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SUMMARY

The test results have shown that a carbon dioxide control and oxygen supply system
utilizing lithium peroxide offers both a suit-mounted, and vehicle weight and volume
advantage over other systems for an advanced portable life support system. This is
shown in Figures 5-26 through 5-29 where a weight and volume comparison of this sys-
tem is made with the lithium hydroxide/oxygen system. For a 4 hour mission at an
average metabolic rate of 2000 Btu/hr, the lithium peroxide/oxygen system is 80 in3
smaller and 4.3 Ib. lighter. As the number of missions increases the weight and vol-
ume savings of the lithium peroxide/oxygen system becomes more significant.

The overall objective of this program was to experimentally evaluate the use of lithium
peroxide to control carbon dioxide and supply oxygen for an advanced portable.life sup-
port system.

During this test program, a total of 54 tests were completed. These tests were con~-
ducted to generate system design data, and to evaluate the effect upon lithium peroxide
performance of variations in chemical bulk density, catalyst addition, bed temperature,
bed geometry, and quantity of lithium peroxide.

Lithium peroxide in the form of low and high bulk density granules, both catalyzed with
2% nickel sulfate (to promote the release of oxygen) and uncatalyzed, was investigated
during the program. The catalyzed, low bulk density material has shown the best per-
formance. This material has demonstrated a very slow breakthrough characteristic;
durations greater than two hours have been observed for the outlet partial pressure of
carbon dioxide to increase from 0.5 to 4.0 mmHg,

The most critical operating parameter has been found to be the temperature of the
lithium peroxide bed. Due to the high level of carbon dioxide and water vapor fed to
the canister, temperatures in excess of 600°F have been measured. It has been found
that high bed temperatures deter the carbon dioxide removal performance, but enhance
the oxygen evolution performance due to thermal decomposition of the lithium peroxide.

1/2
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INTROD UCTION

Extensive studies have been undertaken with the goal of defining the optimum concept
for the next generation portable life support system to be used for space extravehicular
activities. Investigation of present systems quickly reveals that the primary area for
improvement lies in the expendables. 'Improvement' is defined as a reduction in the
suit-mounted volume, the vehicle launch weight penalty, and rechargeability optimiza-
tion. Inthe Apollo Portable Life Support System (PLSS), for example, the expendables
are made up of the oxygen supply, lithium hydroxide, water (utilized as the heat sink for
sublimation to the space vacuum), and the battery power supply. Of these four expend-
ables, the oxygen supply and carbon dioxide control systems represent a large percent-
age of the system volume and weight penalties. More compact and lightweight tech-
niques of providing carbon dioxide control and oxygen supply represent an effective way
to "improve' a portable life support system.

For several years, attempts have been made to accomplish the dual function of carbon
dioxide control and oxygen supply within one system. This can be accomplished by
developing a system which employs a superoxide, peroxide, or ozonide of potassium,
sodium, or lithium. AIl of these chemical compounds have the capability of absorbing
carbon dioxide while simultaneously releasing oxygen. Analytical studies and prelimi-
nary testing indicate that lithium peroxide (LiyOg) offers an excellent potential for re-
ducing the system volume and weight while providing the dual function of carbon dioxide
control and oxygen supply. Lithium peroxide has the theoretical capacity to remove
0.96 lb. of carbon dioxide per pound, while simultaneously releasing 0.35 Ib. of oxygen
per pound. This can occur through a variety of chemical reactions, as indicated by the
following reactions.

In the presence of moisture, lithium peroxide can react directly with carbon dioxide to

form lithium carbonate and release oxygen. The letters in parenthesis represent the
solid, liquid, vapor and gaseous phases.

H,0(v)
LiZOz(s) + COz(g)——>Ii2 CO3(s) +1/2 Oz(g)

Also, the lithium peroxide can react directly with the water vapor to form lithium hy-
droxide and hydrogen peroxide,

Li, O, (s) + 2H,0(v) — 2LiOH(s) + H,0, (/)

and the water vapor can further react with the 1ithium hydroxide to form a hydrate.

LiOH(s) + H,0(v)——= LiOH - H,0(s)

Carbon dioxide can then be absorbed through either of the following reactions:
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2Li + i
iOH (s) coz(g) —->L12003(s) + HZO([)
or
2L10H-H20(s) + COZ(g)——---L12 CO3(s) + 2H20(£)

And oxygen is released by decomposition of the hydrogen peroxide.

H202([) —=H,0(v) + 1/20,(g)

As pointed out by Markowitz in Reference 1, a catalyst is required to achieve the theo-
retical yield of oxygen by insuring decomposition of all of the hydrogen peroxide.

As a result of previous work, this contract was awarded to perform a test program to
further evaluate the capabilities of lithium peroxide. The objective of this program was
{0 generate data to permit the design of a lithium peroxide system which provides both
carbon dioxide control and oxygen supply for a portable life support system having the
following design conditions.

Missionduration .......cc0vivuevennns 4 hours
Average metabolic rate ............... 2000 Btu/hr
System presSsure ......ceveevroeersaes 3.7 psia
System flowrate .........cocvieinaen 7 c¢fm (pure Oo)
System inlet temperature.............. 85°F

Average inlet dew point ............... 70°F

During the course of the program, the following variables were investigated to evaluate
their effect upon lithium peroxide performance.

Chemical bulk density
Catalyst addition

Lithium peroxide

Lithium peroxide

Weight of lithium peroxide
Inlet dew point

This report will discuss the results of these tests (more than 50 tests total), the feasi-
bility of a lithium peroxide system as sized for future mission requirements (AAP, LEO,
etc.), and comparison of this system will be made with others which provide the func-
tion of carbon dioxide control and oxygen supply for a portable life support system.
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PROGRAM DEFINITION

This section defines the program objectives, test objectives, program description,
test conditions, test facility, test hardware, planned test sequence, and the test re-
sults.

Program Objectives

The overall objective was to evaluate the potential of lithium peroxide to remove car-
bon dioxide and supply oxygen for an advanced portable life support system. The speci-
fic objectives were:

e to advance the state-of-the-art in life support system technology

® to develop specific components and subsystems for incorporation into an
advanced portable life support system.,

Test Objectives

The following objectives were established for the test program;:

e to establish the best chemical form of lithium peroxide granules to be
utilized to control carbon dioxide and supply oxygen for a portable life
support system

e to establish the optimum bed temperature for the design of the lithium
peroxide canister

@ to establish the optimum geometry for the design of the lithium peroxide
canister

e to generate data to quantify all system level penalties accrued by the
lithium peroxide subsystem (e.g., to establish the cooling requirement
due to the heat of reaction of the chemical)

® to generate data to permit the design of a prototype lithium peroxide
canister which will maintain the helmet inlet partial pressure of carbon
dioxide below 0.5 mm Hg and provide the metabolic and leakage oxygen
requirements for 4 hours at an average metabolic rate of 2000 Btu/hr.
(2. 0 mm Hg partial pressure of carbon dioxide is allowed during emer-
gency operation at 3500 Btu/hr.).

Program Description

The program was intended to evaluate the major variables which effect the performance
of lithium peroxide. Five major variables were identified and investigated during the
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course of the program. These were:

Chemical bulk density
Catalyst addition

Bed temperature

Bed geometry

Weight of lithium peroxide

S

The effect of the variables was investigated via the following sequence of test evaluation
series.

Chemical Form Evaluation

Granular lithium peroxide was procured in two distinct bulk densities, both with and
without catalyst impregnation. Both were subjected to performance testing at a con-
stant metabolic rate of 2000 Btu/hr for 4 hours. The initial portion of this test series
was conducted under scale model test conditions (1/3 size lithium peroxide beds) to
minimize the quantity of material needed for an initial evaluation. The two leading
material forms were then subjected to a series of full size tests to verify their perfor-
mance under scale model conditions. This series, which consisted of a total of 18 tests,
identified the best form of chemical and was used for the remainder of the testing.

Bed Temperature/Geometry Evaluation

For this test series, canisters with internal, water cooling coils were used to control
bed temperature. Three geometric configurations were subjected to tests at a constant
metabolic rate of 2000 Btu/hr for 4 hours. The face areas of these canisters (defined
in Section 3. 6) was such that canister 2 had twice the face area of canister 1, and canis-
ter 3 was 3 times the face area of canister 1. This test series, consisting of 13 tests,
identified the best canister configuration and the desired range of bed temperatures.

Chemical Weight Evaluation

Varied chemical weights between 3 and 8 pounds were subjected to tests according to
the variable metabolic profile (defined in Section 3.4) for 4 hours. This metabolic pro-
file is slightly greater than a 2000 Btu/hr average profile. These tests were conducted
using the optimum canister geometry and the range of bed temperature which had pre-
viously been shown to provide the best performance. This evaluation consisted of 12
tests.

Off-Design Performance Evaluation

An off-design performance evaluation, consisting of the 9 tests defined in Section 3.7,
was planned. However, only two were conducted prior to a problem area being uncovered.
At this point, the program was redirected, utilizing the remaining tests to investigate the



Hamiiton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae SVHSER 5243

(Continued)

problem, This problem is discussed further in Section 4.0. A total of 11 tests, in-
cluding the 2 off-design tests, were conducted to conclude the test program.

Test Conditions

This section defines the test conditions employed for both the constant and variable
metabolic profiles employed during the test program.

Constant Metabolic Profile Bed Size

1/3 Scale Full Scale
Total Gas Flow Rate (Ib/hr) 2.8+0,1 - 8.4+0.2
Inlet Gas Temperature (°F) 85 + 2 85 + 2
Inlet Pressure (3.7 psia nom.) 191 £ 2 mm Hg 191 £ 2
Inlet Dew Point (°F) 70 £ 1 70 %1
CO2 Flow Rate (Ib/hr) 0,13 x 0, 001 0.39 £ 0,02

Variable Metabolic Profile

Metabolic Expenditure (Btu/hr) Mission Duration (min.)

2000 45
2500 30

500 15
2000 45
2500 30

500 15
2500 60

For the variable profile tests, the total flow rate, inlet temperature, and pressure are
the same as for the constant metabolic profile. The carbon dioxide flow rate and the
dew point are as defined below:

Bed Size
1/3 Scale Full Scale
Metabolic Rate
(Btu/hr) Dew Point (°F) COg Flow Rate (lb/hr)
500 55, 0.033 = 0,005 0.098 + 0, 005
2000 70. 0.13 +£0.01 0.39 +0.02
2500 80. 0.163 + 0,01 0.488 + 0. 02
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3.6 Test Hardware

A total of 5 test canisters were used during the program,

Standard Qo SVHSER 5243
3.5 Test Facility
The testing was performed using the LigOg test rig (Rig 21) which is shown schematic~
ally in Figure 3~1 and is depicted in Figures 3-2 and 3-3. A close-up of a canister
mounted in the rig is shown in Figure 3-4.
This test facility is a closed loop system having a total volume of about 1.5 ft3 to simu-
late the internal volume of a space suit and portable life support system. The metabolic
processes of the crewman are simulated by feeding carbon dioxide and water vapor into
the system at the desired metabolic level and simultaneously bleeding gas from the sys-
tem to account for the crewmen's metabolic oxygen consumption. All gas conditions
into the lithium peroxide canister are identical to those which would be the effluent
from a space suit for the metabolic conditions being tested. Included in the rig instru-
mentation are the following:
Instrument Accuracy
1. Og Bleed Flowmeter +2% F. 8,
2. COy Make-up Flowmeter +2% F.8.
3. Diluent Make-up Flowmeter (N 9 He) +2% F.S.
4. Loop Sample Flowmeter +2% F.S.
5. Loop Sample Flowmeter +2% F.S.
6. Loop Flow Flowmeter + 2% F.S.
7. Pressure Gage (Delta Pl—z) + 5 ram Hg
8. Pressure Gage (PS) + 0,15 psi
9. Pressure Gage (P)) + 0, 15 psi
10. Pressure Gage (P6 + 0,15 psi
11, Pressure Gage (P.) + 0,15 psi
12, Pressure Gage (P8) + 0. 15 psi
13. Pressure Gage (Pg) + 0,15 psi
14, Pressure Gage (P + 0,15 psi
15. Pressure Gage (P1 ) + 0,15 psi
16. Temperature Indicator + 1°F
17. Thermocouples (All) + I°F
18. Dewpointer (Cambridge) + 1°F
19. COgy Analyzer (MSA Lira) +5%
20. COg Analyzer (MSA Lira) + 5%
21. Beckman Og Analyzer + 0.5%
22. Beckman Oy Analyzer + 0.5%
23, Scale +1/16 Ib.
24, Speedmax Temperature Indicator + 2°F
25.. Cooling Water Flowmeter +2% F.S.

They are shown in Figures
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Figure 3-2, SS 3804-4 View of Flow Meter Panel and Canister in Rig.

{Same as picture in previous report)
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Figure 3-3. SS 6305-4 View of Inlet and Outlet Instrument Panels
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i

Figure 3-4. Lig Oy Test Canister Mounted In The Test R
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(Continued)

3-56 through 3-11. All were fabricated from stainless steel and employed internal cool-
ing coils made of copper tubing. The dimensions of these canisters are defined as
follows:

Scale Model Testing (1/3 Scale)

2
Diameter 4.5 in. ; maximum length - 6,5 in. ; flow area - 15.7 in

Full Scale Testing

Canister No, 1

Face - 3.5 inx 7.5 in; maximum length - 8>in.-; flow area - 26.3 in2

Canister No, 2

Face - 4.7 in x 9,9 in; maximum length - 8 in. ; flow area - 46.5 in2

Canister No, 3

2
Face - 6.6 in x 14, 0 in; maximum length - 4 in; flow area - 92.5 in

Canister No, 4

' 2
Face - 6.6 in x 14, 0 in; maximum length - 5.8 in; flow area - 92.5 in

Planned Test Sequence

This section defines the test sequence as originally planned.
The following designations are defined to simplify the description of each test.

a. Baseline Conditions - The metabolic profile for the test is constant at 2000 Btu/hr

(conditions per Section 3. 4)

. Variable Profile - The variable metabolic profile is defined per Section 3.4

. Canisters 1, 2, and 3 (defined in Section 3. 6) are designated as C1, C2, and C3,

respectively, for full scale tests.

. BT - Lithium peroxide bed temperature

. Subscripts a, b, ¢, etc. are used to define repetitive testing to the same test des-

cription

13
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Figure 3-5. SS 6310-4 Cylindrical Canister

SS 6310—4
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SS 6307-4 Canister #1

Figure 3-6.
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Figure 3-7. SS 6309-4 Canister #2
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SS 6308-4 Canister #3

Figure 3-8.
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SS 6306-4 Canister #4

Figure 3-9,
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Typical View Of An Unloaded Canister.

Figure 3-10.
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Typical Canister Lid

Figure 3-11.
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f. TBD - To be determined after more information is available

Chemical Form Evaluation

Test No. Scale No. of Tests
MSC-1 1/3 1
MSC-2 1/3 1
MSC-3 1/3 1
MSC-4 1/3 1
MSC-5 1/3 1
MSC-6 1/3 1
MSC-7 1/3 1
MSC-8 1/3 1
MSC-9 Full 2
MSC-10 Full 2

12

Test Description

Baseline conditions - low bulk density;
Chemical - without catalyst - BT 550°F,
Repeat MSC-1, except high bulk density
chemical,

Baseline conditions - low bulk density;
Chemical - with catalyst BT 550°F
Repeat MSC-3, except high bulk density
chemical,

Repeat MSC-1, except BT 350°F.
Repeat MSC-2, except BT 350°F.
Repeat MSC-3, except BT 350°F.
Repeat MSC-4, except BT 350°F.
Baseline Conditions - Chemical form
having best performance in previous
scale model tests - BT for that perfor-
mance.

Same as MSC-9, except use second best
chemical form.,

The best chemical form has been established after series, and used for all subsequent

testing.

Bed Temperature/Geometry Evaluation

Test No. Scale No. of Tests
MSC-11 Full 1
MSC-12 Full 1
MSC~13 Full
MSC-14 Full 1
MSC-15 Full 1
MSC-16 Full 1

6

NOTE:

Test Description

Baseline Conditions - C1 - BT 250-300°F,
Same as MSC-11, except BT 425-475°F.
Same as MSC-11, except BT 550-600°F.
Repeat MSC-11 with C3.

Repeat MSC-12 with C3.

Repeat MSC-13 with C3.

If no significant difference in performance is observed between tests with canis-

ters C1 and C3, the following three tests will not be performed.

21
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Test No. Scale No. of Tests Test Description
MSC-17 Full 1 Repeat MSC-11 with C2.
MSC-18 Full 1 Repeat MSC-12 with C2.
MSC-19 Full 1 Repeat MSC-13 with C2.
MSC-20 Full 2 Baseline Conditions - Repeat test having
best performance.
MSC-21 Full 2 Baseline Conditions - Repeat test having
7 second best performance,.

The optimum bed temperature and canister cross-sectional area has been established and
will be used for all subsequent testing.

Chemical Weight Evaluation

Test No. Scale No. of Tests Test Description
MSC-22 Full 1 Variable profile - TBD lb. of chemical
MSC-23 Full 1 Variable profile - (TBD + 1) Ib. of chemical
MSC-24 Full 1 Variable profile - (TBD + 2) Ib. of chemical
MSC-25 Full 2 Variable profile - (TBD + x) lb. of chemical
MSC-26 Full 2 Variable profile - (TBD +y) lb. of chemical
7

The weight of chemical required to meet the program objectives has been established
and will be used for the off-design test sequence.

Off-Design Evaluation

Test No. Scale No. of Tests Test Description

MSC-27 Full 1 Baseline Conditions - no water vapor flow
rate,

MSC-28 Full 1 Baseline Conditions - water vapor dew
point 50°F,

MSC-29 Full 1 Baseline Conditions - water vapor dew point
85°F,

MSC-30 Full 1 Baseline Conditions - no CO_ flow rate.

MSC-31 Full 1 Baseline Conditions, except %02 flow rate
for 500 Btu/hr metabolic rate.

MSC-32 Full 1 Baseline Conditions, except COy flow rate

' for 1000 Btu/hr metabolic rate.
MSC-33 Full 1 Baseline Conditions, except COg flow rate

for 3000 Btu/hr metabolic rate.

22
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(Continued)
Test No, Scale No. of Tests Test Description
MSC-34 Full 1 Variable profile, except total flow rate
5 cfm.
MSC-35 Full 1 Variable profile, except total flow rate
_ 9 cfm,
9

Test Results

Data Reduction

Reduction of the test data was accomplished usihg the lithium peroxide data reduction
computer program, H-137. This program, run on the UNIVAC 1108, performs the
analytical reduction of the data. The performance results are provided in both tabular

and graphical form as a function of time. The performance curves include the follow-
ing for each test:

Li_O_ Canister Outlet CO_ Partial Pressure vs. Time
L1202 Canister Oy Genera?tor Rate vs. Time
Li_O_ H_O Removal Rate vs, Time
To%alzCC?z Removed vs. Time
Total Og Generated vs. Time
COgq Utilization Efficiency vs. Time
Oy Utilization Efficiency vs. Time
CO5 Removal Efficiency vs. Time
CO9 Removal Rate vs. Time
Li Og Canister Inlet Temperature vs. Time
Li;Oy Canister Outlet Temperature vs. Time
Li_O_ Canister Inlet Pressure vs. Time
Li202 Canister Inlet Flow Rate vs. Time
LiZO2 Canister Inlet HoO Vapor Flow Rate vs. Time
Li O2 Canister Inlet COg Flow Rate vs. Time
9 Canister Inlet CO_ Partial Pressure vs. Time
Li_ O Canister Heat Reimoval Rate vs. Time

.2

L120

2.2 . .
Average LigOy Bed Temperature vs. Time

S S il ol

R T T e S
o B o ol

Gas Sample Analysis

Periodic gas samples were taken from the test fig loop and stored for chemical analysis
after the test was completed. These were analyzed for Ny, Og, COy, CO, HpO, and
trace constituents using gas chromatography.

23
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LigOg Chemical Analysis

Samples of the test beds were collected before and after testing and analyzed for chem-
ical composition. The results of these chemical analyses were correlated with the
measured test results to assure the validity of the performance results.

Section 4. 0 presents the test data that was generated during the program.

24
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TEST DATA PRESENTATION

This section presents the data for the 54 tests which were completed during this pro-
gram, The data for carbon dioxide removal and oxygen generation performance are
shown in Figures 4-1 through 4-54 for all of the tests. Figures 4-55 through 4«64
present the average bed temperature data for the full scale tests.

PERFORMANCE DATA

Table 4-1 is a tabulation of the major parameters for each test and the columns of this
tabulation are defined as follows:

1. Test number
2. Canister number

3. Time in the test that the canister outlet partial pressure of carbon dioxide
reached 0.5, 1.0, and 4.0 mmHg, (minutes)

4., Chemical weight (Ib)

5. Average useable oxygen generation rate (Ib/hr). This excludes all oxygen
that was vented overboard during peak generation rates.

6. Test duration that the oxygen supply requirement (0.36 1b/hr) was exceeded
(minutes)

7. Total quantity of useable oxygen produced during 4 hours, or at test termi-
nation if earlier (lb)

8. 'Total quantity of oxygen generated during 4 hours, or at test termination if
earlier (1b)

9. Oxygen utilization efficiency at 4 hours, or at test termination if earlier
(Percent of theoretical capacity - 0.35 Ib. of Oy per Ib. of LigOy)

10. Total quantity of carbon dioxide removed during 4 hours, or at test tei‘mina—
tion if earlier (lb)

11, Carbon dioxide utilization efficiency at 4 hours, or at test termination if
earlier (Percent of theoretical capacity - 0.96 1b. of CO, per 1b. of LiyO9)

12, Chemical type

13. Maximum bed temperature (°F)

25
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10 v - v 1.00
Li 0, TEST MSC—1 (6/28/68) 6.2" BED HAMILTON STANDARD

1.32 LBS OF LBD GRANULES (70°F D.P.)
0.130 LB/HR CO, 550°F MAXIMUM

8 0.80

mmHg

6 0.60

4 / 0.40

e

2 A
— 0.00

0 40 80 120 160 200 240
TIME — MINUTES

CO, OUTLET PARTIAL PRESSURE —
OXYGEN GENERATION RATE —~ LB/HR

Figure 4~1. Lithium Peroxide Performance Data

10— 1 T 7 T T 1.00
Li 20, TEST MSC~2 (7/25/68) 6.2" BED HAMILTON STANDARD
1.269 L BS OF HBD GRANULES (70°F D.P.)
0.13 LB/HR CO; 550°F MAXIMUM
8 / 0.80

6 0.60

4 0.40

OXYGEN GENERATION RATE — LB/HR

CO, OUTLET PARTIAL PRESSURE — mmHg

A 02
/ X 2

L]

0 40 80 120 160 200 240
TIME — MINUTES
Figure 4«2, Lithium Peroxide Performance Data
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Standard Ae
10 T T : T T T 1.0V
Li,0, TEST MSC—3 (7, 16. 68) 6.2 " BED HAMILTON STANDARD
1.32 LBS OF LBD~CAT GRANULES (70°F D.P.)
0.13 LB HR CO; 550°F MAXIMUM
=2
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E s 0.80 &
~
l m
|
b |
x
: :
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W6 0.60 §
o 8
3 i
< <
E A
x4 040 G
- [U]
E -~ G)
3 %
A o
o~ 2 = 0.20
: |\
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__,_bz____/ TN
0 0.00
0 40 80 120 160 200 240
TIME — MINUTES
Figure 4-3. Lithium Peroxide Performance Data
10 1.00
Li,0, TEST MSC—4 (8 5 68) 6.2" BED HAMILTON STANDARD
1.17 LBS OF HBD—CAT GRANULES (70" F D.P.)
o 0.13 LB HR CO; 550"'F MAXIMUM
E
E g / 0.80 g
I Y
W @
& |
@ 1
@ E
E s 0.60 <
& 60
A Z
< 1%
p 5
< g
4
L4 0.40 Z
] O
I:! catll— z
Wi
a 0]
o >
o X
Q o
QO 2 0.20
\ /
0 0.00
0 50 100 150 200 250 300

TIME — MINUTES
Figure 4~4. Lithium Peroxide Performance Data
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10

L; ,0, TEST MSC—5 (7 2 68) 6.2 'BED HAMILTON STANDARD 1.00

1.32 LBS OF LBD GRANULES (70°F D.P.)
0.13 LB, HR CO; 350°F MAXIMUM

8 I 0.80

6 0.60

}

4 0.40

OXYGEN GENERATION RATE — LB/HR

2 / 0.20

/\//i/ o

(] 40 80 120 160 200 240 280
TIME - MINUTES

CO, OUTLET PARTIAL PRESSURE — mmHg

Figure 4-5. Lithium Peroxide Performance Data

10 T 1 T T T

Li»0, TEST MSC—6A (779 68) 6.2" BED HAMILTON STANDARD
1.32 LBS OF HBD GRANULES (70°F D.P.)

0.13 LB HR CO; 350°F MAXIMUM

8 ' / 0.80

0.60

0.40

CO 3 OUTLET PARTIAL PRESSURE — mmHg
OXYGEN GENERATION RATE — LB/HR

2 / 0.20
v
/—-/_

\___——\//\__‘
I
0.00

] 40 80 120 160 200 240
TIME — MINUTES

Figure 4~6. Lithium Peroxide Performance Data
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Standard Ae
10 T T T " T T 1.00
Li»0p TEST MSC—6B (7 15 68) 6.2" BED HAMILTON STANDARD
1.32 LBS OF HBD GRANULES (70°F D.P.)
0.13 LB HR CO 350°F MAXIMUM
[ ]
S
£ 8 0.80
©
| z
m m
[+ 4
x |
b |
g 5 - 0.60
. :
-l
2 &
i_
e k
I 4 0.40 5
- r4
1]
4 / o
5 &
0o - o
o 2 0.20 >>E
S .
O / o
__/ -
T 0.00
0 40 80 120 160 200 240
TIME MINUTES
Figure 4~7. Lithium Peroxide Performance Data
10 T T Lam— T T 1.00
Li 0, TEST MSC—7A (718 68) 6.2'' BED HAMILTON STANDARD
1.32 LBS OF L.BD—CAT GRANULES (80°F D.P.)
0.13 LB HR CO2 350°F MAXIMUM
8 0.80

o
I
E
£
i 14
N
Ll
m
g -
% |
1]
2 6 / 0.60 k
a o
- z
g 0
— oot f———— =~
k &
x <
e, 0.40 i
& TG
g O
4
8 ]
4
o~
X
g 2 7 0.20 O
R —— e
. >¢ \/\’, 0.00
0 40 80 120 160 200 240

TIME — MINUTES
Figure 4-8. Lithium Peroxide Performance Data
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10

Li,0; TEST MSC--7B (7 24 68) 6.2" BED HAMILTON STANDARD
1.06 LBS OF LBD-CAT GRANULES (70"'F D.P.)
0.13 LB HR CO7 350"'F MAXIMUM

8 / - 0.80

0.60

/ 0.40

CO,; OUTLET PARTIAL PRESSURE —mmHg

OXYGEN GENERATION RATE — LB HR

/\,
2 0.20
\ ] /
[ — e
0 0.00
0 40 80 120 160 200 240

TIME - MINUTES

Figure 4-9. Lithium Peroxide Performance Data

10 T T T T 1 1.00
Lip0, TEST MSC—8 (8 2 68) 6.2" BED HAMILTON STANDARD
1.21 LBS OF HBD—CAT GRANULES (70°F D.P.)
0.13 LB HR CO2 350°F MAXIMUM
8 0.80

6 0.60

4 / 0.40

OXYGEN GENERATION RATE — LB/HR

CO, OUTLET PARTIAL PRESSURE — mm Hg

2 F\ V4 0.20
Rt -
&*—C = ™
0 0.00

0 50 100 150 200 250 300
TIME — MINUTES

Figure 4-10. Lithium Peroxide Performance Data
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10 I T 1 T Y 1.00
Li 505 TEST MSC—9 (7 31 68) 57" BED HAMILTON STANDARD
° 3.24 1.BS OF LBD—CAT GRANULES (70°F D.P.)
T 0.39 LB HR CO; 350°F MAXIMUM
£
E
8 080
' £
w m
o
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b4 0.40 §
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= z
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O 2 0.20
o e : 0.00
0 50 100 150 200 250 300

TIME — MINUTES

Figure 4-11. Lithium Peroxide Performance Data

10 I I |1 .00
Li 0, TEST MSC—9B (8 8 68) 5.7"" BED HAMILTON STANDARD
3.22 L.BS OF L.BD—CAT GRANUL.ES (70°F D.P.)
2 0.39 LB HR CO, 550°F MAXIMUM
N
£ 8 0.80
| I
~
| m
% -
u’) l
i L
x 6 0.60 <
. e z
< S
'_
x l; .
5 &
4 0.40 >
In i
4 O
E z
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g 2 v 0.20 O
—\
PJ '\./
0 0.00

0 40 80 120 160 200
TIME MINUTES

Figure 4-12, Lithium Peroxide Performance Data
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10 r r r . y 1.00
Li 202 TEST MSC—9C (89 68) 5.7" BED HAMILTON STANDARD
3.25 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB 'HR CO2 450°F MAXIMUM
o
I g 0.80
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w
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ui
n
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W / o
14
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< [
|—
g4 /\ 0,40 §
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TIME - MINUTES
Figure 4-13. Lithium Peroxide Performance Data
10 ' r . r v 1.00
Li,0p TEST MSC—10 (7 26 68) 5.7" BED HAMILTON STANDARD
4,52 LBS OF HBD GRANULES (70"F D.P.)
0.39 LB HR CO; 550"'F MAXIMUM
8 0.80

CO, OUTLET PARTIAL PRESSURE — mmHg

0.60

, | // | N

0.40

OXYGEN GENERATION RATE — LB HR

L~

"

°
o
°

0.00

Z
0 8

0 4 0 120 160 200

TIME — MINUTES
Figure 4-14. Lithium Peroxide Performance Data
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‘0 —1.00

! 1 1 i
Li 02 TEST MSC—~10B (8 1 68) 5,7" BED HAMILTON STANDARD
4,5 LBS OF HBD GRANULES (70°F D.P.)
0.39 LB HR CO, 550°F MAXIMUM

8 - 0.80

6 ‘ 0.60
v

CO, OUTLET PARTIAL PRESSURE — mm/Hg

OXYGEN GENERATION RATE — LB/HR

4 / 0.40
——
—
2 / \ 0.20
0 0.00
0 40 80 120 160 200

TIME — MINUTES
Figure 4=15. Lithium Peroxide Performance Data

1.00
T 1 T T T .
Li»0 TEST MSC—10C (8 6 68) 5.7" BED HAMILTON STANDARD

3,75 LBS OF LBD GRANULES (70"F D.P.)

° 0.13 LB HR CO2 550°F MAXIMUM
I
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Figure 4-16, Lithium Peroxide Performance Data
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Standard Ao
10 —— T T T T 1.00
Li70; TEST MSC~—10D (8 7 68) 5.7"" BED HAMILTON STANDARD
3.75 LBS OF LBD GRANULES (70°F D.P.)
0.39 LB. HR COp 550°F MAXIMUM
8 0.80

.

: , ~—/ d

0.60

4 - 0.40

OXYGEN GENERATION RATE — LB/HR

CO, OUTLET PARTIAL PRESSURE -~ mmHg

2 / /\/ \/\ 0.20
R e
A
0 0.00
0 40 80 120 160 200 240

TIME MINUTES

Figure 4-17. Lithium Peroxide Performance Data
10 -

1.00
i 1 I 1 1 .
Li 202 TEST MSC—10E (823 68) 5,7" BED HAMILTON STANDARD
3.72 LBS OF LBD GRANULES (70°F D.P.)

0.39 LB HR CO, 350°F MAXIMUM

8 - 0.80

6 0.60

4 : / 0.40
/

h %; .

CO, OUTLET PARTIAL PRESSURE — mm/Hg
OXYGEN GENERATION RATE — LB/HR

__——/

0 0.00
0 40 80 120 160 200 240

TIME — MINUTES
Figure 4-18. Lithium Peroxide Performance Data
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10 1.00

i 20p TEST MSC—11 (9 11 68) 9.0" BED HAMILTON STANDARD
3.40 L.BS OF L.BD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO; 275°F MAXIMUM

8 0.80

6 - 0.60

0.40

COy OUTLET PARTIAL PRESSURE — mmHg

2 A
VA S
. 47/ \_~

OXYGEN GENERATION RATE — LB/HR

e

0 : 0.00
0 40 80 120 160 200

TIME — MINUTES

Figure 4«19, Lithium Peroxide Performance Data

10 T T v T Y 1.00
Li 202 TEST MSC—12 (9 5 68) 9.0" BED HAMILTON STANDARD
3.10 LBS OF LBD—CAT GRANULES (70"F D.P.)
2 0.39 LB HR CO, 450"°F MAXIMUM
£
£
" e 0.80 o
A I
m

3 |
g |
] w
& g / 0.60 &
1 ©
P Z
= o
‘_ —
S £
<
o [ o
- 4 \ 0.40 ¥
4 / i
[y ——
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2 0.20 O
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0 0.00
0 20 80 120 160 200 . 240

TIME — MINUTES
Figure 4-20. Lithium Peroxide Performance Data
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Hamilton U
OIVISION OF UNITED AIRCRAFT CORPORATION SVHSER 5243
Standard Ao

10 r T 3 v T 1.00
Li 0, TEST MSC—12B (9/24,68) 9.0" BED HAMILTON STANDARD
2.94 LBS OF LBD—CAT GRANULES (70°F D.P.)

0.39 LB/HR COp 550°F MAXIMUM

8 0.80

6 0.60

4 / 0.40

2 _ /— 4\ 0.20
——-—-\/
0 0.00

0 40 80 120 160 200 240
TIME — MINUTES

COp OUTLET PARTIAL PRESSURE — mmHg
OXYGEN GENERATION RATE — LB/HR

Figure 4-21. Lithium Peroxide Performance Data

10 1.00
LiyOp TEST MSC—14 (9 16/68) 2.8'" BED HAMILTON STANDARD
3.38 LBS OF 1.LBD CAT GRANUL.ES (70°F D.P,)
. 0.39 LB, HR COy 275°F MAXIMUM
I
£ /
8 0.80 v
N}
o T
. a (i)
a A
g 1
W
o 6 -
| 0.60 é
2 z
E - o
o =
< g-
o x
- 4 0.40 Y
i w
- (U]
-
3 &
- o
8 y4 7 : 0.20 &
/ 'J
\/~/
0 0.00
0 50 100 150 200 - 250 300

TIME — MINUTES
Figure 4-22. Lithium Peroxide Performance Data
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Ha l'toncwusmr« OF UNITED !Jcmxs‘r CORPORATION SVHSER 52 43
Standard Ae
10 . . . T . 1.00
Li»0p TEST MSC—15 (9 17 68) 2.8" BED HAMILTON STANDARD
3.18 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO; 450" F MAXIMUM
8 0.80
6 , Vi 0.60

4 / 0.40

.

CO, OUTLET PARTIAL PRESSURE - mm/Hg
OXYGEN GENERATION RATE — LB HR

2 0.20
]

0 0.00
0 50 100 150 200 250 300

TIME — MINUTES

Figure 4-23, Lithium Peroxide Performance Data

Li»0, TEST MSC—16 (9 18 68) 2.8" BED HAMILTON STANDARD
3.26 LBS OF LBD—CAT GRANULES (70"'F D.P.)

0.39 LB HR CO7 575" F MAXIMUM

mmHg

0.80

6 0.60

4 VAN / 0.40

™.

OXYGEN GENERATION RATE - LB HR

2 \ / 0.20
/

0 0.00
0 50 100 150 200 250 300

TIME — MINUTES
Figure 4-24. Lithium Peroxide Performance Data

CO, OUTLET PARTIAL PRESSURE
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Hamilton
Standard

DIVISION OF UNITED AIRCRAFT CORPORATION

Re

SVHSER 5243

CO, OUTLET PARTIAL PRESSURE — mmHg

COy OUTLET PARTIAL PRESSURE — mmHg

1.00

Lip0, TEST MSC—16B (10 7 -68) 2.8" BED HAMILTON STANDARD
3.13 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB-HR CO, 550°F MAXIMUM

I

/ 0.60

0.80

0.40

Y X

|

~]

0.20

0.00

0 50

100

150 200

TIME - MINUTES

250

Figure 4-25. Lithium Peroxide Performance Data

10 I 1.00
Li 202 TEST MSC~—16C (11/18/68) 2.8" BL—C3
HAMILTON STANDARD 3.34 L.BS OF LBD—CAT
GRANULES (70°F D.P.) 0.39 LB/HR COp (CONSTANT)
8 0.80
6 0.60
i
4 = / 0.40
2 4 0.20
e
0l 0.00
0 40 80 120 160 200

TIME — MINUTES
Figure 4=-26. Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard oW SVHSER 5243

10

Y T T T T 1.00
Li 20, TEST MSC—16D (11 19 68) 2.8" BL—C3 HAMILTON STANDARD

3.7 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO; (CONSTANT)

8 0.80

6 0.60

4 / 0.40

CO, OUTLET PARTIAL PRESSURE — mmHg

2 e / 0.20
/) T~

/\/——-— pnm—
/N —
0 0.00

(] 50 100 150 200 250 300
TIME — MINUTES

OXYGEN GENERATION RATE — LB/HR

Figure 4~27. Lithium Peroxide Performance Data

10 T ) T 1 kS 1 'oo
Li 0, TEST MSC—16E (11/22/68) 2.8" BL—C4 HAMILTON STANDARD
3.8 LBS OF LBD-CAT GRANULES (70°F D.P.)

0.39 LB/HR CO, (CONSTANT)

8 0.80

6 0.60

4 r 0.40

'‘OXYGEN GENERATION RATE — LLB/HR

CO2 OUTLET PARTIAL PRESSURE —mm H g

n
o
n
o

/—//\*

0 50 100 150 200 250 300
TIME - MINUTES

Figure 4-28. Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard As SVHSER 5243

10 1.00
T T T T T -
Li»0, TEST MSC—~17 (9. 20°68) 5.7" BED HAMILTON STANDARD

3.30 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB 'HR CO, 550°F MAXIMUM

8 / 0.80

6 / - 0.60

4 0.40

2 /

0.20
\

vm

o el 0.00

0 40 80 120 160 200 240
TIME — MINUTES

CO, OUTLET PARTIAL PRESSURE —mmHg

OXYGEN GENERATION RATE — LB/HR

Figure 4-29. Lithium Peroxide Performance Data

po I | T 1.00
Li»0p TEST MSC—17B (10/1/68) 5.7" BED
HAMILTON STANDARD
> 3,08 LBS OF LBD—CAT GRANULES (70°F D.P.)
% 0.39 LB, HR CO, 550°F MAXIMUM :
E 8 0.80
| x
<
[} ——
m
3 |
%) ——— |
i
& 6 0.60 &
5 o
Zz
2 e
v E
z <
o i
E 4 0.40 ¥
o
d v}
z
3 w
~ 2
0 x
0 2 0.20 O
0 0.00
0 40 80 120 160 200

TIME - MINUTES
Figure 4-30. Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION SVHSER 5243
Standard Ae
10 T T T y T 1.00
Lip0p TEST MSC—17C (10/4/68) 2.8"" BED HAMILTON STANDARD
3.14 LBS OF LBD—-CAT GRANULES (70°F D.P.)
0.39 LB/HR CO,
8 0.80

COy OUTLET PARTIAL PRESSURE — mm Hg

CO, OUTLET PARTIAL PRESSURE — mmHg

10

/ 0.60

AN

0.40

OXYGEN GENERATION RATE — LB/HR

/ >< 0.20
0.00
40 80 120 - 160 200 240
TIME — MINUTES
Figure 4-31. Lithium Peroxide Performance Data
| — ] T T T 1.00
Li 0, TEST MSC—18 (9 4 68) 5.7" BED HAMILTON STANDARD
3,42 LBS OF LBD—CAT GRANULES (70°F D.P,)
0,39 LB-HR CO, 550°F MAXIMUM
0.80
I
~
m
-
!
W
A 0.60 i
gl —— x
r4
2]
g
— E
0.40 z
i
/ 2
Z
id
U]
%
\/ 0.20 O
P R S
0.00
40 80 120 160 200 240

Figure 4-32.

TIME — MINUTES

Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

SVHSER 5243
Standard Ao
10 L | - | i 4 1 ‘ .00
Lip0p TEST MSC—19 (10/3/68) 5.7"' BED HAMILTON STANDARD
3.32 L.BS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB, HR CO3 550°F MAXIMUM
8 0.80

co, OUTLET PARTIAL PRESSURE ~ mmHg

mmHg

CO OUTLET PARTIAL PRESSURE -

?

\ £

\

pd

s}

=

\/—_/

7

0.60

0.40

0.20

40 80 120

TIME

42

MINUTES
Figure 4-34. Lithium Peroxide Performance Data

160 200

0.0C

240

0.60

0.40

OXYGEN GENERATION RATE — LB/HR

)d 0.20
0.00
40 80 120 160 200 240
TIME — MINUTES
Figure 4~33. Lithium Peroxide Performance Data
1 1 1 1 1 1 '00
Li 0, TEST MSC—20 (9 27 68) 2.8 BED HAMILTON STANDARD
3.23 LBS OF LBD—CAT GRANULES (76°F D.P.)
0.39 LB HR CO7 550°F MAXIMUM
0.80

OXYuWEN GENERATION RATE — LB/HR



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION S E
Standard Ae VHSER 5243
10 T T g T 1.00
Li 20, TEST MSC—22B (10/17/68) 3.0" BL—C4
HAMILTON STANDARD |
@ 3.80 LBS OF L.BD CAT GRANULES (70°F D.P.)
T 0.39 LB/HR COy
£
I 8 0.80 %
ul - S
[+ 4
5 g
# !
& / "‘
a 6 0.60
i [ 4
< Z
E o
'—
x P
/ 7]
L 4 0.40 Z
5 = °
Y %
8-
2 / 0.20 ©
0 e 0,00
0 40 80 120 160 200
TIME — MINUTES
Figure 4=-35, Lithium Peroxide Performance Data
10 T r ' ' . 1.00
Li ,0, TEST MSC—22C (11 26 68) 3.3' BL—C4 HAMILTON STANDARD
4.2 LBS OF LBD—CAT GRANULES (70~75"F D.P.)
0.39 LB HR COp (CONSTANT)
8 0.80

CO, OUTLET PARTIAL PRESSURE — mmHg

/

/

N

;_/—

/

h

P

40 80 120
TIME — MINUTES

Figure 4-36.
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Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

SVHSER 5243
Standard Ae VESER
16 i
L 0, TEST MSC—23 (10/18/68) 4.4 BL—C4 HAMILTON STANDARD 1.60
6.0 LBS OF LBD—CAT GRANULES — METABOLIC PROFILE
2500
14 1.40
12 1.20 2000
g "~~~ METABOLIC RATE
£
E I
| o
x 10 1.00 .J ”
@ ! <
Ll E o 1500 E
i Py @
18 - |
A
< s 0.0 2 =
h < =
5 & 0
E |
& L o)
3 m
- Z <
E o6 060 {§ ro00 p
e 8 1 L
o
3 )
B
4 0.40
- | 4500
I\ —
2 / 4 0.20
0 ‘ 0.00 40
0 50 120 180 240 300 360

TIME — MINUTES

Figure 4~-37. Lithium Peroxide Performance Data
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Hamilton U SVHSER 5243

DWISION OF UNITED AIRCRAFT CORPORATION

16 1.60
Li 20, TEST MSC—23B (10/22/68) 4.4" BL—C4 HAMILTON STANDARD

6.2 L BS OF LBD—CAT GRANULES — METABOLIC PROFILE — (2000 BTU/

- 2500
14 1.40
12 1.20 - 2000
METABOLIC RATE
:g'; .
E £
£ =
W q
@ 10 1.00 p
=) T
0 Li <
0 E S5
2 z 1500 H
o z |
i o) w
< 3 080 K =
- b <
o & 4
m o ]
@
- zZ
E i «
o 6 0.60 9 41000 |-
o
X b3
) o
0
4 / / 0.40
e [ — / ~ 500
2 0.20
B ol
0 0.00 do
0 60 120 180 240 300 360

TIME — MINUTES |

Figure 4~38. Lithium Peroxide Performance Data
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Hamilton

U
Standard Ao SVHSER 5243

Li ;0; TEST MSC—23C (10/23/68) 4.4 BL—-C4 HAMILTON STANDARD _ |'-60
6.29 LBS OF LBD—CAT GRANULES — METABOLIC PROFILE
-1 2500
14 1.40
12 120 2000
2 T ~METABOLIC RATE
£ - x
£ T
| o
w 10 1.00 -|J £
o ed ~
ou] u =
) e E
) 1500
Ll x |
1 d = w
5 0.0 2 k
38 ‘ 0 ¢ <
& @ g
il |
< z
o i 8
- o <
| 060 4 1000 1
E 6 60 W
>
o 1%
) o
3]
4 / —40.40
| ]
—————
— _ {500
2 0.20
N e
0 0.00 Jdo
0 60 120 180 240 300 360

TIME — MINUTES

Figure 4-39. Lithium Peroxide Performance Data
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae SVHSER 5243

16 750, TEST MSC—23D (11/14/68) 5.1" BED—C4 HAMILTON STANDARD | !-60
6.5 LBS OF LBD—CAT GRANULES — METABOLIC PROFILE
42500
14 1.40
12 1.20 + 2000
£ ~.METABOLIC RATE
E o
€ I
~
| A o
w 10 1.00 7
x 14
=) ’ ] I
s L 3
@ S o0 E
x Zz
o } A 'e) {
-l 8 0.80 i w
= l 5 X
& L 2
= u =
- —1 ot o)
Iy & 2
6 0.60 & 1000
2, )
S
) \
4 /£ 0.40
_ 4500
2 S / 0.20
e
0 0.00 Jdo
0 50 100 150 200 250 300

TIME — MINUTES

Figure 4-40. Lithium Peroxide Performance Data
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Ham“ton OIVISION OF UNITED gousr CORPORATION SVH SER 52 43
Standard Ae
10 v T — : e 1.00
Li 20, TEST MSC—23E (11/27/68) 5.1" BL~C4 HAMILTON STANDARD
6.4 L.BS OF LLBD—CAT GRANULES (70°F D.P.)
0.39 LB/HR CO2 (CONSTANT)
8 - 0.80

6 0.60

OXYGEN GENERATION RATE — LB/HR

‘COy OUTLET PARTIAL PRESSURE — mmHg

4 0.40
e
) /
/ r v
0 —) 0.00
¢ 50 100 150 200 250 300

TIME — MINUTES

Figure 4-41. Lithium Peroxide Performance Data

10 1,00
Li 20, TEST MSC--23F (12 2 68) 5.1" BL—C4 HAMILTON STANDARD

6.4 LBS OF LBD—CAT GRANULES (70"'F D.P.)
0.39 LB HR CO, (CONSTANT)

g A | 050
A

0.60

4 N ’ | 0.40

CO, OUTLET PARTIAL PRESSURE — mmHg
OXYGEN GENERATION RATE — LB HR

—_—
2 > 06.20
4:
/\_—/‘\/\
0 - - = 0.00
0 50 100 150 200 250 300

TIME — MINUTES _
Figure 4~42. Lithium Peroxide Performance Data
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Ha "ton DIVISION OF UNITED Al"n,cnn.r‘r CORPORATION SVH SER 52 43
Standard Ae
10— - 1.00
Lip02 TEST MSC~23G (12/3/68) 5.1 BL~C4 HAMILTON STANDARD
6.8 LBS OF LBD~CAT GRANULES (70°F D.P.)
0.39 LB/HR CO7 (CONSTANT)
o
I
E 8 0.80 o
£ I
| 3
1]
w 3
2 "
0 s ' — 0.60 &t
24 {14
o z
ot [}
x — =
=
& ®
<L
a 4 3 = 0.40 :%
B ]
s
= &
2 0
o -‘-7 g
ol
o 2 .
3 - V 0.20
0 k- - 0.00,
0 80 160 240 320 . 400 480

TIME — MINUTES

Figure 4-43, Lithium Peroxide Performance Data

Li 20y TEST MSC—23H (12 § 68) 5.1" BL—C4 HAMILTON STANDARD
6.5 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO, (CONSTANT)

12 1.20
o
Z
E /\—-’ £
r-‘ 0
l.:l 10 100
y |
3 =
<
] -3
x z
J g 0.80 ro_'
< <
©
£ &
< z
£ g
i z
4 6 0.60 W
3 4
%
§, =]

B/ AN

o 0.00
0 40 80 120 160 200 240

TIME — MINUTES

Figure 4=-44., Lithium Peroxide Performance Plan
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Hamiiton
Standard

DIVISION OF UNITED AIRCRAFT CORPORATION

®

SVHSER 5243

CO, OUTLET PARTIAL PRESSURE — mmHg

12 : T 1 : r 1.20
Li,0p TEST MSC—231 (12 6 68) 5.1" BL—C4 HAMILTON STANDARD
6.4 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO, (CONSTANT)

10 1.00
8 0.80
6 0.60

D ——r
4 7— 0.40
—~
2 \ / 0.20
»4/«—__/\/
0 0.00
0 60 120 180 240 300 360

TIME - MINUTES

Figure 4=45, Lijthium Peroxide Performance Data

COp OUTLET PARTIAL PRES ~ mmhg

T T T T T 120
L ,0p TEST 233 (12/17/68) 5.1 BED HAMILTON STANDARD
6.2 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB/HR CO2 (CONSTANT)
10 1.00
8 0.80
i .
N
6 \ ! 0.60
AN
4 i 4 0.40
VN
2 N / 0.20
o / : __\"‘ 0.00
0 ) 30 120 T60 740

TIME — MIN

Figure 4-46. Lithium Peroxide Performance Data
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Hamilton U
Standard Ae SVHSER 5243

16
L7 ,0, TEST MSC—24B (10/25/68) 5.1" BL—C4 HAMILTON STANDARD ' -5°
6.0 LBS OF LBD—CAT GRANULES — METABOLIC PROFILE
~ 2500
14 ‘ 1.40
12 1.20 <4 2000
T
E \
E METABOLIC RATE x
l ~
m
w 10 1.00 @ «
& 1
=] o
o 2 Jis00 2
1] b -1 E
14 14
o - |
-4 8 0.80 O L
2 = E
; : :
5 5o e
5
Lk
. 0.60 41000
Ll
5 ) [
O >>< b
) ? o
o
4 // 0.40
4500
2 A 4 , 0.20
= \I
0 ’\-—/\-_-.—-'/—— 0.00 do

0 40 80 120 160 200 240
TIME — MINUTES

Figure 4-47. Lithium Peroxide Performance Plan

51



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION SVI_ISER 52 43
Standard Re
16— - 1.60
Li 202 TEST MSC—25 (10/21/68) 3.3" BL—C4 HAMILTON STANDARD
4.2 LBS OF L.BD—CAT GRANULES — METABOLIC PROFILE
7 2500
14 1.40
12 1.20 —2000

CO, OUTLET PARTIAL PRESSURE —~ mm Hg

\ METABOLIC RATE

10

1.00

0.80

0.60

4 0.40
2 \ 10.20
NS
04—.___-—\_ 4 0.00
0 40 80 120 160 200 240

TIME — MINUTES

Figure 4-48. Lithium Peroxide Performance Plan
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Hamiiton

DIVISION OF UNITED AIRCRAFT CORPORATION
243
Standard Ao SVHSER 5
16 . T 1.60
Lip0, TEST MSC—26 (10/24/68) 3.8" BL—C4 HAMILTON STANDARD
4.81 LBS OF LBD—CAT GRANULES — METABOLIC PROFILE
~2500
14 1.40
12 1.20 4 2000
o]
I
£ \
£ 14
METABOLIC RATE T
} ~
w 10 1.00 9 N
x
] | X
p E >
ul £ {1500 E
@ e
0. z |
A
2 8 0.80 g u
e & <
z B o
o & |
b 5 3
,_I z
P 6 0.60 § 1000 E
o} D ] L‘J
o ;(' b3
Q o
0
4 V 0.40
™ 4 500
2 & —0.20
d
0 0.00 Jo
0 40 80 120 160 200 240

TIME — MINUTES

Figure 4-49, Lithium Peroxide Performance Plan
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Ham i |ton DIVISION OF UNITED yﬁCHAFT CORPORATION SVHSER 52 43
Standard Re

16— Li202 TEST MSC—26B (i1-1:68) 5.8 BL—C4 HAMILTON STANDARD — 1 60

7.76 LBS OF LLBD~CAT GRANULES — METABOLIC PROFILE
42500
14 —J1.40
12 1.20 - 2000
MATABOLIC RATE
o
I
£
£
' 10 1.00 T
o .
o [+1]
2 -
0 1500
b -
o
o . <
&' 8 0.80 g
E 0
o -
<
E //\ 1 4
- L
g \ 2
J 6 060 & 1000
5 \ ,___/ z
o] w
- )
o) — >
O X
/ 15
4 0.40
- el ——— - 500
2 / // 0.20
0 - N -/ 0.00 do

0 50 100 150 200 250 300
TIME — MINUTES

Figure 4-50. Lithium Peroxide Performance Data
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Hamiiton

OIVISION OF UNITED AIRCRAFT CORPORATION SVHSER 5243
Standard Ae
16— Li 02 TEST MSC—26B (11 6 68) 5,5" BL—~C4 HAMILTON STANDARD —]1.60
6.8 LBS OF LBD—CAT GRANULES — METABOL.IC PROFILE
N 2500
s 14 1.40
12 1.20 <2000
o MATABOLIC RATE
I
N
14
£ T
m [
RL 1.00 x
r f o
7 w B
o £ qs00
z z ;
o & ”
3 8 0.80 = ©
< : [§)
[ " 3
x 1T
g z 8
Py u <
E h —R- O o
z <
Yoe B 060 § 1000
E o 6 b
o) X
~ -0
o)
.0
4 / 0.40
l—
— - 500
2 n| 0.20
f—/v
o 0.00 Jo
) 40 80 120 160 200 240

TIME — MINUTES

Figure 4-51, Lithium Peroxide Performance Data
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Hamilton_

DWVISION OF UNITED AIRCRAFT CORFORATION

Standard Ae SVHSER 5243

1.20
1 ! T T T .
Li,0 TEST MSC—(28-29) (11 12 68) 5.1"" BL—C4 HAMILTON STANDARD
6.29 LLBS OF L.BD—CAT GRANULES (50 AND 85°F D.P.)
0.39 LB HR CO7 (CONSTANT)

10 4 1.00

\ 0.80
6 \ — 0.60

0.40
—— ; N\

CO, OUTLET PARTIAL PRESSURE —mmHg

OXYGEN GENERATION RATE — LB/HR

,
fﬂ// _///

0 40 80 120 160 200 240
TIME — MINUTES

Figure 4-52. Lithium Peroxide Performance Plan

12
Li0, TEST MSC—29 (11 21 68) 5.1 BL—C4" HAMILTON STANDARD 1.20

6.4 LBS OF LBD—CAT GRANULES (70°F D.P.)
0.39 LB HR CO; (CONSTANT)

o A

1.00

CO,y OUTLET PARTIAL PRESSURE — mmHg
OXYGEN GENERATION RATE — LB HR

4 { \ / / 0.40
/ —
\'
2 v 0.20
IS
o . 0.00
0 20 40 60 80 100 120

. TIME — MINUTES
Figure 4-53. Lithium Peroxide Performance Plan
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Hanﬁuon
Standard Ae

DIVISION OF UNITED AIRCRAFT CORPORATION

SVHSER 5243

CO2 OUTLET PARTIAL PRESSURE —mm Hg

16

14

12

10

i.60:

Li202 TEST MSC—32 (11/8/68) 5.1" BL~C4 HAMILTON STANDARD

6.0 LBS OF LBD—CAT GRANULES
0.20 LB/HR CO2 (CONSTANT)

(58°F D.P.)

1.40

1.20

1.00

0.80

0.60

0.40
0.20
NA ——
2 —y 0.00
60 120 180 240 300 360

TIME — MINUTES

Figure 4-54. Lithium Peroxide Performance Plan
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Hamiiton

DIVISION OF UNITED AIRCRAFT CORPORATION

S
Standard Ae VHSER 5243
600
500 Tan\
-

400

300 k

"

200

AVERAGE BED TEMPERATURE

100

] 30 60 920 120 150 180 210 240
TIME — MINUTES

Figure 4-55. Average Bed Temperature Data
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Hamilton

OIVISION OF UNITED AIRCRAFT CORPORATION

-
o N

/ B

100 /

0 30 60 90 120 150 180 210 240
TIME — MINUTES

Standard Ao SVHSER 5243
600
500 »
2

: %/—_ l - 10
1 /
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Figure 4-56. Average Bed Temperature Data
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Hamilton

U
Standard A SVHSER 5243

600

500

A

\Q\
A

300

200 /

100

‘AVERAGE BED TEMPERATURE - °F

(1NN
/
f

TN

30 60 90 120 150 180 210 240
TIME — MINUTES )

Figure 4-57. Average Bed Temperature Data
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14, Evidence of the occurrence of thermal decomposition
15, Total test duration (minutes)

The test program was composed of four test series which were designed to investigate
the effect on lithium perioxide performance of chemical bulk density, catalyst addition,
bed geometry, bed temperature, quantity of chemical, and off-design conditions. A
brief description of these test series is as follows:

1. Chemical Form Evaluation - Three chemical forms were evaluated. These
were granules having high bulk density, low bulk density, and low bulk
density, catalyzed with 2% nickel sulfate to promote oxygen evolution, A
total of 18 tests, MSC~1 through MSC-10e, were conducted during this
series, The results demonstrated that the granules catalyzed with 2%
nickel sulfate showed superior performance.

2. Bed Temperature/Geometry Evaluation - Three distinct canister geometries
were evaluated at varied temperature levels during this series. These
canisters, defined in Section 3.6, varied in inlet face area but had nearly
identical chemical volume capacities. Canister 2 had twice the inlet face
area of canister 1 and canister 3 had an inlet face area three times that of
canister 1. A total of 13 tests, MSC-11 through MSC-20 but not including
MSC-16 tests subsequent to MSC-16b, were run for this series., Canister
3, with the largest face area (92.5 in2) was shown to provide the best
overall performance and temperature was found to be the major parameter
affecting lithium peroxide performance. It is felt that canister geometry
is of secondary effect on performance and canister 3 may have performed
best because, with it, bed temperature control was the best.

3. Chemical Weight Evaluation - A total of 12 tests, MSC-22 through MSC-26¢c,
were conducted for this series, using canister 4 which had the same face
area as canister 3, but had a larger bed capacity (8 1b of lithium peroxide
maximum)., These tests again showed that the most significant parameter
affecting lithium peroxide performance is the bed temperature. If allowed
to exceed the lithium peroxide thermal decomposition temperature; the -
oxygen evolution performance improves but the carbon dioxide removal
performance degrades rapidly.

4, Off-Design Performance Evaluation - An off-design evaluation test series,
consisting of the 9 tests defined in Section 3.0, was planned. However,
during unloading of the bed after test MSC-28-29, a void area, about 1.0-
1.5 inches in diameter and 1.5-2.0 inches long was discovered. At this
point, the program was redirected to use the remaining tests to investigate
the cause of the void in lieu of completing the off-design test series.
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As a matter of coincidence, this bed also was the first one to be vibrated
during loading. It was decided to isolate the potential causes of the void
and evaluate them individually, The causes considered wére:

Vibration

Internal bed coolant temperature
Canister geometry

Cooling coil design

. Inlet dew point

O W=

It is believed that the void was caused by condensate which formed on the
bed interval cooling coil and subsequently dissolved granules in that area
of the bed. Tests 16c and 16d were run as repeats of previous tests using
canister 3 but were vibrated during loading, No void area existed after the
tests and the performance was as expected. The vibration during loading
was ruled out as the cause for the void and canister 3, was investigated.
Tests MSC-16e, 22c, and 23e were conducted in that order using cold water
cooling. No void area occurred until MSC-23e which utilized 6. 4 lb of
LigOg. A golf ball size void was observed in the bed during unloading. The
next test, MSC-23f, was run using hot water coolant (90°-100°F) and no
void area occurred. A repeat of the previous test was made using cold
water cooling, and this bed (MSC-23g) produced a void area. These tests
showed quite conclusively that the problem was due to condensate forming
on the cooling coils and subsequently destroying a portion of the bed, As
further verification, MSC~-23h was run with no cooling and did not have a void
area,

i
At this point, two tests remained to be conducted. It was decided that the
first test would be a repeat of a previous test (MSC~23g) that produced a
void and to reverse the inlet/outlet connections to the cooling coil to see if
the location of the void changed. This test, MSC-23i, did produce a void
area and its location was reversed from that in MSC-23g. In each case,’
the void area was downstream of the coldest part of the cooling coil, The
final test of this program, MSC-23j, was run to investigate the performance
degradation that would occur if a void occurred during actual mission opera-
tion. For this test, the canister was subjected to random shock and vibra-
tion loading during testing. This test produced a hole and the performance
was worse than for MSC-23i; but the granule bed did not settle due to being
shocked. The bed appearance after testing was identical to that for MSC-23i.
Based upon this test series, it is concluded that cooling with cold water
causes a void downstream of the coldest area of the coil and a cooling coil
redesign will be necessary to eliminate the occurrence of a void. ’

Chemical Analjrsis Data

In order to confirm the validity of the measured test results, chemical analyses were
made of post-mortem samples of the test beds. These samples were analyzed to
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determine the amount of carbon dioxide removed and the quantity of oxygen evolved.
The results of the chemical analysis are shown in Table 4~2 and a comparison of these
with the measured test results is shown in Table 4-3. These results show excellent
agreement for carbon dioxide removal and good agreement with the oxygen evolution
test results., It is believed that the discrepancy in the oxygen evolution results was
due to past test oxygen evolution during the period that the canister was cooling prior
to being unloaded.

Three samples were taken for each test bed and the locations from which these were
removed is as defined as follows, ‘

CHEMICAL SAMPLE LOCATION

Canister Sample 1 Sample 2 Sample 3
Scale model Random Random Random
Canister 1 Front of bed Middle of bed Rear of bed
Canister 2 Front of bed Middle of bed Rear of bed
Canister 3 Left side of bed Middle of bed Right side of bed
Canister 4 Top of bed Middle of bed Bottom of bed

The chemical analysis data was measured using the apparatus shown in Figure 4~65.

FLLASK FOR ADDITION OF POTASSIUM PERMANGANATE
AND SULFURIC ACID TO CHEMICAL SAMPLE

STOP COCK GAS | INE
[1]1]
= R
FLASK TVEZTF GAS DUMP
METER

COLD WATER

MAGNETIC
STIRRER

Figure 4-65. Chemical Test Apparatus
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A fifty gram, homogeneous chemical sample is placed in the flash. Any oxygen in the
chemical is released when a saturated potassium permanganate solution is added and
is measured by the wet test meter. The carbon dioxide in the chemical is releaged by
adding a 50% sulfuric acid solution in 100 milliliter increments. Gas evolution is com~

plete when the addition of 100 milliliter increment of sulfuric acid increases the meter
reading by only that volume.
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PERFORMANCE ANALYSIS

This section presents the performance analysis results for the test data of Section 4. 0.

. Chemical Form Evaluation

Lithium peroxide granules of varying bulk density, with and without a nickel sulfate
(NiSO ) catalyst were evaluate during this phase of the program. Nickel sulfate was
selected as the catalyst for evaluation based upon the work done in France by Ducros
which is reported in reference 2,

The initial investigation was made for the scale model (1/3 scale) conditions described
in Section 3. 0. A fiberglass liner was applied to the canister walls to prevent the gas
from channeling around the granule bed. The small scale test results were confirmed
by the full scale tests which were conducted for the conditions specified in Section 3.0
using canister No. 2.

Due to the manufacturing process, the vendor was unable to supply catalyzed, high bulk
density granules. The three chemical forms tested were high bulk density (HBD), low
bulk density (LBD) and catalyzed low bulk density granules (LBD-CAT). Some proper-
ties for these materials are listed in Table 5-1.

TABLE 5-1

GRANULE PROPERTIES

Thermal Decomposition Data*

Bulk Temperature of Most

Chemical Density Decomposition Range Rapid Decomposition
Form (Ib/ft3)  Catalyst CF) CF)
HBD 30 None 510 - 684 571
LBD 27 None 532 - 683 574
LBD-CAT 25 2% NiSO4 468 - 668 528

* Test environment was pure oxygen at 3.7 psia with 8°F per minute heating.

The high bulk density material was 8 x 14 mesh granules supplied by the Foote Mineral
Co. These granules were prepared by grinding them from a Iarge block of chemical
pressed from lithium peroxide powder. The low bulk density material, both with and
without catalyst addition, was made by the Trans World Consulting Co. in 8 x 14 mesh
granules. These were produced by making a slurry with the lithium peroxide and an
inert liquid binder, forcing the mixture through a screen, cutting the granules to the
desired length, and then drying the resultant granules. As is shown in Table 5-1,

the addition of 2% nickel sulfate catalyst lowered the thermal decomposition tempera~
ture about 40°F. ' '
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A summary of the performance data for the tests conducted during this test series
appears in Table 5-2. The columns of the tabulation are defined as follows:

1. The time in the test that the canister outlet partial pressure of carbon dioxide
is 0.5, 1.0, and 4. 0 mmHg.

2. Chemical type (eg ~ low bulk density, LBD).
3. Chemical weight (Ib)
4, Maximum bed temperature (°F)

5. Average useable oxygen generation raté during test (Ib/hr). This excludes
all oxygen which would be vented overboard during peak generation periods.

6. Test duration that the required oxygen generation rate was exceeded (minutes)
TABLE 5-2

TEST SUMMARY

Time (min.) to Chem. Weight Max. T Avg. MmO, Time MO,>
No. 0.5-1,0-4.0 mmHg  Type (1b) CF) (Ib/hr) _Spec. (Min)
MSC-1 120-135-190 LBD 1.32 485, 0. 14 42,
MSC-2 115-130-198 HBD 1.27 541, 0.15 38.
MSC-3 75- 90-180 LBDC  1.32  526. 0.21 60.
MSC-4 96-115-205 HBDC  1.21  486. 0.18 25.
MSC-5 145-170-220 LBD 1.32 346, 0.11 12.
MSC-6a 40- 62-150 HBD 1.32 385, 0.13 0.
MSC-6b 38- 80-145 HBD 1.32  28l. 0. 09 0.
MSC-7a 140-150-186 LBDC 1.32 500, 0.13 14.
MSC-7b 80-100-166 LBDC  1.06 442, 0.18 34.
MSC-8 160-180-250 HBDC  1.21  326. 0.16 25,
MSC-9a 125-142-225 LBDC  3.24  350. 0.12 0.
MSC-9b 76- 95-150 LBDC  3.22 645, 0.20 45,
MSC-9¢ 90-125-225 LBDC  3.25 488, 0.16 25,
MSC-10a 28- 60-162 HBD 4.52  569. 0.21 52.
MSC-10b 44- 65-128 HBD 4.50  596. 0.24 45.
MSC-10c 75- 85-160 LBD 3.75  600. 0.20 35.
MSC-10d 50- 83-158 LBD 3.75  613. 0.20 36.
MSC-10e 60-100-174%* LBD 3.72 478, 0.13 3.

* Cooiing water was inadvertently turned off at 180 minutes (CO2 partial pressure dropped
when the water flow stopped and remained steady at about 2.5 mmHg up to test termina-
tion at 240 minutes.
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Both carbon dioxide removal and oxygen generation performance were demonstrated to
be superior for the catalyzed granules. Figures 5-1 and 5-2 show the oxygen genera-
tion performance after 180 minutes of test operation for the scale model and full size
tests respectively. All the data shows that superior oxygen performance is provided
by the catalyzed, low bulk density granules. The integrated average bed temperature,
Tt’ shown in Figures 5-1 and 5-2 is defined as follows. An average bed temperature,
T, is calculated for each time interval by averaging the readings for all the thermo-
couples located within the bed. The integrated average bed temperature is the time
integrated average of these average bed temperatures shown in Figure 5-3 and can be

represented by: _ AREA UNDER THE CURVE TO t;
T, =
i
OR: p=n.
— Z -1-'p At
Tt = p=oT,

.

BN

TEMPERATURE

TIME

Figure 5-3. Typical LioOg Bed Temperature Profile

The catalyzed, low bulk density granules also demonstrated better carbon dioxide re-
moval performance, as shown by Figure 5-4 for the full scale test results. In this
figure, the solid lines represent the average of the test data; the dashed lines indicate
the results normalized for an equivalent weight of lithium peroxide. This data exten-
sion is accomplished via the following rationale; the weight of lithium peroxide,
WLigOg, of the tests performed was as shown in Table 5-3. '
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TABLE 5-3

CHEMICAL TEST WEIGHTS

Bulk Density Weight of LigOg Tested

Chemical Type (Ib/£t3) (Ib)
HBD 30 4.5
LBD 279 3.75

LBD-CAT 25 _ 3.25

And:

. 4. .
time)yrojected = Wii0n (time) actual test

then; had equivalent weights of lithium peroxide been subjected to the tests, the time to
reach the indicated carbon dioxide outlet partial pressures would have been as indicated
by the dashed curves of Figure 5-4.

The performance improvement that resulted from the reduction in bulk density is con-
sidered to be related to the molar volume ratio (MVR). The molar volume ratio per-

tains to the reaction of a gas and solid where the reaction product is a solid or a solid
and a gas. The definition is:

_ Volume of Y modes of golid reaction product
Volume of X modes of solid reactant

MVR

Where X and Y are determined from the balanced chemical equation, and the molar
volume itself is the molecular weight divided by density. Physically, the molar volume
ratio is a quantitative indication of the gas diffusion resistance created by the solid
reaction product. A ratio greater than 1.0 means that, because of its larger volume,
the solid reaction product will fill some of the void spaces of the reactant and will there-
by increase the diffusion resistance of the gas to the unused reactant. A ratio less than
1. 0 means that the diffusion resistance decreases, thus promoting further reaction. The
significance of the molar volume ratio has been discussed and verified in the following
references: Markowitz (1), Bach (3) and Boryta (4, 5). In work with lithium oxide
(LigO), Boryta has shown that the relationship between bulk density and percent carbon
dioxide removal is hyperbolic in nature and the results presented in Figure 5-4 show

a similar tendency.
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The catalyzed, low bulk density material, which demonstrated the best performance,
was used for the remainder of the test program.

Bed Geometry Evaluation

'
!

This test series was conducted to evaluate the effect upon lithium pefoxide performance

of variations in the canister geometry. The tests were run in canisters of three dis-

tinct rectangular face areas. Features common to each canister included identical
inlet and outlet manifold configurations and the applicant of a fiberglass liner to the
canister walls to prevent the gas from channeling around the granule bed. Each of the
canisters incorporated internal cooling coils to allow control of the operational bed
temperature. Complete canister dimensions are as presented in Section 3.6 and Table

5-4 shows the bed face areas, bed lengths, and cooling coil lengths employed by each
canister.

TABLE 5-4

CANISTER GEOMETRY

Canister Flow Area Bed Length Cooling Coil
No. (in2) (in) Length (in)
1 26.3 9.0 105,
2 46.5 5.7 94,
3 92.5 2.8 149,

The tests were conducted using as nearly equivalent chemical volume as was possible.
The geometric variation between canisters changed the internal bed velocity since as
the flow area increases, the velocity through the bed decreases. In addition, as the
flow area increases; the mass flow rate per unit area also decreases\. It was expected
then, that the desired degree of cooling would be easier to accomplish for the largest
face area used by canister 3 and that its rate of temperature rise would be lower since
the carbon dioxide and water vapor concentration, in the bed, is effectively lowered
due to the larger flow area. The testing confirmed that this was correct.

Table 5-5 presents a data summary for the tests conducted during this test series to
evaluate the effect of geometry on lithium peroxide performance. The columns of the
tabulation are defined as follows:

"1, Canister designation (per Section 3. 6)

2. Time in the test that the canister outlet partial pressure of carbon dioxide
reaches 0.5, 1,0, and 4,0 min Hg (minutes)
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3. Chemical weight (1b)
4, Maximum bed temperature CF)

5. Average useable oxygen flow rate during the test (Ib/hr). This excludes all
oxygen vented overboard during peak generation perriods.

6. Test duration that the required oxygen flow rate of 0.36 b/hr was exceeded

(minutes)
TABLE 5-5
TEST SUMMARY

Test Time (min) to Weight Max. T Avg. mOy, Time hOg3-

No. Canister 0.5-1,0-4,0 mmHg (Ib) (°F) (Ib/hr) Spec. (Min)
MSC-11 1 40-104-160 3.40 401. 0.13 22,
MSC-12 1 0- 60-168 3.10 654, 0.14 20,
MSC-12b 1 55- 62-145 2.94 594, 0.15 20,
MSC-14 3 0- 8-210 3.38 309, 0,11 0.
MSC-~15 3 0~ 90-210 3.18 542. 0.14 3.
MSC-16 3 25-110-240 3.26 560, 0.14 - 20,
MSC-16b 3 20-100-205 3.13 552. 0.15 30.
MSC-17 2 70- 85-135 3.30 563. 0.15 40,
MSC-17b 2 15- 70-185 3.14 552, 0.15 0.
MSC-17¢ 2 40- 70-185 3,32 570, 0.20 40,
MSC-18 2 65- 90-172 3.42 703. 0.16 38.
MSC-19 2 60~ 80-148 3.32 610, 0.18 42,
MSC-20 3 70- 95-195 3.23 563. 0.13

22,

To fairly evaluate the effect of geometry upon performance, tests which exhibited nearly
equivalent average bed temperatures must be compared since performance has demon-
strated to be highly temperature sensitive. The tests which had nearly equivalent
average bed temperatures were: test MSC-11 in canister 1; tests MSC-9, 9¢, and 17¢

in canister 2; and tests MSC-15, 16 and 20 in canister 3. The average bed temperatures
for these tests are presented in Figure 5-5. The thermal decomposition temperature

of 530°F was briefly exceeded in some of these tests, but the occurrences were local
and are believed not to affect the test result comparison. Average carbon dioxide re-
moval performance is presented in Figure 5-6, based upon the averages of these tests,
It can be seen that the performance of canisters 2 and 3 were distinctly better than that
for cainster 1 and that canister 2. Further, Figure 5-7 shows the best performance
attained for each canister configuration. In this case, the performance using canister

3 is clearly superior,

83



Hamilton U
Standardowlsxm OF UNITED acauﬂr CORPORATION SVH SE R 52 43
®
600 1 T
CANISTER NO. 3
500
MSC—-20 MSC—16
L 400 1 N ¥
o]
|

MSC—15
Lnu 300 ///\ ,/\<\ :
- 200 %

T T
CANISTER NO. 2

C:S 200 | MSC—9 /\{\
- 200 /x . %\; -

N\
MSC—17C
100
0
600 . ,
CANISTER NO. 1
500 -
L 400
0 MSC—11
' 300 £
[a]
i) /] N
i~ 200 / \
100 //
% 20 80 120 160 200 240 280

TIME — MINUTES

Figure 5-5. Average Bed Temperatures

84



Hamilton
Standard Re

DIVISION OF UNITED AIRCRAFT CORPORATION

SVHSER 5243

EFFL.UENT CO2 PARTIAL PRESSURE — mmHg

T 1
PERFORMANCE AT EQUIVALENT
TEMPERATURE LEVELS

|
Li0p WITH 2% NiSOy4

CANISTER NO. 1 — TEST 11

CANISTER 2 —
AVG, OF 9, 9C,
17C

/1

/ CANISTER 3 —
AVG. OF 15, 16,

/ 20
/
V4 |
s
—~ -
40 80 120 160 200 240

TIME — MINUTES

Figure 5-6. Carbon Dioxide Removal as a Function of Geometry

85

280



Ham i lton DIVISION OF UNITED QCRAFT CORPORATION SVI—I SE R 2 43
Standard Re i

’ | \ |
BEST PERFORMANCE FOR EACH
CANISTER

Li 202 WITH 2% Nij SO4

C2 — TEST 9C {

&

Cl — TEST 1/

2 / / /

EFFLUENT PCO2 — mmHg
)

C3 — TEST 16D

/

L /’

0 40 80 120 160 200 240 280
TIME — MINUTES

Figure 5-7. Carbon Dioxide Removal as a Function of Geometry

86



5,2

5,3

Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard [a W SVHSER 5243

{Continued)

A performance comparison as a function of average bed temperature is shown in Figure
5-8 for the three canisters. The performance using canister 3 is superior over the
total range of integrated average bed temperautures.

The effects of geomefry on oxygen generation are shown in Figure 5-9 as a function of
integrated average bed temperature. Canisters 1 and 2 generated equivalent amounts

of oxygen which was significantly more than canister 3. ' This difference is fundamentally
attributed to higher bed temperatures that occurred during tests with canister 1 and 2.
This added amount of oxygen was generated through thermally decomposing the lithium
peroxide during peak temperature periods. However, a high percentage of the oxygen
produced in canisters 1 and 2 would have to be vented overboard during an actual mission
since the oxygen requirement was exceeded. Figure 5-10 shows the percentage of the
generated oxygen which could be used during a mission. This percent usable oxygen is
defined as the ratio of all the oxygen generated at a rate below 0,36 1b/hr divided by

the total oxygen generated. The data shows that a much higher percentage of the gener-
ated oxygen from canister 3 is usable.

The performance differences observed between the canisters are attributed to the basic
differences in the canister flow areas and the efficiency of the internal bed cooling
systems. Since the bed temperature and the duration that thermal decomposition occurs
influence performance so significantly, it is difficult to evaluate effects due to gemetric
variations. However, since canister 3 demonstrated the best carbon dioxide control per-
formance and exhibited the best bed temperature control, this canister face area was
selected to be used for the remainder of the tests.

Bed Temperature Evaluation

This test series was coupled with the bed geometry evaluation that was previously dis-
cussed, (ie - the tests for this series are the same tests as discussed in Sectioh 5. 2)
A data summary for those tests is presented in that section.

The test results have shown that increasing the bed temperature produces higher oxygen
yields, but impairs the carbon dioxide removal performance. To obtian good carbon
dioxide performance at the 2000 Btu/hr metabolic rate level, (which is a carbon dioxide
input level of 0.39 1b/hr), it was necessary to use internal bed cooling. Without the
cooling the bed temperatures quickly exceed the thermal decomposition temperature
releasing large quantities of oxygen, but the carbon dioxide removal performance
deteriorates rapidly.

Data in previously published literature which discusses the effect of temperature on the
lithium peroxide reactions have been reported by Markowitz and Selezneva in references
1 and 6 respectively. At temperatures below 250°F, Markowitz found the oxygen evolu~
tion to be less than that expected for the amount of water vapor known to have reacted
with the lithium peroxide, He theorized that a reaction with water vapor could occur
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which resulted in the formation of a solid compound containing hydrogen peroxide which
would not decompose to its water vapor.and oxygen constituents at these temperature
levels. Consequently the expected quantity of oxygen was not released. Further heat-
ing of the chemical with dry helium caused the oxygen to be released via thermal decom-
position of the hydrogen peroxide. This work suggested the use of a catalyst to promote
decomposition of the hydrogen peroxide at lower temperature levels.

More complete data was obtained by Selezneva in experiments using small test beds
immersed in a controlled, constant temperature bath. Tests of the reactions of lithium
peroxide were conducted with the following gas mixtures: air and 4% by volume carbon
dioxide, air and 2.5% by volume water vapor, and air with 4% carbon dioxide and 2. 5%
water vapor. Selected results of these tests are shown in Figure 5-11. No reaction
with dry carbon dioxide was observed below 392°F ;-the reaction with water vapor was
slow at room temperature, but very rapid above 392°F. Reaction with the mixture of
carbon dioxide and water vapor proceeded well at much lower temperatures.

The effect of temperature on performance can be seen from Figures 5-12 and 5-13
where the average bed temperature, effluent carbon dioxide partial pressure, and oxy-
gen generation rate are shown as a function of time for tests in canisters 2 and 3. The
best performance in each canister occurs for tests MSC-9 and MSC-16d, in which
neither ever exceeded the thermal decomposition temperature. The data for tests
MSC-9band MSC-16c show the high oxygen yield that occurs when thermal decomposition
takes place and its attendant deterioration in carbon dioxide removal performance. The
data for test MSC-16 is typical of that for lithium peroxide which has briefly undergone
thermal decomposition in small, localized areas.

Performance data for the total oxygen production and carbon dioxide removal perfor-
mance at the end of 180 minutes are presented in Figures 5-14 and 5-15. The trend of
increasing oxygen evolution as the bed temperature increases is clearly evident in
Figure 5-~14. The lower oxygen evolution demonstrated by canister 3 is attributed to
the generally low and more uniform bed temperatures, due to better cooling, in

canister 3. Virtually no thermal decomposition occurred during testing with canister
3.

The "V'" shaped curves shown in Figure 5-15 indicate the existence of an optimum bed
temperature for maximum carbon dioxide removal performance. Although there is
only scanty data for integrated average bed temperatures below 220°F, the results are
considered accurate because of the excellent test data correlation for total carbon diox-
ide removal and oxygen generation with the "post-morten' chemical analysis data.
These data indicate that a bed temperature near 220°F may represent the optimum
operating temperature from the: standpoint of carbon dioxide removal performance.

Theoretical justification for an optimum temperature level for carbon dioxide removal
can be rationalized in the following way. At low temperatures, the water vapor reaction
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proceeds very slowly and for these conditions the carbon dioxide removal is a¢ccom-
plished by reaction with the lithium hydroxide which is formed during the water vapor
reaction, and to some extent directly with the lithium peroxide. (For beds, of the size
tested, extremely low utilization efficiencies are required to maintain a low otitlet car-
bon dioxide partial pressure during the early stages of operation). As the bed tempera-
ture increases, an increasingly greater amount of lithium hydroxide is formed which
provides excellent carbon dioxide removal performance, as was demonstrated by Selez-
neva. Further increases in bed temperature begin to slow down the reaction of carbon
dioxide with the lithium hydroxide because the necessary intermediate product, lithium
hydroxide monohydrate, can not exist at the higher temperatures. This was substan-
tiated by Boryta in reference 3; the lithium hydroxide phase diagram shown in Figure
5-16 indicates the temperature - humidity requirements for the stable existence of the
monohydrate. Small amounts of the monohydrate of lithium hydroxide must be able to
exist in order for lithium oxide to provide the required carbon dioxide removal perfor-
mance. Further temperature rise promotes thermal decomposition of the lithium per-
oxide resulting in the formation of lithium oxide. Carbon dioxide removal with lithium
oxide also requires the intermediate formation of lithium hydroxide monohydrate, as
shown by Boryta in reference 4. Since the temperature level will not allow the mono-
hydrate to form, the lithium oxide is useless for carbon dioxide removal. The pro-
gressive thermal decomposition of the lithium peroxide at elevated temperature, al-
though producing large quantities of oxygen, severely reduces the capability of the bed
to remove carbon dioxide.

For the intended application, bed temperature has been identified as the most 8ignifi-
cant variable affecting the lithium peroxide performance. Further effort must be de-
voted to identifying the catalyst which will promote the decomposition of hydrogen per-
oxide within the range of temperatures demonstrated to be the most efficient for carbon
dioxide control.

Chemical Weight Evaluation

Specifically for the chemical weight evaluation series a total of 9 tests were run using
canister 4. However, for this analysis, data has been used from tests with both canis-
ter 3 and 4, both of which employed a 92.5 kinz flow area. The basic difference between
these canisters lies with cooling coil design employed. All canister 3 tests were for

a 2.8 inch bed length with a cooling provided by two coils connected in series, 1.4
inches apart and centered within the bed, with gas flow perpendicular to these c¢oils.
Early canister 4 tests employed a single coil located about 1.4 inches downstream of
the inlet face of the bed. However, tests with about 6 Ib. of chemical showed that
another identical coil was required to provide cooling for the exit end of the bed. All
tests conducted in canister 4 after MSC-23d were run with the two coil cooling system,
and demonstrated significantly improved performance over previous tests with the
same amount of chemical.
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Table 5-6 presents a data summary for the tests run specifically for the chemical
weight evaluation test series. The columns of the tabulation are defined as follows:

1. Time in the test that the canister outlet partial pressure of carbon dioxide
reaches 0.5, 1.0, and 4. 0 mm Hg. (minutes)

2. Chemical weight (Ib)
3. Maximum bed temperature (°F)

4, Average useable oxygen generation rate during the test (Ib/hr). This excludes
all oxygen vented overboard during peak generation periods.

5. Test duration that the required oxygen flow rate (0.36 Ib/hr) was exceeded

(minutes)
TABLE 5-6
TEST SUMMARY

Time (min) to Weight Max T  Avg. mQ2 Time Mg >
Test No, 0.5-1. 0-4, OmmHg (Ib) CF) (Ib/hr) Spec. (min)
MSC-22¢ 100-124-156 3.8 644. 0.28 58.
MSC-23 210-248-356 6.0 286. 0.11 0.
MSC-236 240-262-320 6.2 449, 0.13 25,
MSC-23c¢ 180-210-277 6.29 500. 0,16 15,
MSC-24b 120-138~210 6.0 458, 0.16 30.
MSC-25 90- 90-205 4.2 518, 0.14 15,
MSC-26 64- 70-120 4,81 621, 0.22 50,
MSC-26b 240-250-290 7.76 618, 0.19 105,
MSC-26¢c 150-180-230 6.80 568. 0.20 40,

All of these tests were conducted for the variable metabolic profile defined in Section
3.4 for the first 240 minutes; testing after 240 minutes was conducted for a constant
metabolic rate of 2500 Btu/hr.

Figures 5-17 and 5-18 show the carbon dioxide removal performance as a function of
chemical weight. It can be seen that due to the improved cooling with two coils in canis-
ter 4, that the operating duration increased by about 60 minutes before the 4, 0 mmHg
partial pressure level was reached. The tests which employed two cooling coils were
MSC-23E, MSC-23F, MSC-23G, MSC-23I, and MSC-23J. It should be noted that the
difference between 0.5 mmHg and 4. 0 mmHg carbon dioxide represents an accumula-
tion of only 0.0008 Ib. of carbon dioxide within the 1.5 £t3 volume being tested. For a
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removal rate of 0.39 Ib/hr, this represents a removal efficiency decrease of only 0.2%.
The nature of the curves in Figure 5-18 show that added chemical weight results in
only slight improvement in carbon dioxide removal.

Oxygen performance curves are presented in Figures 5-19, 5-20, and 5-21. Figure
5-19 clearly shows the effect of thermal decomposition on the quantity of oxygen pro-
duced. The scatter exhibited by the test points is a consequence of the duration that
thermal decomposition occured. With no thermal decomposition occurring the total
oxygen is essentially independent of the total mass of chemical employed, and is a
function only of the particular reactions taking place in the bed. Reaction with 0,39
Ib/hr of carbon dioxide can produce 0. 14 Ib/hr of oxygen. Water vapor at a 70°F dew
point, (0.5 Ib/hr flow rate for the test conditions), can produce 0.45 lb/hr of oxygen.
Therefore, the maximum oxygen evolution rate, without thermal decomposition, is
0.59 Ib/hr. Since the carbon dioxide and water vapor reactions are competing, and
since some of the carbon dioxide is removed by lithium hydroxide; the maximum evo-
lution rate does not occur.

Figure 5-20 shows that a large percentage of the oxygen produced via thermal decom-
position is of no value since the required rate is exceeded and the excess oxygen is
vented overboard. For these tests, a far better correlation of the useable oxygen can
be made with the maximum bed temperature as shown in Figure 5-22. Data variations
are a function of the duration that thermal decomposition occurred and the quantity of
chemical that was involved in thermal decomposition. The net result, when thermal
decomposition occurs, is a greater useable generation rate than without decomposition
as is shown by Figure 5-22. The data presented is for tests with canister 4 and shows
that for this form of chemical the oxygen generation rate limit is around 0. 15 lb/hr
without thermal decomposition.

Figure 5-23 present carbon dioxide performance as a function of the maximum operat-
ing bed temperature measured during canister 4 tests. Two curves are shown. The
first represents the minimum recorded performance and the other is an average of the
five tests which utilized the two cooling coils in canister 4. These five tests are MSC-
23E through MSC-23J, with the exception of MSC-23H which was not cooled. The data
shows the importance of having good bed temperature control.

Inlet Dew Point Effect

An increase in the inlet dew point provides an additional potential for increasing the
reaction rate of the lithium peroxide with water vapor. Also, a greater potential for
carbon dioxide removal by the lithium hydroxide is created. However, if the thermal
decomposition temperature is exceeded the latter potential will not be realized because
of the instability of the lithium hydroxide monohydrate at high temperatures.
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Figures 5-24 and 5-25 show the oxygen generation rate, effluent carbon dioxide partial
pressure, and local bed temperatures for tests MSC-28-29 and MSC-29. Both of these
tests were run with an elevated dew point. For the first thirty minutes of the test
shown in Figure 5-24, a 50°F dew point was used. When carbon dioxide breakthrough
initiated, the dew point was raised to 85°F and the carbon dioxide level dropped.

The oxygen generation rates for both tests have two peaks which occurred when local
areas of the bed exceeded the thermal decomposition temperature. Table 5-7 presents
a comparison of these tests with tests having nearly equivalent bed temperatures but
run with a 70°F dew point. Oxygen generation increased an average of 40 percent due

to the dew point increase and the effluent carbon dioxide partial pressure increased by
a factor of three,

TABLE 5~7

DEW POINT EFFECT ON PERFORMANCE

Inlet Total Oy Effluent P,
- Weight Dew Point Max. T. After 4 Hours After 4 Hours

Test No. (Ib) CF) CF) (1b) (mmHg)
MSC-28-29 6.29 84, 696, 1.42 4,7
MSC-29 6.40 84, 692, - -
MSC~-23D 6.50 70. 633. 1.10 1,0
MSC-23F 6.40 70, 662. 0.99 1.8
MSC-231 6.40 70. 626. 0.94 1.5

To maintain acceptable performance with high dew point conditions, the cooling must
maintain the bed temperature below the thermal decomposifion temperature.

Conclusions
The following conclusions can be reached, based upon the lithium peroxide test program:

1. Decreasing the chemical bulk density increases both the carbon dioxide re-
moval and oxygen generation life of lithium peroxide.

2. The largest face area tested provided the best carbon dioxide performance
. life. A

3. Thermal decomposition of the chemical provides optimum oxygen yields.

4. Thermal decomposition of the chemical deters carbon dioxide removal via a
combination of producing lithium oxide which is too dense to efficiently re-
move carbon dioxide or by heating the lithium hydroxide monohydrate above

its temperature for stable operation.
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5. The addition of 2% nickel sulfate catalyst lowers the thermal decomposition
temperature from 570°F to 530°F,

6. The lithium peroxide bed must be maintained below 550°F for maximum
performance,

7. Increases in the quantity of lithium peroxide provide a slight increase
in carbon dioxide removal performance but virtually no increase in oxygen

evolution.

8. The most significant parameter for lithium peroxide operation is bed tem-
perature. Control of this parameter is required to maintain performance.

9. Further development of a lithium peroxide system for application to a
portable life support system is warranted.

System Comparison

The most promising candidate systems to provide oxygen supply and carbon dioxide
control for the next generation portable life support system are the lithium hydroxide/
oxygen and lithium peroxide/oxygen systems. In both cases, gaseous oxygen is
stored at 7500 psia.

These systems have been sized for a four (4) hour EVA mission at an average metabolic
rate of 2000 BTU/hr. with the outlet partial pressure of carbon dioxide maintained be-
low 0.5 mmHg. Sizing of the lithium hydroxide/oxygen system includes a 20% penalty
for performance degradation after a hot soak which is based on Apollo EMU PLSS test
data.

Figures 5-26 and 5-27 depict the effect of EVA mission duration upon candidate system
volume and weight while Figures 5-28 and 5-29 present vehicle weight and volume
penalty imposed by these systems as a function of the number of EVA missions planned.
These figures illustrate the following: the combined oxygen supply/carbon dioxide con-
trol system utilizing lithium peroxide has a decided volume and weight advantage (11%
volume and 23% weight advantage for a four hour mission), on a system basis, over
the system utilizing lighium hydroxide; on a space vehicle basis, the system utilizing
lithium peroxide also has a weight and volume advantage over the system utilizing
lithium hydroxide which becomes increasingly more significant as the number of EVA
missions increase.

The dotted curves in Figure 5-26 through 5-29 indicate Hamilton Standard's best esti-

mates for potential improvements to system volume and weight which can be accom-
plished through further development of lithium peroxide.
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RECOMMENDED FUTURE EFFORT

This program has demonstrated that the operational bed temperature is the most sig~
nificant parameter affecting lithium peroxide performance. The program recommended
for future effort responds to the further investigation of the effect of bed temperature in
the following two ways:

1. By performing further catalyst investigations in an effort to identify
a catalyst which will cause a high rate of oxygen evolution at lower
bed temperatures (250 - 400°F). ‘

2. By performing an evaluation to identify the optimum technique for
controlling the operating bed temperature.

The following test program is recommended for future lithium peroxide development
effort.

Test Program

The test program, which has a total of 84 tests, is composed of the following set of
test series.

a, Catalyst Evaluation - Tests will be conducted to evaluate lithium peroxide per-
formance when catalyzed with manganese oxide (MnO), iron sulfate (FeSOy),
and manganese dioxide (MnOg). The performance of these catalyzed forms will
be compared with the previously generated data using the nickel sulfate (NiSOy4)
catalyst to determine the best catalyst., Composite beds using various com-
binations of the catalyzed granules will also be tested if complementing per-
formance differences are observed. Fundamentally, the purpose of catalyst
addition is to promote oxygen evolution and an ideal catalyst would provide
this function far below the thermal decomposition temperature of the lithium per-
oxide. IR&D tests with lithium peroxide catalyzed with manganese oxide and iron
sulfate have shown encouraging oxygen evolution rates and appear to be attrac-
tive candidates for a composite bed. Recent work reported in AMRL-TR~68-57
showed that lithium peroxide catalyzed with manganese dioxide produced 5.5
times the oxygen evolution rate of uncatalyzed lithium peroxide. At the higher
temperatures that occur in an advanced portable life support system application,
the oxygen generation rate improvement should be substantially better.

A total of 25 tests maximum will be run for this series. All tests will be run
at the 2000 BTU/hr condition, except for the last three tests which will be con-
ducted with the best chemical at the variable profile condition. The effluent
gas from three tests using the best chemical will be sampled periodically and
analyzed to assure that its composition is pure. The best chemical evaluated:
during this test series will be used for all subsequent testing.
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This test series is broken down as follows:

1. Four tests will be conducted with each catalyzed form (MnO, FeSOy4,
and MnOs) at a constant metabolic rate of 2,000 Btu/hr for a total of
12 tests. For these tests two different degrees of cooling will be
employed for two tests each to establish an optimum region of operating
bed temperature for each type of catalyst and to obtain cooling re-
quirement data which will be used to design heat transfer devices
employed in the bed cooling evaluation test series.

2. Two sets of composite beds using combinations of the catalyzed "
material (e.g. 50% MnO/50% FeSO,4) will be tested twice for each
mixture, During one test for each composite a high degree of
cooling will be employed; during the other a low degree of cooling.
A repeat of the test with each mixture which shows the best per-
formance will be made. A total of six tests will be run with
composite beds.

3. Three variable metabolic profile tests will be run with the
catalyzed chemical or composite bed which demonstrated
the best performance. During these tests the effluent gas will
be sampled at 30 minute intervals and analyzed to assure
that it is pure and contains no toxic or noxious constituents.

Bed Cooling Evaluation - Tests will be conducted to establish an optimum
technique for maintaining the bed temperature within the desired range.
Both passive and dynamic methods will be employed and evaluated. A
total of 20 tests maximum will be run during this series. Tests will be
run at baseline conditions, except the last three which will employ the
variable profile with the best control technique. A thorough analysis

will be made of each cooling system tested to assure that it is feasible
from the total system standpoint and that it is compatible with both the
system and crewman interfaces. The best cooling technique will be

used for all subsequent tests. -

This test series is composed of the following tests.

1. Passive Cooling - For these, the canister will be mounted on a
heat sink device which simulates the Apollo EMU PLSS sublimator
in operation. The tests will be performed both with and without
internal conductive members with two tests conducted for each
type and a total of four tests for this series.
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2., Passive/Dynamic Cooling - For these tests, one or more surfaces
of the canister will perform the function of a heat exchanger to remove
the generated heat. As with the solely passive system, beds will
be tested both with and without internal conductive members for two.
tests each and a total of four tests for the series.

3. Dynamic Cooling - The canister tested for these tests will have
internal cooling coils through which the coolant flows. The coils
will be tested in both the perpendicular to gas flow and parallel to
gas flow attitudes and two distinct levels of coolant inlet tempera-
ture will be employed. A total of eight tests will be conducted; two
for each combination of cooling coil attitude and coolant inlet
temperature, ' '

4. One repeat test will be conducted for the cooling technique which has
shown the best performance and has been judged to be compatible
with all system and crewman interfaces.

5. Three variable metabolic profile tests will be run using the optimum
cooling concept to verify its performance under variable operating
conditions.

c. Procedural Tests - Tests will be conducted to establish the criteria for and
verify the validity of specifications which will be formalized for material
handling, canister loading, granule manufacturing, and quality control. The
sum total for this test series will be 22 tests, all at baseline conditions, and
will be made up of the following tests.

1. Manufacturing Process - The granule manufacturing process will be
closely monitored to accumulate the information needed to generate
a formal procedure. Two distinct granule sizes, each made with an
appropriate percentage of two different binders, will be procured and
tested twice for each combination of granule size and binder for a
total of eight tests. These tests are to verify the performance repeat-
ability of granules manufactured per the process specification,

2, Canister Loading Process - Canisters will be loaded, one-third of
a bed at a time, and vibrated at three distinct vibration levels, Two
tests will be run for canisters loaded at each distinct vibration level
to determine the optimum loading technique. A total of six tests
will be performed and a formal loading procedure will be generated
based upon these test results,
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3. Quality Control - A formal procedure will be generated to specify the
required lithium peroxide powder and granule purity, the level of inspection
required, and the handling and storage requirements. Five tests will be
run on material which has been accepted per the specification to verify
its adequacy. For all of these tests the effluent gas will be sampled and
analyzed to verify that no toxic or noxious constituents are present. Fur-
ther, for two of these tests, charcoal (0.36 1b) will be loaded into the
lithium peroxide canister and a dacron filter (as used in the PLSS lithium
hydroxide canister) will be employed to evaluate its adequacy to prevent
migration of lithium peroxide or lithium hydroxide dust downstream.
Particular attention will be paid, during the gas analysis, to determine
the presence of any lithium peroxide or lithium hydroxide dust and to
determine if the charcoal is being oxidized. Three tests will be performed
on lithium peroxide material which has been stored for three months per
the storage specification to verify its adequacy. A total of eight tests will
be conducted to establish the level of quality control needed.

d. Hot/Cold Soak Evaluation - Two tests each for lithium peroxide which has
undergone hot and cold soak conditions per the Apollo EMU PLSS specification
requirements will be run at baseline conditions to verify that these conditions

do not degrade lithium peroxide performance. This series has a total of four
tests.

e. Composite Bed Evaluation - A total of eight tests will be conducted during
this evaluation. Three distinct percentages (5, 7.5, 10%) of potassium super-
oxide (KOy) will be added to the lithium peroxide bed to establish the optimum
percentage of potassium superoxide to provide the oxygen needed during the
early portion of the mission. Each percentage of potassium superoxide will
be tested twice. Two tests will be conducted with the best potassium super-
oxide percentage and 0.36 Ib of charcoal in the lithium peroxide bed. Filtra-
tion will again be employed for these tests and this effluent gas will be sam-
pled and analyzed.

f. Off-Design Evaluation - The following off-design tests, with potassium super-
oxide present if its benefit has been verified, will be conducted to obtain addi-
tional operational information. A total of nine tests will be run during this
series.

1. Inlet Water Vapdr Variation - A total of three tests at baseline conditions
will be conducted with the following levels of water vapor flow rate: no
water vapor present, 50°F and 85°F dew points.

2. Inlet Carbon Dioxide Variation - A total of four tests at baseline conditions
will be run for the following levels of carbon dioxide flow rate; no carbon

dioxide, carbon dioxide corresponding to metabolic rates of 500, 1000, and
3000 Btu/hr.
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6.1 (Continued)

3. Total Flow Rate Variation - A total of two tests will be run, using the
variable metabolic profile, with the system flow rate at five cfm for one
test and nine c¢fm for the other.
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