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SUMMARY

Of five possible systems investigated to produce Hz from
Aerozine-50, three have been tested in long-term, continuous
runs. A multiple reactor steam reformer consisting of a 450°C
prereactor, 750°C reformer, and a CO shift reactor was operated
for 1000 hours at a Ho efficiency above 95%. Enough Hpo was
produced by this unit to continuously supply a fuel cell of more
than 24 watts.

A low temperature (30°C) liquid phase reactor was tested for
700 hours until a catalyst plug blocked the piping leading from
the reactor and caused a rupture. This unit decomposed 50% of
the NoHs in the input Aerozine-50 to Hp initially, but gradually
declined in performance. The usefulness of this approach with
present catalysts is questionable.

The intermediate temperature (450°C) steam reformer actually
was the prereactor in the multiple reactor unit. This reactor
operated at 35% Hp efficiency initially, but over 1000 hours
declined in efficiency to 11 + 3%. This drop in performance
caused very little decline in the overall system efficlency of
the multiple reactor unit, but does indicate that the usefulness
of a single 450°C reactor is questionable.

The NzO, decomposer (with 2% Pt catalyst) was operated for
1000 hours at 800°C with few problems. With No04 fed at QOg/hour,
the conversion efficiency was 99% initially but dropped to 80-85%
after 80 hours. Enough Oz was produced by this unit to contin-
uously supply a 24-watt fuel cell.

The operation of a 1/3 ftZ® N0, cathode was demonstrated
after many mechanical problems were solved. This cathode
produced 22 watts at a coulombic efficiency of 27% at 30 amperes
total current. This is nearly an order of magnitude improvement
over results reported previously. The improvement can be ascribed
to a new reactant flow plate design.

Similar results have not been obtained with Aerozine-50
anodes. Several new electrode types have been tried, but none

has performed satisfactorily.
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I. INTRODUCTION

A. BACKAJROUND

The objective of this research is to develop fuel cell
systems operating on storable rocket propellants as primary or
secondary reactants.

The present contract calls for the investigation and
development of cells operating on gaseous N204 and Aerozine-50
as direct reactants, and for a reforming capability to use these
reactants to produce Oz2- and Hz-rich feedstreams for fuel cells.
The construction and operation of working reformers and cells
are the objectives of this work. Work on prior contracts in
this investigation has been published (ref. 1 and 2).

B. PROGRAM ORGANIZATION

The project consists of three phases, to be performed
roughly in series. The overall work plan shown in Figure 1
illustrates the major tasks to be performed. Detailed working
plans for Phase I were 1llustrated in previous reports. Working
plans for Phase II are shown in Figure 2.

C. SCOPE OF THIS REPORT

This report covers work done to complete Phase I and to
begin Phase II. The following Phase I tasks are reported here;
all others are considered completed:

(1) 1000-Hour Test on Aerozine-50 Steam Reformer.

(2) Long-term testing of low temperature Aerozine-50
decomposer.

(3) 1000-Hour Test of NpOs catalytic reactor.

(4) Characterization of 1/3 £t N20s cathodes - direct
reactant use.

(5) Development of Aerozine-50 anodes - direct reactant
use.

(6) Development of analytical procedures.
The following Phase II tasks are discussed:

(1) The demonstration of an NpHs vapor electrode.
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(2) The feasibility of separating NzHs from Aerozine-50.

(3) The construction of Hz/0> half cell testing facility.



II. PHASE I, TASK I. AEROZINE-50 REFORMING STUDIES

A. BACKGROUND

The objective of this task is to produce in a simple
catalytic flow reactor a hydrogen-rich fuel cell feed stream
from a 50 wt-% NoHs, 50 wt-% UDMH (Aerozine-50) feed stream
at a maximum efficiency and at reasonably low temperatures.

Five systems have been investigated that allow tradeoffs
between Ho efficiency, temperature, simplicity, and the
composition of the output stream. These are (1) low temperature,
liquid phase catalytic decomposition; (2) intermediate tempera -
ture (450°C) steam reforming; (3) intermediate temperature steam
reformin% followed by an NHs decomposer; (4) high temperature
(600-800°C) steam reforming; and (5) high temperature steam
reforming with a CO shift reactor. As shown in previous reports,
each system was developed to the point where a determination of
its feasibility was possible. Based on these tests three
systems were chosen for long-term testing: (1) the low tempera-
ture decomposer, (2) intermediate temperature steam reforming,
and (3) high temperature steam reforming with CO shift. Work
this quarter involved the long-term testing of these systems.

B. LOW TEMPERATURE, LIQUID PHASE DECOMPOSITION

Decomposition at atmospheric pressure and 30-50°C 1is
potentially the simplest and most straight-forward method of
producing Hz from liquid Aerozine-50. Only the NpHs component
of the fuel can make significantly large contributions to Hs
pr;duction, and this limits the efficiency to a maximum of
32% .

Potential catalysts selected from an initial batch
screening program were further tested in a tubular, continuous
Iiow, liquid phase reactor. ''he reactor consists of a 2-ft
length of 1/2—in. dilameter stainless steel tubing, which
contains the catalyst bed. The reactor tube is enclosed in a
water jacket that is fed from a thermostatically controlled
water bath. The feed stock is delivered to the reactor by a
calibrated, positive displacement metering pump. A schematic
diagram of the equipment is shown in Figure 3.

Initial tests of 4 to 6 hours' duration were performed on
the best catalysts found in the batch screening program; the
results of fhese tests were summarized in previous reports
(ref. 3, 4, 5). Two catalysts, an MRC-developed Rh black on a
special support, and a commercial reduced, stabilized Ni on
Kieselguhr (Girdler T325), were promising enough for longer
term tests.
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The Rh catalyst was found to decline in activity rather
sharply over several days, when Aerozine-50 was the feed stock.
A further test was made in which an NzHys-Hs0 solution was used
as the feed stock. Thils test, which was still in progress at
the end of the last quarterly report period, was ended at 74
hours. At the end of the test the hydrogen efficiency was still
60% (based on the NpHs content) indicating no deterioration of
catalyst activity had occurred. This seems to confirm the
suspicion that the UDMH portion of Aerozine-50 or reaction
products of UDMH are the cause of deterioration of catalyst
activity. This polsoning effect is lower at lower temperatures,
but the rate of decomposition to Hs is also lower, necessitating
larger catalyst volumes or weights.

Long-term investigations were then run with Girdler T-325
catalyst (reduced, stabilized nickel in Kieselguhr) that had
previously given 58% Ho efficiency based on the NpH4 portion
of the Aerozine-50 during a 20-hour test period at 30°C. At
temperatures higher than 35°C this catalyst had declined in
activity.

A test of 125 hours duration (see Table 1) with an
Aerozine-50/H0 solution (62.5% Aerozine-50 by weight) was made.
The highest efficiency was 066.0% based on NpHs. After 86 hours
the efficiency was still 64%. However, after this period, slow
deterioration started, resulting in 50% efficiency after 124
hours.

The deterioration was due to lower rates of NgHs decomposi-
tion, rather than NHs formation, as has previously been noted in
this work. This was shown by the constant Hs/Nz ratio in the
product gas, and also by qualitative information on the amount
of (N2H4%2HQSO4 precipitate formed.

Based on these results, the Girdler T-325 catalyst was
chosen for the 1000-hour test on this svstem. Aerozine-570
(without Hz0) was fed to the reactor at a rate 5Q% higher
than in the previous test. It was found necessary to purge
the reactor with Hz20 at the start of the test to avoild poisoning
the catalyst by the highly exothermic reaction caused by the
sudden ingress of the fuel. Over a period of 1 day the HxO was
displaced by the Aerozine-50 and the reactor reached a steady
state.

This test ran continously for 700 hours until the reactor
tube ruptured because of an unrelieved over-pressure. Table 2
glves a complete history of the 700-hour test. The maximum Ho
efficiency (based on NpHy) of 56.5% was reached at 30.6°C, after
49 hours. From then on a slow deterioration occurred until the
efficiency reached 32.3% at 316 hours. At that time the low
efficiency was primarily caused by incomplete NzHy decomposition
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rather than NHs formation. The temperature was subsequently
raised in small steps 1in an attempt To increase efficiencdes.
It was found that the reaction rate would increase for a time
after each increase in temperature, but would then decline
again. Finally at 700 - hours, a rate equal to BT.Q% was found
at 45.6°C. However, nearly all the NoHs was decomposed,
indicating that a shift toward NHs formation had also occurred
at the high temperature. This was confirmed by the lower Hz/Nz
VPC ratio occurring at 45.6°C. .

Shortly after 700 hours, during overnight operation, the
reactor burst. This was evidently caused by deterioration of
the catalyst, which plugged the reactor, presumably at the
reduction joint from 1/2 inch to 1/4% inch tubing at the reactor
end. The pressure build-up caused the 200 psig rupture disk to
blow. This should have saved the reactor tube from rupture.
However, it seems 1likely that when the rupture disk burst, the
catalyst plugged the bottom of the reactor tube at the reduction
Joint from 1%2 inch to 1/8 inch size, causing the reactor to plug
at both ends. The decomposition of Aerozine-50 left in the
catalyst bed thus occurred in a sealed tube, which eventually
ruptured.

It is evident from the data generated during this test that
the Ni-base catalyst used willl not be satisfactory for this
application both because of 1ts physical disintegration and,
more I1mportantly, because of its loss in activity in long-term
testing. Accordingly, a short screening program was initiated
in an attempt to find a more active catalyst. The following
catalysts were tested for short periods (1 to 2 days) in the
reactor:

Harshaw Zn0701l (24% 2Zn0 on activated alumina)

Girdler G-47 (Fe20s; support unknown)
" G-49A (Reduced, stabilized Ni on Kieselguhr)
" G-49B (Reduced, stabilized Ni on Kieselguhr).

None of these catalysts showed any advantage over the T-325
catalyst.

Further catalyst screening was done in the small batch
reactor described in previous reports (ref. 3). In this
reactor smaller amounts of catalyst could be used and the
screening tests could be run much more rapidly. Liquid
Aerozine-50 is added dropwise into a thermostated flask contain-
ing the catalyst. The volume of gas produced is measured and a
sample is taken for VPC analysis. Ratios of Hp/Np substantially
lower than 2:1 in the sample indicate NHg formation. The results
of these tests are presented in Table 3.




Table 3

CATALYST SCREENING RESULTS FOR DECOMPOSITION OF AEROZINE-50

Temperature: 30°C.

Mole % Mole % ‘ :

Catalyst and Support "Hz Nz Actlvity Comments
Pt on carbon substrate 58.3 40.2 low activity some NHs
Rh on carbon substrate 69.4 30.6 active little NHs
Rh black powder 69.5 30.5 active " "

Harshaw Ni-W sulfide
(pellets) - - inactive
5 component precilous
metal alloy catalyst '
on carbon substrate 61.3 38.7 very active slight amount NHs

NiB catalyst - - inactive.
Ir on carbon substrate 1.1 98.9 very active mostly to NHa
Ru on carbon substrate 9.7 89.9 active mostly to NHa
.Cu chelate of ethylene
Bisdithiocarbamate - - no activity
Co chelate of ethylene
Bisdithiocarbamate - - no activity
Ni chelate of p,pZ
diphenylene
Bisdithiocarbamate - - no activity
Cu chelate of hexa-
methylene
Bisdithiocarbamate - - no activity

11




The chelate catalysts were tried because of published
reports of highly specific catalytic effects with NoHse (ref. 6).
They were carefully prepared by published techniques 7ref. Ty 8),
washed with pyridine to remove soluble portions, and vacuum
driled before testing. The single-component precious metal
catalysts were made from standard commercial blacks incorporated
in our MRD-carbon/catalyst electrodes which were subsequently
cut up into small squares for testing. The NiB and the 5-com-
ponent alloy were made in our laboratory. The Harshaw Ni
catalyst was a commercial product.

The only new catalyst showing any promise in these tests
was the 5-component precious metal alloy*. Even this catalyst
did not demonstrate any advantage over the previously tested Rh
catalyst in this short-term testing.

C. HIGH TEMPERATURE SYSTEMS

Long-term testing on both the intermediate temperature and
the high temperature steam reformers was done in a single
experimental set-up; the intermediate temperature reformer
essentilally served as a pre-reactor for the high temperature
reformer, which, in turn, fed the CO shift reactor. A
schematic diagram of the equipment is shown in Figure 4. Pre-
liminary testilng was reported in our previous quarterly report
(ref. 6). Before the start of the 1000-hour test, several
modifications were made. These modifications included:

(1) A safety device to shut down the system if hoods
were to fail.

(2) Temperature control to shut down the system if
reactors should go out of control.

(3) A safety device to shut down system in case of
fire.

(4) A modification of system to permit stream com-
position determination after the first reactor.

(5) A second rupture disk bypassing the solenoid
valve controlling the back pressure in reactor 1.

* Developed under a company-sponsored program.

12
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(6) Better temperature control and measurement on the
CO shift reactor.

(7) A third rupture disk installed in the inlet side
of reactor 2 to vent in case of blockage in piping
lead%ng to reactor (installed midway in 1000-hour
test).

The 1000-hour test was started 16 December 1965. The
complete history of this test including operating parameters is
reported in Table 4., and the details on each analytical
determination are included in Appendix I. The modest decrease
in Hz efficiency (from 98.7% to 95.6%) over the life of the
test was caused by slight decreases in NHs decomposition and in
steam reforming (CHs content higher). After 1000 hours the NHs
in the output stream corresponded to only 3% of available
nitrogen, and the CHs4 content to 2.4% of available carbon. The
theoretical equilibrium composition listed at the bottom of
Table 4, was calculated by a computer program (Appendix II).
The final output composition is very close to the theoretical
values and indicates that near equilibrium conditions were
obtained even after 1000 hours of testing.

The Ho efficiency of the first reactor (at 450°C) at the
start of the test was 35%. The efficiency declined to 28% after
50 hours and subsequently to 11 + 3% at 1000 hours. However,
the ability of the high temperature reactor to accept a large
variation in composition of the feed stream is shown by the
fact that the overall system efficiency declined very little.
This is an indication of the reliability that could be obtained
in such a multiple reactor system.

Three equipment problems were encountered during the test
period that required short-term shut down's of the system.
The down time was substracted from the total running time. At
ahout 500 hours a blockage occurred in the 1/4 in. tubing
entering the 800°C reactor. The blockage was due to carbon
deposition in an area where the gas stream passed through a
large thermal gradient. This particular piece of tubing had
been in service throughout the screening tests. Thus the
amount of carbon deposition in 1000-hour test cannot be
determined. In an integral reactor, no such blockage could
occur if there were no piping constrictions leading to the high
temperature reactor.

At 580 hours another blockage occurred, this time due to a
build up of Zn0O in the condenser that cools the products from
the first reactor. We do not believe the Zn0O catalyst in the
reactor was physically disintegrating since no evidence of this
was found when the catalyst was examined after completion of the
fest. ©Since no blockage occurred in the line leading to the
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condenser, it is possible that the material was carried to the
condenser as Zn vapor, which condensed and then was oxidized to
Zn0 by Hz0. It has been suggested by others (ref. 9) that Ha
and CO can reduce ZnO to Zn, which has a much higher vapor
pressure than ZnO. Even though the presence of Hz0 in the
reactor should prevent this reaction, nonhomogenous areas in
the reactor bed may exist, and eventually enough Zn could be
pbroduced and carried away to cause the blockage. In an integral
reactor no blockage would occur if the stream were initially
cooled in a relatively large diameter tube. The amount of ZnO
lost from the reactor by thils process is actually infinitesimal
and would have no effect on the reactor performance.

The pumping of the Aerozine-50-water solution into the
reactor system has been difficult with the small input rates
used. At first the pump could not be kept running for longer
than 15 to 20 hours. Apparently, slight NoHs decomposition
takes place on the walls of the inlet tubing and in the pump
itself. At the low pumping rate, this causes a gas bind in the
pump, and no ligquid is transferred. The fuel system has been
modified to eliminate most of the decomposition products before
they get to the pump, and 48 to 64 hours of operation are now
possible without pump stoppage. However, the input rate
gradually decreases with time from 21.5ml/hr to 19.5ml/hr over
this period. This causes difficulty in analyzing Hz efficiency.

D. TASK STATUS

This task is considered complete and no further work is
anticipated. We have demonstrated a combined steam reforming-
CO shift reactor system that produces with high efficiency a
fuel cell gas feed stream composed of 7Omole-%Ho, 18mole-%Nso,
12mole-%C0, (after separation of the excess Hz0). The CO
content of the stream is 0.%mole-% or less. This stream
could be fed directly to a fuel cell with a COz rejecting
eleclrolyle \either acid, carbonate or z2¢id ion exchange
membrane ). If the COz content of the stream were scrubbed out,
the stream could be used with any fuel cell electrolyte. A
CO- tolerant anode catalyst such as those developed under
another MRC contract (ref. 10) would be necessary. If a Pd
membrane purification unit were used, the stream could be used
with any Hp utilizing fuel cell since completely pure Hp stream
would result.

The results with the liquid phase reactor are not as
promising because of the drop in efficiency eXperienced with
the best catalysts tested. A feasible system for this appli-
cation may depend upon a periodic regeneration of the catalyst
(e.g., a periodic flush with HZO), and the development of a
bhysically stronger catalyst. The intermediate temperature



reactor (the pre-reactor in the multiple system) also showed a
marked decrease in performance that was due to a gradual build-
up of carbon deposits on the catalyst. This situation could
undoubtedly be improved by higher Ho0 contents in the feed
stream and larger amounts of catalyst.

17



III. PHASE I, TASK II. DECOMPOSITION OF NoO4

A. BACKGROUND

The obJjective of this task is to decompose Nz04 by means of
homogeneous and catalytlc reactions in a simple flow reactor to
form an oxygen-rich feed stream for a fuel cell. The initial
work (described in previous reports) involved screening 41
catalysts for activity, however, none were found with any
activity below 750°C. Followlng the screening program, several
catalysts were selected for further studies in which the activity
was determined over a more extended period. At the completion
of these tests only the 2% platinum-on-alumina catalyst retained
sufficient activity to be considered promising. The work
accomplished this quarter involved the long-term testing and
characterization of this catalyst.

B. PRELIMINARY TESTING

The reactor system was modified for long-term testing. The
final system used is shown schematically in Figure 5. The
operation of this reactor is similar to the screening test
reactor operation described 1n previous reports except that the
residence time in this reactor has been quadrupled by connecting
the reactor tubes 1in series.

Preliminary testing was concentrated on determining the
optimum operating conditions to be used with the Engelhard
2% Pt-on-alumina catalyst. Another objective was to check the
operation of the system during extended continuous service.
The results of these tests are shown in Figure 6.

Several conclusions can be drawn from this testing. First
it is apparent from the data that the reactor temperature cannot
be reduced much below 800°C without a drop in conversion
efficiency. Also, some decline in conversion efficiency with
time was noted, indicating some reduction in catalytic activity.

Two other conditions became evident as this test proceeded,
which required some changes in the test methods. A more
accurate means for determining the per cent NpOs decomposed was
required. This was found in an acid titration method using
H202 to convert all the NzOs to HNOs (Appendix III). Both
input and output rates were measured in this manner.

The second of these conditions is shown in Figure 6,
which indicates greater than 100% decomposition efficiencies
were obtained when the feed rates were reduced. It is apparent
that the system had not reached steady-state conditions when the
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measurements were made. An analysis of the operating conditions
in the reactor system indicates that a long time period may be
required for steady-state conditions to be attained after a
change in temperature or reactant flow rate. The factors that
play a major role in the slow equilibration of the system after
a change in conditions are the shift in the location of the
reaction sites, changes in the gas phase and adsorbed phase
composition, and changes in the catalyst activity assoclated
with these composition changes. It 1s estimated that complete
equilibration of the system may require as long as 16 to 24
hours after a change in operating conditions.

C. 1000-HOUR TEST

The 1000-hour test was started on 15 December 1965 using
four reactor tubes in series containing a total of 324 grams of
2% platinum catalyst. Each reactor tube was fitted with a
thermocouple in the center of the catalyst bed. The standard
test conditions selected were 800°C with a feed rate of 20 g
of N20s per hour. Conversion efficiencies were determined by
sampling both the input and output streams and analyzing for
N20Os by the peroxide acid titration method. Very few mechanilcal
problems were encountered. A thermocouple burned out in one of
the tubes after 750 hours and had to be replaced. Less than
one hour of down time resulted.

The conversion efficlency obtained under the standard
conditions during the 1000-hour period is shown 1n Table 5.

TABLE 5

N204 REACTOR CONVERSION EFFICIENCY
AT 800°C,20 GRAMS N20, FEED/HR

Time N204% Converted
60 99
80 79
250 85
470 79
675 76
750 72 (Thermocouple replaced)
9S00 80
975 80
1000 79

After 80 hours of operation catalyst activity dedined as
indicated by the decline in the N204 conversion efficiency
(from 99 to 79%). Shifts in the individual reactor internal
temperature were also noted at this time. At the beginning of
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the test all of the reactors were within 10°C of 800°C. After
80 hours the temperature of first reactor tube had dropped to
765°C, the second tube remained at 800°C, the third had risen

to 845°C, and the fourth tube was at 810°C. It is possible that
the temperature variations indicate a shift in the predominant
reaction in the first reactor to simple reactant heating plus
decomposition:

NOz = NO + 1/202 (endothermic)

The exothermic decomposition of NO in the following sections
explains the temperature increase in these reactors.

After the conversion efficiency had stabllized, the effect
of residence time was determined by varying the feed rates over
the range of 6 to 29 g Nx0s/hour. At least 16 hours was allowed
for equilibration before conversion data were taken. The results
of these tests are shown in Figure 7. It is apparent that much
longer residence times or catalyst volumes will be required for
converslon efficiencies above 85%. The two extreme points on
this curve were rechecked after the 1000-hour test was completed
and were within experimental error of the earlier results. The
curve 1is much flatter than expected, and it is unlikely that
97% or greater conversion efficiency can be obtailned with a
reasonable amount of catalyst. The data fit a second-order plot
reasonably well, indicating that the overall reaction is second
order with respect to Nz04.

D. TASK STATUS

This task 1s considered complete and no further work 1s
planned. We have demonstrated an NzO4 decomposer that will
convert 80-85% of input N2Os to a gas stream consisting of a
2:1 mole ratio of Oz to Nz. The output stream is contaminated
with unconverted N20s4 and probably could be used directly only
in a contained electrolyte or free acid electrolyte cell. Some
HNO3-HNO2 will be formed in this electrolyie, but the dicoclved
N204 would be in equilibrium with NO in the exhaust stream and
would be consumed electrochemically so that a steady state
concentration would result. We have demonstrated previously
that a Pt- containing Hp anode can operate in such a contaminated
electrolyte. However, an acid ion exchange membrane cell probably
could not be used with this stream because of oxidative attack
on the membrane.

For use in an alkaline or ion exchange membrane cell, the
stream must be purified.

We had expected to demonstrate greater than 97% conversion
efficiency by providing increased residence time in the
reactor. This would have demonstrated the feasibility of
scrubbing the stream with a column containing molecular sieves
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or KOH pellets. At 80—85% conversion, however, this method
is not feasible for any reasonable operating time because the
weight of the scrubber would be too high. Figure 7 indicates
that the weight of catalyst required to reach 97% conversion
would also be prohibitive. For example, at an 80% conversion
only 16.4 1b of catalyst would be required to supply a 1 KW
fuel cell module with Oz. For 97% efficiency, this figure is
over 100 1b of catalyst.

Two alternate methods are available to purify the streanm.
A double molecular sieve column could be used in which one side
is used to scrub the feed stream while the other side is
regenerated by venting to the space vacuum (possibly with
heating). The other method involves the use of the excess
water separated from the Aerozine-50 steam reformer product
stream. The water will quantitatively absorb the NzO4 from
the decomposer stream, and a simple phase separation would
produce a stream capable of being used 1n any fuel cell.
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IV, PHASE I, TASK ITI. DIRECT REACTANT USE

A. BACKGROUND

The objectives of this task are to develop electrode
structures and techniques that will allow the direct utiliza-
tion of gaseous Nz04 and Aerozine-50 (50 wt-% N2Hi, 50 wt-%
UDMH) as reactants in a fuel cell. A further requirement is
that these reactants be used efficiently in a single pass
through the electrode chamber of the fuel cell.

The NoO4 cathode was developed and demonstrated under a
previous contract (ref. 2) and, although the polarization
characteristics were excellent, the coulombilc efficiencies were
quite low. The objectives during this contract are to improve
the coulombic efficiencies and to demonstrate the electrode in
1/3 £t2 cell size. As reported in the previous Quarterly
Report, the reduction of a substantial portion of the Ns04
oxldant to Nz rather than NO has been shown with our MRD-
carbon electrode.

Liquid Aerozine-50 has been investigated as a fuel cell
reactant in fhe same temperature range used for the NpO4
cathode work.

B. N204 CATHODE

1. Q@General

During this quarter the 1/3 ft® NaO4 cathodes have been
more fully characterized. Figures 8 and 9 show the half cell
construction and the reactant flow plate design used. The
cells were assembled and tested with a controlled, measured
N20s flow rate. A Hz "dummy" anode was used and current was
controlled with a power supply.

2. Problems Encountered

Many problems were encountered in operating a cell of
this size. Some of these problems are discussed in the
following paragraphs.

a. Water Balance

A cell was constructed utilizing a gelled electrolyte made
from-a’ BM phosphoric~acidrand ‘colloidal silicagel. An ion
exchange membrane (Ionics 61AZL183) was inserted between the
gelled electrolyte and the "dummy" Hso anode to isolate the
cathode section and insure the validity of the analytical data.
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The reference electrode used with these cells consisted
of a small plastic tube inserted in the gel near the electrode
surface filled with 5M phosphoric acid leading to a pot of the
same acid in which a calomel electrode was:.inserted. This
method worked very well at low.current.dersities (30 amp/ftZ
and below). When the current density was increased to 60 and
100 amp/ft2®, gas pressure built up in the cell and bubbled out
through the reference electrode tube.

The tube was then packed with the same phosporic acild
gel as was used for the cell electrolyte. With this type of
reference electrode reproducible cathode voltages were
obtained at 11 current densities up to 100 amp/ft2. Typical
values at 60°C are shown below:

30 amp/ft2 60 amp/ft? 100 amp/ftZ

initial 0.95 0.95 -0.35
1 Hour 0.94 0.28 -0.65

The reasons for the severe polarization at the higher
current densities and longer operating times were not obvious
until the cell was taken apart. The gelled catholyte had
dried out and had shrunk away from large areas of the cathode,
indicating a high water removal rate. It was also found that
the cathode was not pressed filrmly against the flow control
plate, thus reducing the N204 velocity and distribution on the
back of the cathode.

The results of these tests argued for a free electrolyte
cell in which a large volume of electrolyte 1s circulated
through the cell to maintain a water balance. It was also
apparent that more compression on the electrode was necessary
to insure an adequate seal to the reactant flow plate. The
cell was subsequently redesigned to use a pumped electrolyte
with a series of screens against the electrcde to supnly the
necessary compression. The final configuration used 1is shown
in Figure 10.

b. Electrolyte Pumping

In operating the redesigned cells it was quickly found
that the stainless steel pumps that had rotating gland type
seals leaked excessively when the phosphoric acid electrolyte
was heated to the cell operating temperature. Replacemert of
the standard seals with Teflon seals did not stop the leakage.
New seal-less magnetically driven, centrifugal pumps were
found to be necessary for extended operation.
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¢. Reference Electrodes

When the pumped electrolyte cells were operated, some of
the product gases (Nz and NO) were discharged into the electro-
lyte. These gas bubbles interfered with reference electrode
measurements by acting as an intermittant open circuit. A new
arrangement was tried in which the reference electrode was
connected to the cell by a Teflon tube containing a glass wick
saturated with electrolyte. The end of the glass wick was
spread over a thin polyproplyene paper separator that was placed
on the cathode surface. This design worked satisfactorily.

d. Analysis of Reaction Products

The gaseous products of the cell reaction exit the cell
in both the electrolyte and cathode exhaust stream. Both of
these streams must be analyzed to obtain a complete material
balance. The electrolyte stream contains nitrogen and nitric
oxlde. Quantitative tests were not made on the gases but the
qualitative tests performed indicated mostly nitrogen and very
little nitric oxide was present.

The stream exiting from the back side of the operating
cathode contains Nz0O4, NO, Np and Hz0 and has proven extremely
difficult to analyze. However, the overall coulombic effic-
iency of the electrode can be determined because the both
N204 input rate and the total electrical current withdrawn
from the electrode are known accurately. Since there is
direct evidence that Nz is the predominant reaction product,
the coulombic efficiencies were calculated on the basis of
complete reduction to Ns.

A pumped electrolyte cell constructed as described above
was assembldd with a 0.050 in thick cathode flow plate and
mounted in the test stand. Over a period of a week this cell
was oberated Intermittently.at various temperatures and NsO4
flow rates. Table 6 summarizes ihie results of these tests.

The results given in Table 6 _.are representive of cathode
performance that can be expected after one hour at each of the
test conditious.and..thergfore are assiumed to be steady state
conditions. It may be noted that the performance at 70°C is
much better.than at §0°C at the same currgnt densities. This
difference was noted on many occasions and is thought to be
due to changes in the diffusion rate of water and reaction
products through the cathode. There is also a considerable
reduction in performance when the Ns04 feed rate is reduced
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from 3.7 to 2.5 times the stoichlometric amount for 30-ampere
operation.

In the course of making these measurements the cell was
operated over a period of five days during which it was heated
and cooled several times. The data points shown above were
rechecked on several occasilons and found to be reproducible.

The cell will be reassembled using a 0.025 in. thick
reactant flow plate and a characterization test run. Higher
N20, utilization and better performance at 60°C is expected
with the 0.025 in. flow plate.

C. AEROZINE-50 ANODE

The results of testing both liquid Aerozine-50 and liquid
anhydrous NgoHs were discussed in previous reports. When tested
with MRD-carbon/Pt electrodes, liquid anhydrous NgHs performed
as well as Hz gas in short-term testing. However, Aerozine-50
demonstrated poor polarization characteristics, which indicated
that the major reactant at the electrode surface was. UDMH.
Since the Aerozine-50 vapor is composed primarily of UDMH, in
the temperature range considered it appears that the carbon
layer on this electrode was acting as a vapor diffusion membrane.
Other membranes that would allow more ligquid diffusion were
tested, but none were found to be practical.

During this quarter several new tyges of electrodes were
tested. The test cell used was a 9 in.< free electrolyte cell
with a reference electrode arrangement similar to that des-
cribed for the Nz204 cathode half cell. The Aerozine-50 fuel
was metered to the back of the electrode through a manifolding
arrangement that insured an excess of fuel.

The results of these tests are given in Table 7. None of
tnese clectrodes performed satisfactorily on Aerozine-50 and
none 1s considered worth following up.

Another approach was taken to this problem. Theoretically,
Aerozine-50 can be fractionally distilled to separate its
components. If even a partial distillation could be accomplished
to obtain a _.relatively enriched NzHs feed stock, the carbon/

Pt electrode (or an equivalent) might be feasible. The major
problem will be separation of phases (liquid N2Hs and vapor
UDMH) under zero-gravity conditions. We have investigated a
number of membranes for this application.

Liguid Aerozine-50 was circulated beneath porous
membranes with reduced pressure on the other side.
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Membranes tested included:

-—- MRD Carbon Electrode

-- Molecular Sieve-Teflon Electrode

-- Porous Stainless Steel Plaque, 2-5u pore size
-~ Porous Teflon (0.3u, 6.6w, 11.7w)

All of these membranes, except the molecular sieve electrode,
were wetted by the Aerozine-50, which passed through as a
liquid phase. Thus the separation could not be achieved. The
molecular sieve electrode crumbled after about 1 hour of
treatment with Aerozine-50 and thus was not suitable. Very
little vapor transport occurred before the membrane disinte-
grated. It is possible that with a non-watering membrane the
separation can be achieved. Increased temperature could also
be used instead of reduced pressure for a driving force, which
might cause less physical attrition of the membranes.

D. TASK STATUS

We have successfully obtained a greatly improved NzOg4
cathode coulombic efficiency primarily as a result of the
design of an efficient reactant flow plate. The efficiencies
reported here are nearly an order of magnititude better than
those reported on our previous contract (ref. 2). The cathode
has been demonstrated in a 1/3 ft2 size at practical current
densities. This part of the task is considered complete.

The same degree of success has not been realized with
the Aerozine-50 anode despite testing of a variety of electrode
structures for this service. Those electrodes with satisfactory
electrical characterisitcs invariably also caused excessive
self-decomposition of the fuel and/or precipitation of hydrazine
phosphates due to mixing of fuel and electrolyte.

An electilrode cperating from pure anhydrous NpHs has been
successfully demonstrated and could be develtoped [or fucl cell
service with an Nz04 cathode. A more promising system, however,
is a Hz/N204 cell with the Ho supplied by the Aerozine-50 steam
reformer. We have previously shown that the Hz anode is
compatible with this cathode.
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V. FUTURE PILANS

We intend to complete Phase II work (Figure 2) within the
next quarter. At present, construction of a test stand for
Ho/0O2 half cell testing on reformer streams 1is proceeding.

The cells, pumps, controls and associated equipment will be
installed and initial tests will be run on tank Hs and Oz to
check the system. The reformers will be refurbished and the
cells will then be run on the reformer streams. Both the
input and output streams will be analyzed during operation of
the cells. Both HszPO4 and KOH electrolytes will be tested.

The purification studies on reformer streams will involve:
(1) Running a Pd membrane purification unit on the
steam reformer output. The test stand for this

experiment is presently under constructlon.

(2) Demonstrating the feasibility of scrubbing the
N20s4 reformer stream to remove undecomposed NzOg4.

(3) Demonstrating the feasibility of separating the

excess HzO0 from the high temperature steam
reformer stream.
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APPENDIX I

AEROZINE-50 STEAM REFORMING

DATA SHEETS
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST

System Test No. 1 Catalysts _G—p GoibB CoobB
Notebook Reference No. Temperature,.°c 4hs 790, 275

Reactor No. after last reactor Pressure, psig 50, 5, 5

Cumulative Time of Gas Volume Rate 23.77 1/hr (25°C)
Catalyst Operation 72 hours

Moles Gas Produced/hr 0.9662

% NpHsa Used 100

% UDMH Used 100

UDMH H>0 NoHa Total

Feed Composition, mole-% 6.72  80.67 12.60 100.0

Feed Composition, g/hr 3,429  12.352  3.429 19.21

Feed Composition, mole/hr 0.0572 0.686 0.1071 0.8503

Total Output Composition, mole-%

UDMH 0 NHs <0.1 Na 11.7 €02 8.6
H20 31.4 Dimethylamine _ O CHy O Ethane O
N2Ha 0 Ho 48,2 CO 0.1 Other 0

Average Output Gas Composition:
(not including UOMH, Hz0, NaHs, NHs or Amines)

Hz 70.2 N2 17.1 CHs 0 €O 0.2 COz> 12.6 Ethane_ 0O

% H20 Used: _ 35,8 % Reforming to COz: 106.4 % to CO: _ 1.7

Moles NHs Formed/Hr: 0.0008 by Keldahl
Moles Hz per 100 g Aerozine-50 input: 9.89
Moles Hz per 100 g Total Input: _3.53

Hydrogen Efficiency = 98.7%
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST

System Test No. 2 Catalysts G}$§ G?ggB G§ggB
Nofebook Reference No. Temperature, bC 4hs, 790, 275
Reactor No. after last reactor Pressure, psig 50, 5, 5
Cumulative Time of Gas Volume Rate 24.29 1/hr (25°C)

Catalyst Operation 247 hours

Moles Gas Produced/hr 0.9874

% NaoHgs Used 100

% UDMH Used 100

UDMH Ho0 NoHy4 Total

Feed Composition, mole-% 6.72 80.67 12.60 100.0

Feed Composition, g/hr 3,658 13.174  3.658  20.49

Feed Composition, mole/hr 0.0610 0.7319 0.1143 0.9072

Total Output Composition, mole-%

UDMH 0 NHs 0.2 N2 11.8 Cco0= 8.1
H20 33,1 Dimethylamine 0 CHq 0 Ethane 0
N=Hag 0 Ha 46, [ CO 0.1 Other

Average Output Gas Composition:

(not including UDMH, 1.0, NzH., NHa or Amines)

Ho 70.0 Nz _17.7 CHg 0 co 0.2 COz 12.1 Ethane O

% Hz0 Used: _32.9 % Reforming to COz: 98.0 % to CO: 1.6

Moles NHs Formed/Hr: 0.0036 by Keldahl
Moles Hz per 100 g Aerozine-50 input: 9.45
Moles Hz per 100 g Total Input: 3.37

Hydrogen Efficiency = 96.5%
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AEROZINE-BO STEAM REFORMING DATA SHEET, 1000 HR TEST

System Test No. 3 Catalysts 43}%5 ng6B gngB
Notebook Reference No. Temperature, bC 4hs_ 790, 275
Reactor No. after last reactor Pressure, psig 50, 5, 5
Cumulative Time of Gas Volume Rate 22.244 1/hr (25°C)

Catalyst Operation 335 hours

Moles Gas Produced/hr 0.9043

% NoHs Used 100
% UDMH Used 100
UDMH Ho0 NoHa Total

Feed Composition, mole-% 6.72 80.67 12.60 100.0

Feed Composition, g/hr 3.373 12.148 3.373  18.894

Feed Composition, mole/hr 0.0562 0.6749 0.1054% 0.8365

Total Output Composition, mole-%

UDMH 0 NHas 0.3 N 11.8 CO2 7.4
H20 33.9 Dimethylamine O CHy O Ethane O
N2H4 0 Ho 464 CO 0.2 Other o)

Average Output Gas Composition:

(not including UDMI, Hz0, NaHa. NHs or Amines)
Hz _70.7 N2 _17.8 CHas 0 co 0.3 COz 11.3 Ethane 0

% H20 Used: 30.7 % Reforming to COz2: 90.9 % to CO: 2.4

Moles NHz Formed/Hr: 0.0041 by Keldahl
Moles Hz per 100 g Aerozine-50 input: 9.48
Moles Hz per 100 g Total Input: 3.38

Hydrogen Efficiency = 96.8%
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST

System Test No. 4 Catalysts kg}?ﬁf G?Egg G?égg
Notebook Reference No. Temperature, °C u4h5_ 790Q. 275
Reactor No. gfter last reactor FPressure, psig 50, 5, 5
Cumulative Time of Gas Volume Rate 24.195 1/nr (25°C)

Catalyst Operation 557 hours

Moles Gas Produced/hr 0.9835

% NaHs Used 100
% UDMH Used 100
UDMH Hao N2H4 Total

Feed Composition, mole-% 6.72 80.67 12.60 100.0

Feed Composition, g/hr 3.722  13.406 3.722  20.850

Feed Composition, mole/hr 0.0620 0.7448 0.1163 0.9231

Total Output Composition, mole-%

UDMH 0 NHa 0.9 No 11.2 COz 8.2
H20 33 .4 Dimethylamine 0 CHq 0 Ethane O
N2H4. 0 Ho 46.2 CO 0.1 Other 0

Average Output Gas Composition:
NoHa., NHz or Amines)

{not incliudling UDMH, HzO,

s

Hz 70.4 Nz 17.0 CHs 0 CO 0.2 CO0p 12.4 Ethane O

% H20 Used: 33%.0 % Reforming to COz: 98.4 % to CO: 1.6

Moles NHa Formed/Hr: 0.0134 by Keldahl
Moles Hz per 100 g Aerozine-50 input: 9.30
Moles Hz per 100 g Total Input: 3.32

Hydrogen Efficiency = 25.0%
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST -

System Test No. 5 Catalysts _g=7% a=B8p a2Blp
Notebook Reference No. Temperature, °C 445, 790, 275
Reaqtor No. after last reactor Pressure, psig 50, 5, 5
Cumulative Time of Gas Volume Rate 24.03 1/hr (25°C)

Catalyst Operation 662 hours

% NoHy Used 100

Moles Gas Produced/hr 0.9770

% UDMH Used 100

UDMH Hz0 NoHg Total

Feed Composition, mole-% 6.72 80.67 12.60 100.0

Feed Composition, g/hr 3.630 13.075 3.630 20.335

Feed Composition, mole/hr 0.0605 0.7264 0.1134 0.9003

Total Output Composition, mole-%

UDMH 0 NHs 0.8 No 11.4 co-. 8.2
H20 32.9 Dimethylamine _ O CHy 0.1 Ethane O
N2oHa 0 Hao 46.5 co 0.1 Other 0

Average Output Gas Composition:
(not including UDMH, Hz0, NpHi, NHa or Amines)

0

Hz 70.1 Nz _17.2 CHs _6.2 CO _0Q.,2 GOz 12.3 Ethane
% Hz0 Used: _33,4 % Reforming to CO2: _99.3 % to CO: 1.7

Moles NHs Formed/Hr: 0.0119 by Keldanl
Moles Hz per 100 g Aerozine-50 input: 9.43
Moles Hp per 100 g Total Input: 3,37

Hydrogen Efficiency = 96.4%
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST

.System Test No. 6 Catalysts GE%% ngg% G;%%%

Notebook Reference No. Temperature, °C 445, 790, 275

Reactor No.gfter last reactor Pressure, psig 50, 5, o)

Cumulative Time of Gas Volume Rate 25.503 1/nr (25°C)
Catalyst Operation 859 hours

Moles Gas Produced/hr 1.0367
% NgHg Used _100

% UDMH Used _ 100

UDMH Hz0 NoHg Total

Feed Composition, mole-% 6.72  80.67 12.60 100.0
Feed Composition, g/hr 3,849 13.862 _3.849 _21.560

Feed Composition, mole/hr 0.0641 0.7701 _0.1203 0.9545

Total Output Composition, mole-%

UDMH __ O NHs 0.7 N 11.%4  co, 8.2
H20 32.8 Dimethylamine _ O CHy 0.2 Ethane O
NzHse _O Ha 46.5 co 0.2 Other 0

Average Output Gas Compositlon:
(not including UDMH, Hz0, NpHs, NHs or Amines)

Ho 69.9 Nz 17.2 CHe _0.3 €O 0.3 COz 12.3 Ethane_O0O

% H20 Used: 33.5 % Reforming to COz: _99.% % to CO: __ 2.4

Moles NHs Formed/Hr: 0.0114% by Keldahl
Moles Hsz per 100 g Aerozine-50 input: Q.42
Moles Ha per 100 g Total Input: 3.36

96.2%

Hydrogen Efficiency
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AEROZINE-50 STEAM REFORMING DATA SHEET, 1000 HR TEST

System Test No.. 7 Catalysts GE%E G%%gB GéggB

Notebook Reference No. Temperature, °C 445, 790, 275

Reactor No.after last reactor Pressure, psig 50, 5, 5

Cumulative Time of Gas Volume Rate 23.84% 1/hr (25°C)
Catalyst Operation 1000 hours

Moles Gas Produced/hr 0.9691

% NoHs Used 100

% UDMH Used 100

UDMH H20 NoHg Total
Feed Composition, mole-% 6.72 80.67 12.60 100.0

Feed Composition, g/hr 3.450 12.422 3.450 19.322

Feed Composition, mole/hr 0.0575 0.6901 0.1078 0.8555

Total Output Composition, mole-%

UDMH 0 NHs 0.7 N2 11.5 <cOz 7.8
Ho0 33.5 Dimethylamine _ O CHy 0.2 Ethane O
NoHg 0 Hso 46.1 CcoO 0.2 Other 0

Average Output Gas Composition:
(not including UDMH, H20, Naila, NHs or Amines)

Hz _69.6 Nz _17.7 CHs 0.3 CO _0.3 CO2 12.1 Ethane 0
% H20 Used: _34.4 % Reforming to COz: 102.0 % to CO: 2.5

Moles NHa Formed/Hr: 0.0126 by Keldahl
Moles Hz per 100 g Aerozine-50 input: _9.35
Moles Hz per 100 g Total Input: 3,34

Hydrogen Efficiency = 95.6%
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APPENDIX II

COMPUTER PROGRAM FOR CALCULATION
OF EQUILIBRIUM STEAM REFORMING
PARAMETERS OF AEROZINE—BO
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104,
105.
106,
107.
108,
109,
110.
111.
112,
113.
114,
115,
116.
117.
118,
119.
120.
121,

122,
123.

124,
125,
126,
127,
128,
129,
130.
131,
132,
133,
134,
135,
136,
137.
138,
139,
140,
141,
1642,
143,
in
145,
146,
147,
148,
149,
150.
151,
152.

153,
154,
155,

156.
157,
158.
159.
160,
161.
162.
163,
164.
165.
- 166,

=READY

+READY

CF

CF

CF

CF

CF

LOA?(STRFMS)
&RM STREFM
PRINT 1
10FORMAT (39H ENTER VALUES FOR EQUIL. STEAM REFORM, 52H CONST.,SHIFT

1CONST., INPUT, GM ATMS H2, GM ATOMS C, / 31H GM ATMS 02, GM AT
2MS INERT DIA 4OH TMC GAS, ELIMR, ELIMS AND TEMP DEG K / 23H P

- 4RESS PSIG XCESS H20 )

READ 0,AKR,AKS ,AHGA,ACGA,AOGA,ANGA ELIMR, ELIMS, TEMP,XPSIG,XCESS
CHy1=,011
C02=.1
DCHu=10.
DCOo2=10.
KK=0
GO TO0 5
3 KK=KK+1
ELIMR=ELIMR/2.
ELIMS=ELIMS/2,
OCHY=DCH4 /10,
DCO2=DC02/10.
DO 101 1=1,40
CHu=CHU1
C02=C02+0C02
DO 100 J=1,60
CHY =CHL4 +DCHY
OXKR=(ACGA-C02=CHl ) « ( , S*AHGA+ACGA+C02-A0GA=3, #CHY ) ## 3/ (CHUy» (AOGA+CH
4l-ACGA-CO2) # (,5*ANGA+ACGA* , 5¢AHGA=2, #CHY ) ##2)
IF (AKR-XKR+EL IMR) 100,10,10

v

100XKS=C02# (. 5*AHGA+ACGA+CO2~A0GA=3 , »CHU } / ( (ACGA=-C02-CHb ) * (CHU+AOGA~A

4CGA~C02))
IF(AKS-XKS-EL1MS)20, 20,101

20 CONTINUE

PRINT 15

15 FORMAT (6X, 3HCHL 15X, 3HCO2, 15X, 3HXKR, 15X, 3HXKS )

PRINT 0,CH4,C02,XKR,XKS
GO TO 102

100 CONTINUE

101 CONTINUE

102 1F(KK-4)103,110,110
103 CHU1=CHU-DCHY

C02=002-DC02
GO 703

110 CONTINUE

H2=,5~AHGA+ACGA+C02~-A0GA=3,*CHY
CO=ACGA-C02-CHu
H20=A0GA+CH4~ACGA=-C02
XN2=,S5«ANGA

TOT=,54ANGA+ACGA+ ,5+AHGA=2, *CHY
PRINT 120

120 FORMAT(7X,2HH2,15X,3HXN2,15X,3HC02,16X,2HC0, 15X, 3HCHL 15X, 3HH20 )

PRINT 0,H2,XN2,C02,C0, CHy H20
H2PC=HZ* 10U . /TGT
XN2PC=XN2+100. /TOT
CO2PC=002+100./TOT
COPC=C0+100 , /TOT
CHUPC=CHY*100 ./ TOT
H20PC=H20+100 . /TOT

PRINT 130

130 FORMAT(30X,39HMOLE PERCENT OF EACH SPECIES AT EQUIL. )

PRINT 0,H2PC,XN2PC,CO2PC, COPC, CH4PC,H20PC
PRINT

135
1350FORMAT (4OHCHECK FO SIGNIFICANCE OF NH3 FORMATION /SBHENTER VALUE

4FOR NH3 FORMATION CONST. CORRECTED FOR PRESS, )
READ 0,AKNH3

XNH3=AKNH3#H2+#1,5/TOT

IF (XNH3-1,)136,136, 138

136 PRINT 137
137 FORMAT (21HNH3 FORMATION INSIGN. )

GO TO 140

138 PRINT 139,XNH3
139 FORMAT (28HNH3 FORMATION IS SIGNICANT / SHXNH3=,F8,3 )
140 CONTINUE

END
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APPENDIX ITI

PEROXIDE - ACID TITRATION

METHOD FOR DETERMINATION OF NgO4
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The N»Os gas is bubbled through a 10% Hz0> solution  made
up from 67ml of distilled water and 33ml of BQ% Hz0s for a
measured time. Depending on flow rate, a sample can be collected
from 2 to 30 minutes. The peroxide 1s used to convert the nitric
oxldes completely to nitric acid, rather than to a mixture of
nitric and nitrous acids.

The solution is equilibrated for at least 1 hour (preferably
overnight). Then an aliquot is withdrawn and titrated with
standard sodium hydroxide solution, using a methyl red plus
methylene blue indicator. The end point is observed when the
color changes from pink to green (about pH 4-4.,5), This indicator
is used because the peroxide present 1in the solution would inter-
fere at higher pH. Since nitrlc acid 1s a strong acid, ver
little error is introduced by taking the end point at pH 4-4.5
instead of pH 7.0.

The grams of N20s/hour are calculated as follows:

g N20s/hour = (M1 NaOH) . (Normality) X 60 min/hour X

2 .. minutes to
collect sample
100ml X 0.092 g/milli-
aliquot mole
withdrawn N204
Baged on N20s + N20z2 =» 2HNOg

HNOs + NaOH = NaNOs + Hz0
Indicator is:

0.1% Methyl red

0.005% Methylene blue

Dissolved 1n alcchcl
Use 5-7 drops for each sample

48




DISTRIBUTION LIST

National Aeronautics and Space

Administration
Washington, D. C. 20546
Attention: Ernst M. Cohn, Code RNW

George F. Esenwein, Code MAT
J. R. Miles, Code SL
A. M. Andrus, Code ST

National Aeronautics and Space
Administration

Goddard Space Flight Center

Greenbelt, Maryland 20771

Attention: Thomas Hennigan, Code 632.2

National Aeronautics and Space
Administration
Lewls Research Center
21000 Brookpark Road '
Cleveland, Ohio 44135 '
Attention: B. Lubarsky, M.S. 500-201
R. L. Cummings, M.S. 500-201
H. J. Schwartz, M.S. 500-201
J. E. Dilley, M.S. 500-309
N. D. Sanders, M.S. 302-1
M. J. Saari, M.S. 500-202
R. R. Miller, M.S. 500-202
Technology Utilization
Office, M.S. 3-16
Ro Bo King, MoS- 500’201
(1 copy + 1 reproducible)
Library, M.S. 3-7
Report Control, M.S. §-5
V. F. Hlavin, M.S. 3-14

National Aeronautics and Space
Administration

Western Operations Office

Santa Monica, Californias 90406

Attention: P. Pomerantz

Jet Propulsion Laboratory
4000 Oak Grove Drive

Pasadena, California 91103
Attention: Aijl Uchiyama

U. S. Army Electronics R and D lLabs
Fort Monmouth, New Jersey
Attention: Arthur F. Daniel
(Code SELRA/SL-PS)
Dr. H. F. Hunger
(Code SE SL-PS)
David Linden
(Code SELRA/SL-PS)
Dr. Adolph Fischbach

U. S. Army Research Office
Physical Sciences Division
3045 Columbla Pike
Arlington, Virginia

Western Reserve University
Cleveland, Ohio
Attentlion: Prof. Ernest Yeager

National Aeronautics and Space
Administration

Scientific and Technical Information
Facility

P. 0. Box 5700 .

Bethesda, Maryland 20014

(2 copies + 1 reproducible)

National Aeronautics and Space
Administration

Langley Research Center

Langley Station

Hampton, Virginia 23365

Attention: S. T. Peterson

National Aeronautics and Space
Administration
Marshall Space Flight Center
Huntsville, Alabama 35812
Attention: Philip Youngblood
R. Boehme

National Aeronautics and Space
Administration
Ames Research Center
Moffett Field, California 94035
Attention: James R. Swain, Pioneer Project
T. Wydeven, Environmental
Control Branch
Jon Rubenzer, Biosatellite
ProJject

National Aeronautics and Space
Administration
Manned Spacecraft Center
Houston, Texas 77058 -
Attention: Richard Ferguson {EP-5)
Robert Cchen, Gemini Project
Office
F. E., Eastman (EE-4)

U. S. Army Engineer R and D Labs
Fori Belvoilr, Viraintia 22060
Attention: Dr. Galen Frysinger
(Code SMOFB-EP]
Electrical Pcwer Branch

Research Office

R and D Directorate

Army Weapons Command

Rock 1sland, Illinois .
Attention: Mr. 3. Riensmith, C?ief

U. S. Army Research Office

Chief, R and D

Deﬁartment of the Army

3ph42, The Pentagon

Washington, D. C. 2054€
Attention: Dr. Sidney J. Mangram

Westinghouse Electric Corporation
Research and Development Center
Churchill Borough

Pittsburgh, Pennsylvania
Attention: Dr. A. Langer



DISTRIBUTION LIST (Continued)

Harry Diamond lLabs.

Room 300, Building 92

Connecticut Avenue and Van Ness St.,N.W.
Washington, D. C.

Attention: Nathan Kaplan

Natick Labs.
Clothing and Organic Materials Division
Natick, Massachusetts
Attention: 1ILeo A. Spano
Robert N. Walsh -

U. S. Army Mobility Command

" Research Division

Center Line, Michigan 48090
Attention: 0. Renius (AMSMO-RR)

Office of Naval Research
Department of the Navy
Washington 25, D. C.
Attention: Dr. Ralph Roberts, Code 429
Head, Power Branch
H. W. Fox, Code 425

U. S. Naval Research Laboratory
Washington, D. ¢. 20390
Attention: Dr. J. C. White, Code 6160

Naval Ordnance Laboratory
Department of the Navy

Silver Spring, Maryland

Attention: Philip B. Cole, Code WB

Flight Vehilcle Power Branch

Air Force Aero Propulsion lLaboratory
Wright-Patterson Air Force Base, Ohio
Attention: J. E. Cooper, Code APIP

AF Camhridege Research lLab.

L. C. Hanscom Field

Bedford, Massachusetts

Attention: CRZE
Francis X. Doherty
Edward Raskind, Wing F

Office, DDR&E:
The Pentagon
Washington 25, D. C.
Attention: G. B. Wareham

USW & BSS

Institute for Defense Analyses
Research & Englneering Support Division
400 Army-Navy Drive
Arlington, Virglnia 22202
Attention: R. Hamilton

Dr. George C. Szego

Office of Technical Services
Department of Commerce
Washington, D. C. 20009

Army Materilel Command
Research Division
AMCRD-RSCM T-7

Washington 25, D. C.
Attention: John W. Crellin

U. S. Army Research Office
Box CM, Duke Station
Durham, North Carolina
Attention: Paul Greer
Dr., Wilhelm Jorgensen

Hq., U. S. Army Materiel Command

Development Division

Washington 25, D. C. _
Attention: Marshall D. Aiken {AMCR-DE-MC-P)

Bureau of Naval Weapons
Department of the Navy
washington 25, D. C.
Attention: Milton Knight, Ccde RAAE-5C
; “hitwell T. Beatson,
Ccde RAAE-52

Bureau of Ships

Department of the Navy

Washington 25, D. C. ]

Attention: Bernard B. Rosenbaum, Code 340
C. F. Vigletti, Ccde 660

Naval Crdnance Labceratory

Department of the Navy

Corcna, California

Attention: William C. Spindler, Code 441

Space Systems Divisicn

Lcs Angeles Air Force Station -
Los Angeles, California 90045
Attention: SSSD

Griffiss AFB, New York 13442
Attention: Prank J. Mcllura, RASSM

Army Reactcrs, DRD

U. S. Atomic Energy Commissicn
Washington 25, D, C.
Attention: D, B. Hoatscn

Staff Metallurgist

Office, Director of Metallurgy Reseurch
Bureau of Mines .

Interior Building

Washington, D. C. 2024C

Attention: Kenneth S. Higbie

Power Information Center
University of Pennsylvania
Moore School Building

200 South 33rd Street
Philadelphia %, Pennsylvania



DISTRIBUTION LIST (Continued)

Aeronutronic Division

Philco Corporation

Ford Road

‘Newport Beach, California 92663
Attention: Dr. S. W. Weller

Allison Division

General Motors Corporation
Indlanapolis 6, Indlana

Attention: Dr. Robert B. Henderson

Arthur D. Little, Inc.

Acorn Park

Cambridge, Massachusetts 02140
Attentlion: Dr. Ellery W. Stone

Atomics International,

Division of North American Aviation,Inc.
Canoga Park, California )
Attention: Dr. H. L. Recht

Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201
Attention: Dr. C. L. Faust

Electrochimica Corporation:

1140 O'Brien Drive

Menlo Park, California
Attention: Dr. Morris Eisenberg

Electro-Optical Systems, Inc.
3CO North Halstead Street
Pasadena, California
Attention: E. Findl

Esso Research % Engineering Company
Products Research Division

P. 0. Box 121

Linden, New Jersey

Attention: Mr. Robert Epperly

General Electric Company

Direct Energy Conversion Operations
Lynn, Massachusetts

Attention: Dr. H. Maget

General Electric Company
Research Laboratory
Schenectady, New York
Attention: Dr. H. Liebhafsky

General Motors Corporation
Box T )

Santa Barbara, California
Attention: Dr. C. R. Russell

G. M. Defense Research lab.
P, 0. Box T

Santa Barbara, California
Attention: Dr. Smatko

Alfred University
Alfred, New York
Attention: Prof. T. J. Gray

\
Allis-Chalmers Mfg. Company
1100 South 70th Street
Milwaukee, Wisconsin 53201
Attention: John Platner

American Machine and Foundry

689 Hope Street

Springdale, Connecticut

Attention: Dr. L. H. Shaffer, Research,
% Development Division

Astropower, Incorporated
Douglas Aircraft Company, Inc.
2121 College Drive

Newport Beach, California
Attention: Dr. Carl Berger

Béll Telephone Laboratories, Inc.
Murray H1ll, New Jersey
Attention: Mr. U. B. Thomas

Clevite Corporation
Mechanical Research Division
540 Eaust 105th Street
Cleveland, Ohio 44108
Attention: A. D. Schwope

Engelhard Industries, Inc.
497 Delancy Street

Newark 5, New Jersey
Attention: Dr. J. G. Cohn

The Franklin Instilitute

Benjamin PFranklin Avenue at 20th Street
Philadelphia 3, Pennsylvania

Attention: Robert Goodman

garrett Corpcration 16

1625 Eye Street, N.W.
Washington 6, D. C.
Attention: George R. Sheperd

General Electric Company

Missile % Space Vehicle Department
P. 0. Box 8555

Philadelphia, Pennsylvania 1910l
Attention: E. W. Kipp, Room T-2%13

General Motors Corporaticn
Research Laboratories
Electrochemistry Department
12 Mile % Mound Roads

Warren, Michigan 48090
Attention: Mr. Seward Beucom

Hughes Research Laboratcries Corp.
Malibu, California
Attention: T. M., Hahn




DISTRIBUTION LIST (Continued)

Globe-Union, Inc.

900 East Keefe Avenue
Milwaukee, Wisconsin 53201
Attentlon: Dr. W. Towle

Ionies, Incorporated

152 Sixth Street

Cambridge, Massachusetts 02142
Attention: Dr. Werner (Olass

Leesona Moos Laboratories
Lake Success Park
Community Drive

Great Neck, New York
Attention: Dr. A. Moos

Monsanto Research Corporation
Everett, Massachusetts 02149
Attention: Dpr. J. Smith

Power Sources Division
Whittaker Corporation

9601 Canoga Avenue
Chatsworth, California 91311
Attention: Dr. M. Shaw

Radio Corporation of America
Astro Division

Heightstown, New Jersey

- Attention: Dr. Seymour Winkler

Space Technology Laboratories, Inc.

2400 E. El1 Segundo Boulevard
El Segundo, California
Attention: Dr. A. Krauz

Stanford Research Institute

820 Mission Street

Scuth Pasadena, California
Attention: Dr. Fritz Kaliwianss

Thiokol Chemical Corporation
Reaction Motors Division
Denville, New Jersey
Attention: Dr. D. J. Mann

Tyco Laboratories, Inc.
Bear Hill

Waltham 54, Massachusetts
Attention: W. W. Burnett

University of Pennsylvania
Philadelphia, Pennsylvania 19104
Attention: Dr. Manfred Altman

Union Carbide Corporation
12900 Snow Road

Parma, Ohio

Attention: Dr. George E. Evans

The Western Company
Suite 802, RCA Buillding
Washington, D. C.
Attention: R. T. Fiske

Institute of Gas Technology
State and 34th Streets
Chicago, Illinois

Attention: Mr. Bernard Bakep

Johns Hopkins University
Applied Physics Laboratory
8621 Georgla Avenue

Silver Spring, Maryland
Attentlion: W. A. Tynan

Midwest Research Institute
425 Volker Boulevard

Kansas City 10, Missouril
Attention: Dr. B. W. Beadle

North American Aviation, Inc.
S%ID Diviaion

Downey, Californla
Attention: Dr. James Nash

Pratt % Whitney Aircraft Division
United Aircraft Corporaticn

East Hartford 8, Connecticut
Attention: Litrarian

Rocketdyne

6633 Canoga Avenue

Canoga Park, California

Attention: Library, Dept. 5856-306

Speer Carbon Company

Research and Development Labcratories
Packard Road at 47th Street

Niugara Falls, New York

Attention: Dr. L. M. Liggett

Texas Instruments, Inc.

1350C Nerth Central Expressway
Dallas, Texas :

Attentiocn: Mr. Tsasc Trechtenbersg

Thomson Ramo Wooldridge, Inc.,
23585 Euclid Avenue
Cleveland, Chic 44117
Attention: Litrarian

University of Pennsylvania
Philadelphla, Pennsylvania 191C4
Attentlicen: Prof. Jonn C'M Z2cokris

Unified Sclence Asscclates, Inc.
826 South Arrcyc Parkway
Pasadena, Califcrnia

Attention: Dr. Sam Naziditeh

University of Californiu

Space Science laboratcry

Berkeley 4, Califcrniu

Attention: Prof. Charles x. Tcbias

Yardney Electric Corpcraticn
40-50 leonard Street

New York, New York
Attention: Dr. Paul Howard



