.
giI. COMMU!ED, 9MNERTED PRODUJCED AMPOMERD R. Q,

Canister NSA
20 0.34 0.14 0.28 0.07 0.51
L5 o1: 0.60 0.76 0.2 045

1.34 0.91 1.10 0. 0.40
115 1.93 1.31 1.5 0.0 0.39
1 2.52 1.67 2.06 0.66 0.39

3.02 1.93 2.48 0.76 0.39
210 3.53 2.20 2.89 O. 0.39
270 4.03 2.641 3.30 0.95 0.39
270 4353 2.617 1.01 0.3931 2:02 2.8 3:3 1.08 0o.
360 3.012 4: 1.13 0.37ý9 6.6ý 3.12 • 1.17 0.37
~55 ;.6 ~ 33 6.26 1.29 0.39515 8.65 3. 7.09 1.41 0.39

575 9.65 3. 1 7.91 1.50 0.39
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Table 34 Cumulative Data, P-1O

TIýME OXYEN SCF CARBON DIOXIDE SCF CUM.
MIN. CONSUMED aENERATED PRODUCED ABSORBED R. Q.

Canister E
0 ...... -- --

15 0.25 0.15 0.21 0.04 0.23
45 0.76 0.73 0.62 0. 19 0.26
75 1.26 1.27 1.03 0.36 0,28

135 2.27 2.2Z I.86 0.71 0.31
195 4:2 314 268 lO5 034
255 79 81 5 1.31 0. 34
315 29 U8 433: 1.45 0.34
375 6.30 4.45 5.16 1.50 0.34

Canister A-8

15 0.25 0.14 0.21 0.0; 0.24
45 0. 0.7"1 0.62 0.12 0.25
75 1. 1.28 1.3 0. 32 0.25

135 2.27 2.42 1.86 0.62 0.26
195 27 :.50 2.68 0.93 0.27
255 4.21 .51 51 1.22 0.27
315 5.29 5.53 Z.33 1.50 0.27
375 6.30 6.51 5.16 1.77 0.27

Canister F

20 0.22 0.28 0.05 0.240. 0.90 0.69 0.22 0.24
1.34 1.57 1.10 0.3 0.25

14 2.35 2.91 1.93 0.7 0.26
200 .36 4.27' 21.1 0.26
320 .37 5.32 3. 0.25

3 5.94 40.25
380 6 .19 5.23 1.54 0.25

Canister C-2
0 -- ..... -- --

5 0.08 0.09 o.07 O.Ol o.16
65 1.09 1.59 0.89 0.32 0.20

125 2.10 24 1.72 0.61 02
1511 3.11 2.55 0.88 0.2

145 1:-1 J:6 .37 1.15 .31
305 5.12 N.22 1:41 0.33
365 6.13 4.76 5.02 1.67 0.35

Canister NSA

0 4 0.15 0.28 0.04 0.24
0:8 0.o 0.69 o.14 0.25

S1.34 0.95 1.10 0.24 0.26
140 2.35 1. 1.93 0.46 0.2
200 69 2. 2.75 o 66 02
360 4.37 2.0 . 0.82 0.29
320 .3' 3.25 0.95 0.29
380 6.34 3.62 5.23 1.08 0.30
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